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16. Abstract 

This report suggests methods which may be used t o  extrapolate d a t a  
on f i r e  incidents from a few states t o  the nation. Caution is  needed 
when attempting such extrapolations and attempts to obtain external 
validation are i n  order. 

To i 1 lustrate the methodology, the report uses f i r e  department 
data from the State of Michigan t o  develop a predictive model relating 
f i r e  d a t a  t o  several census variables. The resulting model can be com- 
bined w i t h  census data t o  obtain projected f i r e  rates for additional 

- areas or for the U.S. Insurance claim records are used in an attempt 
t o  val idate the model. 

Detailed f i r e  deparhent data for the State of Michigan and con- 
ceptual problems with f i r e  department reporting systems are summarized. 
These include non-reporting of some fires and some f i r e  injuries,  lack 
of detail , and data qua1 i t y .  Supplemental sampl i n g  i s  recommended t o  
validate and t o  supplement the f i r e  department data. Three national 
sampl i n g  plans are suggested as poss' b l  e approaches t o  obtaining more 
timely, and  detailed national data. - 
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EXECUTIVE SUMMARY 

National data on f i r e s  in the United States have been incom- 
plete. This has hampered effor ts  t o  develop programs in f i r e  
prevention, since the total magnitude of the problem has been 
unknown and data on the relative importance of causes of f i r e s  
have been lacking. The Federal Fire Prevention and Control 
Administration's Fire Data Center was organized t o  develop the 
data needed to accurately assess the magnitude of the problem, 
assign pr ior i t ies ,  and develop and implement effective counter- 
measures to reduce the property loss, injur ies ,  and deaths caused 
by f i res .  

The National Fire Incident Reporting System (NFIRS) was developed 
t o  supply the needed data. This system works in cooperation with 
s tates .  Each s ta te  collects and computerizes the data of f i r e  depart- 
ment records within that  s ta te .  These s ta te  data are then assembled 
in Washington and used t o  obtain a national picture of the f i r e  pro- 
blem. 

The NFIRS, however, i s  s t i l l  in the development stage. I t  i s  
being implemented in phases, with groups of  s ta tes  being added each 
year. As a resul t ,  o n l y  a few states  are currently supplying data t o  
the NFIRS. Yet there i s  a current need for these data t o  assess the 
magnitude of the f i r e  problem. This report deals with the problem 
of extrapolating data from a few states  and local i t ies  t o  a national 
total .  The data from Michigan are used t o  exemplify the methods sug- 
gested. However, i t  i s  expected that the models would differ  some- 
what i f  the total data set  available t o  the NFPCA were used. 



Modeling the National Fire Rate 

Several methods of using the data from the U.S. census to  aid i n  

the extrapolation of f i r e  rates t o  the U.S. as a whole were investi- 
gated. Previous work had suggested that data based on census t rac ts  
would be useful, b u t  practical problems prevented this  geographical 
detail of data from being used with statewide data se ts .  Instead, 
data were aggregated by counties. The differences i n  f i r e  rates 
( f i r e s  per thousand persons or f i res  per thousand dwelling units) by 

county were modeled using county data from the U.S. census. The re- 
sult ing model can be used with census data t o  predict a f i r e  rate-- 
and hence a total  number of f i res--for  counties outside the s ta tes  
with centralized uniform f i r e  data. 

Factor analysis was attempted to  combine the county socio- 
economic and demographic variables into "factors" which might be more 
useful in predicting f i r e  rates than the original variables. However, 
although five major factors were identified from the twenty-four 
candidate variables, these factors were no more successful in pre- 
dicting f i r e  rates than the variables themselves, so were not used. 

Similarly, weighted least  squares was used t o  determine i f  better 
predictions could be obtained than with ordinary least  squares. 
Again, the result  was n o t  an improvement over ordinary least  squares, 
so the l a t t e r  was used. 

The best model for predicting f i r e  rate explained 53.4% of the 
variation of the f i r e  rates among the counties i n  Michigan. Further, 
in the aggregate, i t  gave a f i r e  rate within 6% of that  calculated 
from the total  number of f i r e s .  The final model was 

F/C  = -7.3824 + 1.445X1 = 0.4X2 + 115.5X3 + 0.0216X4, for 
low-densi ty counties, 

F/C = 3.165 + 1 .076X1 = 0.588X2 + 56.16X3 + 0.548Xp, for 
high-density counties. 



I n  t he  model, F/C stands f o r  f i r e s  per  thousand persons, XI i s  t h e  

percent  o f  t h e  popu la t i on  over  65, X2 i s  t h e  percen t  o f  f a m i l i e s  w i t h  

annual income o f  l e s s  than $3000, X 3  i s  t h e  percent  o f  t he  popu la t i on  

which a re  A i d  t o  Dependent Ch i l d ren  Rec ip ien ts ,  and X 4  i s  t he  percen t  

o f  housing u n i t  changes d u r i n g  t h e  decade from 1960 t o  1970. Th i s  

model gave an es t imated  f i r e  r a t e  o f  7.83 per  thousand persons f o r  

t he  S ta te  o f  Michigan, compared w i t h  a  r a t e  o f  7.40 c a l c u l a t e d  f rom 

the  t o t a l  number o f  f i r e s  r epo r t ed  t o  t h e  S ta te  F i r e  Marsha l ' s  O f f i c e .  

The model p r e d i c t s  a  f i r e  r a t e  o f  7.96 f o r  t h e  S ta te  o f  Ohio, which 

cou ld  be compared w i t h  t he  f i r e  r a t e  de r i ved  from the  NFIRS data.  

The data f rom t h e  f i r e  department r e p o r t s  f rom the  S ta te  o f  

Michigan were summarized. Among t h e  h i g h l i g h t s  noted were t h e  

f o l  lowing.  Res iden t i a l  f i r e s  amounted t o  s l  i g h t l y  over  one- four th  o f  

t h e  f i r e s  r epo r t ed  by f i r e  departments. However, r e s i d e n t i a l  f i r e s  

r e s u l t e d  i n  over  h a l f  o f  a11 f i r e  i n j u r i e s  and n e a r l y  t h ree - f ou r t hs  

o f  f i r e  f a t a l  i t i e s .  Among r e s i d e n t i a l  f i r e s ,  the  l ead ing  causes were: 

hea t i ng  (16% of  t he  f i r e s ) ,  cook ing (12%), flammable l i q u i d s  (11%),  

and smoking (10%). However, among the  r e s i d e n t i a l  f i r e s  r e s u l t i n g  i n  

i n j u r i e s  o r  f a t a l i t i e s ,  t h e  l ead ing  causes were: smoking (21% o f  t he  

f i r e s )  , cooking (15X), hea t i ng  (14%), and flammable 1  i q u i d s  ( 8%) .  

Among a11 f i r e s  t h e  l ead ing  causes were somewhat d i f f e r e n t :  Open 

flames (17%) was t h e  most f requen t  cause, f o l l owed  by smoking (7 .2 : : ) ,  
hea t i ng  (6.6%), and o t h e r  equipment (6.4%). 

Several conceptual  problems as we1 1  as a number o f  p r a c t i c a l  

problems were i d e n t i f i e d  i n  t h e  f i r e  department data system. C e r t a i n  

types of f i r e s  a re  n o t  covered i n  f i r e  department r epo r t s .  I n  

a d d i t i o n ,  some i n j u r i e s  may occur  i n  f i r e  i n c i d e n t s  which a re  n o t  

r epo r t ed  t o  f i r e  departments. The problem o f  d e f i n i n g  coverage sug- 

gests t h a t  a  c a r e f u l  d e f i n i t i o n  o f  what c o n s t i t u t e s  a  " f i r e  i n c i d e n t "  

i s  needed. Probably some s e v e r i t y  t h resho ld  w i l l  be needed t o  ensure 

t h a t  a l l  such i n c i d e n t s  a re  c o n s i s t e n t l y  present  i n  t h e  data se t .  

S i m i l a r l y ,  d e f i n i t i o n  o f  t h e  s e v e r i t y  o r  d e t a i l e d  i n f o rma t i on  on t he  

i n j u r y  i s  needed. Otherwise, t h e r e  i s  the  r i s k  o f  record ing  t h e  



consequences of, say, a severe burn,  as t he  consequences o f  a " f i r e  

i n j u r y "  w h i l e  e s t i m a t i n g  t h e  number of such i n j u r i e s  based on t h e  

t o t a l  number o f  a1 1 i n j u r i e s ,  however minor.  

Several reasons l e d  t o  t h e  recommendation t h a t  t h e  NFIRS be 

augmented w i t h  a p a r a l l e l  and/or supplemental sampl ing system. Th i s  

recommended n a t i o n a l  sample o f  f i r e  i n c i d e n t s  would serve t h r e e  pu r -  

poses: I t  would p rov i de  accura te  data e a r l i e r  than NFIRS, i t  would 

p rov i de  a means of check ing t he  completeness and v a l i d i t y  o f  t h e  

NFIRS data, and i t  would p rov i de  f o r  t h e  c o l l e c t i o n  o f  d e t a i l e d  da ta  

r e l e v a n t  t o  c u r r e n t  spec ia l  t o p i c s ,  which would be i m p r a c t i c a l  w i t h  

t he  e n t i r e  NFIRS. 

Three d i  f f e r e n t  sarnpl i ng approaches have been suggested. The 

f i r s t  i s  t h e  l e a s t  expensive and would p rov i de  t h e  l e a s t  a d d i t i o n a l  

i n f o rma t i on .  I t  c o n s i s t s  o f  s e l e c t i n g  a sample o f  f i r e  departments 

i n  t h e  U.S. and a r rang ing  f o r  those f i r e  departments t o  supp ly  da ta  

on a l l  i n c i d e n t s  on a s tandard form t o  t he  NFPCA. These data would 

be c o l l e c t e d  and repo r t ed  by e x i s t i n g  f i r e  department personnel ,  and 

supported by supplemental funds f rom t h e  NFPCA. The second approach 

would u t i l i z e  persons o t h e r  than f i r e  department personnel  t o  c o l l e c t  

and code t he  data f rom t h e  sampled f i r e  departments. The t h i r d  

approach would use reg iona l  l y  l o c a t e d  spec ia l  i n v e s t i g a t i o n  teams who 

would conduct in -dep th  i n v e s t i g a t i o n s  o f  a sample o f  f i r e s  i n  t h e i r  

r espec t i ve  areas. The t h i r d  approach i s  t h e  most c o s t l y ,  b u t  would 

p rov i de  d e t a i l e d  accurate  and un i f o rm  da ta  on f i r e s  and f i r e  v i c t i m s  

through a spec ia l  l y  t r a i n e d  i n v e s t i g a t i o n  team. These d e t a i l e d  data 

would be f rom a p r o b a b i l i t y  sample of f i r e s  i n  t h e  U.S. A s e l e c t i o n  

among t he  t h r e e  types would depend on t h e  d e t a i l  o f  data  des i r ed  and 

t h e  resources t o  be committed t o  t he  sample e f f o r t .  



1.0 INTRODUCTION 

Our knowledge o f  t h e  problem o f  f i r e s  i n  the  Un i ted  States i s  

sub jec t  t o  cons iderab le  unce r t a i n t y .  There i s ,  however, general  

agreement t h a t  t he re  a re  many p reven tab le  f i r e s  and t h a t  t h e  annual 

t o l l  o f  p rope r t y  loss ,  personal  i n j u r i e s ,  and deaths caused by f i r e s  

cou ld  be reduced. I n  o rde r  t o  determine where t o  a l l o c a t e  e f f o r t s  

t o  reduce f i r e s ,  and t o  determine t h e  e x t e n t  o f  p o t e n t i a l  f i r e  r e -  

duc t i on  as w e l l  as reduc t ions  a c t u a l l y  achieved, i t  i s  necessary t o  

have v a l i d  and r e l i a b l e  i n f o rma t i on  about t h e  f i r e s  which occur  i n  

t he  U.S. To o b t a i n  t he  i n f o rma t i on  needed f o r  de te rmin ing  t h e  s i z e  

and scope o f  the  problem, as we71 as f o r  suggest ing countermeasures, 

the  Na t iona l  F i r e  Prevent ion and Contro l  Adm in i s t r a t i on  (NFPCA) has 

begun imp1 ementat ion o f  a  Na t iona l  F i  r e  I n c i d e n t  Repor t ing System 

(NFIRS) which c o l l e c t s  data f rom f i r e  departments i n  each s t a t e  a t  a  

c e n t r a l  l o c a t i o n .  These s t a t e  data a re  then combined by t h e  NFPCA 

t o  es t imate  n a t i o n a l  s t a t i s t i c s .  

Since t he  N F I R S  data a re  a v a i l a b l e  f rom o n l y  a  few of  t h e  f i r s t  

s t a t e s  p a r t i c i p a t i n g  i n  t h e  NFIRS, complete and d e t a i l e d  data dea l i ng  

w i t h  the  f i r e  problem i n  t he  U.S. i s  now l i m i t e d .  Th is  r e p o r t  

addresses t he  problem o f  methods which can be used w i t h  data from a 

l i m i t e d  number of s t a t e s  t o  a r r i v e  a t  t h e  bes t  a v a i l a b l e  est imates o f  

f i r e s  and t h e i r  ConseqUenCSS t o  b e t t e r  understand t h e  f i r e  ornhlem, 

U.S. census data a re  used i n  Sect ion 2.0 t o  develop nodels  f o r  

e x t r a p o l a t i n g  data f rom t h e  few s t a t e s  t o  t he  NFIRS t o  t h e  U.S.  

These methods a re  i 1  l u s t r a t e d  by develop ing a p r e d i c t i o n  model based 

on f i r e  data from t h e  S ta te  of Michigan. F i r e  insurance c l a im  data 

from the  S ta te  Farin F i r e  and Casual ty Company a re  used t o  ob ta i n  a  

s i m i l a r  model, and the  two a re  compared. An at tempt  a t  c ross -  

v a l i d a t i o n  i s  made, which suggests t h a t  f i r e  department data may n o t  

i n c l ude  a l l  i n c i d e n t s  which come t o  t h e  a t t e n t i o n  o f  insurance companies. 



Section 3.0 analyzes f i r e  data from the State of Michigan in 
some detai l .  Fire incidents are related t o  the various types of 
affected property, causes of  f i r e ,  and injuries produced. 

In Section 4 . 0 ,  conceptual prcblems using a f i r e  data system 
based on f i r e  department reporting are considered. Some of the 
practical problems in obtaining reliable data from such a system are 
discussed, with particular emphasis on our experience with the data 
from the State of Michigan, with some non-coverage in terms of 
certain types of f i r e s  and f i r e  injuries identified. The need for  
careful definition and documentation of f i r e  s ize,  f i r e  severity, 
and resultant injuries i s  noted. 

Section 5.0 suggests that a national sample of f i r e  department 
data be collected t o  parallel the NFIRS. There are three basic needs 
for this  sample. These are to provide: ( 1 )  better estimates before 

the NFIRS i s  fully operational, ( 2 )  a validation check on the NFIRS 
af te r  i t  fs operational, and ( 3 )  the ooportunity for data collection 
with data in greater detail than i s  feasible with the NFIRS. Three 
types and levels of sampling ef for t  are discussed. The selection of 
a preferred system depends on the resources to be committed to the 
sampling effor t  as well as the degree of detail desired in the basic 

data. 



2. METHODS FOR EXTRAPOLATING FIRE INCIDENT 9ATA 

2.0 Data Used 

Three da ta  se ts  were used i n  d e s c r i b i n g  and ill u s t r a t i n g  t h e  methods 

o f  a n a l y s i s  suggested t o  improve t he  n a t i o n a l  es t imates  o f  f i r e  i n c i d e n t s  

and t h e i r  consequences. The da ta  on 24 demographic v a r i a b l e s  c o l l e c t e d  by 

t he  U.S.  Census and t abu la ted  by coun t i es  f o r  t h e  Un i t ed  S ta tes  were used 

as p r e d i c t o r  v a r i a b l e s .  

Data c o l l e c t e d  by t he  S t a t e  o f  Mich igan F i r e  M a r s h a l l ' s  o f f i c e  through 

t he  Mich igan F i r e  I n c i d e n t  Repor t ing  System (MFIRS) p rov ided  t h e  n a i n  data 

on f i r e  i n c i d e n t s  i n  t he  S t a t e  o f  Mich igan.  

Data on f i r e  insurance c la ims  f o r  each county i n  Michigan were p rov i ded  

t o  HSRI through t h e  cour tsey  o f  S t a t e  Farm Insurance Company. Two dependent 

v a r i a b l e s  were a l s o  used w i t h  t h e  S t a t e  Farm data.  These were t h e  commercial 

f i r e  r a t e  and t h e  r e s i d e n t i a l  f i r e  r a t e .  S ta te  Farm Insurance Company 

p rov ided  a  r eco rd  o f  t h e  t o t a l  number o f  f i r e  c la ims ,  t h e  t o t a l  i n c u r r e d  

l o s s  f rom these f i r e  c la ims  ( f o r  S t a t e  Farm on l y ,  o f  course) ,  t h e  number 

o f  p o l i c i e s  i n  f o r ce ,  and t h e  t o t a l  insurance 1  i a b i l  i t y  f o r  each county .  

These data were separated i n t o  home (personal  ) and commercial ca tego r i es .  

The r e s i d e n t i a l  f i r e  r a t e  i s  de f i ned  as t h e  number o f  f i r e  c la ims  per  1000 

personal  p o l i c i e s  i n  f o r ce ,  and t he  commercial f i r e  r a t e  as t he  number o f  

f i r e  c la ims  per  1000 commercial p o l i c i e s  i n  f o r c e .  The f i n a n c i a l  l o s s  

from these f i r e  i n c i d e n t s  was n o t  analyzed. 

2 .1  D i r e c t  Popu la t i on  Expansion 

The s imp les t  method o f  e x t r a p o l a t i n g  frm a  subset o f  t he  U . S .  

t o  a  n a t i o n a l  t o t a l  i s  t o  m u i t i p i y  the  t o t a l  f rom the  subset by t he  

r a t i o  o f  t he  U.S .  popu la t i on  t o  t h e  7opu la t i on  o f  t h e  subset.  Th is  

expans ion  i s  dpg rcp r i a t e  'or expanding t o t a l s  t o  che J.S. i: a s s x e s  



that the subset i s  similar in a l l  regards t o  the U.S. population. 
I n  terms of rates--such as f i r e s  per capita--the expansion method 
merely means that the U.S. i s  assumed to have the same rate as the 
subset. No expansion i s  necessary. Thus, t o  estimate the total  num- 
ber of f i r e  incidents in the U.S. for 1975, one m i g h t  take the total  
for the State of Michigan, 74,970, and multiply by 23.23 (the U.S.  

population divided by the Michigan population) to get an estimate for 
the U.S. of 1,741,553. To similarly estimate a national f i r e  rate ,  
say per 1000 persons, the estimate would be simply to  take the 
Michigan rate ,  7.4/1000, as the estimate of the national f i r e  rate .  

The simple expansion method has the advantage of simp1 i ci t y  , 
and i s  reasonably informative in some instances, for example, in pro- 

jecting the total  number of f i r e  f a t a l i t i e s .  I n  that case, direct 

expansion gives an estimate of 7,225 f a t a l i t i e s  national ly ( fo r  1972) 
compared with 7320 estimated from the vital  s t a t i s t i c s  using death 

cer t i f ica tes .  However, i f  the subset of the U.S. i s  of a special 
nature, direct expansion can lead t o  substantial errors.  If  there 

i s  doubt whether the subset can be expanded to give valid national 
estimates, then caution i s  in order and some other method may be 

preferable. 

2 . 2  Use o f  Census Data in Modeling 

I f  the subset for which data are available differs  substantially 
from a random sample of the U.S. ,  then some attempt t o  correct for  the 

differences before extrapolating national estimates from such a sub- 
se t .  The most direct method of correcting for such differences i s  t o  
base the correction on national census data and the relationship of 
the census var'ables i n  the subset t o  the national experience. 

The general approach t o  be used i s  t o  determine a model which 
re1 ates the dependent vari abi e of  in terest  , f i r e s  per' capita,  say, t o  

census variables o f  5 demographic ncture. i f  such a model can be found 

~ h i c n  f i t s  the data well, then the census data available for the ent i re  
U . S .  may be used together with t h 2  nodel t o  project a national estimate. 



The assumpt ions u n d e r l y i n g  t h i s  approach, w h i l e  s t i l l  i m p o r t a n t ,  a r e  

l e s s  r e s t r i c t i v e  t h a n  assuming t h a t  t h e  U.S. i s  j u s t  l i k e  t h e  subset ,  

o n l y  l a r g e r .  The b a s i c  assumpt ion h e r e  i s  t h a t  t h e  r e l a t i o n s h i p  o f  

t h e  phenomenon t o  t h e  census v a r i a b l e s  i s  c o n s i s t e n t  t h r o u g h o u t  t h e  U  ,S., 

so t h a t  t h i s  r e l a t i o n s h i p  can be used t o  p r o v i d e  improved n a t i o n a l  e s t i -  

mates. 

2.2.1 V a r i a b l e  S e l e c t i o n  

Two t ypes  o f  v a r i a b l e s  must be cons ide red  i n  v a r i a b l e  s e l e c t i o n :  

Dependent and independent  v a r i a b l e s .  The dependent v a r i a b l e  i s  t h e  

v a r i a b l e  wh ich  i s  b e i n g  p r e d i c t e d .  The o b j e c t i v e s  t o  be ach ieved  i n  

terms o f  d e s i r e d  e s t i m a t e s  must be c a r e f u l l y  d e f i n e d .  I n  t h i s  s tudy ,  

two d i f f e r e n t  dependent v a r i a b l e s  were cons ide red  u s i n g  f i r e  da ta  

f r o m  t h e  S t a t e  o f  Mich igan.  These were t h e  number o f  f i r e s  o c c u r r i n g  

p e r  1000 persons,  and t h e  number o f  f i r e s  o c c u r r i n g  p e r  1000 hous ing  

u n i t s .  The fo rmer  expresses a  f i r e  r a t e  on a  p e r  c a p i t a  b a s i s ,  w h i l e  

t h e  l a t t e r  expresses a  f i r e  r a t e  on a  p e r  househo ld  b a s i s .  F i r e  

r a t e s  r a t h e r  than  f r e q u e n c i e s  were chosen as t h e  dependent v a r i a b l e s ,  

because f requenc ies  wou ld  be l a r g e l y  p r e d i c t e d  b y  p o p u l a t i o n  s i z e .  

The e f f e c t  of p o p u l a t i o n  s i z e  m i g h t  swamp any o t h e r  p r e d i c t i o n  a t tempts  

if f requenc ies  r a t h e r  than  r a t e s  were used as t h e  dependent v a r i a b l e .  

Independent v a r i a b l e s  a r e  those  used i n  making t h e  p r e d i c t i o n .  

T y p i c a l l y  t hese  w i l l  be socioeconomic o r  demographic v a r i a b l e s  usua l  1y 

based on census data .  The independent,  o r  p r e d i c t o r ,  v a r i a b l e s  a r e  

assumed t o  have some a s s o c i a t i o n  w i t h  t h e  dependent v a r i a b l e  wh ich  can 

be used t o  improve t h e  e s t i m a t e s  o f  t h e  dependent v a r i a b l e .  

Twenty- four  socioeconomic and demographic v a r i a b l e s  were chosen 

as c a n d i d a t e  independent  v a r i a b l e s  t o  p r e d i c t  t h e  f i r e  r a t e .  The 24 

v a r i a b l e s  a r e  l i s t e d  i n  Tab le  2-1 and a r e  more f u l l y  d i s p l a y e d  i n  t h e  

1972 County and C i t y  Data Book p u b l i s h e d  i n  t h e  U.S. Census.* Tab le  

2-1 a l s o  g i v e s  t h e  p r e d i c t i v e  power ( R ~ ,  o r  p r o p o r t i o n  o f  v a r i a t i o n  

e x ~ l a i n e d )  o f  each o f  t h e  i n d i v i d u a l  v a r i a b l e s .  

*Bureau :i t h e  Census. County and City Data Book 1972 ( A  s t a t i s t i c a l  
a b s t r a c t  supplement) .  U .S .  Government P r i n t i n g  O f f i c e ,  Washington, 
D . C .  1973 ,  



Table 2-1. PREDICTIVE P O Y i R  ( R ~ )  OF CENSUS VARIABLES 

Insurance 3ata (Highly 
insured counties only) Fire Marshal 1 Report 

M=43 Y=83 
.? f i r e s /  fires11000 

Variable Residential Comercial 1000 persons housing uni ts  

% units  b u i l t  
p r ior  t o  1950 

% units  change 
1960-1970 

Z older  than 6 5  
7: under 18 

Z in social sec. 

% in aid t o  old 

Z on ADC 

Median Income 

'5 family income 
l e s s  than $3090 

!L family income 
9 3000-55000 

% persons in 
low income 

'L female, as head 
of household 

'L unemployed 

Black population 

?h change in black 
population 

Population density 

Total housing uni ts  

Net population 
migration 

% unit owner 
occupant 

owner occup. 
vacant 

'A rent  uni t  
vacant 

S unit w i t h  1.31 
or  more perscns/ 
room 
2 of fami1y i n  
low income 

"h l ess  than 5 
years educa t i on  



A method o f  f a c t o r  a n a l y s i s  was used t o  reduce t he  number o f  i n -  

dependent v a r i a b l e s  f rom 24 t o  a  sma l l e r  and more manageable number. 

Fac to r  a n a l y s i s  a l s o  reduces t h e  d i f f i c u l t y  i n  model ing caused by 

in ter -dependenc ies among t he  candidate v a r i a b l e s .  Th is  approach re -  

s u l t e d  i n  t h e  s e l e c t i o n  of f i v e  f ac to r s  f e l t  t o  adequately represen t  

t he  24 o r i g i n a l  exp lana to ry  va r i ab l es .  Each of  these f i v e  r e s u l t a n t  

f a c t o r s  i s  b a s i c a l l y  a  p a r t i c u l a r  l i n e a r  combinat ion o f  t he  o r i g i n a l  

24 va r i ab l es ,  w i t h  t h e  spec ia l  f e a t u r e  t h a t  t he  f ac to r s  a re  m u t u a l l y  

independent. When p o s s i b l e  an a t tempt  i s  made t o  i d e n t i f y  t h e  f a c t o r s  

w i t h  some meaningful  i n t e r p r e t a t i o n .  

I n  t he  p resen t  case, t h e  f i r s t  f a c t o r  may be i d e n t i f i e d  w i t h  

economic va r i ab l es ,  h e a v i l y  in f luenced  by  such v a r i a b l e s  as percen t  

o f  low-income f a m i l i e s ,  pe rcen t  o f  vacant housing u n i t s ,  pe rcen t  o f  

persons o l d e r  than 65, and percen t  o f  persons r e c e i v i n g  s o c i a l  

s e c u r i t y  payments. The second f a c t o r  may be c a l l e d  s t a b i l i t y .  I t  

c o n s i s t s  o f  p r i m a r i l y  o f  t h e  n e t  popu la t i on  m i g r a t i o n  f rom 1960 t o  

1970, t h e  housing u n i t  changes from 1960 t o  1970, and t he  percen t  o f  

hous ing u n i t s  b u i l t  p r i o r  t o  1950. The t h i r d  f a c t o r ,  c a l l e d  popu la t i on  

dens i t y ,  i n c l udes  t h e  number of persons per  square m i l e ,  t h e  t o t a l  

number o f  housing u n i t s ,  and t he  number o f  A i d  t o  Dependent Ch i l d ren  

r e c i p i e n t s .  The f o u r t h  f ac to r ,  crowdedness, p r i m a r i  l y  c o n s i s t s  o f  

t he  percen t  o f  hous ing u n i t s  w i t h  an occupancy o f  more than 1.01 per-  

sons per  room. The f i f t h  f a c t o r  had no i d e n t i f i a b l e  p r imary  cha rac te r -  

i s t i c .  Table 2-2 g ives  t h e  f a c t o r  load ings  o f  t he  f i v e  main f a c t o r s .  

The resca led  load ings  a re  the  c o e f f i c i e n t s  of each v a r i a b l e  i n  t h e  

l i n e a r  combinat ion o f  the  24 va r i ab l es  t h a t  comprise each f a c t o r .  

These f i v e  f ac to r s  were t h e  o n l y  ones w i t h  e igenvalues g rea te r  than, 

o r  equal t o ,  u n i t y  ( f a c t o r  f i v e  had an e igenvalue o f  o n l y  0 .96) .  Taken 

t oge the r  they  account f o r  7Z0L o f  t h e  v a r i a b i l i t y  among t he  24  inde-  

pendent va r i ab l es .  
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These f i v e  factors--economic,  s t a b i  1  i t y ,  dens i t y ,  crowdedness, 

and others--were considered i n  va r ious  combinat ions as candidate 

exp lana to ry  va r i ab l es .  The o r i g i n a l  24 va r i ab l es  were a l s o  cons idered 

s i n g l y  and i n  var ious combinat ions i n  s e l e c t i n g  a p r e d i c t i o n  model. 

These r e s u l t i n g  models a re  descr ibed i n  Sect ion 2.4. A1 though the  

o r i g i n a l  s e t  o f  24 independent va r i ab l es  was reduced t o  f i v e  f a c t o r s ,  

which exp la ined  722 o f  t h e  v a r i a b i l i t y  among t h e  independent v a r i -  

ables,  and which cou ld  even be g iven i n t e r p r e t a t i o n s ,  i t  tu rned  o u t  

t h a t  combinat ions o f  t h e  o r i g i n a l  va r i ab l es  p rov ided  models w i t h  no 

b e t t e r  p r e d i c t i v e  power than t he  models based on the  de r i ved  f a c t o r s .  

Thus, t he  de te rmina t ion  of t h e  fac to rs  was n o t  found t o  be use fu l  i n  

improv ing p r e d i c t i o n .  

S ize o f  Repor t ing U n i t  

Previous s tud ies  have used regress ion  techniques t o  model f i  ye 

r a t e s  w i t h i n  c i t i e s ,  based on census t r a c t  i n fo rmat ion .  Reasonably 

good p r e d i c t i v e  models based on census t r a c t s  were found, b u t  

a t tempts  t o  use c i t i e s  as r e p o r t i n g  u n i t s  t o  model d i f f e r e n c e s  i n  f i r e  

r a t e s  among c i t i e s  were n o t  success fu l .  Resul ts  suggested t h a t  census 

va r i ab l es  cou ld  be used t o  p r e d i c t  f i r e  r a t e s  based on census t r a c t s ,  

bu t  t h a t  t he  same va r i ab l es  d i d  n o t  work we11 i f  used on l a r g e r  

un i t s - - i . e . ,  c i t i e s .  

Un fo r t una te l y ,  a  census t r a c t  i s  n o t  a  comon geographic con- 

cept.  Indeed, f o r  most s ta tes ,  census t r a c t s  a re  de f i ned  o n l y  f o r  

urban areas, so some o t h e r  u n i t  o r  a d d i t i o n a l  u n i t s  must o f  necess i t y  

be used i n  o rde r  t o  i n c l u d e  non-urban areas. I n  a d d i t i o n ,  a1 though 

census t r a c t  was a v a r i a b l e  on t he  Michigan F i r e  I n c i d e n t  Report 

Form, t h a t  in fo rmat ion  was c o n s i s t e n t l y  miss ing.  Thus i t  was n o t  

poss ib l e  t o  use census t r a c t s  as the  u n i t  o f  r e p o r t i n g  w i t h  Michigan 

data,  and i t  seems u n l i k e l y  t h a t  census t r a c t  data can be used f o r  

any s ta tew ide  data.  I t  should be poss ib l e  t o  use census t r a c t s  as 

the r q o r t i n g  u n i t s  i f  a t t e n t i o n  i s  r e s t r i c t e d  to urban areas i n  the 



sense t h a t  those areas a re  d i v i d e d  i n t o  census t r a c t s .  However, 

t h e r e  w i l l  s t i l l  be p r a c t i c a l  d i f f i c u l t i e s  i n  o b t a i n i n g  t h e  da ta  f o r  

each census t r a c t  f rom f i r e  department r epo r t s .  Thus, except f o r  

spec ia l  urban s tud ies  such as U F I R S  c i t i e s ,  i t  seems t h a t  p r a c t i c a l  

d i f f i c u l t i e s  prec lude t he  use o f  census t r a c t s  as t h e  r e p o r t i n g  u n i t s  

a t  the  present  t ime. The same conc lus ion  ho lds f o r  sma l l e r  u n i t s ,  

such as b locks.  They may be use fu l  concepts i n  urban areas w i t h  

excep t iona l  data c a p a b i l i t i e s ,  b u t  do n o t  appear t o  be use fu l  i n  the  

near f u t u r e  f o r  l a rge -sca le  data.  

i n f o rma t i on  was r e a d i l y  a v a i l a b l e  by county f o r  t he  S t a t e  o f  

Michigan, both f rom the  S ta te  Farm Insurance data and from the  

Michigan F i r e  Inc idence Reports. I n  a d d i t i o n ,  census data f o r  

coun t ies  a re  r e a d i l y  ob ta i nab le .  Thus, the  county  was u t i l i z e d  as 

t he  r e p o r t i n g  u n i t  f o r  t he  p r e d i c t i v e  models based on t h e  Michigan 

f i r e  data. The optimum r e p o r t i n g  u n i t  has s t i l l  n o t  be reso lved.  

However, use o f  coun t ies  as the  r e p o r t i n g  u n i t s  has severa l  p r a c t i c a l  

advantages: I t  reduces t h e  amount o f  e f f o r t  needed i n  t h e  a n a l y s i s  

and p r e d i c t i o n  ( t h e r e  a re  about 3000 coun t ies  i n  t h e  e n t i r e  U . S . ) .  

Census data a re  a l s o  r e a d i l y  a v a i l a b l e  by county .  Genera l ly ,  f i r e  

data can e a s i l y  and r e l i a b l y  be ob ta ined  by county.  F i n a l l y ,  i t  

was found t h a t  w i t h  t h e  Mich igan data, p r e d i c t i o n  based on coun t ies  

u t i l i z i n g  o r d i n a r y  l e a s t  squares worked as w e l l  as p r e d i c t i o n  us i ng  

weighted l e a s t  squares. Th is  prov ides some i n d i c a t i o n  t h a t  

assumptions f o r  t h e  l e a s t  squares models a re  n o t  s e r i o u s l y  v i o l a t e d  

when us ing  coun t ies  as the  r e p o r t i n g  u n i t s .  

2 . 2 . 3  Weighted Least  Squares 

I t  i s  shown i n  Appendix I t h a t  i f ,  f o r  example, census t r a c t  i s  

t h e  app rop r i a t e  s i z e  o f  the  r e p o r t i n g  o n i t  f o r  model ing f i r e  r a t e s  

i n  terms o f  s a t i s f y i n g  t he  assumptions o f  l e a s t  squares es t ima t i on ,  

then models based on o t h e r  r e p o r t i n g  u n i t s  must i n v o l v e  v i o l a t i o n s  

o f  t he  hornoceneity o f  var iance a s s u r n ~ t i ~ n .  Th is  i s  a possible e x -  



planation for the previous result  that f i r e  rates within a c i ty  
could be predicted well using census data and census t rac ts  as the 
reporting level, b u t  that f i r e  rates between c i t i e s  could not be 
predicted well. One method t o  adjust or improve predictions would 
be to  use weighted least  squares t o  account for the differences in 
variances. The detai ls  are mathematical and are deferred to 
Appendix I .  Census t rac ts  were t h o u g h t  t o  be the appropriate report- 
ing level for Michigan data, b u t  could not be used for practical 
reasons. Weighted least  squares was used on the Michigan data b u t  

did not improve the prediction. The use of counties as the reporting 
level and ordinary least  squares seemed t o  work as we1 1 as weighted 
1 east squares. 



2.3 Geographical and Seasonal F l  uc tua t i ons  

Data f rom bo th  t he  Mich igan F i r e  I n c i d e n t  Repor t ing  System and 

S ta te  Farm Insurance Claims show v a r i a t i o n s  f rom month t o  month. The 

two p a t t e r n s  a re  n o t  i d e n t i c a l ,  bu t  bo th  g e n e r a l l y  show a  h i ghe r  i n -  

c idence o f  r epo r t ed  f i r e s  d u r i n g  warm weather months than  d u r i n g  t h e  

c o l d  weather months. The month ly  v a r i a t i o n  i s  no t  smooth, so t h a t  i t  

i s  no t  ev i den t  t h a t  a smooth seasonal p a t t e r n  i n  f i r e  inc idence  e x i s t s .  

Table 2-3 g ives  t h e  month ly  f i r e  i n c i d e n t  i n d i c e s  f o r  bo th  t h e  S t a t e  

Farm Insurance da ta  and f rom t h e  MFIRS data.  To some e x t e n t  t h e  d i f -  

ferences may be due t o  the  f a c t  t h a t  summer months have a  h i g h  pro-  

p o r t i o n  o f  outdoor  f i res - -g rass  o r  t r a s h ,  which would appear i n  t h e  

MFIRS da ta  and a re  p robab ly  l e s s  l i k e l y  t o  appear i n  t h e  f i r e  insurance 

c l a i m  data.  That i s ,  MFIRS r e p o r t s  f i r e s ,  w h i l e  S t a t e  Farm da ta  r e -  

p o r t  f i r e  insurance c la ims,  which would be r e s t r i c t e d  t o  i nsu red  p ro -  

per  t y  . 
There were a l s o  d i f f e r e n c e s  among county  f i r e  r a t e s  which 

appeared t o  be p r i m a r i l y  geographica l  i n  na tu re .  I n  t h e  MFIRS data,  

these d i f f e r e n c e s  cou ld  be mos t l y  exp la ined  by a  popu la t i on  d e n s i t y  o r  

u rban / ru ra l  s p l i t ,  d i v i d i n g  t h e  coun t i es  w i t h  over  50 persons/square 

m i l e  f rom these w i t h  under 50 persons per  square m i l e .  I n  insurance 

c l a i m  data,  t h e  d i f f e r e n c e s  cou ld  be r e l a t e d  t o  t h e  degree o f  market 

p e n e t r a t i o n  by S t a t e  Farm. That  i s ,  r epo r t ed  f i r e  r a t e s  and p re -  

d i c t i o n  v a r i e d  accord ing t o  whether a h i gh  (over  10%) o r  a  low ( 7 % )  

p r o p o r t i o n  o f  t h e  dwe l l i ngs  were i nsu red  by S t a t e  Farm. 

It i s  p o s s i b l e  t h a t  geographica l  d i f f e r e n c e s  i n  f i r e  r a t e s  a re  

p resen t  across d i f f e r e n t  reg ions  o f  t h e  U.S .  If t h e  season o f  year ,  

o r  weather, i s  a  f a c t o r  i n  de te rmin ing  f i r e  r a t e ,  then c l ima tes  repre -  

s e n t a t i v e  o f  d i f f e r e n t  reg ions  w i  11 i n f l u e n c e  t h e  f i r e  r a t e s  and imp l y  

r eg iona l  d i f f e r e n c e s .  Th is  presents  a  p o t e n t i a l  d i f f i c u l t y  i n  i n t e r -  

p r e t i n g  f i r e  data.  The e x t e n t  o f  such reg iona l  d i f f e r e n c e s  cannot be 

determined based on da ta  f rom one s t a t e ,  o r  even from a  few s ta tes ,  

w i t h  s i m i l a r  c l ima tes  and c h a r a c t e r i s t i c s .  The f i r e  r a t e s  which a re  

modeled here a re  y e a r l y  f i r e  r a t e s  and do n o t  p rov i de  seasonai 



TABLE 2-3 

Month 

January 

February 

March 

Apr i  1 

May 

June 

J u l y  

August 

September 

October 

November 

December 

SEAONAL FLUCTUATION* 

S ta te  Farm** 
F i r e ,  L i gh tn i ng ,  and Removal 

*A month w i t h  an index o f  "1" i s  an average; l a r g e r  numbers 
i n d i c a t e  h i ghe r  numbers o f  f i r e s .  

**Obtained from S ta te  Farm F i r e  and Casual ty Company, Michigan 
D i v i s i o n .  



estimates, although the factors in Table 2-3 could be used t o  deter- 

mine seasonal ef fect .  Similarly, the f i r e  ra tes  are  modeled with no 

provision fo r  geographic variabi 1 i ty.  To incorporate geographic 

factors would require additional data not currently available. 



2.4 Models and P ro j ec t i ons  

Two d i f f e r e n t  data se ts  have been used t o  d e r i v e  p r e d i c t i v e  models 

r e1  a t i n g  f i r e  r a t e s  t o  soc i  o-economic and demographic va r i ab l es .  These 

a re  the  insurance data p rov ided  by S ta te  Farm Insurance and t he  f i r e  

department inc idence  data f o r  t he  S ta te  o f  Michigan, p rov ided  f rom the  

MFIRS. I n  both cases coun t ies  were t he  r e p o r t i n g  u n i t s  and t h e  pre-  

d i c t o r  v a r i a b l e s  were those a v a i l a b l e  f rom t h e  census county  book. 

E i t h e r  o f  t h e  models cou ld  be used t o  o b t a i n  n a t i o n a l  p r o j e c t i o n s  by 

app l y i ng  t he  models t o  the  complete s e t  o f  county da ta  f o r  t h e  U.S. 

I t  should  be noted t h a t  t h e  two data se ts  a re  n o t  t he  same--in one 

case f i r e  r a t e s  a re  p r e d i c t e d  from insurance c la ims  w h i l e  i n  t h e  o t h e r  

case, f i r e  r a t e s  a re  modeled from f i r e  department records.  

2.4.1 Models Based on Insurance Data 

F i r e  c l a i m  insurance data f o r  t h e  S ta te  o f  Mich igan p rov ided  by 

t h e  S ta te  Farm Insurance Company were used t o  model two d i f f e r e n t  

dependent va r i ab l es .  These were the commercial p r o p e r t y  f i r e  r a t e ,  and 

r e s i d e n t i a l  p rope r t y  f i r e  r a t e .  I n  Michigan, more than 10% o f  housing 

u n i t s  were insured  by t he  S ta te  Farm Insurance Company du r i ng  t h e  year  

1975. However, t h e  percent  i nsu red  v a r i e d  cons iderab ly  from county t o  

county. (The percentage o f  t he  market by county i s  n o t  presented t o  

preserve c o n f i d e n t i a l i t y  o f  market i n f o rma t i on . )  Over t h e  e n t i r e  

s t a t e ,  models based on S ta te  Farm's c la ims  data d i d  n o t  f i t  w e l l .  To 

a  l a r g e  degree t h i s  l a c k  o f  f i t  appeared t o  be caused by  t h e  coun t i es  

i n  which S ta te  Farm i nsu red  o n l y  a  smal l  p r o p o r t i o n  o f  t h e  res idences.  

Accord ing ly ,  coun t ies  were s t r a t i f i e d  accord ing t o  h i gh  o r  low p ro -  

p o r t i o n  o f  i n su red  p rope r t i es ,  and models f i t  o n l y  over  t he  42 coun t ies  

w i t h  a h i g h  p r o p o r t i o n  o f  t h e  e l i g i b l e  p r o p e r t i e s  insured  by S ta te  

Farm. B a s i c a l l y ,  i t  seems t h a t  i n  t h e  coun t ies  w i t h  a  ve ry  smal l  

p r o p o r t i o n  o f  residences insured  by S ta te  Farm, a  r a t h e r  spec ia l  sub- 

s e t  o f  t h e  popu la t i on  i s  insured,  w h i l e  i n  coun t ies  w i t h  a  r e l a t i v e l y  

( l o c i  o r  so) l a r g e  p r o p o r t i o n  o f  t he  residences insured  by S ta te  Farm, 



the insured population seems to be a reasonable approximation of a 
random subset. As a resu l t ,  the model was f i t  t o  the data from 42 

counties and used t o  project for  the rest  of the s ta te .  
In the insurance data, the best predicting variable was the pro- 

portion of the housing units bui l t  prior t o  1950. This single vari- 
able explained 53.7% of the variation in the f i r e  rates among the 
counties. The model based on t h i s  one variable i s :  

n 
where RFC i s  the predicted f i r e  rate as f i r e  claims per 1000 resi-  
dential insurance policies in force, and X denotes the percent of 
housing units in the county which were bui l t  prior to 1950. This, 
the higher the percentage of older (pr ior  t o  1950) dwelling units,  
the hisher the f i r e  rate.  One i s  tempted t o  speculate about possible 
causality in addition to mere association, since the older dwellings 
were constructed under less stringent f i r e  codes, and heating equip- 
ment, wiring, and other sources of ignition may be in poor repair. 
However, much more information would be necessary t o  attempt t o  
establ ish causative factors. So fa r ,  o n l y  association has been found. 

There was also some association between f i r e  rate and population 
density, as well as between the f i r e  rate a n d  the net migration for 

the county project in the insurance data. Thus i t  was found that  the 
f i r e  rate could be modeled more successfully in counties with high 
population density (150 or more persons per square mile) and also 
more successfully in counties with negative net migration. However, 
a s t r a t i f i ed  model with two s t ra ta  defined by population density re- 
sul ted in a very marginal increase in predicting govier--only t o  a R 2 

of  55.3%. A s t r a t i f i ed  model based on migration resulted in an even 
2 smaller increase in R ( t o  5 4 . 2 % ) .  As a resul t ,  the increase i s  n o t  

significant and the more complex models are not just i f ied.  
I t  should be noted, however, that i f  one were interested in 

counties with a high population density ( a n d  a h i g h  percentage of the 



dwe l l i ngs  i nsu red  by  S ta te  Farm), t he  model i n c o r p o r a t i n g  one v a r i a b l e  
2 has an R o f  67.0%. S i m i l a r l y ,  i f  a t t e n t i o n  i s  r e s t r i c t e d  t o  coun t ies  

w i t h  nega t i ve  n e t  m i g r a t i o n  (and a  h i g h  percentage o f  dwe l l i ngs  i n -  
2 sured by  S t a t e  Farm), an R o f  95.5% can be obtained. Thus improved 

models a re  p o s s i b l e  f o r  spec ia l  subclasses of coun t ies ,  b u t  t h e r e  i s  

some ques t ion  about whether t h i s  i s  r e a l l y  a  ga in  i n  p r e d i c t i v e  

accuracy o r  an a r t i f a c t  o f  t h e  reduced number o f  coun t ies .  

Models were l e s s  successfu l  a t  p r e d i c t i n g  t h e  commercial f i r e  

r a t e .  The b e s t  model was 

CFC = -0.1116 + O.O214X, 

where X i s  t h e  percen t  o f  r e n t a l  u n i t s  which a re  vacant. Here CFC 
2 denotes t h e  commercial f i r e  c la ims  r a t e .  Th is  model had an R of 

25.9%. No a d d i t i o n a l  v a r i a b l e s  had c o e f f i c i e n t s  which were s i g n i -  

f i c a n t l y  d i f f e r e n t  f rom zero. 

App l ied  s ta tewide,  t h e  model based on insurance da ta  p r e d i c t s  a  

t o t a l  f i r e  r a t e  o f  10.8 f i r e s  per  1000 persons. (Th i s  i s  ob ta ined  by  

de te rmin ing  t he  es t imated  number o f  f i r e s  f o r  each county,  summing 

over  t h e  coun t ies  t o  ge t  a  s ta tew ide  t o t a l  then d i v i d i n g  t h e  s t a t e -  

wide t o t a l  by  the  s t a t e ' s  popu la t i on  i n  thousands t o  g e t  t h e  r a t e  per  

thousand persons. ) 

2 .4 .2  Models Based on MFIRS Data 

D i f f e r e n t  combinat ions o f  independent v a r i a b l e s  were used t o  

p r e d i c t  f i r e  r a t e s  f rom the  S t a t e  o f  Mich igan F i r e  Marsha l ' s  data.  

The pe r  c a p i t a  f i r e  r a t e  was b e s t  p r e d i c t e d  by a  combinat ion o f  t h e  

percen t  o f  t he  popu la t i on  o l d e r  than 65, t h e  percen t  o f  f a m i l i e s  w i t h  

income l ess  than $3000 per  year ,  t he  percen t  o f  A i d  t o  Dependent 

Ch i l d ren  r e c i p i e n t s  i n  t h e  popu la t ion ,  and t he  percen t  o f  housing 

changes f rom 1960 t o  1979. The model was s t r a t i f i e d  i n t o  coun t ies  

w i t h  low (50 o r  fewer persons pe r  square m i l e )  o r  h i g h  dens i t y .  The 

p r e d i c t i v e  power as measured by R ~ ,  t h e  percen t  o f  v a r i a t i o n  exp la ined  



by the model, was 55.0% w i t h i n  the low-density counties and 49.4% 
2 within the high-density counties, f o r  an overall R of 53.4%. The 

f ina l  model* was: 

F / C  = -7.3824 + 1.445X1 - 0.400X2 + 115.5X3 + 0.0216X4, 

1 ow-densi ty 

F /C  = 3.165 + 1.076X1 - 0.588X2 + 56.16X3 + 0.548X4, 

hi gh-densi ty  

where X1 i s  the percent of the population older  t h a n  65, 

X 2  i s  the percent of families w i t h  income l e s s  than $3000/year, 

X 3  i s  the percent of ADC rec ipients ,  

and X 4  i s  the percent of housing unit  changes from 1960 t o  1970. 

The model fo r  the number of f i r e s  per 1000 housing units  used a 

d i f fe ren t  s e t  of variables:  The percent of the  population older t h a n  
65, the percent unemployed, a n d  the percent of families with a female 

as the head of the household. For t h i s  per residence f i r e  r a t e  

s t r a t i f i c a t i o n  by density did not improve the model s ign i f i can t ly .  The 

predict ive model i s :  

*Note. After the modeling was completed, i t  was discovered t h a t  the 
date from the S ta te  of Michigan Fire Marshal was not j u s t  f o r  1975, 
as assumed and requested, b u t  ac tual ly  a l so  included data f o r  the 
f i r s t  s ix  months of 1976. As a r e su l t ,  predicted ra tes  from the 
models based on the MFIRS data would be fo r  a year and  a half ra ther  
than a year. Multiplying the predicted ra tes  by 2/3 would approxi- 
mately correct  them back t o  an annual ra te .  Actually, a fac to r  of 
0.6753 derived from the seasonali ty t ab le  would be more appropriate. 
Thfs correction has been incorporated in to  estimated r a t e s ,  b u t  i s  
n o t  incorporated i n t ~  the models, which technically estimate ra tes  
f o r  a year and a ha l f .  



where X1 i s  t h e  percen t  o f  t he  popu la t i on  o l d e r  than 65, 

X 5  i s  t h e  percen t  unemployed, and 

X6 i s  t he  percen t  o f  f a m i l i e s  w i t h  a  female as head o f  t he  

household. 

2 The R f o r  t h i s  model was 38.5%. The f i r e  r a t e  pe r  res idences i s  de- 

noted by FIR. 

2.4.3 Comparisons Among t h e  Models 

The t o t a l  number o f  r epo r t ed  f i r e s  i n  t h e  S t a t e  F i r e  Marsha l ' s  

Report  f o r  Mich igan f o r  1975 was 74,970, which i s  a  f i r e  r a t e  o f  7 .4  

f i r e s  pe r  1000 persons. Th is  may be viewed as a  s tandard aga ins t  

which t h e  models may be compared. The model based on t h e  MFIRS data 

r e s u l t s  i n  a  s t a t e  t o t a l  es t imate  o f  79,330 o r  a  f i r e  r a t e  of 7.83 

f i r e s  pe r  1000 persons. Th i s  i s  an e r r o r  o f  about 6%--a s l i g h t  over -  

es t imate.  On t h e  o t h e r  hand, t h e  model based on insurance da ta  ( f rom 

t h e  S ta te  Farm Insurance Company o n l y )  r e s u l t e d  i n  an es t imate  t o t a l  

of 89,400 f i r e s ,  o r  an es t imated  f i r e  r a t e  o f  10.8 f i r e s  p e r  1000 

persons. I n  comparison t o  the  r epo r t ed  t o t a l ,  t h i s  represen ts  a  46% 

d i  f ference.  

Thus, t h e  model based on insurance data,  w h i l e  showing some 

promise, does n o t  appear adequate a t  t h e  p resen t  t ime.  There may be 

severa l  reasons f o r  t h i s .  F i r s t  o f  a1 7 ,  t h e r e  may i n  f a c t  be a  number 

o f  f i r e s  which a re  r epo r t ed  as f i r e  losses  and c la ims  on insurance 

p o l i c i e s  which a re  n o t  r epo r t ed  through MFIRS. To a  s l i g h t  e x t e n t  

t h i s  cou ld  be unde r repo r t i ng  i n  MFIRS. More l i k e l y ,  t h e r e  may be some 

f i r e s  which r e s u l t  i n  p rope r t y  damage, b u t  which a re  ex t i ngu i shed  by 

t h e  r e s i d e n t s  w i t h o u t  a  c a l l  t o  t h e  f i r e  department. These would 

n a t u r a l l y  be excluded f rom t h e  MFIRS data s i nce  i t  i s  based on f i r e  

department records.  An a d d i t i o n a l  poss i  b i  1 i t y  i s  t h a t  p rope r t y  i n -  

sured by S ta te  Farm i s  a b iased  subset o f  such p rope r t y  i n  Mich igan.  

Th is  may apply  t o  a l l  i n su red  p rope r t y ;  t h a t  i s ,  i n su red  p r o p e r t y  may 

hve a d i f f e r e n t  f i r e  r a t e  than non- insured p rope r t y .  It i s  a l s o  



possible that the property insured by th is  insurer has a higher f i r e  

rate than insured property in general. Probably the largest com- 
ponent in this  inconsistency i s  reporting of small f i r e s  to  insurance 
companies b u t  not t o  f i r e  departments. To the extent that  th i s  
occurs, the data from NFIRS or any f i  re-department-based reporti ng 

system will underreport the true number of actual f i res .  

2.4.4 Application of the Model t o  Ohio 

The model based on the MFIRS data was used with the county census 
data for  the State of Ohio, and predicted a f i r e  rate of  7.96 f i r e s  
per 1000 persons for the State of Ohio in 1975. This f i r e  rate  i s  
estimated t o  be close t o  that  for Michigan (which i s  somewhat to be 
expected, since the two states  are adjacent and quite similar in 
character is t ics) .  The State Fire Marshal ' s  report for Ohio indicates 
a f i r e  rate of 4.0 f i r e s  per 1000 population. I f  that  i s  correct, 
then the model estimates nearly twice as many f i r e s  for the State of 
Ohio as were reported t o  the State Fire Marshal's Office in Ohio. The 
total  number of f i r e s  predicted for the year 1975 for  Ohio by the 
model was 84,980. If the State Fire Marshal's report i s  accurate, then 
th is  would tend t o  invalidate the modeling approach based on census 
data. In that case, probably the best that  can be done for national 
estimates of the f i r e  rates i s  t o  combine data from a1 1 the reporting 
s ta tes ,  using simple expansion t o  arrive a t  a national estfmate. 



3.0 STATE OF MICHIGAN FIRE DATA 

The F i r e  Marsha1 D i v i s i o n  o f  t h e  Department o f  S t a t e  P o l i c e  i n  

M ich igan  c o l l e c t s ,  computer izes ,  and pub1 i s h e s  an annual r e p o r t  on 

da ta  submi t ted  f r o m  t h e  978 f i r e  departments i n  t h e  S t a t e  o f  

Mich igan.  HSRI was s u p p l i e d  w i t h  a  magnet ic tape  o f  these  d a t a  i n  

coded fo rm f o r  use i n  t h i s  s tudy .  The r e s u l t s  i n  t h i s  s e c t i o n  a r e  

based i n  p a r t  on these  data ,  o b t a i n e d  f rom t h e  F i r e  Marsha l ,  and i n  

p a r t  on p u b l i s h e d  summaries. 

I n  p r i n c i p l e ,  a l l  f i r e  departments submi t  h a r d  copy r e p o r t s  on 

a l l  i n c i d e n t s  week ly  ( f o r  l a r g e  departments)  o r  mon th ly  ( f o r  sma l l  

depar tments) .  Even i f  no i n c i d e n t s  o c c u r r e d  d u r i n g  t h e  p e r i o d ,  a  

summary i s  t o  be s e n t  i n  i n d i c a t i n g  t h i s ,  so t h a t  r e p o r t s  o f  no i n -  

c i d e n t s  can be d i s t i n g u i s h e d  f r o m  f a i l u r e  t o  r e p o r t .  The f i r s t  f u l l  

y e a r  of o p e r a t i o n  o f  t h e  system, denoted by MFIRS, was 1975. As a  

consequence, t h e r e  were a  number o f  r e p o r t i n g  and accuracy problems 

w i t h  t h e  i n i t i a l  y e a r s '  da ta .  Many o f  these have been c o r r e c t e d ,  o r  

improved, i n  1976 data.  

3.1 Completeness and Accuracy o f  Reported Data 

I n  1975, 962 o u t  o f  t h e  s t a t e ' s  978 f i r e  departments submi t ted  

r e p o r t s  t o  MFIRS. T h i s  r e p r e s e n t s  98.4% o f  M ich igan  f i r e  departments.  

There were some de lays  i n  r e p o r t i n g ,  i ncomp le te  data ,  and er roneous 

data ,  so t h a t  t h e  a c t u a l  da ta  r e c e i v e d  a r e  l e s s  than  98% accura te .  

The F i r e  M a r s h a l ' s  r e p o r t  e s t i m a t e s  t h a t  14.5% o f  t o t a l  f i r e  i n f o r -  

ma t ion  i s  l a c k i n g .  On t h e  o t h e r  hand, i f  a l l  i n c i d e n t s  a r e  i n c l u d e d ,  

i t  appears t h a t  somewhat more o f  t h e  d a t a  a r e  m iss ing - -approx ima te ly  

8 F u r t h e r ,  i f  one cons ide rs  t h e  r e p o r t s  w i t h  m i s s i n g  data ,  t h e  

accuracy of  t h e  r e p o r t i n g  i s  even l o w e r .  Fo r  example, t h e r e  were 318 

f i r e  f a t a l i t i e s  i n  Y i c h i g a n  i n  1975. However, o n l y  201 o f  these were 



sufficiently reported in reasonable completeness in the MFIRS t o  be 
used in various two-way tables relating nature of injury t o  age, part 
of body injured to nature of injury, or prior condition to reason 
for  fai l ing to escape, etc.  Thus, only slightly more than 63% of the 
f a t a l i t y  data were complete. Similarly, about 70% of the injuries 
l is ted as casual t i e s  on the f i r e  incident report were accompanied by 

a casual i t y  report. 

Descriptive S ta t i s t ics  from MFIRS Data 

Table 3-1 gives distributions of the number of f i r e s ,  the re- 
sidential f i r e s ,  civil ian injur ies ,  f i r e  service injur ies ,  and f i r e  
f a t a l i t i e s  by the cause of the f i r e .  The causes have been ordered by 

priority as in the NFPCA. I n  a l l  categories, the causes noted as 
"unknown" and "other heat" are unfortunately high proportions of the 
totals .  These are rather non-specific causes and probably represent 
cases where insufficient data were available t o  determine specific 
cause. Even with this  non-speci f i c i  ty ,  there are some interesting 
patterns. 

The largest cause (16%) of residential f i r e s  was heating. This 
cause was the second most frequent cause of f a t a l i t i e s  (16%) and the 
third most frequent cause of civil ian injuries ( 1 1 % ) .  Smoking was 
the leading cause of residential f i r e  injuries ( 2 1 % )  and of f a t a l i t i e s  
(19%) and the second most frequent ( a f t e r  cooking) cause of a l l  
civil ian f i r e  injuries.  However, smoking was relatively low (7%)  as 
a cause of f i r e  service injuries.  Among residential f i r e s ,  the 
second, third,  and fourth most frequent causes were cooking (12%), 
flammable liquids (11%), a n d  smoking (19%), respectively. These 
causes a1 so contributed substantial l y  t o  the civi 1 ian injur ies ,  re- 
presenting 21%, 4%, and 15% of these, respectively. Heating also was 
the cause associated with many of the f i r e  service injuries ( I ? % ) ,  
a n d  with many o f  the f a t a l i t i e s  (16%), b u t  cooking was relatively in- 
frequently a cause of either f i r e  service injuries ( 3 % )  or f a t a l i t i e s  
(3%) .  



TABLE 3-1 

DISTRIBUTION OF FIRES AND INJURIES BY CAUSE 
( i n  p e r c e n t )  

R e s i d e n t i a l  I n j u r i e s  
F i  r e s  F i r e  

Cause F i r e s  I n j u r y  F i r e s  C i v i l i a n  S e r v i c e  F a t a l i t i e s  

Exposure 1.6 7.1 2.0 1.5 6 . 4  1.2 

N a t u r a l  1 .5  0.2 1.8 0.8 2.2 0.6 

I n c e n d i a r y 1  
Susp ic ious  2.2 4.0 2.7 3.5 3.3 4.9 

Exp los i ves /  
F i  reworks 1 .O 0.3 1.1 0.4 1.4 0.9 

Smoking 7.2 20.8 10.2 14.9 7.0 19.0 

Chi 1 dren 5.0 5 .7  5 .3  3.7 4.0 1 . 8  

Hea t ing  6.6 14.0 16.2 11.3 11.2 16.2 

Cooking 4.1 15.0 12.0 20.9 2.9 7.6 

A i  r C o n d i t i o n /  
R e f r i g e r a t i o n  0.3 0.9 0 .6  0.7 0.8 0.6 

E l e c t r i  ca1 
D i s t r i b u t i o n  5.4 4 .8  7.1 5.1 7.8 7.3 

Appl i ances  2.8 5.3 6.8 4.0 3.1 2.4 

Other  
Equipment 6.4 2.5 0.8 6.3 4.6 2.4 

Gas 1.6 0 .9  2.0 1.9 1.7 1.5 

Flammable 
L i q u i d  4.3 2.4 10.6 4.0 3.7 6.7 

Open Flame, 
Spark 16.0 7.7 1.9 5.7 12.7  5.2 

Other  Heat 7.4 5.0 6 .5  4.4 7.7 7.3 

Unknown 25.0 9 .2  12.5 11.5 19.6 14.1 



TABLE 3-2 

DISTRIBUTION OF FIRES AND FIRE INJURIES BY GROSS PROPERTY CLASS 
( i n  p e r c e n t )  

I n j u r i e s  
P r o p e r t y  Class F i r e s  C i v i l  i a n  F i r e  S e r v i c e  F a t a l i t i e s  

Pub1 i c  Assembly 2.1 1.1 3.3 0.3 

Educat ion 0.8 7.9 1.7 0.0 

I n s t i t u t i o n s  0.7 1 . 2  0.7 2.1 

R e s i d e n t i a l  28.2 54.3 53.3 74.0 

Merchandi s i n g  2.8 2.3 9.1 0 .9  

U t i l i t i e s  0.5 0.1 0 .2  0.0 

I n d u s t r i a l  Manufactur ing 1.9 2.4 4.1 1.2 

Storage 7.0 7.3 8.7 4.9 

Bui  1  d i n g  C o n s t r u c t i o n  2.1 0.2 1.9 0.3 

Br idges , e t c .  0,2 0.7 0.1 0 . 3  

Spec ia l  27.1 2.6 5.0 9.5 

Other  26.5 20.5 11.6 6.4 
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Table 3-2 g ives  t he  d i s t r i b u t i o n  o f  f i r e s ,  i n j u r i e s ,  and 

f a t a l i t i e s  by p rope r t y  c l ass .  The dominance of r e s i d e n t i a l  f i r e s  as 

a  cause o f  i n j u r i e s  i s  no t i ceab le .  Al though r e s i d e n t i a l  f i r e s  were 

o n l y  28% o f  a l l  f i r e s ,  they  accounted f o r  over  h a l f  of bo th  t h e  

c i v i l i a n  and f i r e  s e r v i c e  i n j u r i e s  (53% and 53%, r e s p e c t i v e l y ) ,  and 

f o r  n e a r l y  t h ree - f ou r t hs  (74%) o f  t h e  f a t a l i  t i e s .  The second most 

f requen t  p r o p e r t y  t ype  was r a t h e r  c o n s i s t e n t l y  s to rage  f a c i  1 i t i e s ,  

be ing  about 7% o f  t h e  f i r e s  and 7 %  t o  8% o f  t h e  i n j u r i e s .  Again, 

" spec ia l  p r o p e r t i e s "  and " o t h e r "  p r o p e r t i e s  were q u i t e  f requen t .  Th is  

may i n d i c a t e  a  need t o  r e v i s e  t he  coding, o r  i t  may represen t  a  

tendency t o  r e p o r t  i n  general  ca tego r i es  r a t h e r  than t o  t ake  t h e  

e f f o r t  t o  determine t he  p r e c i s e  category .  

Table 3-3 g ives  t h e  d i s t r i b u t i o n  o f  f i r e s  by p rope r t y  t ype  and 

cause, i n c l u d i n g  row and column percentages. Row percentages a re  t h e  

most in fo rmat i ve ,  s i nce  they  i n d i c a t e  the  d i s t r i b u t i o n  o f  causes by 

each p rope r t y  type.  Note t h a t  t h e  t a b l e s  a re  based on 18 months o f  

data,  so t h a t  a1 though t h e  percentages may be f a i r l y  accurate ,  t h e  

f requenc ies represen t  more than annual est imates.  From t h e  tab1 e, 

one can see t h a t  ( exc l ud ing  unknown and m i  sce l  1  aneous ca tego r i es )  t h e  

most f requen t  scenar io  i s  a  " spec ia l  p rope r t y "  f i r e  w i t h  an i n i t i a l  

cause o f  open flames o r  sparks (7 .2% o f  t he  cases).  Th is  i s  fo l lowed 

by severa l  r e s i d e n t i a l  f i r e s  and assoc ia ted  causes: r e s i d e n t i a l -  

hea t i ng  (4 .6%) ,  r e s i d e n t i a l - c o o k i n g  (3 .4%),  r e s i d e n t i a l  -open f lame 

o r  sparks (3.0%), and res i den t i a l - smok ing  (2.9?:), Other r e l a t i v e l y  

f requen t  scenar ios  a re  spec ia l  - p rope r t y  o ther -equ i  pment (2.7%), 

spec ia l - p rope r t y  o ther -hea t  (2.5%), spec ia l  - p rope r t y  smoking (2. I % ) ,  

and r e s i d e n t i a l - e l e c t r i c a l  d i s t r i b u t i o n  (2 .0%) .  A more d e t a i l e d  

t a b l e  o f  p rope r t y  c l a s s i f i c a t i o n s  by  i n i t i a l  cause i s  presented i n  

Table 11-1 i n  Appendix 11. 

Attempts were made t o  r e l a t e  t he  est imated p rope r t y  and con ten ts  

losses i n  d o l l a r s  t o  t h e  p r o p e r t y  c l a s s  and the  i n i t i a l  cause of t h e  

f i r e .  Un fo r t una te l y ,  i n  t h e  1975 MFI2S data tape t h a t  H S R I  rece ived  

f rcm the  O f f i c e  o f  t h e  S ta te  F i r e  Marshal, nuch o f  t he  needed i n f o r -  

mat ion was miss ing.  About 80% o f  f i r e  i n c i d e n t s  were m i ss i ng  



information on either the monetary losses from property loss,  the 
property type, or the in i t i a l  cause. Missing data on any of those 

three variables made the case unusable for estimating monetary cost 
by property type and cause. Similar missing data rates were en- 

countered when dealing with the property loss of the contents of 
structures. I n  this category, about 63% of the cases were missing. 

As a result of the large proportion of missing data, any totals  
or monetary amounts in losses would clearly be inaccurate a n d  low. 
I t  i s  possible that the relative ordering of structure classes and/or 
causes by loss might be preserved, b u t  even this  seems suspect. The 
categories with the largest structure losses are: ( 1 )  Other and 
miscel 1 aneous ; ( 2 )  Codes 900-909 a n d  930-999, Special properties; 
and ( 3 )  Residential. Either the rather general gross property types 
are too large or they are being used as "catch-all" categories i n  the 
data reporting. Simi 1 ar ly ,  the "Remaining or unknown" cause category 
has the largest reported loss. This implies that the desired detail 
on losses by cause and structure type i s  n o t  present. 

Table 3-4 presents the distribution of  the civil ian injuries by 

gross structure and by cause of the f i r e .  Reference t o  Tables 3-1 
and 3-2 will give the marginal distributions of injuries by causes 
and by structures. Table 3-4 can be used t o  identify the most fre- 
quent causes of f i r e s  which result  in injuries within each property 
class.  As an example of this  use of  the table, the 1 7  priority 
causes within residential f i r e s ,  and the i r  associated percentages i n  

terms of the residential civil ian in,juries are l is ted in order of 

frequency of injuries as the second column of Table 3-1. A number of 
interesting differences can be noted. For example, smoking i s  the 
cause of o n l y  10% of the residential f i r e s ,  b u t  i s  the cause o f  21% 

of the residential f i res  which result in civil ian injuries.  On the 
other hand, flammable liquids are the cause o f  1 1 %  of the residential 
f i r e s ,  b u t  on ly  of 2.4% of  the residential f i r e s  which resulr i n  in- 
juries. Table 11-2 i n  Appendix I 1  presents thec iv i l i an  injuries by 

more detailed property classifications and causes. 



Table 3-5 presents  f a t a l i t i e s  d i s t r i b u t e d  by p rope r t y  t ype  and 

i n i t i a l  cause. Note t h a t  t h e  t o t a l  of 327 f a t a l i t i e s  represen ts  about 

a  yea r  and a  h a l f  o f  f i r e  f a t a l i t i e s  r epo r t ed  i n  t h e  f i r e  i n c i d e n t  

r e p o r t i n g  system. F a t a l i t i e s  r epo r t ed  on t h e  i n c i d e n t  r e p o r t s  a re  

about two - t h i r ds  o f  t he  f a t a l i t i e s .  Fa ta l  i t y  r e p o r t s  a re  l a t e r  up- 

dated t o  i n c l u d e  persons who were i n j u r e d  i n  a  f i r e ,  b u t  d i e d  l a t e r  

i n  a  h o s p i t a l .  Such cases would be repo r t ed  as i n j u r i e s  on t h e  i n -  

c i d e n t  r e p o r t s  r a t h e r  than as f a t a l i t i e s .  The number o f  f a t a l i t i e s  i s  

so smal l  t h a t  many o f  t h e  p rope r t y - c l ass  and i n i t i a l - c a u s e  com- 

b i n a t i o n s  a re  empty. Except f o r  r e s i d e n t i a l  f i r e s ,  t h e  cause d i s -  

t r i b u t i o n s  have l i t t l e  i f  any meaning due t o  t h e  smal l  numbers i n -  

volved. Table  11-3 i n  Appendix I 1  presents  these f a t a l i t i e s  w i t h  

a d d i t i o n a l  d e t a i l  i n  t h e  p r o p e r t y  c l a s s i f i c a t i o n .  Th is  t a b l e  approaches 

t h a t  o f  a  case-by-case l i s t i n g .  Only scenar ios  i n  which a  f a t a l i t y  

occur red  a re  1  i s t e d .  

Table 3-6 g ives  t h e  d i s t r i b u t i o n  o f  s e r v i c e  i n j u r i e s  by p rope r t y  

t ype  and cause o f  t h e  f i r e .  Again r e s i d e n t i a l  f i r e s  a r e  assoc ia ted  

w i t h  t he  l a r g e s t  number o f  i n j u r i e s  t o  f i r e  s e r v i c e  personnel .  How- 

ever,  w i t h i n  t he  c l a s s  o f  r e s i d e n t i a l  f i r e s ,  t he re  i s  more u n i f o r m i t y  

o f  t h e  i n j u r i e s  by cause than f o r  c i v i l i a n  i n j u r i e s .  Genera l l y  t he  

number o f  s e r v i c e  i n j u r i e s  seems t o  f o l l o w  t he  number o f  f i r e s .  One 

no tab le  excep t ion  appears. That  i s ,  cook ing causes 12% o f  t h e  r e -  

s i d e n t i a l  f i r e s ,  b u t  r e s u l t s  i n  o n l y  4% of t h e  s e r v i c e  i n j u r i e s .  

E l e c t r i c a l  and open-flame-caused f i r e s  r e s u l t  i n  s l i g h t l y  h i ghe r  i n -  

j u r i e s  t o  f iremen than would be expected based on t h e  number o f  f i r e s .  

A more d e t a i l e d  t a b l e  o f  f i r e  s e r v i c e  i n j u r i e s ,  by p r o p e r t y  c l ass ,  

i s  g i ven  i n  Table 11-4 i n  Appendix 11. 
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4. CONCEPTUAL PROBLEMS 

There a re  a number o f  conceptual  problems i n  a t t emp t i ng  t o  form 

n a t i o n a l  es t imates of t h e  numbers o f  f i r e  i n c i d e n t s ,  f i r e  i n j u r i e s  and 

f a t a l i t i e s ,  and p rope r t y  losses due t o  f i r e s  i n  t he  U.S.  The most 

c r i t i c a l  problem i s  what ope ra t i ona l  d e f i n i t i o n  o f  " f i r e "  i s  t o  be 

employed. I f  a general  d e f i n i t i o n  such as "any uncon t ro l l ed  bu rn i ng  

o r  smolder ing o f  a substance" i s  used, then d i f f i c u l t i e s  w i l l  a r i s e  

i n  o b t a i n i n g  data i n d i c a t i n g  t he  t o t a l  number of such f i r e s .  The vas t  

m a j o r i t y  o f  such " f i r e s "  would n o t  be i nc l uded  i n  any r e p o r t i n g  system 

o r  survey p r e s e n t l y  i n  ex is tence ,  o r  env is ioned.  R e s t r i c t i o n  o f  t he  

d e f i n i t i o n  o f  " f i r e "  t o  those f i r e s  r epo r t ed  by a s p e c i f i e d  agency 

may ignore  a l a r g e  number of f i r e s  which should be inc luded.  For 

example, r e s t r i c t i o n  t o  f i r e s  t o  which f i r e  departments were summoned 

would exc lude a number o f  smal l  r e s i d e n t i a l  f i r e s  which m igh t  be re -  

po r t ed  t o  insurance companies as w e l l  as a number o f  f o r e s t ,  grass, o r  

a g r i c u l t u r a l  f i r e s  which m igh t  be c o n t r o l l e d  by a d i f f e r e n t  agency, 

such as n a t u r a l  resources o r  parks a u t h o r i t i e s .  

The most u s e f u l  approach t o  d e f i n i n g  " f i r e "  seems t o  be t o  

s p e c i f y  some t h resho ld  i n  terms o f  i n j u r y  causat ion,  o r  p rope r t y  l oss  

as a minimum c r i t e r i a  f o r  f i r e s  o f  i n t e r e s t  t o  be repor ted .  Al though 

t he  smal l  un repor tab le  f i r e s  pose t h e  p o t e n t i a l  o f  orowing i n t o  l a r g e  

f i r e s  i f  app rop r i a t e  a c t i o n  were n o t  taken, t he re  seems no way cu r -  

r e n t l y  o f  accu ra te l y  measuring such f i r e s .  

4.1 Non-reported F i r e s  

F i r e  department data obv ious l y  i n c l u d e  o n l y  those f i r e s  ( o r  

i n c i d e n t s )  t o  which a f i r e  department was summoned. Consequently, 

smal l  f i r e s  such as k i t c h e n  f i r e s  which a re  suppressed w i t h o u t  pro-  

f ess i ona l  a i d  w i l l  no t  be r epo r t ed  i n  any data system i n  which f i r e  



departments remain as the sole reporting source. Similarly, f i r e s  

within a factoryor a large commercial f ac i l i t y  which have their  own 

f i r e  suppression personnel and equipment, and which do not require 
the assistance of professional f i r e  f ighters ,  would not be reported. 
In addition, for example, in Michigan, some forest  and/or grass f i r e s  
are fought by equipment and  persons i n  the Department of Natural 
Resources rather than what i s  recognized as a conventional f i r e  de- 

partment. Such f i r e s  will not be reported in the MFIRS. I n  1976, 

responses by the Department of Natural Resources amounted t o  1,341, 
w i t h  an estimated monetary loss of $802,765. Similar figures for 
1975 were unavailable, b u t  are presumably of the same relative magni- 
tude. I t  was n o t  c lear  whether a l l  of these "responses" were f i r e s .  
If they were, then they amounted t o  approximately 1 . 7 %  of the f i r e s  
reported by f i r e  departments. 

I t  should be feasible and relatively simple t o  incorporate f i r e s  
responded to by other agencies into the total  f i r e  data set  for a 
s ta te .  However, to  include small f i r e s  for which no professional 
assistance was summoned would be an almost impossible task. I f  f i r e  
department reports were supplemented and matched with insurance claim 
reports for a l l  insurers, some progress might be made. This would 
presumably include a l l  f i r e s  for which ei ther  a f i r e  department was 
summoned, or for which a f i r e  insurance claim was f i l ed ,  b u t  there 
might s t i l l  be a number of f i r e s  with insufficient loss to  just i fy a 
claim and for  which no f i r e  department was called. Since these are 
"small" f i r e s ,  one may be just i f ied in excluding them. Presumably, 
however, they could have developed into potentially dangerous f i r e s  
i f  they had n o t  been detected and controlled sufficiently early. 

Thus they may represent a potential danger which should somehow be 
included i n  the estimation of the total  f i r e  hazard. 

The only feasible method of including such f i r e s  currently 
w o u l d  seem t o  be t o  use a household survey to estimate the number o f  

such f i r e s .  This has serious data quality d i f f icu l t ies  such as re- 

call  problems. I t  seems likely a t  th i s  time that on ly  some general 



statement can be made t o  t he  e f f ec t  t h a t  t h e  c u r r e n t  es t imates  do no t  

i n c l u d e  a  l a r g e  number o f  p o t e n t i a l l y  dangerous f i r e s  which were ex- 

t i n g u i s h e d  w i t h o u t  p ro fess i ona l  a i d ,  and hence were no t  r epo r t ed  

through convent iona l  f i r e  o r g a n i z a t i o n  channels. 

The f a c t  t h a t  f i r e  r a t e s  es t imated  from insurance c la ims  da ta  

( f o r  one i n s u r e r )  were l a r g e r  than t he  f i r e  r a t e s  es t imated  f rom the  

s t a t e  fi r e  i n c i d e n t  data f o r  M i  c h i  gan suggests t h a t  f i r e  department 

da ta  may n o t  i n c l u d e  a l l  f i r e s .  That  i s ,  one exp lana t ion  o f  t h e  

l a r g e r  es t imated  r a t e s  f rom insurance data would be non - repo r t i ng  o f  

some f i r e s  t o  f i r e  departments. Another- -equal ly  v a l i d  w i t h  t h e  p re -  

sen t  s t a t e  o f  knowledge--is t h a t  t h i s  insurance company o r  i nsu red  

p rope r t y  as a  whole had a  l a r g e r  f i r e  r a t e  than t h e  s t a t e  i n  genera l .  

The p o i n t  remains t h a t  f i r e  department data a lone w i l l  somewhat 

underest imate t h e  number and amount o f  p r o p e r t y  l oss  due t o  f i r e s .  

A t  a  minimum some s tudy  t o  determine the  amount o f  non-coverage o f  

f i r e s  by f i r e  department records  seems va luable .  Depending on t h e  

r e s u l t s  o f  such an i n v e s t i g a t i o n ,  a  p a r a l l e l  system o f  r e p o r t i n g  f rom 

insurance companies m igh t  be at tempted. 

A s i m i l a r  conceptual  problem occurs w i t h  f i r e  i n j u r i e s ,  and t o  a  

l e s s e r  ex ten t ,  w i t h  f i r e  f a t a l  i t i e s .  F i r e  department data gathered 

a t  t he  scene of  the  f i r e  cannot be expected t o  i n c l u d e  a11 f a t a l i t i e s ,  

s i nce  t y p i c a l l y ,  some persons i n j u r e d  i n  a  f i r e  w i l l  d i e  l a t e r  o f  

t h e i r  i n j u r i e s .  Thus, a t  a  minimum some fo l low-up system i s  necessary 

t o  determine t he  ac tua l  number o f  f a t a l i t i e s  r e s u l t i n g  f rom f i r e .  I n  

a d d i t i o n ,  t h e r e  may be a  smal l  number o f  f a t a l i t i e s  and/or i n j u r i e s  

which a re  caused by f i r e  (e.g. ,  by c l o t h i n g  i g n i t i o n  f rom a  s tove)  

and do no t  i n v o l v e  a  f i r e  department o r  f i r e  r e p o r t i n g  agency. The 

e x t e n t  t o  which such i n . j u r i e s  due t o  f i r e s  occur  and a re  no t  i nc l uded  

i n  f i r e  department records should be exp lo red  f u r t h e r  t o  assess t h e  

scope o f  t h i s  problem. I f  t h i s  number i s  n o t  n e g l i b l e ,  then  some 

p a r a l l e l  system i s  i n d i c a t e d  f o r  r e p o r t i n g  o f  f i r e  i n j u r i e s  and 

f a t a l  i t i e s  keyed t 3  heal t h  ca re  p r c v i d e r s  (e .  g. , h o s p t i a l  s )  . 



I n  summary, i t  seems t h a t  some t h r e s h o l d  d e f i n i t i o n  f o r  " f i r e "  

i s  needed, e i t h e r  i n  terms o f  p r o p e r t y  damage o r  i n j u r y .  Th i s  

d e f i n i t i o n  t h resho ld  should  be h i g h  enough so t h a t  f i r e s  above t h a t  

t h r e s h o l d  w i l l  a lmost c e r t a i n l y  be recorded i n  f i r e  department r e -  

cords o r  i n  insurance c la ims.  Even t o  i n c l u d e  a l l  f i r e s  exceeding 

t h i s  thresh01 d wi 11 1 i k e l y  r e q u i r e  supplementing t he  f i  re-department 

(NF1RS)-based data w i t h  e i t h e r  insurance data o r  medica l -care-  

p r o v i d e r  data,  o r  bo th .  Such a supplemented NFIRS c o u l d  be expected 

t o  p rov i de  reasonably complete da ta  on f i r e s  above t h e  de f i ned  " f i r e "  

th resho ld .  There would s t i l l  remain a l a r g e  number o f  smal l  f i r e s  

which would n o t  be covered under any reasonable r e p o r t i n g  system. 

These f i r e s  cou ld  be cons idered as be ing  " t r i v i a l "  i n  conseauence. 

However, each presumably may have had t h e  p o t e n t i a l  t o  become a 

l a r g e r ,  dangerous f i r e  had they  n o t  been de tec ted  and ex t i ngu i shed  

w h i l e  sma l l .  Thus t hey  represen t  a p o t e n t i a l  danger whose magnitude 

cou ld  n o t  be es t imated  through t he  da ta  system. The o n l y  f e a s i b l e  

method o f  e s t i m a t i n g  t h e  number o f  such smal l ,  b u t  p o t e n t i a l l y  

dangerous f i r e s  would seem t o  be through a survey. Such a survey 

should  concen t ra te  on t he  immediate past - -say the  1 a s t  two weeks-- 

and should  c o n t a i n  quest ions designed t o  j o g  t h e  memory o f  t h e  persons 

be ing  surveyed. 

4 .2  Advantaqes and D i  sadvantaqes o f  NFIRS f o r  fo rm ing  Nat iona l  
Est imates 

There a re  severa l  advantages t o  t h e  s t a t e  f i r e  i n c i d e n t  r e p o r t i n g  

systems which would t oge the r  combine i n t o  t h e  NFIRS. One major ad- 

vantage i s  t h a t  s t a t e  data would be c o l l e c t e d  i n  computer ized form a t  

a c e n t r a l  l o c a t i o n .  Th is  would f a c i l i t a t e  i t s  use i n  research t o  a i d  

i n  unders tanding bo th  the  magnitude and na tu re  o f  t h e  na t ion21  f i r e  

problem. Cons is ten t  data forms f o r  a l l  t he  s t a t e s  would a i d  i n  ach iev-  

i n g  c o n s i s t e n t  data,  which would pe rm i t  more accura te  comparisons 

between s t a t e s  aimed a t  de te rmin ing  which areas had unusua l l y  h i g h  o r  

low f i r e  r a tes .  I d e n t i f i c a t i o n  o f  unusua l l y  n i g h  o r  low f i r e  r a t e s  



would indicate the need for an attempt to determine the reasons for  
any disproportionate rates. Once causes for good, or bad, f i r e  rates 

are known and understood, appropriate countermeasures can be imple- 

mented t o  t ry  to  reduce f i r e  rates in the selected areas indicated. 
An additional advantage of the NFIRS system i s  that  i t  will 

enable comparisons to  be made over time. That i s ,  i f  a large federal 
program t o  reduce f i r e  rates i s  implemented, NFIRS data would indi- 
cate i f  th i s  program i s  effective. If the NFIRS data d i d  n o t  indicate 
the effectiveness of a program designed to reduce f i r e  rates ,  then 
the program which i s  not achieving i t s  desired goals should be revised 
or abandoned. That i s ,  i f  the ac t iv i t i e s  intended t o  reduce f i r e s  
are n o t  effective,  new ac t iv i t i e s  should be implemented. 

The fact  that a l l  f i r e  departments would be expected t o  complete 
the NFIRS forms means that some f i r e  departments may become more aware 
of the causes of f i r e s  in the i r  area. I n  addition, the potential of 
self-evaluation using data generated by the NFIRS may result  in im- 
?roved local effor ts  a t  f i r e  prevention or more rapid response t o  f i r e  
emergencies. 

Finally, the s t a t e  design of the NFIRS organization implies the 
potential for feedback to local f i r e  departments. This could take 
several forms. For example, i f  a local f i r e  department inst i tuted a 
1 arge-scale prevention and information campaign, the s t a t e  could use 
the data already computerized t o  aid that local department in measur- 
ing the effect  of i t s  campaign. Similarly, local departments might 
for  example learn from NFIRS data that they had a predominance of 
the i r  f i r e s  in one particular property type, or from some unusual 
cause. Such information might enable them to ins t i tu te  countemea- 

sures t o  reduce the problem. 
Although there are a number of strengths and advantages t o  the 

NFiRS system, there are some weaknesses and drawbacks. Conceptually, 
as had been noted, the NFIRS cannot include a l l  f i res .  To obtain a 
complete picture o f  the f j r e  situation would require supplementing the 



NFIRS data w i t h  da ta  f rom o t h e r  agencies (e.g., Na tu ra l  Resources, 

Federal  A v i a t i o n  A u t h o r i t y ,  insurance agencies, medical p rov i de rs ,  

e t c . ) .  Household surveys migh t  a l s o  be necessary t o  determine t h e  

un rea l i zed  p o t e n t i a l  danger f rom f i r e s .  

There a re  a1 so conceptual  d i f f i c u l t i e s  i n  making n a t i o n a l  e s t i  - 
mates through o n l y  p a r t i a l  p a r t i c i p a t i o n  o f  t h e  s t a t e s  i n  p r o v i d i n g  

data.  Al though n a t i o n a l  p r o j e c t i o n s  can be made from var ious  subsets 

o f  t h e  s t a tes ,  these a re  n o t  as accura te  and r e l i a b l e  as samples of 

sma l l e r  u n i t s  drawn across a l l  s t a tes .  Thus, f rom t h e  n a t i o n a l  da ta  

i n f o r m a t i o n  p o i n t  o f  view, t h e  NFIRS i s  n o t  t h e  most e f f i c i e n t  source 

o f  data.  Nor i s  i t  t h e  most t i m e l y .  

Cu r ren t l y ,  t h e r e  a re  data q u a l i t y  problems i n  t h e  NFIRS. Th i s  i s  

most t y p i c a l  o f  a new data system. With concerned and concent ra ted 

e f f o r t ,  these problems can be reduced, b u t  they  must be expected as 

s t a r t - u p  problems w i t h  each s t a t e  as i t  j o i n s  t he  system. I n  t h e  

Mich igan f i r e  data, a wide acceptance and p a r t i c i p a t i o n  o f  t he  i n -  

d i  v i d u a l  f i r e  departments has been obta ined.  P a r t i c i p a t i o n  i s  about  

98%, which i s  near  complete s t a t e  cooperat ion.  

There are,  however, some d i f f i c u l t i e s  w i t h  t h e  completeness and 

accuracy of  t h e  data.  A number of cases have occur red  where data was 

i n a d v e r t e n t l y  p laced  on t h e  wrong l i n e  o f  t h e  form. Th i s  r e s u l t s ,  

f o r  example, i n  t h e  number o f  f i remen a t  t he  scene be ing  i n c o r r e c t l y  

l i s t e d  as t he  number o f  f i r e  s e r v i c e  casual  t i e s .  I n  a d d i t i o n ,  a1 1 

o f  t h e  da ta  t h a t  f o l l o w s  t h e  i n c o r r e c t  i t e m  i s  l i k e l y  t o  be coded i n  

t he  wrong p lace  i n  the  record,  r e s u l t i n g  i n  erroneous o r  m iss ing  data.  

Careful  e d i t i n g  of t h e  forms be fo re  they  a re  computer ized would, r e -  

duce much of t h i s  problem, and t h e r e  i s  evidence t h a t  t h e  1976 

Mich igan data w i l l  be much improved ove r  t he  1975 i n  t h i s  respect .  

Never the less,  some problems remain. 

A more d i f f i c u l t  problem w i t h  t h e  data i s  i n  t h e  area o f  i t s  

o r i g i n a l  record ing .  Some i tems a re  ve ry  o f t e n  b lank,  such as census 

t r a c t .  Somethin! i n  the  o r d e r  o f  15;: o f  t he  f i r e s  do n o t  have cause 

determined, whether due t o  d i f f i c u l t y  i n  de te rmin ing  t h e  cause o r  



fai lure  to properly record the cause on the form. I n  addition, there 
seems t o  be a tendency t o  report in general terms rather than specific 
terms--to use the "other" category rather than determining a n d  enter- 
ing the correct cause or property type. Some of this  i s  due t o  the 
form being f i l l ed  o u t  a f te r  the f i r e  and perhaps the data not being 
readily available. Another portion i s  likely due t o  fa i lure  to  look 
up  the specific code for designation t o  enter on the form. 

These reporting problems are more d i f f icu l t  t o  correct than pro- 
blems which can be corrected with careful editing. To correct basic 
data inaccuracies or incompleteness requires motivation and increased 
cooperation from the f i ref ighters  who complete the forms. I t  cannot 
be handled centrally,  b u t  needs t o  be improved i n  each department. 
Since most f i r e  personnel do no particularly l ike t o  f i l l  o u t  forms 
and may regard than as a n  extra burden, i t  i s  a continual challenge 
t o  maintain data quality. 

A uniform data form used by a l l  s ta tes  has been mentioned as a 
strength of the system. I t  should not, however, be thought of as 
unchangeable. I t  i s  likely that d i f f icu l t ies ,  or needs for  different 
data, may make modifications of the form advisable. A change in the 
format of the form to reduce the possibility of  entering the number of 
f i r e  fighters used in the incident as the number of casualties would 
seem useful, for example. Other design changes m i g h t  make the form 
easier t o  complete and reduce the change of error or incompleteness. 
The census t rac t  variable i s  of questionable use, since i t  i s  only 
applicable in metropolitan areas and even there i t  i s  quite d i f f icu l t  
for a f i r e  department t o  determine. 

There will likely be a need for more detailed information than can 
be reasonably be gotten from the NFIRS. For example, there has been 
a recent trend toward increased use of smoke detectors in residences. 

One reasonable question that might be asked of  NFIRS data i s  whether 
th is  increased use of  smoke detectors has resulted i n  any reduction in 
the incidence of f i r e s ,  the amount of  property damage from f i r e s ,  or 
the injuries from f i res .  However, with the current data form, such a 



ques t ion  cou ld  n o t  be answered because t h e  data do no t  i n c l u d e  i n f o r -  

mat ion about t h e  presence o f  smoke de tec to r s .  S i m i l a r  ques t ions  o f  

i n t e r e s t  w i l l  a r i s e  i n  t he  f u t u r e .  Such d e t a i l e d  da ta  cannot be c o l -  

l e c t e d  from t h e  e n t i r e  NFIRS, b u t  i t  would be u s e f u l  t o  i nco rpo ra te  

i n t o  t h e  NFIRS a  mechanism t o  answer such quest ions on a t i m e l y  bas i s .  



5.0 RECOMMENDATIONS--SAMPLE DESIGNS TO SUPPLEMENT 
NF I RS 

5.1 Sampling t o  P a r a l l e l  and Augment t he  NFIRS 

As has been noted, coverage by t he  NFIRS i s  expected t o  be l e s s  

than complete. I n  a d d i t i o n ,  t h e  implementat ion o f  NFIRS i s  phased so 

t h a t  d i f f e r e n t  numbers o f  s t a t e s  w i l l  be p a r t i c i p a t i n g  a t  d i f f e r e n t  

t imes. That  i s ,  p a r t i c i p a t i o n  i s  planned t o  inc rease  g r a d u a l l y  u n t i l  

a l l  s t a t e s  p a r t i c i p a t e .  Fur ther ,  c u r r e n t  exper ience has shown t h a t  

each s t a t e  w i l l  exper ience s t a r t - u p  problems w i t h  t he  data c o l l e c t i o n  

and management. Thus, t he  data f rom any g iven  s t a t e  i n  t h e  f i r s t  

yea r  o r  two o f  i t s  p a r t i c i p a t i o n  tend  t o  be r a t h e r  u n r e l i a b l e .  As a  

r e s u l t ,  t he  data f rom t h e  NFIRS do n o t  p rov i de  very  p r e c i s e  o r  

r e l i a b l e  es t imates  o f  t h e  n a t i o n a l  f i r e  exper ience. Nor w i l l  t hey  

p rov i de  a  complete p i c t u r e  i n  t h e  immediate f u t u r e .  F i n a l l y ,  even 

a f t e r  t he  NFIRS i s  complete ly  o p e r a t i o n a l ,  c a r e f u l  mon i t o r i ng  w i  11 be 

necessary t o  ensure t h a t  t h e  da ta  q u a l i t y  f rom each s t a t e  remains a t  

an accep tab ly  h i g h  l e v e l .  

A l l  o f  these cons ide ra t i ons  suggest t h a t  a  supplementary o r  

p a r a l l e l  sampl ing system would be use fu l  t o  p rov i de  b e t t e r  n a t i o n a l  

es t imates sooner than they  w i l l  be a v a i l a b l e  f rom the  NFIRS, t o  f i l l  

i n  some o f  t h e  coverage gaps t h a t  t he  NFIRS w i l l  have, and e v e n t u a l l y  

t o  serve as a  v a l i d a t i o n  o r  crosscheck on t h e  data f rom t h e  NFIRS. 

Two general  types o f  samplina seem i n d i c a t e d .  The f i r s t  t y p e  

would be t o  supplement t h e  NFIRS da ta  t o  complete t h e  coverage of 

f i r e s  and f i r e  i n j u r i e s .  Th is  m igh t  c o n s i s t  o f  a  sample of emergency 

rooms and/or h o s p i t a l  records t o  i d e n t i f y  f i r e  i n j u r i e s  which were 

missed by t he  NFIRS. To g e t  i n f o r m a t i o n  on f i r e s  which a re  below the  

t h resho ld  which r e s u l t s  i n  a  f i r e  department c a l l ,  and a re  thus ex- 

c luded from the  N F I R S ,  t he  most promis ing t ype  o f  sample would 



seem t o  be a household survey. This could probably most eff ic ient ly  

be added t o  existing surveys. A second type of sampling would be 

aimed a t  providing better interim estimates until the NFIRS i s  ful ly  
operational and a t  providing a paral le l  validation or cross-check on 
the NFIRS data. Several types of samples could be uti l ized for th is ,  
depending on the level of e f for t  and the degree of detail desired. 
These sample plans are discussed in the subsequent sections. An 

additional advantage of a paral le l  sampling system i s  that  i t  could 
be used to  obtain more detailed data than can be gotten from the 
NFIRS. I t  also could be used t o  investigate problems of special in- 
te res t  which may vary from time t o  time. 

5 .2  Types of Sampling 

The nature of the sampling plan will depend largely on two items: 

(1)  what data are desired, and ( 2 )  what resources are t o  be expended 
on sampling. Three possible approaches are detailed below. The 
three types are generally in increasing order of quality and detail 
of data that may be obtained, b u t  also in increasing magnitude of 
cost. I t  i s  possible, of course, t o  implement a smaller scale of in- 
depth investigative sampling for about the same cost as a larger- 
scale sample of f i r e  department records. 

5 . 2 . 1  Approach One: Using Existing Fire Department Personnel 

This approach would be similar in design t o  the Pedestrian/ 
Bicyclist Accident Data Sampling and Analysis Frogram (PADSAP)  de- 
veloped and implemented by the National Highway Traffic Safety 
Administration (NHTSA) . The PADSAP design i nvol ved assigning each 
of the 12,675 police agencies in the nation t o  one of 45 s t ra ta  based 
on population s ize,  region, a n d  type. From these s t ra ta  348 police 
agencies were selected by a known probability method, and they were 
then asked t o  f i l l  o u t  supplemental accident report forms on 
pedestrian and bicycle accidents which took place within their  



j u r i s d i c t i o n s .  For l a r g e r  j u r i s d i c t i o n s  a system of subsampl i n g  o n l y  

some of t he  pedes t r ian  and b i c y c l e  acc iden ts  was planned. 

A s i m i l a r  approach t o  c r e a t i n g  a sample o f  f i r e  departments 

cou ld  be used. There a re  about 39,000 u n i t s  o f  l o c a l  government i n  

t he  Un i t ed  States,  and most of these bodies have t h e i r  own f i r e  de- 

partments.  Thus t h i s  approach would i n v o l v e  f i r s t  1 i s t i n g  these 

thousands o f  f i r e  departments i n  de f i ned  reg iona l  and popu la t i on  s i z e  

s t r a t a .  The t o t a l  number of f i r e  departments t o  be se lec ted  would 

obv ious l y  depend on t he  amount of money a v a i l a b l e  f o r  t h e  sampling 

program, b u t  t h e r e  should be a t  l e a s t  200 se lec ted  departments. The 

number o f  se l ec t i ons  t o  be made i n  each s t ra tum would be determined 

by a c o n t r o l  l e d  s e l e c t i o n  computer program f o r  a1 l o c a t i n g  s e l e c t i o n s  

among s t r a t a  on a p r o b a b i l i t y  bas is  i n  r e l a t i o n  t o  t h e  t o t a l  s t r a t a  

popu la t ions .  These s e l e c t i o n s  w i t h i n  each s t ra tum would be made by 

a random procedure u t i l i z i n g  t he  popu la t ions  o f  a l l  t h e  f i r e  depar t -  

ments w i t h i n  the g iven  stratum. The se lec ted  f i r e  departments would 

then be contacted and asked t o  complete a spec ia l  FIRSS form on f i r e s  

(and o t h e r  f i r e  department a c t i v i t i e s  a lso ,  i f  des i red)  i n  t h e i r  

j u r i s d i c t i o n s .  Small j u r i s d i c t i o n s  would be asked t o  complete t h i s  

form f o r  a l l  f i r e s ;  i n  l a r g e  j u r i s d i c t i o n s  some k i n d  of subsampling 

system would be used, such as r e p o r t i n g  f i r e s  f rom c e r t a i n  d i s t r i c t s  

o r  which take p lace  on c e r t a i n  days o f  t h e  week o r  which have c e r t a i n  

f i n a l  d i g i t s  on the  record  i d e n t i f i c a t i o n  number. 

I n  t h i s  approach i t  would probably  be necessary t o  pay t h e  f i r e  

departments f o r  t he  e x t r a  work o f  complet ing the  spec ia l  FIRSS form, 

perhaps $10 o r  $20 per  r epo r t ed  f i r e .  Nevertheless,  i f  t h e  necessary 

cooperat ion cou ld  be ob ta ined  f rom the  se lec ted  f i r e  departments, t h i s  

approach cou ld  be a r e l a t i v e l y  cheap way t o  o b t a i n  f a i r l y  d e t a i l e d  

i n f o rma t i on  on a r e l i a b l e  n a t i o n a l  sample o f  perhaps 30,000 f i r e s .  

5.2.2 Approach Two: Using F i e l d  Data C o l l e c t o r s  

Th is  apprcach would i f i vo l  ve the  employment o f  permanent, l o c a l  l y  

based f i e l d  data c o l l e c t o r s  t o  v i s i t  o r  t e l w h o n e  the se lec ted  f i r e  



departments in order to  complete special f i r e  incident reporting forms* To 

make this  approach viable economically, i t  would be necessarv for the 
selected f i r e  departments to be clustered geographically into sample 
areas of a t  leas t  75,000 total  population. Based on NFPA estimates, 

such an area would be expected to  have about 1000 f i r e  incidents 
annually, so a single f ie ld  data collector located in th is  area would 
be completing forms on 4-5 f i r e s  per working day. Thus the employ- 

ment of f ie ld  data collectors in a sample of 30-40 sample areas would 
be expected to produce f a i r ly  detailed information on a reliable 
national sample of 30,000 t o  40,000 f i r e s .  

Because of the necessity of geographic clustering in this  
approach, a different sample design would be used in order t o  select 
the participating f i r e  departments in two stages. In the f i r s t  stage 
a sample of geographic areas would be selected. This would involve 
dividing the nation u p  into geographic clusters of governmental units 
with a minimum population of 75,000. The majority of these clusters 

would be c i t i e s ,  parts of counties, or whole counties, b u t  in rural 
areas i t  would often be necessary to cluster  together many counties 
into one potential sample area in order to  meet the minimum popu-  

lation cr i ter ion.  These potential sample areas would be assigned t o  
defined regional and population s ize s t r a t a ;  the total  number of 
sample areas t o  be selected would be decided by the NFPCA s t a f f ;  the 
number of  sample areas t o  be selected from each stratum would be de- 
termi ned by the control led selection computer program in re1 ation t o  
the total  populations of the s t r a t a ;  and particular sample areas 
within a stratum would be chosen by a random procedure using the 
populations of a l l  the potential sample areas in the stratum. 

The second stage would involve selecting a l l  of the f i r e  deuart- 
ments in selected sample areas close t o  the minimum population size.  
I n  larger sample areas with many f i r e  departments a further subsampl- 
ing procedure would be necessary t o  select a number of f i r e  depart- 
ments l ikely t o  have a b o u t  1000 f i r e s  per year. Simi?arly in large 
c i t i e s  a subsampling procedure using geographic d i s t r i c t s ,  or days o f  



t h e  week, o r  f i r e  r eco rd  i d e n t i f i c a t i o n  numbers, o r  some o t h e r  method, 

would be used i n  t h e  second s tage t o  reduce t h e  number o f  i n v e s t i g a t i o n s  

t o  be completed t o  a  manageable one-person task.  

I n  se l ec ted  sample areas c o n t a i n i n g  se lec ted  1 arge p ro fess i ona l  

f i r e  departments t he  f i e l d  data c o l l e c t o r  would p robab ly  t r a v e l  t o  

t h e  department o f f i c e s  every  day t o  t r a n s c r i b e  t h e  r e q u i r e d  f i r e  i n -  

c i d e n t  i n f o r m a t i o n  t o  t he  r e p o r t i n g  forms f rom the  e x i s t i n g  records  

and t o  o b t a i n  any f u r t h e r  i n f o r m a t i o n  needed f rom f i r e  department 

personnel .  However, f o r  smal l  vo l un tee r  departments t h e  da ta  c o l -  

l e c t o r  cou ld  p robab ly  do most o f  t h e  work by telephone, perhaps j u s t  

c a l l i n g  once a  week t o  f i n d  ou t  i f  t h e  department had had any f i r e s  

d u r i n g  t h e  p rev ious  week and i f  so o b t a i n i n g  t h e  necessary i n f o r m a t i o n  

f o r  t h e  data form over  t h e  te lephone. 

5 .2 .3  Approach Three: Us ing F ie1 d  F i r e  I n v e s t i g a t o r s  

Th is  approach would i n v o l v e  a  m u l t i - s t a g e  c l u s t e r e d  sample design 

very  s i m i l a r  t o  t h a t  o f  Approach Two. However, t h i s  approach would use 

f i e l d  personnel  n o t  j u s t  t o  c o l l e c t  f i r e  i n c i d e n t  i n f o r m a t i o n  f rom t h e  

records and personnel o f  t h e  se l ec ted  f i r e  departments b u t  a l s o  t o  con- 

duc t  more d e t a i l e d  i n v e s t i g a t i o n s  o f  t he  sample f i r e s  by v i s i t i n g  t h e  

f i r e  s i t e ,  t a l k i n g  t o  v i c t i m s ,  e t c .  These da ta  i n v e s t i g a t o r s  would 

need t o  be more h i g h l y  t r a i n e d  than t h e  da ta  c o l l e c t o r s  i n  Approach 

Two, and i t  i s  obvious t h a t  a  s i n g l e  da ta  i n v e s t i g a t o r  cou ld  n o t  

cover  n e a r l y  as many f i r e s  as cou ld  a  data c o l l e c t o r .  To o b t a i n  t h i s  

type o f  i n -dep th  r e p o r t s  on 1000 f i r e  i n c i d e n t s  a  sample area m igh t  

r e q u i r e  a  team o f  f o u r  o r  f i v e  i n v e s t i g a t o r s ,  o r  some k i n d  o f  combined 

team o f  a  data c o l l e c t o r  and one o r  more i n v e s t i g a t o r s  m igh t  be used 

t o  o b t a i n  general  i n f o r m a t i o n  on a l l  o f  t h e  f i r e s ,  w i t h  in -dep th  i n -  

f o rma t i on  on a subsample o f  t h e  f i r e s  i n  t he  area. Such subsample 

cou ld  be drawn i n  such a way as t o  g i v e  a g r e a t e r  p r o b a b i l i t y  of 

s e l e c t i o n  t o  t he  more ser ious  i n j u r y  o r  p rope r t y  damage f i r e s  which 

a re  o f  greates i n t e r e s t .  



5.2.4 Discuss ion 

Approach One would probably  be the  cheapest sample design t o  

implement, and i t  a l so  has t he  s t a t i s t i c a l  advantage o f  d i s p e r s i n g  

t h e  sample o f  f i r e  departments more geograph ica l l y  than would 

Approaches Two and Three. The c h i e f  concern w i t h  Approach One i s  t h e  

problem o f  non-cooperat ion and incomplete  da ta  i f  t h e  program were t o  

r e l y  e n t i r e l y  on e x i s t i n g  f i r e  department personnel .  Even w i t h  t he  

promise o f  payment f o r  each completed form, one cannot expect a1 1 

se l ec ted  departments t o  be w i l l i n g  t o  p a r t i c i p a t e  o r  a l l  p a r t i c i p a t -  

i n g  departments t o  f i l l  o u t  t h e  form comple te ly  on every e l i g i b l e  

f i r e .  Approach One would be p a r t i c u l a r l y  d i f f i c u l t  t o  implement i n  

f i r e  departments r e q u i r i n g  some k i n d  of subsampl i n s  procedure f o r  t h e  

s e l e c t i o n  o f  t h e  f i r e  i n c i d e n t s  t o  be repor ted.  Thus, w h i l e  Approach 

Two would be expected t o  cos t  more than Approach One, i t  would a l so  

be expected t o  p rov i de  more complete and accurate  data and thus more 

r e l i a b l e  est imates o f  t he  n a t i o n a l  f i r e  experience. O f  course, 

Approach Two would r e q u i r e  some mon i t o r i ng  procedures t o  see t h a t  t he  

f i e l d  data c o l l e c t o r  i s  do ing h i s  j o b  c o r r e c t l y ,  b u t  superv is ion  and 

c o n t r o l  of data  q u a l i t y  would be much e a s i e r  i n  t h i s  approach than i n  

Approach One. 

Approach Three would obv ious l y  c o s t  a g rea t  deal  more than  t h e  

o t h e r  approaches, e s p e c i a l l y  i f  d e t a i l e d  in -dep th  i n v e s t i g a t i o n s  were 

c a r r i e d  o u t  on t h e  e n t i r e  n a t i o n a l  sample o f  f i r e  i n c i d e n t s .  However, 

by n o t  j u s t  r e l y i n g  on i n f o rma t i on  from f i r e  department records and 
t 

personnel ,  i t  would be expected t o  p rov i de  a u n i f o r m l y  h i ghe r  q u a l i t y  

of f i r e  i n c i d e n t  in fo rmat ion .  Th is  h i ghe r  q u a l i t y  o f  t he  r e s u l t i n g  

da ta  m igh t  be cons idered s u f f i c i e n t  t o  j u s t i f y  the  h i ghe r  costs  o f  

t he  Approach Three i n v e s t i g a t i o n s ,  a t  l e a s t  f o r  a subsample o f  the  

n a t i o n a l  sample o f  f i r e  i n c i d e n t s .  

Table 5-1 g ives  est imates o f  t he  sampling e r r o r s  and p r e c i s i o n  t o  

be expected from the  Nat iona l  Acc ident  Sampling System (NASS)  f o r  

var ious sample s i zes ,  and d i f f e r e n t  design e f f ec t s .  The est imates a r e  



presented f o r  est imates o f  p ropo r t i ons ,  such as t h e  percen t  o f  f i r e s  

which a re  r e s i d e n t i a l  o r  t he  percen t  o f  r e s i d e n t i a l  f i r e s  which a re  

r e l a t e d  t o  t h e  hea t i ng  system of t h e  res idence.  Al though t h e  des ign 

e f f e c t  cannot be c a l c u l a t e d  p r e c i s e l y  before t he  sample i s  cons t ruc ted  
1  and c a r r i e d  out ,  t h e  des ign e f f e c t  (DEFF) i s  expected t o  be on t he  

o rde r  of 4.0 o r  l e s s  f o r  t h e  NASS, and p o s s i b l y  about 1.5 f o r  t he  

PADSAP program. The PADSAP program cos ts  something on the  o r d e r  o f  

two m i l l i o n  d o l l a r s  pe r  year ,  w h i l e  t h e  NASS, which conducts in -dep th  

i n v e s t i g a t i o n s ,  i s  p r o j e c t e d  t o  c o s t  about s i x  m i l l i o n  d o l l a r s  pe r  

yea r  f o r  about 32 p r imary  sampl ing u n i t s ,  each conduct ing about 500 

in -dep th  i n v e s t i g a t i o n s  per  year .  Presumably sample p lans f o r  f i r e  

i n v e s t i g a t i o n s  would be on t h e  same o r d e r  of cos ts .  

I n  summary, a  sampl ing system i s  recommended f o r  severa l  reasons. 

F i r s t ,  i t  would p rov i de  re1  i a b l e  n a t i o n a l  es t imates  o f  f i r e  i n c i d e n t s ,  

i n j u r i e s ,  and losses  on a  more t i m e l y  bas i s  than  can t h e  NFIRS because 

t h e  sample cou ld  be implemented more r a p i d l y .  Second, a  sample cou ld  

be used t o  o b t a i n  more f l e x i b l e  data.  That  i s ,  spec ia l  ques t ions  cou ld  

be posed and t h e  app rop r i a t e  data c o l l e c t e d  from a  sample much more 

e a s i l y  than from the  e n t i r e  NFIRS. T h i r d ,  a  p a r a l l e l  system cou ld  be 

used t o  supplement da ta  from NFIRS and t o  add da ta  which cannot be 

c o l l e c t e d  on t h e  census sca le .  Examples o f  t h i s  a re  f o l l ow -up  s tud ies  

t o  a s c e r t a i n  t h e  ser iousness o f  i n j u r i e s  s u f f e r e d  i n  f i r e s ,  t o  de te r -  

mine t he  completeness of i n j u r y  r e p o r t s ,  t he  ac tua l  amounts o f  p rope r t y  

damage sus ta ined  i n  f i r e s ,  e t c .  Four th ,  t h e  sampling system can be 

used t o  v a l i d a t e  t h e  data r ece i ved  f rom t h e  NFIRS t o  ensure t h a t  i t  i s  

 h he des ign e f f e c t  (DEFF) summarizes t h e  e f f e c t s  o f  va r ious  comp lex i t i e s  
o f  sample design, e s p e c i a l l y  those of c l u s t e r i n g  and s t r a t i f i c a t i o n .  The 
DEFF i s  t h e  r a t i o  o f  t h e  ac tua l  va r iance  o f  a  sample t o  t he  va r iance  o f  a 
s imple random sample o f  t he  same number of elements. The des ign e f f e c t s  
i n  complex sarnpies a re  a lmost  always g r e a t e r  than one. However, i t  i s  pos- 
s i b l e  i n  s imp le  cases f o r  a  des ign e f f e c t  of l e s s  than one t o  be achieved. 
The term i s  de f i ned  and i t s  uses ill u s t r a t e d  i n  K i  sh (Survey Sampl i n g  by 
L e s l i e  K ish,  John Wi ley and Sons, 1965, p .  2 5 8 f f . )  



complete o r  t o  p o i n t  o u t  areas o f  d i f f i c u l t y .  I t  should  be mentioned, 

o f  course, t h a t  t h e  concept o f  a sample i m p l i e s  t h a t  more e f f o r t  a t  

da ta  qua1 i t y  c o n t r o l  , management, and c l o s e  1 i a i  son w i t h  t h e  1 oca l  

departments i n  t he  sample i s  assumed than i s  p o s s i b l e  w i t h  t h e  NF IRS .  

That i s ,  t h e  advantage o f  a sample stems f rom the  f a c t  t h a t  i t  i s  a 

r e l a t i v e l y  smal l  number o f  f i r e  departments.  As a r e s u l t ,  i t  i s  p o s s i b l e  

f o r  t h e  sampl ing agency t o  expend a l a r g e  amount o f  e f f o r t  w i t h  each 

department.  There i s  no advantage o f  a sample i f  o n l y  t h e  same l e v e l  

o f  e f f o r t  were t o  be expended on t he  sample u n i t s  as on departments i n  

t h e  N F I R S .  By concen t ra t i ng  1 i m i t e d  resources f o r  da ta  c o l l e c t i o n  on 

a few u n i t s  i n  t h e  sample, h i ghe r  da ta  q u a l i t y  and more d e t a i l e d  r e -  

p o r t i n g  may be ob ta ined  than f rom l e s s  e f f o r t  on more u n i t s .  



TABLE 5 - 1  

SAMPLING ERROR AND PRECISION* OF NASS ESTIMATES FOR F I V E  DIFFERENT 
PERCENTAGES WITH F I V E  SAMPLE S I Z E S  AND THREE DIFFERENT DESIGN EFFECTS 

- - - - - -- - -- - - - - 
DEFF = 1 . 0  

- -  - E f f e c t  Sami l l  i_n_ ' ? !  ign__- - -- _ - -_ _.-_ - - 
DEFF- = 4 . 0  DEFF = 9.0 -- - -- - - - - - - - - - - 

S a n ~ p l  e Sampl  e S a n r p l i n g  P r e c i s i o n  S a ~ n p l  i n g  P r e c i s i o n  Samp l  i n g  P r e c i s i o n  
S i r e  --- E s t i m a t e  E r r o r  ( i n  % )  E r r o r  ( i n  % )  E r r o r  - ( i n  % )  -- - -- - 

* The dcsiqn e f f e c t  i s  def ined i n  t h e  t e x t  
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APPENDIX I : STATIST1 CAL METHODOLOGY 

Combining Data f rom D i f f e r e n t  Stud ies 

I f  severa l  sources r e p o r t  t h e  same est imates,  t h e r e  i s  g e n e r a l l y  

no problem. The common es t imate  i s  taken as acceptab le .  Th i s  i s  

g e n e r a l l y  t r u e  so l ong  as t he  severa l  es t imates  a re  w i t h i n  p l u s  o r  

minus one o r  two s tandard d e v i a t i o n s  o f  each o the r .  That  i s ,  t hey  

agree t o  w i t h i n  t h e  sampl ing p r e c i s i o n  o f  t h e  es t imates .  I n  t h i s  

case, i t  i s  s u f f i c i e n t  t o  check t h a t  t h e  es t imates  have been made i n  

a  v a l i d  manner. I t  may be t h a t  a l though  severa l  es t imates agree 

s a t i s f a c t o r i l y ,  t h a t  t h e  r epo r t ed  e r r o r s  a re  unacceptably l a r g e .  I n  

t h i s  case more data--a l a r g e r  sample--must be c o l l e c t e d .  T y p i c a l l y  

t h i s  would be done i n  t he  same manner as used t o  form t h e  p rev ious  

est imates.  

It i s  u n f o r t u n a t e l y  o f t e n  t h e  case t h a t  severa l  r epo r t ed  e s t i -  

mates o f  a  phenomenon--number o f  deaths f rom f i r e s ,  f o r  example-- 

d i f f e r  by f a r  more than cou ld  be due t o  sampl ing p r e c i s i o n .  I n  t h i s  

s i t u a t i o n  i t  i s  d i f f i c u l t  t o  determine t he  bes t  est imate.  Careful  

e v a l u a t i o n  o f  each es t imate  i s  r e q u i r e d  be fo re  a  consensus can be 

reached. Th is  process i s  sometimes more a r t  than science, bu t  t h e  

f o l l o w i n g  may serve as a  gu ide o r  o u t l i n e .  The o r i g i n a l  es t imates  

and t h e i r  d i s p a r i t i e s  should  a l s o  be repo r t ed  a long  w i t h  a  warn ing 

t h a t  t h e  consensus es t imate  may be u n r e l i a b l e .  

Determine t h e  exac t  d e f i n i t i o n  o f  t h e  popu la t i on  on which each 

es t imate  i s  based. It i s  f r e q u e n t l y  t r u e  t h a t  t h e r e  a re  d i f f e r e n t  

th resho lds  de f ined .  Th is  i s  o f t e n  t h e  case i f  t he  phenomenon i n  

ques t i on  i s  an acc i den t  o r  an i n j u r y .  Some sources may r e p o r t  a l l  

f i r e s ,  some a1 1  f i r e  department c a l l s ,  some o n l y  f i r e  i n  t h e  p rope r t y  

damage i n  excess o f  S10,000, e t c .  I f  d i f f e r e n c e s  i n  t h resho ld  l e v e l  

can be i d e n t i f i e d ,  then f u r t h e r  comparisons would be w i t h i n  es t imates  



based on t he  same th resho ld .  Also,  i t  may be p o s s i b l e  t o  s t a t e  t h e  

est imates sepa ra te l y  by l eve l - - e .  g. , so many f i r e s  i n v o l v i n g  f a t a -  

l i t i e s ,  so many i n v o l v i n g  i n j u r y ,  e t c .  

Check t h e  sampl ing on data c o l l e c t i o n  procedures t o  ensure t h a t  

t h e  popu la t i on  a c t u a l l y  sampled i s  t h e  same as t h e  t a r g e t  popu la t i on  

and t h a t  these popu la t ions  a re  t h e  same i n  t he  d i f f e r e n t  s t ud ies .  

Thus, samples t o  es t imate  t h e  number o f  household f i r e s  u s i n g  e x a c t l y  

t he  same da ta  elements and forms cou ld  reach q u i t e  d i f f e r e n t  popu- 

l a t i o n s  and q u i t e  d i f f e r e n t  conc lus ions i f  they  were based on a  t e l e -  

phone i n t e r v i e w  survey, a household i n t e r v i e w  survey, and a  m a i l  su r -  

vey. 

I f  t h e  same popu la t ions  have been reached and t h e  same v a r i a b l e s  

and d e f i n i t i o n s  used, b u t  r e s u l t s  s t i l l  d i f f e r  by more than can be 

exp la ined  by sampl ing e r r o r s  and miss ing  da ta  r a t e s ,  then l ook  f o r  

unsuspected v a r i a b l e s  which may be d i f f e r e n t  i n  t he  d i f f e r e n t  s t ud ies .  

These cou ld  be i n t e r v e n i n g  v a r i a b l e s  such as t ime  o r  a  p u b l i c  s a f e t y  

program, o r  they  m igh t  be i n h e r e n t  va r i ab l es  such as t ype  of con- 

s t r u c t i o n ,  d i f f e r e n t  prevalences o f  types o f  hea t i ng  f u e l ,  o r  d i f -  

f e r e n t  weather c o n d i t i o n s  d u r i n g  t h e  p e r i o d  d u r i n g  t h e  sampling. If 

candidate v a r i a b l e s  which may e x p l a i n  t he  d i f f e r e n c e s  can be i d e n t i f i e d ,  

hypothes is  about t he  r e l a t i o n  o f  these new v a r i a b l e s  t o  t h e  phenomenon 

would be fo rmu la ted  and tes ted .  From t h e  "pure"  p o i n t  of view, these 

new hypotheses should  be t e s t e d  w i t h  new data. From a  more p r a c t i c a l  

p o i n t  o f  view, t h e  observed r e l a t i o n s h i p s  would be i n v e s t i g a t e d  t o  

t h e  e x t e n t  p o s s i b l e  w i t h  e x i s t i n g  data.  It should  be p o i n t e d  o u t  t h a t  

t h i s  has been done and t h a t  any such p o s t  hoc r e l a t i o n s h i p s  need t o  be 

v e r i f i e d  i n  f u t u r e  work, b u t  t hey  may be advanced as t e n t a t i v e  ex- 

p l ana t i ons .  I t  may t u r n  out ,  of course, t h a t  t h e  data r e q u i r e d  t o  

develop exp lana to ry  r e l a t i o n s h i p s  w i t h  t h e  new v a r i a b l e s  a r e  n o t  p re -  

sent  i n  t he  e x i s t i n g  s t ud ies .  I n  t h i s  case, i t s  exp lana to ry  power can 

o n l y  be con jec tu re .  

Once the  d i f f e r e n c e s  i n  r e s u l t s  have been determined and exp la ined  

t o  the  e x t e n t  poss ib le ,  t h e r e  s t i l l  r ema im  the  d e s i r e  t o  combine t he  



r e s u l t s  i n t o  a  common o r  consensus e s t i m a t e .  Some methods t h a t  have 

been used a r e :  

( 1 )  "Vote" .  Each o f  s e v e r a l  e x p e r t s  who have rev iewed  t h e  

s t u d i e s  vo tes  on t h e  most  a p p r o p r i a t e  e s t i m a t e .  

( 2 )  "Count". The combined e s t i m a t e  i s  t aken  as t h e  one most 

f r e q u e n t l y  repo r ted .  T h i s  i s  e s s e n t i a l l y  t a k i n g  each 

separa te  e s t i m a t e  as a  d a t a  p o i n t  and u s i n g  t h e  mode t o  

r e p r e s e n t  t h e  group. 

( 3 )  " P i c k  a  F a v o r i t e " .  One e s t i m a t e  i s  s e l e c t e d  as t h e  b e s t  

on t h e  b a s i s  o f  d a t a  base q u a l i t y ,  c a r e  o f  p r e s e n t a t i o n ,  

a u t h o r ' s  r e p u t a t i o n ,  o r  o t h e r  f a c t o r s .  

( 4 )  "Poo l " .  I f  t h e  da ta  on wh ich  t h e  e s t i m a t e  a r e  based a r e  

a v a i l a b l e ,  t h e y  may be p o o l e d  and re -ana lyzed  t o  y i e l d  a  

poo led  e s t i m a t e .  

( 5 )  "Bayesian".  The e s t i m a t e s  themselves a r e  each g i v e n  a 

w e i g h t  which r e f l e c t s  a  judgment about  t h e i r  p r e c i s i o n .  

The e s t i m a t e s  a r e  t h e n  combined u s i n g  a  we igh ted  average. 

Each o f  t h e s e  methods can be a p p r o p r i a t e  under p r o p e r  c i r cum-  

s tances.  Each a l s o  has p o t e n t i a l l y  s e r i o u s  drawbacks. The f i r s t  

t h r e e  r e p r e s e n t  s e l e c t i o n  o f  an e s t i m a t e  based on t h e  judgments o f  

s e v e r a l  rev iewers .  The r e s u l t  w i l l  depend b o t h  on t h e  q u a l i t y  o f  t h e  

o r i g i n a l  s e t  o f  e s t i m a t e s  and on t h e  a b i l i t y  o f  t h e  r e v i e w e r s  t o  

s e l e c t  a  good e s t i m a t e .  The f i f t h  method depends on t h e  a b i l i t y  o f  

t h e  r e v i e w e r  t o  f o r m u l a t e  a p p r o p r i a t e  we igh ts  based on t h e  p r e c i s i o n .  

To t h e  e x t e n t  p o s s i b l e  t h e  p r e c i s i o n  can be measured by  t h e  mean 
2 square e r r o r  ( v a r i a n c e  p l u s  b i a s  ) .  The s u b j e c t i v i t y  may come i n  

i n  e s t i m a t i n g  t h e  b i a s .  The w e i g h t  may a l s o  be a d j u s t e d  t o  r e f l e c t  

recency o f  t h e  data .  That  i s  t o  g i v e  l e s s  w e i g h t  t o  s t u d i e s  done some 

t i m e  ago and more w e i g h t  t o  more c u r r e n t  s t u d i e s .  The f o u r t h  method- 

p o o l i n g  t h e  d a t a  and r e a n a l y z i n g - - i s  f r a u g h t  w i t h  p i t f a l l s  and i s  

g e n e r a l l y  b e s t  avo ided.  I t  r e q u i r e s  n o t  o n l y  t h e  a c t u a l  da ta  f r o m  t h e  

s e v e r a l  s t u d i e s ,  b u t  a1 so assurance t h a t  sampl i ng methods, da ta  

c o l l e c t i o n  methods, and d e f i n i t i o n  o f  v a r i a b l e s  were t h e  same. 



Fur ther ,  t h e  r e s u l t i n g  combined sample must represen t  t he  t a r g e t  

popu la t i on  a p p r o p r i a t e l y .  Th is  i s  u n l i k e l y  t o  be t h e  case. I n  

general  s t r onge r  i n f l uences  can be drawn f rom comparisons o f  r e s u l t s  

o f  separate  s t ud ies  i n c l u d i n g  t h e i r  d i sc repanc ies  than f rom lumping 

a1 1  the  data t oge the r  and i g n o r i n g  d i f f e r e n c e s .  

Genera l l y  t h e  most w i d e l y  a p p l i c a b l e  method i s  t he  f o u r t h  l i s t e d .  

That i s ,  combining t he  i n d i v i d u a l  r e s u l t s  w i t h  each weighted accord- 

i n g  t o  i t s  p rec i s i on .  I n  t he  case o f  c a t e g o r i c a l  data ,  p a r t i c u l a r l y  

f o r  r a t e s  on d ichotomies,  t h i s  i s  known as t he  Mantel-Haenzel pro-  

cedure and may be found i n  F l e i s s . *  I n  genera l ,  t h e  weights  a t tached  

t o  each i n d i v i d u a l  r e s u l t  may be o b j e c t i v e ,  sub jec t i ve ,  o r  a  com- 

b i n a t i o n .  I f  t h e  i n d i v i d u a l  r e s u l t s  a re  a l l  f rom s i m i l a r  s t ud ies  and 

t h e  sampl ing var iances a re  a v a i l a b l e ,  these would be used. The weights  

would be e n t i r e l y  p r o p o r t i o n a l  t o  t h e  sampl ing var iances.  I f  t h e  

s tud ies  a re  o f  d i f f e r e n t  types o r  i f  sampling var iances cannot be de- 

termined, then expe r t  judgment m igh t  have t o  be used i n  we igh t i ng  

t he  i n d i v i d u a l  r e s u l t s .  A combinat ion may be t he  most appropr ia te .  

The method recognizes t h a t  t h e r e  may be i n f o r m a t i o n  about t h e  p r e c i s i o n  

and r e l i a b i l i t y  o f  r e s u l t s  which i s  no t  i n  t h e  form o f  an es t imated  

var iance  b u t  a l lows  t h i s  i n f o r m a t i o n  t o  be i nco rpo ra ted  

Es t imat ion  f rom Model F i t t i n g  

Data o f  s u f f i c i e n t  d e t a i l  and q u a l i t y  t o  address many o f  t he  

r e l e v a n t  quest ions may be a v a i l a b l e  o n l y  f o r  r e l a t i v e l y  smal l  and non- 

r ep resen ta t i ve  p o r t i o n s  o f  t h e  Un i t ed  S ta tes .  Th is  be ing  t h e  case, 

one may at tempt  t o  determine p r e d i c t i v e  models which p r e d i c t  t h e  f i v e  

r a t e s  (by type o f  s t r u c t u r e ,  aniount o f  l o ss ,  cause, e t c . )  as a  

f u n c t i o n  o f  o t h e r  va r i ab l es  which a re  a v a i l a b l e  f o r  t he  n a t i o n  as a  

whole. The v a r i a b l e s  which can be used f o r  p r e d i c t i o n  a re  b a s i c a l l y  

demographic, o r  popu la t i on  based. Such v a r i a b l e s  a re  a v a i l a b l e  f o r  

t h e  Un i ted  S ta tes  f rom t h e  census, and a re  recorded f o r  va r ious  l e v e l s  

*F l e i ss ,  J .  S t a t i s t i c a l  Methods f o r  Rates and Propor t ions .  W i  l e y ,  
1976. 



o f  aggrega t ion  such as census t r a c t  o r  enumeration d i s t r i c t ,  county,  

e t c .  I f  a  model can be determined which p r e d i c t s  f i r e  r a t e s  

accu ra te l y  f o r  those areas where adequate f i r e  data a re  a v a i l a b l e ,  

then one may form n a t i o n a l  es t imates  by app l y i ng  t he  model t o  t h e  

n a t i o n a l  census data. I n  e f f e c t ,  some combinat ion o f  demographic and 

geographica l  v a r i a b l e s  i s  used as a  su r roga te  f o r  t he  f i r e  r a t e  

va r i ab l es .  

S e l e c t i o n  o f  Var iab les  

One of t h e  key s teps i n  t h i s  method o f  fo rm ing  n a t i o n a l  es t imates 

i s  t h e  s e l e c t i o n  o f  va r i ab l es .  Th i s  t ask  i s  o f t e n  compl icated by t h e  

f a c t  t h a t  demographic v a r i a b l e s  may be h i g h l y  i n t e r c o r r e l a t e d .  I n  

a d d i t i o n  t o  l ead ing  t o  non-unique se ts  o f  p r e d i c t o r  va r i ab l es ,  t h i s  

mu1 t i  - co l  1  i n e a r i  t y  leads t o  d i f f i c u l t y  i n  e s t i m a t i n g  t h e  parameters 

o f  t h e  model and t o  unacceptably l a r g e  var iances f o r  t h e  es t imated  

parameters and consequent ly a1 so f o r  t h e  p r e d i c t e d  values. 

Mason, Genst, and Webster* g i v e  f i v e  suggested techniques f o r  

de te rmin ing  whether m u l t i c o l l i n e a r i t y  i s  a  se r ious  problem i n  a  g iven  

s e t  o f  data  f o r  de te rmin ing  t h e  degree o f  t h e  problem. I f  m u l t i -  

c o l l i n e a r i t y  i s  a  problem, t h e r e  appear t o  be t h r e e  e s s e n t i a l l y  d i f -  

f e r e n t  methods of d e a l i n g  w i t h  it. The f i r s t  and most s t r a i g h t f o r w a r d  

i s  t o  e l i m i n a t e  independent o r  p r e d i c t o r  va r i ab l es  t o  remove t he  

mu1 t i c o l  1  i n e a r i t y .  The second i s  r i d g e  reg ress i on  which i n t r oduces  

a  ( hope fu l l y )  smal l  amount o f  b i a s  i n t o  the  e s t i m a t i o n  t o  remove the  

in ter -dependenc ies o f  t h e  p r e d i c t o r  va r i ab l es  and ach ieve a  l a r g e  

r e d u c t i o n  i n  var iance.  The t h i r d  may be r e f e r r e d  t o  as f a c t o r  

ana l ys i s ,  p r i n c i p l e  components o r  l a t e n t  r o o t  r eg ress i on  a n a l y s i s .  

I t  at ter rp ts  t o  def ine a  new s e t  of or thogonal  ( i  . e. , independent)  

f ac to r s  o r  p r e d i c t o r  va r i ab l es  f rom t h e  o r i g i n a l  se t .  

*Mason, R.L., Genst, R.F., and Webster, J.T. "Regression Ana l ys i s  and 
Problems o f  Mu1 t i c o l  1  i n e a r i  ty" ,  Comm. i n  S t a t i s t i c s ,  4(B) : 277-292. 



The f i r s t  method--e l iminat ing p r e d i c t o r  var iab les- -has bo th  

p r a c t i c a l  and t h e o r e t i c a l  d i f f i c u l t i e s .  I t  i s  n o t  always c l e a r  which 

va r i ab l es  should  be e l im ina ted .  Models f i t  f o r  d i f f e r e n t  c i t i e s ,  f o r  

examples, m igh t  i n d i c a t e  t h a t  d i f f e r e n t  v a r i a b l e s  should  be re ta i ned .  

Yet if a l l  t h e  bes t  v a r i a b l e s  f rom severa l  d i f f e r e n t  models a re  r e -  

t a i n e d  t o  t r y  t o  f i t  a  model t o  a  combined s e t  o f  data, t h e  problem 

o f  m u l t i c o l l i n e a r i t y  may reappear. Another d i f f i c u l t y  i s  t h a t  t h i s  

method may r e s u l t  i n  e l i m i n a t i n g  a l l  b u t  a  few va r i ab l es ,  which do n o t  

p rov i de  a  model w i t h  s u f f i c i e n t  degrees o f  freedom t o  ach ieve a  

s a t i s f a c t o r y  fit. Th is  approach does have t h e  advantage o f  be ing  

i n t u i t i v e  and o f  us i ng  va r i ab l es  i n  t h e  o r i g i n a l  s e t  o f  p r e d i c t o r  

v a r i a b l e s .  Many t imes these v a r i a b l e s  a re  i n t e r p r e t a b l e  and may sug- 

ges t  methods t o  c o n t r o l  o r  reduce f i r e  r a t e s  i f  they  have a  causal  

connect ion as we11 as a  s imple a s s o c i a t i o n  o r  p r e d i c t i v e  c a p a b i l i t y .  

The second technique, Ridge Regression, was f i r s t  proposed by 

A. E. Hoer l  i n  1962 and f i n a l l y  i n  i t s  p resen t  form by Y r .  Hoer l  and 

R. Q. Kennard i n  1970. Ridge Regression at tempts  t o  d e f i n e  a  new 

p o i n t  es t imate  o f  t he  c o e f f i c i e n t s  t h a t  has sma l l e r  va r iance  than t he  

usual  es t ima to r  (Ord inary  Least  Squares), and thus y i e l d s  a  more p re -  

c i s e  est imate.  Th is  i s  n o t  accomplished, however, w i t h o u t  some l oss .  

Th is  new e s t i m a t o r  i s  now biased. Unbiasedness i s  u s u a l l y  a  d e s i r a b l e  

p roper ty ,  b u t  i n  t h e  p resen t  s i t u a t i o n  where we wish t o  p r e d i c t  and 

e x t r a p o l a t e  f rom ou r  model, i t  i s  n o t  necessary. Thus t he  p r o p e r t i e s  

o f  t he  Ridge es t ima to r  seem t o  c o i n c i d e  w i t h  t he  o b j e c t i v e s  of t h e  

study. 

There a re  c e r t a i n  l i m i t a t i o n s  i n  t h e  a p p l i c a t i o n  o f  Ridge Re- 

gress ion.  The f i r s t  i s  t h e  r e l a t i v e  u n c e r t a i n t y  of the  so - ca l l ed  

Ridge parameter. A debate rages as t o  whether t he  parameter i s  a  

cons tan t  o r  a  random v a r i a b l e .  The general  concensus i s  t h a t  i t  i s  a  

random v a r i a b l e  and hence must be es t imated  f rom the  data.  There 

e x i s t  a  number o f  techniques f o r  choosing t he  parameter and the  reader  

i s  r e f e r r e d  t o  the  Hork ing a r t i c l e  f o r  a  complete l i s t i n g  o f  these 

techniques. Each has i t s  advantages and disadvantages as compared t o  

each o the r ;  t he re  i s  no c l e a r  cho ice.  



The second l i m i t a t i o n  i s  t h e  problem o f  implementat ion.  A f t e r  

t h e  d e c i s i o n  t o  use Ridge Regression has been made, t h e  problem l i e s  

i n  g e t t i n g  a  computer program t o  accompl ish t h i s  end. Ser ious thought  

must be g iven  t o  t h e  g r e a t e r  amount o f  work and advantages of Ridge 

Regression versus t h e  ease and l e s s e r  advantages o f  o t h e r  techniques. 

The t h i r d  genera l  method o f  e l i m i n a t i n g  t he  problem of m u l t i -  

c o l l i n e a r i t y  i s  v a r i o u s l y  r e f e r r e d  t o  as f a c t o r  ana l ys i s ,  p r i n c i p l e  

component regress ion,  l a t e n t  r o o t  regress ion ,  and o thers .  B a s i c a l l y  

t h e  technique i s  t o  d e f i n e  a  new s e t  o f  v a r i a b l e s  ( f a c t o r s  o r  com- 

ponents) f rom the  o r i g i n a l  s e t  o f  p r e d i c t o r  v a r i a b l e s  i n  such a way 

t h a t  t h e  new s e t  w i l l  c o n s i s t  o f  or thogonal  ( independent)  va r i ab l es .  

T y p i c a l l y  - i n  s i t u a t i o n s  where t h i s  technique proves use fu l - - t he  num- 

be r  o f  v a r i a b l e s  w i l l  a l s o  be reduced by e l i m i n a t i n g  those i n  t h e  new 

s e t  which have t he  lowest  a s s o c i a t i o n  w i t h  t h e  dependent v a r i a b l e ( s )  . 
I n  t h e  p r i n c i p l e  components f o rmu la t i on ,  t he  covar iance m a t r i x  

of t h e  p r e d i c t o r  v a r i a b l e s  i s  used. The p r i n c i p l e  components a re  t h e  

e igen vec to r s  o f  t h i s  covar iance m a t r i x ,  and t he  cor responding e igen 

r o o t  i n d i c a t e  how much o f  t h e  v a r i a t i o n  each e igen  v e c t o r  accounts 

fo r .  These e i g n  r o o t s  can thus  be used t o  e l i m i n a t e  those vec to rs  

which account f o r  l i t t l e  o f  t h e  v a r i a t i o n .  The new v a r i a b l e s  a re  

l i n e a r  combinat ions o f  t h e  o r i g i n a l  ones. They a re  independent, so 

t h a t  t he  usual  reg ress ion  o r  l i n e a r  model techniques may be used w i t h  

ease. However, t h e  new v a r i a b l e s  may have l i t t l e  meaning o r  i n t e r -  

p r e t a t i o n .  If t h e  s o l e  aim o f  t h e  r eg ress i on  i s  p r e d i c t i o n ,  t h i s  l a c k  

of i n t e r p r e t a t i o n  i s  n o t  a  draw back. 

I n  t h e  l a t e n t  r o o t  f o r m u l a t i o n  t he  c o r r e l a t i o n  m a t r i x  o f  t h e  

o r i g i n a l  p r e d i c t o r  v a r i a b l e s  i s  used r a t h e r  than t he  covar iance 

m a t r i x .  Thus t h i s  i s  a  sca led vers ion .  Again t h e  new v a r i a b l e s  a re  

l i n e a r  combinat ions of t h e  p rev ious  ones and, w h i l e  they  a re  indepen- 

dent  and may p r e d i c t  w e l l  w i t h  fewer va r i ab l es ,  t he  same problems o f  

' n t e r p r e t a t i o n  a r i s e .  

Fac to r  a n a i y s i s  may be thought  of as a s e r i e s  o f  t r ans fo rma t i ons  

a p p l i e d  t o  the  new v a r i a b l e s  def ined by p r i n c i p l e  components t o  



achieve interpretabi l i ty .  I n  factor analysis, one assumed tha t  each 
of the original predictor variables i s  a l inear combination of inde- 
pendent factors that  are unknown. The technique provides a method of 
identifying these factors. The outcome of the analysis i s  a matrix 
with the variables as rows and factors as columns. The cell  entries 
are the correlation coefficients of the variables w i t h  the factors. 
Since the factors are undefined, they usually are identified by the 
se t  of variables which have high correlation with that particular 

factor b u t  very low correlations w i t h  other factors.  I n  essence, 
factor analysis separates the variables into independent se t s ;  within 
each s e t ,  the variables are highly correlated. 

Other techniques can be used to  identify the factors. These con- 
s i s t  of defining a different measure of  "distance" between groups of 
variables, such as the Minkows ki distance. Variables close together 
in terms of th i s  distance are grouped and identified with some factor. 
Thus the "distance" between variables thus grouped i s  small, while 
the "distance" between groups i s  relatively large. I n  th i s  sense, 
factor analysis verges into cluster  analysis, w i t h  the clusters 
identifying the factors.  

Applications t o  Cities Residential Fire Rates 

Previous studies have reported some degree of success in finding 
regression models which predicted f i r e  rates among census t rac ts  with- 
in c i t i e s .  However the authors also reported somewhat discouraging 
results when the modeling technique was used t o  t ry  to  predict f i r e  
rates between c i t i e s  (over different years).  This section will sug- 
gest some possible reasons for th is  along with possible methods to  
improve prediction of the inter-city f i r e  rates,  as we1 1 as methods 
t o  val idate the model s suggested from inter-ci t y  comparisons. 

The models previously developed should be t r ied on the f i r e  data 
for the new c i t i e s .  The author; understand that NFPA i s  planning t o  

do th i s .  This will give an estimate o f  how much predictive accuracy 
i s  lost  in ap~ly ing  the model t o  new set; of data. Thfs i s  crucial 



t o  an unders tanding o f  what degree o f  accuracy may be expected of 

n a t i o n a l  es t imates  de r i ved  by us i ng  census data t oge the r  w i t h  r e -  

g ress ion  models t o  o b t a i n  p r e d i c t i o n s  f o r  t he  Un i t ed  States.  The 
2 

measure o f  accuracy ob ta ined  from a regress ion--such as R - -are 

g e n e r a l l y  o v e r l y  o p t i m i s t i c  f rom p r e d i c t i o n s  o r  exp lana t ions  based on 

d i f f e r e n t  da ta  se ts .  

One p o s s i b l e  reason f o r  t h e  d i s a p p o i n t i n g  p r e d i c t i o n s  f o r  t h e  

i n t e r - c i t y  models i s  t h a t  t h e  da ta  d i d  n o t  s a t i s f y  t h e  assumptions 

r e q u i r e d  f o r  o r d i n a r y  (1  eas t  squares) regress ion .  Indeed, i f  t h e  

usual  r eg ress i on  assumptions a re  va l  i d  f o r  t he  models p r e d i c t i n g  f i r e  

r a t e s  f rom census v a r i a b l e s  on t h e  census t r a c t  l e v e l ,  t h e  assumptions 

cannot h o l d  f o r  data aggregated t o  t h e  c i t y  l e v e l .  Since t h e  r e -  

g ress ion  model was f a i r l y  successfu l  i n  t h a t  i t  exp la ined  about 60% 

o f  t h e  v a r i a t i o n  i n  f i r e  r a t e s  among census t r a c t s  f o r  data f rom f i r e  

communities, t h e r e  i s  some evidence t h a t  t he  regress ion  assumptions 

a re  reasonably v a l i d  and t h a t  t h e  communities shared common c o e f f i -  

c i e n t s .  (Methods f o r  t e s t i n g  f o r  common models and f o r  p o s s i b l y  i m -  

p rov i ng  p r e d i c t i o n  a re  d iscussed be1 ow i n  t h e  nex t  sec t i on .  ) 

Thus t h e  model suggested can be represented as 

where eij a re  indepeden t l y  no rma l l y  d i s t r i b u t e d  w i t h  mean 0 and 
2 va r iance  5 . The f .  . n o t a t i o n  represen ts  t h e  number o f  f i r e s  p e r  

1 J  
1000 persons ( o r  households) f o r  community i t r a c t  j; xi jt denotes 

t he  demographic v a r i a b l e  t of  census t r a c t  j ,  community I ; u  and bt 

a re  parameters. 

Based on equa t ion  ( I ) ,  one can see t h a t  t h e  f i r e  r a t e  f o r  t h e  

community i, fi, i s  norma l l y  d i s t r i b u t e d  w i t h  a  va r iance  which i s  

h i g h l y  r e l a t e d  t o  t h e  p o p u l a t i o n  v a r i a t i o n  between census t r a c t s .  

The l ess  t he  popu la t i on  v a r i a t i o n  among census t r a c t s ,  t h e  more s t a b l e  

the  f i r e  r a t e  of t he  community. Th i s  can be seen as fo l lows .  



Let n i  denote the total  population of comnunity i and n i j  be the 

total  population of t rac t  j of community , i .  Then from equation ( I ) ,  

we have 

Since the e i j  were independently normally distributed with mean 0 and 
variance a2,  f i ,  i s  normally distributed with mean 

2 2 2  and variance a c .n. . / n  
J  I J  i s  

Note that  the variance now depends on the variation of population 
among census t racts .  Consequently, the error terms in the inter-city 
models do not have constant variance. This implies that ordinary least  
squares regression i s  inappropriate. Weighted least  squares should 
be used instead, w i t h  the weights the inverse of the variances. Of 

r )  

course i t  might turn o u t  that the quantities ~ . n . f / n .  are very nearly 
J 1J 1 

equal, in which case the weighted least  squares would not change the 
results much. 

This result--that i f  the assumptions for least  squares regression 
hold for  one degree of aggregation of the data, they will be violated 
for other degrees of aggregztion--has imp1 ications for  applying th i s  
technique to  get national estimates. Namely, i t  must be determined 
which level of aggregation most appropriately meets the assumptions. 
I f  this  i s  not the level of aggregation a t  which the data are t o  be 
used, the appropriate modifications in the techniques (use of weights) 
should be made. A t  the present i t  seems likely that  the census t r ac t  
will be the most feasible level of  aggregation to use. Census t rac t  
i s  a variable in the NFIRS, and the census data are readily available. 
There i s  some question about the appropriateness of  the dependent 



v a r i a b l e  a t  t h a t  l e v e l ,  s ince  i t  has r e l a t i v e l y  few values i n  most 

cases. B lock data would have d e f i n i t e  problems i n  t h e  d e f i n i t i o n  of 

t h e  dependent va r i ab l e ,  as w e l l  as pos ing a  more fo rm idab le  model ing 

problem i n  terms o f  data processing. I t  would a l s o  be a  l a r g e  task  t o  

o b t a i n  t h e  b lock  i d e n t i f i c a t i o n s  f rom the  NFIRS data.  Fu r t he r  i n -  

v e s t i g a t i o n  i s  smal l  s e t t i n g s  o f  t h e  use o f  b lock  data i s  c a l l e d  f o r ,  

however. Conceivably i t  migh t  be necessary t o  aggregate t o  a  c i t y  o r  

county l e v e l  t o  use t h e  NFIRS data i n i t i a l l y .  That  i s ,  t h e  census 

t r a c t  da ta  may s u f f e r  f rom a  l a r g e  miss ing  da ta  r a t e  i n  t h e  e a r l y  

stages of t h e  program. I n  t h i s  case i t  seems l i k e l y  t h a t  weighted 

l e a s t  quares may be more app rop r i a t e  than o r d i n a r y  l e a s t  squares. 

Models t o  Improve I n t e r - C i t y  Est imates 

I n  a d d i t i o n  t o  t h e  poss ib l e  need f o r  us ing  weighted l e a s t  squares 

mentioned above, two o t h e r  p o s s i b i l i t i e s  may c o n t r i b u t e  t o  low i n t e r -  

c i t y  f i r e  r a t e  p r e d i c t i o n .  The d i f f e r e n t  c o r n u n i t i e s  may no t  have 

t h e  same parameters i n  t he  regress ions  o r  they  may have t he  c o e f f i -  

c i e n t s ,  b u t  d i f f e r  i n  a  cons tan t  term. The f o l l ow ing  procedure may 

be used t o  t e s t  whether a  s e t  o f  c i t i e s  have a  common s e t  o f  r e -  

g ress ion  parameters. (Th is  may be r e f e r r e d  t o  as t he  hypothes is  o f  

hype rpa ra l l  e l  i sm. ) 

Suppose we have a  s e t  of v a r i a b l e s  x  ,J . . I, a ,xi jk f o r  aggregat ion 

u n i t  j w i t h i n  c i t y  i. These v a r i a b l e s  a re  assumed t o  e x p l a i n  t he  de- 
2 pendent v a r i a b l e  f j ,  w i t h  var iance a , as 

where xi jO = 1. Th is  can be r e w r i t t e n  as 

- where z ,,..., zMO - y1 ,,.. .,YlJ,.. . ,YI1,.-. ,Y~~ , 



[b l ,  ..., b N l  = B '  = [a ,aIO, .  w o  ,al K , .  ,a I , I K 

and wmn i s  either xi  for some i , j , and k, or e lse  0. 

The hypothesis H o :  a = akm for a certain k, j ,  k, and m i s  equivalent 
t o  the hypothesis that the contrast CB = 0, there c i s  in the positions cor- 

responding t o  a i j  and akm. Several such hypotheses can be tested simultaneously 
by putting 1 ' s  a n d  -1 ' s  in the rows of a matrix, being careful t o  maintain ful l  
row rank. For example Ho: a i j  = al for a l l  i and k = 1 ,  . . . , K becomes Ho: 
C B  = 0 where the ( i , k ) - th  row of C has 1 in the a ik  position, -1 in the a l k  
position, and zeros elsewhere. Of course C has no row corresponding t o  i = 1 

for any k .  Data can be analyzed with respect t o  hypotheses such a s  these using 
a general 1 inear hypothesis program. Usual l y  , hypotheses of hyperparall el ism 
are restricted t o  the equality of coefficients of variables other than the 
X . The case where the coefficients of the X i  jo are different corresponds i j o  
t o  different intercepts or levels of the different c i t i e s  and i s  discussed 
la te r .  

The hypothesis that the predictor variables x i j l  ,. . . , X  have the same ijK 
effects for  every ci ty  i i s  the hypothesis given above, H o :  a i j  = a l k  for a l l  
k = O and a l l  i .  I f  th is  hypothesis i s  rejected, we may want to  t e s t  sub- 
hypotheses l ike Ho: a i k  = a for some specific kand a l l  i .  Astepwise 1 k 
el imi nati on procedure can be formul ated as fo l l  ows : 

1 )  For each k f  0,  t e s t  Ho: a i k =  a for a l l  i .  1 k 
2 )  I f  the least  significant F-ratio in step 1 i s  

greater t h a n  a specified quantile of the corres- 
ponding F-distri bution, step. Otherwise go cn t o  

step 3. 

3 )  Restrict the 1 inear model by requiring a i k  = a 1 k 
for a l l  i, where k corresponds t o  the least  significant 
F-ratio i n  the previous step. Remove this  k from con- 

sideration in step 1 and go back t o  step 1 .  

The denominator sum o f  squares for t h e  F-ratios i s  the residual sum of 

squares from the full  model. I t  has a.f. 



M - rank[w..l = 1 J - : rank X i  
1 J  i  

where X i  = 

All the Xis have full  column rank i f  an o n l y  i f  [ w .  .] has ful l  column rank. 
1J 

In the absence of m u 1  tic01 1 ineari ty ,  there are 

denominator d . f .  The numerator of each F-ratio i s  the reduction in sum of 

squares divided by i t s  d . f . ,  which i s  1-1 in the absence of multicollinearity 
Such a stepwise procedure can easily involve many hypothesis t e s t s ,  

even with a small value of K. This problem i s  present in the s t a t i s t i ca l  

analysis of a l l  b u t  the simplest of data se ts .  In effect we are using the 
significance levels of the F-ratios as measures of concordance of the data 
with the hypotheses, rather than as true significance levels.  

I f  the value of K i s  very small, we may want t o  f i t  the model with 
- 

a i  ic - al for a l l  i ,  for k in each subset ( 1 , .  . . ,K). This procedure, of 
course, does not help with the problem of mu1 t i p l e  t e s t s  of hypotheses. 

I n  the event that c i t i e s  appear t o  sat isfy the hypothesis of hyparallel- 
ism ( t o  have the same regression coefficients for a common se t  of predictor 

variables),  there might s t i l l  be a significant c i ty  effect .  This would 
resul t  in a model of the type 

where the Ci represent different levels of f i r e  rates among the c i t i e s .  
I f  the Ci are different from zero, th i s  might be due t o  different reporting 
practjces among the c i t i e s .  For example, one ci ty  might n o t  report f i r e s  



involving no loss ( t rash ,  grass, e t c . )  or f i r e s  with loss below a minimum 
figure. If reporting i s  related t o  severity,  i f  that fact  can be determined, 
and i f  the data include information on severity,  thus a model incorporating 
level of severity could be developed. Such a model would use data from 

a l l  c i t i e s  reporting a t  a given threshold level of severity of f i r e .  
In the case where c i ty  parameters are significantly different from 0, 

another variable which represents the severity of the reported f i r e s  could 
be added to the model i f  severity i s  also reported. The severity might 
explain much of between c i ty  differences. Suppose as an example, that 
three levels of severity are found. In the model, there will be three d i f -  
ferent dependent variables; severe f i r e  ra te ,  moderate f i r e  rate ,  and minor 
f i r e  rate .  Cities having a l l  three different severi t ies  of f i r e s  reported 
will have three different dependent variables for each of their  census t r ac t s .  
Cities with on ly  two levels of f i r e s  reported--presumably severe and moderate, 
will have two dependent variables for each of their  census t r ac t s ,  while 
c i t i e s  with only the severe f i r e s  reported will have only one dependent 
variable for each o f  their  census t rac ts .  Thus the models are: 



f j ( i ) '  f ' j ( i )  and f"  
j ( i )  

represent the reported severe, moderate, and 
minor f i r e  rates for census t rac t  j a t  c i ty  i ,  which reports a l l  three 

levels of f i r e s .  ' are reported severe and moderate f i r e  q j ' ( m ) '  qj(m) 
rates of census t r ac t  j '  a t  c i ty  m, which reports only severe and moderate 
f i r e s ,  and R 

j " ( n )  
i s  the reported severe f i r e  rate  of census t r ac t  j" 

a t  c i ty  n ,  which reports only  severe f i r e s .  The parameters u l  , up, and 
u3 represent the effects from the severe, moderate, and minor f i r e  reporting 
systems. I t  should be mentioned that f ,  f ' ,  and f "  are not independent 
nor are the q and q ' .  

One could addume that  f , f ' , and f "  are independent as we1 1 as q and 

q '  and apply the regular regression procedure to estimate the parameters. 
These are approximate estimations. The estimated parameters should not * 
be t o o  different from the "legal" estimates. Again, the significance 
of the ci ty  parameters ci  should be tested against the assumption that  ci = 

0. I f  i t  i s  not significant,  the model without the ci ty  parameter could 
then be used to estimate the reported f i r e  rates of different severity,  
either nationally or locally. 

*Since f ,  f i ,  and f "  are n o t  independent, the sum of the total reported 

f i r e  rate i s  a better dependent variable t o  manipulate. Clearly f - - 
f '  j ( i )  + f"  

j ( i> 

j ( i )  
can be expressed as 

where 

Simi 1 arly Qi ( m )  - - 
V q j t ( m )  + j 1 ( r n )  

and 

w i t h  



In order t o  incorporate the supplemental data available from some 
c i t i e s ,  i t  might be useful to f i t  two models--a rural and an urban one. 
The final urban model could then incorporate the data from the c i t i e s  as 
well as from the urban portions of the NFIRS s ta tes .  I n  any event, the 
c i t i e s  can serve to  provide an additional estimate of the validity of the 

national estimates model by estimating the f i r e  rates for the c i t i e s  and 
comparing with the observed rates .  

Throughout the discussion, the term "estimates of  f i r e  rates" has 
been used. What i s  actually desired, of course, i s  a series of estimates 
by type of structure,  cause, and loss of injury category. The previous 
discussion applies with the understandi,ng that i t  i s  mu1 t ivar ia te  regressions 
or multivariate l inear models that  are being referred t o .  That i s ,  each 
component of the "national estimates" i s  part of the vector of dependent 
variables used in the modeling process. This could be computationally 

quite cumbersome. I t  might be necessary t o  do the modeling only for  the 
to t a l ,  and rely on the relative distribution of the components in the NFIRS 

s ta tes  to obtain national estimates for each component. 
Finally, the simple expansion method o u g h t  t o  be t r ied as a prel iminary 

step. That i s ,  each s t a t e ' s  data would be expanded t o  national size.  Com- 

parisons of these among the s tates  as well as with the more sophisticated 

models should also be made. 



We final ly  have three equations : 

I 

' j l  ( m )  
= a + u I 2  + cm + i b K 0 2 x j l  ( m ) K  + e , and 

K 
R j ' ( n )  a + u l  + c n + z b  K "X j U ( n ) K  

-+ e. 

Regular regression techniques can then be used t o  estimate the parameters 
m, u ' ,  c ,  and b.  

I t  may be that  the ci ty  parameters ci are significantly different 
from zero, b u t  cannot be identified as due to severity or other reporting 
policies. In this  case an attempt should be made t o  identify c i t i e s  with 
l ike c i .  A variable such as geography, population s ize ,  or some other c i ty  
characteristic should be sought which will correspond to the c i .  That i s ,  

since i t  i s  desired to apply the model t o  areas beyond where the parameters 
have been estimated, the model cannot include terms unique t o  one area and 
s t i l l  be useful. That i s ,  a useful rnodel must use available variables to 
predict. 

Models for the NFPA Fire Department Survey Data. The data from the 
survey of a national sample of f i r e  departments may represent the data se t  
most nearly national in scope. However, these may be lacking in de ta i l .  
Regression models should be estimated from these data to the extent possible. 
I t  may not be practical t o  obtain census t rac t  data, or even aggregated 
census data, b u t  these should be used in the regression model i f  feasible.  
I n  any event i t  should be possible t o  include geographical location and/or 
climate as a variable, as well as size of c i ty  and perhaps type of f i r e  
department. These regression models might be useful directly for obtaining 
national estimates. They might also be used t o  cross-check of validate the 

regression models developed from the c i t i e s  or from the NFIRS data. T h a t  

i s ,  parameters of the various models could be compared, or the NFIRS model 
could be used t o  predict f i r e  incidence for these communities and the results 
checked against the reported figures to obtain an independent estimate of 
the error in  national estimates based on NFIRS regression models and census 
data. 
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APPENDIX I1 
D E T A I L E D  DATA TABLES 

This appendix includes detailed data tables from the NFIRS data. As 
mentioned ear l ie r ,  they are based on f i r e  incidents by building types from 
January, 1975 u n t i  1 June, 1976, so to ta l s  do not ref lect  annual figures. 

Table 11-1 gives the causes by the codes used in the tables. Table 11-2 
gives the frequencies with row and column percentages of f i r e s  by cause 
and structure.  The row percentages can be interpreted as the percent of 
f i r e s  with the given cause which involve each structure type. 

Table 11-3 gives the civi l ian injuries from f i r e s  classified by 
structure type and cause o f  f i r e .  Table 11-4 gives the civi l ian deaths in 
the same fashion. Combinations of structure type and cuase which resulted 
in no deaths or no injuries are omitted. Table 11-5 gives the f i r e  service 
injuries by structure type and cause of f i r e .  



TABLE 11-1 

F IRE CAUSE COCE NUMBERS 

Exposure 

Natural 

Incendiary Suspicious 

Expl osives/Fi reworks 

Smo ki ng 

Chi 1 dren 

Heating 

Cooking 

Air Ccnditioning/Refrigeration 

Electrical Distribution 

Appl iances 

Gas 

Flammable Liquid 

Open F1 arne/Spark 

Other Equipment 

Other Heat 

Unknown 
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Table  11-5.  (Con t . )  

Property - Class  - 

640-649 
670-679 
71 0-71 9 
720-729 
740- 749 
750- 759 
760-769 
770-779 
780-789 
790- 799 
81 0-81 9 
830-839 
840-849 
870-379 
880-887 & 889 
890- 899 
930- 939 
940- 949 
950- 959 
960- 969 
970-979 
980-989 
910-919 
920-929 
(Misc.) 

Tota l  

I n i  t i  a1 Cause Category 

4 5 6 7 8 9 10  11 12 1 3  1 4  1 5  1 6  1 7  Tota l  

2 2 
3 

4 1 5 
2 4 

1 1 1 3 
2 12 2 3 3 3 
1 2 1 11 1 17 

1 3 1 2 9 4 1 2 2 
2 1 3 

2 2 2 2 9 1 4 25 
3 1 14 5 8 1 1 7 6 1 11 6 3 

1 1 
1 1 

2 4 1 8 
3 2 13  11 2 1 6 6 14  8 1 0  7 102 

5 1 17 3 8 3 6 1 6  65 
2 2 2 1 3  8 7 1 8  55 

1 2 2 5 
1 1 1 4 

2 1 4 3 5 8 5 1 3  1 5  9 6 72 
1 1 

1 1 2 
2 3 2 4 12 1 3  5 3  

1 1 3 
6 7 4 6 2 1 1 3  1 3 16 32 7 22 175 31 7 

38  190 110 305 8 0  21 213 86 47 100 348 125 210 534 2730 






