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SUMMARY 
 

A geographical information system (GIS) model containing data on buildings stock is used to 
determine loss of property in Wellington City due to fire following the maximum credible earthquake 
on the Wellington Fault. The model uses fire spread ‘rules’ to calculate fire spread by radiation, 
sparking and branding. The ‘rules’ were based on historical data and radiation calculations. Initial 
results give a range of probable loss from NZ$50 M to NZ$ 270 M depending on wind speed, and the 
locations of ignitions. 
 
INTRODUCTION 
 
In the aftermath of a large earthquake, circumstances are such that the likelihood of serious fires is 
increased. Conflagrations due to earthquakes have been seen several times this century, most 
recently in Kobe, Japan 1995. There are several similarities between the areas of Kobe where 
conflagration occurred and some areas of New Zealand building stock. As Wellington faces a high risk 
of a large-scale earthquake, these precedents indicate a high probability of post-earthquake fire in 
Wellington. To justify spending on mitigation measures and successfully plan to cope and recover 
from this type of disaster, this risk needs to be quantified. The aim of this study was to provide the 
parameters for the model to provide initial results of property loss in Wellington City due to fire 
following the maximum credible earthquake on the Wellington fault. 
 
BACKGROUND 
 
Wellington City 
 
Wellington is New Zealand’s capital and occupies 29,000 hectares of land and has a population of 
approximately 170,000. The are roughly 74,000 buildings, of which approximately 60,000 are single 
unit dwellings. The average house price at June 2000 was NZ$275,000. An estimate of replacement 
value for all buildings, not including contents was made at NZ$19 B. Wellington City is built upon 
steep hills that surround the central city area around a harbour. Much of the central city waterfront 
land is reclaimed. Houses in Wellington are generally built in timber; some which have masonry 
veneers, while larger buildings are mostly constructed of reinforced concrete. Structural timber and 
concrete masonry are also commonly used for small to medium sized structures. The result is a wide 
range of building sizes and types, built to different codes (Hopkins, 1995). 
 
Wellington has at least 7 active faults within the city, with the probability of one of them creating a 
major earthquake in the next 100 years between 0.50 and 0.90 (NZFS Website, 2001). The maximum 
credible earthquake (MCE) occurring on the Wellington fault is expected to be of magnitude 7.5, with 
a shaking intensity of MMI X throughout Wellington City (Cousins, 1990). 
 
Expected Damage from the MCE 
 
Cousins (1990) and Lifelines (1993) identified the following likely damages caused to Wellington by 
the MCE. Mains water will almost certainly be lost within 15 – 20 minutes of the earthquake. Portable 
water supplies are expected to be in critically short supply in the days following the earthquake. 
Breaching of some reservoirs and destruction of water mains is likely to occur. Mains electricity will be 
cut immediately, and is expected to be returned in 3 days. Telephone communications will either be 
cut, or so overloaded as to be unusable. Landlines will be operational in 2-3 days following the 
earthquake, and cellular systems up to 4 days. Many roads are expected to be blocked with debris. 
Crackling and buckling of roads is very likely, especially in areas of poorer soil. Traffic problems could 
cause a stand still on major arterial routes if the earthquake occurs during peak traffic flow. Access 



roads to Karori, a large western suburb, are likely to be damaged or blocked and the tunnel closed. 
Kelburn viaduct will be destroyed. Severe damage is expected to the buildings on the west side of 
Tinakori Road. Severe damage is expected to the Thorndon motorway viaduct, requiring repair before 
it will be useable. The Hutt rail line will be unusable, and other access routes from the north into the 
city are expected to be blocked by landslides.  
 
The expected loss of communication systems is expected to lead to lengthy delays in reporting fires, 
or may mean they are not reported at all. However, the most important factor is the expected 
disruption to the water supply. With some damage expected to reservoirs and the pipeline into 
Wellington the water supply will be severely reduced. Add to this the damage to underground pipes, 
and the reduction in the water supply results in little, or no water available for fire fighting. 
 
RESEARCH METHOD 
 
The GIS Model 
 
The Geographical Information System model is a cellular landscape, which carries information on the 
physical environment. It works in 3m by 3m cells, each containing information on land, buildings, 
spacing etc. The GIS model contains government valuation data, which was used to make 
estimations of property loss. When given ‘rules’ of likely fire behaviour the model can calculate the 
likely fire spread between cells, and between buildings. Fire can spread by three methods; radiation, 
sparking and branding. Each cell within the model is given a category. Starting from ‘normal’, it 
changes to ‘burning growth’ when ignited but cannot produce sparks and brands, then after 5 minutes, 
to ‘burning’ and can produce sparks and brands, and then to ‘burning decay’ where it can no longer 
produce sparks or brands. After 25 minutes it changes to ‘burnt’ and can no longer spread fire. 
Buildings are considered combustible or non-combustible depending on the exterior cladding. It is 
assumed non-combustible buildings cannot be ignited by buildings burning around them, but they can 
spread fire to surrounding buildings if an ignition occurs within. 
 
For the model to be accurate and represent likely post-earthquake fire losses detailed ‘rules’ needed 
to be included. These rules were found by studying past events where post-earthquake fire had 
occurred. For the model to calculate fire spread it needs several inputs. These are the number of 
ignitions, the ‘rules’ of fire spread for radiation, sparking and branding. 
 
Certain assumptions were made to simplify calculations and keep the model to a manageable size. 
These included:  

• Buildings and cells are all assumed to burn at the same rate and intensity. 
• No difference between internal and external cells. 
• Secondary buildings, such as garages, are assumed to have the same cladding as the 

primary building on that property. 
• The model stops at city edges. This means fire cannot spread through bush to other city 

areas. 
• When a cell is burning the entire walls of the cell are on fire and radiating. 
• The model assumes no fire fighting action. 

 
The model, although being more realistic than previous models, is still an estimation of the real 
situation. Assumptions made limit the realism of the model but were necessary to reduce computation 
time to a reasonable length, and to make the model manageable. In spite of this the model 
incorporates more information than previous studies done for Wellington as it uses data from more 
recent earthquake events, contains detailed information on Wellington’s building stock, and utilises a 
more rational basis for analysis. 
 
Historical Data 
 
A comprehensive literature review was carried out, with information gathered from previous 
international earthquake events. Information was gathered through damage reports from recent 
earthquakes. All the information was rated for its relevance to Wellington. This meant that factors that, 
although were important at an event, are unlikely to influence conditions here, can be removed from 
the analysis. The relevant information was then used to find the likely conditions in Wellington after a 



major fault event and the cause and effect these conditions would have on the outcome of post-
earthquake fire. 
Fire Spread Calculations 
 
The rules for fire behaviour and fire spread could not be assessed from the historical data due to lack 
of detailed information. Basic radiation calculations were used to assess fire spread distances for the 
three methods of fire spread. Required radiation levels were assumed to be 30 kW/m2 for 
spontaneous ignition and 12.5 kW/m2 for sparking or piloted ignition. 
 
FACTORS AFFECTING POST-EARTHQUAKE FIRE IN WELLINGTON 
 
Historical Data 
 
Most noticeable within the information sourced was the lack of numerical data. There was very little 
information found on the cost of fire damage from the earthquake, often only an estimate of the total 
loss was given. This was also true for loss of life; a number of fatalities were given for the event and 
the specific cause of death was often neglected. Other noticeable omissions in reporting were the little 
detailed information available on building separation, and fire spread between buildings. 
Documentation of these factors has increased in more recent events as investigators have become 
more aware of the contributing aspects of post-earthquake fire.  
 
Form the historical data studied the following six factors were identified as having the most effect on 
the outcome of fire damage in the aftermath of a major earthquake: 

• The number of ignitions 
• The state of buildings after the shaking 
• The building stock (cladding material and density) 
• The state of the water supply 
• Climatic conditions 
• The response of the Fire Service 

 
Based on data from previous post-earthquake fire events, the following conditions are expected in 
Wellington City in the aftermath of the maximum credible earthquake: 
 
The main causes of ignitions are likely to be electrical; damage to wiring and appliances, downed 
power lines, and gas; leaks of underground pipes and damage to the connections to buildings. There 
is expected to be no water supply at hydrants for fire fighting due to damage to underground pipes 
and reservoirs. This will mean the fire service can do little to suppress the fires; their efforts will be to 
reduce or stop fire spread, and rescue trapped people. The Fire Service response to fire will be 
decreased by the high number of ignitions and the high number of non-fire related incidents. There 
are likely to be streets blocked by rubble and debris. This can increase fire spread between buildings 
and impede fire service access to fires and rescues. Suburban areas are more at risk from fire, due to 
a higher number of ignitions and higher number of timber clad buildings. Fire spread will be worse if 
there are high winds. 
 
MODEL INPUTS 
 
Ignitions 
 
After a major earthquake there is an increased likelihood of multiple simultaneous ignitions (Botting, 
1998). The expected number of ignitions was calculated from a relationship between ignition rate per 
household or equivalent building and shaking intensity. To this more recent information was 
incorporated. Data from Scawthorn (1987), 8 US earthquakes and Kobe, Japan was used. This 
relationship is demonstrates in Figure 1. 
 



Ignition Rates

0

0.1

0.2

0.3

0.4

0.5

0.6

5 6 7 8 9 10 11 12

Shaking Intensity (MMI)

N
o.

 o
f 

Ig
ni

to
ns

 p
er

 1
00

0 
Eq

ui
va

le
nt

 B
ui

ld
in

gs

 
Figure 1 Ignition Rates from Past Earthquake Events 

 
Unfortunately few records of earthquakes include the numbers of buildings affected by the shaking 
and this means the relationship remains unknown for several past events. This method of calculating 
ignition will become more precise as more post-earthquake fire events occur and details are recorded.  
 
It is expected in Wellington following the MCE, with an expected shaking intensity of 10, that the 
ignition rate will be 0.41 per 1000 equivalent buildings, with a standard deviation of 0.17. This equates 
to 27 ignitions in Wellington City, with a 70% probability of it being between 16 and 40. 
 
Fire Spread Rules 
 
The model contains detailed information on the buildings within Wellington City, and to calculate fire 
spread it needed rules of fire behaviour. These were based on calculations of received radiation. 
From the results of the calculations, estimates of the distances fire could and could not spread to 
could be assessed for radiation and sparks. Branding behaviour was based on past events. It is 
assumed that fire spread between adjoining cells will always occur, with ignition of the neighbouring 
cell occurring in the next time step calculation in the model. Distances from the radiator were 
calculated in multiples of 3m as this was the size of the grid the model calculates each time step in. 
Variables used within the calculations were: 

• Temperature of Fires: 1000oC (1373K). A range of 900 – 1100oC is considered reasonable for 
structural fires. Future testing could provide sensitivity analysis of these temperatures to 
assess their effect. 

• Emmissivity: 0.9. A range of 0.7 – 0.95 is reasonable. 
• Average height of radiator (e.g. average height of buildings): 4.5m. 

 
Previous post-earthquake fire events showed that wind has a considerable effect on fire spread. 
Figure 2 contains data from previous events comparing rate of fire spread to wind speed. The trend 
line of this data shows an increasing rate of spread with increasing wind overall. However, it 
demonstrates that under approximately 15 km/h wind speed has no discernable effect. Until wind 
speed reaches 30 –35 km/h rates of spread are mostly all under 200 m/h. After these speeds are 
reached the rate of spread increases dramatically. This is due to branding which can only occur with 
relatively high winds. The highest three points in Figure 2 were all caused by branding. 
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Figure 2 Rates of Fire Spread Compared to Wind Speed for Previous Post-earthquake Fire Events 

(Scawthorn, 1987).  
 
 
The results from the radiation calculations were compared to the data of wind effecting fire spread. 
The values in Table 1 were used as the fire spread rules within the model. 
 
 

Distance Fire Can Spread (m) 

Wind Speed (km/h) 

Type of 
spread 

Number 
of cells 
burning  

0 20 30 50 

1 3 3 3 3 

2 6 6 6 6 

Radiation 

5 or 
more 

9 9 9 9 

1 6 6 6 9 

2 9 9 9 12 
3 12 12 15 15 
5 15 15 18 18 

Sparking 

8 or 
more 

18 18 21 21 

Branding 1 - - - 45 
Table 1 Fire Spread Rules Inputted into the Model 

 
RESULTS 
 
Test Runs 
 
The model was run at 2.5 minutes time intervals, with a flat Wellington landscape. The following 
preliminary runs were tested with the model: 

• Test 1: 27 ignitions, no wind. 
• Test 2: 27 ignitions, 20 km/h southerly. 
• Test 3: 27 ignitions, 30 km/h southerly. 
• Test 4: 27 ignitions, 50 km/h southerly. 
• Test 5: 40 ignitions, no wind. 

 
All ignitions were randomly located through Wellington City. Each fire was run individually, and the 
results combined. In some cases, no value was given for buildings destroyed. It is likely from the small 
area of these buildings that these were outbuildings such as garages and sheds. When this occurred, 
a replacement value of NZ$1000 per square metre was assumed. 



Preliminary Results from the Model  
 

Test  Time to burn 
out (time 
steps) 

Buildings 
destroyed 

Burn Area 
(m2) 

Value of 
Property lost 
(NZ$M) 

Test 1 21.81 8.7 1362 1.729 
Test 2 24.26 9.7 1436 1.876 
Test 3 26.70 10 1461 1.933 
Test 4 49.75 47 4047 8.341 
Test 5 23.15 14 2061 6.811 

Table 2 Results of Test Averages 
 

Test  Buildings 
Destroyed 

Burn Area 
(1000m2) 

Value of Property 
lost (NZ$M) 

Test 1 235 36.8 46.7 
Test 2 263 38.8 50.6 
Test 3 272 39.5 52.2 
Test 4 1262 109 225 
Test 5  579 82.4 273 

Table 3 Results of Test Totals 
 
Visual Output from the Model  
 

 
Figure 3 Visual Display of the model, from Test 5. (50 km/h southerly) 

 
Figure 3 shows a visual output from the model. It is for a single fire, with a 50 km/h southerly wind. 
The purple dot towards the top right is the location of the ignition. This image is approximately an hour 
after ignition. The grey buildings are already completely burnt out, orange are decaying fires, red are 
currently burning and the yellow are cells that have been ignited within the last five minutes. It can be 
seen three buildings to the right of the ignition that a non-combustible building protected a 
combustible building from the fire. This resembles burn patterns from Kobe, 1995 where groups of 
non-combustible buildings stopped fire spread. 
 
DISCUSSION OF RESULTS 
 
Wind 
 
The different tests show the large effect high winds have on the extent of the damage. This is mainly 
due to the inclusion of branding as a method of fire spread at these high wind speeds. However, in 
Kobe 1995, branding did occur with winds speeds under 30 km/h (Chung, 1996). The difference 
between Tests 1, 2 and 3 were small compared to the large variation in Test 4. This demonstrates 
that wind speeds under approximately 50 km/h, although increasing fire spread have only a small 

N 



effect on the total loss. In reality, wind speed and direction is unlikely to be constant throughout the 
time period of a fire. It was seen in Napier, 1931 (Daily Telegraph, 1981), Tokyo, 1923 (Botting, 1998), 
and San Francisco, 1906 (Botting, 1998), that changing wind direction maximised fire spread as the 
path of the fires changed. 
 
Building Contents 
 
The property loss figures from the model do not include any buildings contents within them. If an 
average of NZ$400 per square metre consumed is assumed for contents and added to property loss 
from each test, the figures of loss increases substantially. Table 4 shows the cost of lost contents and 
the total property loss, contents and buildings. 
 

Test Burn Area 
(1000m2) 

Contents loss 
(NZ$M) 

Total Property 
Lost (NZ$M) 

1 36.8 14.7 61.4 
2 38.8 15.5 66.1 
3 39.5 15.8 68.0 
4 109 43.6 269 
5 82.4 33.0 306 

Table 4 Property losses including Building Contents. 
 

Variation of Location of Ignitions 
 
The comparison of Test 1 and the first 27 fires of Test 5 shows a considerable effect of the location of 
the ignitions through out the city. It shows the differing risk levels for different areas, as some fires 
only consumed one or two buildings and others consumed hundreds. If the averages for the tests 
when changing the number of ignitions were the same or similar it would mean a true average had 
been found. This could be achieved by running many, many more tests to find an average loss per fire 
for each wind condition. This variation of location is most apparent in the difference between mainly 
combustible areas, most suburbs, and mainly non-combustible areas such as the central city. The 
central CBD has the highest property values, but due to the fire spread rules had little fire spread. Fire 
spread could have been underestimated for non-combustible areas as it did not take into account fire 
spread through openings in walls. Also, it was demonstrated in past earthquake events that the 
shaking can cause damage to fire resistant claddings and often fire is able to spread to these 
buildings. At this stage the model does not include earthquake damage. Including this could change 
some of the fire rules for non-combustible buildings. 
 
Comparison to Previous Studies 
 
The results gained from the model were less then Cousin’s study (1990) done for Wellington City 
using the MCE on the Wellington Fault. This study estimated NZ$340 M property loss from this event 
due to 40 ignitions with moderate winds. These parameters compare to Test 5 which resulted in 
NZ$270 M. Hopkins (1995) based loss on 1% of total earthquake loss, and estimated loss at NZ$40 
M. The results of this research show a 1 – 5% loss due to fire from an estimated total earthquake loss 
of NZ$5 B. Cousins (1990) concluded a slightly higher amount of roughly 7 %. 
 
 
CONCLUSIONS 
 
It was found from the preliminary results of the GIS model, using the fire spread rules and ignitions as 
discussed, that the following property losses would occur in Wellington after the Maximum credible 
earthquake. 

• In calm and moderate conditions (wind speeds under 50 km/h), the fires on average burned 
for approximately and hour and consumed 8 – 10 buildings each. Total property loss, 
excluding contents, was estimated to be NZ$50 - 250 M.  

• With 50 km/h winds, the fires would burn on average for 2 hours and could consume over 46 
buildings each. Total property loss at this wind speed was estimated at NZ$225 M. 

• These figures show approximately 1 – 5% of the total earthquake loss will be due to fires 
following earthquake. 



Overall, this study has indicated that strong winds have a severe effect on the extent of fire loss. 
These initial results show a significant variation in total loss depending on the location of the ignitions, 
and has identified that further testing is necessary. 
 
Development of the model 
 
Sensitivity studies will be done to analyse the effects of the various parameters on the results from the 
model, especially fire temperature and emmissivity as these have an effect on the radiation 
calculations that the fire spread rules are based on. Other than this, further analysis is likely to include 
location of ignitions and wind direction. Further development of the model will include adding 
topography and vegetation to the landscape. Topography may change the fire-spread rules, as fire 
may spread up buildings located above each other on steep hills, (a characteristic of Wellington) 
faster than on flat terrain. This is likely to be dependent on wind speed and direction. Ridges of hills 
may also act as firebreaks. Vegetation may spread fires between buildings or city areas and is also 
more prone to ignition from brands. A parameter for building damage due to the earthquake may be 
included. Already in the model is information on the age of buildings, and the building regulation that 
they were built to. The inputted fire spread rules would then need to be adjusted to include rules for 
damaged or destroyed buildings.  
 
Mitigation 
 
When further testing has been done the final results from the model can be used to identify and justify 
spending on mitigation measures. These could include fire-fighting strategies and equipment, work on 
the public water supply and future design of buildings and city layout. Disaster preparation in 
Wellington should include studies of where natural firebreaks occur and can be enforced with 
whatever resources the fire service have available, and also where firebreaks can be created if the 
need arises. 
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