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Executive Summary 

This report has been prepared for the Wellington Regional Council as part of work to 
develop a strategy to achieve an acceptable level of risk from wildfire in the Wellington 
Region. The whole study aims to identify areas in the rural-urban interface within the 
Region which are susceptible to wildfire. This report covers the assessment of hazard 
factors in the Wellington City area. 

Fire hazard mapping has been carried out for the rural/urban interface of the 
Wellington Region including Wellington City. This mapping used a simple hazard 
model which has four elements: 

1. Vegetation type 
2. Curing and weather 

• aspect 
• rainfall 

3. Slope 
4. People 

Breaks in fuel on the interface (or defensible area) are important in moderating the 
hazard faced. In this project a quick appraisal of the boundary between built-up areas 
and rural vegetation was made. This should be extended at a larger scale to buildings 
within the rural area. 

The hazard varies greatly with location. Key areas of interface hazard include: 

1. The slopes around Island Bay, Owhiro Bay and Houghton Bay 
2. Owhiro Valley/Happy Valley, above Ohiro Road 
3. Parts of Brooklyn, Mornington and Kingston 
4. Parts of Strathmore 
5. East side of Evans Bay - partly remedied by the existing firebreak 
6. Karori - especially the southern fringes 
7. Wadestown above Ngaio Gorge 
8. Ngauranga Gorge - parts of Khandallah, Johnsonville and Newlands 
9. Parts of Newlands 
10. Grenada North 
11. Linden, on sections of the slopes on the west side of the valley. 

Maps showing the fire hazard and elements contributing to the hazard are included in 
the report. 

Within the urban area mapping of the hazard posed by vegetation and defensible space 
needs to be at a larger scale than was used in this project for the interface. The hazard 
varies greatly within the urban area. 

It is suggested that effort at reducing hazard in urban/rural interface area be 
concentrated on the high hazard areas. These efforts can, apart from increase fire 
service protection, include: 
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For existing buildings  - 
• measures to reduce the flammability of the margins around built-up areas. 

Implementing measures which increase defensible space are especially 
important. 
Other measures include planting less flammable plants, development of paths, 

fire breaking, fuel reduction and use of plants and structures to deflect heat. 
• measures to reduce the flammability of building in particularly high hazard 

locations. 
For new buildings  - 
• matching requirements for defensible space to the hazard inherent at the site. 
• matching building design, siting and materials to the hazard being faced. 

In both cases clear material on what should be done and why would help in assisting 
people to take simple measures which have been found to be effective in high hazard 
areas overseas. 
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Interface Fire Hazard Susceptibility 

Study Area 1 - Wellington City 

1. Introduction 

This report has been prepared for the Wellington Regional Council as part of work to 
develop a strategy to achieve an acceptable level of risk from wildfire in the Wellington 
Region. The whole study aims to identify areas in the rural-urban interface within the 
Region which are susceptible to wildfire. This report covers the assessment of hazard 
factors in the Wellington City area. 

In the context of this study wildfires means any bush or vegetation fire resulting from 
the ignition (both natural and human induced) of any flammable material. 

2. Outline of Work Undertaken 

2.1 Past Fires in Wellington 

Past fires in the Wellington area provide a start for the development of a fire hazard 
classification. The record of recent fires is contained in an earlier report'. 

The worst fires in terms of size have been in gorse, either in pure gorse or in mixtures 
of gorse and other vegetation. While fires have burnt mature forest this has usually 
only affected the margin of the forest and the main area affected has been gorse 
infested as well. The other vegetation which has been commonly burnt is coastal 
tussock and rank grass. 

2.2 Fire Hazard Classification - Approach 

Background 

Uncontrolled fire in vegetation along the urban/rural interface is a hazard to buildings 
and other urban property. This hazard is determined by the type of fuel on a site, the 
fuel's condition in terms of moisture content, topography, weather conditions and 
patterns of ignition. Key elements are: 

• Different types of vegetation have differing levels of fuel build-up and also, for the 
same weather and moisture conditions, different combustibility. In addition the 
range of vegetation over the site and vertically above it can significantly alter 
patterns of combustion. 

Forme Consulting Group Ltd (1997) Recent Urban Interface Wildfires in the Wellington 
Region. 
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At any time the combustibility of vegetation is dependent on how dry the 
vegetation is. This is a function of recent weather and of exposure to sunlight, high 
temperatures and air movement. High hazard areas are those exposed to dry 
weather and subject to higher than average drying conditions. 

• At the time of afire, wind, high temperatures and low humidity will contribute to 
increased fire intensity. 

• Slope is a factor in fire hazard. On the slope above the fire heat is more intense 
than it would be on the flat. Air movement, often triggered by the heat of the fire, 
also has a greater effect up the slope. 

The intensity of a fire and the degree of difficulty in extinguishing it will be a function 
of all of these items. The hazard varies spatially and through time due to changes in 
vegetation or fuels, topography, and climate and weather. Pearce2  identifies the critical 
factors in "fire environment triangle" as weather, topography and fuel. 

The National Rural Fire Authority3  rating for minimum standards of fire control 
protection cover uses the following criteria to assess the fire danger score: 

1. Topography and fuel - where fuel is vegetation. Our two overlays, vegetation and 
slope, will directly give all of the elements on the Authority's table in their section 
2.3.3 

2. Fire Climate Table - this uses fire weather index. There are a limited number of 
weather stations within the region for which fire weather index has been calculated. 
The time period over which the index has been calculated is also a consideration as 
it is the frequency of extreme values, rather that the mean, which is most relevant. 

3. Additional factors - this is a catch all for other factors. It will be captured in our 
people hazard overlay and our breaks and defensible area overlays. 

The fire danger score is calculated by multiplying a the score for topography and fuel 
by the climate score and then adding a score for the additional factors. The fire danger 
score is used in conjunction with a rating of the value and people at risk to determine 
required cover. We are not assessing the value as this is outside of our brief which is to 
assess hazard. 

A number of models used overseas, in Australia and North America in particular, have 
also been used. Among these is the US Forest and Rural Fire Protection Committee's 
"Standard for protection of Life and Property from Wildfire"' which uses ratings for 
the following factors: 

I. Fuel hazard rating 
2. Slope hazard rating 
3. Structure hazard rating 
4. Additional factors rating 

2  Pearce G (1996) Fire Science and the Fire Environment. In Wellington Area Rural Fire 
Committee Seminar on Managing the Vegetation Fire Hazard. 
3  National Rural Fire Authority (1995) Rural Fire Management Code of Practice. 
• Forest and Rural Fire Protection Committee (1991) Standard for protection of Life and 
Property from Wildfire. NFPA 299. Approved by US National Standards Institute. 
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Scores are determined for each of these factors. These are combined by multiplying the 
slope and vegetation scores and then adding the other scores to this to determine a 
total score for the area. These total hazard ratings are used for each part of the 
urban/wildland interface area (this division into mapping units and the terminology is 
listed as a component of the analysis in the standard). The structure hazard rating is 
outside of the scope of the project. The additional factors assessed by them include 
topography (especially canyons), high fire risk activities, fuel breaks and management. 
and fire protection infrastructure. 

Overseas literature shows that breaks in fuel, such as fire breaks, roads and lawns, near 
settled areas will greatly reduce fire hazard. The related concept of defensible space, 
basically the area with low fuel loading around buildings, is also widely used. Areas 
will be ranked according to breaks and defensible space. Areas where buildings have 
no defensible space, ie have no break between them and flammable vegetation, are 
subject to higher hazard than those with defensible space. 

A more recent fire hazard identification has been developed and used in part of 
Colorado'. This had two groupings of variables: 

1. Base Hazards 
• Topographic location 
• Building construction and design 
• Site fuel profile (landscaping) 

2. Hazard Reduction 
• Defensible space 
• Fire protection capabilities 
• Water availability 

The variables assessed in the Colorado example go beyond the scope of this project. 
This project does not assess building construction and design and fire protection 
aspects. Both of these would need to be overlaid by owners and others to assess the 
total risk faced. In Colorado fire-fighters assessed the hazards around dwellings with 
the owner and also discussed mitigation measures. Of the 377 homes visited in the first 
year of the project some 22% did some mitigation within the year. More intensive 
assessment activity such as this will only be practical over very small areas and if any is 
contemplated it should concentrate on the areas of high basic hazard. 

The Model Used 

The model used to assess wildfire hazard in this study has four elements: 
I. Vegetation type 
2. Curing and weather 

• aspect 
• rainfall 

3. Slope 
4. People 

5  Johnson N. (1997) The Wildfire Hazard Identification and Mitigation System (WHIMS) 
for Boulder County, Colorado. Paper to 1997 American Planning Association Conference. 
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The first three of the mapped elements include most elements of Pearce's' fire 
environment triangle of weather, fuel and topography. The model stops short of 
assessing buildings and fire protection measures. 

We have allocated scores for each of the overlays and then used a simple addition 
approach to derive the final score. The scores are based on a mix of judgement and the 
scores used in the National Rural Fire Authority's Code of Practice' and in the 
overseas examples cited elsewhere in the reports. The scores maybe varied and the 
hazard calculated to a different scoring system by use of the GIS files if required. 

The separation of buildings from surrounding vegetation, with lawns, cultivated 
gardens, roads and firebreaks providing the separation, will affect the vulnerability of 
buildings to wildfire. This effect, which in overseas terminology is defensible area, was 
mapped using the photographs available. Most defensible areas are in the built-up 
urban areas and are therefore excluded. Defensible area is therefore only mapped 
along the boundary between the vegetation and the urban zone. 

The model used is more complex than the model used for the Waitakere Threat 
Analysis by Northland Forest Managers9. Their model had three elements: vegetation, 
topography and mean annual rainfall. In our view this model will not identify all of the 
relevant features, especially the higher people based risks and the impact of proper fire 
breaks and good defensible areas around settled areas. 

3. Fire Hazard Classification 

3.1 Vegetation Type 

The US Standard recognises three hazard classes. We have recognised five classes. 
This higher number of classes is justified in the New Zealand context by a wide range 
of differing flammabilities for vegetation. 

The National Rural Fire Authority uses six classifications of vegetation in its Code of 
Practice'°. One of these classifications is for grain crops, which in the Wellington 
situation can be ignored. In the Code indigenous swamp vegetation is included in a 
class of its own. Based on the history of fires in Wellington the high ranking of swamp 
vegetation on the flat is an anomaly and we have therefore put it lower in the ranking. 
We have also separated out gorse, rank grass and manuka as being higher in 
flammability relative to the other fuels. 

6  Pearce G (1996) Fire Science and the Fire Environment. In Wellington Area Rural Fire 
Committee Seminar on Managing the Vegetation Fire Hazard. 

National Rural Fire Authority (1995) Rural Fire Management Code of Practice. Rating 
Fire Authorities for Minimum Standards of Cover, Section 2.3.3 p6. 
6  See especially Forest and Rural Fire Protection Committee (1991) Standard for 
protection of Life and Property from Wildfire. NFPA 299. Approved by US National 
Standards Institute. 
9  Northland Forest Managers (1995) Wildfire Threat Analysis Waitakere Rural Fire District 
1°  National Rural Fire Authority (1995) Rural Fire Management Code of Practice. Rating 
Fire Authorities for Minimum Standards of Cover, Section 2.3.3 p6. 

Interface Fire Hazard - Wellington City 	 7 



The five categories are of vegetation hazard are given in table 1. 

Table 1 : Vegetation Hazard Categories 
Score for ranking 

Low vegetation fuel hazard 2 
Medium vegetation fuel hazard 4 
High vegetation fuel hazard ...,:, 6 
Very high vegetation fuel hazard 8 
Extreme vegetation fuel hazard 10 

As a guide the classification in table 2 was used in the vegetation hazard mapping. 

Table 2 : Vegetation Hazard Categories 
Low 

Mowed grass 
Grazed grass 

Medium 
Native forest - mature trees 
Mature Pine 

High 
Pine - after canopy closure to 18 years 
Large kanuka/kamahi 
Scrub hardwoods (eg mahoe, five finger) 

Very High 
Young pines on clean site 
Manuka scrub 
Swamp vegetation 
Dry scrub (eg Tutu) 

Extreme 
Bracken 
Rank grass/broom 
Gorse 
Young pines with gorse and/or slash 
Marram grass and tussock 

In assigning vegetation types to hazard classes recognition was given to species 
(above), fuel loading, and the continuity (both across the area and vertically from the 
ground to the canopy) of the fuel. The hazard classes represent a continuum and there 
are border-line examples in all hazard classes. For example scattered gorse on grazed 
pasture was classified lower hazard than both pure gorse and a mix of gorse, broom 
and rank grass, providing there were sufficient gaps between clumps. In the case of 
pines the key to reduced fire hazard with age is the separation of the foliage from the 
ground and surrounding flammable scrub rather than a set age. 

The assessment of vegetation into grouping drew on a number of sources. Mapping 
was undertaken at a scale of 1:18000. 
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The vegetation mapping was carried out using aerial photography and ground 
inspections. Colour aerial photographs taken between 1994 and 1997 were obtained 
for much of the region. About 50% of the region was covered by 1997 photographs. 
The photographs were obtained from Terralink and permission to use them is limited 
to this exercise only. In addition 1986 infrared aerial photography was used for some 
areas. This infrared aerial photography was of most use in areas where there was little 
open space in 1986 and where there had been little subdivision development since 
1986. 

These photographs were augmented by some additional photographs which were 
flown in the Upper Hutt area as part of this job. The area photographed was one of 
concern to the Fire Service and considerable change has occurred in building and 
vegetation since the earlier 1986 infrared photography. Other colour photographs were 
not available for this area. 

The draft maps were further compared with large scale (1:5000) black and white 
photographs which are held by the Wellington City Council. These were taken in 1996. 

The vegetation mapping carried out for WRC in 1989 using 1985 photography was 
found to be of limited use. In some of the most at risk areas, including the south 
Wellington coast and near Ngaio, there has been considerable encroachment of gorse 
onto formerly clear land. In others some areas were mapped as having no gorse when 
gorse was an important component of vegetation in the area. Two examples are the 
area along the motorway (SH 1) 1 to 3km south of the Tawa turnoff and the area 
north east of Newlands Collage. The lack of resolution in the mapping was also a 
problem. The whole of the face above the harbour between Ngauranga and the 
Horokiwi Road is mapped as being greater than 50% gorse. Large parts of this are in 
fact far less flammable indigenous scrub and trees. 

3.2 Fire Weather, Aspect and Drying 

The key aspects of weather which influence fire behaviour include: 

Temperature - influences drying of fuels. 
Relative humidity - measures the moisture of the atmosphere which influences 

the moisture of fuels. 
Precipitation 
Wind speed - influences drying, affects the supply of oxygen to burning fuel 

and tilts flames along the ground which affects drying by flames. 

Aspect is related in that it affects exposure to sun and wind (predominantly north-
westerlies) which means the four weather variables above differ according to aspect. 

Fire weather index (FWI) provides a measure of fire hazard which varies with weather. 
It uses current and recent measures of rainfall, humidity, temperature and wind to 
calculate two indices from which fire weather index is calculated. FWI varies between 
locations. For example exposure to wind will vary over short distances and can 
significantly impact on FWI. The differences in FWI hazard between localities is 
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determined by differences in the frequencies of high to extreme FWI values. These are 
only available for a limited number of localities. 

Extrapolating the frequencies of high to extreme FWI from data for all locations in the 
study area is not possible from the existing data. Apart from the problems inherent in 
estimating the relative frequency of high and extreme FWI readings from weather 
stations with records covering differing periods these are not located across the region 
in a way that allows for extrapolation. Weather stations are generally in main valleys. 
Some rainfall readings are available from other locations but humidity, temperature and 
wind readings are not. 

An indication in the variability of the Wellington region's climate in its severity with 
respect to fire risk can be gauged from a study which analysed readings from weather 
stations throughout the country for 33 years. Of 20 weather stations, mainly those at 
airports, analysed for fire climate severity, Wellington airport ranked third in terms of 
severity behind Christchurch and Gisbornell . Paraparaumu airport however was only 
ranked twelfth. Figures for Wellington and Paraparaumu are given in table 3. 

Table 3: Fire Weather Index (FWI) and Wellington and Paraparaumu Airports 

Airport 
Forest Fire Danger Class (FWI) Frequency (day/year) CDSR1  

Low Mod High V High Extreme 
Paraparaumu2  255.0 92.8 13.5 2.6 1.3 310.19 
Wellington2  219.1 95.8 33.2 9.5 8.1 881.26 
Notes 
1. CDSR - Cumulative Daily Severity Rating 
2. Average for 33 years (1963-1995) 

The major difference between Wellington and Paraparaumu in terms of measured 
variables is the much higher wind speed at Wellington compared to Paraparaumu. 
Average temperatures, relative humidities and rainfall were very close for both 
airports. During the fire season wind speeds at Wellington are significantly higher at 
31.9 km/h compared to 21.1 km/h for Paraparaumu. Exposure to wind is significant in 
determining fire risk in the Wellington region. 

Wind exposure is not well defined in Wellington. Generally sites near ridge crests and 
the coast tend to be windier than those in more sheltered locations. This is not a simple 
pattern however. As an example parts of the South Coast of the Wellington Region 
experience higher wind-speeds in some northerlies than elsewhere including Mt 
Kaukau12 . Turbulence, which is related to topography is probably the cause. 

11  Grant Pearce (1996) An Initial Assessment of Fire Danger in New Zealand's Climatic 
Regions. Fire Technology Transfer Note Number 10. October 1996. National Rural Fire 
Authority. 
12  Stainer BA (1983) The Distribution of Wind and Pressure in Cook Strait in Strong 
North Westerlies, The Marine Observer, Vol 53. No. 280. Cited on p1 6 in Part 2 of WRC 
East Harbour Regional Park Management Statement. 
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From the fire maps, comments from fire fighters and from the vegetation mapping it 
is clear that fires have a marked impact on the drier areas which are exposed to drying 
winds and on north facing slopes. The Hutt Valley provides a good example. Gorse is 
common on north-west facing slopes and forest, which is older in terms of botanical 
succession, is usually found in both the gullies and on the south east facing slopes. 

The approach used to map the effect of climate was to use two overlays, one for 
rainfall and the other for aspect. Humidity, in sheltered locations, probably follows the 
rainfall pattern, at least for vegetation types which are similar. Mist is most common at 
higher altitudes. Temperature patterns across the region will have some similarities to 
rainfall and humidity, especially as the high relief areas are also the wettest. More 
information is required to accurately map exposure to winds. Those areas which are 
most exposed to wind broadly occur near the coast and along ridge lines. 

The recent division of Wellington into six climatic zones (seven if the Kapiti Coast is 
included) for monitoring will give a better indication of geographical variation in the 
fire weather readings as these are taken. The zones map was not used as any rating 
based on this would have mirrored the ratings which applied for rainfall. 

Rainfall 

Areas were placed in five categories according to rainfall, from lowest hazard to 
highest hazard, as shown in table 4. 

Table 4 : Rainfall Hazard  Categories 
Annual rainfall Score 

Extremely high rainfall >2200 mm -4 
Very high rainfall 1800-2200 mm -9 
High rainfall 1400-1800 mm 0 
Moderate rainfall 1200-1400 mm ? 
Lowest rainfall <1200mm 4 

This was drawn from the Meteorological Service rainfall maps. The urban fringe as 
mapped is all in the last three areas which have lower rainfall and hence higher hazard. 

Aspect 

The second overlay covered aspect. Three categories where recognised as given in 
table 5. 

" Forme Consulting Group Ltd (1997) Recent Urban Interface Wildfires in the Wellington 
Region. 
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Table 5 : Aspect Hazard Cate ories 
Aspect Score 

Low hazard South facing slopes 
- down-slope bearing 
between 90° and 270° 

0 

Medium hazard Flat areas 
- slope less than 100  

NW and NE facing slopes 
- NE - bearing 45°- 900  
-NW - bearing 2700- 315° 

High hazard North facing slopes 
- bearing 0°- 45° and 270°-315° 

4 

Aspect was taken from topographical map contours and is therefore accurate to 
1:50,000 scale. 

3.3 Slope 

Slope affects fire with fire spread being much faster up hill. This is due to the fire pre-
heating fuels further up the slope. A fire will travel up a 10' slope 1.5 times the speed it 
will travel on the flat, 2.5 to 3 times as fast on a 20° slope, 6 times as fast on a 30° 
slope and 10 times as fast on a 35°  slope. 

Overseas standards, such as the US Standard", use five hazard classes. Mapping 
difficulties occur in flatter areas when slope is calculated from contours. For this 
reason we have used a four class scale with the two lowest categories in the US 
Standard being in the low hazard class. The other three categories are the same, 
allowing for rounding from gradients (ie a 20% slope is roughly 10°), as the top three 
hazard classes in the US Standard. 

Table 6 : Slope Hazard Categories 
Slope Score 

Low slope hazard Flat and slight slopes (0 to 10°) 0 
Medium slope hazard Moderate slopes (11 to 20°) 2 
High slope hazard Steep slopes (21 to 30°) 3 
Extreme slope hazard Very steep faces (>30°) 

Topography has a number of other impacts. Hills and valleys can greatly influence 
wind speeds by funnelling winds and creating turbulence. Where the topography results 
in a chimney effect wind speeds can be different when there is a fire. This aspect 
requires detailed information on wind and topography, often at mapping scales beyond 
which mapping has been carried out in this exercise. 

14  Forest and Rural Fire Protection Committee (1991) Standard for protection of Life and 
Property from Wildfire. NFPA 299. Approved by US National Standards Institute. 
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3.4 People and Other 

The experience of wildfires around the Wellington region indicates that most are near 
areas were people live or frequently visit. This is seen in the maps accompanying the 
report on recent fires'''. Beyond this the pattern of fires appears to be determined more 
by vegetation, aspect and other environmental factors rather than by social factors. For 
this reason the overlay is a simple two class one, with a high hazard area and low 
hazard area. Low hazard areas occur away from roads and human habitations while 
high hazard areas are close to roads and habitations. Areas with the higher hazard have 
a score of 2 while the low hazard area has a score of O. 

3.5 Breaks/Defensible Area 

In this overlay we have adopted the terminology used overseas of defensible space'''. 
Defensible spaces are areas that will not carry a fire and include such areas as 
firebreaks, mowed grass, paths and roads. Buildings without defensible space are more 
at risk than those without. The effect of defensible space is to reduce hazard near 
buildings. 

We have only characterised the edge between the urban area (unmapped) and the 
vegetation next to this. The defensible space categories recognised are given in table 7. 

Table 7 : Defensible Space Catettories 
Criteria ScoreA  

Lowest hazard Defensible space plus a road -5 
Medium hazard Defensible space or a road -4 
High hazard Small defensible space - flat, toe of slope, 

short, low slope 
-3 

Very high hazard No defensible space - flat or toe of slope 
Small defensible space - top of slope 

-2 

Extreme hazard No defensible space - top of slope 0 
Note : A - The effect of defensible space is to reduce the hazard towards that found. The 

rating here applies only to the boundary of the zones which boarded on built-up 
areas. The rating applies only to the boarder of the area mapped and the 
neighbouring unmapped area. It is not included in the calculation of hazard for the 
areas mapped. 

In mapping this aspect we have taken a broad approach. The category assigned is the 
one that characterises the street in general rather than individual buildings on the street. 
Much of the information for this category came from aerial photography. The 
approach used is simple but has a number of shortcomings which relate to the scale at 
which it was carried out. Defensible space is best mapped at a scale of 1:5000 with 
some field checking. There are instances where highly flammable temporary structures 
or stocks of fuel will provide a path for fire across defensible space and each case 
needs to be assessed individually. 

15  Forme Consulting Group (1997) Recent Wildfires in the Wellington Region. Report for 
Wellington regional Council 
" Forest and Rural Fire protection Committee (1991) op cit. 
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Ideally defensible space should be related to the intensity of any likely wildfire and to 
the combustibility of the structure. These will vary widely and the intensity of any fire 
is a function of weather conditions, topography as well as fuel type and loading. Our 
simplified approach takes account of position on the slope and gives some recognition 
to fuel type. It is, however a first approximation and tends to underestimate the area 
that could be required. 

3.6 Scoring for Wildfire Hazard 

The final fire hazard was mapped by overlaying the different hazard variable maps. The 
different categories in each map have scores associated with them and these are 
summed to give a total wildfire hazard score for each point on the map. The variable 
maps show the areas falling in each of the categories for that variable. Each category 
has a score associated to it. 

These scores could be varied if different weighting to the variables are to be applied. 

Table 8 : Ranking Scores 
Hazard variable 

Hazard 
Category 

Vegetation Rainfall Aspect Slope People Defensible 
SpaceA  

Score 
Lowest 

to 
highest 
hazard 

category 

9 
4 
6 
8 
10 

-4 
-2 
0 
2 
4 

0 
9 
4 

0 
2 
3 
4 

0 
2 

-5 
-4 
-3 
-2 
0 

Note : A - shows reduction in hazard due to defensible space. The maps only give the wildfire hazard 
rating for the mapped area. Defensible area is on the neighbouring built-up area and is only 
shown on the map as a line. The score is not used to adjust the hazard for the mapped area. 

The scores for the different attributes were summed to give a score for the individual 
location. The defensible space score will reduce the hazard along the edge of the zone 
and only affects areas outside of the zone. These were then mapped according to the 
total score in table 9. 

Table 9 : Wildfire Hazard Classes - Total Rankina Scores 
Total Score 

Low wildfire hazard 10 and below 
Medium wildfire hazard 11 to 13 
High wildfire hazard 14 to 17 
Very high wildfire hazard 17 to 19 
Extreme wildfire hazard 20 and above 

The summing of scores means that some areas of grazed grass, those on very steep 
north facing slopes in the drier areas, will have a high hazard associated with them. 
These areas are often on poorer pasture and a fire will pass through the pasture in dry 
conditions. On the flat the same pasture will have a low hazard. 
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The defensible space adjustment is only made for the area adjacent to houses and 
reduces the hazard according to the space available. This adjustment has not been 
calculated in the accompanying, maps. 

4. Hazard Maps 

4.1 Maps 

The accompanying maps are printed over the 1:50,000 scale map topographical 
information. The founed road network shown is taken from the Terralink NZ Ltd 
cadastral database. The roads are marked along the cadastral centre line. The actual 
tarmac roads not always on the centre line. Where the aerial photography indicated 
that new roads had been built these were added and the road shown is in its true 
location. 

The maps accompanying the report are as follows: 

1. Fuel hazard - a large scale (1:20,000 and mapped at 1: 18,000) vegetation class 
map. 

2. Rainfall - in five categories of wetness. 
3. Risk from people - two categories. 
4. Wildfire hazard map - this is the aggregation of all hazards and has defensible space 

overlaid on top. 

In addition to the printed copies these overlays are in computer geographic information 
system (GIS) files. In addition GIS files of slope and aspect are also supplied. 

4.2 High Hazard Areas 

The highest hazard areas for wildfire in the Wellington City are clearly identified on 
map 4. 

The critical areas shown on the maps include: 
1. The slopes around Island Bay, Owhiro Bay and Houghton Bay 
2. Owhiro Valley/Happy Valley, above Ohiro Road 
3. Parts of Brooklyn, Mornington and Kingston 
4. Parts of Strathmore 
5. East side of Evans Bay - partly remedied by the existing firebreak 
6. Karori - especially the southern fringes 
7. Wadestown above Ngaio Gorge 
8. Ngauranga Gorge - parts of Khandallah, Johnsomille and Newlands 
9. Parts of Newlands 
10. Grenada North 

. Linden, on sections of the slopes on west side of the valley. 

In many parts of the higher hazard areas houses and other buildings are not at risk. The 
block to the west of Owhiro Bay, for example, slopes away from houses. While there 
is a history of fires, as long as there is no new building in the area, it is probable that 
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these can be controlled without damage to buildings. The areas where buildings are 
either at the top of high hazard slopes or where they are inside of the hazard zone is 
where there is most risk to structures. 

5. Hazard Reduction 

5.1 Introduction - Hazard Reduction 

Protection from fire will involve managing both the hazard factors and through 
provision of fire-fighting resources. Both have a role in providing protection from 
wildfires. The main methods discussed here relate to the reduction of hazard through 
management of the hazard variables. Methods include management of defensible space, 
management of vegetation and measures concerning buildings. 

Australian material emphasises the importance of siting with one West Australian 
source17 commenting that "good siting is the key to protecting_ your home from 
bushfiresi The issues outlined include surrounding vegetation, defensible space, 
topography, aspect and roading. 

An different, though complementary, approach to using hazard ratings is to increase 
fire protection for areas of higher hazard. The National Rural Fire Authority Code of 
Practice lb  relates the minimum requirement for fire control equipment to the level of 
fire risk and to the values at risk. The provision of fire fighting services as well as 
access for fire fighting and to water are issues that are not pursued here. 

5.2 Defensible Space 

Increasing the defensible space around buildings will reduce the risk to those buildings. 

The size of the defensible space required for complete safety of the structure can be 
large. Foczerty19  has estimated that a fire break of at least 50-60 metres would have 
been required for fire fighters in rural attire (not the heavy gear of urban brigades) to 
safely make a stand against the Montgomery Crescent fire in Karori. This was based on 
an assumed fire intensity of 25000kW/m. The relationships used by Fogerty relating 
fire intensity to radiation intensity indicates that the defensible space concept should 
include consideration of the likely intensity of any fire. Generally the more intense the 
fire the bigger the required area defensible space. This also means that a bigger area is 
required at the top of a slope than at the bottom for the same fire to give the same 
level of safety. 

17  Department of Planning and Urban Development (1989) The Homeowner's Bushfire 
Survival Manual. Western Australia. P14. 
18  National Rural Fire Authority (1995) op cit. 
19  Fogerty LG (1996) Two Rural/Urban Interface fires in the Wellington suburb of Karori: 
assessment of associated burning conditions and fire control strategies. Forest and Rural 
Fire Scientific and Technical Series Report No.1. page 10. 
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In another paper Fogerty2°  suggests that heat transfer modelling predicts that a break 
of 60m to 100m is required in fuel to prevent New Zealand style houses igniting during, 
a typical scrub fire. It follows that the risk of damage will be reduced by reducing fuel 
loadings within a radius of 60m to 100m of buildings. The shape and size of the low 
loading zone will depend on the expected intensity of any fire, which is a function of 
fuel, topography and weather, and the flammability of the building. The more 
flammable the building the larger the defensible space needed for a fire of given 
intensity. 

There are standards in some parts of the world which define the area around buildings 
required for defensible space. These are usually in places where conditions are 
extreme, compared with New Zealand conditions, and where very damaging fires have 
occurred. 

An example is the Victorian Country Rural Authority's Planning Conditions and 
Guidelines for Subdivisions21  which give the minimum width of a building protection 
zone and an additional fuel modified buffer zone. Under the Guidelines these would be 
required for subdivision which are on the rural interface. Different rules apply inside 
the urban area as it is only the edge of the urban area that the zones are required. The 
building protection zone must be kept in "a minimum fuel condition" while the buffer is 
kept in lower flammability plants with both horizontal and vertical breaks in the fuel. 
Under the Guideline the building protection zone is between 20 and 40 metres, 
depending on slope and aspect, while the fuel modified buffer zone is between 10 and 
50 metres further depending on the slope and the surrounding vegetation. The two 
zones are set back from the slope. 

Other standards include the US National Fire Protection Standard22  which has similar 
provisions to various Australian ones concerning set backs and zones with reduced fuel 
loadings. Some districts in the United States have regulations in force concerning 
defensible space and fuel management. Jefferson County, Colorado, has ordinances 
that restrict building permits in their 'Wildfire Hazard Overlay Zone District" to sites 
which meet defensible space and access provisions. 

Both the Victorian and the US guidelines include use of stone and other walls to 
protect structures and defensible space from heat. 

In the Wellington context actions which increase defensible space for existing houses 
include: 
1. Establishing lawns, paths, drives and cultivated soil between buildings and 

flammable vegetation. 
2. Cutting over-hanging trees back from buildings. 
3. Removing the lower limbs of trees to separate the crown from the ground and 

scrub. 

20  Fogerty L ( 1 9 9 5 ) Creating less fire prone environments - an example from the gorse 
covered hills of Wellington and the Hutt Valley. In Wellington Area Rural Fire Committee. 
Seminar on Managing the Vegetation Fire Hazard. 
21  Country Fire Authority (1991) Planning Conditions and Guidelines for Subdivisions, 
Victoria, Australia. 
22  National Fire Protection Association (1991) op cit. 
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4. Replacing scrub with taller trees and create a gap between the crown and the 
ground. 

5. Ensuring there are gaps in vegetation, both at ground and in the canopy. 
6. Removing fuel from areas around buildings. Fuel can include dead plants, timber, 

firewood and petrol. 
7 Replacing flammable vegetation with less flammable vegetation. An example would 

be planting hardwoods such as mahoe, five finger and karaka inside but along the 
edge of gorse. 

8 	Erecting walls of fire proof material to direct heat away from buildings and 
associated open areas2'. This method is likely to give most benefit where buildings 
are at the top of slopes which are covered by highly flammable fuel. Hedges, of 
appropriate plants, can be used in a similar way. 

In areas with existing buildings education is needed. Given the number of new 
buildings, often at the top of slopes, which are built right alongside gorse, or with only 
a small cleared area, the common perception seems to be that fires will only have a low 
intensity. Priority for education should be given to areas identified as being high 
hazard. 

For new subdivisions and buildings some additional guidance on set backs, clear areas 
and vegetation modification could be given. These should be related to the hazard 
posed by vegetation, slope and topography. Wind funnels and gullies with potential to 
create these, which often result in a chimney effect when there is a fire, are a particular 
hazard and building above or in these should be avoided. 

5.3 Vegetation Management 

The flammability of different vegetation types vary significantly. Management of 
vegetation therefore has a significant impact of fire hazard. 

In the Wellington region there are a number of types of vegetation that are very 
flammable. These include: 

Gorse 
Rank grass and broom 
Tussock 
Bracken 
Young pines especially those with gorse and/or slash 
Manuka scrub 
Swamp vegetation 
Other dry scrub 

A reduction in hazard will follow the replacement of these types of vegetation with less 
flammable vegetation. Even without the replacement of these vegetation types a 
reduction in fuel loading will reduce the intensity of any wildfire that occurs in the 
vegetation type. 

" Ministry for Planning and Environment (undated) Bushfire Protection for Rural Houses. 
Design and Siting Guidelines Series, Victoria, Australia. 
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In parts of Wellington the area of vegetation in the very high risk categories has 
increased. Declines in the area of managed pasture has resulted in increases in the area 
of gorse and rank grass. Young pines are normally planted on pasture and as this is 
retired from grazing gorse invasion often occurs occur. Loadings of dry, rank grass 
also increase. 

In other areas the risk is reducing_ As pines mature they become less flammable. As the 
canopy closes invasive weeds, such as gorse, are suppressed and the canopy becomes 
separated from the ground. The more humid environment under older pines means that 
some of the less flammable indigenous tree species begin to form the under-story. This 
has reduced risk in many parts of the Town Belt. In other areas where fire has been 
excluded from rank grass, gorse and other flammable vegetation types less flammable 
indigenous tree species have regenerated and with time the vegetation is becoming less 
flammable. This is readily seen above the Hutt Road north of Ngauranga where much 
of the hillside is now in indigenous vegetation. 

Some of the less flammable native species include five finger (1).s.eudopanex arbor/us), 
lancewood (P,swedopatiex cras.sifolius), Pate (Scheffleat digitata), Broadleaf 
(Griselinct 	mahoe (Me/icy/us ram//loins) and Coprostna species. 

More flammable native species include kohuhu (Pittasporum tettufollunt), manuka 
(Leptaspennum scopctriurn), kanuka (Kunzia ericoide.s•) and Akeake (Dodonea 
viscosct). 

Vegetation Succession 

In the Wellington environment plant succession will alter the vegetation fuel hazard. 
Bare land, or grazed pasture, are both low hazard. With weed invasion the loading of 
fuel and the flammability of the fuel increases rapidly. Many of the typical plants of 
early succession are flammable and prime examples in the Wellington area include 
gorse, rank grass, broom, manuka and tauhinu. The highest fire hazard is often in areas 
with heavy coverage by these plants. The bulk of these vegetation types will, with 
normal plant succession, give way to vegetation types which are considerably less 
flammable with the passage of time. This assumes that the sites are not burnt nor 
cleared and allowed to revert again. Burning and partial clearance often result in only 
the most vigorous colonisers being present, and these are usually the most flammable 
species. 

With time other species invade the sites following initial colonisers of sites. Succession 
is fastest in the wetter, more sheltered sites and the pattern found on the Hutt hills of 
native hardwoods in gullies and gorse on the rest of the hillside is typical. Gorse also 
increases the availability of nitrogen once it starts to thin. In Wellington the invading 
species are often less flammable native plant species and include mahoe and five finger. 
While they are less flammable fire will kill the species setting the succession back to the 
initial, more flammable stage. More mature forest is less susceptible to fire than scrub. 
With a higher canopy much of the foliage is separated from the ground and may not be 
ignited by a ground fire. On drier coastal site species such as taupata and karaka are 
less flammable than grasses. 
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Management to Speed Succession 

Speeding plant succession will result in lower fire hazard around Wellington. In the 
wetter areas the control and exclusion of fire will result in the high hazard areas 
becoming less of a hazard with time. In the more exposed and drier areas the risk of 
fire is higher and there is a likelihood that repeated burning ensures that there is a 
continuing high hazard. 

On the higher risk sites measures to contain fire, such as fire breaks and managing 
areas in vegetation of lower flammability, are important. Additional measures could 
include planting selected species in buffer areas and in areas where rapid growth will 
occur. Opening gaps and planting under older gorse can speed succession to less 
flammable vegetation. In many respects that is similar to the management noted above 
(section 5.2) for creation of defensible space. 

Other Management 

In some areas fire risk can be reduced by keeping areas in cropped grass. This can be 
achieved by grazing or mowing. Burning on its own will not prevent gorse invasion of 
grass, even when carried out at frequent intervals. 

Removal of dead and highly flammable vegetation is a feature of most guidelines for 
reducing fire risk overseas24. This is costly and should be reserved for areas of high 
hazard and where areas of greater value are at risk. 

The use of burning to reduce fuel which is common in parts of Australia and the 
United States is not recommended in Wellington. This is because in the Wellington 
environment fire induces the development of extremely flammable scrub, especially 
gorse, and precludes the development of less flammable vegetation. Fogerty22  suggests 
that gorse growth is such that within four years of a fire gorse has regenerated to such 
an extent that over 20t/ha of fuel would be available and under Moderate fire danger 
conditions (as measured by FWI) a fire could be extreme in terms of fire behaviour and 
the heat generated. Regular burning would be necessary, therefore to reduce loadings. 
Controlled burns often escape due to factors such as difficult topography, changeable 
winds and proximity to buildings. Given the hi(211 probability of escape and the 
environmental problems associated with burning near housing and other urban 
buildings controlled burning for fuel reduction is unlikely to be acceptable. Fuel 
reduction, therefore, has to be more by mechanical means. 

24  See, for example Ministry for Planning and Environment (undated) Bushfire Protection 
for Rural Houses. Design and Siting Guidelines Series. Victoria, Australia. 

Fogerty L (1995) Creating less fire prone environments - an example from the gorse 
covered hills of Wellington and the Hutt Valley. In Wellington Area Rural Fire Committee. 
Seminar on Managing the Vegetation Fire Hazard.p7. 
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5.4 Building Measures 

Buildings can be build in ways that reduce their vulnerability to ignition be wildfires. 
The Australian and US standards 26  both outline measures that maybe taken. Beyond a 
brief summary these are outside of the scope of this report. Many of the measures 
recommended there will have some applicability in the higher hazard areas in the 
Wellington Region. 

Measures such as filling-in space under structures (including decks), avoiding 
overhangs and using less flammable cladding and roofing will reduce the combustibility 
of a house. The area of defensible space needed for a given level of safety is higher the 
more combustible the building. Brick clad homes need less defensible space than 
wooden ones to achieve the same level of risk. 

In Australia the Victorian State Ministry for Planning and Environment27  provides 
advice on siting houses in bushland areas. These note that ridges and slopes are more 
hazardous than flat sites. In building on a slope their guidelines note that building on a 
cut-in bench is safer than building on stilts (or high piles). This is because a house on a 
cut bench creates less turbulence, is less exposed to heat and, with building closer to 
the ground, has less under-floor area exposed. 

Simpler measures include removal of debris and combustible material, including 
firewood, from under porches, against walls and from guttering. 

In higher hazard zones it would be wise if owners and builders drew on some of the 
overseas information on building material when building new buildings or when 
altering existing buildings. 

6. Conclusions 

Fire hazard mapping has been carried out for the rural/urban interface of the 
Wellington Region including Wellington City. This mapping used a simple hazard 
model which has four elements: 

1. Vegetation type 
2. Curing and weather 

• aspect 
• rainfall 

3. Slope 
4. People 

Breaks in fuel on the interface (or defensible area) are important in moderating the 
hazard faced. In this project a quick appraisal of the boundary between built-up areas 

26  National Fire Protection Association (1991) op cit. and Country Rural Fire Authority 
(1991) op cit. 
27  Ministry for Planning and Environment (undated) Bushfire Protection for Rural Houses. 
Design and Siting Guidelines Series. Victoria, Australia. 
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and rural vegetation was made. This should be extended at a larger scale to buildings 
within the rural area. 

The hazard varies greatly with location. Key areas of interface hazard include: 

1 The slopes around Island Bay, Owhiro Bay and Houghton Bay 
2. °whir° Valley/Happy Valley, above Ohiro Road 
3. Parts of Brooklyn, Mornington and Kingston 
4. Parts of Strathmore 
5. East side of Evans Bay - partly remedied by the existing firebreak 
6. Karori - especially the southern fringes 
7. Wadestown above Ngaio Gorge 
8. Ngauranga Gorge - parts of Khandallah, Johnsonville and Newlands 
9. Parts of Newlands 
1 0. Grenada North 
11. Linden, section of the slopes on the west side of the valley. 

Within the urban area mapping of the hazard posed by vegetation and defensible space 
needs to be at a larger scale than was used in this project for the interface. The hazard 
varies greatly within the urban area. 

It is suggested that effort at reducing hazard in urban/rural interface area be 
concentrated on the high hazard areas. These efforts can, apart from increase fire 
service protection, include: 

For existing buildings  - 
• measures to reduce the flammability of the margins around built-up areas. 

Implementing measures which increase defensible space are especially 
important. 
Other measures include planting less flammable plants, development of paths, 

fire breaking, fuel reduction and use of plants and structures to deflect heat. 
• measures to reduce the flammability of building in particularly high hazard 

locations. 
For new buildings  - 
fa matching requirements for defensible space to the hazard inherent at the site. 
• matching building design, siting and materials to the hazard being faced. 

In both cases clear material on what should be done and why would help in assisting 
people to take simple measures which have been found to be effective in high hazard 
areas overseas. 
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