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ABSTRACT

FACTORS INFLUENCING COUNTY LEVEL
HOUSEHOLD FUELWOOD USE

By
Kenneth E. Skog

This study explains household fuelwood consumption
behavior at the county level by linking it to economic and
demographic conditions in counties. Using this 1link,
counties are identified where potential fuelwood use
problems and benefits are greatest. A probit equation
estimates household probability of wood wuse (percent
woodburners in a county) based on county heating degree
days, household income, nonwood fuel price, fuelwood price,
percent forest land, population density, and fraction of
households using various types of heating equipment. A
linear-in-parameters equation estimates average wood
consumed by a woodburner based on county heating degree
days, household income, percent forest land, and price of
nonwood fuel divided by fuelwood price. Parameters are
estimated using fuelwood use data for individual households
from a 1980-81 nationwide survey.

The probit equation predicts percentage of woodburners
well over a wide range of county conditions. The wood
consumption equation overpredicts for counties with high

income and high population density (over 6000 persons per
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square mile).

The model shows average woodburning per household over
all households decreases with increasing population
density, and the influence of county economic
characteristics varies with density. Elasticity with
respect to relative nonwood fuel price (divided by wood
price) is positive, but decreases as TrTelative price
increases. Relative nonwood fuel price -elasticity is
lowest where woodburning is greatest -- in counties with
low density and high relative prices.

Elasticity with respect to income 1is negative for
higher density and lower income counties. This is caused
by rapidly falling average wood use per woodburner as
income increases (more households use fireplaces rather
than stoves) even though participation increases.
Elasticity is positive for 1low density/higher income
counties. In these counties participation also rises with
income, but amounts burned per woodburner decrease
relatively little; overall, average amount burned increases
with income.

Certain states have a high proportion of their fuelwood
consumption in counties where the fuelwood use per unit
forest is high. The following have 70% or more of their
consumption in counties where consumption is .15 cords/acre

of forest or more: Connecticut, Indiana, Iowa, Maryland,
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Massachusetts, Nebraska, New Jersey, Ohio, Rhode 1Island,

and Washington.
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I. INTRODUCTION

In 1981, an estimated 42 million cords of fuelwood were
burned for home heating--an amount equal to one-fourth the
amount going into all other wood products.l This large
use presents potential forest management and marketing
problems and opportunities for certain local areas. It is
the purpose of this study to determine local areas of heavy
fuelwood use by linking local economic characteristics of
households and areas to fuelwood consumption. Using this
link we can estimate 1local fuelwood wuse from 1local
characteristics. We can also use the link to suggest how
local consumption may change as economic conditions

change. '"Local areas'" refers to individual counties in a

state.

The Problem

Fuelwood use poses potential problems and opportunities
for certain 1local areas. Fuelwood for home heating

consumes roughly one-half as much roundwood as pulpwood

1Kenneth E. Skog and Irene A. Watterson. 1984,
Residential fuelwood use in the United States. Journal
of Forestry 82(12):742-747 (December).
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(roundwood and chips).z- In certain areas high fuelwood
consumption poses problems or opportunities, including:

-Avoidable competition between pulpwood and fuelwood

users

-Air pollution health hazard from woodburning stoves

-Damage to ecosystems from improper harvesting

-An opportunity to increase the rate and quality of

tree growth by thinning

-An opportunity to increase local employment and income

-An opportunity to decrease 1local export of dollars

outside an area to buy nonwood heating fuels.
These problems and opportunities can be better dealt with
by business and government if, for local areas, they know
current fuelwood consumption and the 1likely change in
consumption as economic conditions change.

Local use could be determined by surveys in each county
of the U.S. But this study uses an alternative method to
estimate local consumption by linking economic
characteristics of households to much less detailed survey
data on consumption.

Fuelwood Use Problems. Without knowing amounts or

locations of fuelwood use, many authors have speculated on
the impact of heavy fuelwood use. The exception is direct

evidence of air pollution impacts. In Oregon, wood stove

21bid. p. 746.
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particulate emissions increased from 1,000 tons/year in
1970 to 7,000 tons/year in 1983. Other Oregon industry is
held to 4,000 tons/year by the Federal Clean Air Act of
1970.2 As a result, a new state law will require stoves
sold after 1986 to meet clean burning standards. Pollution
has also prompted restrictions on burning in Missoula,
Montana, and in Aspen and Vail, Colorado. Recent surveys
also show heavy woodburning in rural areas outside the
already identified problem areas in the Northwest and New
England.i’é

Unlike direct evidence of air pollution, evidence of
competition between pulpwood and fuelwood cutters is
sketchy. Some foresters have warned that high prices for
fuelwood would encourage harvest of trees without regard to
their possible higher value as pulpwood or sawlogs.é’l

Some see expanded possibilities for fuelwood to be removed

along with pulpwood, sawlogs and veneer logs in coordinated

3E. Carlson. 1983. Smoke from wood becomes big
polluter in Northern U.S. Wall Street Journal.
October 4.

4skog and Watterson. 1984, Residential fuelwood use in
the United States. p. 743.

SUSDOE Energy Information Administration. 1983.
Residential energy consumption survey: consumption and
expenditures, April 1981 through 1982, part 2: regional
data. DOE/EIA-0321/2 (81), p. 207-211.

SMichael Harris. 1980. The Boom in wood use: promise
or peril. American Forests 86(9):57-60, (September).

IW. K. Murphey et al. 1981. Some implications of using
wood as fuel. Southern Journal of Applied Forestry

5(1):16-19 (February).
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operations.-§ Others focus on expanded opportunities for
economical timber stand improvement by removing poor
quality trees for fuel.g’lg Local relationships between
traditional timber markets and fuelwood markets will depend
on key local conditions and public or private programs for
constructive use of fuelwood harvests.

Researchers speculate that ecological consequences of
fuelwood harvesting will range from beneficial to tragic.
Heavy cutting and gathering may cause nutrient loss, soil
disturbance, regeneration of different plant species, fire
hazard, erosion/leaching, and/or improved or damaged
wildlife habitat.«l-l

Heaviest cutting, using whole tree harvesting, is most
likely with integrated operations where some roundwood is
chipped to fuel industrial boilers or split into pieces and
sold as residential fuelwood. Usually household cutting is
not as severe, but to the extent that a household cuts all

dead trees or all live trees or all logging waste from a

8Robert Seidl. 1980. Energy From Wood: A new dimension
in utilization. TAPPI 63(1):26-29 (January).

9p.B. Field. 1982. Economic benefits from harvesting in
forest management. pp. 67-81. In Proceedings of
fuelwood management and utilization seminar, Nov. 9-11,
1982 (East Lansing, MI: Michigan State University Dept.
of Forestry) p. 67.

lQArlyn W. Perkey. 1981. The New England fuelwood
project. American Forests 87(8):13-15 (August).

11R, I. Van Hook et al. 1982. Environmental effects of
harvesting forests for energy. Forest Ecology and

Management 4:79-94.




5
site, <certain animals will suffer from a habitat
change.ll’lé Over many years fuelwood cutting and
collecting will cause slow changes.as millions of acres are
harvested.

Fuelwood Use Opportunities. Heavy fuelwood use

provides an opportunity to thin stands and thereby increase
timber quality and growth. In New England, federal funds
have been used to pay foresters to supervise fuelwood
removal in certain privately owned stands.li The program
requires a stand to yield 5 cords of fuelwood per acre. At
this removal level, the 42 million cords used nationwide in
1980-81 could have treated 8.4 million acres of the 187
million acres of private nonindustrial forest 1land. In
Georgia and North Carolina, the Tennessee Valley Authority,
in partnership with farm cooperatives, buys scrub timber
from farmers, converts it to fuelwood and distributes it in

35-pound bundles to Atlanta retail stores.lé

1210uise M. Tritton and Thomas C. Siccarra. 1977. The
fallacy of playing pick-up-sticks fuelwood. Connecticut
Woodlands 42(4):17 (Winter).

1330hn D. Gill. 1982. Wildlife and other multiple use
considerations. pp. 106-109. In proceedings of
fuelwood management and utilization seminar, Nov. 9-11,
1982 (East Lansing, MI: Michigan State University,
Dept. of Forestryg.

liPerkeg. 1981. The New England fuelwood project.
p. 13-15.

15l eslie Henderson. 1981. Greenbacks from green junk.
American Forests 87(4):12-15 (April).
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Foresters currently influence practices for only a
small fraction of fuelwood |harvests. Only 12% of
households that cut from land they own select trees to cut
based on advice from a forester.l-é Households cutting
from their own 1land removed 7.9 million cords in 1981.
Households cut a total of 30 million cords and vendors cut
about 12 million cords.ll

Fuelwood harvesting and burning contributes immediately
to a local economy by providing jobs, dollar income and
expenditure, and by decreasing dollars sent out of the area
to pay for nonwood fuel. In the long run, cutting fuelwood
for timber stand improvement can produce more high valued
forest products. These contributions are offset somewhat
by loss of 1local employment and income for those selling
nonwood fuels.

To the extent that fuelwood demand drives up timber
prices, there is a risk that increased fuelwood use could
reduce production of high-value-added products--lumber and

paper--which contribute more dollars per cubic foot of

roundwood to an economy than fuelwood.l8 Economic

16Kenneth E. Skog and Irene A. Watterson. 1983,
Residential fuelwood use in the United States:
1980-81. USDA Forest Service, Forest Products
Laborabory, National Technical Information Service, ADA
131724, (Springfield, VA) p. 42.

171bid. p. 38.

18Fjeld. 1982. Economic benefits from harvesting in
forest management. p. 73.
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advantages of fuelwood wuse are also reduced by the
increased health and financial «costs of <chain saw
accidents, wood stove related house fires and air

pollution.lg

Objective of the Study

The objective of this study is to predict near term
household fuelwood consumption behavior at the county 1level
by linking it to economic and demographic conditions in a
county. These predictions are made in order to aid
identification of counties having higher intensity fuelwood
use and are therefore more likely to have fuelwood use

related problems and benefits.

How Data Limitations Influence the Study

County fuelwood problems and opportunities could be
pinpointed using surveys of several hundred households in
each U.S. county but this method is costly. Instead, this
study relies on the National Residential Fuelwood Use
Survey of 5,569 households.Eg This survey was
insufficient to estimate fuelwood wuse directly for

individual counties. To use this limited data for county

estimates additional knowledge must be used about the

19Curtis C. Travis, Elizabeth L. Etnier and H. Robert
Meyer. 1985. Health risks of residential wood heat.
Environmental Management. 9(3):209-216.

ZQSkog and Watterson. 1983. Residential fuelwood use in
the United States. p. C-3.
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economic behavior of households. County estimates may be
made by combining the limited data and a hypothesis about
how household behavior is uniformly affected by economic
factors. The following section discusses means to 1link

household behavior to economic factors.



II. METHODS TO PREDICT LOCAL FUELWOOD CONSUMPTION

Literature helpful in 1linking household and area
economic conditions to fuelwood use includes (1) theory and
methods in household consumption economics, including
methods used in residential energy demand models and (2)

empirical findings from fuelwood use surveys.

Household Consumption Modeling

The theoretical basis for empirical models of aggregate
household consumption has a weakness. Neoclassical
economic theory explains that individual household
consumption 1is the result of a household's choosing
products so as to maximize utility subject to an income
constraint. But this theory is not sufficient when
economists want to justify a model of consumption for a
group (aggregate) of households. Historically, empirical
models of aggregate household consumption have been
theoretically justified by stating that they model the
"average household" by 1linking average consumption to

21

average household income and prices.=— Unfortunately,

it has been shown that even if every consumer in a group

21A, Brown and Angus S. Deaton. 1972. Surveys in
applied economics: models of consumer behavior.
Economic Journal 328(82):1145-1235 (December), p. 1168.

9



10

behaves according to theory, the relation of average
consumption to average income and prices may, itself, not
conform to theory of '"average' utility maximization subject
to an "average' income constraint.zl

Despite this theoretical weakness, data 1limitations
have '"forced" construction of many models of aggregate
household consumption on the premise that they can still
yield useful insights into household behavior. Some of
these models for residential energy consumption are
discussed next to learn what economic factors they find
influence energy use. Following that, two theoretically
justifiable models are discussed. These models require
data on individual households. The second of these models
will be used to predict county fuelwood consumption for

this study.

Models of Aggregate Household Consumption. Hartman

reviews 19 residential energy demand models that explain
three consumer decisions spanning the economic long run.Zé
-Should a home heating device be purchased?
-What characteristics and fuel should the device have?

~How much fuel should be used in the device?

221pid.

ZéRaymond S. Hartman. 1978. A Critical review of single
and interfuel substitution residential energy demand
models. Massachusetts Institute of Technology Energy
Research Lab Tech. Report MIT-EL-78-003. (Cambridge,
MA) 121 p.
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In the short run equipment is fixed and the consumer only
decides how much fuel to use. Hartman's models explain, to
varying degrees, demand for energy-using appliances, and
demand for fuels. Certain models cover only use of single
fuels such as electricity or gas. Most use pooled
time-series, cross-sectional data aggregated by state. The
dependent variable is state per capita or per household
fuel use. In some cases demand for appliances is modeled
separately. Explanatory variables include own fuel price,
substitute fuel prices, incone; climate, housing
characteristics (e.g., rooms per house), degree of
urbanization, and other demographic characteristics of
households. Certain models explain the level of appliance
siock separately using variables such as own fuel price,
substitute fuel prices, income, and cost to buy and
maintain equipment.

Long run and short run behavior are most clearly
separated where appliance stock and demand per appliance
are modeled separately. In these cases, short run and long
run price and income elasticities «can be computed
separately. Many models assume year to year demand for
appliances is always in market equilibrium, others assume
that demand lags behind theoretical equilibrium (dynamic
partial adjustment).

Hartman judges superior those models which (1) have

separate equations for stock level and stock utilization
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and (2) allow partial adjustment of stock demand toward
theoretical market equilibrium each period.

Hartman also examines five models which predict use of
several fuels at once. These models show how cross price
elasticities vary. Like the single fuel models they vary
in degree of data aggregation, treatment of long run versus
short run and sophistication in behavioral assumptions.
One detailed and flexible model by Lin, Hirst and Cohn
found elasticities for fuel market shares that suggest
rising natural gas or fuel oil price will shift consumption
to other fuels while rising electricity price will only
decrease electricity use without notably increasing use of

other fuels (Table 1).Zi

Table 1.--Fuel share elasticity with respect to price for
selected residential fuels

Fuel Cross fuel
Electricity Natural gas Fuel o1l
Electricity -2.6 .4 1.4
Natural gas .4 -1.6 .03
Fuel oil .03 3.5 -1.1

This model suggests that similar price changes in
various fuels have different effects on consumption of

alternative fuels.

241bid. p. 82.
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The models Hartman reviews are usually
linear-in-parameters with parameters often multiplying
nonlinear transformations of one or more variables (e.g.,
log-linear or log-log forms).

The residential energy models Hartman reviews do not
include fuelwood. One simple aggregate demand model for
fuelwood, proposed by Lipfert, estimates the density of
wood smoke pollution by relating average wood burning per
household in New England counties to county climate
(heating degree days) and population density.EE His
model is

W=23,09~-.321nD (1)
where W = standérd cords of wood used per
household per 10,000 heating degree
days in a county,
D = persons per square mile in a county.
This model predicts that wood use density peaks at a
suburban population density of about 5,000 per square mile
(about 3 households per acre). He notes population density
could be a good predictor because it is a good proxy for
other factors influencing wood wuse including percent
urbanization, percent land in forests, retail

price of wood, and perhaps family income.

25Fredrich W. Lipfert and Jennifer L. Dungan. 1983.
Residential fuelwood use in the United States.
Science. 219 (25 March 83):1425-1426.
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Models of Individual Household Consumption. The major

theoretical weakness of aggregate models, linking average
demand to average economic factors, can be removed by
modeling behavior of individual households. But doing so
makes predicting consumption for small areas problematic.
We would need to know individual characteristics for many
households in an area in order to make estimates or
projections. As with aggregate models, models of
individual household energy demand should account for
decisions about (1) which kind of fuel to use and (2) how
much fuel to use.

Hardie and Scodari develop a theoretical model of
individual household fuelwood use and Hardie and Hassan
develop a related empirical model. The model used in this
study is a theoretical and empirical variation of these
models.28,27

Hardie and Scodari explain the fuelwood use of a single
household in county i, Qi’ using the equation

Q =D; * q (2)
where D. is 1 with probability Pj» the probability of

1

their burning any fuelwood, zero otherwise, and qj is the

26lan W. Hardie and Paul F. Scodari. 1982. A model of
residential demand for fuelwood. Univ. of Maryland
Dept. of Agriculture and Resource Economics Scientific
Paper A-3310. (College Park, MD) 61 p.

271an W. Hardie and Aziz A. Hassan. 1984. An analysis
of residential demand for fuelwood in the United
States. Unpublished report to USDA Forest Service
Northeast Forest Experiment Station, Broomall, PA. 59 p.
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amount of wood used if the household burns wood. The total

wood used by a group of m households would be

m m
£ Q; = IDjq (3)
i=1 i=]1

To explain the probability of a household burning wood,
p, we first assume (1) utility gained from home heating is
"weakly separable" from utility gained by wusing other
products and (2) a representative utility function plus a
random error can explain any household's utility gain from
home heating. If a household's wutility, U, 1is weakly
separable into components for home heating, U;(q;) and
other items, Uz(qz), then total utility, U, may be
expressed as:

U = U(U,(q;), U,(q,))

and we may assert that demand for home heating is not
influenced by quantities and prices of nonheating products
used.Eﬁ If we assume utility from home heating for a
household has a fixed '"representative household" component
and a random component, then we may explain the probability
of fuelwood use; p, as follows.

Let

Uin = U1 + egp (5)

28Angus Deaton and John Muellbauer. 1980. Economics of
Consumer Behavior. (Cambridge Univ. Press) p. 127-8.




16

be the utility consumer n obtains from burning wood plus,
possibly, another fuel. Let

Uzn = Up * € (6)
be the the utility consumer n obtains from burning a
nonwood fuel only. Terms ﬁl and ﬁé are representative
consumer utilities where

U, = Ui(yn,pn,an)’ i=1or2 (7)
and

y = consumer income

p = heating fuel prices (vector)

a = other household characteristics (vector)
Terms e;, and e, are random differences between the
representative consumer and consumer n. A  household

chooses to burn wood if

Uin * €1n > Uzn * €2y (8)

or

Un = Uan > ~€1n0 * €3y (9)

Let

Uy2n = Uin - Uz
and

€12n ® "®1n * ©2n
Since €12n is a random variable, woodburning is chosen

with probability

12n < Yizn! (10)

An empirical model can be formed using theoretical equation

p, = Prob [e

(10) and data on individual households, provided
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values of ﬁlZn can be computed, and an assumption is made
about the distribution of € 2n° If €2n has a normal
distribution and ﬁiZn is a linear-in-paramaters function
of prices, household income, and other household
characteristics, then a probit function is formed. If
€ 2n has a Weibell distribution, a 1logit function |is

formed.22:3%  Hardie and Scodari suggest U, and EZn

and thus UlZn and P, should be determined by factors
which influence nonwood heating costs:
-type and price of nonwood heating fuel(s) used
-type of heating appliances in the house
-maintained indoor temperature
-climate
-amount of insulation
-house size
-type and location of house,
by factors which influence wood fuel heating costs:
-cost to own and maintain a wood heater

-purpose of woodburning: heating or enjoyment

-access to a wood supply

29John A. Hauseman and D.A. Wise. 1978. A Conditional
probit model for qualitative choice: Discrete decisions
recognizing interdependence and heterogeneous
preferences. Econometrica 46(2):403-406.

§9Raymond S. Hartman. 1979. A generalized logit
formulation of individual choice. Massachusetts
Institute of Technology Energy Research Lab Working
Paper MIT-EL-79-010WP. (Cambridge, MA) 28 p.
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-occupations of household members (influences time cost
for wood cutting)

and by factors determining a household's tastes and
preferences:

-household income

-~age of head of household

-~education

-family size

~-number of employed household members.
Hardie and Hassan prepare a probit model based on this
theory which is discussed later.él

Hardie and Scodari develop a theory of (1) how much
wood a household would burn (qi in equation (2)), (2) how
much they would purchase or cut themselves and (3) how much
nonwood fuel they would use.él Fuelwood consumption may
be modeled without reference to prices for nonhome-heating
products consumed because we assume weak separability of
home heating utility. Their theoretical fuelwood use
equation is:

Q, = qw(Pf,Pe,Pw,Pc,Ph,C;k)

(11)
where

P, = price of nonwood fuel used (natural gas,

fuel oil, propane)

3lHardie and Hassan. 1984. An analysis of residential
demand for fuelwood.

32Hardie and Scodari. 1982. A model of residential
demand for fuelwood.
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Pe = price of electricity

P, = price of wood purchased

PC = price of coal
P, = value of household 1labor per hour while
harvesting wood
C = last season's heating bill
k = nonwood heating fuel used.

Hardie and Hassan prepare several regional probit
models for equation (10), the probability of burning, and a
specially adjusted ordinary least squares (OLS) regression
model for equation (11), amount burned.33 Probit models
for each of 5 census regions predict probability of burning
wood based on

-house area heated (sq. ft.)

-heating degree days (under 50° f)

-family size

-firewood price ($/cord)

-nonwood fuel price ($/MMBtu)

~-household income (1000 §)

-type of heating equipment used; wall or floor

furnace, radiators, central warm air, electric wall
units, gas or oil heaters, portable heaters

An OLS regression predicts amount burned using a sample

33Hardie and Hassan. 1984. An analysis of residential
demand for fuelwood.
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bias correction procedure developed by Heckmanéi’ 33 and
variables for

-the ratio of firewood price to nonwood fuel price

-house area heated

-heating degree days

-family size

-household income

-kind of nonwood fuel used (i.e., electricity, oil,

gas, LP gas)

-whether or not firewood was purchased.
A regression to predict wood use for any household may be
biased, if a correction is not made, because the regression
is fit only on data for woodburning households. Binary
variables were also included in the OLS regression for each
of 5 census regions (regional shift variables).

Hardie's model predicts probability of woodburning and
average use given the characteristics of a single
household. If we have characteristics of a large random

sample of households in an area we can predict total use

using equation (3) for each household. But in making

34James J. Heckman. 1976. The common structure of
statistical models of truncation, sample selection and
limited dependent variables and a simple estimation for
such models. Annals of Economic and Social Measurement
5(4):153-61.

35James J. Heckman. 1979. Sample selection bias as a
specification error. Econometrica 47(1):153-61.
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regional estimates Hardie and Hassan instead use average
characteristics of households by region to predict
probability of woodburning, and average characteristics
over the whole U.S. to predict average wood use. In order
to use Hardie's model correctly to predict county level
fuelwood wuse we would need characteristics of a
representative group of households in each county. These
data are not readily available. Hardie's model could use
average household characteristics from each county but the
average may not reflect well the distribution of individual

household characteristics in the county.

A Model of County Level Fuelwood Consumption

As an alternative to Hardie's empirical model, consider
the following two equation model that explicitly 1links
average household characteristics in a county to (1) the
probability of woodburning, P;» and (2) the average
amount burned per woodburning household, q;- Using these
two equations we may compute wood burned per county as

follows:

Q = Py "4yt N, (12)

Qi = the quantity of wood burned in county i,

p; = the percentage of households burning wood
in county i,

Q; = the quantity burned by an average

woodburning household in county i



22
Ni = the number of households in county i.

To form the equation for p;, we assume (1) a
household with average characteristics in a county has an
average likelihood for burning wood among all households in
the county, (2) these average households have utility for
home heating which is weakly separable from utility for
other products consumed and (3) the utility from heating
for these average households may be modeled by an equation
with two components--one component giving the value of
utility of a representative average household and a
component giving the difference in utility between the
representative average household and the average household
in a particular county. The representative average
household's utility is expressed as a function of county
characteristics and county level averages of household
characteristics.

To form the equation for qi--the amount burned per
woodburning household--we assume (1) the average amount
burned by woodburning households in a county can be
expressed as a function of average woodburner
characteristics in the <county, and (2) the average
characteristics of woodburners in a county are highly
correlated with the average characteristics for all
households in the county.

An Equation to Predict Percent Woodburners. The

assumptions above for predicting percent of woodburners,
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Pij» allows use of the household utility theory expressed
in equations (4) through (10). The differences in
formulation here are that (1) utility is for a
representative average household in a county not a
representative individual household and (2) utility of the
representative average household is dependent on average
county characteristics not individual household
characteristics. In order to explain the equation to
estimate percent of woodburning households in a county the
household wutility hypothesis is restated for an average

household in a county:

Let Up; = Ul(xli) + e;; and (13)
Upi = Up(Xp5) + ey (14)
where Uli = the wutility of burning wood for the

average household in county i,
U2i = the utility of not burning wood for the
average household in county i,

(xli) = the utility for a representative
average household for burning wood
in a county based on average
characteristics, xli’ of

households in county i.
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U,(X,;) = the utility for a representative
average household for net burning
wood in a county based on average
characteristics, xZi’ of

households in county 1i.
e €53 = differences between a
representative average household
and an average household in a

particular county, i.
Assume U; and U, are linear-in-parameters functions of
X;; and X,;, and assume e;; and e,; have random

normal distributions.

Our hypothesis is that the probability that the average
household will burn wood 1is the probability that U1i
exceeds UZi’ That is;

Prob (burning) = Prob (U, UZi)

= Prob (U ;(X;;)+ey; Uyi(Xy.)+e,5)

= Prob (Uli(xli)-UZi(XZi) eli-ezi) (15)
If €1 and e,; are normally distributed so is
€1i7%2i"

A necessary condition for €1i and €si to Dbe
normally distributed random variables is that Uli(xli)
and UZi(XZi) must account for all variables that
influence utility and that the manner of the influence be

properly specified by the form of the equations.
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Equation (15) may be converted into an explicit probit

model by first specifying the form of Gli(xli)

Upi(Xp5)-
Let f£; = Up;(X)5) - Up;(Xp5)
n
= L a; 2..
aJ T (16)
j=1
where Zji = a vector of n variables
xli and xZi‘
The probit model, expressing the probability that fi
will exceed €1; " €4 for an average household in a

particular county i is given by the cumulative normal

distribution function:

£y
1 2
Pi = S ——— exp (-x4/32) dx (17)
v 21T

- 00

where fi is given by equation (16). The parameters aj
in equation (16) are estimated by a maximum 1likelihood
procedure ‘which uses data on individual households, and

their county characteristics; from the National

Zigs
Resideptial Fuelwood Use Survey.éé The survey gave data
on.S§69 households, indicating whether or not they burned
wood ‘ané, if so, the amount burned during the 1980-81
heating season. Data on the households respective counties

was obtained primarily from the 1980 Census of Population

EQSkog and Watterson. 1983. Residential fuelwood use in
the United States.
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and Housing. County fuelwood price estimates came from the
National Residential Fuelwood Use Survey and nonwood fuel
prices came from the Los Alamos National l.aboratory.-:'-’Z
See the Appendix for an explanation of data characteristics

and sources.

An Equation to Predict Amount Burned by Woodburners.

To estimate average amount burned by woodburners in a
particular county it would be best if we knew the average
characteristics of woodburners to use as predictors.
Unfortunately we only have average characteristics over all
households in each county. There are two ways average
county characteristics could work well as predictors of
wood use by woodburners. First, a variable may work well
if it indicates the economic environment equally well for
burners and nonburners, and if, second, the average value
of the variable for burners is highly correlated with the
average value for nonburners. These guides are used to

form the equation to predict amount burned.

37Los Alamos National Laboratory. 1980 Residential fuel
price database for solar heating market analysis.
Unpublished data for 280 U.S. regions obtained from Fred
Roach. Los Alamos, NM (1982).



ITI. MODEL SPECIFICATION AND PARAMETER ESTIMATION

Model specification is the procedure by which (1) the
independent variables are identified and (2) the
mathematical 1linkage between independent and dependent
variables is specified. The procedure of parameter
estimation identifies the values of numerical constants in

the equations of the model.

A Probit Equation to Estimate Percent of Woodburners

To specify a probit equation for p; (equation (17))

we seek county 1level variables, Z for equation (16)

j*
which determine the wutility of burning wood, and not
burning wood. Following the theoretical model of Hardie
and Scodari we seek factors which influence

- nonwood heating costs,

- fuelwood heating costs, and

- household tastes and preferences.
Consider for inclusion factors identified as important by
previous empirical work. Hardie and Hassan included, as
determinants of heating costs; square foot area heated,

heating degree days, number of household members, price of

wood fuel and type of nonwood heating equipment used.38

38Hardie and Hassan. 1984. An analysis of residential
demand for fuelwood.

27
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To account for variation in tastes and preferences they
constructed separate probit equations for each of 5 census
regions. A second empirical model by Lipfert predicted
average household fuelwood use in a county based on heating
degree days, which has a major influence on heating costs,
and logarithim of population density, which is related to
the cost of heating with wood.ég- Population density is
linked to cost of wood burning in so far as households in
high density areas have greater difficulty in finding,
cutting and hauling wood, or have greater costs in buying
wood; and greater inconvenience in tending a fire. Thus,
households in high density areas are less likely to burn
wood. The survey by Skog and Watterson confirms urban
households are 1less 1likely to burn wood than rural
households; 23% versus  45% respectively.ig Another
factor which influences cost of woodburning, in addition to
population density, is access to forest land for households
or vendors to cut wood. The model presented here uses
percent forest 1land in a county as one measure of
costliness of obtaining wood.

Using the guidance of these previous studies, 19
variables denoting county characteristics were selected

for a probit equation to predict percentage of woodburners

39Lipfert. 1983. Residential fuelwood use in the United
States. p. 1425,

iQSkog and Watterson. 1984. Residential fuelwood use in
the United States. p. 743.
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in a county (Table 2). These include eight dummy (0, 1)
variables to denote when a county is in one of 9 regions.
Dummy variables account for regional differences in costs
and tastes not accounted for by the other 11 variables.
Certain variables are taken from the Hardie and Hassan
model and used in the form of county averages: Theating
degree days, average nonwood fuel price, fuelwood price,
and fraction of households using each of 6 types of nonwood
heating equipment (5 variables). Median household income
was included as a chief determinant of tastes. Median
number of household members was initially included but
discarded since 1its coefficient was not significantly
different from zero.

A second probit equation was formed to allow for the
possibility that the influence of 4 variables--heating
degree days, household income, nonwood fuel price and wood
price--is not strictly proportional to the value of the
variable. These four variables were squared and included
in the second probit equation (Table 3). Parameters were
estimated using a maximum likelihood technique for probit
models.il Parameter estimates, statistics to test if
parameters are significantly different from zero, and
elasticities of woodburning probability with respect to

model variables are shown in Tables 2 and 3.

4linstitute for Research on Poverty. 1984. Probit -
version 6. An unpublished computer program. (Madison:
University of Wisconsin).
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A Linear-in-Parameters Equation to Estimate Amount Burned
by Woodburners

To specify an equation for amount burned by woodburners
in a county, qQ in equation (12), we seek county level
variables, xj (j = 1 . . . m) which influence amount
burned. By wusing county 1level variables to predict
individual household fuelwood use we 1lose the greater
predictive power of individual household characteristics
such as kind of nonwood fuel used. But we gain a direct.
link between county 1level characteristics and county
fuelwood use. County variables used should describe the
economic environment of burners accurately.

Previous studies suggest certain variables account for
variation in fuel use. Lin, Hirst and Cohn, in their state
level aggregate model use prices of all three fossil fuels
to predict demand for residential heating fuels.iz
Lipfert, in a county 1level aggregate model, uses county
population density as a proxy for the influence of fuel
prices, access to forests, and family income.ié The only
other variable in Lipfert's model is heating degree days.
Hardie and Scodari suggest a theoretical model of

individual household fuelwood use which uses prices of

wood and of each nonwood fuel, the value of household

A2Hartman. 1978. A review of residential energy demand
models. p. 82.

43Lipfert. 1983. Residential fishwood use in the United
States. p. 1425.
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labor to harvest and haul fuelwood, last season's heating

bill and type of nonwood fuel used.ii

Hardie and Hassan,
in their empirical model of individual household fuelwood
use, use relative price of nonwood fuel to wood fuel, area
of the house that is heated, heating degree days, family
size, income, kind of nonwood fuel and whether or not
fuelwood was purchased.ié

Based on these previous studies five county variables
were selected for use in the equation for fuelwood consumed
by woodburners:

-median household income,

~heating degree days,

-percent forest land

-price of nonwood fuel divided by price of wood fuel,

~population density
The price of nonwood fuel, contained in the price ratio, is
the average price per MMBtu heat output for electricity,
fuel o0il and natural gas in the county weighted by the
percentage of households using each fuel in the county
according to the 1980 Census of Housing. (See Appendix for
an explanation of equipment efficiency adjustments).

Individual prices for nonwood fuels were not used in order

to simplify the model. It is assumed that consumers

444ardie and Scodari. 1982. A model for residential
damand for fuelwood. p. 36.

E -

45Hardie and Hassan. 1984. An analysis of residential
demand for fuelwood in the United States. p. 32.
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will exhibit rational economic behavior in that nonwood
fuels of different types with the same price per unit of
heat output will give a household the same incentive to
burn wood.

Since Lipfert's model found a strong association
between population density and woodburning it is included
here. Certain influences associated with population
density are included separately - income, percent forest
and fuel prices. Including these variables will help to
determine the influence of density alone.

Household income, while not included in Hardies'
models, is included here as a proxy for area of house
heated and family size.

Since 72% of fuelwood is harvested by households rather
than purchased from vendors, ease of access to forest land
was included as an influence in the model by using percent
forest land in the county. No distinction is made between
public and private forest, a potentially important
influence on access.

One concern in using county wide variables covering all
households is that they may not represent the average
woodburner well. Of the five county variables chosen for
the model percent forest land and heating degree days are
likely to be nearly the same for woodburners and
nonwoodburners. Median household income for a county tends

to be 1lower than for woodburners alone. Higher income
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households more often burn wood. Population density for a
county tends to be higher than the population density
nearest the average woodburner. This is because
woodburners tend to 1live in more rural areas than
nonwoodburners. The county average price of nonwood fuel
divided by the price of fuelwood is likely to be higher for
woodburners than for nonwoodburners. The fact that certain
county averages are not the averages for woodburners will
not cause difficulties in our equation if the variation in
county averages from one county to another is the same as
variation in woodburner averages from one county to
another. That is, we assume countywide averages are highly
correlated to county avefages for woodburners.

Three equations were formed using the selected

variables:

X; = 1n INC = 1n(median household income)

X, = 1n HDD = 1n(heating degree days)

Xy = 1n FOR = 1n(percent forest land)

Xy, = 1n REL = In(price of nonwood fuel divided by

price of wood fuel)
Xg = 1n PD = 1n(population density)
Q, = 1n(amount burned by household)

e = error term
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4
Qw = I aj XJ + e
j=1
4 4
k
Q, = I ( a5y X, )Xj + e
j=1 k=1
4 4
k k 2
QW = ( z alkx5 )xl*( z akaS )(xl) +
k=1 k=1
4 4
k 3 k
(2 ap,Xg™)(X))7 + (2 ay, X)X, +
k=1 k=1
4 4
k 2 k
(z ag Xg )(XZ) + (z a6 X )x3 +
k=1 k=1
4 4

Kk 2 k
(= a5, Xg )(xs) + ( ag Xg )x4 +
k=1 k=1

(18)

(19)
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4
(% ag X)X + e (20)
k=1

Equations (18)-(20) are formed using natural logarithms
of variables because error term estimates were more nearly
normally distributed than 1linear equations tested, and
because coefficients represent the elasticity of wood use
with respect to independent variables. Equation (18) uses
only four variables 1leaving out 1ln(population density).
Equations (19) and (20) allow elasticities of wood use with
respect to X;-X, to vary with l1n(population density).
Equation (20), 1in addition to allowing variation in
elasticity depending on 1n(population density), allows
variation in elasticity depending on the value of each
predictor variable.

Although equations (19) and (20) are quite flexible,
they make the simplifying assumption that the influence of
each predictor variable is independent of the influence of
other predictor variables, except for the influence of
1n(population density).

Parameters in equations (18), (19) and (20) were
determined using ordinary least squares regression and data
from the National Residential Fuelwood Use Survey.
Dependent variables, Qw’ are amounts burned by individual

households throughout the U.S. Independent variables are
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county characteristics for those individual households.

A test is needed for equations (18)-(20) to see if
their parameter estimates are biased as a result of their
being fit on data for woodburners only. Equation (12)
estimates total woodburning in a county by multiplying
probit equation estimates of percent burners times amount
burned from equations (18), (19) or (20). The probit
models are fit on data from both woodburning and
nonwoodburning households. Equations (18)-(20) are fit on
data from woodburners only. Counties with a high
proportion of woodburners are over represented in the
determination of parameters for equations (18)-(20). The
effect of the over representation, or sample selection
bias, on parameters in equations (18)-(20) can be tested by
including an instrumental variable LAMBDA in equations
(18)-(20) and determining if it has a <coefficient
significantly different from zero.

LAMBDA for a household in county j is given by
f( aizij)

F(I aizij)

where f is the standard normal distribution function and F

LAMBDA; =

(21)

is the cumulative standard normal distribution

function.iﬁ and a, are variables and parameters

zij i
respectively from the probit model to predict probability

46Hardie and Hassan. 1984. An Analysis of residential
demand for fuelwood.
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of woodburning by households in county j (equation (16)).

The coefficient for LAMBDA, when it is included in
equation (20), is not significantly different from zero at
the 82% confidence level. As a result LAMBDA was not used
to estimate parameters for equation (20). The coefficients
for LAMBDA in equations (18) and (19) are significantly
different from zero above the 83% confidence level. LAMBDA
is excluded from equations (18) and (19) so differences
between their predictions and those of equation (20) are
not due to use of LAMBDA.

Parameter estimates for equations (18)-(20) are shown in
table 4. Parameters in equations (18)-(20) were estimated
in order of greatest contribution in accounting for
variance in Qw’ Parameters were estimated for successive
terms until the inclusion of an additional term would not
explain at 1least .01% of the variance not yet accounted
for. Parameters for equation (19) were estimated before
those of equation (20). Estimation for equation (20) began
by retaining terms included in equation (19) (but not their
coefficients). This procedure was used in order to conduct
an F-test of the significance of additional terms contained
in equations (19) and (20). The F-tests of the increased
variance accounted for between equations (18) and (19), and
between equations (19) and (20) are significant at the

99.99% confidence level.
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Table 4.--Terms and parameter estimates for equations (18),
(19) and (20) which predict amount of fuelwood
used by a household.

Equation parameters (ajj)

Term in equation (18) (19) (20)

(1n INC) -1.0895 -8.1198E-1 -1.8261
(1n PD)_ (1n INC)

(1n PD)2 (1n INC) 5.5712E-3 -3.7750E-3
(1n PD)3 (1n INC)

(1n PD)4 (1n INC) -1.7073E-4 2.9245E-4
(1n INC)2

(1n PD)_ (1n INC)Z
(1n PD)2 (1n INC)Z
(1n PD)3 (1n INC)2
(1n PD)4 (1n INC)?2

(1n INC)3 7.0609E-2
(1n PD)_ (1n INC)3
(1n PD)2 (1n INC)3
(in PD)3 (1n INC)3

(in PD)4 (1n INC)3 -2.0205E-5
(1n HDD) 4.507E-1 3.4132E-1 5.8973E-1
(1n PD)_ (1n HDD) -6.7259E-3 -1.2630E-2
(1n PD)2 (1n HDD)

(1n PD)3 (1n HDD) 2.6907E-4 4.9210E-4
(1n PD)4 (1n HDD) 1.1787E-5 -6.8437E-5
(1n HDD)2

(1n PD) (1n HDD)?Z
(1n PD)2 (1n HDD)?
(1n PD)3 (1n HDD)?2
(1n PD)4 (1n HDD)2

(1n FOR) 1.969E-1 2.7496E-1 1.9432E-1
(1n PD)_ (1n FOR) -8.0520E-2 -2.6608E-3
(1n PD)2 (1n FOR) 1.0170E-2 -9.7183E-3

(1n PD)3 (1n FOR)
(1n PD)4 (1n FOR) -4.6857E-5 1.0058E-4
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Table 4 (cont'd).

Equation parameters (aj;j)

Term in equation (18) (19) (20)

(1n FOR)2 -8.5907E-3
(1n PD) (1n FOR)?Z

(1n PD)2 (1n FOR)2 2.0060E-3
(1n PD)3 (1n FOR)Z

(1n PD)4 (1n FOR)? -2.0894E-5
(1n REL) 3.6316E-1 1.3950E-1 7.9131E-1
(1n PD)_ (1n REL) 7.0600E-3

(1n PD)2 (1n REL) -2.7318E-3
(1n PD)3 (1n REL)

(1n PD)4 (1n REL) -2.8198E-5 1.0003E-4
(1n REL)Z 1.3998E-1
(1n PD) 1n REL)?Z

(1n PD)2 1n REL)Z

(1n PD)3 1n REL)?

(1n PD)4 1n REL)?

R .381 .413 .442
Standard error .703 .685 .676
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The adjusted <coefficient of determination (Rz),
indicating the fraction of variance in natural logarithm of
fuelwood use accounted for by an equation is relatively
high--.44 for equation (20). This is high for a model
using cross-section data. The models by Hardie and Hassan
using individual household characteristics as predictors
obtained R? values of .20 to .24.4

Equations (18)-(20) estimate Qi which is
l1n (amount burned) for an average woodburner in county i.

Call this estimate Q;

Qi = Qj * ©
Amount burned by the average woodburner in a county, q;»
is estimated by

q; = exp (6;1) exp (SE%/2)
where SE is the standard error in estimating aﬁi' Values
for SE for equations (18)-(20) are given in Table 4. Since
SE is only an estimate, an adjustment was made to the
initial estimates of q; and Q;. Recall that

Q; = P;q;N; (see equation (12))
An adjustment factor k was computed for Models I-III such
that total U.S. woodburning estimated by the model equals

the survey estimate for 1980-81 -- 40.5 million cords.

m
k £ pjqiNj = 40.5
i=1

471bid. p. 32-43.
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where m is the number of counties in the U.S. For
Model III, k = .98508.
qi = kay
Q) = kQ,
where qi and Q{ are adjusted estimates for amount
burned by the average woodburner and total amount burned in

county i respectively.



IV. VALIDATION OF THE MODEL

Forester and Senge describe validation as the process
of establishing confidence in the soundness and usefulness
of a model.ig Its objective 1is to convince potential
users that the model is a wuseful basis for decision
making. The fact that there may be several audiences may
complicate validation because each audience has its own
objectives and criteria for evaluating the model. For
scientists, a model is useful if it (1) gives insight into
the workings of a real system, (2) makes correct
predictions or (3) stimulates questions for future
research. For public leaders, and their analysts, a model
is useful if it (1) explains the causes of problems and (2)

provides basis for designing policies to alleviate

15
© ®

problems.
The validation steps taken here are an effort to
satisfy the validation interests primarily of scientists.

Forrester and Senge suggest specific validation tests for

iﬁJay W. Forrester and Peter M. Senge. 1978. Tests for
building confidence in system dynamics models.
Massachusetts Instutute of Technology Alfred P. Sloan
School of Management System Dynamics Group paper
D-2926-4. (Cambridge, MA) p. 5.

491bid.
46
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models constructed from a system dynamics perspective.
Rather than adapt their tests of model structure, behavior
and policy consequences to the two equation model in this
study, certain general validation tests suggested by Kaplan
are used here.é-Q Kaplan suggests that theories are
validated by evaluating how they meet norms of (1)
correspondence (to the real world), (2) coherence (in a
larger body of knowledge) and (3) pragmatism (performing
useful functions for the scientific enterprise).

Correspondence between a model and the real world is
demonstrated, in part, when the model makes predictions
which are fulfilled. The correspondence is more convincing
if the model operates well under a heterogeneous range of
conditions. Kaplan concludes his explanation of
correspondence by noting that 'what <counts in the
validation of a theory [by correspondence], . . ., is the
convergence of data brought to bear wupon it, the
concatenation of evidence . . ."él

The notion of concatenation of evidence suggests the
coherence criteria--the model should fit into established
theory. Coherence also favors a theory or model which is
simple to explain and which has a mechanism for

determining behavior which 1is simple. When developing

30Abraham Kaplan. 1964. The Conduct of Inquiry.
(Scranton, PA: Chandler Publ. Co.) pp. gl?-§22.

3libid. p. 314.
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models Kaplan asserts '"We are to introduce a complicating
factor only if we have reason to expect error from its
omission . . .".él

The pragmatic norm for validation suggests theories and
models should do useful work. Useful work may include
success in ''practical'" applications, such as wusing a
fuelwood use model to efficiently target resources to
improve forest management in counties wusing the most
fuelwood. But this kind of wuseful work is neither
necessary nor sufficient to validate a model or theory.
The pragmatic norm is most related to the work the model
does for science itself. How does it guide or stimulate
ongoing inquiry? What new questions does it raise? Does
it serve to explain prior observations better? Does it

systematize or unify knowledge?éﬁ

Validation by Correspondence

One way to examine the validity of our two equation
model is to compare its predictions to results of surveys.
We first compare percent burners and amount burned, as
predicted by equations developed here, to results from the
National Residential Fuelwood Use Survey. Comparisons are
made between estimates for households in different income

groups, different heating degree day groups and other

321bid. p. 318.
331bid. p. 319-322.
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groups. The objective is to use a wide range of subgroups
to discern the equations ability to predict over a wide
range of county conditions. Table 5 shows how households
are subdivided into approximately equal size groups (number
of households) based on county characteristics. Table 6
compares predictions of probit equations 1 and 2 to survey
results. Table 7 compares equation estimates of amount
burned by woodburners to survey results. Table 8 compares
predicted average amounts burned over all households, as
computed by combining probit equation 2 and each amount
equation, to survey results. Probit equation 2 was chosen
to pair with each amount equation because results in table
6 suggest it predicts better than probit equation 1.

Percent woodburners is predicted best by probit
equation 2 which includes squared terms (table 3). For
probit equation 2 predictions for various subgroups differ
from survey results by 7% or less except for one fuelwood
price category, one relative nonwood fuel price category,
one '"percent forest 1land" category and one ‘''percent
homeowners'" category. The probit equation underpredicts
the most for counties with 1low percent forest land
(-10.9%). It overpredicts the most for counties with low
median income (5.8%).

Predictions of amounts burned by equations (18)-(20)
show greater percent differences from survey estimates than

predictions made by the probit models (Tables 6 and 7).
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Table 5.--Values of selected county characteristics which
divide households into four roughly equal size
groups, 1980-81

County Units Quartile upper limit
Characteristic 1 ) 3
Median income ($1000

dollars) 14.70 17.08 18.94
Heating degree

days 2673 5064 6328
Nonwood fuel ($/MMBtu)

Price 7.12 8.95 10.80
Price of fuelwood ($/cord) 55 68 94
Nonwood fuel price (cords/ .099 .120 .146

divided by MMBtu)

price of wood

Percents forest

Land 3 15 45
Population density (persons/
sq. mile) 97 417 1508
Percent rural
population 2.5 13.4 44.4

Percent homeowners 59.4 66.5 73.3
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Discussion is focused on equation (20) since it provides
the best fit of the amount data (multiple R2 = .44). For
equation (20), 23 categories (of 54) have differences from
the survey of more than 7%. Five categories have
differences of 17% or more:

~Highest income counties are predicted 18% to high,

~Highest fuelwood price counties are predicted 27% to

high,

-Highest population density counties are predicted

30-36% to high,

~-Next to 1lowest percent rural households group is

predicted 37% to high,

-next to lowest percent homeowners group is predicted

17% to high,
-the two Rocky Mountain regions are predicted 44% and
26% to high respectively.

Certain patterns appear in comparing amount burned
predictions to survey estimates. Equation (20)
underestimates for low income groups and overestimates for
high income groups. Also, predictions across income groups
become worse as we move from equation (18) to equation
(20). The greater flexibility of equations (19) and (20)
does not improve predictions across income groups.
Equation (20) also underpredicts for 1low percent forest

counties and overpredicts for high percent forest counties

(Table 7). Predictions for households in counties with low
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population density are good, but are high for high density
counties. Even though the influence of factors in equation
(20) can change with population density, the change is not
enough to prevent overestimates at high population
density. It is possible that equation (20) is not flexible
enough at high population density, or it is possible the
combined influence of two or more factors, at high
densities, decreases woodburning. For example, at high
densities, high income and high fuelwood price may combine
to cause very low fuelwood consumption. In equation (20),
a move to a higher fuelwood price drives down fuelwood use
by the same percentage regardless of income.

Based on compariéons in Table 7 it appears
equation (20) predicts amounts best for those counties with
"near median" characteristics. Overestimates are most
common and are greatest for high density counties and high
income counties.

The errors in predicting amount per woodburner are
offset somewhat when a probit equation is combined with an
amount equation to predict average amount wused per
household over all households in a county. Three models
were formed by pairing probit equation 2 (Table 3) with
amount equations (18) through (20) respectively (Table 4).
The combined equations in Model III provide moderately
better predictions at high population densities, on

average, than does equation (20), and slightly better
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predictions across income groups (Table 8). Predictions
tend to be good for <counties with '"near median"
characteristics. Model III predictions for 16 categories
(of 54) differ from survey results by more than 7%. Six
categories differ by 17% or more.

Because of the importance of population density in
determining fuelwood use a more detailed comparison of
survey and Model III results was made for higher density
counties (Table 09). For Model III, overpredictions of
average amount burned becomes larger as density increases
beyond 6000 persons per square mile. For counties with
1508-6000 persons per square mile predictions average 7.8%
too high. For counties with 6000-13087 persons per square
mile predictions average 44% too high, and for counties
over 13087 persons per square mile predictions average 160%
too high. Six and one half percent of households live in
counties with 6000 persons per square mile or more. Model
III overpredicts their fuelwood use by an average of 68
percent. Model III predicts well, on average, for counties
under 6000 persons per square mile. It overpredicts by
only 1.4% on average.

The forgoing correspondence tests cannot indicate how
well the equations will predict for individual counties.
Essentially these comparisons are a qualitative test of the
hypothesis that the equations predict well across a wide

range of county conditions. The hypothesis is false for
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prediction of amounts burned in counties with high income,
or high density and for the two Rocky Mountain regions.
Predictions for these counties are too high on average.

To obtain an idea about the 1likely accuracy of
individual county estimates it would be best if we could
compare independent county estimates with model estimates.
Such estimates are not available for 1980-81. As a
substitute several state level estimates are compared to
our model estimates. Unfortunately state 1level survey
estimates vary widely in accuracy. So, the confidence we
can place in comparisons is limited.

Comparing model estimates of amount burned to 9 state
survey estimates for 1980-81 shows our model
"understimates" by 20% or more in 4 states and 'over-
estimates" by 20% or more in 1 state (Table 10).
Comparison of model estimates to state survey estimates for
other years shows our model usually '"underestimates'" total
consumption. If we place confidence in the individual
state surveys we would expect the individual county
estimates would be underestimates in many cases. Many
state estimates are probably too high based on the fact
that the resurvey conducted for the National Residential
Fuelwood Use Survey found households overestimated by an

average of 18% on the initial survey.34 The state

54skog and Watterson. 1983. Residential fuelwood use in
the United States. p. c-10.
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surveys generally did not conduct resurveys or other checks
to verify respondent estimates.

The conclusions to be drawn from the correspondence

tests that compare estimates for groups of counties include:

- probit equation 2 predicts average percentage of
burners fairly well over a wide range of county
conditions,

- equation (20) overpredicts average amount burned by
woodburners for counties with high incomes and high
population density, and underpredicts for counties
with low income,

- Model III overpredicts average fuelwood use by 68%
for counties with population density above 6000 per
square mile. Model III predicts fairly well for
counties with densities wunder 6000 persons per
square mile. The specification of equation (20)
needs to be improved to predict wood use at high
densities.

From comparisons of state level estimates we conclude that
Model III under estimates total fuelwood use in states and

counties if independent state survey results are correct.
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Validation by Coherence

Coherence among findings on what influences wood use

behavior. How well does Model III agree with previous
findings concerning the fuelwood wuse behavior of
households? Three previous studies have evaluated the way
various factors influence fuelwood use

behavior.éi’ 36, 37

The elasticities of variables from
these previous studies have signs which match the signs of
elasticities for equations developed here (Table 11).

The elasticities of the probability of woodburning -
from probit equation 2 are compared to elasticities from
Hardie's probit equation for individual households. Signs
of elasticities match for variables found in both
equations. Hardie does not include income in his model
but uses '"area heated" which is highly correlated with
income. The elasticity for area heated is positive as is
our elasticity for income in probit equation 2.

The elasticities for amount burned by woodburners from

equation (20) are compared to elasticities from Hardie's

amount equation for individual households. Elasticity

3SLipfert. 1983. Residential fuelwood use in the United
States.

S6Frederich W. Lipfert et al. 1984. Empirical analysis
of residential wood burning impacts. An unpublished
report for the Office of Policy Analysis, U.S.
Environmental Protection Agency (Washington, D.C.) 36 p.

37Hardie and Hassan. 1984. An analysis of residential
demand for fuelwood.
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signs match with the partial exception of income elasticity
discussed below. Elasticities for equation (20) vary with
population density and are shown in Table 12. Elasticities
of amounts burned by woodburners are short term demand
elasticities indicating how much fuelwood demand would
change in the absense of entry and exit of households to
woodburning. Short term demand elasticities are positive
for heating degree days and for relative price of nonwood
fuel both for Hardie's equation and equation (20). Hardie
initially included income but found it had an insignificant
coefficient, so, he excluded it from his amount equation.
He retained the '"area heated" variable which has a negative
elasticity. Our proxy for '"area heated" in equation (20)
is income. Equation (20) has a negative elasticity for
income for most combinations of income and population
density. For these combinations wood is like an "inferior
good" (less is used as income increases). But for higher
income low density counties income elasticity is positive
indicating fuelwood is a '"normal good" (Table 12).

Income elasticities of fuelwood use for the average
woodburner vary from small positive values to negative
values over income groups and population groups largely
because of differences in the type of woodburning equipment
the average woodburner is most 1likely to wuse and
differences in woodburning purpose. In 1low density

counties the average woodburner uses a stove and burns wood
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to provide much of his space heat. As we move to higher
density counties the average woodburner is more likely to
have a fireplace rather than a stove and is more likely to
heat just part of his house or burn wood just for pleasure.

In low density counties income elasticity moves from
slightly negative to slightly positive. The move from
negative to positive elasticity may be due to one or more
factors: (1) higher income households may have 1larger
houses to heat, (2) they may be more 1likely to heat
entirely with wood, or (3) they may view greater
woodburning as part of a life style to be desired.

In higher density counties with low income the average
woodburner is fairly likely to own a stove and burn wood
for space heating. But, as average income increases, the
average woodburner is more likely to use a fireplace just
for pleasure. So as we move from low income to high income
counties wood use by the average household goes down
(income elasticity is negative).

Equations (19) and (20) indicate that short term demand
elasticities vary considerably with population density.
For example, in higher density counties amount burned
decreases much more rapidly in response to higher income.
This might be interpreted as a greater sensitivity to
inconvenience of wood use in high density areas. Unlike
the increased response to changing income at high density,

households decrease their response to heating degree day
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changes at higher density. And, as we might expect, colder
weather will increase a rural household's wood use more
than an urban household's use.

The short term response of households to change in
forest availability (percent forest land) is greater for
highly forested, middle density counties. Response is
lowest for counties with 1little forest. These findings
suggest increased access to forest 1land may increase
average woodburning by the greatest percentage in highly
forested, moderately populated rural counties.

The short term response of woodburning households to
increasing relative price of nonwood fuel increases sharply
as county population density increases above 1800 persons
per square mile. Even though woodburners in high density
areas are responsive to relative nonwood fuel price
changes, they are even more responsive to changes in
income. In high density areas if income increases as fast
as relative nonwood fuel price, fuelwood use by woodburners
will decrease. But, in middle and upper income low density
areas equal percentage increases in income and relative
nonwood fuel price will cause an increase in woodburning.

When probit equation 2 and equation (20) are combined
as Model III both the entry/exit decisions and amount to
burn decisions are included. Elasticities of amounts
burned for Model III are 1long term fuelwood demand

elasticities (Table 13).
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The differences between short term and 1long term
elasticities are smallest for percent forest land. This is
due to the low entry/exit elasticity of .15 from probit
equation 2 (Table 3). The small difference in elasticities
implies that increasing access to forests/fuelwood will
have the greatest influence on households that already burn
wood.

A change in household income has varying effects on the
entry/exit and amount to burn decisions. The elasticity
for entry/exit is .51 (at an income of $17,190); but for
amount burned it varies at least from .15 to -2.54 (Table
12). The net long term elasticity is positive for most
combinations of income and population density. Only at
high densities or 1low incomes does overall woodburning
decline with greater income.

To the extent that annual heating degree days for an
area do not persist at levels far from the mean, the main
effect of changes in heating degree days will be to change
the amount burned by woodburners. This degree of change is
indicated by the short term elasticity which is .5 to .6
except at-high population densities. If winter becomes
persistently colder or warmer in an area the 1long term

demand elasticity would be 1.1 to 1.3 (Table 13).
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Long term elasticity with respect to relative price of
nonwood fuel moves from less than one to greater than one
as density increases. The elasticity is also much higher
at lower relative prices where wood does not have as much
price advantage. This means that increases in woodburning
will be low in response to relative price increases to the
extent that they occur in areas where wood already has a
price advantage or where population density is low.

When comparing the long term response of households to
equal percentage increases in income and relative price at
higher population densities, we find that the increase due
to increased relative price exceeds the decrease due to
increased income. This means that overall wood use is
likely to increase in densely populated areas as relative
prices increase unless income increases at a faster
percentage rate than relative price.

Coherence between findings on what population density

results in the most woodburning per square mile. Lipfert

et al. constructed two single equation models to predict
fuelwood use in individual counties.§§’§2 One purpose of
these models was to estimate at what population density
pollution from woodburning is greatest. His second, more

detailed model, based on the same data as Model III

38Lipfert et al. 1983. Residential fuelwood use in the
United States.

S9Lipfert et al. 1984. Empirical analysis of
residential woodburning impacts.
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estimated that wood use intensity is greatest at about 6000
persons per square mile (445 cords/sq. mi.). Model III
estimates the highest wood use per square mile would be at
163,000 persons/sq. mi. This density is greater than for
Manhattan (62,099 persons per sq. mi.). The estimate by
Model III is too high given the finding in Table 8 that
Model III overpredicts substantially for densities above
6000 persons per square mile.

Lipfert's model gives a more realistic level of maximum
use but does so by using a more rigid single equation
model. Model III's more flexible form allows data from
lower density counties to dominate determination of
parameters in a way that causes overpredictions for the
relatively few high density counties. In Model III, the
weight of observations in high density counties is not
sufficient to cause the regression procedures to calculate

parameters that predict wood use well at high densities.

Validation by Pragmatic Uses

How well does the model serve to guide or stimulate
inquiry about fuelwood use behavior? This modeling effort
raises a number of questions and conjectures worth further
consideration in efforts to predict fuelwood use behavior.
First, a household's fundamental view of the value of
woodburning may differ depending on life styles predominant
in various population density-income classes. Households

in low density areas with middle to high incomes view
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fuelwood as a normal good. They want to use more of it as
they become more affluent. Low income 1low density
households and high density households consider some use of
fuelwood to be desirable as they become more affluent, but,
the desirable amount to be used goes down with increasing
income.

Second, Model III suggests availability of forest 1land
increases fuelwood |use. But we do not know what
availability characteristics of forest 1land would cause
more or less fuelwood use. What are the influences of
public vs. private ownership, size of ownership, species,
and management activities?

Third, the probit equation in Model III predicts well,
but the amount equation predicts amounts burned poorly for
some counties. Can aggregate fuelwood use be predicted
well with any equation using aggregate county
characteristics, or are equations predicting individual
household use needed for accuracy?

There are a number of ways an aggregate model might be
improved.

- Use separate probit models to estimate the
likelihood of use by o0il, natural gas electricity
and "other" fuel users

- Use separate equations to predict amount burned by
woodburners who use o0il, natural gas, electricity

or "other'" fuels.
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- Change the amount burned equation to allow greater
change in the influence of variables at high
population densities.

- Change the amount burned equation to allow for a
varying influence of income depending on both
relﬁtive price of nonwood fuel and population
density.

The model developed here is pragmatic for researchers
to the extent that the foregoing suggestions lead to bettep
empirical models. The model will be pragmatic for 1local
state or national officials to the extent that they use
predictions of county fuelwood wuse given in the next

section.



V. IDENTIFYING COUNTIES WITH HIGH INTENSITY FUELWOOD USE

Model III was used to estimate intensity of fuelwood
use in each county in the continental U.S. Five measures
of use intensity were used to rank counties. Tables 14-17
show the 10 counties in each of 9 regions which have the
highest intensity use-according to the following measures:

- percent woodburners

- amount burned per woodburning household

- average amount burned over all households

- amount burned per square mile of county.

Information on population density of counties is
included in the listings to show if a county has over 6000
persons per square mile and is therefore likely to have its
wood use overpredicted.

Counties ranking high in a particular intensity of use
have certain characteristics in common. For example,
counties with a high percentage of burners have small
populations, low population density, high heating degree
days for their region, substantial forest land and high
relative price for nonwood fuel. It is somewhat surprising
that these counties have low median incomes (except in the
Pacific Northwest), since table 2 indicates percentage of

burners increases with higher county income. In most

86
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regions nonincome factors are most important in
determining percent users in high wuse counties. The
percentage of burners for the top 10 counties in each
region ranges from a high of 86% in Mineral, Colorado to a
low of 46% in Shannon, Missouri and Hampshire, West
Virginia (Table 14).

Counties with high amount burned per woodburning
household are similar to those with a high percentage of
woodburners. Forty-two of the 90 high percent user
counties are also high amount burned counties. The high
amount burned counties have more uniformly 1low income,
more uniformly high percent forest land and more uniformly
low population density. Amount burned per woodburner for
the top 10 counties in each region ranges from a high of
6.01 cords in Hinsdale, Colorado to a low of 3.56 cords in
Okanogan, Washington (Table 15).

Counties with high wuse per household over all
households are similar to those with high use under the
previous two measures. In fact, fifty nine of the 90
counties with high use over all households are also on one
of the previous two 1lists. Counties with high amount
burned over all households are more uniformly 1low in
population density than the previous two sets of
counties. As for the preceding 1lists, they have 1low
income, colder climate, substantial forest land and high

relative price for nonwood fuel. Amounts of fuelwood used
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per household for counties on this list range from 5.14
cords for Mineral Colorado to 1.69 for Traher, West
Virginia (Table 16).

Counties with high fuelwood use per square mile, as
calculated by Model III are the most densely populated
counties in their regions. To the extent that these
counties have population densities greater than 6000
persons per square mile the Model III estimates of use per
square mile are probably too high. But there are only 9
such counties among the top 90 counties. We can be more
confident of the estimates for the remaining 81 counties
(Table 17). The major cities in counties with highest use
per square mile are shown in Table 18.

Identifying counties with high use per square mile does
not identify cities with highest use per square mile. Some
high use cities will be in large counties with lower
average use per square mile. We would have to compute use
per square mile in cities separately for each city using
Model III. The accuracy of Model III in predicting city
use intensity is dependent on the degree to which
predictions of the model are independent of the county land
area. We have implicitly assumed Model III holds for
counties of varying size. No attempt is made to use Model
III to predict individual city use, in part, because city
land areas are much smaller than county areas used to fit

parameters for Model III.



95

‘P9EL Lz 0st "0 ‘09 10°6 ‘GE ‘v0zZL 1°€el ‘ot ‘€ v9°€E 0S°v ‘18 €71 V13TINHINY 0J Wys
“LEL 1°Z zzT°o0 "09 oe° €l -1 "6€9S 1°zh '8 ‘€ ZL'E 0OL°v "6l 9°0 ¥y31snd 0d NYS
K4:1%4 S°Z c1z°0 ‘09 1Lz ‘SE “TYE9 1°81 'l > v8'e 2S°v "S8 61 AYvd 0d Wys
“ovS 9°€ A XA “09 sL°zi -1 ‘v0ZL An 4} 1) °S S8'€E LY 4] L0 AVYNO 0d wys
“16€ 1°z 802°0 ‘09 ve“TI ‘GE ‘v0ZL L'vi ‘6 ‘€ 90°'y L6°¢ K4:) €°0 NVAr NVS 02 NYS
‘€821 S'Z 90Z°0 ‘09 : AN A 1> ‘v0ZL 9°€ElL K4 ‘v 91°'y S6°Vv ‘ve €°1 T3INDIN NVS 0) WYS
K413 4 €°0 06Z°0 ‘09 6E° LI i 144 T°¢€l ‘v ‘0 12°v S9°S "SL v vi3yNn3 AN WYS
hid3 €1 Lz1°0 “09 ve°L 1> ‘v808 6°6 ‘9 KA SS'v (L8°S "8L €1 JHOVYNOVS 0d WNYS
“¥SOL v 0 90Z°0 ‘09 Le"zi ‘GE ‘v0ZL S°St A 1 1L's 10°9 ‘S8 z°0 3TVASNIH 0 LN
‘i1ze 6°'0 zZ1z°0 ‘09 oLzt . °SE ‘veoe €°Sl1 'S A vi°'S 66°S ‘98 €0 IVHININ 0d NYS
1144 v'o 8L1L°0 "0S Z6°8 ‘9 ‘9€6L 6°1L1L ‘9 ‘0 0L°Z 10°S ‘vS 9°0 QI3144V9 1N WYN
“8LLT 1€ '4: 100 “0S ZL°6 *ZS 143 9°Z1 ‘9 ‘€ 06°Z B86°v *8S 1°€ SHIANYS iW WiN
K444 0'¢ 981 °0 *0S Z€E'6 'S 1% 72 1°91t ‘9 ‘€ L6°Z 8L’V *Z9 €1 AVY3ININ iN WYN
‘91588 Ll Zri‘o "1S 6L°L *Z9 K24:13 S'vi ‘€ A 10 B81°S '8S 'S OHvaI ar WYN
1414 L0 €61°0 *0S v9°6 ‘v rzzee Lt °S 4 €0°€E $S°S *GS [N} ¥31SNIJ a1 WiN
“1SLL S0 60Z°0 *0S 9v° 01 ‘vl "S6€L St ‘€ ‘0 v0°'€E 6L°S K4] €°0 ANYVYID al WYN
“1LEL vz 00Z°0 ‘0S 00°01 "29 k2475 8°vi ‘S ‘€ 0S°€ S¥°'S ‘v9 z°1 SWvav al WUN
‘o6l 9°1 v6L°0 ‘0S 89°6 'Z9 KZ4:13 §°Si ‘€ KA S9°€ 89°'S ‘v9 (S 35108 ar WYN
‘9L9¢ St 861°0 "0Ss 08°6 "Z9 K44:13 8°Slt ‘€ K4 6L°€E 2ZL'S ‘99 1z AITNTIVA a1 WYN
‘vS0|I 8°'0 €0Z°0 "0S S1°01 °Z9 x24:11 Z°€l “Z 1 S6°'€ €S9 ‘19 €°0 SVYNY) a1 WiN
“18vz L1l 601°0 ‘18 ve's ‘69 ‘¥Sv9 8°vl ‘€l ‘6 €E'Z 6V°€ “L9 6°6 SN3A3LS AL MN
“890¢ €°S LEL'O €L 80°0! ‘62 ‘v0L9 €°€El L ‘S BE'Z EL'E ‘v9 Z'9 ¥3axnve ¥0 MN
K4u4d' 179 v01°0 ‘ve SL'8 ‘Z8 ‘vSv9 €21 ‘L ‘9 I1L°¢ So'v “L9 0'€ 3771380 ON3d VM MN
"1€28 6°0 Lo “LL 8S°8 ‘€ ‘ELY9 S°Gl B 4 "1 €L°Z iy ‘99 8°z IV 40 MN
"0L6S 6°6 811°0 “€L v9'8 “€9 "6SLL v°Sli 1} ‘ol 9L°Z €6°€ ‘oL 81z HLYNVYIN ¥0 MN
‘BLLE €2 LEL°0 ‘v8 201t ‘SE ‘v0L9 9°€tl ‘L K4 8Lz zz'v ‘99 8°2 VMOIIVM ¥0 MN
*TL9L L'y 880°0 ‘v8 8E°¢L ‘o8 ‘v989 S'6l ‘9 ] S6°Z €OV “EL 6°2 VINVAWYIS VM MN
rzoze 9°2 601°0 ‘v8 61°6 ‘ZL ‘vSv9 L'l ‘v > 66°2 ZZ'¢v YA 0°z AYY34 AL} MN
‘0esy 81 IEL'O ‘ve 10711 "€S “v0L9 'St 4 KA ZZ°'e 0S'¢v ‘L 0'€ 1NVYD ¥0 MN
“LOoLL 6°0 LEL0 ‘ve €0° 11 ‘62 ‘Elv9 170t 4 1 9€'€ 9Ll°S 'G9 9°0 Y¥Y3T13IIHM 0 MN
(N1anN
("IN"DS) (Qy0d/8) ¥3d $) (0001$) ---------- SQ¥0J----------- (soo01t)
v3uyv “INDS 30I¥d 3J1dd 301y4d ONVI SAva INOINI 1S3¥04 “IN'DS GIOHH YINYNG SY3ISN  SOI0HH ALNNOD 31V1S NOIO93Y
aNVI ¥3d 3AIL a3nd 73Nd  1S3¥0d4 33¥93a QI0HH " IN°DS Y¥3d ¥3d Y¥3d aqoom 40
SNOS¥3d -vI3y QOOM QOOMNON “10d ONILVIH NVIQ3IW ¥3d QoOM aOoOMm QooM  “12d ¥3IENNN
ao0om

1861 °‘SQIOHISNOH 1V ¥3IA0 3ISN QOOMIINS 3IDVHIAV QILVNILSI LSIHOIH IHL HLIM NOID3Y HOVI NI SIIANNOD N3L --°91 376Vl



96

‘iz 9°02 8zZ1°0 ‘6L €L°0l ‘8L “LBY9 S 1 1 ‘el 69°l 08°€ 14 1°€ ¥Y3INONL  AM L[]
Y]/ 9°91 9zZL 0 ‘98 98°01 ‘v6 k-1 1¥2 1wl x4} Y vLl 06°€ Sy 9°2Z NOY3WVD vd v
*G69 [ AN} 6€L°0 ‘6L 00°11 *89 ‘EV9S 0"t ‘il ‘L LL°y 08°¢ ‘9 8°Z NOL3TAN3d AM (7]
*Z601 zZ°9l ZEL'0 *Z8 LL°ot ‘68 1L 0°€l 4! ‘ol 98°L 96°¢€ ‘LY 1°9 ¥3110d vd W
‘EV6 S 0l oviL'0 "6L L0 11 ‘€8 *L8Y9 vzl ‘ol ] Zl'z SO'v ‘2SS 9°¢ SVLNOHVIOd AM (7]
‘1621 v 61 9€L "0 ‘18 20° 11 ‘69 *0S06 S'vi ] 1 ZL°Z 6Ly -] 18 SIM31 AN N
“6ly 1-zt SEL°0 ‘6L v9°0l *Z6 Yy Lzt ‘it ] vi'Z 6L°v 1S 6°1 1S3¥04 vd VN
‘eLY €€l tvi 0 ‘6L Lot *Z8 ‘E6YL -3 4} x4 ‘ol LL°Z 9Z°v S - T A 1 NVAITINS vd N
" 1SS z-ze [ A0) 7 vE“LL ‘06 *LBY9 8°6 "6l "Ll 8zZ'z 9¢°¢v 4] [ ¥3ILSE3IM AM N
‘GELL 6°2Z ivL°0 ‘6L eL-il ‘vE *0S06 €zt '8 > 6v°'Z O0L°S ‘6  6°1 NOLTVINVH AN (1]
‘otz 6°9¢€ 0zz'0 B4 06°11 K4:] ‘p6SY v'e ‘62 24 68°L €€V ‘v 9°2 337 AX S
‘ovy L° 8¢ 8zz°0 ‘vS ip-zZl ‘99 ‘¥6SY v ‘8¢ 14 68°L ZZ'v 'Sy 8°S INAVM AN £3e)
‘666 6L €81°0 ‘vS 88°6 ‘GL k4:144 0°6 iy 'S ¥6°'L 61°Y 9y  8°2Z NONNVHS  OW s?
*69€ 8-2z¢ 11z°0 ‘vS ov-tit ‘€L ‘¥6St 1°8 ‘0€ k44 66°1 LE'V 14 [ NVOYOW  AM L)
X414 S 62 viZ°0 ‘vS LS 1l ‘0L B {14 8°¢L *62 ‘0z €0°Z 6v°¢¥ Sy €°2 3470M AN S2
‘ole S €2 61Z°0 ‘pS -1: MY 'G9 *6SSY S8 XA “LL v0°Z SZ°'v ‘8 9°2 ONVIN3ENND AN S)
‘80Y v°9¢c L22°'0 ‘vS Lzt ‘v6 ‘v6SY v'6 k14 14 B0"Z E€l°v ‘0SS  S°v 311S37 A S)
*LEE 9°SE €zZ°0 ‘vS €021 “LL ‘p6SY vL g1 i I4 vz vLv 'Sy (S NOSHIVE  AMY S?
‘Bl v°LE viz o ‘vS LSl ‘v8 ‘v6SY S°L ‘1€ ‘9z 9Z°'Z 9L'v Ly 6°% A¥VIYI DN AN S)
*LBl 0°6z vZZ'0 ‘vS L0°z\ ‘v8 ‘v6SY L9 *0€ -4 1L°z €S°S ‘6 61 A3ISMO  AX S)
*09viL S°6 8S1°0 °89 ZL 0L ‘€8 *6v98 8t "1l ‘6 S9°Z 90°S k4 1°s al314AvE M s
‘€9S z°21 6SL°0 ‘89 v8°0l ‘G8 ‘9pEB r AN ‘vl *zZi 19°Z 66°v ‘bS  9°2 vQa02s0 IN S
*LBY 9°'8 8S1°0 ‘89 SL 0L ‘v8 ‘6818 6°11 ‘ot '8 69°Z S6°v ‘S S°t 3IINIYOS M S
“LLS S"€l 8S1°0 ‘89 €L°01 ‘18 ‘veEvL 1°6 1 K4 oLz 0zZ°S ‘2S  0°¢ INVI n s
*6SZ1 z2°01 6S1°0 * 89 €8°01 “LL *6v98 (SN ‘€l ‘0l oL°z zZv's ‘€S  L°¥ YIAMVYS M s
‘8661 S 0l 091°0 ‘89 68°01 "L9 *6€06 6°01 "Gl ‘ol L'z LS ‘€S 6L SSV) NW S
*1001 0°6 8s1°0 ‘89 9L 0l *Z8 ‘68180 AN ‘ot ‘8 vL°Z SO°S ‘S 0°€ 1S3¥04 M S
Lyl 0°6 LS1°0 89 L9°01 ‘8L ‘eLL8 6°6 ‘€l ‘ol €8°Z LSS 1S L2 NOWI M s
‘9vEL 0°¢ 191°0 ‘89 26°01 ‘€9 *2006 9°'vl ‘9 ‘v €0°€ B8€°S ‘e 9°1 %00) NW s
‘8€S L€ €91°0 ‘89 80° 11 -1 “LYEB 1°6 ‘6 'S 80'€E 19°9 Ly 8°0 MVYN3IIMIN IN s
(NLBNNW
("IW°DS) (Qy¥02/8) ¥3d $) (00018) ----------SQ¥0I---------—- (soo001t)
vayy TIN'DS 3JI¥d 3JI¥d 3JI¥d ANV SAVG  INOINI 1S3¥04 “IN"DS QIOHH ¥3IN¥NG SA3ISN  SATOHH ALNNOD 31VLIS NOID3Y
aNvI ¥3d 3AIL  13and 93Nd  1S3¥04 334930 Q0HH " IN'DS ¥3d ¥3d ¥3d QOOM 40
SNOS¥3d -v134 QOOM QOOMNON °10d ONILV3IH NVIQ3IN ¥3d QOOM QOOM  QOOM °1Dd H3IEWNN
aoom

(°Q.1NOJ)--"91 378Vl



97

*Z6Z
k14
14
124
‘60z
K414
‘69€
Nid
‘9€e
154

‘vov
‘6€S
*8se
‘@St
‘pSZ
‘809
‘999
‘86y
K24:
"0€T

1]

‘LEL

"9ES|t
z4:1t
‘0802
‘€99

4114
‘1Z89
‘v68€
‘Z68E

(“IN"DS)

L°vZ
v LE
€°6S
8°8sS
L°LE
6 LY
T°Ll

-0Q
-

-0
« s e s e e s s

N NMOON

© e s s s s e
Ne- NN

NOTRNINMONIND ANTODMDOOIND I
OO~ DR gmmnvwhoon ~

- -

v9Z°0
L4 T
8IE"0
1Lz°0
08Z°0
9L2°0
96Z°0
04Z°0
Z682°0
68Z°0

v9Z°0
¥9Z°0
8L2°'0
v8Z°0
€6Z°0
6120
1zz°0
vvZ° 0
60Z°0
Z9Z°0

EviL°0
SEL°0
EEL"O
ZEL'O
€EEL°0
9ZL°0
0€1°0
9zZ1L°0
€€1°0
ZeL'o

‘88
‘68
‘68
‘06
‘68
‘88
‘68
‘06
‘68
‘68

(Qu02/$)

‘1z 6v°C
4 05°2
‘1S 0s°2Z
°ZS Z9°¢
‘Ie 89°2
K44 9Lz
‘91 08°2
‘ot 08°2
‘€L v6°2
‘8 60°€
‘61 19°2
Le L9°2
1> |
‘62 1 4: 4
‘81 98°¢
‘91 €6°2
1) '€
‘€€ €2°€
s t4 48
oY LB°E
“Le T4
‘o€ Lz
i 14 (11 >34
‘Ll LE"Z
‘oz ov-2z
°6 L2
"€l LL°e
‘'zl 6L°2Z
‘€t €2°¢
‘9 SL'E
---SQ¥00----

‘€9 Sz
‘19 8°S
‘09 6°8
*S9 6'v
‘v9 L K4
‘v9 6°9
‘89 1z
‘99 6°1
‘0L St
‘69 (I
" 69 0°€
YA v'S
‘oL S'v
‘89 91
K22 91
‘89 €°€
‘89 Z°¢
‘ZL 0°S
‘€L L'z
"EL vz
‘8s [N}
‘8s 6°6
"LS S°Slt
'GS 0°€t
‘8S S Lt
'Z9 z°z
‘09 €°2Z1t
‘8S v 6z
‘v9 v°Gl
‘89 €°9

(soo0t)

NVYHVYO
NOSIGVN
EER
AY¥3AY
AV)
3IN0YIHI
anvg
H1v8
91vy)
GNVYIHOIH

30Sa318
NVOYONW
AGNNYD
143%J1d
N3Y¥N8 NVA
3NOLS
AJY¥vV3S
SS3IYLINIS
NOLM3N
NIOINVH

10¥¥VI
00IVM
HIO0INVH
S00)

ay¥04x0
X3SS3
NOLONIHS VM
¥00.1SO00¥Y
13SY3INOS
SINOVLIVISId

IN EN
IN 3as
VA EN
IN s
ON 3s
IN 3as
VA 3as
VA EN
VA 3S
VYA 3as
N1l Js
N1l JS
N1 Js
N1 Js
N1 Js
-1 JS
yv Js
N1 Js
v Js
N1 Js
HN 3N
EL EL
EL] 3N
HN 3N
ELJ aN
1A aN
L EL
EL aN
EL 3N
ELJ aN

‘IN°DS GI0HH ¥3INMNG SH3ISN SATOHH

vayy
aNVT

"INDS 33Idd 3IJ1vd

¥3d
SNOS¥3d

ELY Y
-v3y

a3nd

aoom QOOMNON

ve“ 1L ‘€8
zZ8°'0l ‘vL
69°€El “LS
vo° Ll ‘18
90°2Z1 *Z8
[-1: MWt ‘68
(WAF Y ‘vL
19711 ‘98
Sl-zl ‘18
vzt ‘YL
¥S°01 ‘99
6S°01 ‘8L
e *Z8
9e° 1L 1
L "9¢L
9L°8 *z8
ve°8 gL
GL°6 ‘08
LE"8 ‘16
6v°-0l *89
19°2Z1 ‘98
66°1L1 ‘9L
zZ8 1L ‘88
zZ8° 1L ‘98
8811 ‘88
oL 1t ‘E6
0S°11 ‘88
6Z° 11 ‘98
[-1: MW ‘06
89°11 "LB
(niann
¥3ad $)
301¥d ANVI
93nd  1S3y¥04
*10d

‘90LY €1t -4
‘90LY S°6 44
i 1>r4] v°0ol ‘68
“BZES [ ‘v9
‘90LY €°01 1>
"90LY L°6 A4
‘8€ZS 6°€El K24
*SS0S €€l K4
“SS0S 9°€l ‘9t
*SS0S 9°€l Y
‘09¢eY 9°01 ‘6z
"09¢EY 6°01 1>
‘09EY S 0l K44
“09€Y 0o°e ‘0S
“09€EY | Y ‘v
111> z°8 "6l
“8S8¢€ 9°L XA
“09€Y z°8 iy
"Sv6e 8L KA
‘86LlY L9 ‘8S
“88vL 9°€lL ‘1€
‘6LSL 9°1Ll ‘ov
“6LSL 1zt 14
"GZ68 L°EL ‘oz
‘G908 0°€El ‘€T
‘L89L vzl ‘ol
"6LSL v°0l ‘S
‘1Zv6 vzt B4l
‘1Zv6 8t ‘vl
YA 4] €°Z1 ‘L
(o001$) -------
SAvVa 3IWOINI 1S3¥04
334930 Q0HH ° IN°DS
ONILV3H NVIOQ3IN ¥3d
aoom

43d ¥3d
aqoom QOOMm

¥3d
aoom

qoom 40
“10d  ¥3IAWNN

(°Q.41NOJ)--"91 378Vl

ALNNOD

31V1S NOIO3Y



98

S3T739INVY SO v
3J0HVdVYYY 0
¥3a0n0o8 o]
VA3NvIVY v
INVI LIVS 1
OLN3WVYHIVS v

J nNYS
J [ 1- 1Y
J wys
J WYS
n [ 1-}Y
J nNYSs

NOS¥3443r 0 nys

3ONVYHO v
O31VAN NVS v
O0JSIJNVYd NVS v

J wys
o) wys
J WYS

VINOSSIN in WYN

HViV1 a
377IA3NNOSE a

30¥3d Z3aN al YN
Mmo8 ¥3ATIS iN WYN
3113Avd a1l NYN
NIONNvVE a1l WYN
1VYN3LO0N al NYN

vav al WYN
NOANVYD al WNYN

NOLSH¥NHL \L] MN

NOIYVN d

INVIOCS L[] MN
WYV \ L] MN

HS INOHONS \ L] MN
dVvS1IN L L] MN

30¥31d v

NOLONIHS VM ¥0 MN
ONIN \ L] MN

HYWONLINW -]

*690% L°LEBL 890°0 ‘6l 80°8 g4t "v6LI 9°L1 44 ‘oL 1L'0 z9°0 1 1°G€LZ
*L6L v°89€ €S0°0 "6L1L Lz°9 1 *ZYve9 6°€Z *GS8L 6L 65°0 8Z°1 ‘9  6°G0l
‘8vL S°€SZ 680°0 ‘oLl ov°9 1> ‘ZYED 8°61 Y4 *6L 98°0 ¥6°1 ‘v 2°69
> 2 0°80SL 9.0°0 ‘6tt 90°6 i 4414 L°81 ‘geI8 -z vi°0 €9°0 ‘'z vty
‘YL €018 1v0°0 ‘ozt 88 v ) *L9LS v°8l ‘vSrL L8 €€°0 €L°1 ‘6z T zoz
‘SL6 G°€08 890°0 1Y €0°8 K4\ *86Z¢e v Ll *829 1 6Z2°0 66°0 ‘6z Z°00¢€
‘e8L 8'vLy €S0°0 18 80°9 1 *ZYE9 0°vZ ‘1z88 °e6s €5°0 1Z°1 vy B°6Z1
*Z8L S°1L¥Z 0L0°0 ‘ozt €v°8 ‘vl "v6eLl 9°zZ ‘9LL ‘60l ZL'0 9v°0 "Lz 1°L89
‘LY 6°€IEL LL0°0 ‘6Ll 8L'6 -1 *zZee Z2°€2 ‘ovL Y 2Z°0 S9°0 ‘ve  €°622Z
-1 €°880Sl1 SL0°0 ‘ozt G0°6 1 *Z2ET 6°Gl *68¥SZ "SSZ Y00 E£°0 "zl 6°662Z
*Z192 162 6i11°0 4] 0z°'9 4] ‘8LzL €°9l T4 el ZZ°L 1z ‘8 Z°8Z
‘0601 v-9z SEL°0 *ZS 66°9 *zZ9 *0699 0wl ~ze "€l Zv'L 6€°€ ‘Zy €701
-1 6°S¢ 691°0 k4] 08°8 ‘vl ‘8064 z°81 ‘901 ‘sl 8Z°'L S8°2 'Sy €712
‘vve v°6€ €vi°-0 ‘€S 1s°¢L ‘29 ‘vOLS 6°Gl ‘oz 1 Lot 9L°2 ‘66 S°ZL
-1Y3 €°¢€S oL 0 ‘€S 08°S *Zs ‘0961 9°vi *LE ‘61 S6°0 1Z°'¢ ‘0 L'l
*Zovy 1°6€ v81°0 1S LE 6 *Z9 *9LYS Ll 4> T4 EP'L IP°E ‘Zy  9°S
4% €°8S 991°0 4] 69°8 ‘i *806L St -1 *ze 60°l 99°2Z iy vz
‘ezl 8Ly ZEL'O 1S 6L°9 *2Z9 ‘699 tAR-1 1> ‘€2 ZE'L zZi'e ‘Zy €712
‘Ev0L 6°G91 Lo ‘€S 0€°6 ‘vl ‘OLYS S Ll ‘162 iy L9°0 G6°1 ‘vE €°€9
*8LS 6°v¥l ¥81°0 *ZS 6v°6 *z9 ‘9LYS 8'¢cl ‘06 1 €Ll L8°Z ‘66 9°82
‘YL 0°vLL zZ0L°0 ‘vL GG L ‘89 ‘vLSY 6°LL *901 “ZL (WG 4 B 4 ‘S S°9Y
‘9911 9°GL1 pplL°0 ‘1L vZ°01 14 ‘999 1°91 ‘v91 ‘vL [T S S Y O 4 ‘PGS S°pL
‘BSLl v v6lL oLL'o0 69 6S°L ‘9z ‘vSv9 6°Gl *90¢ ‘08 60°L €172 ‘IS 9°8ZI
*LZ9 9°90€ zOlL'0 vl e 98 * 806V 0°61 ‘661 ‘L Z0'L v6°1 ‘ZS  6°89
‘8602 0°191 661°0 Vi FARE A Zs ‘v989 8-0Z >t 44 -1 10°Z 06°2Z ‘69 8°0Zt
‘€6€ p°PLE  OILL°0 ‘vL Si°8 ‘69 ‘vLSY 6°81 ‘802 ‘Sel 10°t 16°1 ‘€S 8°2ZS
*9L91 8°68Z LBL°O 69 68°2Z1 -1 *806v z Ll i 4-14 *6€1 €EEL Z€°T ‘LS S°wLl
-1¥2 E'EYE  wvL 0 ‘69 £€6°6 ‘vS *999vp 9°12 *z62 *8S1 pZ°1L v6°1 ‘v9 116
T4 %A L°96S 8LL°0 ‘L9 10"zt ‘09 "PLSY L°02 114 ‘6LZ 61°1L S6°1 ‘19 Z°8é6v
14 L'0ECI »SL°0 99 oz'ol iy 1T 1°91 ‘PLLL "LSY  €8°0 L' ‘ey £°€E2
(n1onw
("IN°DS) (Q¥02/8) ¥3ad $) (0001$) ----------SQYOI----==-===u (so001)
v3uv "IN'DS 3JI¥d 30I¥d 3JI¥d ANV SAVG  3INOODNI L1S3¥04 °"IW°0S QIOHH ¥INY¥NEG SH3SN SAIOHH
aNv ¥3d 3AIL  3Nnd 93N4d  1S3¥04 33493  Q0HH CIN'DS  ¥3d  ¥3ad ¥3d  QOOM 40
SNOS¥3d -v134 QOOM GQOOMNON "13d ONILV3IH NVIQIN  ¥3d QOOM QOOM GOOM “1dd UY3EBWNN
aoom

1861 °‘ALNNOD 40 3IVIN IHVNDS ¥3IH 3ISN QOOMIINS O3LVNILSI LSIHOIH 3IHL HLIM NOID3IY HOVI NI S3ILNNOD N3L

--"41 3746vl



99

‘9Ll
‘8L

R144
‘vee
‘€0t
‘oL

‘o€l

14
Ly

"€z
‘Z6E
‘8€S
‘viy
"66Y
‘80v
‘EVE
“IEE
"9SYy
‘19

‘108
K44 ]
‘vZy
‘9SS
“L9S
"L98
‘o8y
‘GS1
*S09
‘LET

9 vivi
6°98001
Z2°9S61
8°Z19¢€
| "v68Y
S°0.l8LE
0°LvS9
S 11882
€°66029
§°0S811

z°126
1°ZS61
S G191
z2°6012
L°1S61
§°S8zZl1
€°SLEIL
¥ 0661
0°98Z¢
9°L2VL

S'vie
9°10L
€°2Z9¢
0°90S
€°0991
0°4911t
L°Lopl
v 9962
€°v98€
L71L0Y

Lo
260°0
ozL°0
8oL "0
L01°0
viL°o
601L°0
8’0
tziL°o
oLL o

€EL°0
LZi'o
vEL"O
29zZ1°0
€Z1°0
1zL°o
6vL°0
oLL°0
8110
611°0

L60°0
980°0
660°0
€LL°0
€60°0
660°0
960°0
960°0
€60°0
v0L°0

‘96
‘96
"S6
‘96
‘96
‘96
‘96
‘96
‘96
‘96

°GS
-1
*SS
‘GS
'SS
°SS
‘SS
‘GS
1]
°SS

*ZL
‘eL
‘vL
“€L
‘oL
“€L
‘vL
‘vL
‘vL
‘vL

(Qqy0d/9$)

*IN'DS 30I¥d 3IDIud

¥3d
SNOS¥3d

3AIL
-vI3y

3nd

aooOm QAOOMNON

1271t
s8'8
14 2NN
ve ol
1€°01
66°01
vy 0l
DDA NY
LS° L1
ZS°01

o€ L
L6°9
-1
06°9
8L°9
v9°'9
61°8
20’9
6v°9
€S°9

66°9
€2°9
8Z L
1z°8
L8°9
vZ°L
60°L
60°L
88°9
L9°L
(NLENN
¥3d $)

3J1dd
a3and

‘8t
K4
‘1

“6v
By
‘vt
‘€l

4
-1

aNvI
1S3304

SAvVQ
334930

9°SZ
8-zt
Lz
[ 24
9°1Z
6°1t
z2°91
6°0t
6°El
vvi

v-zZ
voLl
[JAt
v L
1°22
{21}
L Lt
S L
0°8l
STt

z ot
0:12
v £z
8°S2Z
1°02
£°62
Z°ve
6°81
9°81
181

3NOIONI
Q0HH

“10d  ONILV3IH NVIG3N

"zZeze
“g9e8l

1S3404

“IN°DS
¥3d
aoom

>R} ‘1E
€8°0 ‘9

LE" L x4
68°0 X4
88°0 L
L9°0 >

ozt ‘ot
v8'0 4

€E’0 ‘v

6171 ‘8

9671 ‘9¢
911 x4
9zl 14
vz ]
z0°1 "L
LS L
0s°1 "9z
6L°0 ‘8¢
00°1 1)
zz’ 1 '8

ev°2Z ‘62
-1} 44
1Lt -1
vS° L K44
IS “61
St -1
oL°1 *ZE
00°1 g1
Z6°0 ‘91
68°0 ‘9t

0°8L

8- 182
v L0E
6°662
8°LLL
€°628
8°00€
S° 0ty
0°90L
1°802Z

8L

1°682
[ 574 >
v-zze
L VPE
6°681
SZLL
9-122
€°€9S
v 8Ll

9°vS
6°vSlL
6°09
S°88
0°99¢
[ 21>
8°622
S°0LL
6°vZ8
S°voe

(sooot)

"IN°DS GI0HH ¥3INYNG SY3ISN  SOIO0HH

‘81 ZYO
I "Z6L S0°0
‘661 62°0
"66Z  61°0
"6SZ  S1°0
z ‘99z Z0°0
"ZLz TLo
€ "LIE €0°0
€ "ISE 10°0
‘8zy 010
‘€Ll 9S°0
"SLL ¥Z°0
‘sLL 62°0
‘L €20
‘€61 8Z°0
‘861 €¥°0
"661  6£°0
10z 0€'0
z "9zz 810
€ "EIE  11°0
‘8L 12°0
‘08 €€°0
‘98 09°0
"Zol  v9°0
"pEL 120
191 1v'0
"691  SE'0
1 "oLL  SL°0
'S0z S1°0
z "61Z pL°0
----SQ¥0J----~
¥3d ¥3d
QOOM  QOOM

¥3d
aoom

aoom
"120d

40
¥3ANNN

(ra.1

ANVINIO0Y

ALID 3H¥ONILIVE
Y3ILSIHILSIM
N39Y¥38

NOINN

SONIN

X3sS3

XNO¥E

NYOA M3N
NOSAONH

EMA A

NOIY¥VWN
NIMNVYS
NOLTIWVH
SI1N07 1S
LINNNS

sSvoni

39vd Nna
VOOHVAND

ALID SINOT 1S
NOO3INSNKN
33S3IN39
VAONY
VHSINNVM
NId3NN3H
ANVINYO
SWOJ VW
AISHVY
INAVM
FINNVYMIIN

ALNNOD

NOJ)--"41 378VL

31VLS NOIOIY

AN VN
an AL
AN VN
rN AL
rN YN
AN VN
rN N
AN \ L]
AN YN
N N
HO SJ
NI SJ
HO S)
HO S)
On SJ
HO SJ
HO SJ
a1 SJ
HO SJ
ON S)
In S$I
In S1
NW s
Im sI
NN S1
IN S1
IN s
NN sSa
IN sA
M s7



100

4
‘09
‘€S
‘ot
K4
XA
"Si
‘8
R4
>

‘9ve
*SSL
‘6S8
‘GEE
‘ElYy
-1
‘St
*80S
"0SS
‘80s

‘619
‘eLl
"6€L
414
‘v09
‘929
13 4
‘v6E
‘GZ8
1]

(" IN°DS)

v3yyv
ANV

8°5922
9°'€S9¢
€°LEQS
9°166¢€
S LSLY
6°LILE
171889
6°LELS
S 09LY
0°6€EL9

€ vvi
€°6201
6°1181
0o'i0z
9 8ve
1°81€E
1°209
9°0v6
z°€ezs
€°629

L°SiL
1°168
L°€601
472821
S°09Z1
v-682Z1
v ELEL
9°6€SI
0°LS91l

L°60911 9Z1°0

6EL"0 *6S €2°8
981 °0 ‘6S L6701
L81°0 *6S 20" 1L
981°0 *6S 66°01
oLL°0 *6S 10°0t
zLLo *6S SL 0l
LLL°o *6S Zv-ol
00Z°0 *6S 8L 1L
0€Z°0 *6S SS €l
v1Z2°0 ‘6S 19°2Z1t
161°0 ‘v 8€° 01
S60°0 *L9 €€°9
oEL"0 ‘89 ve'8
€LL°0 ‘vS 0€°6
891°0 ‘19 zzZ 0l
S6L°0 ‘1S 66°6
TR ) ‘G9 oL
€EL"0 *L9 L6°8
SSL°0 ‘G9 60°01
191°0 *Z9 68°6
LEL"O *zZ6 65°Z1L
SZi°0 *Z6 ev-ii
zzZL°0 *Z6 vit
9zZ1°0 ‘Z6 15" 11
sZL°0 *Z6 eVl
€Z1°0 *Z6 r2ANY!
€Z1°0 *Z6 Lzt
6zL°0 ‘26 -1: Mt
sZL°0 *Z6 [ ANY!
“Z6 Z9° 11t
(nN1eWw
(Q¥0d/8) ¥3d $)
“IN'DS 3J0I¥d 3J1dd 301y4d

¥3d

SNOS¥3d

3AI1L
-vi3y

13nd

‘L8
‘S9
‘19
"9
‘6€
‘68
“6€
'S9
]
‘1S

“L9
‘61
T

‘Z9
‘9¢
"Lz
‘v9
"62
‘vS
‘og

“6S
‘v9
44
"6€
A4
‘oY
‘68
44
%4
1l

“SS0S
115 4
“1Z6€
TLYEY
‘v0lLS
"SS0S
‘v0lLS
"e0ey
‘8€ZsS
‘v0lLS

‘gélLy
“L18E
"ESYZ
‘86LYy
‘86LY
184
"ZLSE
“196€
‘861lYy
‘86ily

*GSL9
‘6919
‘8Z€9
‘0zz9
‘v88S
‘v88s
‘6919
‘0zz9
6549
‘ozz9

ANV
J3nd4 1S3¥04
Q0o0OM  QOOMNON

SAVQ

334930
"10d ONILVIH NVYIG3IW

L€l
9°¢ElL
szl
6°€l
S've
€°€El
0"z
Vel
€€l
0wl

vt
€°Sli
9°81
1°91
S'Sl
€€l
L’°Si
v'9l
LSt
8'vi

z2°91
S'8l
1°02
1°81
v-8l
0°ez
8'vi
6712
v°0z
8°zi

3WOINI 1S3¥04
Q0HH

*Z89 "€6S 89°0
‘8voL 189 Lv'0
‘eTTIL 9L Sv°0
‘wLZL T LLL 1S°0
‘900z °z8L LE"O
‘Sivl "0L8 6S°0
‘¥Z9T °"€ZO0L LE'O
L0911 “vvOlL 9S°0
‘9¥SZ  "B6ZL L0
‘969 °GLEL TS°O
‘L0t ‘TL ov°1
‘06€ ‘vL 1z°0
‘¥6SL 9L 1LH'o
N4 “08 80° 1
‘6€Z ‘98 89°0
“LYE ‘v6 v8°0
“LS1 ‘101t 9v°0
144 "8zl 9€°0
“Eve “1el 0L°0
444 “EEIL 8S°0
‘0S€ ‘902 18°0
14> N 1X4 L9°0
‘vey N 1%4 ¥S°0
“19S 1% Lv°0
‘TLS “ive ¥s°0
*ZES 14 SS°0
‘9SY *692 ¥S°0
Nx4:] ‘9Lz ZS°0
‘189 ‘€62 1S°0
‘02009 °009 €1°0
|||||||||| SQ¥0d-----

“IN'DS Q0HH

“IN°DS ¥3d Y¥3d
d3d aoom  aoOm
aoom

e
91°2Z
oz°z
L0°2z
06°0
€z°2
00"t
€2°2
8S°C
Tz

Z8°2Z
vzl
vL°0
9Z°¢
1671
=10 I 4
L’
Sv- i
L6°1
LL

ge"z
€0°2
oLt
(YA
[ 7}
: 1}
rL-z
0S°1
8S°1
SO°1

1> S'¢E ALID NOLONIAOD
K44 0°98 ALID OGNOWHOIY
‘oz v°88 ALID %I04YON
‘vz v°Si TIVIASILLOTHVHD
34 €y 3 HOYNHD SIvd
‘9z 0°ov ALID 3INONVOY
“lE Z2°6v 1ID VIYAGNVX3IV
14 6°vi 110 9¥NBS¥313d
‘8z 2L ALID 101SId8
‘€T 6°L 1IJ Y3ILSIHONIM
‘0s | B A} 431¥v)
Ll 6°892 AB13HS
"Gt 6°LLS SYI1va
14 L' ve NOSY¥3aNV
1 0°zs NVAITINS
34 €°L1L N3ITGNVH
x4 LA 4 44 NOS¥3443r
14 6°LLL NOSAIAva
‘9¢ Z° €01 NOLTINVH
‘€€ 97 L1l XONY
4 : RVA-1} N3AdWNVH
‘€€ L°vS ANIN
K4 L°682 QY04 LY¥VH
14 §s°8ez X3SS3
“LE 8 1L2 N3IAVH M3aN
“LE 8°082 QI31dY¥Ivd
‘GZ Z2°602 3INIAIAOYHD
‘GE 8°L02 HI104¥0N
"ZE 9°GLYy X3S3700 1IN
‘€l | A 4°14 #1044NS
(sooot)
¥3INYNAG S¥3ISN  SOT0HH ALNNOD

¥3d
aoom

aoom 40
“10d H¥3IAGWNN

VA 3as
VA ER
YA s
VA ELY
VA as
VA s
VA 3s
VA as
VA s
VA as
N1 Js
N1 Js
X1 Js
NL JS
N1 Js
N1 Js
av Js
N1 Js
N1 Js
N1 Js
YN 3N
Iy 3N
12 3N
VN 3N
12 aN
12 3N
8-} aN
VN EL
VN aN
VN aN

31V1S NOIO3Y

(°Q.1NOJ)--"L1 378VL



101

*papniour st 211w aienbs iad suosiad 0009
ueyl ss3a[ Yatm Ajunod e [TIuUn uol3ax e 103 paIsIT 3q Lew £3unod 3uo UBY) IIOKWT

19LY 8671 1031stag VA £31) 103ISTIg

0vL9 SLET 133SaYdUTy VA £31) 133S3YdUTIN as

629 ¢€eT ST1tTAXOUY NL xouy JS

LS9T £€6¢ weyirepm VK X3SAIPPIN

01911 009 uojsog VK j1o33ns aN

68V 6SC yiaqeziig N uotuf

0L81¢ 997 s3urty AN s8uyy

LyS9 Lt YIEBMIN CN xassyqg

11582 LTS xuoxg AN xuoxg

66029 IS¢ uejjeyuepy AN YI10X MaN

01911 8y L3119 ALesiar N uospny VK

982¢ 977 PUBISA3T) HO edoye4in)

8ZvL ¢I¢ stnoT °3S ON sInoT °1S SJ

LoY 612 9 NEMT TN IM 93)YNEMT TN S1

| ACR 11t 09331e|N ueg V) 033e|N ueg

880ST Szt odsiouelj ueg V) 0d3stduelj ueg Wis

SY1 9§ 1T13MpTED al uofue) WiN

0€eT LSV pueilrod . (V) yewoul I npy MNd
9[tu oaaxenbs artuW L3105 10(en ?jelg A3uno) uot8ay

lad uotrjegndog

13ad spio)

TI861 ‘a1Tw aienbs iad asn
poomiani 31soyd1y ayl YITM SITIUNOD UT SITITD Jofep--°8T IIqEL



102
Model III can potentially identify intensity of harvest
on forest land in a county better than intensity of 1local
wood stove pollution in a city within a county.
This 1is because most fuelwood is cut by households
themselves in their own counties. Three-quarters of all
fuelwood is cut by households and half of these households

d.ég Wood use in a

travel less than 5.5 miles to cut woo
county divided by forest area will give an indication of
the harvest pressure on forest land. Estimates of percent
forest land are not available for all counties or county
equivalents listed by the Bureau of Census. For certain
western states percent forest land is only available for
groups of counties. For those cases averages were assigned
to individual counties. In the east, a number of small
cities are independent. In these cases percent forest land
is set at 1%.

In forming a table of counties with high use per square
mile of forest, cities with one percent forest or with area
less than 80 square miles have been excluded. Counties
with higher forest use that meet these criteria have the
following characteristics:

- lower than median population density

- lower than median percent forest land

- higher than median income

QQSkog and Watterson. 1983. Residential fuelwood use in
the United States. p. A-40.
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- contain larger cities.

The two counties in each region with the highest forest use
are shown in Table 19.

A second more general way to identify where forest use
is greatest is to estimate, for each state, the percent of
fuelwood that comes from counties with high intensity
forest use. To do this we first divided fuelwood use (40.5
million cords in 80-81) into intensity of forest use
categories. Roughly equal amounts of fuelwood were
consumed in counties with the following cords use per
square mile of forest:

(1) 0 to 40 cords per square mile of forest

(2) 40 to 99 cords per square mile of forest

(3) 99 to 306 cords per square mile of forest

(4) more than 306 cords per square mile of forest
Independent cities, or counties with only 1% forest 1land
were placed in a 5th category. The first four categories
contain 23% of U.S. fuelwood use each. The fifth category
contains 8%. Table 20 shows which states have a relatively
large fraction of fuelwood consumed in counties with high
use per square mile of forest. The following states have
70% of their fuelwood coming from counties in categories 3
or 4: Connecticut, Indiana, Iowa, Maryland, Massachusetts,
Nebraska, New Jersey, Ohio, Rhode Island, and Washington.
These states are likely to have drain focused on fewer

acres of forest land, possibly improving the prospects for
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more organized treatments of forest land with fuelwood
removals. The difficulty in organizing treatments also
depends on the degree to which forest land is divided among

many owners.




VI. CONCLUSIONS

This section discusses three topics: (1) findings
about county level household fuelwood use and fuelwood use
behavior as determined by county demographic and economic
conditions, (2) caveats for using Model III to make short
term predictions of county fuelwood | use and (3)
recommendations for future research to project fuelwood use

and to identify local areas with the greatest fuelwood use.

Findings

Probit equation 2, when applied to U.S. county data for
1980, estimates that participation in household fuelwood
use is greatest for counties with very 1low population
densities, high heating degree days, substantial forest
land and high relative price for nonwood fuel. It is
notable that these counties have low incomes since probit
equation 2 indicates that percentage of burners increases
with county income (Table 2). Nonincome factors are more
important in determining counties with high participation.
The highest estimated percentage of burners is for Mineral
county, Colorado; 86 percent. High estimates for counties
in other regions range from 50 to 73 percent (Table 14).

110
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Equation (20), when applied to U.S. county data,
estimates that the average amount burned by woodburners is
greatest for counties with somewhat 1lower than median
income, much higher than median percent forest land, higher
than median relative nonwood fuel price, higher than median
heating degree days and much lower than median population
density (Tables 5 and 15). The highest estimated amount
burned per woodburner is for Keweenaw county, Michigan; 6.6
cords per woodburner. High estimates for counties in other
regions range from 4.5 to 6.5 cords (Table 15).

Probit equation 2 and equation (20), when combined as
Model III and applied to U.S. county data, estimate average
wood use over all houseﬁolds is greatest for counties with
the same characteristics as counties with high use per
woodburner (Table 16). The highest estimated average use
is for Mineral county, Colorado; 5.14 cords. High
estimates for counties in other regions range from 2.5 to
4.0 cords per household.

Model III indicates the intensity of forest use from
fuelwood harvesting is greater in certain states. Ten
states have 70 percent or more of their fuelwood coming
from counties where fuelwood use is .15 cords per acre of
forest or more. These states are Connecticut, Indiana,
Iowa, Maryland, Massachusetts, Nebraska, New Jersey, Ohio,
Rhode Island and Washington. Six states have 50 percent or

more of their fuelwood coming from counties where fuelwood
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use is .48 cords or more per acre of forest. These are
Connecticut, Delaware, Illinois, Massachusetts, New Jersey
and Rhode Island. To the extent that fuelwood is harvested
locally, these states are likely to have fuelwood related
forest management opportunities.

Model III, in addition to estimating fuelwood use for
individual counties, explains the general influence of
county economic and demographic factors on fuelwood use
behavior. One finding is that the influence of household
income varies widely with population density and income.
Probit equation 2 shows participation in woodburning is
higher in low density areas than in high density areas and
it increases with income (Table 3). Data from the National
Residential Fuelwood Use Survey confirms that participation
increases with income in both rural (lower density) and
urban (higher density) areas. Equation (20) estimates
amounts burned by woodburners are greater in low density
areas. That 1is, elasticity with respect to population
density 1is negative (Table 12). At high population
densities equation (20) shows that amounts burned decrease
rapidly with higher income. At low population densities,
increasing income decreases woodburning slightly at 1low
incomes, but as income continues to increase, amount burned
begins to increase. These changes at 1low population
density in response to income change may not Dbe

significantly different from zero in equation (20), or they
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may indicate a difference in attitude between low income
and high income households in rural areas (Table 12). When
the probit and amount equations are combined in Model III
to estimate average amount burned over all households we
find that average use is highest in low density counties.
In low density counties with high income, average use
increases with income. But, in high density counties where
average use is lower, average use decreases with increasing
income. This pattern 1is explained by differences in
woodburning equipment used, and woodburning purpose among
income groups and density groups. In both high and 1low
density counties, participation in woodburning increases
with income. In higher density areas, some low income
woodburners use wood in stoves for space heat but as income
increases many more woodburners only burn small amounts in
fireplaces for pleasure. In low density counties many more
woodburners use stoves, and as income increases there is
less of a trend to only burn small amounts in fireplaces.
So, in high density counties, even though participation
increases quickly with income, amounts burned drop fast
enough with increasing income to leave a net decrease in
average amount burned over all households. In lower
density counties participation also increases with income,
but there is 1little or no decline in amounts burned by
woodburners. As a result, woodburning increases with

income in lower density counties.
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As a consequence of this behavior pattern, increasing
income alone would increase woodburning in higher income
lower density areas but would decrease woodburning in
higher density areas (Table 13).

Model 1III shows that increasing relative price of
nonwood fuels increases woodburning the most in counties
where relative nonwood fuel price is 1low. As relative
price increases the upward influence on woodburning
decreases. In fact, Model III shows that the elasticity of
woodburning with respect to relative price continues to
drop. This means there is an upper limit to the amount of
wood a household will burn in response to higher relative
prices. High income households in low density areas are
closest to their participation and amount burned 1limits.
This behavior makes sense in that only a certain maximum
percentage of households will burn wood in response to
relative price increases and woodburning needs are limited
by the need to heat a house of fixed size in a given
climate (Table 13).

If income and relative price of nonwood fuel both
increase at the same percentage rate, counties with 1low
densities and high income would show the greatest rate of
increase in woodburning. For high density counties, the
effect of higher relative nonwood fuel price would be
moderately offset by the tendency to decrease burning as

income increases (Table 13).
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If we assume that the variable for percent forest land
in Model III is a proxy for degree of access to forest land
for harvesting fuelwood then Model III suggests that a
given percentage increase in forest land access would cause
the greatest absolute increase in woodburning per household
for 1low density, highly forested counties. But the
greatest percentage increase in woodburning per household
would occur for highly forested middle density counties

(.74 acre per household) (Tables 3 and 13).

Caveats

There are a number of caveats for those who would use
Model III to predict near future woodburning in a county or
group of counties. First, see the validation section of
this report to 1learn where the model predicts well and
where it overestimates or underestimates. In particular,
note that Model III overpredicts for counties with high
income and very high population density. Second, since
county fuelwood use estimates are based on a particular
data set for 1980-81 it is best to start with that data for
the counties and make adjustments in variables to represent
conditions in other years. Contact the author through the
U.S. Forest Service to determine if the data set is
available. Third, a number of 1long term trends are not
reflected in the model. This is because the model is based
on cross-section rather than time-series data. For

example, as wood stove design improves the average
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efficiency of wood stoves will improve. This will have the
effect of reducing the cost of wood per unit of heat
output. In order to include this effect in the present
model, fuelwood price and relative nonwood fuel price would
have to be adjusted. Other trends not reflected in the
model include increasing household concern for indoor and
outdoor air pollution, antipollution regulations requiring
more expensive stoves, development of woodburning furnaces
with convenient wood ship feed systems, and increasing cost

of insurance for homes with wood burning equipment.

Future Research

There is a need to develop better residential fuelwood
use models to (1) project use over many years and (2) to
estimate use for small geographic areas (counties or groups
of counties). The models which project fuelwood use well
over many Yyears and require projection of the fewest
exogenous variables may be different than the models which
estimate near term local use most accurately.

One type of 1long term projection model that could
estimate use for groups of counties is a two equation
supply/demand model based on the increasing amount of
fuelwood use data for states or survey units within
states. Fuelwood prices for a standard fuelwood commodity
might be obtained for from newspapers. This type of model
could also include such ©potential fuelwood supply

influences as the intensity of pulpwood harvest and
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pulpwood prices in an area. An advantage of this type of
model would be that fuelwood price would be endogenous.
Nonwood fuel prices, income and other factors would be
projected exogenously in order to make projections.

There are a number of ways the county level model
developed in this study might be improved. These ideas may
also help form small area models with different
structures. A key notion used in the model developed here
is that county characteristics have varying influence
depending on population density. But, in 1less densely
populated rural areas the fact that the households are
rural may be all that is needed to characterize the
influence of other variables. That is, the influence of
income, prices and access to forests may not be much
different over a wide range of rural population densities.
For predominantly rural counties, use of population density
as a modifier has the flaws that it (1) does not directly
measure the predominance of rural households and (2) it
distinguishes between 1lower and higher density '"rural"
areas, which may not be necessary. In more predominantly
urban areas the influence of varying population density may
be more important. If the modifying influence of both
prevalence of rural or urban households and density in more
urbanized areas cannot be included in one model, then
counties with different degrees of wurbanization might be

modeled separately.




118

Another problem with the use of population density in
the model is that fuelwood use per square mile is projected
to increase to unrealistically high 1levels at high
population densities. To prepare a model that would
predict amounts burned well at high densities a sufficient
sample of woodburners in high density locations is needed.
If prediction at higher densities 1is important for
assessing wood stove pollution then extra data collection
in high density areas may be needed. If sufficient data is
available, overprediction at high densities might be
prevented by structuring an amount burned equation so
fuelwood use per square mile must decrease beginning at a
density to be determined by parameters in the model. This
approach was taken in Lipferts' models.

The probit equations used here could be improved by
allowing the influence of income to vary with population
density (or degree of urbanization). Although
participation increases with income at all densities the
increase in percent burners per unit increase in income is
greater at lower densities.

The probit equations used here estimate the probability
of woodburning without determining whether a stove or
fireplace is used. It was assumed that households estimate
the difference in utility between burning and not burning
by weighting economic factors in the same way regardless of

whether they intend to burn wood in a stove or a
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fireplace. It would be more realistic to assume economic
factors are weighted somewhat differently in making the two
decisions. This suggests that a multinomial 1logit or
probit model might be used to predict percentage of stove
users and percentage of fireplace users separately for a
locality. Separate equations would be needed to estimate
amounts burned. Such a model would require data for
individual households (or possibly groups of households),
on equipment used, amounts burned, and on county
characteristics. These data might be provided by the
trienneal Residential Energy Consumption Survey conducted
by the Energy Information Administration (EIA) of the U.S.
Department of Energy.

It would be relatively easy to develop models which
estimate individual household fuelwood wuse based on
characteristics of the individual households wusing data
from EIA surveys or the data used in this study. Although
the models would identify the economic influences on
individual household fuelwood use, they could not estimate
local fuelwood use or project fuelwood use unless a sample
set of households with their characteristics were available
for each locality. Sets of sample households may become
available from the 1980 Census of Population and Housing
but they may not be grouped by units as small as counties.
In order to project fuelwood use a sample set of households

would have to be produced for the year and locality of the
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projection.

Regardless of whether projection or local use models
are the target of research it will be important to link the
influence of other wood harvesting and marketing activities
(pulpwood and sawtimber markets) to fuelwood use and
eventually to include well constructed fuelwood use models
in larger models which predict prices and consumption in

pulpwood and sawtimber markets.
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VII. APPENDIX - DATA SOURCES

Probit Equations 1 and 2

The Residential Fuelwood Use Survey conducted by the
U.S. Forest Service in 1981 interviewed 5506 households;
1874 had burned wood within the prior 24 months.gl From
respondents we learned (1) their county of residence, (2)
whether or not they burned wood and (3) how much wood they
burned during the preceeding 12 months. The survey was
conducted from August through October, 1981. The probit
model dependent variable was 0 or 1 depending on whether or
not a household burned wood. The probit model independent
variables were characteristics of the household's county of
residence. These characteristics and their sources are as
follows:

Heating degree days: 40 year average heating degree
day data by county (65 degree F basis), data tape from the
Department of Energy (Mike Lawrence); 1981.

Median household income (1979): Census of Population

and Housing, 1980: Summary tape file 3C [machine-readable

data file]/prepared by the Bureau of the Census --

61Skog and Watterson. 1983. Residential Fuelwood use
in the United States. p. C-3.
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Washington: The Bureau [producer and distributor], 1982.
(Table 69).

Average nonwood fuel price: Prices for natural gas,
fuel oil and electricity in "$/MMBtu input" were converted
to "$/MMBtu output" by dividing by average conversion
efficiencies of 61%, ©66% and 100% respectively.gl
Prices were weighted by the percent of households using
each fuel as their main fuel in the county. Prices are
from Los Alamos National Laboratory, 1980 Residential fuel
price data base for solar heating market analysis. Percent
of households using each fuel is from Census Summary tape
file 3C (table 112).

Average fuelwood piice: Respondents from the 1981
Residential fuelwood use survey gave the prices paid for
their most recent purchase of fuelwood. Prices per cord
for respondents purchasing approximately one cord were
averaged for urban and rural areas within nine regions.
Average fuelwood price for a county was estimated by
weighting urban and rural prices for the region by the
fractions of urban and rural population in the county. The
source of fuelwood prices is the Residential fuelwood use’
survey conducted by the U.S. Forest Service in 1981. The

source of fractions of urban and rural households is the

Census Summary tape file 3C (table 1).

62p.L. 0'Neal. 1978. Energy and cost analysis of
residential heating systems. ORNL/CON-25. (Oak Ridge,
TN): Oak Ridge National Laboratory. 64 p.
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Percent forest land: Forest land area and total 1land
area for individual counties (or groups of counties in the
West) is from the most recent forest survey reports for
individual states published up to 1983 by USDA Forest
Service Experiment Stations: Intermountain, Ogden, UT;
North Central, St. Paul, MN; Northeastern, Broomall, PA;
Pacific Northwest, Portland, OR; Pacific Southwest,
Berkeley, CA; Rocky Mountain, Fort Collins, Co;
Southeastern, Asheville, NC; Southern, New Orleans, LA.

Population density: Calculated by dividing county
population by county area. County population is from
Census summary tape file 3C (table 1). County area is
from: County and City Data tape, 1977; [machine-readable
data file] prepared by the Inter-university consortium for
Political and Social research, Ann Arbor, MI based on the
County and City data book, 1977, published by the U.S.
Bureau of the Census. (variables 11 and 12).

Fraction of households using various types of heating

equipment: Census Summary tape file 3C (table 111).

Fuelwood Consumption Equations (18), (19) and (20)

Fuelwood consumption equations for woodburning
households were estimated using amount of fuelwood consumed
by 1874 woodburning households interviewed for the
Residential fuelwood use survey in 1981, Independent
variables were the characteristics of the county where the

household was located. Four of the five county variables



124
used are the same as for probit equations 1 and 2: median
income for 1979, population density, heating degree days
and percent forest land. Relative nonwood fuel price is
the average nonwood fuel price for the county divided by
the average fuelwood price for the county (see sources

listed for probit equation variables).

County Variables Used to Subdivide Households

Tables 5 through 8 show percent of households burning
wood and amount burned for households groups by county
characteristic. Most of the county characteristics used to
subdivide households are the same as variables used in the
probit and fuelwood consumption equations. Two additional
county variables are also wused. Their sources are as
follows:

Percent rural population: Census Summary tape file 3C
(table 1).

Percent home owners: Census Summary tape file 3C

(table 97).
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