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F i re  Protect ion in the Wildland/Urban In te r fa c e  

A Montana Viewpoint  

Chapter 1 

In troduct ion

During the la s t  two decades America has undergone a major c u l tu ra l  

change. By 1975, researchers had documented th a t  the establ ished trend  

of  migrat ion from ru ra l  communities to the c i t i e s  had reversed i t s e l f  

and become a major exodus of c i t y - d w e l 1 ers to the urban f r in g e  and iso

la ted wi ld land areas (Lee, 1980) .  The roots o f  th is  "reverse  

migration" stem from advances in t ra n s p o r ta t io n ,  the western s ta te s '  

economy and the changing American l i f e s t y l e s .  More le is u r e  time, e a r ly  

re t i rem ent  and dreams of owning a few acres, p lan t ing  a garden and com

municating with nature are br inging c i t y -d w e l le r s  in record numbers to 

ru ra l  areas. There is a strong des ire  to get away from the pressures of  

populat ion centers .  This has resu l ted  in an increase of  subdivisions  

and developments on and next to forested and w i ld land areas.

This migrat ion is causing d r a s t ic  changes in the t r a d i t i o n a l  land 

use concepts. Besides the timber values, wi ldlands have been managed 

for  t h e i r  value as watersheds, game habi ta ts  and re crea t iona l  

playgrounds. Now the land has become more popular as build ing s i te s ,  

fo r  both permanent residence and second home developments. Permanent 

vacation dwel lings have been b u i l t  in many parts of  the 2 . 2  b i l l i o n  

acres tha t  c o n s t i tu te  ru ra l  America, and 42% of  the n a t io n 's  population  

now c a l l  these areas home (Bowman, 1979).  The "reverse migrat ion" adds 

a s t r i k in g  new dimension to an a lready complex and confusing f i r e  

problem. Res ident ia l  development often takes place on lands with a

1
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view, seclusion and an abundance of a e s t h e t i c a l l y  pleasing natura l  vege

t a t i o n .  Homes are located near dense vegetat ion so as to capture a sense 

of pr ivacy  and naturalness (Lee, 1980). However, the abundant, a e s th e t i 

c a l l y  pleasing natura l  vegetat ion of ten becomes an extreme accumulation 

of natura l  w i ld land fu e ls .  This fue l  accumulation is fu r th e r  aggravated 

by the presence of s t ru c tu re s ,  as they reduce the p o s s i b i l i t i e s  o f  using 

co n tro l le d  f i r e  to a l l e v i a t e  the fuel  buildup.

F i re  hazards o f  unprecedented scale  and s e v e r i ty  r e s u l t  when 

n a t u r a l l y  occurring fue ls  are supplemented with unnatural fuel buildup  

around s truc tures  located in w i ld land areas. W i l d f i r e  is a natural  

occurrence and is in e v i ta b le  in western coniferous regions (Habeck and 

Mutch, 1973) and the chaparra l ecosystem of  C a l i f o r n i a  (Radtke, 1981).  

Catastrophic f i r e s ,  with high r is k s  to property  and l i f e ,  are becoming a 

more common event in th is  hazardous area where ru ra l  wi ld land fue ls  meet 

the urban sett lements .  This is the wi ld land/urban in te r fa c e .

The wi ld land/urban f i r e  in te r fa c e  has been defined as "Any point  

where the fuel  feeding a w i l d f i r e  changes from natura l  (w i ld lan d )  fue l  to 

man-made (urban) fu e l"  (Lee, 1980) .  This in te r fa c e  is simply a boun

dary between a s t ru c tu re  in which f i r e  is c a r e f u l l y  r e s t r i c t e d  by c u l 

t u r a l l y  defined p ract ices  and w i ld land vegetat ion in which f i r e  has always 

been a natura l  par t  of  the ecology. Population growth in the w i ld la n d /
<

urban in te r fa c e  is p r im a r i ly  in areas of  non-commerical vegetat ion types 

but adjacent to va luable  commercial fo r e s ts .  Uncontrol led w i l d f i r e  o r i g i 

nating in the in te r fa c e  can r a p id ly  spread into productive coniferous  

fo re s ts  r e s u l t in g  in the u l t im ate  destruct ion  of  an important par t  of  

the local economic base (Curran, 1978). Conversely, w i l d f i r e s  that
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o r ig in a t e  in fo re s t  zones threaten the l iv e s  and property  of people 

l i v i n g  in the in te r fa c e .  This p o te n t ia l  fo r  disastrous conf lagrat ions  

becomes more l i k e l y  as fu r t h e r  development occurs without implementing 

precautionary  measures (Curran, 1978) .

The o b je c t iv e  of  th is  paper is to bring to l i g h t  the f i r e  danger 

to homes being b u i l t  in wi ld land fu e ls .  Even the best equipped and 

most experienced f i r e  f ig h t in g  forces in the world are help less against  

a hot, intense w i ld land  f i r e .  Homes are being b u i l t  in w i ld land areas 

destined to burn with absolu te ly  no regard to the dangers of  w i l d f i r e .  

Thus, with the concepts contained w i th in  th is  paper, local governing 

a u th o r i t ie s  and land developers w i l l  be able to work with f i r e  protec

t io n  a u th o r i t ie s  to reduce the f i r e  danger and provide a safer  environ

ment fo r  people l i v i n g  in the w i ld land/urban in te r fa c e .
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Chapter 2 

Wildland/Urban F i r e  H is tory

Ear ly  explorers o f  the western sta tes  have documented the discovery  

of widespread fo re s t  f i r e s  and areas denuded by f i r e  (Freedman, 1980).  

Numerous h i s t o r i c a l  accounts e x is t  regarding Indians using w i l d f i r e  as a 

useful tool fo r  hunting, brush removal from t r a i l s  and to enhance the  

nat ive  vegeta t ion .  W i l d f i r e  has consumed n a t ive  vegetat ion in the 

Americas fo r  thousands of  years .  No physical control of f i r e s  was 

needed or attempted. Then, the e a r ly  white s e t t l e r s  s ta r te d  moving west

ward, bu i ld ing permanent residences,  towns and c i t i e s .  The e a r ly  towns 

were carved out of the fo re s ts  and b u i l t  e n t i r e l y  of wood from the 

c lear ing  process. N a t u r a l ly  th is  made the towns vu lnerable  to major 

co n f lag ra t io n s .  I t  was not unusual fo r  w i l d f i r e s  to sweep through com

munities k i l l i n g  hundreds of  people. Two such f i r e s  th a t  w i l l  always 

stand out as reminders of  w i ld land f i r e  destruct ion  are the Prest igo,  

Wisconsin F i re  in 1871 th a t  claimed 1,500 l i v e s ,  and the Hinkley,  

Minnesota F i r e  k i l l i n g  418 in 1894 (Lee, 1980).

A century has passed since the Prest igo f i r e ,  yet w i ld land f i r e s  

continue to take an i n t o le r a b ly  heavy t o l l  of  l i f e  and property  

despite the great advances in technology and f i r e f i g h t i n g  techniques.

The National Commission on F i r e  Prevention and Control states tha t  over 

$ 1 1  b i l l i o n  worth of resources are wasted by d e s t ru c t iv e  f i r e s  y e a r ly .  

A d d i t io n a l ly ,  12,000 people w i l l  lose t h e i r  l iv e s  to f i r e  and tens of 

thousands are in jured  each year (Bowman, 1979).

The f i r e  problem tha t  plagues C a l i f o r n i a  is well  known to f i r e  

researchers and f i r e f i g h t e r s .  Much of C a l i f o r n i a ' s  destruct ion  by w l ld -

4
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f i r e  occurs w i th in  a few c r i t i c a l  f i r e  weather days each year, when a i r  

temperature soars, the r e l a t i v e  humidity drops to near zero and wind 

v e lo c i t i e s  increase to 50 miles per hour or more. Under these con

d i t io n s  w i ld land f i r e s  s t a r t  e a s i ly  and spread r a p id ly ,  control being 

next to impossible.

In 1961, the Bel A ir  F i r e ,  pushed by the strong Santa Ana winds, 

swept down out of the Santa Monica Mountains and spread in to  the Bel 

Air-Brentwood area. The community lo s t  484 homes and 21 other s t ru c 

tures in less than two days {Task Force on C a l i f .  Wildland F i r e  Prob.,  

1971) .  In 1964, th ree  f i r e s  raced through a t o t a l  71,601 acres of 

C a l i f o r n i a  brush and timber and in to  several c i t i e s  consuming a t o t a l  of  

306 residences and other s t ru c tu re s .  In November o f  1966 the Loop F i re  

s ta r te d  near the C i ty  of  Los Angeles and spread over 2 ,028 acres in ju s t  

32 hours. The Loop F i r e  gained n o to r ie ty  when in ju s t  one minute the 

f i r e  f lashed up a narrow canyon, trapped and k i l l e d  1 2  experienced f i r e 

f i g h t e r s .  In 1970, f i r e s  raged through more than 500,000 acres o f  brush 

and timber covered wild lands w i th in  a 13-day period o f  extreme weather 

condit ions .  The 1970 f i r e s  r a p id l y  moved in to adjacent urban areas 

destroying 722 homes and k i l l i n g  16 people. Despite C a l i f o r n i a  having 

the best f inanced and most e f f e c t i v e  w i ld land f i r e  organizat ion in the 

world, d e s tru c t iv e  f i r e s  w i l l  continue to occur in the wi ld land/urban  

in te r fa c e  (S ta te  of C a l i f . ,  1971) .

The w i ld land/urban in t e r f a c e  f i r e  problem ex is ts  in many areas outside  

the C a l i f o r n i a  suburbs. F lo r id a  is experiencing a surge in growth with  

many r e t i r e d  couples s e t t l i n g  into the ru ra l  areas. The Rocky Mountain 

sta tes  are f ind ing  more and more permanent and vacation homes being
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b u i l t  where prev iously  no roads ex is ted .  Hazards also e x is t  where deve l

opment has occurred in the Jack pine fores ts  o f  the Lake States and the  

fo res ts  of  Maine and New Jersey {Lee, 1980). Colorado has experienced 

a r is e  of  up to six  times as many f i r e  s ta r ts  in w i ld land/urban areas. 

Oregon residents  have had several close c a l ls  with d isasters  in recent  

years (Curran, 1978) .

In Montana, f i r e f i g h t e r s  have watched with concern as homes are 

constructed in the w i ld s .  Two decades ago, large f i r e s  l i k e  the 

Sleeping Ch i ld ,  Sundance, and Trapper Peak F ires  posed l i t t l e  th r e a t  to 

homes. In recent years, the dangers associated with fo r e s t  dwell ings  

have been i l l u s t r a t e d .  On July 16, 1977, the Pattee Canyon F i re  s ta r te d  

a few hundred yards from the Missoula, Montana, c i t y  l i m i t s .  Pushed by 

a strong wind, the f i r e  consumed six  homes and 1 , 2 0 0  acres of  t imber and 

watershed w i th in  a few hours. Fortunate ly  no one was in jured ,  although 

the d o l la r  costs were high. Suppression costs of $300,000 were announced 

and the estimated value of the homes lo s t  was $330,000 (Freedman and 

Fischer, 1980).

Two years a f t e r  the Pattee  Canyon d is a s te r ,  Montana suffered another  

dry summer. As i f  to  remind Montana home owners of  the danger, several  

f i r e s  burned close to residences, but only one house was lo s t .  The Deep 

Granite  F i r e ,  a 2 ,330 acre blaze near Libby consumed a house and barn 

before i ts  c o n t ro l .  Approximately 50 homes were threatened as the 

Anaconda-Barker Creek F i re  burned to w i th in  two miles of Anaconda. Near 

Missoula, the M i l l  Creek F i re  west o f  Lolo burned 600 acres of t imber 

and came w i th in  one-quarter  m i le  of  residences. Later  th a t  same year ,  

weary f i r e f i g h t e r s  fought a 250 acre blaze two miles north of Missoula 's
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Grant Creek development. Several homes were evacuated as a sa fe ty  pre

caution (Freedman and Fischer, 1980).

Despite the obvious reminders, homes are being constructed th a t  w i l l  

prove to be impossible to p ro tec t  against w i l d f i r e .  Some of the new 

constructions have views tha t  look onto the scars of past conf lagra 

t io n s .  The man who ignores h is to ry  is destined to r e l i v e  i t .
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Chapter 3 

F i r e  Dependent Environments

Many areas in the western sta tes  have evolved through the ages with  

the aid of  natura l  f i r e .  An ecosystem is considered f i r e  dependent i f  

per iod ic  changes in the system due to f i r e  are essent ia l  to the suc

cession of  the natura l  system (U .S .O .A . ,  1980) . In such systems, f i r e  

is an environmental t r ig g e r  th a t  s ta r ts  and ends key vegetat ional  serai  

stages, controls the age s t ru c tu re  and species composition. Part  of  

th is  ecosystem is the "natura l  f i r e  regime". A natura l  f i r e  regime is 

the t o ta l  pattern  of f i r e s  in vegetat ion ,  over t ime, tha t  have l i k e  

c h a r a c te r is t ic s ;  i . e . ,  f i r e  type, in te n s i ty ,  f i r e  s ize ,  and f i r e  f r e 

quency or length of re turn  i n t e r v a ls .  (U .S .D .A . ,  1980). The f i r e  r o ta 

t ion  or f i r e  cycle  is an important f a c to r  in c la s s i fy in g  the various  

f i r e  regimes. Table 1 demonstrates a simple breakdown of  seven possib le  

f i r e  regimes.

Table 1. Seven Possible Simple F i r e  Regimes_______________________________

0 = No natura l  f i r e

1 = In frequent l i g h t  surface f i r e s  (more than 25-year
in te r v a ls )

2 = Frequent l i g h t  surface f i r e s  (1 to 25-year in t e r v a l )

3 = In frequent severe surface f i r e s  (more than 25-year
in t e r v a ls )

4 = Short return in te r v a l  crown f i r e s  and severe surface
f i r e s  in combination (25 to 100 year  i n t e r v a l )

5 = Long return  in te r v a l  crown f i r e s  and severe surface f i r e s
in combination ( 1 0 0  to 300 year i n t e r v a l )

6  = Very long return  in te r v a l  crown f i r e s  and severe surface
f i r e s  in combination

Source: U .S .D .A . ,  1980 ' “

8
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The in te r v a l  between f i r e s  depends p r im a r i ly  upon the time i t  takes 

for  flammable vegetat ion to develop and dead, flammable fuels  to accumu

la t e  (F ischer ,  1977). Forest Service researchers have traced the f i r e  

h is to ry  on several areas in the northern Rockies (Arno, 1976, 1980).  

Findings show th a t  on areas of the B i t t e r r o o t  Nat ional Forest,  Montana, 

between the years 1735 and 1900, the mean f i r e  in te r v a l  in selected  

stands of  t imber ranged from 6  to 41 years. Studies done in the Lick 

Creek area near Hamilton, Montana, under old growth ponderosa pine 

( Pinus ponderosa) demonstrated th a t  f i r e  in te r v a ls  between 3 and 

30 years were not unusual (Gruel 1 et a l . ,  1982).  These low- 

in te n s i ty  f i r e s  consumed most of  the grass, shrubs and t r e e  regenera

t ion  without causing damage to overstory  t re e s .  In C a l i f o r n i a ,  much 

the same was t ru e  before man's in f luence .  Natural f i r e  ig n i t ions  

within  the chaparral fue l  complex would occur on an average of every 1 0  

to 40 years (M ul le r  et a l . ,  1968) .  While some f i r e s  during extreme 

f i r e  weather condit ions would grow to large f i r e  s iz e ,  most f i r e s  

occurred during less severe condit ions and would clean the area of  

flammable fue ls  (Cowles, 1973).

Researchers noted a marked decrease in f i r e  incidence a f te r  1920, 

about the time tha t  f i r e  contro l  a c t i v i t i e s  were i n i t i a t e d  (Arno, 1976), 

4s f i r e  control technology and organizat ions  improved, a p a r a l le l  

increase in the average f i r e  in te r v a l  occurred. This lengthening  

3f the f i r e  i n t e r v a l ,  caused by control of the "cleansing f i r e s "

:auses an abnormal increase of  fue l  accumulation in some wild land areas, 

n many northwest t imber stands where ponderosa pine ( Pinus ponderosa)
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and D o u g la s - f i r  ( Pseudotsuqa m e n z ie s H ) are climax species, la rge accu

mulations of dense understor ies have developed, crea t ing  a "ladder of 

fu e ls "  endangering the normally  g r o u n d f i r e - to le r a n t  species with a 

deadly crown f i r e  (Arno, 1976).

F i r e  dependent regimes have other fac to rs  th a t  contro l  the s e v e r i ty

of  a f i r e .  Such things as fue l  f lammabi1i t y ,  fue l  c o n t in u i ty  and plant

regeneration s t ra te g ie s  are a l l  items tha t  encourage or discourage f i r e  

in an eco-system. But man, through his control p rac t ices  has upset the 

balance of f i r e  in the w i ld s .  Today we extinguish the e a r ly  season 

cleaning f i r e s  and create  more fue l  fo r  the major con f lag ra t io n  bound 

to occur during the h o t te r ,  d r i e r  months when f i r e  control is not as

easy. As more homes are constructed in ru ra l  areas, less f i r e  is

allowed and the dangerous flammable fu e ls  continue to accumulate.
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Chapter 4 

Creation of a D isaster  

Each year the news media covers s to r ie s  r e la t in g  disastrous events 

that  k i l l ,  in ju r e  or leave homeless port ions of the wor ld 's  population.  

Newscasts r e l a t e  the horrors experienced by people facing f loods, e a r th 

quakes, volcanoes or other  major d isrupt ions in l i f e s t y l e s .  The 

researchers of  major d isasters  have not subjected the wi ld land/urban i n t e r 

face f i r e  to as in tens ive  a study as tornadoes, earthquakes and volcanoes.  

One possib le  reason fo r  th is  is th a t  researchers have adopted the 

th inking tha t  w i l d f i r e s  are human-caused d isasters  ra th e r  than a natural  

hazard (Lee, 1980).

Man has l i t t l e  defense against the des truc t iv e  powers of a volcano, 

earthquake or other major d is ru p t iv e  forces .  Large levees are 

constructed to pro tec t  against f loods, yet  l i t t l e  is done to prevent  

homes from being b u i l t  in "natural hazard" areas. A natura l  hazard is 

convent iona l ly  def ined as "a source of danger or r is k "  (Webster, 1973).

In w i l d f i r e  terminology,  hazard is a descr ip t io n  of "a condit ion of  

f i r e  p o te n t ia l  def ined by fu e ls  and other  environmental fac to rs  which 

form a th re a t  or p o te n t ia l  of  ig n i t io n "  (Gaylor, 1974). The notion  

of r isk  is fundamental to the concept of hazard, since r isk  involves  

the assignment of  p r o b a b i l i t y  or chance th a t  harm w i l l  occur. Gaylor  

(1974) defines r is k  as "the chance of a f i r e  s ta r t in g  as determined by 

the presence and a c t i v i t y  of a causat ive  agent". Thus r isk  is d i r e c t l y  

proportional  to hazard; as the hazard increases so does the r is k .

These simple notions of hazard and r is k  re q u ire  some e laborat ion  

when employed fo r  the purpose of taking a c t ion .  Risk assessment

11
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involves the i d e n t i f i c a t i o n  of hazards, possib le  sources of ig n i t io n  and 

p r o b a b i l i t y  of  ig n i t i o n .  Hazard management or reduction involves the 

choice of options to be used in c o n t r o l l in g  and minimizing the hazardous 

condit ions (Lee, 1980).

Thus both r is k  assessment and hazard reduction r e q u ire  a knowledge 

of cause and e f f e c t  r e la t io n s h ip s  which produce hazardous condit ions.

Such knowledge is usua l ly  l im i te d  because a u th o r i t ie s  be l ieve  the legal  

concept th a t  natura l  hazards and the d isasters  to which they give r is e  

are "Acts of  God" or events beyond human c o n t ro l .  The fa c t  tha t  people 

repeatedly  bu i ld  in brush f i e l d s ,  t imber, f lo odp la ins  and seashores or 

other hazardous locat ions proves th a t  very l i t t l e  precautionary  

planning goes in to preconstruct ion s i t e  lo ca t io n .

Precautionary planning makes i t  possib le  to address the vu lner 

a b i l i t y  of  construct ion s i t e s .  The a l t e r n a t i v e  to precautionary planning  

is to repeated ly  reso lve  hazardous problems through increas ing ly  expen

sive publ ic  serv ice  and d is a s te r  r e l i e f  o rgan iza t ions .  Thus some 

disasters  may display  a systematic development. In order to study the 

sequence of steps leading toward a d is a s te r ,  Lee (1980) defines d isa s te r  as:

"An event which threatens a populat ion with unwanted consequences as 
a r e s u l t  of the breakdown of precautions which had been accepted as 
adequate ."

This d e f i n i t i o n  emphasizes the breakdown of precautions as the centra l  

fe a tu re  of a d is a s te r .  The inadequacy of  f i r e  prevention and 

suppression methods are demonstrated when an in te r fa c e  f i r e  grows into a 

c o n f la g ra t io n .

Turner, (1976) ,  a s o c io lo g is t  has compiled a s ix -s tag e  development 

sequence fo r  d is a s te r .
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STAGE I

The f i r s t  stage of the d is a s te r  sequence begins with a set of 

b e l ie fs  or precautions about the hazards of l i v i n g  in the ru ra l /u rba n  

in te r fa c e .  These b e l ie fs  compose the normal stock of  knowledge tha t  

residents  have about w i l d f i r e .  Such knowledge might include some con

ceptions on the causes of f i r e s ,  the associat ion of f i r e  with heavy 

fue ls  and possib le  source of i g n i t i o n .  The s ta te  of knowledge tha t  a 

community l ive s  with is the foundation fo r  precaut ionary ru les ,  which 

may take the form of  laws, p ra c t ic es ,  customs or f i r e  prevention laws. 

Acceptance of these precautions is possib le  because people be l ieve  tha t  

f a i l u r e  to abide may cause a d is a s te r .

STAGE I I

A w i l d f i r e  d isa s te r  occurs when the accepted b e l i e fs  and precautions  

prove to be inadequate or inaccurate .  The major concern here is not the 

breakdown of  accepted gu ide l ines  th a t  occurs instanteously ,  but the slow 

accumulation of  unnoticed events. F i re  prevention measures are thought 

to be adequate to a l l e v i a t e  the known f i r e  hazards. However, there  are 

events tha t  are inconsistent  with the normal image of the w i l d f i r e  

hazard. These events " incubate" over a period of  t ime u n t i l  a l l  f a c 

tors come to a head and a co n f lag ra t io n  r e s u l ts .  Fuel accumulation,  

coupled with s t ructu res  throughout wi ld land areas provide an exce l le n t  

environment fo r  the incubation of these unnoticed events.

Such discrepant events can only b u i ld  up, unnoticed, i f  they remain 

unknown to most people or are misunderstood as to the r e s u l t in g  con

sequences. Residents and o f f i c i a l s  may perceive the fue l  accumulation
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in a dense fo r e s t  and be concerned about the t a l l  t rees  present, yet  not 

understand the r e la t io n s h ip  of ladder fue ls  to a c row nf i re .  Several  

studies of  ru ra l /u rb a n  in te r fa c e  residents show a general f e e l in g  of  

s e cu r i ty ,  safe from any possib le  d is a s te r  (H u lber t ,  1972; and Freedman, 

1980). In a Montana survey, 80% of the fo re s t  homeowners questioned 

bel ieved the f i r e  danger l o c a l l y  was low to moderate (Freedman and 

Fischer, 1980). Colorado residents  f e l t  much the same way with 75% 

saying the danger was low to moderate (H u lb e r t ,  1972) .  Resident 

fee l ings  could be summed up by one man's comments, "There hasn 't  been a 

f i r e  fo r  30 years, why should we have one now." This i l l u s t r a t e s  a 

precautionary breakdown.

Lee (1980) gives f i v e  reasons why hazardous events are allowed to 

accumulate unnoticed.

1. People are re lu c ta n t  to fe a r  the worst, with the r e s u l t  tha t  

they dismiss evidence of hazardous condit ions or f a i l  to  notice  

warning signs.

2. The v io la t io n  of  f i r e  prevention laws and ru les  become accepted 

as normal when people are misinformed or f a i l  to learn 

appropriate  precautions.

3. " Information overload" in complex s i tu a t io n s  where people f a i l  

to attend to danger signs because of so many other events 

demanding t h e i r  t ime.

4. People 's a t te n t io n  may be d i rec ted  away from warning signs to 

lesser  or more immediate dangers. An example may involve  

attempts to secure local f i r e  departments capable of f ig h t in g
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in d iv id u a l  f i r e s  tha t  pre-empt a t te n t io n  from hazards in the 

in t e r fa c e  th a t  threaten a l l  s t ru c tu re s .

5. Destruc t ive  w i l d f i r e s  which occur at f requent in te rv a ls  tend to 

give b i r th  to the development of in s t i t u t io n s  suited to rou t ine  

f i r e s :  Insurance companies, d isa s te r  r e l i e f  agencies and large

f i r e  control  agencies.

A l l  of  these fac to rs  aid in the breakdown of normal precautions and 

s ta r t  the incubation per iod .  W i l d f i r e  d isa s te r  incubation periods might 

best be described as s ta r t in g  with the f i r s t  s ig n i f i c a n t  human s e t t l e 

ment and the date when man f i r s t  began to e f f e c t i v e l y  control fuel  

reducing f i r e s .

STAGE I I I

The incubation period o f  the d isa s te r  sequence culminates with a 

p r e c ip i ta t in g  inc ident:  the unnoticed hazards have been growing in

s e v e r i ty  and now an ig n i t io n  occurs s ta r t in g  the d isa s te r  in motion - 

th is  could be chi ldren playing with matches or a bo l t  of l igh tn ing  or 

any other natura l  or unnatural ig n i t io n  source.

STAGE IV

The outbreak of an in t e r fa c e  w i l d f i r e  is fol lowed by the onset of 

unantic ipated problems not accounted fo r  by e x is t in g  f i r e  prevention and 

suppression techniques. In an in t e r fa c e  w i l d f i r e ,  the onset is re p re 

sented by the in t e n s i ty ,  r a te  of  spread, area covered and l ives  and pro

per ty  lo s t .

STAGE V

The onset of an in te r fa c e  w i l d f i r e  is accompanied by f i r e  
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suppression, rescue and salvage opera t ions .  Roads unexpectedly become 

congested as f le e in g  residents  encounter la rge  emergency vehic les  and 

groups of  s igh tseers .  Congestion is compounded by narrow, winding 

roads, and grades too steep fo r  heavy f i r e  suppression equipment. Water 

supplies fo r  suppression forces are often exhausted as residents  

simultaneously attempt to wet down bui ld ings or ext inguish flames or no 

hydrants are present at a l l .  Mutual aid suppression crews who are new 

to the area may lose t h e i r  way in a maze o f  unmarked roads and s t re e ts .  

Equipment shortages, communications, manpower, lo g is t ic s  and so on are 

a l l  problems th a t  may be encountered during an in te r fa c e  w i l d f i r e .

STAGE VI

A f te r  the la s t  f lames have been extinguished and the community has 

recovered from the immediate shock of an in te r f a c e  f i r e ,  an in qu iry  may 

be conducted to determine why accepted precautions proved to be inade

quate. Public  forums in v e s t ig a te  the causes and probe proposals for  

reducing the l ik e l ih o o d  of recurrence. U nfor tunate ly ,  th is  stage is too 

often Stage VI,  instead o f  Stage I I I ,  where a d is a s te r  may be prevented.

Time and time again t h i s  s ix -s te p  d isa s te r  sequence has been played 

through to i t s  in e v i ta b le  conclusion. In order to break the cycle we 

must look at the problems being made in a l l  of  the six  stages, thus 

reducing the p r o b a b i l i t y  of  an in t e r fa c e  f i r e .
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Chapter 5 

Exist ing  Hazards and Risks

In order to u t i l i z e  the d isa s te r  sequence model to prevent in te r fa c e  

w i l d f i r e  d isas te rs ,  planners and developers must understand the hazard 

and r is k  concepts f u l l y .  Even before the f i r s t  human set foot  on the  

proposée development s i t e ,  w i l d f i r e  hazards and r isks  ex is ted .

The natura l  w i ld land hazards e x is t ing  in the proposed ru ra l  develop

ment area can be c l a s s i f i e d  in to  one or more of three major categor ies ,  

those being fu e ls ,  weather and topography. These three categories are 

the major components c o n t r o l l in g  w i ld land f i r e  behavior and must be 

reviewed in a e t a i l  to understand t h e i r  importance in c la s s i fy in g  the 

wild land/urban in te r fa c e  w i l d f i r e  hazard.

Fuels -  Gaylor (1974) defines fue l  as "any combustible m ater ia l  

adding to the magnitude or in te n s i ty  of a f i r e  or combining with oxygen 

to c ontr ibute  to the combustion process". Wildland fue ls  may take many 

forms, but a l l  are or were a l i v i n g  component of the ecosystem. F i re  

behavior is a f fec ted  by c e r ta in  c h a r a c te r is t ic s  or propert ies  of the  

nat ive  fue ls  (Brown, 1978) .

1. Moisture Content -  Moisture content is an important fue l  pro

per ty  in p re d ic t in g  f i r e  behavior. For hazard evaluat ion ,  as

moisture content drops, hazard increases.

2. P a r t i c l e  Size -  S ize  is usua l ly  expressed as thickness or the

r a t i o  of surface area to volume. Thin p a r t ic le s  have large  

surface-to-volume r a t i o s .  This r a t i o  is important because i t  

r e la te s  to heat and moisture exchange. Fine fu e ls  w i l l  dry 

f a s te r  and ig n i te  more r e a d i l y .
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3 .  Quantity  -  Quanti ty  of  fu e ls  determines p o te n t ia l  f i r e  in te n 

s i t y .  High in t e n s i t y  f i r e s  occur in heavy fuel  accumulations 

and are more d i f f i c u l t  to c o n t ro l .  Increasing the fue l  load 

may also mean a higher r a te  of spread.

4. Compactness -  Compactness re fe rs  to the crowdedness o f  f u e l .

Combustion occurs at a maximum r a te  when p a r t i c le s  are close

enough to rece ive  in ten s ive  heat r a d ia t io n ,  yet  not block the  

f low of  oxygen.

5. C ont in u i ty  -  C o n t in u i ty  r e fe r s  to the d is t r ib u t io n  of fue ls  

both h o r i z o n t a l l y  and v e r t i c a l l y .  C ont in u i ty  p a r t l y  controls  

where a f i r e  can go and how f a s t  i t  w i l l  spread.

6 . F Iammabil ity  -  N at ive  fue ls  vary in the degree of f 1ammabi1i t y .

Moisture content and the chemical composition of the ex is t ing  

vegetat ion are important fac to rs  in determining p lant  f lam

mabil i t y .

Plant communities th a t  possess chemical substances which y ie ld  a 

r e a d i ly  a v a i la b le  energy source would tend to be h igh ly  flammable and 

have a frequent incidence of f i r e ,  whi le  those possessing chemical in h i 

b i to rs  would be n a t u r a l l y  less prone to f i r e .  The energy level  

establishes the p o te n t ia l  f la m m a b i l i ty ,  but moisture content of p lant  

communities determine f i r e  seasons with peak flammabi1i t y  (Mutch, 1970) 

F1 ammabi1 i t y  is d i r e c t l y  r e la te d  to the p lant  communities' dependence 

on f i r e  to maintain the serai s ta te .

Topography -  the " lay  of the land" a f fe c ts  the spread of w i ld land
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f i r e .  Topographic components o f  f i r e  behavior can be broken down into

three categor ies  (S ta te  of Utah, 1978) .

1. Slope - the steeper the slope, the f a s te r  a f i r e  w i l l  spread.

On steep slopes, f i r e  burns s ixteen times fa s te r  u p h i l l  than 

downhi l l .  As the steepness o f  the slope increases, the r a te  of  

spread increases. The fue ls  up the slope are c loser to the 

f i r e ' s  flames than fu e ls  on a leve l  surface, providing fo r  pre

heating and drying by r a d ia t io n  and convection.  F i re  

suppression a c t i v i t i e s  are much more d i f f i c u l t  on steeper  

slopes.

2. Aspect -  aspect is the d i re c t io n  tha t  a slope faces. Solar  

ra d ia t io n  dr ies  out fu e ls  on south and west fac ing slopes to a

grea ter  extent than on north and east facing slopes.

3. E levat ion -  the e leva t ion  above sea leve l  has a d i r e c t  e f f e c t  

on f i r e  danger through p r e c ip i t a t i o n ,  temperature and humi

d i t y .  The higher the e le v a t io n ,  the less the f i r e  danger.  

Elevat ion does not play as important a r o le  in the ru ra l /u rb a n

in te r fa c e  as most homes are b u i l t  at lower e leva t ions ,  yet  the

e f fe c ts  must be considered.

Weather -  weather is the most important fa c to r  in determining f i r e  

behavior. With a few exceptions, w i l d f i r e s  burn only during the summer 

months. This is because temperatures are higher and humidity is lower

during the summer. Wind, temperature and humidity are the major fac to rs

of weather th a t  in f luence f i r e  behavior.

1. Wind -  wind pressure is the d r iv in g  force  g iv ing d i re c t io n  and
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high rates  of  spread. Wind also w i l l  carry  the rad ian t  and 

convective heat in to  unburned fue ls  and is the causative agent 

of spot f i r e s .  Wind also plays a big r o le  in the drying of  

fu e ls .

2. Temperature -  the sun or hot winds can heat fu e ls  and cause 

them to become more flammable by reducing fuel moisture. (See 

fue l  moisture above)

3. Humidity -  the amount o f  water vapor in the a i r  has a d i r e c t  

in f luence on how e a s i ly  fue ls  w i l l  i g n i t e  and how intense they  

w i l l  burn. Fuel moisture decreases p ro p o r t io n a te ly  as the 

r e l a t i v e  humidity of the a i r  decreases. Long extended periods 

of hot, dry weather c rea te  extreme f i r e  danger condit ions.

The components l i s t e d  above in f luence  the ease or d i f f i c u l t y  of f i r e  

c o n t ro l .  Two c h a r a c te r is t ic s  of a f i r e  tha t  demonstrate the s e v e r i ty  of a 

f i r e  are r a te  of spread and flame length.

Rate of spread is used to describe the f i r e ' s  growth. The term is 

sometimes used two ways - the forward r a te  of spread is used to ind ica te  

headf ire  l in e a r  ra te  o f  advance, and r a te  of  spread-permimeter which 

gives the length of the per imeter  around the f i r e .  ( A lb i n i ,  1976) The 

r a te  of spread is in f luenced by the steepness of slope, v e lo c i ty  of  wind 

and the fuel complex. A fa s t  "running f i r e "  presents a d i f f i c u l t  

s i tu a t io n  to suppression forces as f i r e  control is d i f f i c u l t  and very 

dangerous.

The flame length is d ic ta te d  by height and density  of the burning 

fu e ls ,  wind speed, steepness of the slope, l i v e  and dead fuel moisture.
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f i r e  spread and other fuel c h a r a c t e r is t i c s ,  such as t h e i r  arrangement 

and amount of  f i n e  fu e ls  present (Radtke, 1981). Flame length is an 

ind ica tor  o f  the f i r e  in t e n s i t y .  Byram (1959) def ined f i r e  in te n s i ty  

as "the product of  the a v a i la b le  heat of  combustion per un it  area of 

the ground and the r a te  of spread of  the f i r e " .  This measure of in te n 

s i t y  can be in te rp re te d  as the heat re leased per un i t  of  t ime fo r  each 

unit  of length of  f i r e  edge.

A b i l i t y  to suppress a wi ld land f i r e  can be estimated by f i r e l i n e  

in te n s i ty  or f lame length .  Wildland f i r e s  th a t  produce flame length in 

excess of 30 fe e t  are considered to be burning out o f  c on tro l .  

C o n t r o l l a b i l i t y  using Byram's in t e n s i t i e s  are given in Table 2.

These f igures  help demonstrate the dangers when during a w i l d f i r e ,  

flames in excess of  1 0 0  f e e t  long can soar over homes located at r id g e -  

tops and consume seemingly safe homes a d istance away. I t  has been 

estimated th a t  40 acres of heavy chaparral fu e ls ,  when oxid ized by f i r e ,  

has the same energy as the atomic bomb dropped over Hiroshima (Radtke,  

1981).
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Table 2 . F i r e  Behavior, C o n t r o l l a b i l i t y ,  and F i r e l i n e  In te n s i ty

BI-1978

0-30

30-40

40-50

60-80

80-90

90-110

Flame 
Length ( f t . )

0-3

3-4

4-6

6-8

8-9

9-

F i r e l i n e  In t e n s i t y  
( B T U ' s / f t . )

0-55

55-110

110-280

280-520

520-670

670-1050

N arra t iv e
Comments

Most prescribed burns 
are conducted in th is  
range.

Genera l ly  represent the 
l i m i t  of control  fo r  
d i r e c t  manual attack  
methods.

Machine methods usually  
necessary or in d i r e c t  
attack should be used.

The prospects fo r  d i re c t  
control by any means are 
poor above th is  in te n s i ty ,

The heat load on people 
with in  30 fe e t  of  the 
f i r e  is dangerous.

Above th is  in t e n s i ty ,  
spott ing f i r e  w h ir ls ,  
and crowning should be 
expected.

Source: Deeming et a l . ,  1977.
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C h a p t e r  6

Pred ic t in g  W i l d f i r e  Danger and Behavior

Over the years, numerous systems have been developed fo r  est imating  

f i r e  danger and p re d ic t in g  expected f i r e  behavior. Development over 

the la s t  h a l f  century has included an attempt in 1914 in C a l i f o r n i a  to  

c la s s i f y  fue ls  by fo r e s t  cover types. This system had a simple 

numerical value attached to cover type, r e la t in g  acres burned in one 

hour's t ime. In 1936, the a d je c t iv e  ra t in g  system fo r  the Northern 

Region was created.  Four ad jec t ives  -  low, moderate, high, and extreme 

-  were used to ra te  fue l  beds fo r  " res is tance  to c o n t ro l" !  and " ra te  of  

spread"^. Areas were rated on weather condit ions of the average-worst  

day. This was the f i r s t  attempt to look s o le ly  at fue ls  without regard  

to cover type (Schmidt, 1978) .  This system is the best known and 

understood method of informing the masses of local f i r e  danger and is 

c u r re n t ly  s t i l l  used by a l l  regions to one degree or another.

Wildland managers, however, need a more d e ta i le d  and e x p l i c i t  method 

of pred ic t ing  the day's f i r e  danger. To f i l l  th is  need the National  

F i re  Danger Rating System (NFDRS) was created u t i l i z i n g  the fuel  

modeling approach to c la s s i fy in g  fue ls  (Deeming et a l .  1972) , The 

fuel modeling approach estab l ished the numerical data necessary to 

describe the fuel complex used in solv ing Rothermel's mathematical

IThe r e l a t i v e  d i f f i c u l t y  of  construct ing and holding a control l in e  
as a f fec ted  by res is tance  to l i n e  construct ion and by f i r e  behavior.

2 fhe r e l a t i v e  a c t i v i t y  of a f i r e  in extending i ts  hor izonta l  dimen
sions. I t  is expressed as r a te  of increase of  the t o ta l  per imeter of 
the f i r e ,  as r a te  of  increase in area, depending on the intended use of  
the in form at ion .  Usually  i t  is expressed in chains per hours or acres 
per hour fo r  a s p e c i f ic  period in the durat ion of the f i r e  (Gaylor, 1974)

23
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formula fo r  determining f i r e  spread (Rothermel, 1972) . Rothermel's model 

is the basis fo r  most of  the current  f i r e  management modeling. A lb in i  

(1976) expanded on Rothermel's formula in his f i r e  behavior nomograms.

The in te g ra to r  of the three f i r e  behavior inf luences -  f u e l ,  

weather, and topography -  is the f i r e  i t s e l f  (Schmidt, 1978) . The 

in tegrated approach requires  the descr ip t io n  of  the three f i r e  behavior  

in f luences.  Fuel can be described through a fue l  inventory or by using 

the fue l  model key to describe to the nearest fue l  model (Deeming, e t  a l .  

1978). Weather elements can be defined at a f ixed  planning le v e l ,  such 

as the 90th p e r c e n t i le  of  the "worst f i r e  weather day" or "an average 

bad day". Topographic inf luences can be measured, averaged or 

determined through the use o f  topographic maps.

With the f i r e  behavior models a v a i la b le ,  i t  is an easy step for  

fo res t  managers to compute the f i r e  danger or the expected f i r e  behavior  

fo r  t h e i r  area o f  r e s p o n s ib i l i t y .  The computation of the NFDRS f igures  

can be done manually (Burgan, 1977) or through the in te r a c t iv e  computer 

program AFFIRMS (Helfmen et a l . ,  1975) .  The AFFIRMS program has a 

l ink  c a l le d  " f i r e c a s t in g "  th a t  w i l l  solve Rothermel's complicated  

spread model or the T I - 5 9  c a lc u la to r  can be used with a preprogrammed 

chip fo r  o n - t h e - s i t e  c a lc u la t io n s  (Burgan, 1979) .  Or A l b i n i ' s  

nomograms can be very useful  fo r  p re d ic t in g  the expected f i r e  behavior 

using s i t e  s p e c i f ic  data .

Using the above mentioned models, the p r o b a b i l i t y  o f  a f i r e  and i ts  

behavior once s ta r te d  can be p red ic ted .  Yet an e f f e c t i v e  method of  

assessing the o v e ra l l  hazard was needed. F i r e  hazards are r e l a t i v e  and 

range from a base level  hazard found in any urban area to the extreme
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hazard found amid heavy chaparral on a steep side h i l l  in an area where 

extreme f i r e  weather occurs. Thus c l a s s i f i c a t i o n  systems have been 

developed to i d e n t i f y  those areas which present varying degrees of f i r e  

hazard, including those so hazardous th a t  no construct ion or development 

should be allowed. Many land f i r e  hazard c l a s s i f i c a t i o n  systems are 

being u t i l i z e d  today with some meeting the t o t a l  f i r e  sa fe ty  needs 

bet te r  than others .  Four of the c l a s s i f i c a t i o n  systems seem to meet the 

country 's  needs q u i te  wel l  and could serve as models fo r  local  

c la s s i f i c a t io n  systems to b e t te r  deal with the wi ld land/urban in te r fa c e  

f i r e  problems.

Colorado -  The Colorado State  Forest Service contracted an agreement 

with Fahnestock (1971) to compose a system to r a te  the fo re s t  f i r e  

hazard of r e s id e n t ia l  developments in Colorado. Fahnestock compiled 

f i v e  fuel classes to d is t ingu ish  d i f f e r e n t  le v e ls  of f i r e  hazard on the  

basis of expected f i r e  behavior. (See Table 3 ) .  The l ik e l ih o o d  of  a 

crown f i r e  occurrence is the prime c r i t e r i o n  fo r  de f in ing  three classes.  

A fourth  class represents non-arboreal fue ls  th a t  can support 

h ig h - in te n s i ty  f i r e s  under some circumstances. Fahnestock completed his 

c la s s i f i c a t io n  system with  a f i f t h  class which includes a l l  examples of  

no hazard.

The d isa s te r  p o te n t ia l  increases through the classes 0, X, A, B, C. 

Class A and X are l i k e l y  to have fas t -spread ing  f i r e s  due to the 

abundance of  f i n e  surface fu e ls .  The usual f i r e  in classes B and C is a 

slow-spreading,  lo w - in te n s i ty  and e a s i ly  c o n tro l le d  a f f a i r .  However, 

dry condit ions coupled with wind or slope could produce an inferno tha t  

could wipe out a r e s id e n t ia l  development. Slash is not given as a
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hazard class but because of the danger i t  creates ,  increases any hazard 

class where slash is present to a class C (Fahnestock, 1971).

Table 3. F i re  behavior and vegetat ion c h a ra c te r iz in g  f i r e  hazard classes

Hazard
Class Expected F i r e  Behavior Vegetation (Fue l )

0 None None (open water, bare rock, 
c u l t i v a t e d  f i e l d ,  e t c . )

X Flames 5 -20 '  high, of b r i e f  
durat ion;  f i r e  spread usua l ly  
f a s t ,  at leas t  40 acres per 
hour; human being cannot 
sa fe ly  pass through flames 
but can occupy just -burned  
area w i th in  about 15 minutes;  
short range spott ing common 
from blowing leaves.

Dense to moderately dense 
flammable vegetai ion < 1 0 ' 
high, including Gambel oak 
( in  f a l l ) ,  big sagebrush, 
c o n i fe r  reproduction; abun
dant l i t t e r  and/or herbaceous 
f u e l ;  scattered c on i fe r  stand 
may be present.

A Flames < 5'  high, higher f l a r e -  
ups rare ;  durat ion of highest  
flames b r i e f ;  f i r e  spread slow 
to f a s t ,  1-40 acres per hour; 
human beings can run through 
f lames without serious in ju r y  
and can occupy just -burned area;  
spott ing g e n e ra l ly  r a re ,  short  
range.

Grass, weeds, brush < 1' high 
deadwood in contact with 
ground; open c o n i fe r  stand 
may be present; includes 
aspen, cottonwooo, w i l low ,  
grassland, brush other than 
oak, sage or ceanothus.

B In te r m i t te n t  f la re -u p s  occur
ring to many fe e t  above t r e e  
tops; short and medium-range 
spott ing common; behavior  
between f la r e -u p s  as in Class 
A; passing through f i r e  f ro n t  
sometimes possib le  but chancy; 
parts of  burned area can be 
occupied w i th in  k hour.

Medium-density c on i fe r  stands 
surface fue l  mainly herbage 
and l i t t e r ;  some patches of  
reproduction and aeadwood; 
becomes Class C i f  slash is 
present.

C Flare-ups higher than trees  
f requent to continuous; spread 
up to several hundred acres 
per hour; f i r e  f ro n t  impass
able; spott ing  several hundred 
yards common, possib le  to a 
mile  or more; just -burned area 
untenable fo r  an hour or more.

Dense c o n i fe r  stands with any 
surface fu e l ;  meaium-density 
stands with Class X fue ls  or 
much deadwood from blowdown, 
b u g - k i l l ,  or logging.

Source: Fahnestock (19 71 ) .
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C a l i f o r n i a  -  Some areas of C a l i f o r n i a  have recognized the s e v e r i ty  of  

the w i ld land/urban in te r fa c e  f i r e  problem long ago and have had crude 

hazard c l a s s i f i c a t i o n  systems. More recent attempts to c la s s i f y  f i r e  

hazard are based on three weighted values, each of fu e ls ,  weather and 

topography (Helm et a l . ,  1973) . This is probably a b e t te r  approach to 

f i r e  hazard c l a s s i f i c a t i o n  or zoning from the standpoints of  both 

t e c h n ic a l l y  correct  theory and p r a c t ic a l  a p p l ic a t io n  (Moore, 1981).

Helm's hazard c l a s s i f i c a t i o n  breaks environmental fac to rs  into three  

groups each. (See ta b le  4) Fuel loading is s ta ted as l i g h t  (grass) ,  

medium (scrub) and heavy (woods-chaparral) .  Slope is broken down into  

three groups by steepness, 0 to 40 percent, 41 to 60 percent, and above 

60 percent. The c r i t i c a l  f i r e  weather is divided up into three  groups 

I ,  I I ,  and I I I  based upon the number of days of c r i t i c a l  f i r e  weather 

expected each year. The weather elements responsib le  fo r  extreme f i r e  

danger are high temperatures, low humidity and strong winds. In 

C a l i f o r n i a ,  the foehn winds play  the biggest r o le  in determining  

c r i t i c a l  f i r e  weather.

Table 4 -  F i re  hazard rated on three weighted values of  weather, fu e ls ,  
and topography in C a l i f o r n i a  w i ld lands .^

C r i t i c a l  f i r e  
weather  

frequency
I I I I I I

STope (pe t .  ) Slope (p e t .  ) Slope (pe t .  )

Fuel loading: 0-41 41-60 61+ 0-40 41-60 61+ 0-40 41-60 61+

Light M M M M M M M M H
(grass)

Medium M M H H H H E E E
(scrub)

Heavy H H H H E E E E E
( woods-
brushwood)

Source: Helm and others (1973)
1 M = moderate hazard, H = high hazard, E = extreme hazard.
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Utah - The hazard system in use by Utah is q u a n t i t a t iv e  in nature. The 

system considers f i v e  separate fa c to rs ,  slope, aspect, weather, response 

time from nearest f i r e  department and fue l  type. Each fa c to r  is 

c a l ib ra te d  into f i v e  separate r a t in g s .  The ra t ings  are based upon the 

re la t io n s h ip  to the ra te  of  f i r e  spread and res istance  to c o n t ro l .  (See 

tab le  5) (S ta te  of  Utah, 1978).

To use th is  f i r e  hazard s e v e r i ty  scale the bu i ld er ,  local f i r e  

author i ty  or planning commission reviews a proposed bui ld ing s i t e  and 

rates the development by the f i v e  fac to rs  to a r r i v e  at a composite score. 

Slope - is measured in percent
Aspect -  is the card inal  d i re c t io n  in which the ground surface faces 
Weather -  is measured in number of  c r i t i c a l  f i r e  weather days per 

year fo r  a given area.
Response time from the nearest f i r e  department -  is measured in 

minutes i t  takes the nearest responsible f i r e  department to 
respond to a f i r e  alarm in the given area.

Vegetation - is categor ized by fue l  types. Rate of  spread,
res is tance  to contro l  and p o te n t ia l  to cause s t ru c tu ra l  damage 
are the c r i t e r i a  fo r  ra t in g  s e v e r i ty .

Utah's hazard c l a s s i f i c a t i o n  is t i e d  d i r e c t l y  to the wi ld land sub

d iv is ion re g u la t io n s .  Development serv ices,  construction r e s t r i c t i o n s ,  

and build ing dens it ies  become more r e s t r i c t i v e  as the hazard ra t ing  

class increases in s e v e r i t y .

Table 5. W i l d f i r e  Hazard S e v er i ty  Scale

Rating Slope Aspect Weather

Response 
Time From 
F i r e  Dept. Vegetation

1 < 1 0 N < 1 <15 Pinyon-Juniper
2 2 0 E 3 30 Grass and Sagebrush
3 30 Level 5 45 Hardwoods
4 45 S 7 60 Mountain Brush
5 >60 W >9 >60 Softwoods
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W i ld f i r e  Hazard C la s s i f i c a t io n  Table

Rating Hazard C la s s i f ic a t io n

5 to 11 Moderate 1

1 2  to 18 High 2

19 to 25 Extreme 3

Source: Sta te  of Utah (1 9 7 8 ) .

Montana -  In recent years, researchers and land planners have recognized  

the need fo r  western Montana's ru ra l  areas to be hazard classed.

Fischer (1978) compiled the "Proposed F i re  Hazard Classes fo r  Montana 

Wildlands" to provide an aid to land planners. F ischer 's  f i r e  hazard 

classes are sty led a f t e r  Fahnestocks system with f i v e  classes 

dist inguishing d i f f e r e n t  leve ls  of  f i r e  hazard. (See Table 6 ) Class 

"0" fuel consists of  no f i r e  hazard. The classes then range through 

increasing f i r e  hazard to class "4" which consists of a dense con i fe r  

stand grea ter  than 55 percent crown coverage and having v e r t i c a l  fue l  

c ont inu i ty  into the t r e e  crowns.

Hazard c l a s s i f i c a t i o n  systems provide land developers and 

land-use planners with a much needed tool to quant i fy  the wi ld land f i r e  

danger in rura l  areas. To be employed as a tool  in zoning and regu

la t in g  areas, the c l a s s i f i c a t i o n  system must be easy to understand yet  

de ta i le d  enough to provide sound in format ion.  As a regula tory  aid,  

hazard c l a s s i f i c a t i o n  systems must be based on the present s ta te  of  

knowledge and minimize any bias in order to withstand legal sc ru t iny .

Various tools are a v a i la b le  to a ss is t  the hazard c l a s s i f i e r  in his 

duties .  The more obvious ones being a compass and clinometer fo r  d e te r 

mining aspect and slope. Weather records are kept in some manner for
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the m a jo r i ty  of the country. Recently a ser ies  of photo guides for  

appraising downed woody fu e ls  in Montana fores ts  was published by the 

U.S.D.A. Forest Service (F ischer ,  1981). The photo guides provide an 

estimate of the downed woody fue ls  as well  as an estimate of:  ra te  of

spread, in te n s i ty  torching,  crowning, and re s is ta nc e  to control  fo r  an 

average bad day (85-90® F. temperature, 15-20% R.H.,  10-15 mph wind and 

four weeks since la s t  r a i n ) .  The photo guides also g ive  the f i r e  eco

logy group as defined by Davis and others (19 80 ) .  This type of  ready-made 

information is inva luable  to land-use planners as i t  is e a s i ly  shown and 

explained to developers and homebuilders. By substant ia t ing  hazard 

c la s s i f i c a t io n  systems with accurate and current  data, the r e l a t i v e  f i r e  

safety  w i l l  grow.
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VEGETATION AND FIRE BEHAVIOR CHARACTERIZING PROPOSED FIRE HAZARD CLASSES
FOR MONTANA W ILDLANDS

Veqetat ton (Fuel )
None (open water, bare rock, cultivated field, etc.
Grass, weeds, shrubs, 2 feet or less in height; 
deadwood in contact with ground; open conifer stands 
with 0-35% crown coverage; also stands of aspen, 
just-burned willow; grassland and shrublands other 
than ceanothus. Where slash is present these stands 
become Class 3.

Expected Fire Behavior
None
Flames less than 5 feet high, higher flareups rare; 
duration of highest flames brief; fire spread slow to 
fast, 1-40 acres per hour; human beings can run 
through flames without serious injury and can occupy 
just-burned area; spotting generally rare, short range.
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Dense to moderately dense flamamble vegetation 2 
feet or greater in height, including shrubs, conifer 
reproduction, abundant litter and/or herbaceous 
fuel; scattered conifer stands may also be present.

Medium density conifer stands with 35-55% crown
coverage and surface fuels of mainly herbage and 
litter and some patches of conifer reproduction and 
deadwood. Includes old-growth conifer stands with 
light surface fuels regardless of crown coverage. 
Where slash is present or where surface fuels extend 
to lower part of tree crowns, these stands become 
Class 4.
Dense conifer stands greter than 55% crown coverage 
with vertical fuel continuity into tree crowns.
Also includes medium-density stands with dense to 
moderatley dense understories of flammable shrubs, 
conifer reproduct ion, abundant litter and/or her
baceous fuel.

Flames 5 to 20 feet high, of brief duration; fire 
spread usually fast, at least 40 acres/hour; human 
beings cannot safely pass through flames but can 
occupy just-burned area within about 15 minutes; 
short-range spotting common.
Intermittent flare-ups occurring to many feet above 
treetops; short and medium range spotting common ; 
behavior between flare-ups as in Class 1; passing 
through fire front sometimes possible, but chancy; 
parts of burned area can be occupied within one-half 
hour.

Flare-ups higher than trees frequent to continuous; 
spread up to several hundred acres per hour; fire 
front passage impossible; spotting several hundred 
yards common, possible to a mile or more; just- 
burned area untenable for an hour or more.

SOURCE! Fischer (1978).



C h a p t e r  8

The Regulat ion o f  Subdiv is ions  

Every s ta te  in the Union has r e s t r i c t i o n s  as to how land can be 

developed. Some s ta tes  have very d e t a i l e d  and r e s t r i c t i v e  planning laws 

protect ing  w i ld lands  from the scars o f  urban sprawl.  Many s ta te s ,  

however, are j u s t  r e a l i z i n g  the r u r a l  r e v i v a l  impact and are s t ru g g l in g  

to maintain order by implementing land use p lanning .

Montana is one western s t a t e  t h a t  is seeing an acce le ra te d  ru ra l  

growth and corresponding demands being placed on resources. During the  

past decade of  growth in Montana, th e re  has been a growing publ ic  

in te re s t  in p r iv a t e  decis ions r e l a t i n g  to land use. Montana is an 

e xce l le n t  example o f  a s t a te  where land planning is d e f i c i e n t  and reform  

and improvements needed.

Recognizing the s ta tew ide  impacts of land development, the Montana 

L e g is la tu re  passed the "Subdiv is ion and P l a t t i n g  Act" in 1973. Also in 

1973, the " S a n i ta t io n  in Subdiv is ions Act" was enacted to  r e q u ire  th a t  

the Department of  Health and Environmental Sciences approve s a n i ta ry  

f a c i l i t i e s  fo r  a l l  new subd iv is ions  (Burden, 1980) .

The Subdiv is ion and P l a t t i n g  Act was designed to prevent haphazard,  

unplanned development by s ub jec t ing  subd iv is ions  to pub l ic  sc ru t in y  and 

minimum standards through a comprehensive review process. The Act set  

fo r th  e x p l i c i t  subd iv is ion  design c r i t e r i a  which had not ex is ted  before  

and created an involved review process to insure subdiv is ions met design 

standards and were in the p u b l ic  i n t e r e s t .  The Act is administered by 

the S ta te  Department of  Community A f f a i r s  and local municipal and county
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governments. The in troduct ion of the Subdivision and P la t t in g  Act 

c le a r l y  s ta tes  i t s  in te n t ,  " I t  is the purpose of  th is  act to promote the 

public  hea l th ,  sa fe ty ,  and general we l fa re  by regu la t in g  the subdivision  

of land; to prevent overcrowding of land; to lessen congestion in the 

stree ts  and highways; to provide fo r  adequate l i g h t ,  a i r ,  and water  

supply, sewage disposal,  parks and recrea t ion  areas, ingress and egress, 

and other publ ic  requirements; to  requ ire  development in harmony with  

the natural environment; to req u ire  whenever necessary the approval of 

subdivisions be contingent upon a w r i t te n  f ind ing  of publ ic  in te r e s t  by 

the governing body." A l l  local governments were required to adopt sub

d iv is ion  regulat ions w i th in  t h e i r  j u r i s d ic t io n s  by 1974 or the State  

Department of  Community A f f a i r s  would set regula t ions  fo r  them.

"Subdivision" as def ined by the act is a d iv is io n  of land creat ing  

one or more parcel of  less than 20 acres. Before a 1975 amendment 

"subdivisions" were parcels less than 10 acres. A l l  subdivisions would 

be subject to review.

Because the regula t ion  of  subdivisions is also p o l i t i c a l ,  the laws 

are subject  to intense d i f fe re nc e s  of opinion and to publ ic  controversy.  

The law included many exemptions to the review requirements. The exemp

tions were intended to allow some f l e x i b i l i t y  in the law fo r  people who 

were not developers but wished to make occasional sales of land. The 

exemptions used most often include:

1. Acreage Exemption: The Subdivision and P la t t in g  Act of 1973

s p e c i f ie d  tha t  any parcel  1 0  acres or la rg e r  was not considered 

a subdiv is ion and, th e re fo re ,  was exempt from review. In 1975, 

the acreage q u a l i f i c a t i o n  was increased, and parcels need to be 

2 0  acres or la rg e r  to be exempt.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



34

2. Family Conveyance: Parcels of any s ize  may be given or sold 

(without review) to members of the landowner's immediate 

fa m i ly .  One parcel per fa m i ly  member per year is permit ted; a 

second parcel  must be approved by the governing body.

3. Occasional S a le : Landowners may s e l l  one parcel of land of any

s ize  once a year .  This d e f i n i t i o n  has been in terpre ted  to 

apply only to the land, not the owner. Thus, a person owning 

two, noncontiguous pieces of  land may make two occasional sales 

with in  one year, one per piece of  property .

4. A gr ic u l tu re  Covenant: Parcels created with a covenant running

with the land th a t  the land w i l l  be used exc lus ive ly  fo r  a g r i 

c u l tu re  purposes are exempt from review. The covenant is only  

revocable by mutual consent of  the property  owner and the 

governing body.

5. Court Order: D iv is ion  of land by an order of the court in

absence o f  agreement between the p ar t ies  to a sa le  are not con

sidered subdiv is ions.

Parcels q u a l i fy in g  fo r  one of the above exemptions to the review 

)rocess are s t i l l  required to be surveyed with proper monumentation. A 

iroposed parcel then goes through an informal review by the county 

i ttorney and the planners. A formal review by the county s a n i ta r ia n  is 

equested on a l l  parcels o f  less than 2 0  acres in s ize  to l i f t  the sani-  

ary r e s t r i c t i o n s .  The parcel  is then documented on a c e r t i f i c a t e  of 

urvey which must be proper ly  f i l e d  with the c le rk  and recorder before a 

ale  can o f f i c i a l l y  take place.
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The exemptions cover land d iv is io n  in cases where l i t t l e  or no 

impact should occur, provided they are not used to evade the purpose of  

the law. However, in d iv id u a l l y  and in combination, the exemptions 

(these f i v e  in p a r t i c u l a r )  are used c h r o n ic a l ly  by developers who do not 

wish to have t h e i r  subdiv is ion reviewed. I f  these exemptions were used 

in subdivisions here and there ,  in f re q u e n t ly  and in is o la t io n ,  there  

might be l i t t l e  cause fo r  publ ic  concern. However, they are being used 

to an alarming extent .  For example. Department of  Community A f fa i r s  

s t a t i s t i c s  show tha t  fo r  nine Montana counties, 70% of the t o ta l  acreage 

subdivided into parcels 20 acres or less since 1974 was divided by 

exemption -  without publ ic  review and with no assurance tha t  the poten

t i a l  impacts of  these subdivisions would be minimized (Burden, 1980) .

In c er ta in  counties, unreviewed subdivision accounts fo r  90-93% of  the 

to ta l  acreage subdivided in recent years. (See Table 7)

Is the use of exemptions making the Subdivision and P la t t in g  Act an 

i n e f f e c t iv e  tool  to “ improve the q u a l i t y  of land development" as 

described by law? The large percentage of unreviewed subdivisions in 

Montana in past years implies t h a t  i t  i s .  I t  is impossible to judge the  

q u a l i ty  o f  unreviewed developments as t h e i r  design and impacts cannot be 

evaluated on the basis of in formation provided on c e r t i f i c a t e s  of survey 

f i l e d  with local governments. A c e r t i f i c a t e  of  survey shows only that  

the land d iv is io n  has q u a l i f i e d  fo r  exemption, has been surveyed by a 

reg is tered  surveyor, and has met the s a n i ta ry  requirements of health  

o f f i c i a l s .

S ta te  planning o f f i c i a l s  be l ie ve  there  has been improvement in the 

q u a l i ty  of  land development which has been reviewed since the passage of
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the subdivision law. In -depth examination of proposed subdivisions by 

professional planners as well  as environmental assessments and community 

impact studies have provided useful information fo r  publ ic  and govern

mental evaluat ion of  subdiv is ion a c t i v i t y .

By using the exemptions to the subdiv is ion law, developers circum

vent any publ ic  review, but would the review process provide the protec

t ion  and regu la t ion  needed. In Missoula County, Montana, the w r i t te n  

guidelines fo r  subdiv is ion review are contained in "The Subdivision  

Regulations of the County of Missoula, Montana" as authorized by the  

Montana Subdivision and P la t t in g  Act (Missoula County Subdivision  

Regulations, Resolution 78-68, 1978) . Missoula 's  subdivision regulat ions  

consist of guidel ines to a s s is t  the county commissioners in deciding to 

allow or not allow a subd iv is ion .  The procedures go into great d e ta i l  

as to the survey of land, monumentation, plans and fees.  The "Design 

and Improvement Standards" include six  pages dealing with road 

construction; two pages fo r  parks and open spaces; sewage, so l id  waste 

and drainage are d e a l t  w i th  as well  as a two-page appendix for  f lood  

hazard eva luat ion .  These items a l l  serve to provide fo r  a q u a l i t y  and 

safe community environment. Yet the areas covered by the Missoula 

County Subdivision Regulations are lacking body and have almost t o t a l l y  

ignored the area of  f i r e  p ro tec t ion  fo r  the proposed community.

Wherever the regula t ions  discuss the water supply fo r  the proposed sub

d iv is ion ,  the statement: "Any system shal l  be designed to provide an

adequate and accessib le  water supply for  f i r e  p rotec t ion  purposes." At 

10 time do the subdiv is ion regu la t io ns  make reference to any
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i t e r  supply standards such as NFPA-1231, "Suburban and Rural Water 

jpp l ies"  (National F i r e  Protec t ion  Associat ion, 1981).

The one point th a t  the local f i r e  p rotec t ion  agency is allowed input 

nto the subdivision review process occurs during the "Environmental and 

ommunity Assessment" Review. The o u t l in e  fo r  th is  review covers six  

ages of topics ranging from surface water to w i l d l i f e  to housing. The 

opic of f i r e  p rotec t ion  is summed up in one sentence, "Discuss p ro v i -  

ions fo r  f i r e  protect ion  in the proposed subd iv is io n ."  No emphasis is 

laced upon the surrounding natura l  hazards, past f i r e  occurrences, or 

o te n t ia l  fo r  extreme f i r e  behavior.

The review of f i r e  p ro tec t ion  fo r  a proposed subdiv is ion is intended

0  expose any ex is t ing  f i r e  problems and bring them to the a t ten t io n  of 

he county commissioners. A d e ta i le d  method to document the ex tra  load 

hat a new subdivision w i l l  p lace on e x is t in g  f i r e  p rotec t ion  services  

s not present ly  in use. Some developers w i l l  work f r e e l y  with the  

ocal f i r e  ch ie f  to evaluate  f i r e  protec t ion  w h i le  others w i l l  d e l i b e r -  

t e ly  refuse to provide any assistance. When the f i r e  protect ion  review 

s completed, the f i r e  department enjoys no a u th o r i ty  other than a 

ecommendation made to the county commissioners. The commissioners eva- 

uate a l l  recommendations and make a f i n a l  decision allowing or

isallowing the proposed subd iv is ion .  (Personal communication, 

hief  Bruce Suenram, 1983). In addit ion to the p o s s i b i l i t y  tha t  only a 

j p e r f i c i a l  review of  f i r e  p ro tec t ion  w i l l  be completed during the 

ivironmental and Community Assessment, the Missoula County Subdivision  

îgulat ions contain an exemption to the assessment review. As stated

1 Section I I ,  A .9 . ,  o f  the Missoula County Subdivision Regulations:
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"Subdivisions in compliance with the fo l low ing c r i t e r i a  are deemed

to be in the pub l ic  in te r e s t  and are exempt from the requirement of

an environmental assessment:

1) Within the Missoula Urban Area or Missoula County Comprehensive 

Plan as adopted pursuant to Sections 11-3801 through 11-3856,  

R.C.M. 1947 .*

2) Where zoned pursuant to Sections 11-1701 through 11-1709 or 

Sections 16-4701 through 16-4711, R.C.M. 1947.

3) Where a long-range development program of publ ic  works projects  

pursuant to Section 11-3831, R.C.M. 1947, has been adopted.

This exemption has never been used (so stated by Missoula County 

Planning Board) but remains in the law as a p o te n t ia l  loophole.

Thus, the problems w i th in  the Missoula County review system are two

fo ld .  F i r s t ,  the large number o f  acres tha t  go unreviewed each year  

(between 1974 and 1979 almost 39,000 acres or 91% of the t o t a l )  and the 

s u p e r f ic ia l  review of f i r e  p ro tec t ion  fo r  those subdivisions which are 

properly p l a t t e d .  The average time period fo r  f i r e  protect ion review  

(from the date f i r s t  n o t i f i e d  to when recommendations are needed) aver

ages less than ten days.

These types of  problems plague not only Missoula County, but most 

rural counties in the s ta te  of  Montana and a l l  across the United Sta tes .

*A11 of Missoula County is covered under the Missoula County 
Comprehensive PI an.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

Table 7. Acres Subdivided in Three Western Montana Counties

MISSOULA COUNTY
Acres Subdivided by P la t  (Reviewed) 

Year P lats  COS*

& C e r t i f i c a t e  of

Tota l  Acres 
(P la t  & COS)

Survey (Unreviewed) 

% Unreviewed
1973 1 ,077 .44 4 ,642 .05 5 ,719 .49 81.1%
1974 70.01 8 ,787 .04 8,857.05 99.2%
1975 104.48 1 ,810 .46 1 ,914.94 94.5%
1976 110.06 2 ,530 .14 2,640 .20 95.8%
1977 399.88 5 ,464 .99 5,864 .87 93.1%
1978 8 8 8 . 1 0 8 ,485 .43 9,373.53 90.5%
1979 1,049.94 7 ,203.003 8,252 .94 87.2%

TOTALS 3,699.91 38,923.113 42,623.02 91.3%
*CGS = C e r t i f i c a t e  of Survey

RAVALLI COUNTY
Acres Subdivided by P la t  (Reviewed) & C e r t i f i c a t e  of Survey (Unreviewed)

Total Acres
Year P la t COS (P la t  & COS) % Unreviewed
1974* 74.69 2 ,008 .13 2,082.82 96.4%
1975 30.36 4 ,437 .38 4 ,467 .74 99.3%
1976 308.79 3 ,253 .59 3 ,562 .38 91.3%
1977 500.16 7 ,134 .36 7,634.52 93.3%
1978 1,275.03 10 ,822.24 12,097.27 89.0%
1979 537.35 6 ,7 9 9 .8 6 7,337.21 92.7%

TOTALS 2, 726.38 34 ,455 .56 37,181.94 92.7%
*July  -  December

GALLATIN COUNTY
Acres Subdivided by P la t  (Reviewed) & C e r t i f i c a t e  of  Survey (Unreviewed)

Total Acres
Year P la t COS (P la t  & COS) % Un reviewed
1974 1,239 .20 7 ,878.33 9 ,117.53 86.4%
1975 1,041 .53 4,175 .21 5 ,216.74 80.0%
1976 99.41 5 ,644 .70 5,744.11 98.3%
1977 867.16 9 ,648 .54 10,515.70 91.8%
1978 634.70 8 ,1 2 2 .2 8 8 , 756.98 92.8%

TOTAL 3 ,882 .00 35 ,469.06 39,351.06 90.1%

Source: Burden (1980) .
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Chapter 8 

Subdivision Design

To b e t te r  discuss the f i r e  pro tec t ion  shortcomings w i th in  a new 

subdivis ion, the subdiv is ion plans should be reviewed fo r  design 

problems which may compound f i r e  p rotec t ion  d i f f i c u l t i e s .

Property  Development and Planning

The developer of a property  can provide some of the v i t a l  means of  

f i r e  p ro tec t ion ,  such as access and water supply. I t  is the developer 's  

r e s p o n s ib i l i t y  to know about them and to design them into the property  

before any s tructures are erected.  A l l  development plans should employ 

the master planning concept in order to properly  assess the in terac t ions  

between various elements.

Access

One of the most important aspects of  land development from the f i r e  

protect ion viewpoint is access. I t  involves a great deal of engineering 

and expense and is impossible to improve or a l t e r  a f t e r  development is 

complete. I f  inadequate, access can become a c r i t i c a l  f a c to r  during a 

c onf lagra t ion ,  both from a f i r e f i g h t i n g  standpont and with regard to 

l i f e  sa fe ty  (Moore, 1981) .

Adequate ingress and egress are necessary to allow safe and rapid  

passage of  both f i r e  equipment and p r iv a te  vehic les in opposite d i r e c 

tions simultaneously.

The review of past f i r e s  has demonstrated the road network has pro

ven to be the downfall  o f  many suppression a c t i v i t i e s .  Roads become 

clogged by fa m i l ie s  t ry in g  to escape the f i r e  while  suppression forces  

are bogged down by steep grades on narrow roads. Developers of ten save
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noney by construct ing bridges to support only l i g h t  vehic les and small 

trucks. This construct ion would not support heavy f i r e  equipment and 

large water tankers. This l im i ts  the access of  f i r e  control forces to 

the f i r e .  Road construction contractors bu i ld ing  in t imbered areas 

have t r a d i t i o n a l l y  p i le d  slash from the c lear ing  a c t i v i t i e s  on the 

downhill side of  the new road. This c l e a r l y  creates a severe f i r e  

hazard when th is  slash is ig n i ted  during a w i l d f i r e  s i t u a t io n .

Water Supply

Water is s t i l l  the most e f f e c t i v e  tool  fo r  f ig h t in g  wi ld land f i r e s  

when and where i t  can be obtained in s u f f i c i e n t  q u a n t i ty .  I t  is r e a l l y  

the only e f f e c t i v e  tool  fo r  f ig h t in g  home and other s t ru c tu ra l  f i r e s .  

Therefore, a la rge ,  dependable source of water above tha t  required for  

normal d a i l y  domestic purposes must be provided fo r  at the time a sub

divis ion is planned and developed.

The amount of water reserved for  f i r e f i g h t i n g  purposes and the s ize  

and type of  d e l iv e ry  system depend on the required f i r e  f low as d e te r 

mined by the local f i r e  department. The water requirements for  m u l t ip le  

occupancies are usually  s t ip u la te d  by the insurance c a r r i e r  or local  

f i r e  department, or both. Although normally based on requirements for  

f ight ing an in t e r io r  f i r e ,  they are usual ly  adequate fo r  protect ing the 

Duilding from an encroaching wi ld land f i r e  as w e l l .

Adequate water for  f i r e f i g h t i n g  purposes, e i th e r  by a f i r e  department 

>r by the occupant has been unava i lab le  and u n re l ia b le  on many occasions 

'here homes were involved. In some cases, adequate water was a v a i la b le  

'Ut not developed, as the p o te n t ia l  f i r e  problem was not recognized. In 

ther s i tu a t io n s  the problem was recognized but considered a remote
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p o s s i b i l i t y .  Sometimes the cost was considered too high.  Sometimes a 

s u f f i c i e n t  water supply was not a v a i la b le  at any p r ic e .  A common cause 

of water d e f ic ien cy  is the p r a c t ic e  of  extending or adding on to a sub

d iv is ion  where the water system was adequate f o r  the o r ig in a l  develop

ment and is adequate fo r  domestic serv ice  to the a dd i t ion ,  but is 

i n s u f f i c ie n t  to provide f i r e  f low both to the o r ig in a l  and to the addi

t iona l  developments (A lger ,  1971).

In contrast  to normal d a i l y  use, consumption of water fo r  f i r e 

f ig h t in g  purposes is of  r e l a t i v e l y  short durat ion, but o f  high volume. 

Water is also used during emergency conditions when e l e c t r i c  power ser 

vice may wel l  be in te r ru p te d .  D i f f e r e n t  engineering,  th e re fo re ,  is 

required than would be needed fo r  a pure ly  domestic water system. Water 

supplies fo r  f i r e f i g h t i n g  involve large  storage f a c i l i t i e s ,  high volume 

mains and dependable d e l i v e r y .  Many developments r e ly  on the f i r e  

department to provide t h e i r  own water. This normally takes the form of 

large cumbersome tankers which e a s i ly  tax the l im i ta t io n s  placed on 

bridge capacity  and roads constructed in the development.

Spacing and Building Density

To provide a reasonable degree of f i r e  sa fe ty ,  bui ld ing spacing and 

density must be d i f f e r e n t  in mountainous areas, wi ld lands, and rura l  

areas than they are in urban areas. This d i f f e r e n t i a t i o n  is needed 

because the usual source of ig n i t io n  of  the s t ru c tu re  in the wi ld land or 

rural s e t t ing  is e x te rn a l ,  wh i le  in the more developed c i t y  s i tu a t io n  i t  

is in terna l  (A lger ,  1971) . In add i t ion  to being subject  to external  

ig n i t ion  and long response times, s truc tures  b u i l t  on sloping ground are 

affected by the same f i r e  behavior phenomenon discussed e a r l i e r  in r e l a -
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t io n  to the w i ld land f u e l .  The slope creates an e f fe c t  s im i la r  to that  

of wind and causes f i r e  to spread fa s te r  u p h i l l  than downhill or on the 

l e v e l .  Bui ldings s i tu a te d  on slopes are exposed to more intense heat for  

longer durat ions and th e re fo re  are more l i k e l y  to become involved with  

f i r e  during a w i l d f i r e  s i t u a t io n .

E le c t r i c  Power D is t r ib u t io n

Overhead transmission and d i s t r ib u t io n  of e l e c t r i c  power is a major 

source o f  ig n i t io n  fo r  the wi ld land f i r e s  that  have destroyed many 

hundreds of homes in C a l i f o r n i a  and elsewhere in recent years. Contrary  

to popular b e l i e f  the large  high voltage transmission l ines  are not the 

worst o f fenders .  In one study they accounted fo r  less than 8 % of the 

f i r e s  over 5,000 acres in s i z e .  They are commonly b u i l t  of sturdy  

m a te r ia ls ,  maintained with adequate vegetat ion clearances, and inspected  

f re q u e n t ly  and thoroughly (Moore, 1981).

D is t r ib u t io n  c i r c u i t s  accounted fo r  near ly  17% of C a l i f o r n i a 's  

wild land c o n f lag ra t io n s .  D is t r ib u t io n  c i r c u i t s  are of two types: p r i 

mary and secondary. Primary c i r c u i t s  bring the power from the substa

t ion  to the user 's  transformer. Primary e l e c t r i c  power d is t r ib u t io n  

c i r c u i t s  are a major serious cause of wi ld land f i r e s .  The thousands of

miles of these l ines  present a tremendous exposure and an almost insur

mountable problem of  inspection and maintenance. Secondary c i r c u i t s ,  

which convey power from the transformer to the point of use, usual ly  

cause f i r e s  because of  inadequate vegetat ion clearance which is not now 

regula ted by any s ta te  or local laws. Secondary c i r c u i t s  cause nearly  

one f i r e  fo r  every two caused by primary d i s t r ib u t io n  l in e s  (Moore,

1981).
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S t r e e t  Names and Numbers

Subdivisions are usual ly  provided with v i s i b l e  s t r e e t  names and num

bers and lo t  or bu i ld ing numbers as a convenience to the buyers and 

v i s i t o r s .  Often, however, the signs are hard to read, sometimes even 

d i f f i c u l t  to f in d .  Many ru ra l  and mountain areas have become essen

t i a l l y  urbanized through l o t - s p l i t t i n g  and other sale  of  ind iv idua l  par

cels  and subsequent construct ion ,  and in these s i tua t io ns  there is no 

developer to assign names and numbers.

P o s i t iv e  i d e n t i f i c a t i o n  of  locat ion is not merely a convenience to a 

f i r e f i g h t e r  or other  public  sa fe ty  o f f i c e r  responding to a reported  

emergency or radio ing fo r  help; i t  is an absolute necessity .

Neighboring f i r e  departments responding to a mutual aid emergency w i l l  

become e a s i ly  d isor ien ted  or lo s t  without p o s i t iv e  id e n t i f i c a t io n  of  

roads and addresses.

Rural F i r e  Protect ion

Very l i t t l e  considerat ion fo r  f i r e  protect ion  is given during the 

planning process. Many developers fee l  tha t  f i r e  protect ion w i l l  be 

provided by e x is t in g  f i r e  departments. This increase in serv ice  demand 

may qu ick ly  overtax the c a p a b i l i t i e s  o f  the ex is t ing  department, causing a 

reduct ion in serv ice  q u a l i t y .  Ex is t ing f i r e  s ta t ions  in wi ldland areas 

usua l ly  are not located c o r r e c t ly ,  nor are they manned and equipped 

adequately to provide s t ru c tu ra l  f i r e  protect ion to subdivisions and 

other developments. Developers of large subdivisions should recognize  

th is  de f ic ie n cy  and dedicate  one or more s i te s  fo r  s t ruc tura l  f i r e  s ta 

t ions  at the o u ts e t .  A f te r  development is complete, s u i ta b le  s i tes  w i l l  

no longer be a v a i la b le .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45

The r o le  of p rotec t ion  agencies must be understood by planners and 

developers. Most wi ld land f i r e  protec t ion  agencies are not charged with 

the r e s p o n s ib i l i t y  f o r ,  nor equipped to deal w ith ,  s t ru c tu ra l  f i r e s .  

Their  job  is to prevent and extinguish fo re s t  and other wi ld land f i r e s .

Their  standards of at tack time and pumping c a p a b i l i t i e s  are much 

d i f f e r e n t  than those of c i t y  f i r e  departments. T y p ic a l ly ,  they have 

response times of  one-ha l f  hour or more. Other f i r e s  in the protect ion  

area can lengthen th is  response t ime. Their  trucks a r r i v e  with tanks 

contain ing 500 gallons of water or less which is pumped at 60 to 70 

gal lons per minute. By c ontras t ,  s t ru c tu ra l  f i r e f i g h t i n g  requires  

response time of  less than 1 0  minutes and high volumes of water produced 

at high pressures.

In the Northwest, s ta te  f i r e  protec t ion  agencies providing wi ldland  

f i r e  p ro tec t ion  are funded p r im a r i ly  by assessments on fores t  land

owners. Local non-forest  landowners pay l i t t l e  or nothing to support 

these agencies. The U. S. Forest Service, Bureau of Indian A f fa i r s  and 

Bureau of Land Management are charged with the protect ion  of the 

f e d e r a l ly  managed fo re s t  and rangelands. These federal agencies are not 

responsible fo r  providing f i r e  p ro tec t ion  to p r iv a te  lands, except when 

a f i r e  might threaten federa l  land.

Another l i m i t i n g  fa c to r  is th a t  fo re s t  and wi ld land f i r e  protect ion  

is a v a i la b le  only during the summer f i r e  season. Once f a l l  ra ins s t a r t ,  

crews are terminated and equipment is assigned to other work or placed 

in s torage. Current  fo r e s t  and wi ld land f i r e  protect ion  does provide an 

adequate level of p rotec t ion  to these resources, but i t  does not o f fe r  

dependable and adequate protec t ion  fo r  homes located with in  other  

w ild land/urban in te r fa c e  areas.
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Between the two extremes of  the urban f i r e  department and the fores t  

i r e  p ro tec t ion  agency, e x is ts  the rura l  f i r e  p rotec t ion  d i s t r i c t .  The 

f f i c i e n c y  of these departments var ies  g r e a t ly .  Those tha t  ex is t  next 

0  urban areas are as capable as neighboring c i t y  f i r e  departments,  

hose f a r  removed from population centers may have i n f e r i o r  equipment 

lanned s t r i c t l y  by volunteers with long response times and provide only 

l inimal p ro te c t io n .  The advantage the ru ra l  f i r e  d i s t r i c t s  have over w i ld -  

and f i r e  p ro tec t ion  agencies is tha t  they are providing services the 

/ear round.

S tru c tu ra l  Design and Construction  

Because of  the behavior o f  wi ld land f i r e s ,  how a build ing is 

iesigned and constructed is the most important f a c to r  in providing f i r e  

safety to th a t  home or s t ru c tu re .  Homes b u i l t  by f i re -s a fe ty -co n s c io u s  

:ontractors can surv ive  conf lagra t ions  even i f  many other p ro tec t ive  

measures are absent. Even homes apparently  well  separated from wildland  

'egetation w i l l  be destroyed i f  poorly designed and i f  constructed without  

egard to f i r e  s a fe ty .  The a r c h i te c t  and bui ld ing contractor ,  there -  

ore, are key f ig ures  in provid ing s a fe ty .  Building inspectors, f in an -  

ie rs ,  insurers and buyers need to be knowledgeable and be able to exert  

ressure that  w i l l  guarantee adherence to f i r e - s a f e  pract ices in design 

nd construction (A lger ,  1971).  

oofing

The roof  is the most vulnerable  par t  of  a bu i ld ing during a f i r e ,  

ecause of i t s  hor izonta l  component, a roof  can catch and hold the 

lying f i re b ra n d s  almost in v a r ia b ly  associated with the strong winds and 

)nvection columns cha rac te r iz in g  wi ld land/urban w i l d f i r e s .  Unlike ground-
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f i r e ,  these f i rebrands  soar beyond any type of f i r e b r e a k ,  natural or 

a r t i f i c i a l ,  and thus endanger s tructures  as f a r  as a m i le  away from the 

w i l d f i r e  (A lger ,  1971, Moore, 1981).

A study by the Stanford Research I n s t i t u t e  on homes burned in the 

1961 Bel A ir  f i r e  showed c l e a r l y  tha t  homes with wood shingle roofs 

unapproved by f i r e  insurance standards fared much worse than homes with 

t i l e ,  composition, or f l a t  modern roof  types. The destruct ion ra te  for  

houses with wood shingle  roofs was near ly  three  times the ra te  for  

houses with approved roofs .  The importance of roof types becomes even 

more dramatic when the e f fe c ts  o f  roof  type and brush clearance are con

sidered s imultaneously . For example, the ra te  of destruct ion fo r  houses 

with unapproved roofs and brush clearance of less than 1 0  fee t  was 

greater  than 50%; the comparable ra te  fo r  houses with approved roofs and 

brush c learance g re a te r  than 100 fe e t  was less than 1%. The d i f fe rence  

is g re a te r  than a f a c to r  of 50 (North, et a l . ,  1973; Radtke, 1981).

In his repor t  on the Bel A ir  f i r e ,  Rexford Wilson (1966) made an even 

stronger conclusion about the importance of roof  type and brush 

clearance.  Wilson held th a t  spott ing by wood shingles was an important 

c ontr ib u tor  to f i r e  spread, and the existence of wood roofs increased 

the p r o b a b i l i t y  th a t  other  homes would be destroyed:

"Had there  been no combustible roofs on the build ings in Bel A ir ,  
f i r e  would have been forced to burn build ings by d i re c t  exposure.
This  f a s t  advancing f i r e  l i n e ,  even with normal spot f i r e s ,  could be 
i d e n t i f i e d ,  fo l lowed and usual ly  defended against .  Had roofs been 
f i r e  r e ta rd a n t ,  each f i r e  f i r e f i g h t e r  would have been able to 
defend more homes, thus, a v a i la b le  forces could have stretched s ig 
n i f i c a n t l y  f u r t h e r .

Had the wood shingles not been present, there would not have been 
the  three major jumps fa r  ahead of f i r e f i g h t e r s .  As a re s u l t ,  in my 
judgment, had wood shingle  and shake roofing not been present, there  
would have been between 350 and 430 homes saved. Thus, with a l l  
the  other fa c to rs  the same but with f i r e  re ta rdan t  roofing, the
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b u i ld ing  loss in th is  f i r e  probably would have been reduced to be t
ween 50 and 130 homes. The serious brush f i r e  in Bel A ir  would have 
remained a serious th r e a t ,  but with proper design an estimated 450 
to 470 homes could have been spared d e s tru c t io n ."

Another example of the hazard wood roofs pose is evident in the 

Roll ing H i l l s  f i r e ,  1973. The f i r e  burned 897 acres and destroyed 12 

homes south of  Los Angeles, mostly in the c i t y  of Roll ing H i l l s .  Of 

these 12 homes destroyed, i t  was determined tha t  at leas t  9 had roof  

i g n i t i o n .  In three  cases, th is  was determined from neighbors who had 

observed the f i r e .  Six of the other homes had so much green vegetation  

remaining around them th a t  they must have been ig n i ted  by embers landing 

on the ro o f .  B r i l l i a n t  f lowers were s t i l l  blooming less than four fe e t

from the foundation of  one house (North, et a l . ,  1973).

Shake and shingle  roofs were an important fa c to r  in the overal l  

damage. The only remaining house on Running Brand Road had an asbestos 

roof ,  wh i le  the three houses destroyed there  a l l  had shake or shingle  

roo fs .  What makes the surv iv ing house even more dramatic is that  i t  had

a birdhouse s i t t i n g  on the roof ,  which was destroyed by f i r e .  The

birdhouse had a shake roo f .

Recognizing th is  v u l n e r a b i l i t y  to f i r e  from external sources, the 

uniform bu i ld ing code requires " f i r e  re ta rdant  roof  coverings" in f i r e  

zones 1 and 2 , the high value and high l i f e  hazard areas in or near the 

business sect ions of c i t i e s .  Many local ju r i s d ic t io n s  have adopted the 

UBC by re ference  or by basing t h e i r  own code on i t .  A few local j u r i s 

d ic t io n s  have amended the Uniform Building Code (UBC) or th e i r  own 

codes to req u ire  "Class C" or b e t te r  roofing (as def ined in UBC 

Standard 32-7 in w i l d f i r e  hazardous areas. Most wi ld land areas s t i l l
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lave no requirements regarding roofing m ater ia ls  ( In te r n a t io n a l  

i n f e r e n c e  of Bui lding O f f i c i a l s ,  1976; Moore, 1981).

Most s tructures  at or near the wi ld land/urban in te r fa c e  are e i the r  

lot covered by a bu i ld ing code, are in f i r e  zone 3, or are permitted to 

lave any type of  roof ing m a te r ia l ,  or at most. Class C roo f ing .  (See 

Appendix D) In the past 30 or 40 years, wood shingles or shakes have 

Decome popular with a rc h i te c ts  and buyers a l i k e .  Various f i r e  r e t a r 

dant treatments have been a v a i la b le  fo r  2 0  years, but only in the past 

ten years or so have any of them been made r e l a t i v e l y  permanent.

Although shakes and shingles with Class C ra t ings  are a v a i la b le ,  none 

Tieets the Class B requirement fo r  " f i r e  re ta rdan t"  roofs as defined in 

UBC standard 32 -7 .  Treated shakes or shingles cost more than 

untreated, and in the absence of  local codes re qu ir ing  them, are seldom 

i n s t a l l e d .  Thousands of  homes and other build ings exposed to the 

threat  of  w i ld land f i r e s ,  th e re fo re  are roofed with e i th e r  untreated  

shakes or shingles, with ones th a t  were merely dipped in f i r e  re ta rdant  

:hemicals, or with ones tha t  the treatment has been leached by the 

weather. These roofs are not only serious hazards to the buildings on 

fhich they are in s ta l l e d ,  but also to other buildings downwind from 

'.hern which are s im i l a r l y  roofed.  Once a shake or shingle  roof catches 

n f i r e ,  shakes or shingles peel o f f  and are c a rr ied  as new f irebrands  

n the convection column and the wind (Oregon State  Dept. Forestry,

978) .

ents

Another f r o n t  open to the attack of homes by wind-born f irebrands is 

1 unprotected a t t i c  or underf loor vent. Although unprotected vents are 

3t  as well  documented as a cause of s t ru c tu re  f i r e s  as flammable roofs.  
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Ij^ing embers can e a s i ly  enter a s t ru c tu re  through such vents. I f  they 

and on any ig n i ta b le  m a te r ia l ,  the i n a c c e s s i b i l i t y  of the in t e r io r  to 

oppression e f fo r ts  almost c e r t a i n l y  w i l l  lead to the destruct ion of the 

ouse.

verhangs and S t i l t  Construct ion

Two other common a r c h i te c tu r a l  pract ices  present serious f i r e  

azards to a home b u i l t  in or near the w i lc lands:  (a )  overhanging or

r e je c t in g  members, such as eaves, balconies, and ra ised sundecks, which 

re l i k e l y  to be found anywhere and are always dangerous; and (b) s t i l t  

Destruct ion .  The l a t t e r ,  although dangerous anywhere, is p a r t i c u l a r l y  

0  on s i d e h i l l  s i te s  because the u p h i l l  side forms a trap for  

onvective heat and flames. The danger is caused by flammable 

a t e r i a l s  and vege ta t ive  fue ls  being under the bui ld ing and is aggra- 

ated by u p h i l l  winds (Moore, 1981).

Structures with overhangs or s t i l t  construct ion ,  or both, are 

s u a l ly  ign i ted  by flames sweeping against the underside of the projec-  

ion or the build ing i t s e l f .  A w i l d f i r e  running u p h i l l  ahead of  a strong 

ind through heavy brush or t imber to w i th in  a few fe e t  of  a house b u i l t  

 ̂ s t i l t s  and with a c a n t i l e v e r  balcony and with 4 to 5 - foo t  eaves is a 

D sit ive  p re s c r ip t io n  fo r  d is a s te r .  This sequence is not as uncommon 

; i t  might sound. H i l l s i d e  homes often o f f e r  spectacular views, and 

i lconies are often provided to take f u l l  advantage of the view. Wide 

ives are commonly b u i l t  to shade windows. On a h i l l s i d e ,  one side of a 

use may be at ground leve l  or below w h i le  the other side is 15 or 20 

■et, or possib ly  more, above ground level (Deeming and others, 1977).
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G1 ass

Windows can e a s i ly  be a weak point in the f i r e  protect ion of a home 

for  two reasons. They allow entrance of  radiated heat of such in te n s i ty  

that  i n t e r i o r  m a te r ia ls  are ig n i te d .  And they admit convective heat,  

f i re b ra n d ,  or f lame when they are open or broken. Large p ic tu re  windows 

and s l id in g  glass doors are p a r t i c u l a r l y  vulnerable  to these hazards.

The o r ie n ta t io n  of  the glass surface w i l l  determine the degree of hazard 

i t  represents .  I f  i t  is on the windward side of the build ing or is 

facing toward a concentrat ion of  vegeta t ive  f u e l ,  the danger is 

heightened. This is common as most people wish to catch the view on the 

downhill side of  the home.

Windows cannot be abandoned or p ro h ib i te d .  The opportunity to enjoy 

a spectacular view or the fe e l in g  of spaciousness afforded by a s l id in g  

glass door opening onto a pa t io ,  sundeck, or swimming pool is hard to 

give up.

Siding

Most home f i r e s  in urban areas have in terna l  sources of ig n i t io n .  

Therefore, the m ate r ia ls  of  which t h e i r  e x te r io r  walls are constructed  

are of r e l a t i v e l y  minor importance from a f i r e  protect ion standpoint.

The a r c h i te c t ,  th e re fo re ,  has considerable l a t i t u d e  in design. By con

t r a s t ,  home f i r e  ig n i t io n s  during a w i l d f i r e  are almost e n t i r e ly  external  

(assuming a l l  openings are p ro te c te d ) .  Thus, f i r e  resistancy of e x te r io r  

walls becomes of great  importance, and the choice of mater ia ls  is c r i t i 

ca l .  Contrary to th is  sa fe ty  requirement is the strong tendency on the 

Dart of both a r c h i t e c t  and buyers toward an increas ing ly  ru s t ic  

appearance as the homesite gets deeper into the woods. As a r e s u l t  many
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s t r u c tu r a l  f i r e s  in ru ra l  areas have s ta r te d  by d i r e c t  ig n i t io n  of 

e x t e r io r  wood s id ing ,  garage aoors, and porches. This hazard is 

heightened by rough-cut t imber u t i l i z e d  as e x t e r io r  s id ing .

Landscaping

The proximity  of  a s t ru c tu re  to n a t iv e  vegetat ion is the d i re c t  

measure of the p r o b a b i l i t y  of i t s  destruct ion by w i l d f i r e  sooner or 

l a t e r .  Flammable roofs and inadequate brush clearance are by f a r  the 

most s ig n i f i c a n t  contr ibutors  to hazards and t h e i r  e l im ina t ion  would 

provide the most c o s t - e f f e c t i v e  p re s cr ip t io n  (Radtke, 1981; North, et 

a i . ,  1973; Moore, 1982) .  Non-flammable roof  and brush clearance are not 

the only p ro te c t iv e  measures needed; however, they are the most c r i t i c a l  

and, i f  resources are l im i te d ,  should rece ive  top p r i o r i t y  (Alger ,

1971).

Total removal of  a l l  vegetat ion fo r  a s pec i f ied  distance from a 

house is im pract ica l  f o r  several reasons. Not only would the re su l t in g  

denudation be unsight ly ,  but i t  would create  several other problems.

The obvious a l t e r n a t iv e  is s u i ta b le  landscaping. In i t s  simplest and 

le a s t  expensive form, such landscaping would be e s s e n t ia l ly  the removal 

and reduction of flammable fue ls  around the construction s i t e .  In i ts  

most advanced form i t  might take the shape of an i r r ig a t e d  and shaded 

lawn or an i n t r i c a t e l y  designed p lant ing o f  c a r e f u l l y  selected f i r e  

r e s is ta n t  or low fuel-volume plants (Radtke, 1981). In any event, the 

purpose is the same; to reduce heavy loading of vegeta t ive  fuels  s u f 

f i c i e n t l y  f a r  from the s tru c tu re  to avoid ig n i t io n  of  the building by 

ra d ia te d  heat or d i r e c t  impingement of flames and to allow f i r e f i g h t e r s  

a p lace in which to work when i t  becomes necessary to save the house 

(A lg e r ,  1971, Moore, 1981).
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Native Vegetat ion

The f i r s t  step in landscaping fo r  f i r e  protec t ion  is to remove flam

mable n a t iv e  vegeta t ion ,  including a l l  slash and vegetat ion waste 

created during the construct ion phase. C a l i f o r n i a  s ta te  law, (Section 

4291, Pub l ic  Resources Code) and ordinances of several local j u r i s d i c 

t ions re q u ire  minimum clearance fo r  30 fe e t  (Moore, 1981).  A few local  

ordinances re q u ire  i t  fo r  1 0 0  f e e t ,  but these laws and ordinances 

genera l ly  do not mean complete denudation of the land. The key word is 

f lammable, usua l ly  in te rp re te d  to mean a l l  dead v ege ta t ive  matter and 

enough l i v e  crowns to avoid the d i r e c t  spread of f i r e  from one t ree  or 

bush to another. To complete the job proper ly ,  remaining crowns should 

be pruned enough to avoid t h e i r  ig n i t io n  by a groundf ire .

Seldom is a 3 0 - fo o t  v e g e ta t iv e  c learance adequate to protect a home 

from w i l d f i r e .  C a l i f o r n i a  s ta te  law recognizes th is  fa c t  by providing  

for  an extension to 100 fe e t  upon a f ind ing  of necessity  by the D irector  

of Fores try .  L ikewise, several local ordinances in southern C a l i fo r n ia  

require  a minimum c le a r in g  of  100 f e e t .  Even these distances may not be 

enough. Several fue l  break planning and design studies on in te n s i ty  of  

rad ia ted heat and on flame lengths under high wind conditions indicate  

that  2 0 0  f e e t  may be more appropr ia te  under severe w i l d f i r e  condit ions.  

Actual brush c learance needs on the ground cannot be le g is la te d .  They 

are determined by n a t iv e  fue l  loading, slope, expected wind v e lo c i ty ,  

and type of bu i ld ing  m a te r ia l  to be pro tec ted .  In c e r ta in  s i tu a t io n s ,  a 

400 foot  c learance may be bare ly  adequate (Moore, 1981). Figure 1 

below shows th a t  the breaking up of the fue l  load and fuel  con t in u i ty  

reduces the amount of  thermal r a d ia t io n  a home and a f i r e f i g h t e r
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Figure 1. Landscaping to Reduce Radiant Heat

: L
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rece iv e s .  For a po int -source  of ra d ia t io n ,  th is  heat in te n s i ty  

decreases with the square of the distance form the source. The 

r a d ia t io n  in t e n s i t y  1 0 0  f e e t  from the burning brush or landscaping 

plants is th e re fo re  only 1 /4  th a t  at 50 f e e t ,  and the in te n s i ty  20 fe e t  

from a burning t r e e  is also only 1 /4  tha t  at 10 f e e t .  The number of  

points from which the home can rece ive  the r a d ia t io n  w i l l  also increase 

r a p id ly  with the area of  the r a d ia t in g  source. Increasing the number of  

flammable landscaping plants around the home and/or increasing  

the number of  t rees  w i l l  make a home more f i r e -p r o n e  despite legal brush 

clearance (Radtke, 1981). In areas of  t a l l  brush or standing timber, a 

2 0 -m ile -an -hour  wind can produce flame lengths wel l  over 60 fe e t  and 

some as long as 100 f e e t  ( A lb i n i ,  1976). For th is  reason the 100-foot  

clearance should be a minimum and a set-back on the h i l l s i d e  encouraged.

Any of several methods of vegetat ion removal may be used, depending 

on cost, t im ing,  and f i n a l  r e s u l t  des ired .  These may take the form of 

hand-chopping, bu l ldoz ing ,  d isc ing,  and the use of control  f i r e .  In 

timbered areas, debris l e f t  from logging and s i l v i c u l t u r a l  treatments is 

often reduced by burning or mechanical t reatm ent .  Prescribed f i r e  is 

used in fo r e s t  stands in the southern United States and parts of  the 

west to reduce the amount o f  f u e l .  In some regions, extensive areas of  

brush have been converted to grass through the use of contro l led  f i r e  

(Countryman, 1974) .  Although f i r e  can be a dangerous tool at best, i t  

should be considered along with hand-thinning and mechanical c lear ing  as 

a v ia b le  method fo r  reducing flammable vegetat ion around the build ing  

s i te s .  As each homeowner protects  his own property  the community as a 

whole experiences an increase in f i r e  sa fe ty  and a reduction in fuel  

hazard.
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New Home Landscaping

In rep lac ing  the c leared vegetat ion,  keep and augment the benefits  

of the fue l  reduct ion.  P lanted, as wel l  as re ta ined ,  na t ive  trees and 

bushes should be spaced fa r  enough apart that  t h e i r  crowns w i l l  s t i l l  

be separated when fu l l -g r o w n .  Crowns overhanging the house should be 

thinned or removed.

Much research has been done re c e n t ly  on s o -c a l le d  f i r e - r e s i s t a n t  

plants  fo r  home, fu e l -b re a k  and roadside p la n t in g .  The research has 

included both na t iv e  plants  and introduced species, the l a t t e r  coming 

p r im a r i ly  from areas of  the world with Mediterranean climates. In 

recent years, the focus has, th e re fo re ,  been on f ind ing  plants with low 

fue l  volume and height and th e re fo re  with low heat output, as well  as 

some degree of f i r e  retardance (Radtke, 1981; Curran, 1978; Moore,

1981). Probably the most b e n e f ic ia l  landscaping to provide f i r e  safety  

is the maintenance of  a green lawn. The lawn that  is well  cared for  

provides minimal fuel loading as well  as an increase in the humidity  

around the home. To maintain a green lawn in a f i r e -p r o n e  area requires  

consistent  sp r in k l in g  or i r r i g a t i o n .  Thus by providing for  a lush, 

green lawn, homeowners not only provide fo r  a recreat ion  area, but also 

maintain a f i r e  b a r r i e r .

Although many of  the most important actions in providing f i r e  safety  

fo r  a s t ru c tu re  located in a w i l d f i r e  hazardous area take place during 

the planning, designing, construct ing and landscaping phases, they do 

not end the re .  Maintenance must begin the day the occupant moves in and 

continue so long as the bu i ld ing stands, or a l l  the o r ig in a l  b u i l t - i n  

pro te c t io n  may be in va in .  Many cases have been documented wherein a
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T u c tu re ,  once reasonably f i r e s a f e ,  burned down a f t e r  the f i re p ro o f in g  

' the area around i t  had been allowed to d e te r io r a t e  (Alger, 1971;

)ore, 1981) .
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C h a p t e r  9

Creating The Wildland/Urban In te r fa c e  Conflagrat ion

A more d e ta i le d  descr ip t ion  of the re la t io n s h ip s  underlying the 

development of  a ca tas troph ic  in te r fa c e  w i l d f i r e  is needed as a basis 

fo r  discussing new prac t ices  tha t  reduce in te r fa c e  hazards. Figure 2 

presents a schematic representa t ion  of a genera l ized in te r fa c e  w i ld 

f i r e  hazard s i tu a t io n  p r io r  to a major c o n f la g ra t io n .  Figure 3 pre

sents a revised p ic tu re  o f  th is  same s i tu a t io n  as i t  might appear during 

or a f t e r  the c o n f la g ra t io n .  By comparing the two i t  is possible to see 

the areas in need of  change.

The wi ld land/urban in te r fa c e  w i l d f i r e  hazards begin when a sub

d iv is ion  is proposed where s truc tures  w i l l  be s i te d  in dense vegeta

t io n .  E f f e c t i v e  w i ld land f i r e  control has kept the area f ree  from f i r e  

for  many years, allowing a vegetat ion bu i ld -up .  This same e f f e c t i v e  

wild land f i r e  control  promotes the concept tha t  there  is l i t t l e  to fear  

from the w i ld land f i r e  hazard.  The county and local zoning and 

build ing codes are met and the subdivision receives approval from the 

local governing body. The lack o f  hazard c la s s i f i c a t io n s  allow 

construction in wi ld land fu e ls  tha t  are destined to burn. Many plans 

are only required to conform to standards established for  the central  

urban areas in which the need fo r  s t r i c t e r  standards has or ig inated  

(Lee, 1980) .  Thus, many plans meet e x is t in g  f i r e  codes that  have been 

developed fo r  subdiv is ions in urban areas; such codes f a i l  to control  

fuel coupling that  occurs with residences in wi ld land s i t in g s .

58
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Figure 2"

Schemat ic Re pr esen ta t i on  o f  a Hy pot he t i ca l  I n t e r f a c e  W i l d f i r e  Hazard 
S i t u a t i o n  Immediate ly  Before a C o n f l a g r a t i o n .
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âdequate ^
S M n s"oad

« —  #— P 0 u C in
{Remuir

ne Dome slid 
Rmçfit S

- I  —  - < r  — ' nKceeo vaoacitv ' 
o f  F i r e  C o n t r o l  ^

V
I Lmceea L J p a c i t y '
I o f  W a t e r  System!

Exceed C a p a c I t y
Roads

I n a d e q u a t e ' Fo r c esnvarjnts

Source: Lee, 1980

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61

With the s t a r t  of construct ion begin the mistakes made during the 

design phase. Developers mainta in s t r i c t  a r c h i te c tu ra l  standards 

re q u ir in g  build ings to conform to r u s t ic  design th a t  blend into the 

natura l  environment. Natural wood walls and shake and shingle roofs are 

often requ ired .  Large windows are provided, areas under f loors  and 

decks are not boxed in and screens over windows and other openings are 

avoided to prevent obstruct ion of views.

Access roads are designed to meet the rout ine  peak needs of  r e s i 

dents. Some steep grades are occasional ly  permit ted so as not to scar 

the land with roads, as well  as to cut costs. Deep cul-de-sacs and 

deadend roads a f ford  residents  a sense of privacy and reduce t r a f f i c  to 

a minimum in f ro n t  of res idenc ies .

Water systems are designed to meet the rout ine  peak requirements of  

res iden ts .  F i re  hydrants are often not in s ta l le d  because of the large  

lo ts  and distances between s t ru c tu re s .  Water requirements for  f ig h t in g  

in d iv id ua l  s t ru c tu ra l  f i r e s  are instead provided fo r  by adding a large  

tanker  truck to the local ru ra l  f i r e  department. Steep access roads and 

c u lver ts  with minimum load capaci t ies  r e s t r i c t  these large tanker trucks,

Outbuildings are r o u t in e ly  accumulated by residences as garages, 

shops, and toolsheds. And, according to many r e s t r i c t i v e  covenants, 

these secondary s t ructu res  often have to conform to the same standards 

governing r u s t ic  design. In add i t ion ,  residents store firewood,  

recrea t ion  vehic les and accumulated junk (yard trimmings, gardening 

supplies ,  e t c . ) .  Firewood is often stacked in the open areas under 

bui ld ings  or decks. These pract ices  place manmade fuel together with  

w i ld lan d  fuel  surrounding the homes.
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Homes located on steep, narrow, winding roads may f ind  trash 

disposal by conventional methods u n r e a l i s t i c .  Large disposal trucks may 

not be able to n ego t ia te  the access roads. These residents sometimes 

make a p r a c t ic e  o f  disposing of combustible junk by trash burning. Most 

people are informed about how and when to burn, and fo l low standard pre

cautions recommended by the local ru ra l  f i r e  department. This s t i l l

poses an ig n i t io n  hazard to wi ld land fu e ls .

Thus, as people accumulate and store more flammable items near and 

around t h e i r  homes the f i r e  hazard increases.  The longer an area goes 

without a f i r e  the more lax residents  become in f i r e  sa fe ty .

Figure 3 i l l u s t r a t e s  how an in te r fa c e  w i l d f i r e  d isaster  in a 

hypothet ical  subdiv is ion might be reconstructed fo l lowing a conf lagra

t ion  set o f f  by yard burning during an unusually dry and gusty f a l l  day. 

Erroneous b e l i e fs  and precautions are i l l u s t r a t e d  by dashed boxes, as 

also are mistakes a t t r i b u t a b l e  to omission of  necessary b e l ie fs  and pre

caut ions. Omissions of  necessary cause and e f f e c t  re la t ionsh ips  are 

indicated by dashed l ines terminat ing in arrows. Taken together, the 

scheme shows how the c onf lag ra t io n  came about as a re s u l t  of an accumu

la t in g  network of  errors (Lee, 1980).

One chain of errors begins with the b e l i e f  that  wi ldland f i r e  

control forces are adequate. ( P h i l l i p s ,  1977) The conflagrat ion forces 

general acceptance of the f a c t  tha t  w i ld land f i r e  control has been most

e f f e c t i v e  fo r  suppressing small f i r e s .  Hence, i ts  e f f e c t  shows up as a

sharp reduction in the average s ize  o f  w i l d f i r e s .  Generally  unnoticed 

is the f a c t  that  f i r e  control has been only m arg ina l ly  e f f e c t i v e  at 

c o n t r o l l in g  f i r e s  which burn under more severe f i r e  weather condit ions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

A f a ls e  sense o f  s e c u r i ty  from d e s tru c t iv e  w i l d f i r e  is often widely  

shared because the performance of  f i r e  control organizat ions has been 

based on t h e i r  success during periods of "normal weathered Thus, an 

area of land taken at random is often less l i k e l y  to burn on any given 

year than was the case under natura l  condit ions.  Vast areas may be f ree  

from f i r e  fo r  very long periods because almost a l l  f i r e s  were contained  

while  small.

However, the r e l a t i v e  success of f i r e  control  also permits 

vegetat ion to accumulate unnoticed as large expanses of unnatural ly  

heavy, explosive fu e ls .  W i ld f i r e s  burn with unexpectedly high in te n s i ty  

in these fuel  accumulations, sometimes erupting into f i res torm s .  The 

amount of  energy re leased from these intense w i ld f i r e s  fa r  exceeds that  

found under the average natural conditions (Radtke, 1981). The 

r e s u l t in g  f i r e  f a r  surpasses the c a p a b i l i t i e s  of human f i r e  con tro l .

Fuels also accumulate unnoticed adjacent to residences in 

subdiv is ions.  Trees grow t a l l e r ,  and provide a micro-c l imate  favor ing  

a dense understory of t rees and shrubs. Residents often l i k e  the 

natural screening provided by th is  understory, thus, permit i t  to grow 

uncontro l led .  The hazardous condit ion created by th is  "ladder of fue l"  

usual ly  remains unnoticed.

A second chain of errors  begins with the s i t in g  and approval of the 

subdiv is ion i t s e l f .  The hazards associated with s i t in g  structures in 

dense vegetat ion go unnoticed, or at leas t  underestimated by both the 

developers and the governmental a u th o r i t ie s  responsible for  approving 

the subd iv is io n .  This e r ro r  is r e f l e c te d  in the absence of f i r e  codes 

suited  to r e s id e n t ia l  use of f i r e  hazardous wi ld land environments.
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Successive e rrors  are made in the developer 's  se lec t ion  of a ru s t ic  

design fo r  housing construct ion .  Wood e x ter io rs  and roofs, together  

with the lack of  screening and unboxed decks and subfloor spaces, 

unknowingly compound the w i ld land/urban in te r fa c e  f i r e  hazard by 

e f f e c t i v e l y  coupling s t ru c tu ra l  fue ls  with the accumulating vegetat ive  

fu e ls .  This is f u r t h e r  compounded by the addit ion of outbuildings and 

hazardous fuel bu i ld -up  common to re s id e n t ia l  s t ru c tu res .  Building 

codes are f re q u e n t ly  in e r ro r  by f a i l i n g  to spec i fy  build ing design and 

construction m ater ia l  tha t  would minimize the natural f i r e  danger and 

reduce the coupling of  s t ru c tu ra l  and vegeta t ive  fu e ls .

The t h i r d  chain o f  errors o r ig ina tes  in accepted patterns of  

r e s id e n t ia l  use. Both insurance underwriters and lenders f a i l  to assign 

high r is k  to res idents  using in te r fa c e  f i r e -p r o n e  structures .

Resident ia l property losses in hazardous areas increase without adequate 

not ice ,  r e s u l t in g  in in e q u i ta b le  insurance rates for  homeowners l iv in g  

in non-hazardous environments. S im i la r l y ,  un res tr ic ted  mortgage money 

fo r  homes in hazardous areas errs  by encouraging development in 

locat ions where losses are f a r  more l i k e l y  to occur.

Thus, the dynamic buildup of fuel increases the fuel loading u n t i l  a 

point when an ig n i t io n  source comes in contact with the f u e l .  This 

p r e c ip i ta t in g  event of  the w i ld land c onf lagra t ion  is the inev i tab le  

conclusion to the chain of errors  l i s t e d  above.

A f i n a l  chain of errors in te ra c ts  with the onset of the 

conf lag ra t io n  to s u b s t a n t ia l l y  increase losses of  l i f e  and property:  

In te n s i ty  of  the con f lag ra t io n  exceeds the c a p a b i l i t y  and intended
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funct ion  of roads, water supplies, and f i r e  suppression forces (Task 

Force on C a l i f o r n i a ' s  Wildland F i re  Problem, 1972).

Emergency vehic les have d i f f i c u l t y  with access and ingress because 

of congestion created by f le e in g  res idents ,  narrow s t re e ts ,  unmarked 

cu l-de -sacs ,  steep grades, and the lack of s t re e t  signs. Residents are 

h o r r i f i e d  by the lack o f  f i r e  protect ion  and t h e i r  i n a b i l i t y  to achieve 

speedy egress. Many who are trapped in cul-de-sacs by walls of flames 

may u l t im a t e ly  perish in the f i r e .

Water supplies may unexpectedly prove in s u f f i c ie n t  when hundreds of 

res idents  simultaneously attempt to water down t h e i r  roofs and yards.

Ear ly  deplet ion of water reserves leave no local water sources for  f i r e  

control forces attempting to save s truc tures ;  a l l  water has to be 

transported in by truck ,  and most trucks lack the holding capacity to 

combat the intense s t ru c tu ra l  f i r e s  and threatening hotspots in the w i l d f i r e .

F i r e  control forces have been designed to provide protect ion against  

occasional s t ru c tu ra l  f i r e s  and small fo re s t  f i r e s .  So when faced with 

the onset of  a c o n f la g ra t io n ,  local forces are often t o t a l l y  inadequate. 

Mutual aid agreements with adjo in ing d i s t r i c t s  and f i r e  control agencies 

sometimes help,  but are of ten weak and are slow to mobilize  i f  they are 

in e f f e c t .  These neighboring d i s t r i c t s  may be un fam il ia r  with the local 

t e r r a i n  and also may not be able to communicate with the local f i r e  

d i s t r i c t s  c a l l i n g  for  help .  Many l i v e s  and structures may be lost  

because f i r e  control forces prove to be inadequate (Lee, 1980).

A f t e r  the f i r e ' s  c on tro l ,  two events which are in d i r e c t l y  re la ted  to 

the w i ld land/urban in te r fa c e  f i r e  could c ontr ibu te  to another source of  

f in a n c i a l  d is a s te r  in the fu tu r e .  Losses are not always noticed by

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



66

insurance r a te  payers because they are spread over a very large  

populat ion and have only an increment impact on premiums. However, a 

se r ies  of  such in te r f a c e  f i r e s  could surpr ise  both the insurance 

underwriters  and r a te  payers with r is in g  costs of sharing in te r fa c e  

losses. The second event involves the in e v i ta b le  increase in the cost 

of f i r e  prevention and control r e s u l t in g  from attempts to provide  

adequate f i r e  pro tec t ion  to ru ra l  areas. A purely  technological  

so lu t ion  involv ing a substant ia l  increase in f i r e  trucks, crews, water 

mains and other  f a c i l i t i e s  may prove to be exceedingly cost ly  as well  as 

m a rg ina l ly  e f f e c t i v e .  Taxpayers who support these services would 

someday discover the burden of th is  unnoticed cost and demand that  

residents  enjoying the benef i ts  of remote l i v in g  also pay the high cost 

of  f i r e  p ro te c t io n .  For these reasons, people l i v in g  in the wi ldland/urban  

in te r fa c e  must make every attempt to f i r e - s a f e  t h e i r  homes to local  

standards. Local government must provide f i r e  protect ion to a l l  

taxpayers at the lowest possib le  cost. This can be accomplished by 

composing and enforcing f i r e - s a f e  regula t ions  for  rura l  areas.
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CONCLUSION

The s o lu t ion  to f i r e  p ro tec t ion  in the wi ld land/urban in te r fa c e  is a 

complex and very emotional issue. Techniques th a t  w i l l  reduce the 

hazard and lessen the r is k  are now a v a i la b le .  F i re -s a f in g  rura l  areas 

should be broken down in to three major categor ies ,  technology, 

education and economy.

Technology

In deal ing with w i l d f i r e ,  county or c i t y  plans vary g r e a t ly  between 

one local government and another. Some plans merely recognize the fac t  

tha t  a f i r e  problem may e x is t ;  other plans provide a d e ta i le d  exposition  

of the nature and extent  o f  the problem and a t im etab le  fo r  coping with 

i t .  General plans are prepared by the planning s t a f f  and approved by 

the planning commission and the governing body of  p o l i t i c a l  subdivision 

of the s ta te ,  county or c i t y .  They genera l ly  include land use, 

t r a n s p o r ta t io n ,  public  sa fe ty ,  and other elements designed to promote 

o rd e r ly  growth and development. One v i t a l  element of these plans is 

public  s a fe ty .  In the past there  has been no standards with in  public  

safe ty  to which th is  w i l d f i r e  problem is addressed. These plans should 

requ ire  that  f i r e  p ro tec t ion  elements of  general and sp e c i f ic  plans 

cover both basic s t ru c tu ra l  p ro tec t ion  and protect ion from wi ldland  

f i r e s ,  tha t  p ro te c t iv e  measures enumerated in these plans should 

correspond to the leve l  of f i r e  hazard s e v e r i ty  found to e x is t  in the 

area covered by each plan, and tha t  the f i r e  department p a r t ic ip a te  in 

reviewing plans.

One important fa c e t  of the general plan is the land use element.

I t  es tab l ishes  the areas tha t  can be devoted to d i f f e r e n t  uses, ( i . e . ,
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r e s i d e n t i a l ,  commercial, manufacturing, e t c . )  This element has great  

p o te n t ia l  fo r  enhancing s t ru c tu ra l  f i r e  sa fe ty  in wi ld land areas i f  

wild land  f i r e  hazard s e v e r i ty  classes are accounted fo r  during i ts  

development. So f a r  th is  p o te n t ia l  has r a r e ly  been considered and no 

case has been found where the land use element of the general plan was 

a c tu a l ly  implemented in th is  manner.

One so lu t ion  to the th r e a t  posed by the vast areas of vegetat ive  

fue ls  is to t r e a t  them so as to reduce the f i r e  hazard they represent to 

an acceptable l e v e l .  Reduction of the a v a i la b le  fuel (dead and f in e  

l imbing) on broad areas fo r  blocks is one method tha t  can be used. 

Conversion of the vegetat ive  type to a less hazardous type in long 

s t r ip s  ( fue l  breaks) s t r a t e g i c a l l y  located in such a manner as to assist  

f i r e f i g h t e r s  in c o n t r o l l in g  f i r e s  th a t  do s t a r t  is another. Such fuel 

breaks have proved e f f e c t i v e  in saving l i v e s ,  property, and suppression 

costs.

Hazard reductions on large  areas would be p r o h ib i t i v e ly  expensive. 

I t s  use is ,  th e re fo re ,  l im i te d  to r e l a t i v e l y  small areas in locations  

where the values to be protected are high. Fuel breaks are also 

expensive, but t h e i r  c o s t :b e n e f i t  r a t i o  over the m i l l ion s  of acres of  

concern is much more fav orab le ,  e s p e c ia l ly  i f  they are planned, b u i l t ,  

and maintained fo r  m u l t ip le  use.

Several matters concerning the f i r e  sa fe ty  of structures in 

wildlands as a f fec ted  by o f f - s i t e  a c t i v i t i e s  can be solved only by 

l e g i s l a t i v e  action at e i th e r  the s ta te  or local l e v e l .  State  

governments need to recognize the publ ic  in te r e s t  in and benef i t  from 

fue l  breaks, hazard reduction, and b lock-type  conversion work, whether
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done on publ ic  or p r iv a te  land. F i re  hazard reduction should be given 

environmental p ro tec t ion  status equal to a i r  and water p o l lu t ion  and 

h e rb ic id e  c o n t r o l .

Only the developer of a property can provide some of the v i t a l  means 

of f i r e  p ro te c t ion ,  such as access and water supplies. I t  is the 

developer 's  r e s p o n s ib i l i t y  to know about them, and to design them into  

the  p ro je c t  before any s tructures  are erected. But others have re la ted  

r e s p o n s i b i l i t i e s .  Planning Departments should develop and l e g i s l a t i v e  

bodies should adopt minimum standards. (See Appendix C) Planning

Departments, with advice and assistance from operating departments

should enforce the standards even i f  they must deny approval of 

non-conforming proposals. A l l  developmental plans must employ the 

master planning concept in order to properly  assess the in terac t ion  

between various elements.

The owners of s t ruc tures  in or near wi ld land fuels  cannot depend on 

the  f i r e  suppression e f f o r t s  of  public  agencies to protect  t h e i r  

build ings  from destruct ion by w i l d f i r e .  The use of tax funds to pay for

enough f i r e f i g h t e r s  and equipment to contain every f i r e  that s ta r ts  on

the few days of very high and extreme f i r e  conditions is most 

economically and p o l i t i c a l l y  in fe a s ib le .  I t  is also, in fa c t ,  

p h y s ic a l ly  impossible under ty p ic a l  conf lagra t ion  conditions of very 

strong, hot,  dry winds.

F i r e f ig h t in g  is at best one of the most hazardous a c t i v i t i e s  of man. 

Under c o n f lag ra t io n  cond it ions ,  the r isks  of entrapment, asphyxiation,  

heat exhaustion, f a l l i n g ,  and other in ju r ie s  become so great tha t  chief  

o f f i c e r s  and other  leaders should not allow t h e i r  men to be at the head
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of the f i r e .  The s t ra tegy  of  wi ld land f i r e  control requires perimeter  

c o n t r o l ,  containment of spread, and eventual extinguishment. Due to the 

s c a r c i t y  of  water, the t a c t i c s  of wi ld land f i r e  control usually  consist  

of construct ing f i r e  l in e s ,  e i t h e r  by hand or with machines, burning out 

prepared or p re -e x is t in g  control l in e s ,  cooling l im i te d  areas by 

airdrops of  f i r e  re ta rdants  and s im i la r  measures. Such work cannot be 

c a r r ie d  out s a fe ly  or e f f e c t i v e l y  on steep h i l l s id e s  or in close 

prox im ity  to a high in t e n s i t y  f i r e  in heavy fu e ls .

The control of major w i ld land f i r e s ,  e s p e c ia l ly  those involving  

s tru c tu re s ,  is fu r th e r  complicated by the communication and coordination  

problems inherent when f i r e  is being fought by m u l t ip le  agencies, which 

is usual fo r  two reasons. F i r s t  wi ld land f i r e s  simply do not respect 

p o l i t i c a l ,  j u r i s d i c t i o n a l ,  a dm in is tra t ive ,  or ownership boundaries. A 

f i r e  of any appreciable  s ize  w i l l  usual ly  spread from the protect ional  

j u r i s d i c t i o n  o f  one agency to those of several other agencies.

Secondly, no s ing le  agency, even the la rge s t ,  has the resources to 

handle a con f lag ra t io n  alone. Aid from other agencies, often from 

considerable d istance, must be ca l led  in .  As a re s u l t ,  d i f ferences in 

t r a i n in g ,  equipment, and radio channels re g u la r ly  e x is t .  The e f fe c t  of 

these d i f fe rences  can be minimized with j o i n t  t r a in in g ,  and common 

command systems. One such common command, the Incident Command System, 

is being taught at the National F i r e  Tra in ing Academy. This common 

command system w i l l  help minimize problems ex is t ing  through automatic 

mutual aid of  departments.

A t o ta l  f i r e  defense system includes a l l  the manpower, equipment, 

and real  property and organizat ion  necessary to provide f i r e  prevention
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and suppression for  a given area or j u r i s d i c t i o n .  The term is used here 

in the more l im i te d  sense of  those improvements needed to aid 

f i r e f i g h t i n g  forces to contain a wi ld land f i r e  before i t  becomes a 

c o n f la g ra t io n  endangering homes and other s t ru c tu res .  These improvements 

consis t  o f  fue l  breaks, f i r e  roads, and s im i la r  items.

Such systems, to be e f f e c t i v e ,  require  d e ta i le d  planning and large  

expenditures of  manpower and money.

Another important aspect of f i r e - s a f i n g  and maintaining f i r e  safety ,  

is through regu lar  home inspect ions. The local f i r e  department should 

be provided with enough f i r e  prevention personnel in numbers tha t  are 

adequate to proper ly  inspect wi ld land residences and to make personal 

contacts with wi ld land residents  and other users, e spec ia l ly  during 

c r i t i c a l  f i r e  weather. This w i l l  help insure that  home maintenance w i l l  

continue to provide f i r e  s a fe ty  to a s t ruc tu re  located in the 

w ild land/urban in te r fa c e .

Economic Incentives  

I t  is n e i th er  f e a s ib le  nor des irab le  to accomplish a l l  the above 

recommendations and standards by governmental action through laws and 

r e g u la t io n .  Yet they a l l  have a pr ice ,  e i th e r  in money or in labor, and 

i t  is not l i k e l y  th a t  more than a small port ion of the homeowners w i l l  

carry  out these recommendations v o lu n ta r i l y  unless the benef i t  can be 

seen to outweigh the cost. The thousands of property owners cannot be 

expected to be informed adequately of the hazards and r isks involved in home 

ownership over long periods of  time in areas of varying f i r e  hazard. On 

the other  hand, the few hundred people who control  insurance ra tes ,  loan
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terms, and taxes can and should be so informed and take the action to 

set those ra tes  in such a way as to r e f l e c t  t rue  p r o b a b i l i t i e s  of loss 

and costs o f  f i r e  suppression.

A s o -c a l le d  brush surcharge has been published by Insurance Services 

O f f ic e  (ISO) fo r  a good many years. A ctua l ly  i t  is based on a 

combination of  fa c to rs  only one of  which is the amount of brush 

c learance .  The other fa c to rs  used are: type of roof ,  f i r e  protect ion  

class,  and response t ime. Although a step in the r ig h t  d i re c t io n ,  the 

program is only p a r t i a l l y  e f f e c t i v e  fo r  several reasons. Most important 

is the f a c t  tha t  the surcharges do not r e f l e c t  the actual p r o b a b i l i t ie s  

of destruct ion  by f i r e ,  and in p a r t i c u la r  show u n r e a l i s t i c  di f ferences  

between approved and unapproved roofs ( 2 0 % d i f fe re n c e  in ra te ,  

compared to 95% d i f fe r e n c e  in loss a c tu a l ly  measured) (Moore, 1981).  

Because of  t h i s ,  owners with  f i r e - s a f e  propert ies  are subsidizing those 

with unsafe property .  Secondly, the surcharge schedule does not take  

f i r e  hazard s e v e r i ty  c l a s s i f i c a t i o n  into account. T h i rd ly ,  not a l l  

underwri ters  subscribe to the services of  ISO, or they are not guided by 

i t s  recommendations. A revised r a te  schedule could ea s i ly  be prepared 

to incorporate  surcharges for  substandard i n s t a l l a t io n  and ra te  

reduct ion fo r  those with pro tec t ion  in excess of the standard, and based 

on t ru e  p r o b a b i l i t i e s  which would take into account the experience 

gained from the thousands of  build ings destroyed by wi ldland f i r e s  in 

the past ten or f i f t e e n  years .  In order to apply to a l l  insurance 

companies ra th e r  to only those a f f i l i a t e d  with ISO, such a ra te  schedule 

could be es tab l ished by the s ta te  or local government.
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Mortgage rates  and other condit ions of loans could be adjusted to 

encourage f i r e - s a f e  pract ices  in much the same manner as suggested for  

insurance r a te s .  High in te r e s t  rates and other unfavorable conditions  

fo r  loans on substandard pro jects  and in s t a l l a t io n s  coupled with lower 

ra tes  and favorab le  condit ions for  those which exceed the standards 

would encourage the l a t t e r .  Such p ra c t ic e  is perhaps not e n t i r e ly  

consistent  with current  money market p ra c t ic es .  But since the r isk  is 

never completely e l im inated by insurance coverage, such p rac t ice  would 

represent a judic ious assessment of the r isk  to the lender and would be 

e f f e c t i v e  with home buyers. From the standpoint of  public  safety  i t  

would be even more e f f e c t i v e  i f  applied to the large loans to developers 

and b u i ld e rs .  I f  bu i lders  s e l l  only f i r e - s a f e  homes, subdivisions and 

mobile home parks, the purchasers of  t h e i r  products w i l l  s t a r t ,  at 

l e a s t ,  with lower r is k  s i tu a t io n s .

F i r e - s a f e  p rac t ices  by property  owners reduce the cost of public  f i r e  

protec t ion  serv ices .  The lack o f  such services exposes the property of 

the owner or occupant and neighbors to increased r is k  of destruction by 

w i l d f i r e ,  i t  also makes the task of f i r e f i g h t i n g  much more d i f f i c u l t  and 

th e re fo re  more c o s t ly .  Encouraging f i r e - s a f e  pract ices  through tax 

incentives would not be a new concept. Tax incentives are already used 

by both s ta te  and federa l  governments to promote energy conservation 

measures, and they have been used in the past for  other purposes. There 

is no reason then why such incentives should not be used by local or 

s ta te  governments to encourage f i r e - s a f e  pract ices  in or near wi ld land  

areas. This approach would be accepted by property owners and occupants 

with much more grace than a regu la to ry  approach.
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Education

Educating the publ ic  is by f a r  the most d i f f i c u l t  task that  f i r e  

prevention o f f i c e r s  must face .  Education of fo re s t  recreat ion users has 

been going on fo r  many years .  The "Smokey the Bear" program is quite  

v i s i b l e  yet  a la rge  port ion of wi ld land f i r e s  continue to be man-caused.

The education program can be broken down into  three areas: The 

control of sources o f  ig n i t io n ,  modi f icat ion  of  hazards, and 

m odi f ica t ion  of  losses.

The f i r s t  involves m odif icat ion  of the source of  f i r e s ,  herein 

s im p l i f i e d  to cover attempts to control man-caused sources of 

i g n i t i o n .  This must include such sources as accidenta l ,  carelessness,  

and arson. Local residents  must understand the importance of  preventing  

ig n i t io n  sources.

The second top ic  fo r  education of the public  in wi ldland/urban  

in te r fa c e  areas involves m odif ica t ion  of  hazards. In ter face  w i l d f i r e  

hazards can be reduced most e f f e c t i v e l y  by avoiding the unrecognized 

coupling of  urban and wi ld land fue ls  that  makes vegetat ive  resources,  

human l ive s  and residences h igh ly  susceptib le  to losses by f i r e .

Reducing the v u l n e r a b i l i t y  of  s tructures  and residents to f i r e  losses 

should be the number one program fo r  f i r e  prevention o f f ic e rs  and 

build ing inspectors. A comprehensive education program is required for  

homeowners to understand the reasons behind zoning regulat ions and f i r e -  

saf ing of  homes.

The t h i r d  top ic  fo r  education involves the modif icat ion of losses.  

In te r f a c e  w i l d f i r e  losses can be reduced most e f f e c t i v e l y  by developing 

c a p a b i l i t i e s  fo r  c o n t r o l l in g  w i l d f i r e s  and preventing conflagrat ions in
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s e t t l e d  areas. Losses may be reduced by educating homeowners in the 

fo l low ing  sorts o f  c a p a b i l i t i e s :  i n i t i a l  f i r e  detect ion and suppression

on the parts  o f  the residents  themselves, regional f i r e  hazard warning 

systems, f i r e  breaks and fuel  breaks b u i l t  in a n t ic ip a t io n  of f i r e s ,  

w i l d f i r e  detect ion  systems, water supplies and road networks adequate 

fo r  meeting emergency needs, and emergency communication systems, as 

well  as f i r e  control forces adequate for  emergency condit ions.

The f i r e  prevention problem goes well  beyond having to deal with the 

care less smoker and the unextinguished campfire. F i re  prevention  

s p e c ia l is ts  must deal with a seemingly endless l i s t  o f  po ten t ia l  

ig n i t io n  sources. The publ ic  is of ten apa the t ic .  F i re  prevention must 

be taken much more s e r io u s ly  both by residents of wildland areas and 

t h e i r  c i t y  neighbors. This can be accomplished through education.
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APPENDIX A. -  F i r e  Department D e ta i ls
Minimum c r i t e r i a  fo r  a responsible f i r e  department

O rg a n iza t io n : The department shal l  be organized on a sound, per

manent basis under app l icab le  s ta te  and/or local laws. The organi

za t ion  sha l l  include one person (usua l ly  with the t i t l e  of Chief)  

responsib le  fo r  the operation of the department.

Membership: The department shal l  have an ac t ive  membership which

provides a response of  at le a s t  4 members to alarms.

T r a in in g : T ra in ing  sha l l  be conducted fo r  a l l  ac t ive  members. 

Apparatus: Response to any alarm of  f i r e  shall  be with at least  one

piece of  apparatus s u i ta b ly  designed and equipped fo r  f i r e  serv ice.  

Provisions shal l  be made fo r  the housing and maintenance of  

apparatus.

Alarm N o t i f i c a t i o n : Means sha l l  be provided fo r  24-hour rece ip t  of

alarms and immediate n o t i f i c a t i o n  of members.

To be e f f e c t i v e ,  f i r e  departments should be wel l  organized, w e l l -  

supervised, and s u i ta b le  equipped fo r  serv ice  commensurate with the f i r e  

suppression needs of  the community. Operations should be governed by 

comprehensive re g u la t io n s .  The c h ie f  o f f i c e r  should be q u a l i f ie d  and 

appointed (p re fe ra b le  through competit ive procedure) for an in d e f in i t e  

term with removal only  fo r  ju s t  cause a f t e r  proper hearing. Although 

not recommended, some departments se lec t  a ch ie f  by membership e le c t io n .  

I f  th is  procedure is fo l lowed,  there  should be confirmation of accept

ance by the local governing body. The pra c t ic e  of in s t a l l in g  a new 

c h ie f  each year in order to give a l l  members an opportunity  to so serve 

is considered detr imenta l  to organized p ro te c t io n .
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A l l  personnel,  including o f f i c e r s  and firemen, should be responsible  

c i t i z e n s  and i f  in other than a f u l l - p a i d  status,  t h e i r  occupations 

should be such as to insure reasonable a v a i l a b i l i t y  fo r  f i r e  service and 

t r a i n i n g .  Select ion of  personnel should be with due regard to age and 

physical cond it ion .

Arrangements should be made whereby a s ing le  d e f i n i t e  locat ion is 

establ ished fo r  re c e ip t  of f i r e  c a l l s  reported by the publ ic .  This 

loca t ion  should be constant ly  attended 24 hours a day. I f  th is  arrange

ment is not possib le ,  s u i ta b le  extensions (such as telephone) should be 

provided as necessary so tha t  one or more a l te r n a te  locat ions may be 

u t i l i z e d  fo r  in ter im  periods.  Any locat ion upon which rece ip t  of alarm 

is dependent should be equipped with means for  a c t iv a t in g  the devices 

used to n o t i f y  firemen of an alarm of  f i r e .  These devices may be 

s irens ,  a i r  horns, radio  rece ivers ,  or a special telephone network. 

I r r e s p e c t iv e  of the nature of the device, arrangements should be such 

th a t  a s u f f i c i e n t  number of  firemen receive  the n o t i f i c a t io n  in order to 

provide an immediate response of a good working crew.
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APPENDIX B. - Water Supply D eta i ls

A network of watermains should be able to supply continuous and 

unin terrupted  q u a n t i t ie s  of water fo r  f i r e  ( f i r e  f low)  over and above 

the q u an t i ty  needed fo r  normal maximum domestic demands. System capa

c i t y  required fo r  f i r e  p ro tec t ion  w i l l  range from 500 gpm up to 12,000 

gpm fo r  periods of from two to ten hours. As an example, a small 

sett lement  of a few hundred people would requ ire  500 gpm in re s id e n t ia l  

sections (well  spaced or scat te red  small s ing le  family  dw el l ings) .  

Q uant i t ies  in the 12,000 gpm range normally are required only in large  

c i t i e s .

Water mains supplying hydrants should be in s ta l le d  as to c onst i tu te  

a d is t r ib u t io n  system, f re q u e n t ly  cross-connected in order to provide  

c i r c u la t in g  flow and comprised of  pipe not less than 6 inches in 

diameter. Smaller pipe may be of some use, but usually  is d e f ic ie n t  in 

carry ing capacity  even when system pressure is except iona l ly  high.

Eight inch and la rger  pipe w i l l  be necessary where normal system demands 

and higher f i r e  f lows so d i c t a t e .  Whenever p r a c t ic a l ,  d is t r ib u t io n  pipe 

should be cross-connected at in te r v a ls  of 600 to 800 fe e t  so as to form 

a regu lar  g r id i r o n .  Valves should be in s ta l le d  with s u f f ic ie n t  f r e 

quency and spaced so th a t  no la rge  port ion of the system w i l l  be out of 

serv ice  at one time during r e p a i r  and new construction.

F i r e  hydrants should be designed and in s ta l le d  in accordance with 

the recommended p r a c t ic e  of  the American Water Works Association.

A valved 6 - inch s t r e e t  connection to the hydrant is considered good 

p r a c t ic e .  Hydrants should have 2&" o u t le ts  for  pumper use. Hydrant 

i n s t a l l a t i o n  should form a good "patte rn"  with due recognit ion to road
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and block layout so the f i r e  department w i l l  not encounter impractical  

hose lay d istances.  In general,  good f i r e  department ta c t ic s  con

template  the a v a i l a b i l i t y  of  at leas t  two hydrants for  the protection  

of any s t ru c tu re .

A water d i s t r ib u t io n  system should not be dependent upon a single  

supply l i n e  or connection and, insofar  as possib le , sources of supply 

should be m u l t ip le  and r e l i a b l e .  Where supply is dependent upon pumps, 

there  should be du p l ica te  in s t a l l a t io n s  providing for  continued service  

in the event of f a i l u r e  of any given u n i t .  Where supply is dependent 

upon pumps and the pumps are e l e c t r i c a l l y  dr iven, r e l i a b i l i t y  is 

improved through the i n s t a l l a t i o n  of a standby e le c t r i c  power unit  or 

through some type of  a u x i l i a r y  prime-mover such as a gasol ine, d ies e l ,  

or na tura l  gas engine.

Where e levated storage is u t i l i z e d  i t  is considered good p rac t ice  to 

locate  the storage on the opposite side of the system when compared with 

the  source (such as a well  pumping d i r e c t l y  into the system). Such an 

arrangement usual ly  r e s u l ts  in an improved flow c a p a b i l i t y  and some 

a v a i la b le  f low when part  of  the system is valued out fo r  repairs  or 

a d d i t io n s .

System operating pressure should be such that  required f i r e  flow may 

be obtained at not less than 2 0  pounds per square inch system residual  

pressure. As a general r u le ,  the lower the normal operating pressure, the 

la rg e r  the water main s ize  necessary to d e l iv e r  the same quant i ty  of  

water .  Increasing system pressure at t ime of f i r e  demand is not con

sidered good p r a c t ic e .
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Since engineering problems are encountered when designing a water 

d i s t r i b u t i o n  system and i t s  re la ted  f a c i l i t i e s ,  i t  is suggested that  a 

community or developer u t i l i z e  the services of competent consultants so 

th a t  design and i n s t a l l a t i o n  w i l l  be compatible with local needs and 

pro jec ted  fu tu re  demands.
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APPENDIX C. -  Suggested Wildland Subdivision Regulations

1. Vegetat ive  Manipulations

a. Fuel Breaks. Hazardous fue ls  in the form of nat ive  vegeta

t io n  w i l l  be c leared to not less than 75 fe e t  around s truc

tures and to not less than 1 0 0  f e e t  around the perimeter of 

the development. I r r ig a t e d  or f i r e - r e s i s t a n t  vegetation  

w i l l  be planted in the fuel breaks to prevent undue soil  

erosion.  In steep t e r r a in ,  cleared or leveled slopes w i l l  

be s t a b i l i z e d  immediately fo l low ing construction.

Developers and lo t  owners w i l l  be required to construct 

r e ta in in g  w a l ls ,  water bars, check dams, terraces,  or other  

forms of  physical means of s o i l  erosion control as de te r 

mined by the local governing a u th o r i ty .  Fuel breaks around 

s tru c tu res  w i l l  be maintained by the landowners. Fuel 

breaks may contain indiv idual  t re e  specimens, ornamental 

plants ,  or other s im i la r  vegetation to be used as 

groundcover; provided they w i l l  not r e a d i ly  provide a means 

of t ra n s m i t t in g  w i l d f i r e  from nat ive  vegetat ion to s t ru c 

tu re s .  Fuel breaks around the perimeter of the development 

w i l l  be dedicated to th is  s p e c i f ic  purpose by recording the 

land as common to the development. The development or 

local governing a u th o r i ty  w i l l  maintain these fuel breaks.

b. Lot S i z e . Lots w i l l  be at least  one acre in size to permit 

the establishment of  adequate fuel  breaks around s truc 

tu re s .  Structures w i l l  be placed within  lo ts  so adequate 

fue l  breaks may be established on a l l  s ides. Minimum lo t
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sizes and fuel  break widths w i l l  increase proport ionate ly  

as the ground slope increases.

c . Chimneys, Stovepipes, and Outdoor F i rep laces .  Fuels w i l l

be removed to a minimum of  25 fe e t  around a l l  chimneys, 

stovepipes, and outdoor f i r e p la c e s .

d. Dead Vegeta t ive  M a t e r i a l s . Structures w i l l  be kept f ree  

of dead vege ta t ive  m a te r ia ls .  All  trees l e f t  in fuel  

breaks fo r  aesthet ics  w i l l  be kept f r e e  of dead or dying 

wood, and lower branches pruned to a height of 16 fe e t  i f  

the t rees  are over 35 f e e t .  I f  the trees are less than 35 

f e e t ,  the lower 1 / 2  of  the trees w i l l  be pruned.

2. S truc tura l  M ater ia ls  (only required in areas where nat ive
vegetat ion averages 2  f e e t  in height or g rea ter )

a. Roofs and E x t e r i o r s . Roofs and ex ter io rs  of  structures

w i l l  be constructed of f i r e - r e s i s t a n t  mater ia ls  such as 

asphalt rag f e l t  roof ing,  gravel ,  t i l e ,  s la te ,  asbestos 

cement sh ingle ,  sheet iron, br ick ,  aluminum, or f i r e  

re ta rd a n t  t re a te d  wood shingles or shakes.

3. Pisposal of  FIammable Sol id  Wastes

a. Vegeta t ion . A l l  vegetat ion such as t rees ,  branches, limbs, 

stumps, exposed roots, and brush disturbed during constructior  

w i l l  be disposed o f  by chipping, b u r ia l ,  or removal.

b. Construction M a t e r i a l s . Excess flammable construction  

m a te r ia ls  w i l l  be disposed of by b u r ia l ,  removal, or other  

means as s p e c i f ie d  by the local governing au tho r i ty .

c. Trash. Disposal w i l l  be by methods other than burning.

No open burning of garbage w i l l  be permit ted.
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d. Road S lash . No slash w i l l  remain along any road a f te r  

construct ion .  Slash w i l l  be t rea ted  as stated in 3a. 

(Burning w i l l  be allowed with a p e rm i t . )

4 . Road S p e c i f ica t io n s

a. Access. A minimum of  two dedicated access roads for  

separate ingress-egress w i l l  be provided.

b. Rights of Way. Major road r igh ts  of way w i l l  be a minimum 

width o f  60 f e e t  with minimum road widths of 36 fe e t ;  minor 

road r ig h ts  of  way w i l l  be a minimum width of 40 fe e t  with 

minimum road widths of 24 f e e t .

c. Cul-de-Sacs. Cul-de-sacs w i l l  be a maximum of  500 fe e t  in 

length, have minimum r ights  of  way of 40 fe e t  with minimum 

road widths of  24 f e e t ,  and have turnaround areas of not 

less than 90 fe e t  in diameter. Cul-de-sacs w i l l  be 

designated as such with a warning sign with in  50 fe e t  of  

the o u t l e t .  Dead-end streets  w i l l  not be permit ted.

d. Public  Access. A l l  lo ts  wi th in  wi ld land subdivisions w i l l  

be provided with publ ic  access. Public  access w i l l  be pro

vided to areas beyond the development by means of at least  

one road to the edge of the development. U n t i l  such time 

tha t  the road is extended into the adjacent property, a 

turnaround w i l l  be established at the property edge with a 

minimum diameter of  90 f e e t .

e. Radius of Curvature . Roads w i l l  be constructed with a 

minimum radius of curvature of 100 f e e t .  Where extreme or 

severe topographic conditions make th is  impractical as
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determined by the local governing a u th o r i ty ,  variances to 

75 fe e t  w i l l  be made.

f . I d e n t i f i c a t i o n . Roads w i l l  be uniquely named or numbered, 

and v isab ly  signed as such at each road in te rs e c t io n .  Lots 

w i l l  be uniquely numbered on each road and v isably  signed 

as such. A map of the development with road and lo t  

designations w i l l  be furnished to a l l  local f i r e  

a u t h o r i t i e s .

g. Road Grades. Road grades w i l l  not exceed 8  percent except 

fo r  short  distances when topographic conditions make lesser  

grades im p ra c t ic a l .  Variances w i l l  be made to 10 percent as 

determined by the local governing a u tho r i ty .

h. Bridges and C u lv e r ts . Bridges and culverts  w i l l  be

constructed to support a gross vehic le  weight of 40,000

pounds. Permanent culver ts  w i l l  be in s ta l l e d  at a l l  i n t e r 

m i t te n t  and perennial stream crossings. Speci f ica t ions  for  

bridges, c u lv e r ts ,  and other stream crossing devices w i l l  

take into account at least  the 1 0 0  year frequency storm and 

upstream debris hazards.

i .  Road Maintenance. Public  roads not dedicated to the local  

governing a u th o r i ty  w i l l  be maintained by the lo t  owners. 

Dedicated publ ic  roads w i l l  be maintained by the special

serv ice  d i s t r i c t  (See 8 ) or by the local governing

a u th o r i ty .

j . Road Base S p e c i f i c a t io n s . All  major roads w i l l  have a base

consist ing of  a gravel f i l l  at least  6 inches th ic k .  Other
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types of  bases may be in s t a l l e d  i f  they meet with the 

approval of the local governing a u th o r i ty .

k . Locat ions. Roads w i l l  be located on ge o log ica l ly  stable  

areas. Where p ra c t ic a l  a l t e r n a t iv e s  e x is t ,  roads w i l l  not 

be permit ted in steep, narrow canyons; s l id e  areas; slumps; 

slopes in excess of  60 percent; marshes; meadows; or 

natura l  drainage channels.

1. Right- o f - way Clearance. Public  road r igh ts -o f -w ay  w i l l  be 

cleared o f  natura l  vegetat ion including a l l  overhanging 

branches, and s t a b i l i z e d  by the p lant ing of f i r e - r e s i s t a n t  

vegetat ion and by physical means in steep t e r r a in .

5. Water Supplies (See Appendix B)

a. Water D i s t r i b u t i o n . A public  water d is t r ib u t io n  system w i l l  

be in s t a l l e d  by the developer. The minimum size of mains

on th is  system w i l l  be 6  inches in diameter. F i re  hydrants 

w i l l  be in s t a l l e d  on th is  system as fo l lows: spacing w i l l  

not exceed 330 fe e t  with a minimum 2 hour f i r e  f low of 500 

gallons per minute with 2 0  pounds per square inch s t a t i c  

pressure. In developments with a proposed population den

s i t y  exceeding two s ing le  fam i ly  dwellings per acre 

( m u l t i - f a m i l y  dwel lings)  minimum f i r e  flows w i l l  be 750 

gal Ions per minute.

b. Water Storage or Source. Water storage or source w i l l  be 

provided to support the required f i r e  flow fo r  a period of  

two hours in addi t ion  to maximum d a i ly  f low requirements
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fo r  other  consumptive uses. Public  access w i l l  be provided 

to w i th in  5 f e e t  of  stored water supplies,

c. Water Supplies to l o t s . S ingle  fa m i ly  dwellings w i n  be 

provided with water mains with a minimum diameter of one 

inch. A minimum o f  one e x t e r io r ,  f ree ze -p ro o f  tap w i l l  be 

provided f a r  enough away from each s t ru c tu re  to permit hose 

protec t ion  fo r  a l l  sides of the build ing and roof .  Single  

fa m i ly  water systems w i l l  have a minimum flow of 15 gallons  

per minute at  an operating pressure of 50 pounds per square 

inch. M u l t i - f a m i l y  dwell ings w i l l  be equipped with automa

t i c  s p r in k le r  systems and 2 inch watermains.

6 . F i r e  Department Author i ty  (See Appendix A)

A proposed development that  is located in an area where the 

average response time from the nearest responsible f i r e  depart

ment is g rea ter  than one hour w i l l  be required to estab l ish  a 

responsib le  f i r e  department with in  the developments. This 

f a c i l i t y  w i l l  include a minimum of  one vehic le  designed and 

equipped to suppress s t ru c tu ra l  f i r e s ;  an a l l -w eather  s tructure  

to house the v eh ic le ;  and chartered, t ra ined  volunteer person

nel consis t ing o f  at least  4 members to respond to f i r e  c a l ls  

at one t ime.

7. S t ru c tu ra l  Designs (only  required in areas where natural vege
ta t io n  averages 2  f e e t  in height or grea ter )

a. Openings. Roofs, a t t i c s ,  and underf loor openings w i l l  be

closed o f f .
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b. Chimneys and Stovepipes. Chimneys and stovepipes burning

so l id  or l i q u id  fue ls  w i l l  be equipped with screens over

the o u t l e t s .  These screens w i l l  be made of gauge 16 wire  

and have 1 / 2  inch holes.

c. U t i l i t i e s . Telephone and power supply systems w i l l  be

underground wherever possib le . A f i r e  alarm system w i l l  be

considered in remote areas.

d. F la t -Top S t r u c tu re s . Structures with horizonta l  roofs w i l l  

be pro h ib i te d  in areas where vegetat ion is higher than the 

r o o f .

8 . Special Service D is t r i c t s

In remote areas, the county w i l l  consider the establishment  

of a special serv ice  d i s t r i c t  according to the Utah Special  

Service D i s t r i c t  Act o f  1975, to carry out rout ine  maintenance 

of common prop er t ie s ,  and to provide for  public  services.

9. Assurance o f  Performance

The developer of a wi ld land subdivision w i l l  be required to 

post a performance bond with the county or m u n ic ip a l i ty  guaran

tee ing th a t  the required improvements w i l l  be in s ta l l e d .  The 

amount of  the bond w i l l  be equal to the cost of providing the 

required improvements.
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SUMMARY OF WILDLAND SUBDIVISION STANDARDS

02

1. Vegetat ive  Manipulat ions

a. Fuel Breaks:

Structures - 
Perimeters -

b. Lot S iz e *  -

c. Chimneys, e tc .  -

d. Dead Vegetation -

2. S t ru c tu ra l  M ater ia ls

a. Roofs & Exter iors

b. Pro ject ions  -

3. Disposal of Flammable Sol id  Waste

a. Vegetation -

b. M a te r ia ls  -

c. Trash: Clearance

4. Road Spe c i f ica t io ns

a. Access -

b. Rights of way:

Major roads -  
Minor roads -  
Major road widths -
Minor road widths -

c. Cul-de-Sacs:

Length -
Turnaround diameter

d. Public  Access -

e. Radius of
Curvature

75 feet  
100 feet

one acre

25 fee t

Clear & Prune

Fire  Resistant  

Fire  Resistant

Chip, bury 
or remove

Bury or remove

NO OPEN BURNING ALLOWED

Two Roads

60 fe e t  
40 fee t  
36 fe e t  
24 fee t

500 feet  
90 fee t

to each lo t

100 feet
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f .  I d e n t i f i c a t i o n

g. Road Grades

h. Bridges and
Culverts

i . Road Maintenance:

Public  Roads 
P r iv a te

j .  Road Base 
Spec's.

k. Locations

1. ROW Clearance

5 .  Water Supplies

a. D is t r ib u t io n :  

Mains
Hydrant spacing 
Flow
Pressure

b. Storage

c. Supply to lo ts  
50 lbs .  pressure

d. M u l t i - f a m i ly
dwel1 ing

6 . F i re  Department Author i ty

a. New department required  
i f  over

Roads & Lots 

8%

40,000 lb .

Co. or C i ty  
Landowners

6  inches 

Stable areas 

Public roads

6  inch 
330 fee t  
500-750 gpm 
2 0  I b s / s . i .

2  h r .  f low + 
normal use

1 inch main 
15 g pm

2 inch mains 
spr inklers

1 hr .  away 
from ex is t ing  
departments
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7. S t ru c tu ra l  Designs

94

a. Openings Screened or 
closed

b. Chimneys

c. U t i l i t i e s

d. F la t  tops

8 . Special Service  D i s t r i c t

9 . Assurance of Performance

Screened

Underground

Prohibited  
where vege
ta t io n  is 
above r o o f l in e

Considered 
Establishment

Bonded
Developers
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APPENDIX 0. Typica l Prepared Roof Coverings

Description
Minimum 
Inci ine 

In. to Ft. CLASS A CLASS B CLASS C
12

Metal
Roofing

Sheet roofing of
15-02 copper or of 
30-gage steel or iron 
protected against 
corrosion. Limited 
to noncombustible 
roof decks or non
combustible roof 
supports when no 
separate roof deck 
is provided.

Sheet roofing of 
16-02 copper or of 
30-gage steel or iron 
protected 
against corrosion 
or shingle-pattern 
roofings with under
lay of one layer of 
Type 15 saturated 
asbestos-felt, or one 
layer of Type 30 or 
two layers of Type 
15 asphalt-saturated 
organic felt.

Sheet roofing of
16-02 copper or of 
30-age steel or 
iron, protected 
against corrosion, 
or shingle-pattern 
roofings, either 
without underlay o r  
with underlay of 
rosin-si2ed paper.

Zinc sheets or 
shingle roofings 
with an underlay 
Type 30 or two 
layers of Type 15 
asphalt-saturated 
asbestos felt.

Laid to provide one or 
more thicknesses over 
one layer of Type 15 
asphalt-saturated 
asbestos felt.

Cemen t
Asbestos
Shingles

Exceeding
4

Laid to provide two 
or more thicknesses 
over one layer of 
Type 15 asphalt- 
saturated asbestos 
felt.
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APPENDIX D. Typical Prepared Roof Coverings 
Minimum

Description
Incline 

In. to Ft. CLASS A CLASS B CLASS C
Brick, 2i in. thick.
Reinforced portland

cement. I in. thick.
Concrete or clay

floor or deck tile.
1 in. thick.

Flat or French-type
clay or concrete tile,
3/8 in. thick with li
in. or more end lap
and head lock, spacing
body of tile i in. or
more above roof
sheathing, with under

Brick lay of one layer of Type
Concrete 15 asphalt-saturated
Tile asbestos felt or one
Slate layer of Type 30 or

two layers of Type 15
asphalt-saturated
organic felt.

Clay or concrete roof
tile, Spanish or Mission
pattern, 7/16 in. thick.
3-in. end lap, same
underlay as above.

Slate, 3/16 in. thick.
laid American method.
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APPENDIX D.

Description
Minimum 
Incline 

In. to Ft CLASS A CLASS B CLASS C
Asphalt- 
Asbestos 
Felt Sheet 
Coverings

Not
Exceeding

12
Factory-assembled sheets 
of 4-ply asphalt and 
asbestos material.

Factory-assembled sheets 
of 3-play asphalt and as 
bestos material or sheet 
coverings of single 
thickness with a grit 
surface.

Single thickness 
- smooth surfaced.

Asphalt- 
Asbestos 
Felt Shingle 
Coverings

Exceeding
4 Aspnait-asbestos felt 

grit surfaced.

Organic- Sufficient 
Felt to permit 
(previously drainage 
referred to as 
rag felt) Shingle 
Covering, with 
special coating.

Grit surfaced, two 
more thicknesses.

or Grit surfaced, two 
or more thicknesses.

Organic- Sufficient 
Felt to permit 
(previously drainage 
referred to as 
rag felt)
Shingle Coverings

Grit surfaced, two 
more thicknesses.

or Grit surfaced, two 
or more thicknesses.

Grit surfaced 
shingles, one or 
more thicknesses.

Asphalt 
Glass Fiber 
Mat Shingle 
Cover ings

Sufficient 
to permit 
drainage

Grit surfaced, two 
more thicknesses.

or Grit surfaced, two 
or more thicknesses.

Grit surfaced 
shingles, one or 
more thicknesses.

Asphalt 
Glass Mat 
Sheet 
Covering

Sufficient 
to permit 
drainage

Grit surfaced.

F ire- 
retardant 
treated red 
cedar wood 
s.hingles and 
shakes

Sufficient 
to permit 
drainage

Treated shingles 
or shakes, one or 
more thicknesses: 
shakes require at 
least one layer of 
Type 15 felt 
underlayment.
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APENOIX E. Built-up Roof Coverings

Description
Min imum 
Inc 1 ine 

In. to Ft,

Asphalt organic- 
felt, bonded with 
asphalt and sur
faced with 400 
lbs of roofing 
gravel or crushed 
stone, or 300 3
lbs of crushed 
slag per 100 sq 
ft of roof sur
face, on coating of 
hot mopping 
asphalt.

_ _ _ _ _ CLASS A
4 (plain) or 5 (per~ 

forated) layers of 
Type 15 felt.

1 layer of Type 30 
felt and 2 layers of 
Type 15 felt.

1 layer of Type 15 
felt and 2 layers of 
Type 15 or 30 cap 
or base sheets.

3 layers of Type 15 
or 30 cap or base 
sheets.

3 layers of Type 15 
felt. Limited to non
combustible decks.

CLASS B CLASS C

4 layers of perfora
ted Type 15 felt.

3 layers of Type 15 felt.
2 layers of Type 15 

or 30 cap or base sheets.

Tar-asbestos or
organic-felt bonded
with tar and sur 4 layers of 14-lb
faced with 400 lbs. asbestos-felt or Type
of roofing gravel 15 organic-felt.
or crushed stone, 3 3 layers of 14-lb 3 layers of Typeor 300 lbs of crushed asbestos-felt or Type 14-lb asbestos-felt
slag per 100 sq 15 organic-felt. or Type 15 organic-
ft of roof surface felt.
on a coating of
hot mopping tar.
Steep tar organic- 4 layers of Type 15
felt 5 tar-saturated organic 

felt, bonded with 
steep coal-tar pitch, 
surfaced with 275 lbs 
5/3-in crushed slag 
per 100 sq ft of roof 
surface on steep 
coal-tar pitch.

Asphalt organic- 3 layers of Type
felt, plain or 15 felt.
perforated, 12 1 layer of Type 3(
bonded and surfaced felt and 1 layer of
with a cold Type 15 felt.
application 2 layers of Type
coating. 15 or 30 cap or

base sheets.
2 layers of Type 

15 felt and 1 layer 
of Type 15 or 30 
cap or base sheets.
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