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Introduction 
 
Forest fires are naturally occurring phenomena in British Columbia (BC) forests.  An average of 
3000 forest fires occur annually in B.C., burning approximately 50,000 hectares.   While the 
majority of these fires are controlled soon after discovery, about 6% of fires escape initial attack 
(grow larger than 4ha) which is approximately 100 fires a year.  It is these larger fires that have 
potential to damage resources and other values including structures in the wildland-urban 
interface (WUI).   
The WUI is a region containing a mix of structures and natural vegetation which has been 
defined by Summerfelt (2003) as: 
 
An area in and adjacent to a neighbourhood where the immediate or secondary effects of a 
wildland fire threaten at-risk values and will be a serious detriment to the area's overall health 
and sustainability. 
 
Wildfire is a contagious process, and nowhere is this more true than in the wildland interface 
where fires spread from wildlands to populated areas.  Analysis of several major fires in 
Australia revealed that houses lost in wildland fires were on average within 60 m of the 
vegetation edge, and 90% were within 100 m (Ahern and Chladil 1999).  Weatherford (2002) 
notes interface definitions ranging from 20 to 200 m from a structure.  A national interface map 
in the US (Radeloff 2005) defined  interface as communities being within 1.5 mile of natural 
vegetation because this was seen to be a maximum spotting distance. 
 
As human communities expand further into the wildland–urban interface (WUI) the potential for 
damaging fires increases.   This potential was recognized at least 30 years ago in BC, as it was in 
much of western North America and in Australia.  In the Board of Review Report following the 
1973 Eden fire, Smith (1974) noted that: 
 
As human habitations spread out of the grassland valleys into forest edges and even into the 
forests themselves potentially catastrophic problems are developing . . .  The potential hazards 
should be drawn to the attention of urban and rural fire departments, to Regional Districts, and 
to Rangers and other concerned members of the staff of the BC Forest Service. 
 
In the intervening 30 years there have been at least five fires resulting in significant structure loss 
and many more fires that have resulted in evacuations of communitties(Table 1). 
 
Table 1.  Structure losses in some wildland/urban interface fires in B.C. 

Fire name Date Structures Lost 
Eden 1973 16 homes 
Garnet 1994 18 homes and many other structures 
Silver Creek  1998 40 buildings 
Barriere  2003 67 homes 
Okanagan Mountain Park 2003 239 homes 
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Most significantly, in 2003, over 45,000 residents were evacuated and about 310 homes and 
businesses were destroyed by wildfire (Filmon 2004).   Anticipated climate change scenarios 
suggest that this trend is likely to continue well into the 21st century (Weber and Flannigan 
1997).   Wildland urban interface fires have a pronounced impact, not only on communities, but 
on wildland fire management policy and management of adjacent forests.  Fire management 
agencies are considering proactive management strategies directed at the WUI to reduce the 
threat to private property and human life.  However, many aspects of the wildland urban 
interface fire issue that are important to formulating public policy and programs, inlcluding the 
magnitude of risk, are poorly defined.   
 

Wildland Urban Interface Fire Risk 
 
An assessment of wildland urban interface fire risk is needed to judge the need for mitigation 
strategies and to compare with other hazards.   Bachmann and Allgower (1998) define wildfire 
risk as:   

 
Wildfire Risk: The probability of a wildfire to occur at a specified location and under given 
circumstances and its expected damage on endangered objects. 
 
Wildland urban interface fires are of two types: fires can start in the interface and escape initial 
attack, or start in wildlands, escape attack and spread to the interface (Dunlop 2000).   In the case 
of interface fires, this is the probability that fires will start in vegetation in the interface or reach 
the interface, and the potential damage.  Bradstock (2003) presents an integrated model of 
adverse risk to humans and property (D) as: 
 

HGESID ××××=     [1] 
 
Where: 
I = ignition in the landscape 
S= spread to urban interface 
E = encroachment on the built environment 
G = fire propagation within the built environment 
H= fire propagation within buildings 
 
 
Wildland interface fire risk as a hitting probability 
 
The question to be addressed in this study is whether we can move beyond the conceptual 
models and to quantify the risk of wildland urban interface fire events.  The probability of a 
wildland spreading to the developed environment can be seen as the probability that a convex 
shape tossed on the landscape intersects a line (Figure 1) - it is a "hitting" probability and  a 
variation of a  well-known problem in geometric probability, Buffon's needle problem.   

  
A thin needle of length l is randomly thrown on arbitrary plane region of area A through 
which  runs a line of length L such that the needle is always within A.  The question is "What 
is the probability of the needle crossing the line?"     
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Where the orientation of the line θ is uniformly distributed between 0 and π/2 (random), the 
probability of orientation θ is 1/(π/2)  (Sambuelli and Strobbia 2002).  The probability was found 
by the Compte de Buffon in 1773 (cited in Devries 1973; 1986) to be:          
 

D
lp

×
×

=
π
2                [2] 

 
This equation is the basis of line intersect sampling theory which is used in many fields including 
forest inventory and measurement (Van Wagner 1968, DeVries 1973; de Vries and Van 
Eijnsbergen 1973; de Vries 1986).   The basic equation can be extended to a group of random 
line segments of total length l with a group of fixed line segments of total length L both sets 
being distributed over an area A (Mantel 1953; Morton 1966 ; DeVries and Van Eijnsbergen 
1973 ; Solomon 1978; DeVries  1986). Substituting D = A/L:  
 

A
Llp

×
×

=
π
2                [3] 

 
where:  i). the arrangement of two groups of curves must be independent of each other 
ii). the arrangement of at least one of the groups on A must be random with the random process 
operating such that the probability of a point on the curve falling into a subarea of A must be 
proportional to its area. 
 
The equation can been generalized to estimate any property of irregular shapes and irregular 
features such that the expected number of intersections of an arbitrarily shaped element with a 
line depends on the element's total length, and is independent of its shape (Morton 1966; 
DeVries 1986). 
 
Thus if we assume that interface features are convex shapes with perimeter lenght L located in a 
region of area A, and fires can be represented as a line of their longest interior diamter l , and 
fires can't start interior to the interface polygon but spread from the outside, then the probability 
is half of [3] : 
 

A
Llp

×
×

=
π

               [4] 
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Figure 1.  Schematic of wildfire as a line, circle, ellipse or convex polygon 'hitting' and interface  
area.  

Objectives  
 
The objectives of this study were to explore a theory and method of defining wildland urban 
interface fire risk in British Columbia by: 
1) summarizing interface and fire characteristics by fire centre; 
2) testing a hypothesis that interface fire risk could be represented by  geometric probability 

equations; 
3) exploring the use of Monte Carlo methods to simulate hitting probability. 
 

Methods 
 
Interface lengths 
 
A structure density map for BC was prepared for the BC Ministry of Forests by B.A. Blackwell 
and Associates based on data in the 1:20,000 TRIM database.  The province wide map of 
structure density classes was obtained from the BC Ministry of Forests and is shown in Figure 2 
with detail for the Kelowna area in Figure 3.   This structure density map was converted from 
grid to vector format, cells of the same density class were merged, and a process run to 
determine the length of perimeter of each interface polygon that was not bounded by a water 
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body.  The structure density classes from highest to lowest are:  urban > developed > mixed > 
isolated > undeveloped > none. 
 
Fire Lengths/Diameters 
 
As part of the FSP project "Development and Analysis of a BC Natural Disturbance Database" 
the perimeters of all fires over 20 ha that occurred during the period 1920-2000 were digitized.  
This is some 14,000 fire polygon records.   The Arc extension  Diameter.avx  (available from 
Quantitative Decisions  http://www.quantdec.com/index.htm ) was used to estimate the fire 
polygon diameters.  The diameter of a polygon generalizes the familiar notion for a circle: it is a 
straight line connecting the two furthest-apart points in a feature.    It works by first computing 
the convex hull of each feature.  The diameters must span vertices of the hull.  Moreover, 
because of the simple properties of the hull, the diameters can be found with effort proportional 
to the number of vertices. 
 

Results and Discussion 
 
Interface perimeter length 
 
A map of the location of the wildland urban interface, as indicated by structure density, is shown 
in Figure 2.  The total perimeter length of those polygons not adjacent to a water body is shown 
by density class and fire centre in Table 2.  The Coast region has the largest amount of the higher 
density developed and mixed structure density classes, while the Prince George region has the 
largest amount of the lower density undeveloped and isolated classes.  Closer inspection of the 
map, such as the portion showing structure density classes for the vicinity of Kelowna, B.C. in 
Figure 3 reveals that many of the higher structure density classes are nested within lower density 
classes, and thus the total perimeter length overestimates the interface perimeter that is adjacent 
to combustible vegetation and thus exposed to wildland fire. 
 
Fire diameters / lengths 
 
Fire diameters have a negative exponential distribution (Figure 4) such that there is a decreasing 
number of fires as fire diameter increases.  Plotting fire diameter against fire size (Figure 5) 
follows a fairly good power function and that the length/breadth ratio is greater than that of a 
circle or square, that is fires tend to be elongated.  
 
The annual variation in the sum of fire diameters is shown by fire centre in Figure 6 for the 
1970-2000 period, and the mean annual total fire diameter in Table 2.  There is of course, 
considerable annual variation in total fire diameter in all areas of BC, with the Prince George 
region have the largest total fire diameters.  
 
Estimated number of wildland interface fire events 
 
Estimates of the average annual number of wildland interface fire events, where a significant fire 
is immediately adjacent to populated area, is shown in Table 2 by structure density class.  In as 
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much as the perimeter length increases with decreasing density, there is a trend to a higher 
number of fires with decreasing density. That is, more fires will be expected, but they will 
threaten fewer people and structures.    
 
The highest number of interface fires in the developed class is predicted in the Kamloops fire 
centre region, which is consistent with recent history; although higher numbers in other classes 
are projected for the Prince George fire centre region.  This may be because this analysis 
assumed that fires are randomly distributed with respect to the distribution of interface areas.  
This is not likely true for any of the fire centres, and would result in an overestimate of interface 
fire events, but is likely least valid for the Prince George and Northwest fire centre regions where 
large fires area more concentrated in the north with the population being concentrated in the 
south. 
 
Use of the total structure density class perimeter length likely also results in an overestimation of 
interface events.  More work would be required to determine the length of interface perimeter 
that is adjacent to combustible vegetation, where there are structures within about 200 m of 
combustible vegetation. 
 
 
 
 

 
 
Figure 2.  Location of the wildland urban interface in B.C. by structure density class. 
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Figure 3.  Structure density classes in the vicinity of Kelowna, B.C. 

 
 

 
Figure 4. Fire diameter distribution (1950-2001). 
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Figure 5. Maximum fire diameter as a function of size for BC fires (triangles) and for circular 
and square fire shapes. 
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Figure 6.  Annual variation in sum of fire lengths.
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Table 2.  Fire lengths, interface class perimeter lengths, and estimated number of interface fires 
per year by fire centre in B.C.  
  Mean Total Annual Structure Density Class Perimeter Length (m) 
Fire Centre Area (ha) Fire length (m) Developed Mixed Isolated Undeveloped
Cariboo 8 246 888 25 319 205 144 3 749 951 12 068 074 10 834 511
Coast 12 111 780 22 787 1 569 138 11 040 972 16 154 730 10 336 352
Kamloops 7 474 732 31 268 852 047 6 962 839 16 275 391 13 282 813
Northwest 25 355 373 135 989 141 803 2 542 852 7 714 759 7 145 254
Prince 
George 33 358 459 150 173 165 500 9 007 971 26 624 671 22 056 381
South East 8 230 411 36 566 246 758 3 848 043 9 869 170 8 715 583
       
   Estimated No. Interface Fires / Year 
   Developed Mixed Isolated Undeveloped
Cariboo   0.020 0.716 1.153 2.070
Coast   0.092 0.646 0.946 0.605
Kamloops   0.111 0.906 2.118 1.729
Northwest   0.024 0.424 1.287 1.192
Prince 
George   0.023 1.262 3.730 3.089
South East   0.034 0.532 1.364 1.205

 
 
 
 
Monte Carlo simulation  
 
We examined the SELES (Spatial Landscape Event Simulator) model  (Figure 7) as a means of 
using semi-Monte Carlo methods estimate fire events.  SELES is a grid based model, and we 
proposed to drop fires onto a landscape where fuels and interface elements are represented 
according to a size distribution as in Figure 7   We have prepared a fuels / interface grid and 
loaded into SELES but the model is not complete at the time of writing.  To make significant 
improvements over the theoretical estimates, considerable analysis of the distribution of 
historical fires is required to formulate rules about the relationship of fire size/diameter with 
distance from interface area or roads. 

 11



 

 
 
 
Figure 7.  A schematic of the use of grid-based model to estimate the number of wildland 
interface fires (pink shaded) adjacent to (grey shaded) interface areas (black) distributed 
according to probability values.   

 

Conclusions and Research Needs 
 
This study presents and develops a theory to quantitatively estimate the annual number of 
wildland interface fire events as a hitting probability dependent on fire diameters and interface 
perimeter length.  Data were compiled to test this theory in British Columbia.  Preliminary 
results for most fire centres in the same order of magnitude as the historical number of interface 
fires and are encouraging enough to warrant further testing with further refinement of the data 
and for smaller areas where the assumptions of random distribution of fires are more valid. 
 
Ultimately however, we suggest that use of this theory in a predictive manner will require 
development of a simulation model using semi-Monte Carlo methods where the spatial 
distribution of fires can be better defined; as well as the location of interface areas in relation to 
combustible fuels.  
 
Nevetheless, this study has advanced an important idea, that geometric probability provides a 
conceptual framework for understanding the probability of randomly occurring wildland fires 
intersecting fixed features.   Generalisations of line intersect theory can be applied to the 
probability of fires intersecting linear features or polygons. These concepts have several 
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important implications.  The probability of a fire intersecting interface polygons or linear 
features such as transmission rights of way: 
• is a function of the total interface perimeter length, not the area of the polygon; 
• depends on the total length of the features and is independent of their shape; 
• increases linearly with perimeter length and with total fire diameter or length; 
• assuming fire can be portrayed as a line, estimates of bias can be obtained where there is a 

trend in fire direction; 
• estimates of variation in annual number of interface fires can be obtained from historical 

variation in total fire diameters. 
 
Review and refinement of appropriate models of geometric probability to better define the 
probability and variance of wildland fires damaging non-forest features is needed. As well, 
testing of models from empirical distributions of fire length and perimeter length of interface 
features at smaller spatial scales where randomness assumptions are more valid would be useful.  
However, because fire length is not independent of the non-forest features (human-caused 
ignitions may be greater near the WUI, presence of non-fuel barriers) we suggest that Monte-
Carlo like simulation models (with appropriate adjustment of spatial probabilities) would need to 
be developed to increase predictive ability.  
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