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Executive Summary

1. Smoking materials, nearly all of which are cigarettes, are
involved in the largest share of fire deaths in the US. each
year. During 1980-84, smoking-related fires reported to fire
departments averaged 281,000 per vear, with an associated
1,840 deaths, 4,830 civilian injuries, 2,260-3,790 fire service
injuries, and $432 million in direct property damage per
year.

2. Smoking-related fire rates relative to the number of
cigarettes smoked have been declining during 1980 to 1984
and are expected to continue to decline through at least
1996. Sharp declines in fire rates are associated with recent
and projected future changes in the ignitability of uphol-
stered furniture and mattresses/bedding, but declines in
smoking-related fires also have occurred and are expected
to continue with respect to all other ignited items and
properties other than structures.

3. The exclusive use of any of the five tested experimental
cigarettes would be expected to reduce these projected
losses by sizeable percentages, especially for deaths (rela-
tive to number of cigarettes consumed), where even the

lowest-impact cigarette would have been expected to reduce

deaths by 58% in 1986 (if a change in cigarettes had been
implemented prior to that year) and would be expected to
reduce deaths by 64% by 1996. The total value of other fire
losses (civilian injuries, Version 1 of fire fighter injuries, and
direct property damage in 1986 dollars) would have been
expected to decline by 41% in 1986 (if a change in
cigarettes had been implemented prior to that year) and

would be expected to decline by 42% by 1996, again calcu-

lated using the experimental cigarette with the smallest
impact.

4. Uncertainty exists at several points in these estimates. The
greatest points of uncertainty appear to be (a) the models
that forecast trends, which are based on only 3-5 years of
data and therefore have wide uncertainty limits, and (b) the
extension of laboratory tests on experimental cigarettes to
fabrics, filling materials, cigarette contact locations, and
ignited items other than those tested.

The brevity of the period used for forecasting and the lack
of knowledge as to which factors are driving trends mean
great uncertainty in the forecast prediction that smoking-
related fires and their losses are likely to continue to
decline but also are likely to continue to be major compo-
nents, in relative and absolute terms, of the U.S. fire
problem. Smcking fires could drop to near zero without
any change in cigarette design, given that smaking fires
have dropped faster during 1980-84 than would have
been predicted by the ignitability indexes for the items
smoking materials most often ignite. It also is possible that
smoking fires could increase dramatically. It is important,
therefore, that the conclusions be treated with caution and
that actual fire experience involving smoking materials
continue to be monitored for agreement with the forecast.

¢ It is important that any experimental cigarettes considered

truly promising for commercial use be tested against a
representative range of ignitable items, as discussed in
the report, and that a representative range of currently
available cigarettes be used to set the baseline. In the
absence of such calibration, there is likely to be wide-
spread disagreement over the generalizability of the very
limited test results for this analysis.

5. Having noted the seriousness of these uncertainties, it stil

appears likely that cigarettes can be redesigned to produce
large reductions in the smoking fire problem.
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Background and Purpose

The Cigarette Safety Act of 1984 (Public Law 98-567) was
passed to create an examination of the technical and
economic factors involved in assessing the possibility of
changing the propensity of certain specified smoking
materials (cigarettes and so-called little cigars) to ignite fires.
A Technical Study Group was formed to produce and coor-
dinate the indicated research, in support of an Interagency
Committee which has the responsibility of reporting to
Congress.

By September 1985, the Technical Study Group had
designed and budgeted for a research and analysis
program to produce the information required by the Act.
Central roles were assigned to the National Bureau of Stan-
dards Center for Fire Research (NBS/CFR), which was to
coordinate laboratory testing of experimental cigarettes
designed for low ignition propensity, and the National
Bureau of Standards Center for Applied Mathematics
(NBS/CAM), which was to prepare the economic model
analyzing costs and benefits of changes in cigarette design.

By March 1986, contracts had been awarded to the
National Fire Protection Association (NFPA) and several
other technical experts to produce technical inputs to the
NBS/CAM. (The other experts were to address such non-fire
factors as costs of production, consumer satisfaction with the
altered product, changes in health effects, and ripple effects
to the agricultural and cigarette production sectors of the
economy.) NFPA produced baseline and projected fire
losses associated with cigarette fires. This report was deliv-
ered in August 1986. The first NFPA report was prepared on
the presumption that the NBS/CFR laboratory tests would be
converted to ignition-probability form outside the contract.
NFPA was awarded a contract, in March 1987, to develop
the probabilistic model and input data sources required to
perform the conversion. Also, in February 1987, NFPA was

awarded a contract to examine the implications of several
changes in modeling assumpticns so as to determine
whether the cost coefficients and forecasting equations
could be improved.

This report is intended to be a readable synthesis of the
results of the three studies. In addition to bringing them
together, this synthesis addresses reviewer comments on the
first report by (a) listing assumptions and estimates in
concise form, (b) attaching appendixes providing sensitivity
analyses and more detailed derivations of key parameters,
and (c) explicitly discussing some elements in the measure-
ment of the uncertainty of the estimates.

The purposes of this report, then, are to:

(1) Develop a general model for estimating the relative igni-
tion propensities of different types of cigarettes from
suitable laboratory tests of those cigarettes and other
necessary data. This model was to provide for testing
that could be done and data that could be assembled.
Appendix A has the model.

(2) Refine the general model to fit available test data and
other Data, and use the results to estimate the relative
ignition propensities of up to five experimental cigarettes.
This is done in Appendixes B and C.

(3) Calculate historical fire losses due to cigarette and little
cigar ignitions, develop models to forecast losses through
1986, and estimate changes in losses if each of the five
experimental cigarettes were the only cigarettes in use.
This is done in the main body of this report.

(4) Perform sensitivity analyses on the effects of different
assumptions on costs of injuries and the handling of
unreported fires and on the potential of total fire rates to
indicate an overall trend in “carelessness” that might be
useful in modeling the cigarette fire problem. These are
presented in Appendixes E and F.






Baseline Size of the
Cigarette Fire Problem

Overall Size

Table 1 shows the estimated number of smoking material
ignitions for 1980-84 (with 1984 being the latest year for
which estimates are available), and the associated civilian
and fire service deaths and injuries and direct property
damage, all for fires reported to fire departments.

These estimates were produced in accordance with a
consensus methodology developed by the author and
analysts at the National Fire Data Center, U.S. Fire Adminis-
tration (USFA), Federal Emergency Management Agency,
and the U.S. Consumer Product Safety Commission (CPSC).
The essential elements of the methodology are as follows:

(1) Each estimate of a number of fire incidents is based
on a set of formulas of this form— (total fires reported to the
Nationat Fire Incident Reporting System (NFIRS) for which
the Form of Heat of Ignition was coded as 30-39, i.e,
smoking materials) x [(total fires estimated to have occurred
in the U.S., according to the NFPA stratified random sample
of US. fire departments for fires reported to them)/(total fires
reported to NFIRS for which Form of Heat of Ignition was

reported)]. (Note that some differences in estimates may
result if organizations have performed their own quality
control edits on NFIRS, as CPSC has done. These differ-
ences tend to be small))

(2} The formula is applied separately for residential struc-
tures, non-residential structures, vehicles, and other proper-
ties (principally outdoor brush, grass and trash). Then the
subtotals are summed to produce the overall totals.

(3) Similar formulas are separately calculated for civilian
deaths, civilian injuries and direct property damage. For fire
service deaths, a direct census by NFPA of fire service line-
of-duty deaths is used as the source. For fire service injuries,
two versions are presented because the consensus of NFPA,
USFA, and CPSC analysts does not extend to this measure.
Version 1 uses the format of the formula in (1) but without
separate calculations by major property class because the
NFPA survey does not differentiate fire service fireground
injuries by property class. Version 2 is equal to the estimate
of civilian injuries times an NFIRS-based ratio of fire service
injuries per civilian injury. The author recommends use of
Version 1.

(4) The use in (1) of a denominator limited to fires with
known form of ignition heat has the effect of proportionally
allocating fires with unknown form of ignition heat over all

Table 1. Overview of the 1980-84 Smoking Fire Problem (National Estimates of Fires

Reported to Fire Departments)

Fire L L Direct

Civilian Fighter Civilian Fire Fighter Injuries Property
Year Fires Deaths Deaths Injuries Version 1 Version 2 Damage
1980 347,000 1,980 4 5,310 4,880 3,030 $498 M
1981 325,000 2,200 5 5,440 4,270 2,450 $447 M
1982 266,000 1,800 5 5,680 3,230 1,900 $430 M
1983 228,000 1,620 1 4,620 3,250 1,940 $373 M
1984 241,000 1,600 0 4,090 3,310 1,970 $410 M

NOTES: Estimates are never expressed to more than three significant places. In this case that means that fires are expressed to the nearest
thousand civilian deaths and civilian and fire fighter injuries to the nearest ten, fire fighter deaths to the nearest one, and direct property
damage to the nearest million dollars. Dollar figures have not been adjusted for infiation.




the known forms. The percentage increase provided by this

allocation ranges from the order of 15% (for residential struc-

ture fire incidents) to the order of 100% (for non-residential
structure fire civilian deaths). This provides an indication of
one of the major sources of uncertainty in those estimates —
inability to determine fire cause in the field in many cases.

(5) The use of all smoking materials as a proxy for the
cigarettes and small cigars of interest in this analysis is justi-
fied by Table 2. Only pipes are clearly outside the domain of
the analysis and they account for about 1% of all smoking
material fires and associated civilian deaths. Small cigars
cannot be separated from other cigars, but the cigar cate-
gory is small in any case. It is considered likely that the
‘unspecified other” and “unknown® type smoking materials
are nearly all cigarettes. Other damage measures--civilian
and fire fighter injuries, property damage—show similar
patterns.

Baseline Size of Major Components of
Smoking Problem

In order to remove the effects of inflation, the property
damage values must be expressed in terms of dollars from
a single reference year Table 3 displays the indexes to
convert all property loss figures from the 1980-84 baseline
period of 1986 dollars. Table 3 also provides 1980-84 ciga-
rette consumption totals so that total smoking fires can be
expressed as rates refative to consumption. This permits the
ignition propensity of cigarettes to be forecast separately
from the forecasting of cigarette consumption.

Table 4 displays the smoking fire damages of Table 1 in
the more specific categories required for forecasting and
includes a property damage table in 1986 dollars. Table 4
separates residential structure, nonresidential structure,
vehicle and outdoor/other fires as is customary in analyzing

Table 2. Smoking Fire Problem by Type of Smoking Material

A. Fires

Type of

Smoking Material Total Fires Structure Fires Vehicle Fires Other Fires
Cigarette 80.6% 88.7% 89.7% 76.0%
Cigar 0.6% 0.6% 1.1% 0.5%
Pipe 0.3% 0.6% 0.7% 0.1%
Unspecified other type 3.3% 2.8% 2.6% 3.6%
Unknown type 15.2% 7.2% 5.8% 19.8%
TOTAL 100.0% 100.0% 100.0% 100.0%
Estimated 1980-84 Total 1,406,000 410,000 94,000 902,000
B. Civilian Deaths

Type of

Smoking Material Total Fires Structure Fires Vehicle Fires Other Fires
Cigarette 85.6% 85.5% 96.8% 88.2%
Cigar 0.8% 0.8% 0.0% 0.0%
Pipe 1.1% 1.1% 0.0% 0.0%
Unspecified other type 2.1% 2.1% 0.0% 0.0%
Unknown type 10.4% 10.5% _3.2% 11.8%
TOTAL 100.0% 100.0% 100.0% 100.0%
Estimated 1980-84 Total 9,212 9,105 91 15

NOTES: Total fires are expressed to the nearest thousand, total deaths to the nearest one. Totals may not equa! the sums of parts because of

rounding error.




fires. Within these major categories, the two structure fire
classes are further subdivided into those involving initial igni-
tion of (a) upholstered furniture, (b) mattresses or bedding,
and (c) all other or unknown materials. The first two material
classes accounted for by far the largest shares for which the
ignitability of the materials are known to have recent and
future trends, reflecting standards (government or industry
consensus) designed to reduce ignitability. (Note that some
organizations such as CPSC, compute the categories of
known materials. If this is done, the upholstered furniture
and mattresses/bedding classes increase slightly—for
example, 1984 civilian injuries involving upholstered furniture
would increase by about 3% — and the other/unknown
category would decrease accordingly. Since all fires are
being forecast somewhere and the shifts are small, this
methodoiogical point has little impact here, although it can
have great impact on analyses of other fire problems.)

Table 5 converts the data of Table 4 to the rates required
for forecasting — fires per billion cigarettes consumed and
losses per thousand fires, by type of loss.

Other Fire-Related Costs

Since any changes in the fire problem produced by the
redesign of smoking materials will affect only smoking-
related fires, it is estimated that the change in costs for fire
department responses will be so low as to be essentially
zero. Smoking material fires represent on the order of 10%
of all reported fires but less than 3% of all fire department
calls. Nearly all of the costs of local fire protection are for
personnel and equipment, whose levels are set not on the
basis of workload but so as to provide certain levels
coverage, typically measured by response times. A small
change in the volume of calls would be very unlikely to
change the level of resources required to achieve the target
coverage.

Table 3. Cigarette Consumption and
Price Deflator Indexes Using in
Smoking Fire Analysis

Billions of Conversion of
Cigarettes of Year’s Dollars
Year Consumed to 1986 Dollars
1980 618.57 1.33
1981 627.70 1.21
1982 624.01 1.14
1983 596.19
1984 600.23

SOURCE: [21] The dollar conversion factors are impficit
price deflators.

Estimated Size of Smoking Fire Problem
Not Reported to Fire Departments

All estimates to this point have addressed solely the impact
of smoking material ignitions on fires reported 1o fire depart-
ments. Unreported fires have been the subject of two special
studies a decade apart. The more recent may be used to
estimate factors to use in scaling up reported fire losses to
reflect unreported fires. [1]

Unreported Fires

The most recent study of unreported fires found that in 1984,
there were an estimated 925,000 reported fires affecting the
property of US. households, ie., their homes, yards, and
vehicles, compared to an estimated 24,250,000 unreported
fires, for a ratio of 26.2 unreported fires per reported fire. For
home structure fires, the figures were 800,000 reported fires
and 22 800,000 unreported fires, for a ratio of 286
unreported fires per reported fire.

Most unreported fires are cooking-related, however, so it is
desirable to develop a ratio specifically for smoking
materials. The report states {on page 27) that "4.8% of. . .
fire households reported ‘smoking materials' as the source of
heat” It is not clear in context what base this percentage
applies to. If it can be applied to unreported home structure
fires, then there would be an estimated 1,137,600 unreported
home structure fires due to smoking materials. This is
roughly 22.8 times the 1984 figure for reported home struc-
ture fires due to smoking materials, computed using the
methodology used for Table 1. However, Table 1 also used
the NFPA estimate of roughly 600,000 reported home struc-
ture fires in 1984, while the unreported fires study used a
total of 800,000. Therefore, the ratio needs to be further
adjusted to take account of this 4:3 ratio, resulting in a final
estimate of 171 unreported smoking fires per reported
smoking fire (in home structures).

Property Damage in Unreported Fires

Property damage for unreported and reported fires was
displayed in terms of a probability distribution over damage
categories, with no direct estimate of average damage per
fire. The distribution is shown below, both as it appeared in
the study (page 32 of [1]} and as transformed to exclude
fires with unreported loss:

There are several ways to convert the last two columns to an
estimate of the ratio of average losses for reported and
unreported fires. Using the lower bound for each range as
the loss for that range produces a minimum loss figure of
$3,246.33 for reported fires and $762 for unreported fires, for
a ratio of 426-to-1. Another way is to use the geometric
mean of the end points for each range and some
corresponding figure for the open-ended upper range of
50,001 and up. Since the geometric means of the closed
ranges tend to be on the order of 2-3 times the lower
bounds, the average loss figure for the upper range may be



Table 4. Overview of the 1980-84 Smoking Fire Problem, by Major Property Class
and Form of Material First Ignited Totals

A. Fires Reported to Fire Departments

Residential Structures Nqnfﬁesidential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other  Total
1980 21,800 27,100 28,300 2,300 3,900 20,900 23,600 219,400 347,300
1981 20,600 24,900 25,300 2,000 4,000 18,900 24,500 204,900 325,000
1982 16,000 19,700 20,600 1,900 3,200 15,700 16,600 172,100 265,800
1983 13,200 17,700 18,100 1,300 2,800 13,600 14,500 146,600 227,900
1984 13,200 17,100 19,200 1,300 2,600 13,300 14,900 159,000 240,500

B. Civilian Deaths

Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year  Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other  Total
1980 1,047 562 323 3 25 10 15 0 1,984
1981 1,119 619 388 19 23 15 17 5 2,205
1982 938 476 308 5 5 31 31 2 1,797
1983 788 479 308 3 3 17 19 6 1,625
1984 856 386 292 13 20 23 9 1 1,601
C. Civilian Injuries
Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year  Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other  Total
1980 1,957 1,617 1,015 57 223 214 158 66 5,307
1981 1,939 1,586 870 62 417 306 155 105 5,439
1982 1,705 1,388 846 106 129 163 231 108 4,676
1983 1,666 1,553 867 27 164 173 132 41 4,623
1984 1,425 1,344 804 53 78 162 150 69 4,086
D. Fire Fighter Injuries (Version 1)
Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Qutdoors
Year  Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other  Total
1980 1,430 1,289 955 40 134 514 147 374 4,883
1981 1,346 1,275 766 64 97 386 58 277 4,270
1982 882 871 812 27 22 319 65 233 3,230
1983 1,016 918 776 54 44 255 74 113 3,250
1984 826 890 1,022 34 64 281 77 111 3,306

NOTE: Fires are expressed to the nearest hundred, damages to the nearest thousand dollars, all other figures to the nearest
one.



Table 4. Overview of the 1980-84 Smoking Fire Problem, by Major Property Class
and Form of Material First Ignited Totals (continued)

E. Fire Fighter Injuries — Version 2

Residential Structures Non-Residential Structures
Uphoistered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year Furniture or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other  Total
1980 1,057 873 548 38 147 141 97 131 3,032
1981 872 714 392 28 188 138 29 390 2,451
1982 699 569 347 61 74 93 30 32 1,904
1983 666 621 347 16 99 104 45 40 1,937
1984 670 632 378 36 52 109 50 47 1,972

F. Direct Property Damage, Not Adjusted for Inflation, in Millions of Dollars

Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year  Furniture or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other  Total
1980 125.6 91.2 117.1 11.8 6.5 122.3 19.6 4.4 498.4
1981 131.4 92.3 104.8 97 48 81.3 151 8.0 447 4
1982 185.0 78.8 79.3 11.2 3.3 50.6 20.1 1.5 429.8
1983 103.9 86.0 87.5 6.9 7.2 64.7 12.9 35 3725
1984 118.8 85.1 118.2 15.8 49 44.8 16.2 6.6 410.4

G. Direct Property Damage in 1986 Dollars, in Millions of Dollars

Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year  Furniture or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other  Total
1980 167.1 121.2 155.7 15.7 8.7 162.6 26.0 58 662.9
1081 158.9 111.7 126.8 1.7 5.8 98.4 18.3 9.6 5413
1982 210.9 89.9 90.4 12.7 3.8 57.7 229 1.7 490.0
1983 114.2 94.6 96.2 7.6 7.9 71.2 141 3.8 409.8
1984 124.7 89.3 1241 16.6 51 47.0 17.0 7.0 430.9

NOTE: Fires are expressed to the nearest hundred, damages to the nearest thousand dollars, all cther figures are to the nearest one.

estimated as $100,000 or $150,000. If $100,000 is used, one Civilian Injuries in Unreported Fires

obtains estimated average loss figures of $7,000.55 for

reported fires and $26.62 for unreported fires, producing a There were roughly 9.1 injuries or ilinesses in unreported

ratio of 263-to-1. If $150000 is used, one obtains estimated fires for each injury or illness in a reported fire (page 34 of

average loss figures of $9,100.55 for reported fires and [1]). but there was no distribution of severity provided.

$26.62 for unreported fires, producing a ratio of 342-to-1. Suppose that severities of injuries and ilinesses have the
Combining these three results with the 171 ratio of same distribution as loss per fire, given that some known

unreported fires to reported fires produces an estimated non-zero loss occurred. Then the last two columns of the

range of 40-65% for the ratio of losses in unreported following table would be relevant:

smoking fires to losses in reported smoking fires. (Here,
0.040 is 17.1/426 and 065 is 171/263)

193-850 0 - B7 - 2 QL 3




Table 5. Overview of the 1980-84 Smoking Fire Problem, by Major Property Class

and Form of Material First Ignited Rates

Residential Structures

A. Fires (Reported to Fire Departments) per Billion Cigarettes Consumed

Non-Residential Structures

Upholstered Mattresses Other or

Upholstered Mattresses Other or

Outdoors

Year Furniture or Bedding Unknown Furniture or Bedding Unknown Vehicles or Other Total
1980 352 43.8 45.8 3.8 6.3 33.8 38.8 354.7 561.5
1981 32.8 39.7 40.3 3.2 6.3 30.2 30.2 326.5 517.8
1982 25.7 31.6 33.1 3.1 5.1 25.1 25.1 275.8 426.0
1983 22.2 29.7 30.3 2.2 4.8 22.9 229 245.9 3823
1984 219 28.4 31.9 2.2 4.4 22.2 22.2 264.9 400.8
B. Civilian Deaths per Thousand Reported Fires
Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors

C. Civilian Injuries per Thousand Reported Fires

Residential Structures

Year Furniture or Bedding Unknown Furniture or Bedding Unknown Vehicles or Other
1980 48.06 20.73 11.41 1.08 6.53 0.49 0.62 0.00
1981 54.42 24.86 15.33 9.55 5.76 0.80 0.71 0.03
1982 58.51 24.14 14.92 2.73 1.64 1.99 1.88 0.01
1983 59.60 27.04 17.07 2.64 1.22 1.27 1.34 0.04
1984 65.08 22.64 15.25 9.95 7.53 1.74 0.59 0.01

Non-Residential Structures

Upholstered Mattresses Other or

Upholstered Mattresses Other or

Outdoors

Year Furniture or Bedding Unknown Furniture or Bedding Unknown Vehicles or Other
1980 89.9 59.7 359 245 57.4 10.2 6.7 0.3
1981 94.3 63.7 34.4 31.2 105.6 16.1 6.3 0.5
1982 106.4 70.4 41.0 55.8 41.0 104 13.9 0.6
1983 126.1 87.6 48.0 20.9 57.9 12.7 9.1 0.3
1984 108.4 78.8 42.0 40.0 29.5 12.1 10.1 0.4

NOTE: Fires are expressed so as to show three significant places to most entries in a table.

The implications of this table are analyzed in the same
way as in (2). Using the minimums of the ranges, one
obtains a ratio of 248-to-1. Using a figure of $100,000 for the
upper range, one obtains a ratio of 67to-1. Using a figure of
$150,000 for the upper range, one obtains a ratio of 87-to-1.

Combining these three results with the 17.1 ratio ot
unreported fires to reported fires, one obtains a range of 3.7-
13.6% for the estimated ratio of injury costs for unreported
smoking fires to injury costs for reported smoking fires.

Estimated Cost per Injury in Smoking-
Related Fires

The best available cost estimate per injury appears to be
that developed by the Economic Analysis group at the US.
Consumer Product Safety Commission. [16] (See Appendix
D.) The CPSC figure of $36,218 per injury is a weighted
average of estimates of $62,309 for burn injuries and
$21,530 for anoxia injuries. The estimates combine informa-




Table 5. Overview of the 1980-84 Smoking Fire Problem, by Major Property Class
and Form of Material First Ignited — Rates (continued)

D. Fire Fighter Injurles (Version 1) per Thousand Reported Fires
Residential Structures Non-Residential Structures
Upholstered  Mattresses  Other or Upholstered  Mattresses  Other or Outdoors
Year Furniture or Bedding  Unknown Furniture or Bedding  Unknown Vehicles  or Other
1980 65.7 47.6 33.8 17.1 34.3 24.6 6.2 1.7
1981 65.5 51.2 30.3 325 24.5 204 2.4 1.4
1982 55.0 442 39.3 14.2 6.8 20.4 3.9 1.4
1983 76.9 51.8 43.0 41.2 15.6 18.7 5.1 0.8
1984 62.8 52.2 53.4 25.6 24.2 211 5.2 0.7
E. Fire Fighter Injuries (Version 2) per Thousand Reported Fires
Residential Structures Non-Residential Structures
Upholstered  Mattresses  Other or Upholstered  Mattresses  Other or Outdoors
Year Furniture or Bedding Unknown Furniture or Bedding  Unknown Vehicles  or Other
1980 48.5 32.2 19.4 16.2 37.9 6.7 4.1 0.6
1981 424 28.7 15.5 141 47.5 7.3 1.2 04
1982 43.6 28.9 16.8 31.8 23.3 59 1.8 0.2
1983 50.4 35.0 19.2 12.5 34.7 7.6 3.1 03
1984 50.9 37.0 19.7 26.8 19.7 8.1 3.3 0.3
F. Direct Property Damage (in 1986 Dollars) per Thousand Reported Fires, in Millions of Dollars
Residential Structures Non-Residential Structures
Upholstered  Mattresses  Other or Upholstered  Mattresses  Other or Outdoors
Year Furniture or Bedding  Unknown Furniture or Bedding  Unknown Vehicles  or Other
1980 7.67 4.47 5.50 6.68 2.23 7.78 1.10 0.03
1981 7.73 4.49 5.02 5.89 1.48 519 0.75 0.05
1982 13.15 4.56 4.38 6.68 1.20 3.69 1.38 0.01
1983 8.65 4.34 5.33 5.80 279 5.22 0.97 0.03
1984 9.48 5.24 6.48 12.49 1.93 3.52 115 0.04
NOTE: Fires are expressed so as to show three significant places to most entries in a table.
tion from NFIRS and CPSC's National Electronic Injury Uncertainty in Estimates
Surveillance System, a data base on injuries reported to
hospital emergency rooms. Pain and suffering estimates, The NFPA survey is statistically designed and so its confi-
based in part on CPSC analysis of a sample of jury verdict dence limits can be calculated. During 1984, for example,
awards, account for more than two-thirds of the cost the 95% confidence limits for the survey were 1.6% for fires,
estimate. 7.8% for civilian deaths, 5.2% for civilian injuries, and 3.3%
A number of other injury cost estimates also were for property damage. The confidence limits for the five-year
analyzed, and the results are shown in Appendix E. average therefore would be less than half this wide. (If the
Table 6 summarizes the assumptions used in this analysis confidence limits were the same for years, then the confi-
of the baseline smoking fire problem. dence limits for the five-year average would be 0.45 times



Overall Probabilities

Probability Given Known Loss

Damage Range Reported Fires

Unreported Fires

Reported Fires Unreported Fires

Unknown

$0 24 5% 57.3%
$1--$100 12.2% 37.5%
101—%$1,000 21.6% 4.2%
1,891 -310,000 21.2% 0.3%
$10,000--$50,000 8.1% 0.0%
$50,001 —and up 3.9% 0.0%

26.8% 57 7%
13.3% 37.8%
23.6% 4.2%
23.2% 0.3%
8.9% 0.0%
4.2% 0.0%

Overall Probabilities

Probability Given Known Loss

Damage Range Reported Fires

Unreported Fires

Reported Fires Unreported Fires

$0 24.5% 57.3%
$1~$100 12.2% 37.5%
101—-%$1,000 21.6% 4.2%
1,991 -%$10,000 21.2% 0.3%
$10,000 — $50,000 8.1% 0.0%
$50,001 -and up 3.9% 0.0%
Unknown 8.6% 0.5%

18.2% 89.3%

32.2% 10.1%
31.7% 0.7%
12.1% 0.0%

5.8% 0.0%

the one-year limits, because 0.45 = 1/5)

The other element of the national estimates procedure is
the NFIRS sample, which is so large that its statistical
sampling error is negligible. However, NFIRS is not a statisti-
cally designed sample, so it may have systematic errors,
whose magnitudes have never been estimated. For example,
even with NFIRS now representing on the order of one-third
of all US. fires, if the sampling rates were around 20% for
rural areas or large cities and higher everywhere else, then
ar error of 5-10 percentage points in the overall percentage
of fires due to smoking materials would be possible,
resulting in an error of one-sixth to one-third in the estimated
number of smoking fires. This is because cause patterns
vary by community size.

As noted earlier, apart from the uncertainty of the
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sampling procedures, there also is uncertainty because of
the need to allocate fires for which the ignition cause was
unknown or unreported. The magnitude of the uncertainty is
greater for deaths and property damage than for fires and
injuries and is less for residential properties than for other
properties.

Because of the unknown bias of NFIRS, no objective
method exists for quantifying the total uncertainty in the esti-
mates. However, an estimate of one-third for subjective confi-
dence bounds seems reasonable to the author.

Decisions on the handling of unreported fires and the
costing of fire injuries also introduce uncertainty, which has
been expiicitly addressed by sensitivity analyses in
Appendix E.




Table 6. Summary of Assumptions in Baseline Analysis

1. The best available estimates of smoking-related fires reported to fire departments (or civilian deaths, civilian injuries,
or property damage) are given by combining the NFPA survey-based projections of total fires (or civilian deaths,
civilian injuries, or property damage) and NFIRS-based percentages of total fires (or civilian deaths, civilian injuries, or
property damage) with known form of ignition heat that involved smoking material ignitions. These calculations are
best done separately for residential structure, non-residential structure, vehicle, and outdoor/other fires.

2. The best available estimates of smoking-related fire fighter injuries may be produced by either of two methods: (a)
using the formula described in Assumption #1 but without separating the four major property classes, or (b) using the
civilian injury estimates developed by the formula described in Assumption #1 and NFIRS-based ratios of fire fighter
injuries per civilian injury.

3. The best available estimates of smoking-related fire fighter deaths are provided by an NFPA census.

4. The percentage of smoking-related fires involving ignition sources outside the scope of the Cigarette Safety Act of
1984 is so small that estimates of all smoking material fires may be used without adjustment.

5. Forecasting is best done separately for cigarette consumption, fire rates relative to cigarette consumption, and fire
rates (by type of loss), per thousand fires.

6. Smoking-related fires are so small a share of fires and of total fire department calls that changes in their frequency
are not expected to change the levels of other fire-related costs, such as fire department costs.

7. Estimates of property damages in unreported home fires are best handled as percentages of damages in reported
fires, using the highest value of percentages based on comparisons of (a) average damage per fire in reported and
unreported fires and (b) number of reported and unreported fires involving smoking materials in home structures.
Estimates of civilian injuries in unreported home fires are best handled as percentages of civilian injuries in reported
fires, using the highest value of percentages (to adjust for differences in injury severity} based on comparisons of (a)
average damage per fire in reported and non-zero-damage unreported fires and (b) number of reported and
unreported fires involving smaoking materials in home structures. There are no reliable sources of estimates of civilian
deaths in unreported home fires or of unreported fires outside the home. Fire fighter injuries and deaths are assumed
not to occur in unreported fires.

8. The best estimate of cost per injury in a smoking-related fire reported to fire departments is $36,218, as developed by
the CPSC Economic Analysis group. (See Appendix D))
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Forecasting the
Smoking-Fire Problem, Given
No Change in Cigarettes

Modeling Assumptions

The forecasting rules were developed, reviewed and revised
several times. The final version of the five modeling assump-
tions used in the study and the reasons for them are as
follows:

1. Smoking-related structure fires for 1980-84 are used in
a simple regression analysis to fit proportionality relationships
between fires per billion cigarettes and the ignitability of
material first ignited for four property/material classes—
residential upholstered furniture fires, nonresidential uphol-
stered furniture fires, residential mattress and bedding fires,
and nonresidential mattress and bedding fires. (Bedding”
includes sheets, mattress pads, blankets and other soft
goods in use as bed covers.) The relationships are fit so that
an ignitability index of zero predicts zero fires. Also, linear
regression relationships are developed to forecast each of
the rates of loss per thousand fires.

2. Smoking-related fires for 1982-84 are used to fit linear
regression relationships for fires per billion cigarettes as a
function of year, for residential fires involving other or
unknown materials, nonresidential fires involving other or
unknown materials, vehicle fires involving any materials, and
outdoor or unknown property fires involving any materials.
Linear regression relationships also are developed to fore-
cast each of the rates of loss per thousand fires.

3. The extent of usage, operational status, and loss-
reduction effectiveness of detectors are assumed to have
stabilized in 1984. After accounting for these factors in 1980-
83, loss-per-fire, by major property class and type of loss, is
modeled as a linear function of the years of interest.

4. Fire fighter deaths would not be included since they
represented 0.16% of civilian deaths in 1980-84, a number
iess than the round-off error.

5. There will be no significant increases in sprinkler usage
or significant changes in fire fighting techniques that would
need to be accommodated in the analysis.

A discussion of the rationales for these assumptions follows.
Table 7 displays the ignitability indexes for upholstered

furniture, both the total index and the major components

which will be used in analyzing experimental cigarettes, both
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for 1980-84 and for the forecast years of 1986-96. Table 8
displays the ignitability indexes for mattresses (used to fit
mattresses and bedding fires). Appendixes A, B, and C
derive these indexes from the general model of ignition
propensity, as modified to use available data.

Note that bedding fires are grouped with mattress fires
and modeled against trends in mattress ignitability. This
assumption reflects the judgment of CPSC staff that the
reactions of mattresses and bedding to smoking materials
are so interconnected that they represent one problem,
regardless of how they are coded, and the whole problem
may be expected to respond to trends in mattress ignitability.
This judgment is consistent with the observed data.

In the first version of the model, it had been expected that
smoking fire rates for fires involving items other than uphol-
stered furniture and mattresses/bedding would show no
significant upward or downward trend because they involved
items whose ignitability had not systematically changed in
recent years, as far as was known. Table 5 clearly shows,
however, that these fire rates had significant downward
trends.

Before settling on assumption #2, which involves a simple
regression analysis with no knowledge of the factors driving
these trends, a number of possible explanations were
considered:

(a) Sizeable reductions in the ignitability of all
materials.

This seemed implausible. No theory could be developed to
explain a large decline in the ignitability of the components
of trash, nor was it deemed likely that the ignitability of grass
and brush, which is governed by weather, would appear to
decline in the same way as man-made materials.

(b) Significant reductions in the propensity of smokers
to carelessly discard smoking materials in situations
where fire is likely.

This seemed implausible, given the extremely slight attention
given to public fire safety education directed at careless
smoking, which is generally considered to be one of the
most difficult fire-causing behaviors to change. While there
have been shifts in the age and sex distributions of smokers,
these changes have been gradual, compared to the rapid
1980-84 decline in smoking fires.



Table 7. Ignitability Indexes for Upholstered Furniture in Use; 1980-84 and
1986-96

Location of Cigarette and Filling Materials at that Location
Untreated Other
Untreated Any cotton material,

cotton other batting, both Different

batting, material, both sides materials

flat flat sides of of on crevice
Year surface surface __crevice crevice sides Total
1980 106 .028 21 .087 108 451
1981 .095 .029 109 .094 101 428
1982 .084 .030 097 101 .094 407
1983 074 .031 .088 107 .088 .388
1984 .065 .032 .078 113 .080 .368
1986 .049 .033 061 122 .066 332
1987 .042 034 054 126 .060 .316
1988 .036 034 047 1130 .054 .301
1989 .031 .034 041 133 .048 287
1990 .026 035 035 136 .043 275
1991 .022 035 .031 138 .038 264
1992 .019 035 026 140 .033 .253
1993 015 .035 .022 142 .029 .244
1994 .013 .035 019 144 .026 .236
1995 .01 .035 015 145 .023 229
1996 .009 .035 013 146 020 223

SOURCE: Each column is the sum across the three fabric groups of the products of corresponding values from Table C-5 (ignitabifity index by fabric
type) and Tables C-13 through C-15 (probability by fabric type).

NOTES: The indexes by column reflect the ignitability of the filing materials, the likelihood of the location, and the share of products in use that have
or will have those materials at that location. The indexes combine all tabrics for reasons given in Appendix C. The total column is the sum
ot the other columns. “Untreated cotton” batting includes latex foam and other natural materials. “"Any other material” includes polyurethane
foam (the material considered representative of the class), treated cotton batting, mixed fibers, and polyester. “Different materials’ means the
crevice had untreated cotton batting on one side and some other material on the other side. Appendix C, section 3.

At the same time the 1980-84 decline in numbers of fires ties of commercially available cigarettes. if this factor were
has occurred across all causes of fires, and this is one of driving the decline, one would expect to see dramatic and
the few factors that could cause such a broad decline. For uneguivocal inter-product differences in the laboratory.
that reason, an alternative mode! using the overall fire rate However, a field study, by cigarette type, of share of fires
per thousand persons as a measure of carelessness was versus market share would help provide more conclusive
tested, as indicated in Appendix F. While this approach gave information on this hypothesis.

a somewhat better fit, largely due to the addition of another

modeling parameter that could be fitted to the data, the (d) Changes in the fire incident data base.

approach lacked face validity and is not considered a

source of best estimates. There is no evidence of a systematic national trend of
increased under-reporting (or decreased over-reporting) of

(c) Significant reductions in the ignition propensity of smoking fires at the level that would be required to sustain a

smoking materials in the absence of any legislative data/methods explanation of changes of this size.

requirement.

This seemed implausible, given the laboratory test resuits Therefore, no satisfactory explanation could be found. Even
that showed no significant variations in the ignition propensi- if one of these explanations is considered plausible, it does
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Table 8. Ignitability Indexes for
Mattresses in Use, 1980-84 and
1986-96

Post-

Pre-
Year Standard Standard Total
1980 503 048 551
1981 439 054 493
1982 375 .061 436
1983 315 .066 381
1984 282 070 352
1986 224 075 299
1987 190 079 269
1988 161 .081 242
1989 140 .083 223
1990 15 .086 201
1991 .096 .088 184
1992 082 .089 A71
1993 .068 .090 158
1994 059 091 150
1995 047 092 139
1996 039 .093 132

SOURCE: The two columns reflect ignitability indexes of 1.000 (pre-
Standard) and 0.097 (post-Standard), derived in Appendix C,
and shares of mattresses in use, as shown in Tabie C-16.

not explain why the declines in smoking fires involving
upholstered furniture or mattresses track so well with
declines in the ignitability of those items. Whatever eise is
happening, those items should be experiencing even greater
declines.

Given this situation, it seemed most reasonable to assume
that trends in fires per billion cigarettes consumed involving
items other than upholstered furniture, mattresses, or
bedding in structures would be driven by the same factors,
whatever they are, that are driving fires in general. Here, it
became important to note that general trends up to 1982
have been quite different from trends since 1982. Up to
1982, numbers of fires and deaths — whether total or
residential structure in particular—have shown a strong long-
term trend of decline. For example, from 1980 to 1982, total
fires declined 15%, deaths in those fires 7%, residential
structure fires 11%, and deaths in those fires 9%. Similar
declines occurred in most years of the 1970%s, as far as we
can tell. From 1982 to 1986, however (and noting a sharp
one-year drop in the number of deaths in 1984 that was
reversed in 1985), numbers of fires have fallen more slowly
and numbers of deaths have been essentially constant. For
example, during 1982 to 1986, a period of twice as long as
1980-82, total fires declined 11%, deaths in those fires 3%,
residential structure fires 13%, and deaths in those fires 3%.
(In 1985, the latest year for which data were available when
the modeling decisions were made, the decline per year in
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fires was even less, and deaths were up sfightly over 1982))

There seemed to be adequate reason to believe that the
long term trend may have changed in 1982, and for that
reason, all estimates of smoking fire rates and associated
rates of loss per thousand fires for these classes of proper-
ties and ignited materials were based on the 1982-84 fire
experience, rather than the entire 1980-84 period. This has
the effect of forecasting a much slower rate of decline in fire
rates and a much slower rate of increase in rates of loss per
thousand fires than would have been the case if 1980-84 fire
experience had been used.

The modeling of trends and effects of detectors (for
assumption #3) was incorporated into the forecasts of loss
per fire rates. Any loss per fire rate is assumed to reflect a
relationship of the following form:

(L/F) = (L/Fno (1 = Paec Pr Py

where

(L/F)e = Loss per fire for all fires.

{(L/Fao = Loss per fire for all fires where detectors were
not present.

Paet = Probability a detector is present.

Po = Probability that, given a detector is present, it
is operational.

Ps = Probability that, given an operational detector

is present, it saves a unit of loss (a life, an
injury, a doltar of damage).

Po. the probability that a detector, if present, is operational
must be inferred indirectly because NFIRS records only the
fact of activation, not the operational status. An operational
detector may fail to activate if the extent of smoke is too
small to require activation. NFIRS has a separate code for
this condition, but it appears to be greatly underused, as
indicated by significant differences in the reported activation
rate as extent of smoke increases. For this analysis, then, P,
was calculated from NFIRS after the exclusion of (i) fires
coded as too small to activate the detector, regardiess of
the actual reported size of the fire, (i) fires coded as having
smoke confined to room of origin and a detector present
but not in the room or space of fire origin, and (i) fires
coded as having smoke confined to area of origin and a
detector present in the room or space of origin. The values
of P, derived in this manner also are shown in Table 9, as
are the values of Pge.

P, the probability of averting a unit of loss given the pres-
ence of an operational detector, could not be computed
separately by year or by major property class. When an
attempt was made to compute values of P, by year and
separately for residential and non-residential structures, a
third to a half of the values fell outside the aliowable range
of zero to one. The most credible values for deaths and inju-
ries were obtained for residential structures with all years
comuined:



Table 9. Detector Usage and Performance Factors

Estimated Percentage of
Fires with Detector Present

Year Residential Non-Residential
1980 18 1
1981 21 12
1982 24 13
1983 27 15
1084 31 16

Estimated Percentage of Fires
Having Detector Present Where
Detector Was Operational

‘Residential Non-Residential
76 79
73 75
72 76
69 75
68 76

SOURCE: All percentages are from the USFA’s NFIRS.

NOTES:

Percentages of fires with detectors present is given by a ratio, whose numerator includes all fires coded as having detectors, whether in or

not in the room or space of fire origin and whether the detector operator or not. The denominator includes all those fires plus all fires coded
as having no detector present. Fires coded as having unclassified or unreported detector performance are not included in the calculation.

Percentage operational also is a ratio. The numerator includes fires where the detector operated, in or not in the room or space of fire
ongin; the denominator includes fires where the detector did or did not operate, in or not in the room or space of fire origin. This calculation
is fimited to fires where it was considered likely that an operational detector should have operated. Therefore, fires were excluded if (1) they
were coded as being too small to require detector operation, regardless of the coded size of extent of flame or smoke damage, (2) they
were coded as having a detector outside the room or space of fire origin and smoke damage confined to the room of origin or (3) they
were coded as having a detector in the room or space of fire origin anc emoke damage confined to t = object or area of fire origin.

Severity Measure Value of P,
Civilian deaths 0.68
Civilian injuries 0.60
Fire fighter injuries (Version 1) 0.83
Fire fighter injuries (Version 2) 0.60

Note that fire fighter injuries are considered preventable by
virtue of earlier detection leading to earlier reporting, leading
to smaller fires when the fire department arrives, feading to
less dangerous conditions and ultimately fewer injuries.

Valid values of P for property damage could not be
obtained in most cases because the average damage per
fire in homes with detectors was typically higher than for
homes without detectors. This phenomenon has been
observed before and generally interpreted to mean that
detector households have more valuable property than non-
detector households. In the absence of some compelling
alternative model, capable of producing valid values, the
value of P, was set at zero.

The value selected for P for civilian deaths, combined
with the indicated value of P,, produces the roughly 50%
decline in civilian deaths attributable to detectors which has
been found in other studies. The values of Ps for injuries are
much higher than those found in studies using older data
(60-83% versus roughly 5%) and not limiting themselves to
one cause, while the value for loss is lower (0% versus
roughly 22%).
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In terms of forecasting, overall home detector usage
nationwide leveled off in 1984. In terms of detectors in
properties with fires, Table 9 shows detector usage rising in
residential and non-residential structures through 1984, while
estimated detector operability has been drifting downward,
falling less rapidly than usage has risen. For this analysis, it
was assumed that detector usage would continue to rise
slowly, just enough to balance the downward drift in
detector operability, so that the 1984 values of Pger % P,
will hold into the future, separately for residential and non-
residential structures. Py, it was assumed, would remain
fixed at the values cited previously.

The simplest way to work this new set of assumptions into
the analysis was to forecast using the 1980-84 linear losses
per fire that would have occurred if all years had 1984
detector usage and operability, as shown in Table 10. Each
of these indexes is given by the ratio of (1 — Pge Py Ps) for
the indicated years. As may be seen, the great uncertainty
about P, exerts relatively little impact on those indexes; the
indexes for property damage (Ps = 0) are little different from
the indices for fire fighter injuries, version 2 (Py = 0.83).
Small differences, however, can produce measurable effects
on forecast losses in the out years.

For consistency, those property/material classes that had
their fires estimated using only 1982-84 data also had their
losses per fire estimated using only 1982-84 data.




Forecasting Equations and Results of
Forecasts

Table 11 gives the forecasting equations that follow from the
modeling assumptions developed and stated in the previous
section.

Note that losses per fire generally have an upward trend,
particularly in those property and material classes that
account for the majority of losses. The reasons for these
trends are not understood well enough to permit modeling.
It has been suggested that some of the changes in materials
used in upholstered furniture and mattresses to reduce
ignitability will produce higher rates of heat release, or more
toxic products, hence more severe fires, if ignition occurs. It
was not possible within the scope of this study to model
those factors.

Using the equations in Table 11 and the forecasts of
materials ignitability from Tables 7 and 8, one obtains
detailed forecasts of fires and losses per billion cigarettes
consumed, as shown in Table 12. Recombining the Table
12 results by major property class and material first ignited,
one obtains the summary forecast of Table 13.

Finally, using the cost per injury values and adjustments
for unreported fires derived earlier, one obtains forecasts of
total economic impact of smoking fires, as shown in Table
14. Appendix E shows how those figures are changed if
alternative assumptions are used on the cost per injury on
the effects of unreported fires.

Table 10. Adjustment of 1980-83
Losses to Reflect 1984 Detector Usage
and Performance Levels

Severity Non-
Measure Year Residential residential

Civilian deaths 1980 942 977

1981 .954 978

1982 .966 985

1983 .981 993

Civilian injuries 1980 .949 .980

and Fire fighter 1981 .960 .981

injuries — 1982 971 .987

Version 2 1983 .983 .994

Fire fighter 1980 927 971

injuries — 1981 942 973

Version 1 1982 .958 .981

1983 975 .992

Direct property 1980 1.000 1.000

damage 1981 1.000 1.000

1982 1.000 1.000

1983 1.000 1.000
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Uncertainty in Forecasting Equations

Because these equations are based on only three to five
years of fire experience, they have a high degree of uncer-
tainty. For example, the fire rate per billion cigarettes in
other/unknown materials in residential structures is estimated
to drop 0.568 per year, but a 90% confidence range for the
regression encompasses both rates of rise and rates of
decline more than ten times as great.

One of the best fire-rate fits is obtained for ignitions of
mattresses or bedding in residential structures, but even
there the 90% confidence range is from a one-third lower
rate of decline to a one-third higher rate of decline. The
90% confidence range for upholstered furniture fires per
billion cigarettes in residential structures ranges from a rate
of decline three times the best estimate to a rate of rise
greater than the best estimate rate of decline.

However, errors in forecasting would, in general, change
only the level and trend of lorecast losses but not the
proportional gap between the baseline forecasts and the
forecasts with experimental cigarettes. Only if losses did
decline sharply without changes in cigarette design would
the absolute difference in losses prevented by experimental
cigarettes become so small as to make a clear, unequivocal
difference in overall conclusions.

The fire rate medels for upholstered furniture and for
mattresses and bedding are set up to be strictly proportional
to the ignitability indexes because this model has more face
validity than the general linear model, which would other-
wise provide a better fit on strictly statistical grounds. If a
general linear model were used, for example, the projected
upholstered furniture fires would decline to zero well before
1996 and well before their ignitability indexes declined to
zero, which is not plausible.

The estimates used in the study are considered the best
attainable with current knowledge, but it is important to be
aware that they carry considerable uncertainty. Either the
use of a general linear regression model or consideration of
the confidence ranges, for example, raises the possibility
that (a) important components of the smoking material fire
problem may begin to rise significantly, despite continued
declines in estimated ignitability or (b) important components
of the smoking material fire problems may disappear before
1996 even if nothing is done to alter cigarette construction.



Table 11. Forecasting Equations for Smoking Fires, 1986-96

Severity Measure

Major Property Class

Form of Material
First Ignited

Forecasting Equation

Fires per billion
cigarettes

Civilian deaths per
thousand fires

Civilian injuries per
thousand fires

Residential structures

Non-residential structures

Vehicle

Outdoors or other

Residential structures

Non-residential structures

Vehicles

Qutdoors or other

Residential structures

Non-residential structures

Vehicles

Qutdoors or other

Upholstered furniture
Mattresses or bedding
Other or unknown

Upholstered furniture
Mattresses or bedding
Other or unknown

All

All

Upholstered furniture
Mattresses or bedding
Other or unknown
Upholstered furniture
Mattresses or bedding
Other or unknown

All

All

Upholstered furniture
Mattresses or bedding
Other or unknown
Upholstered furniture
Mattresses or bedding
Other or unknown

All

All

68.058
78.354
33.467

7.168
12.066
27.650

28.065

X

I

l

Ignitability
Ignitability
0.568 x (Year—1980)

Ignitability
Ignitability
1.419 x (Year—1980)

0.936 x (Year— 1980)

278.54 - 5.451 x (Year--1980)

46.20 + 4.62 x (Year--1980)
21.33 + 0.90 x (Year--1980)
14.20 + 0.42 x (Year—1980)

2.92 + 1.11 x (Year—1980)
490 - 0.21 x (Year—1980)
1.99 - 0.11 x (Year-—1980)

3.20—0.64 x (Year—1980)

0.027-0.002 x (Year—1980)

86.36
56.34
39.69
29.65
77.35

8.865

16.74

+
+
+

+

+

7.95 x (Year—1980)
6.92 x (Year—1980)
1.10 x (Year—1980)

2.22 x (Year—1980)
9.95 x (Year—1980)
0.94 x (Year—1980)

1.91 x (Year—1980)

0.738 — 0.097 x (Year—1980)




Table 11. Forecasting Equztions for Smoking Fires, 1986-96 (Continued)

Severity Measure

Major Property Class

Form of Material

First Ignited

Forecasting Equation

Fire fighter injuries
per thousand fires
(Version 1)

Fire fighter injuries
per thousand fires
(Version 2)

Direct property
damage (in millions
of 1986 dollars)
per thousand fires)

Residential structure

Residential structures

Non-residential structures

Vehicles

Outdoors or other

Residential structures

Non-residential structures

Vehicle

Uphalstered furniture
Mattresses or bedding
Other or unknown

Upholstered furniture
Mattresses or bedding
Other or unknown

Upholstered furniture
Mattresses or bedding
Other or unknown

All

All

Upholstered furniture
Mattresses or bedding
Other or unknown

Upholstered furniture
Mattresses or bedding
Other or unknown

All

Qutdoors or other

59.16 + 1.73 x (Year—1980)
43.78 + 1.84 x (Year--1980)
20.75 + 7.85 x (Year-1980)
4221 + 1.86 x (Year—1980)
27.55 + 1.98 x (Year—1980)
13.18 + 1.71 x (Year—1980)

1593 + 2.06 x (Year—1980)
41.57 — 468 x (Year--1980)
3.75 + 1.15 x (Year—1980)
0.45 + 0.76 x (Year—1980)
0.091 - 0.053 x {Year—1980)
8.43 + 0.45 x (Year— 1980)
4.34 + 0.24 x (Year—1980)
2.25 + 1.05 x (Year—1980)
520 + 1.15 x (Year— 1980)
1.78 + 0.07 x (Year—1980)
4.39 - 0.08 x (Year—1980)
1.52 — 0.12 x (Year—1980)

0.00
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Table 12. Estimated 1986-96 Smoking Fire Problem

e

A. Fires per Billion Cigarettes Consumed

Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other Total
1986 22.6 23.4 30.1 24 3.6 19.1 225 2458 369.5
1987 215 21.1 29.5 23 3.3 17.7 215 2404  357.2
1988 205 19.0 28.9 2.2 2.9 16.3 20.6 2349 3453
1989 19.5 17.5 28.4 2.1 2.7 14.9 19.6 229.5 334.1
1990 18.7 15.8 27.8 2.0 2.4 13.5 18.7 2240 3228
1991 18.0 14.4 27.2 1.9 2.2 12.0 17.8 218.6 3121
1992 17.2 13.4 26.7 1.8 2.1 10.6 16.8 213.1 301.7
1993 16.6 12.4 26.1 1.8 1.9 9.2 15.9 207.7 2915
1994 16.1 11.8 255 1.7 1.8 7.8 15.0 202.2 2818
1995 15.6 10.9 25.0 1.6 1.7 6.4 14.0 196.8 271.9
1996 15.2 10.3 24.4 1.6 1.6 5.0 13.1 1913 2625

B. Civilian Fire Deaths per Billion Cigarettes Consumed

Residential Structures Non-Residential Structures
Upholstered Mattresses  Other or Upholstered Mattresses Other or Outdoors
Year Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other Total
1986 1.67 0.63 0.50 0.02 0.01 0.03 0 0 2.86
1987 1.69 0.58 0.51 0.02 0.01 0.02 0 0 2.84
1988 1.70 0.54 0.51 0.03 0.01 0.02 0 0 2.81
1989 1.71 0.51 0.51 0.03 0.01 0.01 0 0 2.79
1990 1.73 0.48 0.51 0.03 0.01 0.01 0 0 2.77
1991 1.74 0.45 0.51 0.03 0.01 0.01 0 0 275
1992 1.75 0.43 0.51 0.03 0 0.01 0 0 2.74
1993 1.76 0.41 0.51 0.03 0 0 0 0 273
1994 1.78 0.40 0.51 0.03 0 0 0 0 2.73
1995 1.80 0.38 0.51 0.03 0 0 0 0 2.73
1996 1.82 0.37 0.51 0.03 0 0 0 0 2.74
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Table 12. Estimated 1986-96 Smoking Fire Problem (continued)

C. Civilian Fire !njuries per Billion Cigarettes Consumed
Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors
Year Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other Total
1986 3.03 2.29 1.39 0.10 0.06 0.28 0.12 0.04 7.32
1987 3.05 2.21 1.40 0.10 0.02 0.27 0.07 0.01 715
1988 3.07 2.12 1.40 0.10 0 0.27 0.03 0 6.99
1989 3.09 2.07 1.41 0.10 0 0.26 0 0 6.92
1990 3.1 1.98 1.41 0.10 0 0.25 0 0 6.84
1991 3.12 1.9 1.41 0.10 0 0.23 0 0 6.78
1992 3.13 1.87 1.41 0.10 0 0.21 0 0 6.72
1993 3.15 1.81 1.41 0.10 0 0.19 0 0 6.67
1994 3.18 1.80 1.41 0.10 0 0.17 0 0 6.66
1995 3.21 1.74 1.40 0.10 0 0.15 0 0 6.60
1996 3.24 1.73 1.40 0.10 0 0.12 0 0 6.59
D. Fire Fighter Fireground Injuries (Version 1) per Billion Cigarettes Consumed
Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Outdoors

Year Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other Total
1986 1.57 1.28 2.04 0.09 0.04 0.41 0.15 0 5.58
1987 1.53 1.19 2.28 0.09 0.02 0.39 0.16 0 562
1988 1.50 1.1 2.42 0.09 0.01 0.37 0.16 0 5.65
1989 1.46 1.05 2.59 0.09 0.01 0.34 0.17 0 571
1990 1.43 0.98 276 0.10 0 0.32 0.17 0 5.75
1991 1.40 0.92 292 0.10 0 0.29 0.17 0 5.80
1992 1.38 0.88 3.06 0.10 0 0.26 0.17 0 585
1993 1.36 0.84 3.20 0.10 0 0.23 0.17 0 590
1994 1.34 0.82 3.33 0.10 0 0.20 017 0 5.96
1995 1.33 0.78 3.46 011 0 0.17 0.17 0 6.00
1996 1.32 0.76 3.57 0.11 0 0.13 0.17 0 6.05
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Table 12. Estimated 1986-96 Smoking Fire Problem (continued)

E. Fire Fighter Injuries (Version 2) per Billion Cigarettes Consumed

Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses  Other or Outdoors
Year Furniture  or Bedding Unknown Furniture  or Bedding Unknown Vehicles or Other Total
1986 1.21 0.92 0.70 0.07 0.05 0.20 0.11 0.10 3.37
1987 1.19 0.87 0.74 0.07 0.03 0.21 0.12 0.1 3.34
1988 1.17 0.82 0.78 0.07 0.01 0.21 0.13 0.12 3.32
1989 1.15 0.79 0.81 0.07 0 0.21 0.14 0.13 3.31
1990 1.14 0.75 0.84 0.07 0 0.20 0.15 0.14 3.29
1991 1.13 0.71 0.87 0.07 0 0.20 0.16 0.15 3.28
1992 1.11 0.69 0.90 0.07 0 0.19 0.16 0.16 3.27
1993 1.10 0.66 0.92 0.07 0 0.17 0.16 0.17 3.26
1994 1.10 0.65 0.95 0.08 0 0.15 0.17 017 3.26
1995 1.09 0.62 0.97 0.08 0 0.13 0.17 0.17 3.24
1996 1.09 0.61 0.99 0.08 0 0.11 0.17 0.18 3.23

F. Direct Property Damage (in Millions of 1986 Dollars) Billion Cigarettes

Residential Structures Non-Residential Structures
Upholstered Mattresses Other or Upholstered Mattresses Other or Qutdoors
Year Furniture or Bedding Unknown Furniture or Bedding Unknown Vehicles or Other Total
1986 0.25 0.14 0.26 0.03 0.01 0.07 0.02 0.02 0.79
1987 0.25 0.13 0.28 0.03 0.01 0.07 0.02 0.02 0.80
1988 0.25 0.12 0.31 0.03 0.01 0.06 0.01 0.03 0.81
1989 0.24 0.11 0.33 0.03 0.01 0.05 0.01 0.03 0.82
1990 0.24 0.1 0.35 0.03 0.01 0.05 0.01 0.03 0.83
19901 0.24 0.10 0.38 0.03 0.01 0.04 0 0.04 1.84
1992 0.24 0.10 0.40 0.03 0.01 0.04 0 0.04 1.85
1993 0.24 0.09 0.41 0.04 0.01 0.03 0 0.04 1.86
1994 0.24 0.09 0.43 0.04 0.01 0.03 0 0.04 1.87
1995 0.24 0.09 0.45 0.04 0 0.02 0 0.05 1.88
1996 0.24 0.08 0.46 0.04 0 0.02 0 0.05 1.89
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Table 13. Summary of Estimated 1986-96 Smoking Fire Problem per Billion
Cigarettes Consumed

Civilian Civilian _..Fire Fighter Injuries Direct Property Damage
Year Fires Deaths Injuries Version 1 Version 2 (Millions of 1986 Dollars)
1986 368.5 2.86 7.32 558 3.37 0.79
1987 357.2 2.84 7.15 562 3.34 0.80
1988 3453 2.81 6.99 5.65 3.32 0.81
1989 3341 279 6.92 571 3.31 0.82
1990 322.8 2.77 6.84 575 3.29 0.83
1991 3121 2.75 6.78 5.80 3.28 0.84
1992 301.7 274 6.72 5.85 3.27 0.85
1993 2915 273 6.67 590 3.26 0.86
1994 281.8 2.73 6.66 5.96 3.26 0.87
1995 271.9 2.73 6.60 6.00 3.24 0.88
1996 262.5 2.74 6.59 6.05 3.23 0.89

Table 14. Summary of Estimated Economic Value of Losses in Smoking Fires per
Billion Cigarettes Consumed, 1986-96

Injuries Costed by CPSC @ $36,218
Includes Unreported Fires Adding 13.6% to Injuries and 6.5% to Property Damage

Economic Value of Fire Losses (in Millions of 1986 Dollars) per Billion Cigarettes Consumed

Using Version 1 for Using Version 2 for
Year Fire Fighter Injuries Fire Fighter Injuries
1986 1.38 + 2.86Q 129 + 2.86Q
1987 1.41 + 2.84Q 1.31 + 2.84Q
1988 1.43 + 2.81Q 1.33 + 2.81Q
1989 1.46 + 2.79Q 1.36 + 2.79Q
1990 1.48 + 2.77Q 1.37 + 2.77Q
1991 1.50 + 2.75Q 1.39 + 2.75Q
1992 1.52 + 2.74Q 1.41 + 2.74Q
1993 1.54 + 2.73Q 143 + 2.73Q
1994 1.56 + 2.73Q 1.45 + 2.73Q
1995 1.58 + 2.73Q 1.46 + 2.73Q
1996 1.60 + 2.74Q 1.48 + 2.74Q

NOTE: Q is the value in millions of dollars per life saved, which was not to be calculated as part of this study.
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Forecasting the
Smoking-Fire Problem,
Using New Cigarettes

Modeling Assumptions

A general model was developed whereby laboratory test
results on the relative propensity of various cigarettes to
ignite major classes of items can be combined with projec-
tions of fire experience for those items, to produce baseline
projections of fire losses and projections of losses if certain
specific cigarettes are used exclusively. The derivation of the
general model is given in Appendix A, its modification for
use on upholstered furniture and mattresses/bedding is
given in Appendix B, and the calculations needed to
support the models are given in Appendix C.

Tests were conducted by the National Bureau of Standards
(NBS) on 41 experimental cigarettes. Test results suitable for
analysis were provided to the author for five of these, code
numbered C106, C114, C130, C201, and C202. The same
tests were conducted on 12 commercial cigarettes, and
compatible test results were provided for three of them,
code numbered 1, 2 and 6. [9]

Shown below are the major assumptions used in the anal
ysis, which are developed in more detail in Appendixes A,
B, and C.

1. It is possible to identify scaling factors, dependent only
on the major class of items being ignited by cigarettes
(e.g., upholstered furniture), linking laboratory test results
of cigarettes on those items to actual fires. These factors
convert ignitions per test in the laboratory to fires per
discarded cigarette in the real world and show no
changes over time.

2. The probability of a cigarette being discarded on a partic-
ular version of an item (eg., a particular type of uphol-
stered furniture) is the same for every type of cigaretie.
The probability of a cigarette being discarded in a partic-
ular location on a piece of upholstered furniture is the
same for all versions of upholstered furniture.

3. All commercially available cigarettes have essentially the
same ignition propensity, so results for them can be
pooled. A limited number of categories of upholstered
furniture fabric, filling material, and location can be used,
based on expert judgments as to major differences in
expected ignitability and on distinctions that are possible
with existing data on shares of items in use. (Test data
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have verified that the classes selected differ sharply in
ignitability, but it has not been possible to establish how
much ignitability varies within these categories.)

4. The small number of tests conducted on experimental
cigarettes can be used to establish percentage reductions
in ignition propensity, by filling material and location, from
the baseline values of ignitability, by fabric, filling material,
and location, that are developed using a much larger
body of test data, as described in detail in Appendix C.

5. NBS test results can be extended to fabric types and
locations other than those tested and provide results
applicable to mattress/bedding fires as well,

6. No reduction is achieved by use of experimental
cigarettes in smoking-related fires involving materials
other than upholstered furniture, mattresses, or bedding;
involving unknown materials; or involving vehicles or
outdoor sites.

7. The probability of cigarette discard on upholstered furni-
ture is the same for arm flat surfaces as for cushion flat
surfaces and is the same for arm/cushion crevices as for
back/cushion crevices. No other discard location need be
considered. Cigarette discards on mattresses are analo-
gous to discards on upholstered fumiture flat surfaces.
The probability of ignition, given a cigarette discard in a
particular location on upholstered furniture, depends only
on the furniture characteristics in that location and not on
variations elsewhere on the upholstered furniture.

Calculation of Losses

Appendix C converts the laboratory results on the fire
experimental cigarettes intc revised ignitability indexes for the
locationffilling material combinations (Tables C-8 through C-
12). For each experimental cigarette, the appropriate table
may be substituted for Table C-5 (baseline) and combined
with the appropriate columns from Tables C-13 through C-15
(probabilities of the fabric and location/filling material combi-
nations) to produce overall ignitability indexes with respect to
upholstered furniture (see Table 15).

Tables C-8 through C-12, also provide ignitability indexes
for pre-Standard and post-Standard mattresses, which may
be substituted for 1.0 and 0.097 (baseline values) and
combined with usage share probabilities from Table C-16 to
produce overall ignitability indexes for mattresses/bedding
(see Table 16).



Table 15. Ignitability Indexes for Upholstered Furniture Versus Baseline and Five
Experimental Cigarettes, 1986-96

Experimental Cigarettes
Year Baseline C106 C114 C130 C201 Ca02
1986 332 020 061 .081 014 027
1987 316 019 055 073 012 024
1088 .301 017 .049 .066 011 .021
1989 287 016 044 .060 009 018
1990 275 015 .039 .054 .008 016
1991 264 014 035 049 .007 014
1992 253 013 031 044 .006 012
1993 244 012 .028 .040 .005 010
1994 236 011 .025 .036 .004 .009
1995 229 011 022 .033 004 .008
1996 223 010 020 .030 .003 .007

SOURCE: Tables 7, C-8 through C-12, and C-15.

Forecasts of losses if only a particular experimental ciga- Using the latter approach and providing the proportions
rette is used may then be calculated in either of two ways. used in doing so, Tables 17-21 give the revised summary
One is to use the substitute ignitability indexes, apply the forecasts of the smoking fire problem and the ratios of
forecasting equations to them, and thereby repeat the steps revised to baseline ignitability indexes. (The revised summary
shown in Tables 11-14. A quicker and logically equivalent forecasts are comparable to the baseline values in Table 13))
approach is to convert the substitute ignitability indexes to Then Tables 22-26 give the revised tables on economic
proportions of the baseline ignitability indexes, then use their value of the losses. These tables are comparahble to Table
proportions to directly revise the upholstered furniture and 14. Tables 22-26 also show these values as percentages of
mattress/bedding losses in Table 12, then repeat the steps the baseline values. Figures 1 and 2 provide graphical
shown in Tables 13-14. displays of the comparisons between Table 14 and Tables

22-26.

Table 16. Ignitability Indexes for Mattresses/Bedding Versus Baseline and Five
Experimental Cigarettes, 1986-96

Experimental Cigarettes
Year Baseline C106 C114 C130 C201 C202
1986 .299 302 .084 116 017 .035
1987 .269 .030 074 105 015 029
1988 242 .029 .066 .094 012 025
1989 .223 027 060 .087 011 022
1990 201 026 .053 079 .009 018
1991 184 025 047 072 .007 015
1992 A7 024 .043 067 .006 .013
1993 158 023 .039 062 .005 010
1994 .150 .023 .036 .059 .005 .009
1995 139 022 .033 055 .004 .007
1996 132 022 .031 .052 .003 .006

SOURCE: Tables 8, C-8 through C-12, and C-16.



Table 17. Summary of Estimated 1986-96 Smoking Fire Problem per Billion

Cigarettes Consumed, Cigarette C106

Civilian Civilian

Year Fires Deaths Injuries
1986 321.9 0.70 2.27
1987 3133 0.70 2.20
1988 304.6 0.69 2.14
1989 296.0 0.69 210
1990 287.5 0.68 2.09
1991 278.9 0.68 2.07
1992 270.4 0.67 2.05
1993 261.9 0.67 2.03
1994 253.4 0.67 2.01
1995 244.9 0.66 1.98
1996 236.5 0.66 1.95

Fire Fighter Injuries Direct Property Damage
Version 1 Version 2 (Millions of 1986 Dollars)

2.84 1.30 0.40

3.01 1.36 0.42

3.17 1.41 0.44

3.32 1.46 0.45

3.46 1.50 0.47

3.58 1.53 0.49

3.70 1.56 0.50

3.81 1.58 0.51

3.90 1.59 0.53

3.98 1.60 0.54

4.06 1.60 0.55

Estimates as Percentage of Baseline

Year Upholstered Furniture Fires Mattress/Bedding Fires
1086 6 11
1987 6 11
1988 6 12
1989 6 12
1990 6 13
1991 5 14
1992 5 14
1993 5 15
1094 5 15
1995 5 16
1996 5 16

SOURCES: Bottom section from Tables 15 and 16; top section from bottom section and Table 13.

Uncertainty in Estimates

The largest points of uncertainty have to do with the gener-
alizability of the results of the very small number of tests
conducted. The commercial cigarettes tested may not be
representative of all cigarettes. The fabrics tested were
selected from the most-ignitable end of the spectrum, and
the assumption that reductions in ignitability measured on
those fabrics can be generalized to other fabrics may be
incorrect.

If, for example, one took the very conservative approach
of assuming that reductions should be estimated only for
those upholstered furniture fabric classes, filling material
classes, and locations that were tested, then the estimated
impact would be significantly reduced.

On the other hand, it might be assumed that, because the

items tested were the most likely to ignite, then impact on

other items would be proportionally greater. This would not
significantly increase the reductions, because the estimates
for cigarettes C201 and C202 already involve the elimination
of nearly all the smoking-material fire problem in upholstered
furniture and mattresses/bedding.

Contrary to the assumption in this analysis, items other
than upholstered furniture and mattresses/bedding might
also show reductions in cigarette fires as a result of these
cigarette design changes. This would have limited effect on
total losses because such a large share of losses involve first
ignition of upholstered furniture or mattresses/bedding.

There is no objective way to quantify these uncertainties
with available data. Sensitivity tests on a wider range of
cigarettes and versions of upholstered furniture would be
highly desirable to confirm the key assumptions in the anal-
ysis.
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Table 18. Summary of Estimated 1986-96 Smoking Fire Problem per Billion
Cigarettes Consumed, Cigarette C114

Civilian Civilian Fire Fighter Injuries Direct Property Damage
Year Fires Deaths Injuries Version 1 Version 2 (Millions of 1986 Dollars)
1086 329.7 1.02 3.06 3.27 1.63 0.46
1987 3199 0.99 292 3.39 1.65 0.47
1988 3104 0.96 2.79 3.51 1.67 0.49
1989 301.0 0.93 2.70 3.62 1.69 0.50
1990 229.7 0.90 2.63 3.72 1.70 0.51
1991 282.5 0.87 2.56 3.81 1.71 0.52
1992 2735 0.85 2.49 3.90 1.72 0.53
1993 264.5 0.82 2.42 3.98 172 0.54
1094 255.6 0.80 2.36 4.06 1.72 0.55
1995 246.8 0.78 2.28 4.12 1.70 0.56
1996 238.0 0.76 2.22 417 1.69 0.57

Estimates as Percentage of Baseline

Year Upholstered Furniture Fires Mattress/Bedding Fires
1986 18 28
1987 17 28
1988 16 27
1989 15 27
1990 14 26
1991 13 26
1992 12 25
1993 11 25
1994 11 24
1995 10 24
1996 9 23

SOURCES: Bottom section from Tables 15 and 16; top section from bottom section and Table 13.
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Table 19. Summary of Estimated 1986-96 Smoking Fire Problem per Billion
Cigarettes Consumed, Cigarette C130

Civilian Civilian Fire Fighter Injuries Direct Property Damage

Year Fires Deaths Injuries Version 1 Version 2 {Millions of 1986 Dollars)
1986 324.1 1.19 3.51 3.52 1.81 0.49
1987 324.1 1.16 3.36 3.63 1.83 0.51
1988 314.2 1.12 3.22 3.73 1.84 0.52
1989 304.7 1.09 3.14 3.84 1.86 0.53
1990 2951 1.06 3.06 3.93 1.87 0.54
1991 2858 1.03 299 4.02 1.87 0.55
1992 276.6 1.00 2.92 4.10 1.88 0.56
1993 267.5 0.97 2.84 4.18 1.87 0.57
1994 258.6 0.95 2.79 4.25 1.87 0.58
1995 249.6 0.93 2.71 4.31 1.86 0.59
1996 240.7 0.91 2.65 4.36 1.84 0.60

Estimates as Percentage of Baseline
Year Upholstered Furniture Fires Mattress/Bedding Fires
1986 24 39
1987 23 39
1988 22 39
1989 21 39
1990 20 39
1991 19 39
1992 17 39
1993 16 39
1994 15 39
1995 14 40
1996 14 40

SOURCES: Bottom section from Tables 15 and 16; top section from bottorn section and Table 13.
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Table 20. Summary of Estimated 1986-96 Smoking Fire Problem per Billion
Cigarettes Consumed, Cigarette C201

Civilian
Injuries

2.09
2.00
1.92
1.87
1.83
1.80
1.77
1.73
1.69
1.65
1.60

Fire Fighter Injuries

Direct Property Damage

Version 1 Version 2 (Millions of 1986 Dollars)
2.74 1.23 0.39
2.91 1.28 0.41
3.06 1.33 0.42
3.20 1.37 0.44
3.33 1.40 0.45
3.46 1.43 0.47
3.57 1.45 0.48
3.67 1.47 0.49
3.76 1.48 0.51
3.84 1.48 0.52
3.91 1.47 0.53

Estimates as Percentggﬁe of Baseline

Civilian
Year Fires Deaths
1986 3201 0.64
1987 311.4 0.63
1088 302.6 0.62
1989 294.0 0.61
1990 285.4 0.60
1991 276.8 0.59
1992 268.3 0.58
1993 259.7 0.57
1994 2512 0.56
1995 242.7 0.55
1896 234.3 0.65
Year Upholstered Furniture Fires
1986 4
1987 4
1988 4
1989 3
1990 3
1991 3
1992 2
1993 2
1994 2
1995 2
1996 2

Mattress/Bedding Fires

NWWWARAAADOOOTIO O

SOURCES: Bottom section from Tables 15 and 16; top section from bottom section and Table 13.
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Table 21. Summary of Estimated 1986-96 Smoking Fire Problem per Billion
Cigarettes Consumed, Cigarette C202

Civilian Civilian Fire Fighter Injuries Direct Property Damage
Year Fires Deaths Injuries Version 1 Version 2 {Millions of 1986 Dollars)
1986 322.7 0.74 2.36 2.89 1.34 0.41
1987 313.6 0.73 2.24 3.03 1.38 0.42
1088 304.6 0.71 2.14 3.17 1.42 0.44
1989 295.7 0.69 2.07 3.30 1.45 0.45
1990 286.8 0.67 2.02 3.42 1.47 0.47
1991 278.0 0.65 1.97 3.53 1.49 0.48
1992 269.3 0.64 1.92 3.64 1.51 0.49
1993 260.6 0.62 1.86 3.73 1.52 0.50
1994 252.0 0.61 1.81 3.81 1.52 0.52
1995 243.3 0.59 1.75 3.88 1.51 0.53
1996 234.8 0.58 1.69 3.94 1.50 0.54

Estimates as Percentage of Baseline
Year Upholstered Furniture Fires Mattress/Bedding Fires

12
11
10
10

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

WWhP,OUOO®N®EX

GO NN

SOURCES: Bottom section from Tables 15 and 16; top section from bottom section and Table 13.
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Table 22. Summary of Estimated
Economic Value of Losses in Smoking
Fires per Billion Cigarettes Consumed,
1986-96, Cigarette C106

Table 23. Summary of Estimated
Economic Value of Losses in Smoking
Fires per Billion Cigarettes Consumed,
1986-96, Cigarette C114

Injuries Costed by CPSC @ $36,218

Includes Unreported Fires Adding 13.6% to
Injuries and 6.5% to Property Damage

Economic Value of Fire Losses (in Millions of 1986
Dollars) per Billion Cigarettes Consumed

Using Version 1 for Using Version 2 for

Year Fire Fighter Injuries Fire Fighter Injuries
1986 0.64 + 0.70Q 0.57 + 0.70Q
1987 0.66 + 0.70Q 0.59 + 0.70Q
1988 0.69 + 0.69Q 0.61 + 0.69Q
1989 0.71 + 0.69Q 0.63 + 0.69Q
1990 0.73 + 0.68Q 0.65 + 0.68Q
1991 0.75 + 0.68Q 0.67 + 0.68Q
1992 0.77 + 0.67Q 0.68 + 0.67Q
1993 0.79 + 0.67Q 0.70 + 0.67Q
1994 0.81 + 0.67Q 0.71 + 0.67Q
1995 0.82 + 0.66Q 0.72 + 0.66Q
1996 0.84 + 0.66Q 0.74 + 0.66Q

NOTE: Q is the value in millions of dollars per life
saved, which was not to be calculated as part
of this study.

Estimates as Percentage of Baseline
Other Impact Other Impact

Year Death (Version 1) (Version 2)
1986 25 54 53
1987 25 54 53
1988 25 54 53
1989 25 54 53
1990 25 55 53
1991 25 55 52
1992 25 55 52
1993 25 55 52
1994 24 55 52
1995 24 55 52
1996 24 55 52
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Injuries Costed by CPSC @ $36,218

Includes Unreported Fires Adding 13.6% to
Injuries and 6.5% to Property Damage

Economic Value of Fire Losses (in Millions of 1986
Dollars) per Billion Cigarettes Consumed

Using Version 1 for Using Version 2 for

Year Fire Fighter Injuries Fire Fighter Injuries
1986 0.75 + 1.20Q 0.68 + 1.19Q
1987 0.77 + 0.99Q 0.69 + 1.16Q
1988 0.78 + 0.96Q 0.70 + 1.12Q
1989 0.79 + 0.93Q 0.71 + 1.09Q
1990 0.80 + 0.90Q 0.72 + 1.06Q
1991 0.82 + 0.87Q 0.73 + 1.03Q
1992 0.83 + 0.850Q) 0.74 + 1.00Q
1993 0.84 + 0.82Q 0.75 + 0.97Q
1994 0.85 + 0.80Q 0.76 + 0.95Q
1995 0.86 + 0.78Q 0.76 + 0.93Q
1996 0.87 + 0.76Q 0.77 + 0.91Q

NOTE: Q is the value in millions of dollars per life
saved, which was not to be calculated as part
of this study.

Estimates as Percentage of Baseline
Other Impact Other Impact

Year Death (Version 1) (Version 2)
1986 36 54 53
1987 35 54 53
1988 34 54 53
1989 33 54 53
1990 33 55 53
1991 32 55 52
1992 31 55 52
1993 30 55 52
1994 29 55 52
1995 29 55 52
1996 28 55 52




Table 24. Summary of Estimated
Economic Value of Losses in Smoking
Fires per Billion Cigarettes Consumed,
1986-96, Cigarette C130

Table 25. Summary of Estimated
Economic Value of Losses in Smoking
Fires per Billion Cigarettes Consumed,
1986-96, Cigarette C201

Injuries Costed by CPSC @ $36,218

Includes Unreported Fires Adding 13.6% to
Injuries and 6.5% to Property Damage

Economic Value of Fire Losses (in Millions of 1986
Dollars) per Billion Cigarettes Consumed

Using Version 1 for Using Version 2 for

Year Fire Fighter Injuries Fire Fighter Injuries
1986 0.81 + 1.19Q 0.74 + 1.19Q
1987 0.83 + 1.16Q 0.75 + 1.16Q
1988 0.84 + 1.12Q 0.76 + 1.12Q
1989 0.85 + 1.09Q 0.77 + 1.09Q
1990 0.86 + 1.06Q 0.78 + 1.08Q
1991 0.87 + 1.03Q 0.79 + 1.03Q
1992 0.88 + 1.00Q 0.79 + 1.00Q
1993 0.89 + 0.97Q 0.80 + 0.97Q
1994 0.91 + 0.95Q 0.81 + 0.95Q
1995 0.92 + 0.93Q 0.82 + 0.93Q
1996 093 + 091Q 0.82 + 0.91Q

NOTE: Q is the value in millions of dollars per life
saved, which was not to be calculated as part
of this study.

Estimates as Percentage of Baseline
Other Impact Other Impact

Year Death (Version 1) (Version 2)
1986 42 59 58
1987 41 59 57
1988 40 59 57
1989 39 58 57
1990 38 58 57
1991 37 58 56
1992 37 58 56
1993 36 58 56
1994 35 58 56
1995 34 58 56
1996 33 58 56

Injuries Costed by CPSC @ $36,218

includes Unreported Fires Adding 13.6% to
Injuries and 6.5% to Property Damage

Economic Value of Fire Losses (in Millions of 1986
Dollars) per Billion Cigarettes Consumed

Using Version 1 for Using Version 2 for

Year Fire Fighter Injuries Fire Fighter Injuries
1986 0.61 + 0.64Q 0.56 + 0.64Q
1987 063 + 0.63Q 0.57 + 0.63Q
1988 0.66 + 0.62Q 0.58 + 0.62Q
1989 068 + 0.61Q 0.60 + 0.61Q
1990 0.70 + 0.60Q 0.62 + 0.60Q
1991 0.72 + 0.59Q 0.63 + 0.59Q
1992 0.73 + 0.58Q 0.65 + 0.58Q
1993 0.75 + 0.57Q 0.66 + 0.57Q
1994 0.77 + 0.56Q 0.67 + 0.56Q
1995 0.78 + 0.55Q 0.68 + 0.55Q
1996 0.79 + 0.55Q 0.69 + 0.55Q

NOTE: Q is the value in millions of dollars per life
saved, which was not to be calculated as part
of this study.

Estimates as Percentage of Baseline
Other Impact Other Impact

Year Death (Version 1) {Version 2)
1986 22 44 43
1987 22 45 43
1988 22 46 44
1989 22 47 44
1990 22 47 45
1991 21 48 45
1992 21 48 46
1993 21 49 46
1994 21 49 46
1995 20 50 47
1996 20 50 47
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Table 26. Summary of Estimated
Economic Value of Losses in Smoking
Fires per Billion Cigarettes Consumed,
1986-96, Cigarette C202

Injuries Costed by CPSC @ $36,218

Includes Unreported Fires Adding 13.6% to
Injuries and 6.5% to Property Damage

Economic Value of Fire Losses (in Millions of 1986
Dollars) per Billion Cigarettes Consumed

Using Version 1 for Using Version 2 for
Year Fire Fighter Injuries Fire Fighter Injuries
1986 0.65 + 0.74Q 0.59 + 0.74Q
1987 067 + 0.73Q 0.60 + 0.73Q
1988 069 + 0.71Q 0.61 + 0.71Q
1989 071 + 0.69Q 0.63 + 0.69Q
1990 0.72 + 0.67Q 0.64 + 0.67Q
1991 0.74 + 0.65Q 0.65 + 0.65Q
1992 0.75 + 0.64Q 0.67 + 0.64Q
1993 0.77 + 0.62Q 0.68 + 0.62Q
1994 0.78 + 0.61Q 0.69 + 0.61Q
1995 0.79 + 0.59Q 0.70 + 0.59Q
1996 0.81 + 0.58Q 0.71 + 0.58Q

NOTE: Q is the value in millions of dollars per life
saved, which was not to be calculated as part
of this study.

Estimates as Percentage of Baseline
Other Impact Other Impact

Year Death (Version 1) (Version 2)
1986 26 47 45
1987 26 48 46
1988 25 48 46
1989 25 48 46
1990 24 49 47
1991 24 49 47
1992 23 50 47
1993 23 50 47
1994 22 50 48
1995 22 50 48
1996 21 51 48
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Appendix A

General Model for Calculation of Relative Ignition
Propensities of Different Cigarettes

This medel uses actual cigarette fires to weight laboratory
results by item class, where item class is a collection of

products or other materials in a common form that cigarettes

could ignite. These actual fires are taken from a specified
historical period (1980-84, the latest five-year period for
which data are available), and the same period must be

used to estimate other real-world parameters, specifically, the

market share structure of cigarettes and the usage share
structures for the various products comprising each item
class.

The model assumes laboratory test variations that are not
variations in the design of products already have been aver
aged out, The leading example of such a variation is the
location of the cigarette on the item. Because ignition
propensities may vary significantly by location, this dimen-
sion is important enough to be treated explicitly as a refine-
ment of the model, which is feasible if data or estimates are
available on the probability of location, given contact
between cigarette and item. (Note that this is not the same
as the probability of location given ignition.) Laboratory test
results by location are also needed.

Definitions of Terms

* | is a benchmark brand or type of cigarette used for
modeling. The values of i are assumed to represent the
entire cigarette market. Each benchmark brand or type of
cigarette is associated with a class of available cigarette
types and brands with the understanding that the bench-
mark cigarette type i represents all the cigarettes in the
associated class {eg., a particular 100 mm brand might
represent all 100 mm cigarettes). Every available brand
and type is associated with exactly one benchmark type.
Leti = 1, ..., n be the benchmark type selected from
currently available cigarettes. Let i» be any new
experimental type of cigarette, not yet in use, that is to be
modeled.

e Jis a class of items that could be ignited by cigarettes.

The J classes must conform to the class definitions of
Form of Material First Ignited as specified in the 1976

193-850 0 - 87 - 4 QL 3
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edition of the NFPA 901 Standard, Uniform Coding for
Fire Reporting, as these are the classes used in reporting
fires. The values of J may not exhaust all the possible
item classes, but it is assumed that the ignition propensi-
ties of cigarettes with respect to the J classes used are
the ones of interest and may be taken as either represen-
tative of all unrepresented item classes or as capturing all
the fire losses that would be affected by a change in
cigarette design. Let J = 1, .. ., r be the item classes
modeled.

j1 is a particular benchmark version of the items in item
class J. It is a well-defined product suitable for testing. As
with the cigarette types, each benchmark version is
associated with a larger class of versions of the item and
is taken to represent the class (e.g., all velvet-covered,
cotton-filled upholstered furniture might be represented by
a particular piece). Every currently available version of the
item must be associated with exactly one such class. Let
i =1, ..., ki be the k; benchmark version of items in
item class J.

q(i) is a probability distribution giving the market shares of
cigarettes in terms of the market shares for the classes
associated with cigarette typesi = 1, ..., n.

u(js) is a probability distribution giving the percentage
share of items in use (not sales) for all items in item class
J. Thus, u(ky) is the percentage share of all J-type items
in use that fall into the class associated with item version
numbered k;.

R(i.jy) is a ratio that gives the proportion of times that fires
occurred in laboratory tests exposing item version jy to
cigarette type i. As noted, if the tests involve variations
going beyond the variations in i and jj, then these varia-
tions need to be weighted and averaged to produce
R(i,js) values that depend only on i and ji.

prob(a, b, and ¢ | x, y, 2) is a general expression for the
probability that a, b, and ¢ occur, given that x, y, and z
occur. The use of three defining terms before and after is
ilustrative only; there can be as many or as few as are
required. The vertical bar means “given that.”

B, is a scaling factor from the laboratory to the real world,
defined so that By multiplied by R(i.j;) produces prob(igni-
tion | i, j5, contact). The assumption implicit in this is that
B, is a function of item class J but not of cigarette type i
or item version j;. In lay terms, the model assumes that



the specification of a laboratory protocol for exposing
items to cigarettes is done in such a way that no cigarette
type and no item version is made to look better or worse
than it does in real life, relative to every other cigarette
type and item version. The protocol is expected to reflect
differences in item classes because those differences are
so large, but the lesser differences in item version and
cigarette type are assumed to have negligible effect.

Summary of Major Assumptions

As noted above in 1(a), it is assumed that cigarette types
can be grouped into classes such that each class is well
represented by the benchmark cigarette selected for that
class. Similarly, as noted in 1(c), it is assumed that bench-
mark item versions can be selected and assigned to
classes so that each version represents its class and so
that the classes, which are non-overlapping, collectively
cover all versions of the item.

As noted above in 1(b), it is assumed that cigarette igni-
tion propensities overall will be validly estimated by a
model that assesses cigarette ignition propensities relative
to a limited number of item classes.

As noted above in 1{f), it is assumed that a basis exists
for averaging out all laboratory test variations other than
those that are variations in the item version and the ciga-
rette type. Thus far, the only significant variation of this
type identified is the location of the cigarette on the item,
and this is explicitly addressed in the specific applications
of the general model.

As noted above in 1(h), it is assumed that laboratory tests
accurately reproduce the ways cigarettes and items come
into contact so that no cigarette type or item version is
advantaged or disadvantaged in the laboratory. More
precisely, it is assumed that prob(ignition ! i, j5,
contact)/R(i,jy) = B,, a term that is a function of J but not
of i or j;. This is a strong assumption.

It is assumed that prob(ignition | i, js, contact) = qfi)
u(jy). That is, the probability of contact involving a partic-
ular cigarette type i is the same for item version jy as it is
for any other item version jy, and the probability of
contact involving a particular item version j; is the same
for cigarette type i as it is for any other cigarette type T
In lay terms, this is equivalent to saying that carelessness
is equally likely for any combination of cigarette type and
item version. This is a strong assumption.

Trends over time are ignored in this model. That is, the
relative propensities of different cigarette types to ignite
fires are calculated only once and are regarded then as
fixed properties of the cigarette types. In theory, one
could develop estimates linking, i, j5, and J so that projec-
tions of changes in the use of items of class J could be
reflected directly in the weighted ignition propensity terms,
but this additional refinement is considered beyond the
scope of this project and what we now know how to do.
For now, the only terms that are functions of the year
being analyzed are the market and usage shares, q(i)
and u(jy).
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Derivation of the Model

@

@

(h)

prob(ignition | contact) =

r

% prob(ignition and J | contact)
=1
By definitions of terms.
prob(ignition | contact} =

r

3 prob{ignition and | J, contact) prob{J | contact)
j=1
By definitions of terms.
prob(ignition | J, contact) =

n k]

¥ % prob(ignition, i, and j; | J, contact)
i=1 jy=1

By definitions of terms.

prob(ignition | J, contact) =

n k_|
2 Z  prob(ignition | i, j5, J, contact) prob(i and jJ
i=1 jy=1 | J, contact)
By definitions of terms.
n ky
prob(ignition | J, contact) = % = By R(i,j1) qf)
=1 jj =1 U(jj)

By assumptions stated in 2(d) and 2(e).

prob(ignition | J, contact) =

r-n kK

T X Z ByR(y af) uf) probl |
j=1i=1j=1

contact)

By combining 3(b) and 3(e).

prob(ignition | contact) =

j= =1

n r K
2 a I: % Bjprob (J | contact)l £ R(ij5) uli) ]
1 J

ji=1
By rearranging terms in 3(f).

prob(ignition | contact) =

' ;1 q(i) prob(ignition | i, contact)

=

By definitions of terms.



(i) prob(ignition | i, contact) =

r
2

J=1

ks
B; prob(J | contact)[ % R(.j5) u(jj)}
ji=1

By using 3(g) and 3(h) to solve for
prob(ignition | i, contact).

() prob(ignition and J | contact) =

n kj
B; prob(J | contact) | = q(i) [ % R{jn u(jj)]}

i=1 =1

By using 3(f) and 3(a) to sclve for prob(ignition and
J | contact), then rearranging terms.

(k) By =
prob(ignition and J | contact)

n Ky
prob(J | contact) { 3 ql) [z R(iis) u(is) ]
i=1 iy=1

By solving for By in 3().

() prob(ignition | i, contact) =

By combining 3(i) and 3(k), then canceling
prob(J | contact).

(m) Relative propensity of cigarette type i to ignite fires =
prob(ignition | i, contact)/prob(ignition | contact) =

r
2 prob(J | ignition, contact)
J=1
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kj
' 21 R(ii5) uds)

L=

n kj
= mn[,z R&muwﬂ

i=1 jj=1

By dividing through by prob(ignition | contact), then
substituting prob(J | ignition, contact) for prob(ignition
and J | contact)/prob(ignition | contact).

(n) Relative propensity of new cigarette type i» to ignite
fires =

r
2. prob(J | ignition, contact)
J=1
Kj
-2 R(ixj5) u()
ji=1
n Kj
> mnl_ R@mumq
i=1 Jij=1

(0) Laboratory tests on new cigarette type i» against item
versions jy = 1, ..., k; are weighted by the relative
likelihood of each item version, which produces a
weighted sum for the tests of i» against the entire item
class J. This is then compared by ratio to a similar
weighted sum for all currently availabie cigarettes, with
the latter calculated as a weighted sum of laboratory
tests (weighted by the relative likelihood of each item
version) for each commercially available cigarette, each
weighted by that cigarette type’s market share. The
resulting ratio is a measure of new cigarette type ix’'s
relative propensity to ignite the items in item class J.
Each sure ratio is weighted by that item class's historic
share of cigarette fires. Then all weighted ratios are
summed to provide the overall relative propensity to
cause ignitions for cigarette type i~. Note that informa-
tion on i+ is used only in the numerators of the ratios
and that no projections on future market share for the
new cigarette are required or used.

Formatting of Tests and Data

This model format also dictates a format for the display of
laboratory tests and other data. All laboratory test results on
cigarette ignitions must be pooled into ratios of the form
R(i.j5). Usage data on items must be organized into propor-
tions of the form u(jy). And market share information for
cigarettes must be organized into proportions of the form

q(i)-



Sensitivity of Results

This model is at least potentially sensitive to the initial selec-
tion of categories for i, j;, and j, and the selection of bench-
mark cigarettes and item versions within item classes. The
maore variation there is in ignition properties between
different cigarette types or different item versions, the more
desirable it is to have a fine structure of categories, but this
may be prevented by the scarcity of data on relative shares
of usage, let alone the costliness of testing. One is typically
forced to trade off uncertainty in the accuracy of usage
proportions against uncertainty in the assignment of a
benchmark item as having average properties for its ciass.
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At this time, there is not sufficient laboratory test data to
assess these sensitivities quantitatively or to provide guide-
lines on how fine a structure should be used. In the interim,
it is recommended that one use the finest structure possible,
consistent with the limitations of available usage data, and
that sensitivity tests be conducted on different items within
item classes in order to provide a basis for quantifying these
uncertainties in future applications.



Appendix B

Derivation of Ignitability Indexes for Smoking
Material Ignitions of Upholstered Furniture,
1980-84 and 1986-96

The ignitability indexes for upholstered furniture given in
Table 7 were computed so as to be consistent with the
modeling format and categorization decisions used in the
general model of relative ignition propensities of different
cigarette types, as derived in Appendix A. The part of the
model in Appendix A that is relevant to the development of
ignitability indexes for items is given in expression 3()) in
Appendix A, which leads to the following:

(1) prob(ignition | contact, upholstered furniture) =

prob(ignition and upholstered furniture | contact) =
prob(upholstered furniture | contact)

K
By > Rijd us ]

i=1

n
5 q0) {
jr=1

where By is By when J is upholstered furniture;

i =1, ..., nare the n types of cigarettes;

a(i) gives the market share cigarette type i,

i =1, ..., Kk are the k¢ versions of upholstered
furniture;

R(i.js) is the proportion of laboratory tests combining
cigarette type i and upholstered furniture version
i that resulted in ignitions; and

u(js) gives the share of upholstered furniture in use
that is of type ;.

Several assumptions are needed to use this expression as
the basis for an ignitability index. First, since Appendix A
assumed that By, and specifically B, the scaling factor that
links laboratory results to the real world, is constant over
time, it may be dropped from the index. (This means the
index will not directly provide the conditional ignition proba-
bility given contact with upholstered furniture but will give
values proportional to those probabilities.)
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Second, one must accommodate the fact that the avail-
able test data are not sufficient to provide results from a
representative range of cigarettes. Based on tests by the
National Bureau of Standards (NBS), the variation of ignition
propensity among currently available cigarettes may be so
slight that one may safely pool results from all commercially
available cigarettes. [12] In that case, n=1 and qg(1)=1.

Third, in assumption 2(c) of Appendix A, it was noted that
laboratory variations other than cigarette type, item class,
and itern versiorn were assumed to have been averaged out.
In the case of upholstered furniture, the one variation other
than those that needs to be explicitly addressed is the loca-
tion of the cigarette on the upholstered furniture,

The removal of By and variations in cigarette type reduces
expression (1) to the following:

kg
2 Ric.je) uis)
Jr=1

@

where ic refers to the collective commercially available
cigarettes, and other terms are defined as before.

Expansion of expression (2) to explicitly reflect the location
where the cigarette is discarded produces the following:

Lk
@B ¥ = Rlic,js 1) ui) p2
=1 j=1
where 1 = 1, ..., L are the L locations where

discarded is possible;

R(i..Js.l) is the ratio of ignitions to laboratory tests, for all
tests involving commercially available cigarettes, location 1,
and upholstered furniture type js;

p(1) is the probability of location 1, that is, the probability
that a discarded cigarette (not necessarily one leading to a
fire) will land on location 1, with p(1) assumed to be
independent of the version of upholstered furniture, j; and
all other terms are defined as before.

The remainder of the derivation takes advantage of the
results from Appendix C regarding the actual values of r and
L and how they interact:



(a) There are three classes of fabric to be distinguished.
There also are two types of filling material, each of which
may be used independently in each of three locations —
seats, arms, and backs. Thus there are 22 or 8 filling mate-
rial combinations, producing 24 versions of upholstered
furniture.

Expression (3) can therefore be revised to reflect this
structure:

L 3 2 2 2
¥ X N % Rleyzizazad) U(y.z1,22.23) p(l)
1=1 y=1 zi=1 z;=1 z3=1

4)

where R'(ic,y.21.22,23,1) = R(ic jf,1) and U’ {y,21,22,23) =
u(jy), given that jr is the version of upholstered furniture
defined by fabric y, arm filling material z,, back filling
material z;, and seat filling material z;.

(o) There are four locations — flat surface of arm, flat
surface of seat, crevice formed by arm and seat, and
crevice formed by back and seat. However, the two crevices
have the same probability of discard and the same perfor-
mance in the laboratory. This is also true for the two flat
surfaces.

(c) Therefore, for each fabric type, there are essentially five
location/filling material combinations — flat surface with one
or the other filling material (two combinations), crevice with
both sides filled with one or the other filling material (two
combinations), and crevice with one side filled with one
material and the other side filled with the other material.
From this vantage point, there are 15 combinations of fabric,
filling material and location.

Expression (4) can be restated in terms of these 15 combi-
nations if it can be assumed, as seems reasonable, that the
laboratory results for a particular configuration — crevice
versus flat and particular fabric and filling materials at that
location — is independent of the characteristics of the rest of
the upholstered furniture. in that case, one may pool all test
results referring to one of the 15 combinations. This allows
expression (4) to be recast, as follows:

3 5
5y X Z R'yf) u(y.f)
y=1 fl=1
wherey = 1, ..., 3, represent the three fabric types;
fl =1, ..., 5, represent the five location/filling material

combinations;

R“(i.,y,f1) is the ratio of ignitions to tests for all laboratory
tests involving commercially available cigarettes, fabric
type y, and filling material/location combination fl; and
u”(y,f) is the probability of fabric type y and filing mate-
riglffocation combination f1.

The formulas for computing u”(y,f1) are based on combining

the probability of a version of upholstered furniture and the
probability of a location for which that upholstered furniture
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will have indicated filling materials at that location. The
formulas are as follows:

(6) u'(yflat with filling material x) =

prob(arm flat) [u'(y,x1,1)+u'{y,x1,2)+u'(y.x,2,1)+u'(y,x,2,2)] +

prob(seat flat) [u'(y,x,1,1)+u{y,1,.2,)+u'(y,2,1,x)+U'(y,2,2,x)].
(7) u"(ycrevice with filling material x on both sides) =
prob(arm/seat crevice){u'(y,x,1,x)+u’{y,x,2.x)] +
prob(back/seat crevice) [U'(y,1,x,x)+ U (y,2,%,X)].

u"(y,crevice with different filling materials on the two
sides) = prob(arm/seat crevice)

Wy 11,2 +u'(y,21,1)+U'(y,1,2,2)+U'(y,.2.2,1)] +
prob(back/seat crevice)

[U(y,1,1.2)+U(y, 1.2, 0)+U(y,2,1,2)+ U (y, 2,2 1)].

8)

Careful examination will show that each u(y.z1,22,z3) value is
weighted once and only once by each of the four location
probabilities. The estimation of these four location probabili-
ties is based on a small probabilistic model. Let the key
terms be defined as follows:
Qi, Q; — The probabilities that, given a cigarette is
discarded on a piece of upholstered furniture,
it comes to rest on a flat surface (Qy) or a
crevice (Qg), respectively;

the probabilities that, given that a cigarette has
been discarded at location 1 (flat surface) or
location 2 (crevice), a fire will result;

di, Q2

the probabilities that, given fire due to a
discarded cigarette on upholstered furniture, it
will occur at location 1 or 2;

P1, P2

the probabilities that fire will occur and it will
be at location 1 or 2, respectively, given that a
cigarette has been discarded on upholstered
furniture;

r, r.. —

the probability that a fire will occur, given
discard of a cigarette on upholstered furniture;
and

w

a term defined as (q1/a2).
Then g; = /@y and g2 = r/Q,, by definition.
And r; = xpr and ry = Xp,, again by definition.
So Q; = xp/gr and Qz = xpy/g2 = xpP2wW/a:.
Then Q+Q; = 1, so (xpl+xpw)lg; = 1.

So xi/gr = 1/(p1+p2w).

And finally Q; =

p(pi+paw) and Q2 = Paw(p1+P2w).



