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EXECUTIVE SUMMARY

An understanding of wildfire occurrence and causes in relation to fuels,
weather and topography can enable fire managers to better quantify fire risk
and target mitigation measures to reduce specific risks. Analysis of long-term
fire records form the basis of this understanding of wildfire occurrence and
severity, and this study has aimed to provide this information to the rural fire
management sector. To our knowledge, this is the most detailed and
comprehensive analysis of wildfire occurrence undertaken in New Zealand to
date.

The objectives of this study were to:

e Undertake an analysis of long-term wildfire records in New Zealand at
both the national and regional level to provide an indication of trends in
fire occurrence, area burned and fire causes.

e Collate data on wildfires in New Zealand, and assess the suitability and
quality of these records for further analysis.

¢ Analyse these data at both the regional and national level to determine
the major factors contributing to the number and size of wildfires, as
well as identifying any trends in these causes.

¢ Provide recommendations for future research.

This study was based on analyses of the National Rural Fire Authority’s
(NRFA) database of the annual return of fire records, based on records
provided by the numerous Rural Fire Authorities across the country. Despite
known issues with the quality, accuracy and coverage of some these records,
this database represents the best available national records for analysis. This
report summarises the results and findings from analyses of fire records at
both the national and regional level, and provides a useful synopsis of
wildfires in New Zealand from 1991 to 2007.

New Zealand experienced an average of 3,033 wildfires and 5,865 ha burned
annually from 1991/92 to 2006/07. The total area burned over this period was
54% grass fuels, 40% scrub fuels and 6% forest fuels. The number of wildfires
increased from around 1,000 (in the early 1990’s) to over 4,000 fires
(2006/07). The increase in wildfire occurrence observed nationally was
mirrored in most regions. No clear trend over time was observed in the area
burned. Unknown and miscellaneous causes accounted for almost half (46%)
of the total number of fires. Other main causes of wildfires were land clearing
(20%), vehicles (16%), and incendiary (6%). Area burned was dominated by
land clearing (47%). Unknown (24%), miscellaneous (7%) and incendiary
(6%) were other major causes contributing to the total area burned. Natural
causes (lightning) made up 0.1% of wildfires and area burned. Otago
accounted for 6% of wildfires and 42% of the total area burned nationally. The
South Island accounted for 75% of the total area burned and 34% of the
number of fires. Northland and the Eastern North Island accounted for 60% of
the total area burned in the North Island.



It is hoped to extend this work in the future, particularly to include the effects
of national and regional climate patterns on wildfire occurrence. It is also
hoped that the recommendations from this study will lead to improvements in
reporting and recording of wildfire information that will allow more meaningful
and detailed analyses in the future, to provide more sound information and
input into the development of wildfire reduction and readiness strategies.

Specific recommendations from this study are:

o Review the cause classes listed in the NRFA Annual Returns to obtain
a more realistic assessment of the causes of wildfires in New Zealand,
to ensure that as many causes of wildfires as possible are reported and
that these causes are consistent from year to year.

e Improved training and operational procedures to reduce the proportion
of fires and area burned being classed as miscellaneous and unknown.
This would provide for more meaningful conclusions to be drawn from
the NRFA Annual Returns in the future.

e In applying results from this study to management practices, it is
important to consider both number of fires and area burned, since they
both display different results and can require different mitigation
strategies.

e Targeted approaches to fire prevention in regions showing high areas
burned from particular causes could reduce the incidence and
consequences of wildfires in those regions.

e Human causes in New Zealand are responsible for the overwhelming
majority of fires, but weather and climate may have a greater influence
on the severity of fires. Research into the effects of weather and
climate on regional and national fire occurrence is required.

¢ Analysis of the NRFA Annual Returns by fire authority type was not
conducted here, but since different types of fire authorities can in some
areas be responsible for different vegetation types, this analysis may
be useful. However, this may be more difficult because of the decrease
in the number of territorial authorities, the disestablishment of some
forestry-based Rural Fire Districts, and increases in the area of the
Department of Conservation estate.

e The need for a consistent national approach to data collection at all
levels is required. Standardised cause classes, consistency in
reporting, and quality control would greatly increase our understanding
of the causes, occurrence, and impact of wildfires in New Zealand.

The main body of this report summarises the results at the national level and
compares regional findings. More detailed information on wildfire occurrence
and severity for each region of the country is contained in the individual
regional reports in Appendix C. These regional reports will provide fire
managers with a clear picture of the fire problem, and trends in data, for
specific regions.
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INTRODUCTION

An understanding of wildfire occurrence and causes in relation to fuels, weather
and topography can enable fire managers to better quantify fire risk, and target
mitigation measures to reduce specific risks. If long-term fire records of good
quality data are available, the findings from analyses of these records can
provide input into a range of fire management strategies and activities, such as
prevention of fire occurrence, determining potential fire suppression tactics and
strategies, pre-positioning of suppression resources in high-risk areas,
developing targeted prevention programmes, and prioritisation for areas that
require fuel treatments (Opperman 2005).

The objectives of this study were to:

e Undertake an analysis of long-term wildfire records in New Zealand at both
the national and regional level to provide an indication of trends in fire
occurrence, area burned and fire causes.

e Collate data on wildfires in New Zealand, and assess the suitability and
quality of these records for further analysis.

¢ Analyse these data at both the national and regional level to determine the
major factors contributing to the number and size of wildfires, as well as
identifying any trends in these causes.

e Provide recommendations for future research.

Unfortunately there are known issues with the quality and availability of long-term
wildfire records in New Zealand. Different Rural Fire Authorities (RFAs) have
over the last few decades developed their own reporting and data collection
systems that has led to inconsistencies in both the quality and accuracy of
reporting and recording of wildfire data. At the national level, there have also
been difficulties in collecting data of adequate quality and coverage from all Rural
Fire Authorities on an annual basis (Opperman 2005).

The most reliable national reporting system for wildfires is based on the “Annual
Fire Returns Statistics Form” that is submitted to the National Rural Fire Authority
annually by RFAs across the country. Whilst some records may either be missing
from the dataset (not reported to the NRFA) or inaccurate, this is the best
available comprehensive dataset and therefore formed the basis of this study.
Notwithstanding the data issues that are highlighted in this report, the analysis
and findings still provide a very useful overview of the occurrence and severity of
wildfires in New Zealand over much of the last two decades. It is hoped that the
information presented and the findings are relevant to fire managers, and that the
recommendations will contribute to improvements in wildfire reporting to allow
more detailed analyses to be carried out in the future to provide further
information and tools to assist rural fire management in New Zealand.



METHODS

The NRFA collects wildfire statistics annually using a standard Annual Fire
Return Statistics form (Appendix A), hereafter referred to as the Annual Returns.
This only refers to wildfires, and not the large number of prescribed/permitted
burns carried out across the country annually. This form requires RFAs to
complete fields for the number of fires, the total area burned, and the area
burned for the three main fuel types (grass, scrub and forest) for each fire year. A
fire year runs from 1 May to 30 April.

The data from the Annual Returns were provided in electronic form by the NRFA.
These are stored as Microsoft Access database files. For this analysis these data
were exported to Microsoft Excel. Some data were exported to the R statistical
software package (RFC 2008) for further analysis as necessary.

Annual returns contain the following fields (see Figure 1):

¢ |D - Identification number for each record (not always present in the

electronic records).

e F/S —The relevant fire year (sometimes incorrectly referred to as fire

season).

e RFA — The relevant Rural Fire Authority.

e (Category — The type of RFA, i.e. territorial authority (TA), Rural Fire
District (RFD), Department of Conservation (DOC), Defence Force
(NZDF).

Region — Based on the location of the relevant NRFA Rural Fire Manager.
Cause — Taken from a predefined list of causes.

Number — Total number of fires for each cause.

Grass — The total grass area burned in hectares for each cause.

Scrub — The total scrub area burned in hectares for each cause.

Forest — The total forest area burned in hectares for each cause.

Number of sawmills — number of sawmills burnt for each cause (not
consistently included in the records over the study period).

Data are not recorded individually by fire incident, but rather are grouped
together by fire cause. The total area burned is not a field in the form, and was
calculated by adding together the data for all fuel types.



Fis | RFA | CATEGORY | REGION | CAUSE | NUMBER | GRASS (Ha)| SCRUB (Ha)| FOREST (Ha)
02/403 Ashburton DC TA Christchurch Industrial (sawmill, logging, etc) 1 0.1 0 0
02103 Ashburton DG TA Christchurch Land Clearing 2] 54.3 4 36
02103 Ashburton DG TA Christchurch Tractors and Motor Vehicles prd 58.2 0.4 a
02/03 Ashley RFD RFD Christchurch Industrial (sawmill, logging, etc) 2 45 25 i}
02403 Achley RFD RFD Christchurch Land Clearing 1 2 0 0
02103 Ashley RFD RFD Christchurch Miscellaneous 1 1] 0 1]
02103 Auckland CC TA Auckland Unknown 2 0 0 a
021403 Auckland CC TA Auckland Miscellaneous 5 0 0 0
02103 Auckland CC TA Auckland Smokers 3 2 0 0
02103 Aupouri Karikari RFD RFD Auckland Smokers 4 003 1.012 1]
0203 Aupouri Karikari RFD RFD Auckland Tractors and Motor Vehicles 2 0.05 0 a

Figure 1. Example of National Rural Fire Authority Annual Return electronic
record.

Fuel types used in the NRFA Annual Returns are only broadly classified. In the
case of forests in particular, this includes both exotic plantations and native
forests, as well as woodlots and other tree vegetation such as tree mixes in
riverbeds, shelterbelts, hedges, etc. This can also include areas of scrub or
wetlands that are dominated by trees.

Fire causes listed within the Annual Returns are not consistent from year to year
and the current NRFA form lists the following causes:
Road Traffic

Tractors and motor vehicles

Railways

Hunters (camp or billy fires, etc.)

Picnics

Smokers

Land clearing

Incendiary

Industrial (sawmill, logging, etc.)

Chainsaws

e Miscellaneous

e Unknown

In an attempt to reduce the number of causes and provide consistency across all
years, data were collated according to the following causes: arson, chainsaw,
incendiary, industrial, land clearing, lightning, power lines, railways, recreational,
smokers, structures, vehicles, miscellaneous and unknown (Table 1). Animal
rescue, false alarm, haz/chem, landslip, nil return, pumping flooded properties
and rescue were not included in the analysis as they quite clearly did not relate to
wildfires. While lightning was recorded as a separate class in 1988/89, from
1989/90 until 1999/2000 it was included in the miscellaneous category (Craig
2002). For the purposes of this report all ‘Careless’ records were added to the
miscellaneous class since it was not possible to differentiate between smokers or
chainsaws within the ‘Careless-Smokers, Chainsaws, etc’ class. Analysis of
individual causes by region was also undertaken, and the results of this analysis
are contained separately in Appendix B.



Table 1. Summary of Fire Cause Classes used in this report.

Arson Chainsaw | Incendiary Industrial Land clearing Lightning ')Iﬁ]v;zr
Vehicle Army Industrial/structures Burnoffs
Arson
Fireworks Super skid Rubbish
Unpermitted
burns
Recreational | Smokers | Structures Vehicles Miscellaneous | Unknown | Railways
Hunters Barns Lawnmowers Careless Scrub fires | Tramways
Careless - Vegetation
Picnics Hay Barns Road Traffic Smokers, %
) ires
Chainsaw etc.
Ca_mp_lng/ Houses Tractors :?md Motor Children
Picnics Vehicles
Electrical faults
Other

The composition of Rural Fire Authorities has also not been consistent over time
(due to changes in territorial authorities and establishment of enlarged Rural Fire
Districts) so, for the purposes of this study, RFAs were grouped according to
their region as of the 2006/07 fire year (with the exception of authorities in the
West Coast and Southland which retain their own regional status in this report)
(Table 2). These regions are: Northland, Auckland, Waikato,
Wanganui/Manawatu, Central North Island, Taranaki, Eastern North Island,
Greater Wellington, Nelson/Marlborough, West Coast, Canterbury, Otago, and
Southland. Individual regional analyses of fire numbers, area burned by cause
and fuel type are contained in a separate regional appendix at the end of this
report (Appendix C).
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Every attempt was made to include all usable data and electronic records were
available for fire years 1988/89 to 2006/07. On closer inspection, however, the
records that were provided for 1989/90 and 1990/91 only contained the returns
from Canterbury. Attempts to locate the records for the rest of the country for
these years were unsuccessful. As a result, only fire records from 1991/92 to
2006/07 were used in the subsequent analyses.

The New Zealand Defence Force return for 1995/96 had to be removed from the
regional analysis because the records were not broken down into their respective
regions or Rural Fire Districts. There was also one instance where area burned
was assigned without any associated number of fires (Figure 2). An assumption
was made that this corresponded to a single fire event (15 ha of scrub burned).

| IHEE RFA | CATEGORY | REGION | CAUSE | NUMBER | GRASS (Ha) | SCRUE (Ha)| FOREST (Ha) |
0102 YWest Coast RFD RFD Christchurch Incendiary 11 0 223 0
HI:I 1402 YWest Coast RFD Christchurch Industrial (sawmi I 0 15

0102 YWest Coast RFD RFD Christchurch Miscellaneous 2 2 1 0

Figure 2. Highlighted record shows no fires recorded against an area of 15 ha of
scrub burned.

With the potential for analyses to be impacted by large fire events, records with
significant areas burned were identified, and an attempt was made to attribute
them to large known historical fires. Primarily, this was done to ensure wherever
possible the data matched those previously published, and to detect any errors in
the original data entry. Only one record could not be verified (Figure 3), a railway
fire of 2,500 ha for South Wairarapa DC in 2000/01 that did not correlate with
previous records (totals were different). One (previous) copy of the NRFA Annual
Returns database had this listed as 0.25 ha, and it was subsequently confirmed
that this fire was 2,500 m? and had been incorrectly recorded as 2,500 hectares
(J.Rasmussen, NRFA, pers.comm). This change was made in the data used
here. Despite the greatest of care, inaccuracies and errors may be present within
the dataset.

| D1 | Fis | RF& | CATEGORY | REGION | CAUSE | NUMBER | GRASS (Ha)| SCRUB (Ha)| FOREST (Hal |
101 0001 South Wairarapa DC TA Palmersto | Land Clearing 20 0 0 0
93 00101 South Wairarapa DC TA Palrmersto | Tractors and Mot 3 0 0 0
104 0001 South Wairarapa DT TA Palmersto | False Alarms 5] 0 0 0

: | 0 0

25 00401 South YWairarapa DC T4 Palmersta

[}

100 0001 South Wairarapa DC TA Palmersto | Picnics 10 1 58

Figure 3. Suspected recorded error in data entry in NFRA annual return
2000/01.



Data including number of fires and area burned were reclassified by cause (see
Table 1), and summarized by fire year, region, cause and fuel type in both
tabular and graphical format. This was then used to highlight trends in data. Data
were not summarised by fire authority type.

A correlation analysis was also performed to compare trends in the number of
fires for individual regions against the national trend. This was done to determine
how much each region reflected the overall national trend. Since we were not
postulating that each region depended on the national trend, a correlation rather
than a strict regression analysis was conducted. Regression was however
conducted for the national number of fires against time.

Both the regression analysis of variance and correlation trends used 0.05 as the
standard alpha (or significance) level. A P-value or significance value of less than
0.05 indicates that there is a 95% (or greater) probability that the difference
between the two things being tested is due to an actual difference than to chance
alone (Quinn 2002).

In regression and correlation:

e A P-value of less than 0.05 indicates that the slope of the regression line
(generated from the values given) significantly differs from zero; i.e. the
value of y depends on the values of x;

e The R?value indicates how tightly the values of y cluster about the
regression line and indicate the strength (or “goodness of fit”) of the
regression relationship, therefore an R%value of 1 indicates a good fit,
whereas an R?-value of 0 indicates that none of the values of y
significantly cluster about the regression line and is a poor fit.

e In practice this means the following: a significant P-value (less than 0.05)
with a high R%-value indicates that there is a strong directional trend
(positive or negative) in values of y over x and that this is mostly due to x;
a significant P-value with a low R*-value indicates that there is a strong
directional trend in values of y over x but factors other than x may be
influencing y; a non-significant P-value but high R*value indicates that y
may not depend on x and another factor (another x) may be constraining
y; and a non-significant P-value and a low R2-value may indicate that
there is no clear relationship between y and x.

The null hypotheses being tested were: (1) that no individual region’s total
number of fires correlated (positively or negatively) with the national trend; and
(2) that at the national level, the number of fires remained constant over time.
This was not conducted for area burned as there was no clear year-on-year
directional trend in area burned (i.e. no significant positive or negative trend in
the national area burned over time).



Data quality issues

It is important to reiterate that underlying data quality must be considered when
interpreting these results. From the data sets it is clear that the area burned is
not always being recorded accurately. In many cases, the number of fires were
listed (up to as high as 125 fires) without any corresponding area burned listed. It
is possible that in some cases a zero area burned is being recorded for small and
fully contained fires, e.g. vehicle fires that burn little or no surrounding vegetation.
However, it is impossible to estimate whether actual areas burned are
unrecorded. Thus all results presented here in relation to area burned should be
considered reported rather than actual area burned, and should be interpreted
with caution.

In addition, the Annual Returns form has not always been submitted by all RFAs
in a single fire year (NRFA unpublished data). Whether this is because there
were no fires to report, or the return was not submitted, is unclear. Although not
available for all years, the percentage of returns submitted by authorities was
recorded in some instances at 85-95%, and it is highly likely that data from some
fires are missing.

RESULTS — NATIONAL OVERVIEW

Number of fires

For the last sixteen years (from 1991/92 to 2006/07), New Zealand has seen an
increase in the number of wildfires from around 1,200 to more than 4,000 per fire
year (Figure 4). The increase in the number of fires over time was statistically
significant (R? = 0.8106; F-value = 67.12; P-value <0.001). The number of fires
peaked in 2004/05 at over 4,700 and appears to have declined in the last two
years; however, more data are needed to confirm this declining trend. The lowest
number of wildfires occurred in 1992/93, with around 1,000 fires.

The national average number of annual total wildfires reported annually for the
full period was 3,033 (1991/92 to 2006/07)
The national average number of annual wildfires over four-year periods was:

e 1,566 (1991/92 to 1994/95),

e 2,714 (1995/96 to 1998/99),

e 3,563 (1999/2000 to 2002/03),

e 4,289 (2003/04 to 2006/07).

Interestingly, the number of fires over time may be levelling out, as illustrated by
the polynomial trend line in Figure 4, with a marginally higher R? value of 0.85.
The increases also appear to be cyclical, with peak years followed by two or
three years of fewer fires then followed by another peak. However, another few



years of data are required to determine whether the number of fires are in fact
levelling out or not.
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Figure 4. National number of wildfires from 1991/92 to 2006/07.

Number of fires by region

The occurrence of wildfires in New Zealand varies significantly between years
and is not evenly distributed between all regions (Figure 5). However,
proportionally, fire numbers for each region are more consistent from year to year
(Table 3).

The North Island accounted two-thirds (66%) of the total number of wildfires from
1991/92 to 2006/07. Four regions (Waikato 10%, Central North Island 9%,
Eastern North Island 14.1%, Canterbury 18%) accounted for just over half of the
number of wildfires (Figure 6).

Some individual regions accounted for a greater number of fires than others,
such as Canterbury with up to around 1,300 (30% of the annual total) in 2003/04.
The Eastern North Island also had around 700 fires(20%) in 2001/02. Southland
at most had only 270 fires (7%) for 2006/07 (Figure 5 and Table 3). Overall the
proportion of the annual total number of wildfires accounted for by each region
was relatively constant over the study period (Figure 5). More detailed discussion
on the number of fires in individual regions is contained in Appendix C.
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Figure 6. Proportion of total number of wildfires by region from 1991/92 to

2006/07.
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A regression analysis was carried out for each region, and the trend line
equations (Table 4, as well as the regional graphs of number of fires over time (in

Appendix C) were fitted to the data for number of fires, with the general form:

where Y = number of fires,
b = the slope of the line,

X = fire year, and

Y=bXta

a = intercept or the point where the equation line intercepts the y-axis.

Therefore, when considering the national number of fires see (Figure 4), the

slope (b) increases on average at around 230 fires each year, from a starting

point of around 1,050 fires in 1991/92.

Table 4. Trends in regional number of fires and correlation results compared

with the national number of fires (Values in bold are statistically significant).

Trend line comparison for each region for Number of Fires

Significance Value

Region Slope of regression line gzgf?:zitj:\? (region correlateii if
less than 0.05)
Northland y = 17.849x + 47.25 0.772 0.001
Auckland y =-0.4882x + 273.53 0.241 0.368
Waikato y = 8.2397x + 245.78 0.463 0.071
V,\X::gjv';‘t‘l:’ y =19.413x + 88.3 0.896 <0.0001
Central North Island y = 10.054x + 185.58 0.722 0.002
Taranaki y = 13.272x - 28.375 0.826 <0.0001
Eastern North Island y =39.953x + 89.15 0.889 <0.0001
Greater Wellington y = 12.944x + 63.35 0.697 0.003
Nelson/ Marlborough y =11.832x + 30.8 0.812 <0.0001
West Coast y =-2.025x + 80.65 -0.345 0.190
Canterbury y =62.871x + 18.225 0.876 <0.0001
Otago y =20.268x + 12.075 0.880 <0.0001
Southland y = 17.606x - 44.9 0.748 0.001
National y =237.16x + 1036.7
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Correlation analyses were undertaken to compare regional trends in number of
fires over time against the increase in fire numbers found nationally. The
correlation between each region and the national total of number of fires is
shown in Table 4. Regions that significantly correlate with the national trend (P-
values less than 0.05) are highlighted in bold. The sign of the correlation
coefficient shows the direction of the trend, and for each factor the closer to one
(+1) the more positive the correlation, while the closer to minus one (-1) the more
negative the correlation. If the correlation coefficient is close to one and is
significant, then it can be said that there is a significant positive relationship
between that region’s trend and the national trend. If the correlation coefficient is
close to zero then there is very little correlation between the regional and national
trend.

Correlation tests show that all regions except Auckland, the West Coast and, to a
lesser degree Waikato, strongly follow the national trend of increasing fires over
time (Table 4). Auckland’s annual wildfire occurrence has fluctuated from around
30 to almost 600 fires but the trend is generally flat (Figure 7).
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Figure 7. Numbers of wildfires for the Auckland region from 1991/92 to 2006/07.

The West Coast (Figure 8) also differs to the national trend in that the number of
fires reported has declined over time. However, the West Coast’s number of fires
per year is relatively small (average for 1991/92 to 2006/07 is 63 fires per year)
compared to most other regions.
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Figure 8. Annual number of wildfires for the West Coast from 1991/92 to
2006/07.

Number of fires by cause

Accurately determining fire cause can often be difficult and, particularly in the
case of very small fires, may not be worth the resources and cost involved.
However, there still seems to be an unacceptably high number of fires being
attributed to the cause classes of miscellaneous and unknown (Figure 9). From
1991/92 to 2006/07, 47% of the total number of wildfires were assigned to
“‘unspecified” causes, either classed as unknown (13.4% or 6,546 fires) or
miscellaneous (33.1% or 16,162 fires).
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Figure 9. The total proportion of wildfires nationally by fire cause from 1991/92
to 2006/07.

Whilst the number of fires at the national level increased for most causes (Table
5), the proportion of fires for each cause remained roughly constant (Figure 10).
One interesting trend is that over time the relative number of unknown fires
appeared to decrease whilst the relative number of miscellaneous fires increased
(the proportion of miscellaneous fires annually (over time) was significantly
negatively correlated with the proportion of unknown fires: correlation coefficient
=-0.873; P-value <0.0001). Unknown accounted for 15% of the national total
number of fires in 1991/92, around 28% in 1993/94 and less than 10% in 2006/07
(Table 5). Over the same period of time, fires listed as miscellaneous made up
around 27% of the total number of fires in 1991/92, 45% in 2003/04 and nearly
40% in 2006/07. After miscellaneous and unknown causes, land clearing (20%)
and vehicles (17%) were the most significant fire causes nationally.

Key overall trends (Figure 9) were:
¢ Land clearing fires varied considerably in number, from just 275 fires in
1992/93 (27.7%) to 965 fires (20.3%) in 2004/05. This illustrates how the
proportion represented is important. The number of fires appeared to
show a significant increase, but in actual fact the proportion of the national
total this represented decreased.
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The number of vehicle fires varied more than most other causes, from just
78 fires (8%) in 1992/93 to 935 fires (around 20%) in 2004/05. The
average number of vehicle fires for all years was around 504 fires.
Incendiary fires varied from 50 fires (5%) in 1992/93 to 403 fires (12.1%)
in 2000/01 and averaged around 6%.

The proportion of fires from recreational causes had a downward trend
from about 7% (84 fires) in 1991/92 to around 2% (73 fires) in 2006/07.
The number of fires occurring annually from arson, chainsaw, industrial,
lightning, structures, power lines and railways were usually fewer in
comparison to those from other causes.

The number of lightning-caused fires increased significantly, possibly due
to better technology in reporting; the number of arson and incendiary fires
increased over time; fires from chainsaws and smokers decreased over
time and recreational and structure fires increased (Table 5).

The number of fires classed as being caused by smokers remained
relatively small, at less than 50 fires per year for most years. The largest
number of reported smoker fires was 101 in 1997/98.

More detail on fire causes across each region are contained in Appendix
B

More detail on causes for individual regions contained in Appendix C.
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Area burned

At the national level, the total area burned displayed no distinct directional trend,
either for total area burned (Figure 11) or for area by fuel type (Figure 12). The
total area burned fluctuated from 1,813 ha in 1991/92 to a high of 17,698 ha (in
part due to the Alexandra fires) in 1998/99. Linear regression analysis on the
total area burned over time (Figure 11) was not statistically significant (R? =
0.002; F-value = 0.02; P-value = 0.880).

20000 Linear y = 33.393x + 5582.5
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Figure 11. Total area burned for all fuel types from 1991/92 to 2006/07.

The national average annual total area burned for the full period was 5,865 ha
(1991/92 to 2006/07).

The national average annual total area burned for four-year periods was:
o 4,221 ha (1991/92 to 1994/95),
e 8,898 ha (1995/96 to 1998/99),
e 5,455 ha (1999/2000 to 2002/03),
e 4,885 ha (2003/04 to 2006/07).

The annual total area burned was greatly influenced by large individual fire
events or particularly large total areas burned in a single region, such as the
2000/01 when the Marlborough fires (Wither Hills, Ward and others) burned over
6,500 ha. Annual total area burned is also likely to be driven by weather and
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climate, and an analysis of trends in area burned (and fire numbers) with weather
and/or fire danger ratings was beyond the scope of this analysis.

Area Burned by fuel type

Over the study period the proportion of total area burned was not uniform
between fuel types. Grass fuels made up the majority of the total area burned,
followed by scrub fuel and a small proportion was attributed to the forest fuel

type.

Key points were (Figures 12 and 13, and Table 6):

Total grass area burned over the study period (1991/92 to 2006/07) was
50,403 ha (54% of the total area burned); average total grass area burned
was 3,150 ha per year.

The total grass area burned was lowest in 2005/06 with just 573 ha
burned (14% of annual total area burned), and highest in 1998/99 with
nearly 12,000 (66%) ha burned (due to large wildfires near Alexandra in
Otago).

Total scrub area burned was 37,287ha (40%); average total scrub area
burned was 2,330 ha per year.

The total scrub area burned varied annually from just 851ha (47%) in
1991/92 to 5764 ha (33%) in 1998/99. Scrub area burned was 31% in
2004/05 and as much as 78% in 2005/06 of the total national area burned.
Total forest area burned was 6,170 ha (6%); average total forest area
burned was 386 ha per year.

Forest area burned was lowest in 1991/92 with just 119 ha (3%) and
highest in 1997/98 where 1,399 ha (22%) burned. Proportionally, forest
area burned has made up less than 10% for most years.
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Figure 12. Area burned nationally by fuel types from 1991/92 to 2006/07.
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Figure 13. Proportion of total area burned by fuel type for all New Zealand
regions from 1991/92 to 2006/07.
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Area burned by region and fuel type

The total area burned for all regions varied considerably from 1991/92 to 2006/07
(Figure 15 and Table 7).

Key points (Figures 14 and 15, and Table 7) and comparison with results for
number of fires (Figure 6):

Otago accounted for around 42% of the reported total area burned from
1991/92 to 2006/07; but only 6% of the number of fires (see Figure 6).
Otago and Canterbury together accounted for half the area burned.

The South Island regions accounted for 75% of the total area burned but
only 34% of the number of fires.

Nelson/Marlborough accounted for 12% of the total area burned but only
6% of the total number of fires.

Eastern North Island accounted for around 8% of the total area burned but
14% of total the number of fires.

15% of the total area burned occurred in Northland and the Eastern North
Island, and these two regions accounted for most of the North Island total
area burned (60%).

Otago in 1998/99 had just over 14,500 ha burned (83% of the total
national area burned for that year) (see Figure 15). That one year of Otago
returns was more than any other year’s national combined total area
burned.

Otago had the highest average total area burned at 2,400ha, while
Taranaki had the lowest average area burned of just 30 ha per year.
Otago had the highest average annual grass, scrub and total area burned
(Table 8).

Nelson/Marlborough had the highest annual average forest area burned
(Table 8).
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Figure 14. Proportion of the total area burned by region
to 2006/07.

nationally from 1991/92
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Grass area burned

Total grass area burned over the study period (1991/92 to 2006/07) was 50,403
ha (54% of the total area burned); average total grass area burned was 3,150 ha
per year (Figure 13 and Table 8). Otago dominated the total grass area burned
with around 28,300 ha (56%) burned from 1991/92 to 2006/07 (Figure 16). Otago
also had the largest average grass area burned for all regions at 1,781 ha per
year (Table 8). As with the total area burned, the South Island accounted for
much of the grass area burned, about 44,300 ha (or 88% of the total grass area
burned). Nelson/Marlborough (15%) and Canterbury (11%) were the other
dominant South Island regions for grass fires. Eastern North Island was the only
North Island region to feature prominently (5%).

Table 8. Average Annual Area Burned by Fuel Types and Region from 1991/92
to 2006/07.

Fuel Type
Region Grass Area (ha) | Scrub Area (ha) | Forest Area (ha) Total Area (ha)

Northland 53.4 339.5 46.6 439.5
Auckland 20.4 35.1 1.5 57.0
Waikato 225 39.3 24 64.2
WanganuiManawatu 48.8 70.4 11.7 130.9
Central North Island 20.8 86.2 29.1 136.1
Taranaki 5.5 16.1 8.4 30.0
Eastern North Island 171.4 198.5 76.2 446.0
Greater Wellington 27.2 90.4 20.7 136.7
Nelson/Marlborough 491.2 147.6 83.2 722.0
West Coast 32.9 205.9 10.1 248.9
Canterbury 342.6 285.6 40.0 668.2

Otago 1781.0 631.1 47.3 2459.3
Southland 1325 184.8 8.6 325.9

All 3150.2 2330.5 385.6 5824.9
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Figure 16. Proportion of total grass area burned by region from 1991/92 to
2006/07.

Due to the variability in grass area burned from year to year and between
regions, no clear trends were evident (Figure 17). It is important to note that large
fire years again contributed significantly to the total; for example the Blenheim
fires (in Nelson/Marlborough) with over 6,500 ha of grass burned (in just two
major fires) in 2000/01, and the Alexandra fires (in Otago) in 1998/99 with 9,600
ha burned (Figure 17). In comparison to the Otago and Nelson/Marlborough fires,
grass fire losses in other regions were comparatively small (Figure 17, and
Tables 8 and 9).
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Scrub area burned

Total scrub area burned for the study period was 37,287 ha (40% of the total
area burned), and the average annual area burned was 2,330 ha (Figure 13 and
Table 8). In contrast to total grass area burned, Otago was less significant in
terms of the total reported scrub area burned, but was still the dominant region
(Figure 18), with 27% (compared to 55.3% for grass). Other significant areas
were Northland with 15% of the total scrub area burned and Canterbury with
12%, the West Coast with 9% and Southland with 8%. The South Island
accounted for around 60% of the total scrub area burned, with a third of the
remaining 40% recorded in Northland. The Eastern North Island was the only
other North Island region to feature prominently (9%).

O Northland
m Auckland

7.9%

O Waikato

1.5% .
m WanganuiManawatu

0,
7% @ Central North Island

3.0%

O Taranaki
0
2r.1% 3.7% 0O Eastern North Island
0.7% m Greater Wellington

m Nelson/Marlborough
8.5% m West Coast

@ Canterbury

m Otago

@ Southland

8.8%

Figure 18. Proportion of total scrub area burned by region from 1991/92 to
2006/07.

With the exception of 1998/99 (again as a result of the Alexandra fires in Otago),
total scrub area burned annually appeared to be more consistent (less variable)
than area burned for other fuel types, especially grass. On average around
2,000-2,500 ha were burned annually, although this did range between 1,000 ha
and 3,000 ha.
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Other key regional findings for scrub area burned were (Figures 18 and 19, and
Table 10):

Northland had an average total scrub area burned of 339 ha across all
years, with a large area of scrub burned in 1996/97 of 1032 ha (34%).
Northland’s greatest proportion of the national scrub area burned occurred
in 2004/05, with over half (52% or 597 ha).

Auckland’s total scrub area burned has decreased over time.
Comparatively larger areas of scrub were reported burned in the early
1990’s (155 ha (18%) in 1991/92 and 177 ha (7%) in 1993/94). In all other
years less than 50 ha were reported burned, and outside of those years
the proportion of scrub burned was not more than 1.5% of the national
total in any year. However, scrub area burned was higher on average than
other the fuel types for the region.

The Eastern North Island had an average total scrub area burned of
around 200 ha across all years. Two fire years had much higher total
scrub area burned: 1996/97 with 552 ha (18% of the annual total), and
1997/87 with over 600 ha (30%).

Wanganui/Manawatu, Central North Island, Taranaki, Waikato and
Greater Wellington had comparatively small total scrub areas burned.
Nelson/Marlborough averaged 148 ha per year burned.

On the West Coast the average total scrub area burned for all years was
206 ha (around 8% of the total scrub area burned for all years).
Canterbury returned the second highest (South Island) and the third
highest (national) total scrub area burned for all the years combined
(accounting for 13%), with an average of 286 ha per year.

Canterbury’s total scrub area burned peaked at 1531 ha (65%) in 1995/96.
No clear trend was present, although in five of the sixteen fire years
studied Canterbury had a total scrub area burned in excess of 200 ha.
Otago had the highest average total scrub area burned (631 ha). The
Otago total scrub area burned of 4128 ha (72%) in 1998/99 (Alexandra
fires, plus other numerous scrub fires around the region) was higher than
the total area burned for all regions combined for any other year.

For the sixteen years studied, Southland had an average total scrub area
burned of 185 ha. Southland’s largest total scrub area burned occurred in
2005/06 with 1,384 ha (or 44% of that year’s total national scrub area
burned) due to the Awarua wetland fire in Oct 2005.
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Forest area burned

The total reported forest area burned nationally from 1991/92 to 2006/07 was
around 5,900 ha, or 6% of the total reported area burned (see Figure 13). The
average annual total forest area burned for the study period was 370 ha.

The trends in total forest area burned at the regional level were distinct from the
other two main fuel types. Regions that contributed a high relative percentage of
the total grass or scrub area burned generally featured less with respect to total

forest area burned (Figure 20).

Other key findings were (Figures 20, 21 and Table 11):

¢ Nelson/Marlborough accounted for 1330 ha or 22% of the total forest area
burned for all years, with an average of 83 ha burned annually.

e The Eastern North Island was a close second with a total of 1219 ha of
forest burned (20% of the total national forest area burned for all years),
and averaged 76 ha burned per year.

e Canterbury had 639 ha reported burned over the study period (10%), and
had an average annual total forest area burned of around 40 ha.

e Northland reported 12% of the total forest area burned around 746 ha,
averaging 47 ha burned annually.

e Otago accounted for 12% (756 ha) of the total forest area burned, with an
annual average of 47 ha.

e The Central North Island reported 465 ha (8%) of forest burned over the
study period, averaging 29 ha burned per year.

e The largest total forest area burned was in 1997/98, due in part to large
fires in Nelson/Marlborough, Northland, and Greater Wellington.

The total forest area burned figures were highly variable, and these again
appeared to be influenced by large fire events or severe fire years (as was the
case for grass).

Large fire events or years (of greater than 100 ha of forest) occurred in (Figure
21):

Northland in 1997/98, 2002/03, and 2006/07,

Central North Island in 1996/97 and 1997/98 (Welcome Bay and others),
Eastern North Island in 1994/95, 1996/97, 1997/98 and 2004/05,
Greater Wellington in 1997/98,

Nelson/Marlborough in 1997/98, 2000/01 (Blenheim fires) 2004/05 and
2005/06,

Canterbury in 1995/96,

e Otago in 1994/95, 1997/98, and 2006/07.
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Figure 20. Proportion of total forest area burned by region from 1991/92 to

2006/07.
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Area burned by cause

When the national area burned figures were broken down into fire cause classes,
key results were (Figures 22, 23 and Table 12):

e Land clearing was the dominant cause of wildfires, at around 47% (or
44,070 ha) of the total across all years.

e Land clearing also represented the highest annual average area burned at
2,754 ha annually (50% of the total annual average).

e The area burned from fires of unknown cause represented a quarter
(24%) of the total area burned nationally for all years (22,621 ha), and the
annual average was 1,414 ha.

e 1998/99 and 2000/01 were significant years for area burned by unknown
causes (Figure 23), with nearly 7,000 ha in 1998/99 (Fruitlands fires near
Alexandra) and around 6,700 ha in 2000/01 (Wither Hills fire near
Blenheim).

e Miscellaneous causes represented 6,885 ha or 7% of the total.

e Unknown and miscellaneous causes combined represented 31.4% of the
total area burned.

e Total area burned caused by incendiary fires made up 6%, and vehicles
made up 5% for 1991/92 to 2006/07.

e No clear directional trends were found at the national level for causes in
relation to total area burned.

e The significant increase in the number of vegetation fires attributed to
structure fires shown in Table 5 was not reflected for area burned (Table
12); vegetation fires from structures may not have resulted in significant
areas burned, or were under-reported with regards to area burned.

e Arson accounted for relatively little total area burned nationally in any
year, and while an increase in the number of incendiary fires was readily
apparent (Table 5), no such corresponding increase was found in the area
burned by incendiary-caused fires (Table 12).

These results contrasted in many cases with the data on total number of fires by
cause (Figure 9). Nearly half of all fire numbers were classed as unknown or
miscellaneous, whereas one third of the total area burned was accounted for by
the same causes. It also appeared that 20% of all fires from land clearing
accounted for 48% of all area burned. Escaped land clearing fires are more likely
to result in large areas burned and to require rural fire suppression and therefore
are more likely to have their area burned recorded. Land clearing fires also often
result from known permitted burns where the cause is obvious. Incendiary
causes accounted for 6% of the number of fires (Figure 9) and 6% of the area
burned over the period (Figure 22); while vehicles made up 17% (Figure 9) of the
number of fires, they only accounted for 6% of the area burned (Figure 22).
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Proportion of total area burned by cause nationally from 1991/92 to
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Grass area burned by cause

Due to the dominance of the grassland fuels in the total area burned statistics
(54%), the results for national grass area burned by cause (Figure 24) mirrored
those for all fuel types combined. The national total grass area burned from
1991/92 to 2006/07 was 50,402 ha.

Key findings (Figure 24, 25 and Table 13) were:

Over 26,700 ha (53%) of the total grass area burned was due to land
clearing fires; and the average annual total grass area burned from land
clearing was 1,670 ha (60%).

Over 14,000 ha (28%) of total grass area burned was due to unknown
causes, with the average annual total at 885 ha (19%).

Over 1,700 ha (3.5%) of total grass area burned was assigned to
miscellaneous causes, and the annual average was around 100 ha.
Unknown and miscellaneous causes combined made up 32% of the total
grass area burned, and on average 24% annually.

Just under 2,600 ha (5%) of total grass area burned was reported from
vehicle fires; average per year was 160 ha.

Power lines (4%), railways (2%), and incendiary (2%) were the only other
significant causes of fires in grassland fuels.

Interestingly, smokers were not identified as a major cause of grass fires
despite concerns of discarded cigarettes starting fires along roadsides.
For most years the total annual grass area burned ranged between 1,000
ha and 3,000 ha; larger areas were burned in 1993/94, 1998/99, 2000/01
and 2003/04 (Figure 25).

The predominance of land clearing was obvious (Figure 25), however
power lines (in 1998/99, Springvale near Alexandra) and unknown (in
1998/99 Fruitlands, Alexandra and 2000/01 Wither Hills, Blenheim)
causes were also important cause classes due to the contribution of
individual fire events.
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45



o

'20/900¢ O} ¢6/1 661 WOJ) sSosSse|d asned allj >Q >__®CO:®C pauing eale sselb |eljol 'q¢ whsw_n_

u mouyun |
snoaue(eosi) B
sajolya A\ O
saJnjonig O
slayows O
|euoneslosy @
shemjey B
saul| JoMod B
Buuybi m
Buites|o pue O
[elisnpu] @
Aseipusou| @
mesuley) m

uosiy O

06_07

05_06

04_05

03_04

02_03

01_02

00_01

Jea) aiig
o [e2]

o o]
(2] [eo]
[« D

97_98

96_97

95_96

94_95

93_94

92_93

91_92

000¢

000y

0009

0008

0000l

000ct

0oovL

(eH) pauing eary




yA4

‘poLiad Apnjs 8y} JeAo syejo} jeuoiriodoud wouy soyip Aew pue jesh yoes wolj senjea buibeione Aq pajeinojeo aiem sebelone [|elonQ,, Sosned
J[e JoJ Jedf jey} Joj pauinq eale [ejo} 8yj Jo uolpodold e se passaldxs asned yoes 1oj pauing eale [enjoe ayj jussaidal senjea abejusdisd,

1'0SLE G'0CeC | 0°ELS | G°C80C | 8'0€CS | 6'L¥8C | L'LEIL | L'208L | 9'€9S | L'SZLLL | O'6¥6C | 8'€8LE | 0'8C8L | v'¥CSL | SebSy | 9¥8L | 8118 | BY |elol
06l el S'e 99 A 8y €ve 98/ o€l 8°0v 1’8 (A4 029 el 6¢C 6'8 6'GC % TR
0'688 (A4 8'6l 0'€L 97/8€ [V 1'96€ | 6'6C19 L'eL 68811 6',€C 969 6'€ELl | 0'S0C oeel 00. 6'LlCc | BY
€9 e Syl 08 €S L'y 9 0L 08 Sl 1’8 0¢ ve 8¢ 8¢ €8 (94 %
snoaue||aosi
9LLL 6°9L z2’e8 1991 26.¢ 6'€cl 8. €. LGy celLL 2'8€C 196 ¥'29 9°/S 414" 1G9 €6e ey
9y L' €L A €cC L€ (> 14 9. €8 6V Ll S0 €€ 90 0L o8 % SR,
S'09L el L2y L'¥S1 28LL 8'88¢ 867 €8y (UR%74 066 gerl ¥'Ge 1’6 0°0S 08¢ 08 Z26Z | ey ’
L0 00 00 A" 00 00 00 00 1’0 00 00 00 00 00 00 00 00 %
saInnys
9l 00 00 0'se 00 00 00 00 90 00 00 00 00 00 00 00 00 ey
70 00 el 00 00 20 (4 10 1’0 00 A" L0 00 20 1’0 €0 00 %
slayows
¢/ L0 €L (O 9L Sy Vg 2ol 80 'S 99¢ L'l 90 0¢ L'y 9¢C A ey
1'C el 6¢ 80 90 L0 ¥'0 S0 L'l 1’0 8¢ S0 vl e 10 9¢CL 6l %
Jeuonealoay
L'Le 6'6¢ [AA4 LSl L'LE €0¢ 0L 09¢ 6 96l 8Ll oo €9¢ 88y [ G'86 'Sl ey
7'e Ll L8 90 06 A" 90 80 9¢ €0 vl Ll 98 67l 20 Ll A % S
G'6. €9¢ 967 eel 7'89% €ee 26 9'%9 0'0C 1'6€ L'y 8'¢ce 8'9G1 0°2¢c fAVA €8 S'6 ey ’
€l 44 20 10 90 ¥l 10 A 10 0'stL 00 00 00 00 00 00 S0 %
saul| Jamod
76l G'sS 0L o4 00¢ €or oL 'Sl S0 G091 00 00 00 00 00 00 (94 ey
00 00 10 00 00 00 00 00 1’0 00 00 00 00 00 00 00 00 % GG
0] 1’0 ¥0 00 00 00 00 0L 90 00 00 00 00 00 00 00 00 ey ’ ’
8'6G 608 0'vS €€l geL Gg'e9 8'L9 gl 8’29 A% 9'99 8'/8 6'0C 2'8S 6'¢6 129 9'6¥ % Buleso puen
2091 Z'L/8l | 960€ | €92SL | ¥'ev8E | 8'¥08L | G°800L | ¥'096 | 8'€GE | 8068€ | ¥'€E6L | 8'€6.LC | ¥'C8E 0288 | L'lgey | 2925 | ¥'SOv | ey '
L0 1’0 80 L0 20 € 00 10 00 L0 Sy A% 1’0 00 1’0 00 ¥'0 % TSR
g'Le L'l 9y > 2oL 9'99 10 L8 00 ol 6'LEL S'o0L *N4 00 *4 00 0¢ ey ’
[ 9 8'S el oL SL [ [y 0¢ S0 *N4 [ L'c 0¢ 0 80 (1) %
Aleipuaou|
¥'29 96YL £'ee §'9¢ 0°0S ozcle 861 g'e8 89l €29 6. G'l€ 0'6% L9Y 18l 09 128 | ey
00 00 00 00 20 00 00 00 00 00 00 00 €0 00 00 00 00 %
mesuiey)
(O (0] 00 00 soL 00 00 00 00 00 00 00 0§ 00 S0 00 00 ey
A0 10 00 90 00 00 00 00 00 00 00 00 00 00 00 00 9¢C % uosIy
e (4 00 (4 oL LL L0 00 00 oL 00 00 00 00 00 00 Z2le | ey
«~90eIoAY | /0790 | 90 G0 | SO ¥0 | ¥0 €0 | €0 20 | 20 LO | LO 00 | 00 66 | 66 86 86 /6 | /6 96 | 96 G6 | G6 ¥6 | ¥6 €6 | €6 ¢6 | ¢6 L6 asnep
Jeaj all4

*J0/9002 O} Z6/1L661 Wouy asned aliy Aq pauing eale sselb [enuuy €| a|qeL




Scrub area burned by cause

As in the case of the grass area burned, land clearing accounted for the greatest
proportion (42%) the total scrub area burned (Figure 26). Of all the fuel types,
scrub area burned generally showed the least variation over time. With the
exception of 1998/99, the total scrub area burned reported nationally ranged from
just under 1,000 ha per year to just over 3,000 ha per year. In 1998/99, more
than twice the highest previous scrub area burned from miscellaneous causes
was recorded, mostly from fires in Otago (Figure 27). Nine of the sixteen years
had total scrub area burned between 2,000 and 3,000 ha (Figure 27 and Table
14).

Key findings of causes of national total scrub area burned from 1991/92 to
2006/07 were (Figures 26, 27 and Table 14):

e Land clearing accounted for 14,953 ha (around 42%) of total scrub area
burned, and an average annual area burned of 988 ha (43% on average
annually).

e Scrub area burned from unknown causes represented 7,340 ha (around
21%), with an annual average of 446 ha (18%).

e Miscellaneous causes represented 3,533 ha (around 10%), and annual
average of 231 ha (11%).

e Combined miscellaneous and unknown accounted for on average around
30% of all scrub fires.

e Vehicles, railways and incendiary were (again) other significant causes of
scrub fires.

e Total scrub area burned from incendiary fires was 3,555 ha (around 10%
of the total scrub area burned), and the annual average total scrub area
burned from incendiary was 227 ha (annual average was 11%).

e Power lines and recreational (both 3%) were also important causes in
scrub fires.
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Figure 26. Proportion of total scrub area burned nationally by cause from

1991/92 to 2006/07.
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Forest Area Burned by Cause

There were few consistent year-on-year cause trends evident for total forest area
burned. It is possible that many single events, or years that have one cause
dominant, were more influential than any underlying relationships. 1997/98 was
an exceptional year for forest losses, with nearly 1,400 ha burned primarily as a
result of fires caused by unknown (as well as miscellaneous, vehicle and
incendiary) causes.

Key points from the total forest area burned by cause from 1991/92 to 2006/07
were (Figures 28 and 29 and Table 15):

Land clearing accounted for 1,545 ha (25% of the national total), with an
annual average of 97 ha, either as a result of escapes from forestry
burnoffs or land clearing activities on lands adjacent to (or outside of)
forest areas.

Miscellaneous causes were attributed to 1,414 ha (23% of the total), with
an annual average of 88 ha.

Unknown causes also accounted for around 1,000 ha (16%) of the total
forest area burned, with an annual average around 62 ha.

Combined ‘unspecified’ causes of forest area burned were around 2,400
ha (around 40%) for miscellaneous and unknown, with an annual average
of 150 ha.

Incendiary causes accounted for over 800 ha (13%) of the total forest area
burned, with an annual average of 52 ha.

In relation to the other fuel types, chainsaws were a more important cause
in terms of forest area burned (6%); nearly half (48%) of the total forest
area burned for 2004/05 was from chainsaw-caused fires.

In comparison, industrial fires caused by forestry activities (harvesting etc)
were not significant. This may have been due to fires from forestry
vehicles, smoking, and chainsaws being recorded separately, or due to
improved mitigation of these fire causes in forests.

Other less significant causes of forest area burned were: vehicles (6%);
smokers (4%); and railways (3%).

Finally, although often perceived to be significant causes of forest fires,
recreational use of forests accounted for just 2%, arson accounted 1%,
and power lines less than 1% of the total forest area burned.
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Figure 28. Proportion of total forest area burned nationally by fire cause classes
from 1991/92 to 2006/07.
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DISCUSSION AND CONCLUSIONS
Key findings

New Zealand experienced an average of 3,033 wildfires and 5,865 ha burned
annually from 1991/92 to 2006/07. The total area burned over this period
comprised of 54% grass fuels, 40% scrub fuels and 6% forest fuels. The
number of wildfires increased from around 1,000 (in the early 1990’s) to over
4,000 fires (2006/07). The increase in wildfire occurrence observed nationally
was mirrored in most regions. Unknown and miscellaneous causes accounted
for almost half (46%) of the total number of fires. Other main causes of
wildfires were land clearing (20%), vehicles (16%), and incendiary (6%). No
clear trend over time was observed in the area burned. Area burned was
dominated by land clearing (47%). Unknown (24%), miscellaneous (7%) and
incendiary (6%) were other major causes contributing to the total area burned.
Natural causes (lightning) made up 0.1% of wildfires and area burned. Otago
accounted for 6% of wildfires and 42% of the total area burned nationally. The
South Island accounted for 75% of the total area burned and 34% of the
number of fires. Northland and the Eastern North Island accounted for 60% of
the total area burned in the North Island.

Cause classes

There was considerable variation in fire causes within and between years in
the Annual Returns database. An example was one RFA’s return for the year
which listed a number of causes that did not appear to be related to wildfires:
pumping flooded properties, aircraft, rescue, animal rescue, and landslip.
Whilst some of these causes may in fact be related to wildfires, it is difficult to
tell. It is possible that some (or all) these classes originated from the NZ Fire
Service Fire Station Management System (SMS), and were incorrectly
assigned as wildfires or vegetation fires. Over time the high number of fires
previously attributed to railways caused by steam trains have been replaced
by vehicle fires, including the current trend of “torching” stolen cars.

The lack of consistency in assigning cause classes between years made
meaningful long-term analysis difficult. There are a number of possible
approaches that can be taken to collect more reliable data on fire cause. The
first would be a diffuse system where no cause categories are stipulated, and
where rural fire officers describe the fire cause as what they deemed
appropriate and correct. The data would then later be grouped according to
the needs of the analyst. This approach might yield data on new emerging
causes of fires. Obviously a disadvantage to this approach would be that
contradictory, confusing, and erroneous fire causes might be used which
would reduce the overall data usefulness. The time and effort to later group
causes could also be significant. The second approach would be a system
based on clearly-defined categories. However, these categories might
become restrictive in their interpretive use, and this approach may result in
fires being tallied in a cause class that may not accurately describe the actual
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cause. A good example of this is the presence of ‘Careless — Smokers,
Chainsaws etc’ as a single class in many returns. In the same years, other
RFAs appeared to record smoker and chainsaw fires separately. Another
approach worth considering might be to have well-defined classes listed, with
the option to record a fire as “other” and then specify the cause. This might
enable better interpretation of new and emerging causes, within a clearly-
defined cause framework. This system might also allow for better integration
of the information from individual authorities that may capture more diverse
causes of wildfires. Another option could be to not allow fires to be assigned
to miscellaneous or unknown cause classes. This would have the advantage
of forcing the user to determine cause, but the disadvantage could be that
fires are assigned incorrectly (if the cause really is unknown).

Opperman (2005) suggested that a hierarchical cause category system
designed for vegetation fires is needed, preferably with separate fire cause
fields for the ignition mechanism and responsible party. It was suggested that
the categories used by the US wildfire agencies could be used as a basis for
developing an appropriate New Zealand equivalent and that such a system
would ‘allow data to be collapsed into (a) few recognizable categories for
regional or national summaries, but also allows area managers to know
exactly how to target local fire prevention and mitigation activities.’

Number of Fires

The primary reasons for the four-fold increase in the number of fires over the
16-year period are likely to be due to better reporting of wildfires by the public
through the use of the 111 system, and better reporting by RFAs to the
National Rural Fire Authority. It is impossible to tell what part of the increase
was due to an actual increase in the number of fires, but this is likely to be
significantly less than the increase due to improved reporting.

In addition to the increase in number of fires from better reporting of wildfires,
the apparent cyclical nature of the increase (peaking and falling over the
period but showing a general increasing trend) suggests that other factors
may be influencing fire occurrence. The most obvious of these are climatic.
Fire severity varies from year to year in different parts of the country as a
result of normal climatic variability, ENSO (EI Nifio Southern Oscillation), and
long-term climate patterns (Pearce 2003, 2007). An investigation of climatic
influences in fire occurrence and severity was beyond the scope of this study.

Most regions followed the positive increasing trend seen in the national
number of fires. Auckland, the West Coast and Waikato differed to the
national trend. The annual number of fires in Auckland (over the study period)
was highly variable and did not show any trend, and the number and
proportion attributed to different causes varied. In contrast, the West Coast’s
annual number of fires decreased overall. In most years, the bulk of fires were
attributed to unknown and miscellaneous causes. Waikato’s annual number of
fires increased slightly over time but was highly variable, mostly driven by
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changes in the number of fires in the miscellaneous, unknown, and vehicle
cause classes.

The proportion of the total number of fires (nationally) attributed to unknown
causes decreased (possibly due to improved training in, and investigation of,
fire causes), whilst the proportion assigned to miscellaneous causes
increased. These two trends may be unrelated, or it could be possible that
fires are being assigned to miscellaneous causes in place of assigning fires to
unknown causes.

Area Burned

The trend of increasing numbers of fires over time was for the most part not
mirrored in the area burned. Nationally there seemed to be no clear year-on-
year trend in area burned. The total area burned varied considerably, both
within regions and nationally. It could be that the data reflected the true total
area burned, and that regardless of the number of fires by cause per year,
roughly the same area burned. However, this is extremely unlikely, since it
became clear whilst compiling the data for this analysis that frequently the
number of fires was recorded with no corresponding area burned for any fuel
type. The largest example was one region that had over 500 fires attributed to
miscellaneous causes in a single year, but with a total of only 20 ha recorded
burned. It may be that some RFAs only record large areas burned, or that
area burned is being recorded only when the cause of a fire is clear.

Large fire events often had a major influence on the results in relation to area
burned. For example, in Nelson/Marlborough in 2000/01 over 6,000 ha of
(mostly) grass burned and was attributed to unknown causes. In all other fire
years the total area burned for Nelson/Marlborough did not exceed 1,000 ha,
therefore the area burned for this fire year made up a large proportion of the
average total area burned. The Fruitlands fire near Alexandra in 1998/99,
which burned 5,600 ha of mostly grasslands, was also attributed to an
unknown cause. These incidents dramatically inflated the significance of
unknown as a cause in these regions. Similarly, the Springvale fire near
Alexandra in 1998/99 burned a further 2,600 ha of grasslands but, in this
case, was attributed to power lines (being brought down in strong winds). This
single fire event also inflates the importance of power lines as a contributor to
area burned, both nationally and for the Otago region.

Forest area burned differed from other fuel types. While significant proportions
of the grass and scrub area burned occurred in Otago, forest area burned
varied greatly across regions. Nelson/Marlborough and the Eastern North
Island accounted for around 40% of the total forest area burned. This was
probably due to a combination of more severe fire climates and larger areas of
commercial forest being located in these regions. The total forest area burned
differed in that chainsaws and incendiary causes accounted for a greater
proportion of the area burned in forest than in other fuel types. A greater
proportion of area burned in forests was also attributed to industrial (i.e.
forestry operations) compared to grass and scrub. In addition, vehicle causes
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accounted for less forest area burned than grass or scrub area burned. At the
regional level, the total annual forest area burned was relatively low, and was
mostly influenced by single fire events in most regions. Moreover, the national
total forest area burned made up only a small proportion of the total area
burned for all fuel types combined.

Number of fires and area burned

When considering options for mitigating wildfire risk it is important to consider
both the area burned and the number of fires. For example, Otago accounted
for around 40% of the total area burned but only 6% of the total number of
fires; Canterbury accounted for 18% of the total number of fires and 12% of
the total area burned; and Auckland accounted for 9% of the total number of
fires but just 1% of the area burned. A large number of small “nuisance fires”
(e.g. vehicle torching) over time can potentially cost as much in time and
resources as larger fires. Reducing both the number of fires and area burned
is important. This study did not include any discussion of suppression costs
(and damages) since these were not included in the Annual Returns, and was
beyond the scope of this study. Analysis of suppression costs using other
sources such as RFFF claims could be conducted (e.g. Bayley 2006).

Land clearing was the most dominant known cause for the total number of
fires (20%), total area burned (47%), total grass area burned (53%), total
scrub area burned (42%), and total forest area burned (25%). However, large
proportions (more than 20% of both area burned and number of fires) were
attributed to unknown and miscellaneous causes, meaning that other more
important causes were not captured, or that the true extent of the importance
of other known causes were underestimated. Unknown causes accounted for
13% of the total number of fires, 24% of the total area burned, 28% of the total
grass area burned, 21% of the total scrub area burned, and 16% of the total
forest area burned. Miscellaneous causes accounted for 33% of the total
number of fires, 7% of the total area burned, 3.5% of the total grass area
burned, 10% of the total scrub area burned, and 23% of the total forest area
burned. The combined ‘unspecified’ (unknown and miscellaneous) causes
represented 46% of the total number of fires, 31% of the total area burned,
31% of the total grass area burned, 31% of the total scrub area burned, and
around 40% of the total forest area burned.

Lightning accounted for only 0.1% of the total number of fires (34 fires) and
0.1% of the total area burned (91 ha) over the entire study period (1991-
2007). This indicates that the overwhelming maijority of fires in New Zealand
are human-caused and can therefore arguably be largely mitigated.

It is apparent that there needs to be investigation into the relationships
between weather and/or fire danger and fire occurrence. The number of fires
and area burned were highly variable, but are likely to be influenced by factors
such as weather and fire season severity (Harrington et al. 1983, Flannigan
and Harrington 1988). With better quality data, it may also be possible to look
at fire occurrence and severity in relation to future climate change (Flannigan
2005). It may also be possible to utilise relationships identified between

59



present climate or fire danger and area burned or number of fires to
investigate fire activity under future climate change (Flannigan et al. 2005,
Pearce et al. 2005).

RECOMMENDATIONS AND FUTURE WORK

e Review the cause classes listed in the NRFA Annual Returns to obtain
a more realistic assessment of the causes of wildfires in New Zealand,
to ensure that as many causes of wildfires as possible are reported and
that these causes are consistent from year to year.

e Improved training and operational procedures to reduce the proportion
of fires and area burned being classed as miscellaneous and unknown.
This would provide for more meaningful conclusions to be drawn from
the NRFA Annual Returns in the future.

¢ In applying results from this study to management practices, it is
important to consider both number of fires and area burned, since they
both display different results and can require different mitigation
strategies.

e Targeted approaches to fire prevention in regions showing high areas
burned from particular causes could reduce the incidence and
consequences of wildfires in those regions.

e Human causes in New Zealand are responsible for the overwhelming
majority of fires, but weather and climate may have a greater influence
on the severity of fires. Research into the effects of weather and
climate on regional and national fire occurrence is required.

e Analysis of the NRFA Annual Returns by fire authority type was not
conducted here, but since different types of fire authorities can in some
areas be responsible for different vegetation types, this analysis may
be useful. However, this may be more difficult because of the decrease
in the number of territorial authorities, the disestablishment of many
forestry-based RFDs, and increases in the area of the DOC estate.

e The need for a consistent national approach to data collection at all
levels is required. Standardised cause classes, consistency in
reporting, and quality control would greatly increase our understanding
of the causes, occurrence, and impact of wildfires in New Zealand.
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APPENDICES

Appendix A - Copy of National Rural Fire Authority Annual
Fire Return Statistics Form (1 May 2006 to 30 April 2007)

ANNUAL FIRE RETURN STATISTICS

FOR THE PERIOD:

1 May 2006 to 30 April 2007

Name of Fire Authority:

Principal Rural Fire
Officer:

Deputy Principal Rural
Fire Officer:

Cause of Fire

No.
of
Fires

Area of Ground Cover Burnt

Grass
(Ha)

Scrub
(Ha)

Forest
(Ha)

Total (Ha)

Road Traffic

Tractors and motor
vehicles

Railways

Hunters (camp or billy
fires, etc.)

Picnics

Smokers

Land Clearing

Incendiary

Industrial (sawmill,
logging, etc.)

Chainsaws

Miscellaneous

Unknown

Total

Signature (for Fire Authority)

Date

62




€9

%80 %62k

%891

puejyinos @

ofelo m

Ainqueyuen @

1se00 Jsom B
ybnologepy/uosieN B
uojbuljop Jejeals m
PUElS| YLoN ulelseg O %67
peuese] O

PUEIS| YHON [eausD @
nje meugpyinuebuepy @
oexEem O

puepony @

PuejyLIoN O

%L'9

%6°€

%YL

£0/900C
0} 26/166) WOy pasne) |esnpu| saild Jo JaquinN abesary Jo uonnquisiq [euoibay 'v°| ainbly

%8€L

%90

%86

aads

puejyinos @

obejo m

Kinqieyuen @

1seo) jsep\\ B
yBnoJog|iep/uosieN B
uojbulopm Jojesio @
PpuUB|S| Y)ION uJe)seq O
deuesel O

PUE|S] YLON [eus) B
nje meugpinuebuepy @
oiem O

puepony @

PUEJYLION O

%S L

%6
%8'€

%0°LL

£0/9002 0}
26/1661 Woy pasnen A1eipusau] sail- Jo 1equinN abeisny Jo uoinguisig [euoiBay g'| ainbiy

e
%S LL %eo

puejynos @

obeio @

Aingieued @

1seo) }sep\ B
yBnouoq|sep/uosieN @ %9'02
uojbuijapy Jejeal m
Puels| UoN uisjse3 O
beuesel O

PUE|S| YION [enus) @
nje meugpjinuebues, B
oeyem 0

puepony @

puejyioN O

%LTh

e
%56 %9l

£0/9002 0}
Z6/1661 WOY PASNED MESUIBYD Sall 40 JaqUINN 9Beiany Jo uolnqulsiq feuoibay “z'| ainbiy

%0¥C

pueyinos @

obejo m

Ainqieyuep @

seo) jsep @
yBno.og|iepy/uosieN B
uoyjBuijapn Jejeas @
puE|S| UHON usslseq O
peuesel O

PUES| Y1oN [eus) @
nje meuejyinuebuep, |
oexem 0

puepiony @

puejyuoN O

%EL

%60

%82C

%S LY

WEL g 488

10/9002
0} Z6/L661. LUOY PASNED UOSIY Sall4 40 JAGUINN dBeiany Jo uonnqulsid |euoibay "} ainbiy

20/900Z O} Z6/L66L woly asned Aq sadiy jo soquinu abelaAe Jo uonnqLijsip jeuoibay - g xipuaddy




¥9

%Ly

%09

puejyinos 0

ofelo m

Ainqusyued @

1se0D 1S9\ B
ybnouogiep/uosjeN @
uojbulop J01e81 B
puels| YHoN uselses O
beuesel O

PUEIS| UION [BUSD B
nje meuejyinuebuep) m
ojexem 0

puepony @

PUE|YLION O

%L LL

%ES o6 6T %y

10/9002
0} 26/1661 Woy pasne) sAkemjiey saii4 jo JoquinN abelaay Jo uonnguisiq [euoibey 'g°| ainbi4

%00 %1Th

%C 9k

puejyinos 0
ofelo m
Kinqueyued @
1sB00 1S9\ B
ybnouogiep/uosjeN @
uojbulep Jo1eaI B
puels| YHoN uselses O
Meuese] O %0C %Y 0F

puels| YpION (eSO B %00
nje meuejyinuebuep, m
ojexem 0
puepony @
PUE|YLION O

£0/9002 0}
26/1661 WOl pasne) SaUIIdMOd salld Jo JaquinN abeiany Jo uonnquisiq [euoibey /| ainbi4

%TSL

puejyinos 0

ofejo m

Ainqueyued @

jseo) issm m
ybnouoqieN/UOS|ON B
uojBuljep Jejeald m
PUEIS| YJON utejse3 O
peuese] O

PUEIS] YlION [BAUSD O
nje meugpinuebue B
opeMm O

puepjony m

puejyuoN O

%C'8L

%CSh

%0°€

£0/900C
01 Z6/1L661 Wou pasne) Bulupybi saui4 jo JaquinN abeiany Jo uonnguisiq [euoibey 9'| ainbi4

%¥'SL

puejyinos 0

ofejo m

Aingieyuen @

iseo) 1sey\ @
y6noJoq|iep/uosieN @
uojBuljapn Jejesio @
puEls| YLON uleises O
peuese] O

PUElS| UJON [ejuSD B
nje meugp\inuebuep\ m
oiem O

puepony @

PUE|YLION O

%L

%06

%C 61

%S°L

w6 %g'E

£0/9002 03 26/1661
woy pasne) Buues|o pue saii4 Jo JaquinN abeiany Jo uoinquysiq [euoibay ‘g'| aunbig




g9

puejynos 0

ofejo m

Ainquaiued @

1sB00 1S9\ B
ybno.ogiep/uosjeN @
uojBuliep Jeresi @
pue|s| YlON use}se3 O
peuese] O

PUEIS| Y}ON [e4USD O
nje meuep\inuebuep\ m
oeyem O

puepony @

pue|yloN O

%S6

%81

%LCL

%E 6L

%LvL

%0°'S

%Yy %TE

£0/9002

0}26/1661 WOy Pasne) 3IIYaA sail jo JaquinN abessny jo uonnquysia [euoibay 'zL'| ainbi

puejyinos @

obejo m

Aingieued @

15800 1S9 B
ybnoiogpepuosjeN @
uojbuljop) Jejeaio |
puels| UoN uieise3 O
peuesel O

PUEIS| UHON [e23u2) @
nje meuepinuebuepy |
oeem O

puepony @

PuejyoN O

Z6/1L661 WOy pasne) sainjdonag sali4 Jo JaquinN mmmum>< JO uonnquisi

%0

%C9

%L'€

) %0'SE
%9°04

%S 'L

£0/9002 0}
leuoibay 11"} ainbi4

puejyinos 0

obejo m

Aingisjued @

15800 1S9\ B
ybno.ogjiep/uosjeN @
uojBuliop Jejesso |
PUEIS| UHON uselsed O
peuelel O

Ppue|s| yyoN [esue) @
nje meuepinuebues\ m
oexem O

puepony @

pue|yloN O

%0°€L

%L

. %9'81
%ET

%891

%S'€L

%00 %8G

£0/9002

0} 26/1661 Wolj pasne) Jajows sall Jo JaquinN abelany Jo uonnquisiq [euoibay 0L "} ainbi4

puejyinos @
ofejo m

Ainqisjued @

1se00 }SOM W
ybno.ogliep/uosjeN @
uojBulie Jejesio @
pue|s| YJoN useyse3 O
peuese] O

PUE|S| YoN [eus) O
nje meuey\inuebue\\ m

RETI -]
puepjony @
puElUlON O

%8k

%ETL

%¥'SL
%S0k

%EY

%S'8

%1°0L

%sL %o
%07 %CE€

£0/9002 03 26/1661

woy pasne) |BUOREIIIBY Salld Jo JaquinN abesany Jo uonnqulsiq [euoibay ‘6L ainbiy




99

puejyinos @

ofelo m

Aingieued @

jseo) iss\ @
yBnoJoglugp/uosieN @
uojburjapy Jejeal m
Pue|s| YLIoN uisises O
peuere] O

PUE|S| YION [BUS) B
nje meueyinuebuesy |
oyiem o

puepony @

puejyioN O

weg W ue

%CT

%8S
%9°GL

%0°LL

g %Ly
%00k %g'e o

£0/9002 03 ¢6/1661

woJy passe|] asne) umounun sali4 Jo JaquinN abesany Jo uonnquisiq [euolbay 1| 2inbiy

pueynos @

obejpo m

Ainqueuen @

jseco jso @
ybnouoq|ep/uosieN B
uojbulisp Jeresio B
puUElS| LHON uislsed O
peuese] O

PUEIS| YpIoN [esus) B
nje meuepyinuebue\, @
oexem 0

puepiony @

puElyHON O

%T 8L

%L'8
%€
%L
%6°L
%ELT
%88

%Y %0T %S

£0/9002 03 ¢6/1661

woy pasne) snNoaue||@dsI sall4 Jo JaquinN abesany Jo uonnquisiq [euolbay gl "| ainblg




Appendix C - Regional reports

C1.
C2.
C3.
C4.
C5.
C6.
C7.
C8.
Co.

Northland Region Fire Returns Report

Auckland Region Fire Returns Report

Waikato Region Fire Returns Report
Wanganui/Manawatu Region Fire Returns Report
Central North Island Region Fire Returns Report
Taranaki Region Fire Returns Report

Eastern North Island Region Fire Returns Report
Greater Wellington Region Fire Returns Report

Nelson/Marlborough Region Fire Returns Report

C10. West Coast Region Fire Returns Report

C11. Canterbury Region Fire Returns Report

C12. Otago Region Fire Returns Report

C13. Southland Region Fire Returns Report
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Appendix C1 Northland Region Fire Returns 1991/92 to 2006/07

Number of fires (Figure N1):

From 1991/92 to 2006/07, Northland had on average 200 wildfires per
year or around 7% of the total national number of fires.

Northland has experienced between 62 (6% of the national) fires in
1991/92 and 385 fires (10% of the national) in 2006/07.

The total number of fires for Northland over the study period significantly
increased over time. (Linear regression: R? = 0.63; F-value = 23.85; P-
value = <0.001). The trend in Northland’s total number of fires over time
was also significantly correlated with the overall national trend (correlation
coefficient = 0.77; P-value = <0.001).

Area burned (Figure N2):

The average per year total area burned for Northland was 440 ha (around
8% of the national).

Total area burned varied considerably from just 41 ha (0.5% of national) in
2003/04 to around 1,070 ha (15% of national) in 1996/97.

The total area burned for Northland shows no statistically significant clear

directional trend over time (Regression R? = 0.04; F-value = 0.59; P-value
= 0.45). However average total area burned over time shows a decrease,

although not significant and highly variable.

Number of fires by cause (Figure N3 and N4):

On average around 28% (average 55 fires annually) of the Northland fires
were attributed to land clearing.

Around 23% were classed as miscellaneous (average of 45 fires annually)
and 21% to unknown (average of 41 fires annually); combined these
‘unspecified’ cause fires were 44%.

Around 11% of fires, on average, were attributed to vehicles.

Fires from miscellaneous, unknown and vehicle causes feature almost
every year, whereas incendiary and structure fires feature highly only in
some years (incendiary in 2000/01 and 2006/07, structures in 2002/03).

Area burned by fuel type (Figures N5 and N6):

Around 77% of Northland’s total area burned over the study period was
scrub. Northland average per year scrub area burned was around 340 ha
(15% of national).

Around 12% of Northland’s total area burned was grass; average per year
grass area burned was around 53 ha (2% of national).

Around 8% of Northland’s total area burned was forest; average per year
forest area burned was 47 ha (12% of national).

A large area of scrub was burned in 1996/97 of 1,070 ha (34% of national).
Northland’s greatest proportion of the national scrub area burned occurred
in 2004/05 with over half (52%) or 597 ha.

In terms of number of fires 1997/98, 2000/01, 2002/03 and 2004/05 were
significant fire years. However, fire year with greatest number of fires
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(2006/07) is not reflected in area burned. Greatest losses were recorded in
1996/97, followed by 1993/94 and 2004/05.

Area burned by cause (Figures N7 and N8):

Land clearing accounted for 25% of the total reported area burned
(average annually 110 ha) and vehicle fires accounted for around 11% of
the total area burned (average annually 48 ha). Most of the area burned
from vehicle fires occurred in three fire years (1995/96, 1997/98 and
2004/05).

The total area burned classed as unknown was around 31% (average
annually 135 ha); miscellaneous around 13% (average annually 56 ha);
combined 45% of total area burned was unknown or miscellaneous.

In contrast, incendiary fires make up 8% of the number of fires but 16% of
the total area burned.

Area burned by cause and fuel type (Figures N9, N10, N11, N12, N13, and

N14):

Area burned by cause for the three main fuel types varies considerably for
Northland and emphasizes the importance of individual years on particular cause
classes.

Land clearing accounted for on average 40% of the total grass area
burned (annual average 21 ha). Large grassland areas were burned
through land clearing of around 180 ha in 1993/94.

Unknown classed fires on average made up around 35% of the total grass
area burned (per year average of around 19 ha).

Total average scrub area burned for Northland from miscellaneous and
unknown causes made up around the same percentage as total grass
area burned.

Incendiary, however, on average accounted for 15% of the total annual
scrub area burned. No clear year-on-year trends for other causes were
obvious.

Most of the Northland scrub area burned was classed as miscellaneous in
2002/03, while most was due to land clearing in 1992/93, and most as
incendiary in 1993/94.

Average Northland forest area burned shows no consistent cause trends.
It was dominated by a large relative area burned in 1997/98 (over 200 ha)
classed as vehicles; over 200 ha was burned in 2002/03 in the Aupouri fire;
and over 100ha was classed as unknown in 2006/07.
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Figure N1. Northland total number of fires from 1991/92 to 2006/07.
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Figure N2. Northland total area burned from 1991/92 to 2006/07.
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Figure N3. Northland average annual total number of fires by cause from 1991/92
to 2006/07.
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Figure N4. Northland number of fires by cause from 1991/92 to 2006/07.
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Figure N5. Northland total area burned by fuel type from 1991/92 to 2006/07.
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Figure N6. Northland total annual area burned by fuel type from 1991/92 to
2006/07.
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Figure N7. Northland total area burned by cause from 1991/92 to 2006/07.
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Figure N8. Northland total annual area burned by cause from 1991/92 to 2006/07.

APP. C1-6



34.6%

|

1.3%

0.9%

0 Arson

B Chainsaw

O Incendiary

B Industrial

O Land clearing
m Lightning

| Power Lines
B Railw ays

O Recreational
0O Smokers

O Structures

O Vehicles

B Miscellaneous
@ Unknow n

40.1%

Figure N9. Northland average total annual grass area burned by cause from

1991/92 to 2006/07.
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Figure N10. Northland total annual grass area burned by cause from 1991/92 to

2006/07.
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Figure N11. Northland average total scrub area burned by cause from 1991/92 to

2006/07.
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Figure N12. Northland total annual scrub area burned by cause from 1991/92 to

2006/07.
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Figure N13. Northland average total forest area burned by cause from 1991/92 to
2006/07.
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Figure N14. Northland annual total forest area burned by cause from 1991/92 to
2006/07.
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Appendix C2 Auckland Region Fire Returns 1991/92 to 2006/07

Number of Fires (Figure A1):

e From 1991/92 to 2006/07, Auckland had on average about 270 fires
annually or around 9% of the total national number of fires.

e Auckland varied from 30 (3% of the national) fires in 1992/93 to 572 (26%
of the national) in 1993/94.

e The total number of fires for Auckland varied greatly (R?>= 0.0002) but did
not display a clear statistically significant directional trend (linear
regression: F-value = 0.01; P-value = 0.93). In addition, Auckland total
number of fires does not significantly correlate with the national increasing
trend (Same slope as above; correlation coefficient = 0.241; P-value
=0.368).

Area Burned (Figure A2):

e The average annual total area burned for Auckland was 57 ha (around 1%
of the national).

e Total annual area burned over time varied considerably from around 14 ha
(0.3% of national) in 1995/96 to around 280 ha (4% of national) in 1993/94
(Figure A2).

e The total area burned for Auckland showed a statistically significant
decreasing trend over time (linear regression: R? = 0.29; F-value = 5.89;
P-value = 0.03).

Number of Fires by Cause (Figures A3 and A4):

e On average around 27% (average 74 annually) of the Auckland fires were
attributed to vehicles.

e Around 31% (average 82 annually) were classed as miscellaneous; 12%
unknown (average of 33 fires annually); combined these ‘unspecified’
cause fires were 45%.

e Around 14% of fires (average of 37 fires annually) were classed as land
clearing.

e Around 7% (average of just 19 annually) of Auckland’s fires were
attributed to incendiary.

e Fires from unknown, miscellaneous and vehicle causes made up the bulk
of the reported total number of fires for most years studied for Auckland.

Area Burned by Fuel type (Figures A5 and A6):

e Around 62% of Auckland’s total area burned over the study period was
scrub. Average annual total scrub area burned was around 35 ha (2% of
national).

e Around 30% of Auckland’s total area burned was classed as grass;
average annual grass area burned was 21 ha (1% of national).

e Around 3% of Auckland’s total area burned was forest; average annual
forest area burned was 2 ha (1% of national).

e Compared with other regions Auckland’s area burned is relatively small,
total area burned from 1991/92 to 2006/07 never exceeded 300 ha. The
largest annual area burned occurred in 1993/94 and 2002/03.
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Area Burned by Cause (Figures A7 and A8):

Incendiary accounted for around 16% of the Auckland total area burned
(annual average of just 9 ha).

Land clearing accounted for around 39% of the Auckland total area
burned (annual average of 22 ha).

The total area burned classed as miscellaneous was around 25% (annual
average of 14 ha); area burned classed as unknown made up around 11%
(annual average of just 6 ha).

Area Burned by Cause and Fuel type (Figures A9, A10, A11, A12, A13, and

A14):

Land clearing accounted for just under 50% of the average grass area
burned (annual average 10 ha).

Unknown and miscellaneous each accounted for around 17% (annual
average just 3 ha) of grass area burned.

The largest grass area burned for a single cause was 90 ha attributed to
land clearing in 1993/94. Compared to other regions, Auckland'’s total
annual grass area burned is low (less than 200 ha).

Land clearing accounted for around 34% of average scrub area burned
from 1991/92 to 2006/07 (average annual just 12 ha).

Incendiary accounted for about 20% of the average scrub area burned
(annual average of 8 ha).

Miscellaneous accounted for 29% (annual average 10 ha); unknown
accounted for around 8% of the average total scrub area burned 1991/92
to 2006/07 (annual average just 3 ha).

The largest total scrub areas burned for single causes occurred in 1991/92
(miscellaneous 100 ha), 1993/94 (land clearing 74 ha incendiary 68 ha).
The annual forest area burned was less than 10 ha. Very little meaningful
conclusions with relation to cause can be draw from an area burned so
low.
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Figure A1. Auckland total annual number of fires from 1991/92 to 2006/07.
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Figure A2. Auckland total annual area burned from 1991/92 to 2006/07.
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Figure A3. Auckland total number of fires by cause from 1991/92 to 2006/07.
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Figure A4. Auckland total number of fires by cause from 1991/92 to 2006/07.
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Figure A6. Auckland total area burned by fuel type from 1991/92 to 2006/07.
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Figure A7. Auckland total area burned by cause from 1991/92 to 2006/07.
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Figure A9. Auckland average total grass area burned by cause from 1991/92 to
2006/07.
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Figure A10. Auckland total grass area burned by cause from 1991/92 to 2006/07.
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Figure A11. Auckland average total scrub area burned by cause from 1991/92 to
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Figure A12. Auckland total scrub area burned by cause from 1991/92 to 2006/07.
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Figure A13. Auckland average total forest area burned by cause from 1991/92 to
2006/07.

6
] O Arson
5
| Chainsaw
- O Incendiary
@ Industrial
4 i

O Land clearing
— B Lightning

@ Pow er Lines
B Railw ays

Area Burned (ha)
w
[

O Recreational

2 O Smokers

O Structures

0O Vehicles

B Miscellaneous

. il [iE lns ™

© (e} © [(e} © [(e} © © © o o o o o o o

N ) D PO D T b e G N I A S S b

© [(e] © © © (e} [(] [(] o o o o o o o o

N w > [§;] () ~ oo © o - N w B (&)} [} ~
Fire Year

Figure A14. Auckland total forest area burned by cause from 1991/92 to 2006/07.
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Appendix C3 Waikato Region Fire Returns 1991/92 to 2006/07

Number of Fires (Figure W1):

From 1991/92 to 2006/07 Waikato had on average 316 wildfires annually
or around 10% of the total national annual number of fires.

The number of wildfires in Waikato varied between 93 fires (9% of national)
in 1992/93 and 537 fires (22% of national) in 1994/95.

The total number of fires for Waikato did not significantly increase or
decrease over time (Linear regression: R*= 0.091; F-value = 1.4; P-value

= 0.256). Waikato’s number of fires did not significantly correlate with the
increasing trend over time seen nationally as a whole (correlation
coefficient = 0.463; P-value = 0.071).

Area Burned (Figure W2):

The average annual total area burned for Waikato (1991/92 to 2006/07)
was 64 ha (around 1% of the national).

Total area burned varied from just 13 ha (0.2% of national) in 2003/04 to
178 ha (4% of national) in 2005/06.

The total area burned for Waikato shows no statistically significant trend
(linear regression: R? = 0.0979; F-value = 1.52; P-value = 0.238).

Number of Fires by Cause (Figures W3 and W4):

On average 31% (average annually of 96 fires) of the Waikato were
attributed to vehicles.

Land clearing made up, on average, 14% (45 on average annually) of the
number of fires.

Around 28% of fires on average were attributed to miscellaneous causes
(average annually of 87 fires); around 20% of fires were listed in the
unknown (annual average around 65 fires); combined ‘non-specified’
(unknown and miscellaneous) Waikato fires were 48%.

Considerable variation is seen over time in the number of fires attributed
to miscellaneous and unknown

Area Burned by Fuel Type (Figures W5 and W6):

Over 60% of the total area burned for Waikato, was scrub; Waikato had an
average total annual scrub area burned of 39 ha (2% of national).

Around 25% of the total area burned for Waikato was grassland; average
annual total grass area burned for Waikato was 23 ha (about 2% of
national).

Of the total area burned for Waikato, 4% was forest; average annual total
forest area burned for Waikato was 2 ha (0.6% of national).

Most of the forest area burned for the study period (around 30 ha)
occurred in 2002/03.

Area Burned by Cause (Figures W7 and W8):

APP. C3-1



While land clearing made up, on average, only 14% of the number of fires,
land clearing accounted for 41% of the average total area burned.

Around 20% (12 ha) of the average annual total area burned was
attributed to unknown causes; 17% (11 ha) of the average annual total
area burned was attributed to miscellaneous; combined unspecified
average annual total area burned was 37%.

However, the annual total area burned for Waikato was small compared to
other regions. The largest total area burned was just under 180ha in
2005/06.

Area Burned by Cause and Fuel Type (Figures W9 and W10):

Around 55% of the average annual total grass area burned was attributed
to land clearing (annual average of 12 ha).

The large proportion of average grass area burned was due to two
relatively large grass area burned due to land clearing in 2005/06 and
2006/07.

Miscellaneous accounted for around 13% of the average annual grass
area burned (annual average of around 3 ha); unknown was 14% (annual
average of 3 ha); combined unspecified 26%.

Vehicle fires accounted for another 13% (annual average of 3 ha) of the
average annual total grass area burned 1991/92 to 2006/07.

On average 30% (annual actual average 12ha) of Waikato scrub area
burned was attributed to land clearing.

Around 25% of the average annual total scrub area burned was due to
unknown causes (annual actual average was around 9 ha); 20% was
attributed to miscellaneous causes (actual average 8 ha); combined ‘non-
specified’ 45%.

Unlike many other regions, recreational causes accounted for 13% (actual
per year average 5ha) of the average annual total scrub area burned.
The causes of the annual total scrub area burned in Waikato varied
considerably from year to year, and trends in individual causes were
difficult to assess.

The average total forest area burned by cause illustrates the importance
individual years, 92% of the average annual total forest area burned was
attributed to land clearing (actual just 2ha).
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Figure W1. Waikato total number of fires from 1991/92 to 2006/07.
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Figure W2. Waikato total area burned from 1991/92 to 2006/07.
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Figure W3. Waikato annual average total number of fires by cause from 1991/92
to 2006/07.
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Figure W5. Waikato total area burned by fuel type from 1991/92 to 2006/07.
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Figure W6. Waikato total area burned by fuel type from 1991/92 to 2006/07.
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Figure W7. Waikato average annual total area burned by cause from 1991/92 to

2006/07.
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Figure W8. Waikato total area burned by cause from 1991/92 to 2006/07.
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Figure W9. Waikato average annual grass area burned by cause from 1991/92 to
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Figure W10. Waikato total grass area burned by cause from 1991/92 to 2006/07.

APP. C3-7




0.0% —0.0%

O Arson

m Chainsaw
O Incendiary
B Industrial

O Land clearing

m Lightning

29.6% @ Pow er Lines
B Railw ays

0.0% O Recreational
O Smokers

0O Structures

0,
20.3% O Vehicles

B Miscellaneous

B Unknow n

1.7%/

0.1%
0.0% 13.4%
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Figure W12. Waikato total scrub area burned by cause from 1991/92 to 2006/07.

APP. C3-8



O Arson

B Chainsaw

O Incendiary

B Industrial

O Land clearing
B Lightning

m Pow er Lines
B Railw ays

O Recreational
0O Smokers

0O Structures

0O Vehicles

| Miscellaneous

B Unknow n

91.9%

Figure W13. Waikato average total forest area burned by cause from 1991/92 to
2006/07.
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Figure W14. Waikato total forest area burned by cause from 1991/92 to 2006/07.
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Appendix C4 Wanganui/Manawatu Regional Fire Returns 1991/92 to
2006/07

Number of Fires (Figure WM1):

e From 1991/92 to 2006/07 Wanganui/Manawatu annually averaged 253
fires, or about 8% of the national.

e Wanganui/Manawatu’s total annual number of fires varied from just 86
fires (9% of national for that year) in 1992/93 to 412 (9% of national for
that year) in 2004/05, proportionally similar for both years.

e The total number of fires for Wanganui/Manawatu shows a clear increase
over time (Regression: R? = 0.69; F-value = 31.6; P-value = <0.001). This
increasing trend was consistent (correlated positively) with the overall
national trend (correlation coefficient = 0.896; P-value = <0.001).

Area Burned (Figure WM2):

e The average annual total area burned for Wanganui/Manawatu was 62
hectares, or around 1.5-2% of the national.

e The total annual area burned from 1991/92 to 2006/07 varied from just 17
ha (0.5% of that year’s national total area burned) in 2004/05 to 351 ha
(around 5% of the national).

e The total area burned varied considerably and showed no clear
statistically significant positive or negative trend over time (regression: R?
= 0.003; F-value = 0.04; P-value = 0.84).

[ ]

Number of Fires by Cause (Figures WM3 and WM4):

e High proportions of the average annual total number of fires were
attributed to miscellaneous and unknown causes.

e Around 31% of the average annual total number of fires were classed as
miscellaneous (average annual 78 fires); around 15% (average annually
of 38 fires) were attributed to unknown causes; and the combined
unspecified proportion of average total number of fires was 46%.

e Around 21% of the average total number of fires was attributed to land
clearing (annual average of 54 fires).

e Around 13% of the average total number of fires were attributed to
vehicles (annual average of 33 fires).

e The increase in the total annual number of fires over time appears to be
due to miscellaneous, vehicles, and land clearing causes.

Area Burned by Fuel Type (Figures WM5 and WM6):

e Around 54% of the total area burned for Wanganui/Manawatu (1991/92 to
2006/07) was attributed to the scrub fuel type; average annual total scrub
area burned was 70 ha (around 3% of the national for scrub).

e Around 37% of the total area burned was classed as grass; average
annual total grass area burned was about 49 ha or 2.2% of the national for
grass.
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The remaining 9% of the total area burned was forest; annual average
total forest area burned was just 12 ha, or about 6% of the national
average annual forest area burned.

No clear year-on-year trend for total area burned by fuel type was
observed.

Area Burned by Cause (Figures WM7 and WM8):

While unknown and miscellaneous causes dominate the average total
annual number of fires, land clearing made up around 40% of the average
total annual area burned (annual average of 52 ha).

Around 18% of the average total annual area burned was attributed to
miscellaneous causes (annual average of around 24 ha); about 13% to
unknown causes (annual average of about 17 ha); combined ‘unspecified’
average total area burned was 31%.

About 17% of the average total annual area burned was due to incendiary
causes.

From 1991/92 to 2006/07 few (if any) clear positive or negative trends are
evident over time for individual causes solely with respect to total annual
area burned. The annual total area burned for each year is often greatly
influenced by a single cause class: land clearing in 1993/94, incendiary in
1997/98 and 2002/03, miscellaneous in 1998/99.

Area Burned by Cause and Fuel type (Figures WM9, WM10, WM11, WM12,
WM13 and WM14):

Land clearing dominated the average annual total grass area burned with
39% (annual average of 19 ha).

About 10% of the average annual total grass area burned was attributed
to miscellaneous causes (annual average around 5 ha); about 9% of the
average annual total grass area burned was classed as unknown (annual
average 4 ha).

Incendiary causes accounted for 27% of the average annual total grass
area burned (annual average around 13 ha). This is in part due to large
grass fires from incendiary causes in 2002/03 (over 100 ha), 2000/01
(about 35 ha) and, 1991/92 (33 ha).

Land clearing features highly in almost all years for total annual grass area
burned, with the largest year 1993/94 with around 120 ha burned.

More than half of the total scrub area burned was due to land clearing
(42% or annual average of 29 ha).

Around 25% of the average annual scrub area burned was due to
miscellaneous causes (annual average 17ha); 12% (or on average
annually around 10ha) was attributed to unknown causes; a combined
‘unspecified’ average annual total scrub area burned of just under 40%.
Around 12% of the average annual total scrub area burned was attributed
to incendiary fires.

The annual total scrub area burned varied considerably over time with
over 150 ha burned in 1993/94 (mostly attributed to land clearing and
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miscellaneous), over 200 ha in 1998/99 again mostly due to
miscellaneous and land clearing, and over 200 ha in 2005/06 mostly due
to unknown and land clearing.

38% of the average annual total forest area burned was attributed to land
clearing (actual annual average of just 5 ha).

Around 28% of the average annual total forest area burned was attributed
to unknown causes (average annual of around 3 ha); miscellaneous
accounted for 14% or 2 ha; combined ‘unspecified’ average annual total
forest area burned of 42%.
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Figure WM1. Wanganui/Manawatu Total annual number of fires from 1991/92 to
2006/07.
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Figure WM2. Wanganui/Manawatu total annual area burned from 1991/92 to
2006/07.
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Figure WM3. Wanganui/Manawatu average total number of fires by cause from

1991/92 to 2006/07.
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Figure WM4. Wanganui/Manawatu total annual number of fires by cause from
1991/92 to 2006/07.
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Figure WM6 .Wanganui/Manawatu total annual area burned by fuel type from
1991/92 to 2006/07.
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Figure WM7. Wanganui/Manawatu average total area burned by cause from

1991/92 to 2006/07.
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Figure WM8. Wanganui/Manawatu total annual area burned by cause from

1991/92 to 2006/07.
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Figure WM9. Wanganui/Manawatu average total grass area burned by cause

from 1991/92 to 2006/07.
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Figure WM10. Wanganui/Manawatu total annual grass area burned by cause

from 1991/92 to 2006/07.
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Figure WM11. Wanganui/Manawatu average total scrub area burned by cause

from 1991/92 to 2006/07.
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Figure WM12. Wanganui/Manawatu total annual scrub area burned by cause

from 1991/92 to 2006/07.
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Figure WM13. Wanganui/Manawatu average annual total forest area burned by

cause from 1991/92 to 2006/07.
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Figure WM14. Wanganui/Manawatu total annual forest area burned by cause

from 1991/92 to 2006/07.

APP. C4-10




Appendix C5 Central North Island Region Fire Returns 1991/92 to
2006/07

Number of Fires (Figure CE1):

e From 1991/92 to 2006/07 the Central North Island had on average around
270 fires (10% of the national total number of fires) annually.

e The total number of fires in Central North Island varied from 115 fires in
1992/93 (12% of that years national) to 495 fires in 1997/98 (14% of that
years national).

e The total number of fires for Central North Island varied marginally (R? =
0.237) but increased significantly over time (regression: F-value = 6.31; P-
value = 0.025).

e The total number of fires over time correlated well with the increasing
national trend (correlation coefficient = 0.722 P-value = 0.002).

Area Burned (Figure CE2):

e The average annual total area burned was 136 ha (or 3% of the national).

e The total area burned varied greatly in the 1990s, but has since become
less variable (linear regression R? = 0.144); annual total area burned
varied from 20 ha in 1995/96 (or 0.4% of that year’s national) to 499 ha (or
7% of national) in 1996/97.

e The total annual area burned decreased over time but was not statistically
significant (regression: R? = 0.144; F-value = 2.35; P-value = 0.15).

Number of Fires by Cause (Figures CE3 and CE4):

e Miscellaneous fires accounted for about 31% (the actual annual average
was 86 fires) of the average total number of fires in Central North Island;
unknown accounted for 8% (or on average annually 22 fires); combined
‘unspecified’ about 40%.

e Land clearing (actual annual average of 45 fires) and vehicle fires (actual
annual average of 47 fires) each made up approximately 17% of the
average annual total number of fires.

e About 10% (or annually on average 26 fires) of the average annual total
number of fires were attributed to incendiary causes.

Area Burned by Fuel type (Figures CE5 and CEG6):

e Around 15% of the total area burned in the Central North Island was grass;
average annual grass area burned was 21ha (or about 1% of the national
average grass area burned).

e About 63% of the total area burned was scrub; average annual total scrub
area burned was 86ha or 3.8% of the national scrub area burned.

e The remaining 21% was classed as forest (annual average total forest
area burned was 29ha or around 6% of the national average). In
comparison to other regions, the Central North Island has a relatively high
proportion of its total area burned classed as forest.

e Over 200ha of forest area was recorded burned in 1996/07, and over
100ha of forest area was burned in 1997/98.
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Area Burned by Cause (Figures CE7 and CES8):

Whilst fires from miscellaneous causes fires made up 32% of the average
total annual number of fires in the Central North Island (Figure CE3),
miscellaneous causes (actual average of 27 ha) accounted for 20% of the
average total reported area burned. Area burned attributed to unknown
causes made up around 9% or 13 ha. Total combined ‘unspecific’ annual
average area burned was around 28%.

In contrast to most other regions where it barely featured, 16% (actual
annual average around 22 ha) of the average total area burned was
attributed to smokers.

Land clearing (actual average around 19 ha) and incendiary (actual
average about 18 ha) made up around 14% of the average annual total
area burned.

Industrial causes accounted for about 10% of the average annual total
area burned (actual average about 13 ha).

Average total area burned was greatly influenced by different causes in
different fire years. For example, 1996/97 saw over 200 ha burned from
both smokers and industrial cause classes.

Area Burned by Cause by Fuel type (Figures CE9, CE10, CE11, CE12, CE13
and CE14):

Around a third (30%) of the average total grass area burned was due to
industrial causes.

About 20% (actual figure just 4 ha) of the average annual total grass area
burned was due to miscellaneous causes, land clearing accounted for
16% of the average annual total grass area burned (actual average was
3 ha).

About 20% of the average annual total scrub area burned was attributed
miscellaneous causes (or on average about 17 ha); unknown accounted
for about 11% (or 9 ha); combined about 30% of average annual scrub
area burned was in the ‘unspecified’ classes.

Incendiary made up about 14% (12 ha) of the average annual total scrub
area burned, while land clearing accounted for 17% (or 15 ha).

Few clear trends were evident for individual causes over time in the total
annual scrub area burned.

43% of the average annual total forest area burned was attributed to
smokers (per year average 12 ha). This was due to around 200 ha of
forest recorded burned in 1996/97.

About 17% of the average annual total forest area burned was attributed
to incendiary causes (actual annual average about 5 ha), but again this
was mostly due to around 70 ha of forest being burned in 1997/98.
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Figure CE1. Central North Island total annual number of fires from 1991/92 to
2006/07.
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Figure CE2. Central North Island total annual area burned from 1991/92 to
2006/07.
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Figure CE3. Central North Island total number of fires by cause from 1991/92 to

2006/07.
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Figure CES5. Central North Island total area burned by fuel type from 1991/92 to

2006/07.
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Figure CEG. Central North Island total area burned by fuel type from 1991/92 to
2006/07.
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Figure CE7. Central North Island total area burned by cause from 1991/92 to

2006/07.
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Figure CES8. Central North Island total area burned by cause from 1991/92 to

2006/07.
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Figure CE9. Central North Island average total annual grass area burned from

1991/92 to 2006/07.
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Figure CE10. Central North Island total grass area burned by cause from

1991/92 to 2006/07.
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Figure CE11. Central North Island average total scrub area burned by cause
from 1991/92 to 2006/07.
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Figure CE12. Central North Island total scrub area burned by cause from
1991/92 to 2006/07.
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Figure CE13. Central North Island average total forest area burned by cause
from 1991/92 to 2006/07.
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Figure CE14. Central North Island total forest area burned by cause from
1991/92 to 2006/07.
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Appendix C6 Taranaki Region Fire Returns 1991/92 to 2006/07

Number of Fires (Figure T1):

e From 1991/92 to 2006/07 Taranaki had on average 84 fires annually
(2.5% of the national).

e The total number of fires varied from just 2 fires in 1993/94 (0.1% of that
years national) to 183 fires in 2006/07 (5% of that years national).

e The total number of fires for Taranaki shows a statistically significant
positive trend over time (regression: % = 0.89; F-value = 117.63; P-value =
<0.001). This positive trend was also reflected in the correlation between
Taranaki’s total number of fires and the increasing national trend
(correlation coefficient = 0.826; P-value = <0.001).

Area Burned (Figure T2):

e The average annual total area burned for Taranaki was just 30 ha (1% of
the national).

e The annual total area burned was small compared to other regions,
varying from no recorded hectares burned in 1993/94 to 97ha (5% of that
year’s national) burned in 1999/2000.

e The total area burned for Taranaki showed no statistically significant
positive or negative trend over time (regression: R? = 0.0831; F-value =
1.27; P-value = 0.28).

Number of Fires by Cause (Figures T3 and T4):
e 61% of the total annual number of fires were attributed to miscellaneous
causes (annual average of 50 fires).
e The increase in the number of fires over time appeared to be primarily due
to an increase in miscellaneous and vehicle caused fires.

Area Burned by Fuel type (Figures T5 and T6):

e Around 18% of the total area burned was grass; average annual total
grass area burned was just 6 ha (0.2% of average national grass area
burned).

e Around 54% of the total area burned was scrub; average total annual
scrub area burned was 16 ha (1% of the national).

e Total forest area burned accounted for 28% of the Taranaki total area
burned; average annual total forest area burned was 8 ha (about 5% of
the national average total forest area burned).

Area Burned by Cause (Figures T7 and T8):
¢ In contrast to the total average number of fires by cause, the total average
area burned by cause was dominated by land clearing (61%). However
the average annual total area burned by land clearing was just over 18 ha.
Whilst this appears significant, the low actual amount of area burned
annually skewed the results
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Area Burned by Cause and Fuel type (Figures T9, T10, T11, T12, T13, and

T14);

The average annual total grass area burned was almost entirely split
between miscellaneous (46%, average just 3 ha), land clearing (38%,
average just 2 ha) and railways (13%, or average of just 1 ha annually)
causes.

About 60% of Taranaki average annual total scrub are burned was
attributed to land clearing (annual average just 10ha); unknown made up
about 28% (annual average just 5 ha).

About 80% of the average annual total forest area burned was attributed
to land clearing (annual average of just 6 ha).

The reported area burned for Taranaki was considerably low, and
because of this single fire events had a greater bearing on averages and
proportions. Figures T10, T12 and T14 clearly show that there are very
few clear trends over time with relation to cause and fuel types.
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Figure T1. Taranaki total annual number of fires from 1991/92 to 2006/07.
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Figure T2. Taranaki total annual area burned from 1991/92 to 2006/07.
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Figure T3. Taranaki average total number of fires by cause from 1991/92 to

2006/07.
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Figure T4. Taranaki total number of fires by cause from 1991/92 to
2006/07.
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Figure T5. Taranaki total area burned by fuel type from 1991/92 to 2006/07.
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Figure T6. Taranaki Total area burned by fuel type from 1991/92 to 2006/07.
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Figure T7. Taranaki average total area burned by cause from 1991/92 to 2006/07.
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Figure T8. Taranaki total area burned by cause from 1991/92 to 2006/07.
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Figure T9. Taranaki average total annual grass area burned from 1991/92 to

2006/07.
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Figure T10. Taranaki total grass area burned by cause from 1991/92 to 2006/07.
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Figure T11. Taranaki average total scrub area burned by cause from 1991/92 to
2006/07.
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Figure T12. Taranaki total scrub area burned by cause from 1991/92 to 2006/07.
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Figure T13. Taranaki average total forest area burned by cause from 1991/92 to
2006/07.
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Figure T14. Taranaki total forest area burned by cause from 1991/92 to 2006/07.
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Appendix C7 Eastern North Island Region Fire Returns 1991/92 to
2006/07

Number of Fires (Figure E1):

e The Eastern North Island had on average 429 fires annually (or about
13% of the national average number of fires) from 1991/92 to 2006/07.

e The annual total number of fires varied from 74 fires in 1991/92 (7% of
that year’s national) to 679 fires (15% of that year’s national) in 2003/04.

e The annual total number of fires over time displayed a clear statistically
significant positive trend (regression: R? = 0.7082; F-value = 33.89; P-
value = <0.001).

e The total annual number of fires over time also correlated with the national
trend (correlation coefficient = 0.889; P-value = <0.001).

Area Burned (Figure E2):

e The average annual area burned was 446 ha (9% of the national total
area burned).

e The total annual area burned varied considerably over time, from just
under 77 ha in 1992/93 (3% of that year’s national) to 1,082 ha in 1997/98
(17% of that year’s national).

e As with many other regions, the Eastern North Island’s total annual area
burned from 1991/92 to 2006/07 showed no statistically significant positive
or directional trend over time (regression: R? = 0.0002; F-value 0.00; P-
value = 0.961).

Number of Fires by Cause (Figures E3 and E4):

e Miscellaneous accounted for 42% of the average annual number of fires
(actual average 180 fires); on average fires from unknown causes
accounted for 8% (or on average 34 fires annually); combined ‘unspecific’
= 50% of fires.

e Land clearing accounted for 22% of the average annual number of fires
(about 93 fires annually); vehicles accounted for 14% (or on average
about 61 fires).

e The total annual number of fires varied between 1991/92 and 1996/97
from just under 100 fires to just over 200 fires, then in 1997/98 the total
annual number of fires jumped to around 600 and has varied between
around 500 and 700 since. This is primarily due to a four-fold increase in
the number of miscellaneous fires; an up to three-fold increase in the
number of vehicle fires; and up to a two-fold increase in land clearing fires.

Area Burned by Fuel type (Figures E5 and E6):

e Around 38% of the reported total area burned was grass; average annual
grass area burned was 171 ha (or just under 8% of the national total grass
area burned).

e Scrub made up about 45% of the total area burned; with an average
annual total area burned of about 200 ha (or about 10% of the national
average total scrub area burned).
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Forest made up the remaining 17% of the total area burned; average
annual total forest area burned was 76 ha (or 15% of the national total
forest area burned).

In almost all years, scrub and grass made up the majority of the recorded
annual total area burned; over 450 ha of forest reported burned in 1996/97;
in 1996/97 and 1997/98 over 550 ha of scrub area burned; and 1998/99
recorded just under 700 ha of grass area burned.

The Eastern North Island accounted for about 62% of the total forest area
burned nationally in 1996/97 (459 ha) and 50% (214 ha) in 2004/05.

Area Burned by Cause (Figures E7 and E8):

Around 44% of the average total annual area was attributed to land
clearing (annual average of 194 ha). Land clearing accounted for most of
the area burned in 1996/97, with over 900 ha burned.

Around 14% (average about 62 ha) of the average total annual area
burned was attributed to miscellaneous causes; about 18% to unknown
(average 78 ha)

Incendiary causes accounted for, on average, 10% (or 44ha) of the total
annual area burned.

Area Burned by Cause and Fuel type (Figures E9, E10, E11, E12, E13, and

E14):

Over the 16 year period around 34% of the average annual total grass
area burned was attributed to land clearing fires (annual average of about
59 ha).

Miscellaneous causes accounted for 14% (about 23 ha), unknown 26%
(45 ha), combined (‘un-specified’) 40% of the average annual total grass
area burned.

Around 9% (average of 16ha annually) of the average annual total grass
area burned was accounted for by vehicles, and a further 9% (average of
16 ha annually) from incendiary causes.

Higher areas of grass area burned in individual fire years were usually at
least in part due to increased land clearing area burned; or in the case of
1998/99 a large grass area burned was attributed to unknown causes.
Half of the average annual scrub area burned was attributed to land
clearing; average annually of about 100 ha.

Miscellaneous causes accounted for 16% (or 30 ha) of the average annual
total scrub area burned; unknown about 11% (about 21 ha), and
incendiary 12% (or 23 ha).

Few clear individual cause trends were present in annual total scrub area
burned. Land clearing made up much of the total scrub area burned in
most years. 1996/97 had over 500 ha of scrub area burned mostly from
land clearing. The exception was 1997/98 when around 600 ha burned
mostly due to unknown and miscellaneous causes.

The annual average total forest area burned was dominated by land
clearing (with 48%, an annual average of 36 ha).

Chainsaws accounted for about 18% (13 ha) of the annual average total
forest area burned.
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e Over a quarter of the annual average forest area burned was made up of
miscellaneous (11% or 8 ha) and unknown (about 17% or about 13 ha)
causes.

e The annual average forest area burned was mainly influenced by two
causes. 1996/97 had over 400ha of forest area burned attributed to land
clearing, 2004/05 had around 200ha attributed to chainsaw causes.

APP. C7-3



800

700 ~

'S *
*
600 *
*
. . /
500 *

/ *
400

Number of Fires

y = 39.953x + 89.15
R? = 0.7082
300

L
200 + *
.
100
* *
0
© [{e) © © © «© © © © o o o o o o o
N A A A i e P D D S b
© © © © (o) © © © o o o o o o o o
N w B (&)1 » ~ (e © o - N w B (&)1 (o)) ~
Fire Year

Figure E1. Eastern North Island total annual number of fires from 1991/92 to
2006/07.
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Figure E2. Eastern North Island total annual area burned from 1991/92 to
2006/07.
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Figure E3. Eastern North Island total number of fires by cause from 1991/92 to

2006/07.
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Figure E5. Eastern North Island total area burned by fuel type from 1991/92 to
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1200

Area Burned (ha)

1000
800
600 W Forest Area
@ Scrub Area
0O Grass Area
400
200

[ T
i
-
—

26 16
€6 ¢6
¥6 €6
g6 ¥6
96 S6
16 96
86 /6

10 00

66 86
00 66
20 10
€0 20
¥0 €0
S0 %0
90 S0
10 90

Fire Year

Figure E6. Eastern North Island total area burned by fuel type from 1991/92 to
2006/07.
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Figure E7. Eastern North Island total area burned by cause from 1991/92 to
2006/07.
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Figure E8. Eastern North Island total area burned by cause 1991/92 to 2006/07.
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Figure E9. Eastern North Island average total annual grass area burned from

1991/92 to 2006/07.
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Figure E10. Eastern North Island total grass area burned by cause from 1991/92

to 2006/07.
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Figure E11. Eastern North Island average total scrub area burned by cause from
1991/92 to 2006/07.
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Figure E12. Eastern North Island Total scrub area burned by cause from 1991/92
to 2006/07.
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Figure E13. Eastern North Island average total forest area burned by cause

1991/92 to 2006/07.
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Figure E14. Eastern North Island total forest area burned by cause 1991/92 to

2006/07.
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Appendix C8 Greater Wellington Region Fire Returns 1991/92 to
2006/07

Number of Fires (G1):

e Greater Wellington had from 1991/92 to 2006/07 around 173 fires annually
(6% of the national number of fires).

e The number of fires varied from just 30 fires in 1991/92 (3% of that year’s
national total) to 458 fires in 2005/06 (10.6% of that year’s national total).

e The total number of fires showed a significant increase over time
(regression: R? = 0.35; F-value = 7.69; P-value 0.015). This also followed
the national trend of increasing number of fires over time (correlation
coefficient = 0.697; P-value = 0.003).

Area Burned (Figure G2):

e The average annual total area burned for Greater Wellington was about
138 ha (or 2% of the national total area burned).

e The total annual area burned over time varied from just 12 ha in 1991/92
(1% of that year’s annual total) to 591 ha in 1997/98 (9% of that year’s
annual total).

e The total annual area burned from 1991/92 to 2006/07 showed a non-
statistically significant negative trend with time (regression: R% = 0.0198;
F-value = 0.28; P-value = 0.603).

Number of Fires by Cause (Figures G3 and G4):

e Miscellaneous causes made up about 30% of the average annual number
of fires for Greater Wellington (or on average about 52 fires annually); and
about 22% were due to unknown causes (annual average around 38 fires);
combined ‘unspecified’ average annual number of fires was 52%.

e Around 14% of the annual average number of fires was attributed to land
clearing (annual average of about 25 fires); incendiary accounted for
around 10% (annual average of 18 fires); and another 10% was due to
vehicle fires (annual average of 18 fires).

e Most cause classes featured annually in the total number of fires. The
number of fires caused by miscellaneous and unknown causes fluctuate
annually.

Area Burned by Fuel type (Figures G5 and G6):

e Grass made up 20% of the total area burned from 1991/92 to 2006/07.
Average annual grass area burned was 27 ha.

e Around 65% of the total area burned was scrub. Average annual scrub
area burned was around 90 ha.

e Forest area burned made up the remaining 15% of the total area burned;
with the average annual forest area burned of 21 ha.

e The Greater Wellington total annual area burned by fuel type was mostly
dominated by scrub; much of the total forest area burned occurred in
1997/98 when over 200ha of forest was reported burned
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Area Burned by Cause (Figures G7 and G8):

While miscellaneous causes accounted for 30% of the average annual
number of fires, they accounted for just 15% of the average annual total
area burned (annual average 21 ha).

Nearly 40% of the average annual total area burned was due to unknown
causes (annual average 54 ha). This was in part due to relatively large
areas of scrub and forest burned in 1997/98 from unknown causes.

15% of the total average annual area burned was attributed to land
clearing (or average annually of 21 ha); incendiary causes accounted for
nearly 16% of the total area burned (or annual average of 22 ha).

Area burned by Cause and Fuel type (Figures G9, G10, G11, G12, G13 and

G14):

The average annual total grass area burned was greatly influenced by
miscellaneous causes in three fire years (1997/98, 1998/99, and 2002/03).
A total of 37% of the average annual total grass area burned was
assigned to miscellaneous causes (annual average just 10 ha).

Around 10% (or on average 6 ha) of the average annual total grass area
burned was attributed to unknown causes; 11 % (about 3 ha) attributed to
incendiary; and another 11% attributed to land clearing (about 3 ha
annually) causes.

In comparison to other regions the actual total annual grass area burned
was quite small (annually less than 100 ha for all fire years studied).
Around 41% of the annual average total scrub area burned was attributed
to unknown causes (actual average area burned about 37 ha); 10% to
miscellaneous (average around 9 ha annually); combined ‘unspecified’
was just under 50% of the annual average total scrub area burned.
Unlike other regions, incendiary causes played a more important role in
total (and average) scrub area burned, with about 21% of the average
annual total scrub area burned (about 19 ha annually) and occurs as a
persistent cause in 1992/93, 1993/94, 1995/96, 1997/98, 1998/99,
1999/2000, 2000/01, 2005/06 and 2006/07.

Land clearing accounted for about 12% of the average annual scrub area
burned (about 11 ha annually); and was of high relative importance in
1992/93, 1993/94, 1995/96.

The average annual forest area burned was greatly influenced by the
relatively high area (over 150 ha) burned in 1997/98. Over half (54%) of
the annual average total forest area burned was attributed to unknown
causes (annual average about 11 ha). All other fire years reported less
than 40 ha of forest area burned. However, over 200 ha was reported
burned in 1997/98 mostly from unknown and land clearing causes.
About 36% of the average annual total forest area burned was attributed
to land clearing; most of this occurred in 1993/94, 1997/98, 2005/06 and
2006/07 fire years.
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Figure G1. Greater Wellington total annual number of fires from 1991/92 to
2006/07.
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Figure G2. Greater Wellington total annual area burned from 1991/92 to 2006/07.
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Figure G3. Greater Wellington total number of fires by cause from 1991/92 to

2006/07.
o 0O Arson
4%0 i B Chainsaw
400 o O Incendiary
B Industrial
350 - O Land clearing
é 300 - | Lightning
% 250 B Power Lines
2 | Railw ays
éE’ 200 1 O Recreational
150 - O Smokers
O Structures
100 1 0O Vehicles
50 | Miscellaneous
0] @ Unknow n

©
=
o]
N

€6 26

¥6 €6

G6 ¥6

96 S6

16 96

86 /6

(o) © o o o o o o o

R A A

(o] o o o o o o o o

o o - N w B [} [} ~
Fire Year

Figure G4. Greater Wellington total number of fires by cause from 1991/92 to

2006/07.
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Figure G5. Greater Wellington total area burned by fuel type from 1991/92 to
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Figure G6. Greater Wellington total area burned by fuel type from 1991/92 to
2006/07.
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Figure G7. Greater Wellington total area burned by cause from 1991/92 to

2006/07.
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Figure G8. Greater Wellington total area burned by cause from 1991/92 to

2006/07.
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Figure G9. Greater Wellington average total annual grass area burned from

1991/92 to 2006/07.
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Figure G10. Greater Wellington total grass area burned by cause from 1991/92

to 2006/07.
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Figure G11. Greater Wellington average total scrub area burned by cause from
1991/92 to 2006/07.
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Figure G12. Greater Wellington total scrub area burned by cause from 1991/92
to 2006/07.
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Figure G13. Greater Wellington average total forest area burned by cause

1991/92 to 2006/07.
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Figure G14. Greater Wellington total forest area burned by cause from 1991/92

to 2006/07.
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Appendix C9 Nelson/Marlborough Region Fire Returns 1991/92 to
2006/07

Number of Fires (Figure NM1):

¢ Nelson/Marlborough had on average about 131 fires annually between
1991/92 and 2006/07 (or 4% of the national average total number of fires).

e The total annual number of fires varied from just 55 fires (3% of annual
national total) in 1995/96 to 299 fires (6% of the annual national total) in
2004/05.

e The total number of fires for Nelson/Marlborough significantly increased
over time (regression: R? = 0.5955; F-value = 20.61; P-value = <0.001).
This correlated with the increasing national trend (correlation coefficient =
0.812; P-value = <0.001).

Area Burned (Figure NM2):

e The average annual total area burned for Nelson/Marlborough was 722 ha
(around 10% of the national total area burned).

e The annual total area burned varied from just 93 ha (2% of that years
annual total) in 1995/96 to 7,232ha (70% of that years’ annual total) in
2000/01.

e The total area burned showed no statistically significant positive or
negative trend over time (regression: R? = 0.0038; F-value = 0.05; P-value
=0.88).

Number of Fires by Cause (Figures NM3 and NM4):

e Miscellaneous causes accounted for about 25% of the average annual
total number of fires (annual average of 31 fires); unknown accounted for
about 7% (annual average of 9 fires) of the average annual total number
of fires.

e Around 24% of the average annual total number of fires were attributed to
land clearing (annual average of about 30 fires); around 12% were
classed as vehicle fires (annual average of about 15 fires).

e Over the study period the number of land clearing fires appeared to be
increasing.

Area Burned by Fuel type (Figures NM5 and NM6):

e Around 68% of the total area burned was grass; average annual total
grass area burned was 491 ha.

e Around 20% of the total area burned was scrub; average annual total
scrub area burned was 148 ha.

e The remaining 12% of total area burned was forest; average annual total
forest area burned was about 83 ha.

e The total area burned from 1991/92 to 2006/07 was dominated by the
Blenheim fires in 2000/01; with 6,000ha of grass, over 400ha of scrub and
just under 300ha of forest for that fire year.
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Area Burned by Cause (Figures NM7 and NM8):

The average total annual area burned by cause was dominated by the
2000/01 fire year and the Blenheim fires, with nearly 60% of the average
annual total area burned being attributed to unknown causes.

Around 12% of the average total annual area burned was attributed to
land clearing; annual average of 90 ha.

Miscellaneous causes made up about 10% with an annual average of
about 70 ha.

Area Burned by Cause by Fuel type (Figures NM9, NM10, NM11, NM12,
NM13 and NM14):

As with the total area burned, the average annual total grass area burned
was dominated by unknown causes (80%) mostly due to the 2000/01 fires.
The total grass area burned in other years was much lower at about 300
ha compared to over 6,000 ha.

By contrast, the average annual total scrub area burned was made up of
about 42% land clearing (annual average 62 ha); 22% (annual average 33
ha) vehicles; 10% (14 ha) miscellaneous; and 9% (13 ha) unknown.

For most years, land clearing was the largest contributor to the annual
total scrub area burned (1991/92, 1992/93, 1993/94, 1994/95, 1998/99,
1999/2000, 2001/02 and 2004/05).

Relatively high levels of scrub area were burned in 1992/93
(predominantly land clearing and vehicles) and 2000/01 (predominantly
vehicles).

The annual total forest area burned was dominated by miscellaneous
causes (about 56% or annual average of 46 ha); this primarily is a result of
three fire years: in 1992/93 (66ha miscellaneous burned), 2005/06 (133
ha), and 1997/98 (525 ha burned).
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Figure NM1. Nelson/Marlborough total annual number of fires from 1991/92 to
2006/07.
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Figure NM2. Nelson/Marlborough total annual area burned from 1991/92 to
2006/07.
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Figure NM4. Nelson/Marlborough total number of fires by cause from 1991/92 to
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Figure NM6. Nelson/Marlborough total area burned by fuel type from 1991/92 to
2006/07.
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Figure NM7. Nelson/Marlborough total area burned by cause from 1991/92 to
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Figure NM8. Nelson/Marlborough total area burned by cause from 1991/92 to
2006/07.
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Figure NM9. Nelson/Marlborough Average Total Annual Grass Area Burned from
1991/92 to 2006/07.
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Figure NM10. Nelson/Marlborough Total Grass Area Burned by Cause from
1991/92 to 2006/07.
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Figure NM12. Nelson/Marlborough total scrub area burned by cause from

1991/92 to 2006/07.
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Appendix C10 West Coast Regional Fire Returns 1991/92 to 2006/07

Number of Fires (Figure WC1):

e From 1991/92 to 2006/07, the West Coast had on average about 64 fires
annually or around 3% of the total national number of fires.

e The number of fires varied from 22 in 1996/97 (about 1% of that year’s
total) to 115 fires in (or 4% of that year’s annual total) 2000/01.

e The total annual number of fires did not display a statistically significant
negative trend with respect to time (regression: R? = 0.1186; F-value =
1.88; P-value = 0.192). The total annual number of fires over time also did
not significantly correlate with the national trend of increasing number of
fires (correlation coefficient = -0.345; P-value = 0.190).

Area Burned (Figure WC2):

e The average annual total area burned for the West Coast was 249 ha
(around 6% of the national).

e The total annual area burned varied considerably over time, from just 6 ha
(0.1% of that year’s annual national total) to 530 ha (3% of that year’s
national annual total). In addition, the West Coast made up just under 25%
of the national total area burned with 446 ha in 1991/92.

e The total annual area burned from 1991/92 to 2006/07 for the West Coast
showed a statistically insignificant negative trend (regression: R* = 0.0609;
F-value = 0.91; P-value = 0.357).

Number of Fires by Cause (Figures WC3 and WC4):

e Around 35% (annual average of about 22 fires) of the West Coast’s
average number of fires for all years was attributed to unknown causes;
and around 18% (annual average of about 12 fires) was attributed to
miscellaneous causes; thus around 54% was on average accounted for by
‘unspecific’ causes.

e Around 13% of the average annual number of fires were due to land
clearing (annual average just 8 fires). Incendiary made up about 11% of
the average annual number of fires (annual average of just 7 fires).

e Much of the variation in the total annual area burned for the West Coast
appeared to be driven by changes in the number of unknown,
miscellaneous, and incendiary fires.

Area Burned by Fuel type (Figures WC5 and WC6):

e 83% of the total area burned was scrub (annual average of 206 ha); 13%
was grass (annual average of 33 ha); and around 4% was forest (annual
average of just 10 ha).

e In all but one fire year (1991/92), scrub dominated the total area burned.

Area Burned by Cause (Figures WC7 and WC8):
e Unlike many other regions, incendiary contributed highly to the average
annual area burned on the West Coast. Around a third of the average
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annual area burned was attributed to incendiary causes (or annually 83
ha).

Around 22% (or about 55 ha annually) of the annual average total area
burned was due to unknown causes; about 11% from miscellaneous
causes; thus a third of the annual average total area burned was attributed
to ‘unspecific’ causes.

Land clearing made up 26% of the average annual total area burned (or
65 ha annually).

The proportion and actual area burned varied considerably with respect to
cause for different fire years. In 1991/92 and 1993/94 unknown and land
clearing made up the majority of area burned; from 1998/99 onwards
unknown causes barely featured; incendiary was the main cause of area
burned in 1998/99, 2000/01, 2001/02 and 2003/04; and whilst hardly
featuring from 1991/92 to 2004/05, miscellaneous accounted for most of
the total area burned in 2005/06.

Area Burned by Cause and Fuel type (Figures WC9, WC10, WC11, WC12,
WC13, and WC14):

The average annual total grass area burned by cause was split between
45% land clearing and 47% unknown. However these averages were
skewed due to the majority of the total grass area burned for the West
Coast occurring in 1991/92 with over 350 ha. Few other fire years
recorded more than 50 ha of grass burned.

Most of the area burned attributed to incendiary causes appeared to be
scrub. Around 39% of the average annual total scrub area burned was
attributed to incendiary causes (annual average around 80 ha), with
around 22% attributed to land clearing (actual average around 45 ha).
Unknown causes accounted for around 19% of the average annual total
scrub area burned (average annual about 40 ha); 13% (about 27 ha) from
miscellaneous causes; combined ‘unspecified’ average annual total scrub
area burned made up about 32%.

Annual total scrub area burned for each year by cause varied considerably
in 1991/92, 1995/96, 1997/98, 1999/2000, 2004/05 and 2006/07 the
annual total scrub area burned less than 100 ha. 1992/93, just over 300
ha of scrub area burned, more or less split between unknown, land
clearing and incendiary causes. In 1993/94 over 400 ha of total scrub area
was reported burned, over 200 ha from land clearing; and over 150ha
from unknown. Most of the scrub area burned in 1994/95, 1996/97 and
1997/98 was from unknown causes. Incendiary causes accounted for high
total scrub area burned in 1998/99, 2001/02 and 2003/04. In 2005/06 the
majority of the total scrub area burned on the West Coast was attributed to
miscellaneous causes.

The annual average total forest area burned was greatly influenced by
individual fire years, with one or two main fire causes. Most of the average
annual total forest area burned (56%) was attributed to land clearing
(actual average figure just 6 ha annually); about 27% was attributed to
incendiary causes (annual average about 3 ha).
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Figure WC1. West Coast total annual number of fires from 1991/92 to 2006/07.
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Figure WC2. West Coast total annual area burned from 1991/92 to 2006/07.
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Figure WC3. West Coast total number of fires by cause from 1991/92 to 2006/07.
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Figure WC4. West Coast total number of fires by cause from 1991/92 to
2006/07.
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Figure WC6. West Coast total area burned by fuel type from 1991/92 to 2006/07.
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Figure WC7. West Coast total area burned by cause from 1991/92 to 2006/07.
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Figure WC8. West Coast Total area burned by cause from 1991/92 to 2006/07.
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Figure WC10. West Coast total grass area burned by cause from 1991/92 to
2006/07.
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Figure WC11. West Coast average total scrub area burned by cause from

1991/92 to 2006/07.
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Figure WC12. West Coast total scrub area burned by cause from 1991/92 to

2006/07.
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Figure WC13. West Coast average total forest area burned by cause from

1991/92 to 2006/07.
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Figure WC14. West Coast total forest area burned by cause from 1991/92 to

2006/07.
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Appendix C11 Canterbury Region Fire Returns 1991/92 to 2006/07

Number of Fires (Figure C1):

e From 1991/92 to 2006/07 Canterbury had, on average, 553 fires annually
or around 18% of the total national number of fires.

e The total annual number of fires varied from just 133 fires in 1992/93 (14%
that year’s national) to 1,274 fires in 2003/04 (about 30% of that year’s
national).

e The total number of fires from 1991/92 to 2006/07 displayed a clear
statistically significant positive (increasing) trend (regression: R? = 0.65; F-
value = 27.07; P-value = <0.001). The total annual number of fires also
significantly correlated with the national increasing trend (correlation
coefficient = 0.876; P-value = <0.001).

Area Burned (Figure C2):

e The average annual total area burned for Canterbury was 668 ha (around
11% of national).

e The total annual area burned for Canterbury varied considerably from just
57 ha in 1991/92 (3% of that years’ national) to 2,321 ha in 1995/96 (51%
of that year’s national total).

e The total area burned for Canterbury 1991/92 to 2006/07 showed no
statistically significant trend (regression: F-value = 0.00; P-value = 0.991).

Number of Fires by Cause (Figures C3 and C4):

e Around 38% of the average annual total number of fires for Canterbury
from 1991/92 to 2006/07 were attributed to miscellaneous causes (annual
average around 212 fires); unknown causes accounted for just under 13%
of the average annual total number of fires (annual average 70 fires);
making 51% of the average annual total number of fires due to combined
‘unspecified’ causes.

e Land clearing accounted for around 21% of the average annual total
number of fires.

e Around 15% of the average annual total number of fires were attributed to
vehicle causes (annual average of 80 fires).

e The increase in annual number of fires over the study period appeared to
be due to an increase in the number of miscellaneous, vehicle, and land
clearing fires.

Area Burned by Fuel type (Figures C5 and C6):
e Around 51% of the Canterbury total area burned from 1991/92 to 2006/07
was grass; average annual total grass area burned was 343 ha (11% of
national).

e Around 43% of the total area burned was scrub; average annual total
scrub area burned was 286 ha (13% of national).

e Forest made up just 6% of the total area burned; average annual total was
just 40 ha (12% of national).
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Canterbury accounted for 92% of the national annual forest area burned in
1995/96.

Area Burned by Cause (Figures C7 and C8):

The area burned by cause in Canterbury was significantly different to the
number of fires by cause.

Around 44% of the average annual total area burned (average 293 ha)
was attributed to land clearing; therefore on average 21% of the fires
accounted for 44% of the area burned. In addition, years with high number
of land clearing fires did not always correspond with years, when large
areas were burned from land clearing.

Large areas burned by railway fires occurred in 1995/96 and 2003/04.
Railway made up 21% (annual average 140 ha) of the annual average
total area burned but accounted for just 2% of the annual average number
of fires.

Miscellaneous causes accounted for 7% (45 ha) of the annual average
total area burned but 38% of the annual average total number of fires.
The trend of increasing number of fires over time from miscellaneous,
vehicle, and land clearing causes was not seen in the area burned. Year-
on-year no clear trends were present for the area burned other than the
fact that land clearing featured in most years and is usually a large
component of the area burned.

Area Burned by Cause and Fuel type (Figures C9, C10, C11, C12, C13, and

C14):

The average annual total grass area burned was dominated (49%; or
around 170 ha annually) by land clearing.

Around 14% (48 ha) of the average annual total grass area burned was
attributed to railways.

9% of the average annual total grass area burned was also attributed to
unknown (average annually 32 ha), 9% vehicles (average annually 32 ha),
and 9% to miscellaneous causes (average annually 29 ha).

Large grass areas burned from land clearing occurred in 1994/95 and
1997/98; and railways in 2003/04. As with the annual total area burned,
annual total grass area burned was almost always largely due to land
clearing fires (1992/93, 1995/96, 1997/98, 1999/2000, 2000/01, 2001/02,
2004/05, 2005/06 and 2006/07).

Canterbury’s average annual total scrub area burned was 41% from land
clearing (average annually 117 ha); 29% (average annually 83 ha) from
railways; and 18% (average annually of 52 ha) from unknown causes.

No clear year-on-year trends were evident in annual scrub area burned by
cause. Most of the scrub area burned attributed to railways occurred in
1995/96.

29% of forest area burned was attributed to incendiary, followed closely by
24% due to railways.

The average annual forest area burned by cause was greatly influenced
by individual causes in individual years. In 1995/96, 150 ha was attributed
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to railways and 149 ha was attributed to incendiary. Significant forest area
burned from vehicle causes occurred in 1994/95, 2000/01 and 2002/03.
Most other causes barely featured.
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Figure C1. Canterbury Total annual number of fires from 1991/92 to
2006/07.

APP.C11-4



Total Area Burned (ha)

2500.0 -

y =-0.3763x +671.35

.
R? = 9E-06
2000.0 -
1500.0 .
.
1000.0 4 *
.
. .
500.0 - N
°
*
*
. . . .
00 - *
© © © © (o) © © © © o o o o o o o
A A A N A A N A A A e
[{e) © © © «© © © (o) o o o o o o o o
N w S (&)1 (o)) ~ (e © o - N w B ($)] » ~
Fire Year

Figure C2. Canterbury total annual area burned from 1991/92 to 2006/07.
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Figure C3. Canterbury total number of fires by cause from 1991/92 to 2006/07.
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Figure C5. Canterbury total area burned by fuel type from 1991/92 to 2006/07.
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Figure C6. Canterbury total area burned by fuel type from 1991/92 to 2006/07.
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Figure C7. Canterbury total area burned by cause from 1991/92 to 2006/07.
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Figure C8. Canterbury total area burned by cause from 1991/92 to 2006/07.
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Figure C9. Canterbury average total annual grass area burned from 1991/92 to

2006/07.
1200
O Arson
B Chainsaw
1000 O Incendiary
W Industrial
800 O Land clearing
£ H Lightning
S @ Pow er Lines
£ 600 .
S W Railw ays
m
g O Recreational
< 400 O Smokers
O Structures
200 ] O Vehicles
| Miscellaneous
Unknow n
0 = = - "
© O © © © o © © () o o o o o o o
- N w Iy (&)1 » ~ oo © o - N w S (8] [}
l@ l«) l«) l«) l«) l@ I@ I@ IO IO IO IO IO IO IO IO
N w h (4] o ~ oo © o - N w B (4] [} ~
Fire Year

Figure C10. Canterbury total grass area burned by cause from 1991/92 to

2006/07.
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Figure C11. Canterbury average total scrub area burned by cause from 1991/92

to 2006/07.
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Figure C12. Canterbury total scrub area burned by cause from 1991/92 to

2006/07.
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Figure C13. Canterbury average total forest area burned by cause 1991/92 to

2006/07.
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Figure C14. Canterbury total forest area burned by Cause from 1991/92 to

2006/07.
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Appendix C12 Otago Region Fire Returns 1991/92 to 2006/07

Number of Fires (Figure O1):

e From 1991/92 to 2006/07 Otago averaged 188 fires annually, or around
6% of the national average annual number of fires.

e The total annual number of fires varied considerably, from just 33 fires in
1993/94 (1.5% of that year’s national total) to 382 fires in 2003/04 (about
9% of that year’s national total). Otago accounted for the highest
proportion of any year’s national total in 1999/2000 when 268 fires (or 9%
of the national total number of fires) occurred there.

e Otago’s total number of fires from 1991/92 to 2006/07 showed a
statistically significant increase over time (regression: R? = 0.7885; F-
value = 52.2; P-value = 0.00). This increasing trend correlates with the
national trend in total number of fires (correlation coefficient = 0.880; P-
value = <0.001).

Area Burned (Figure 02):

e The average annual total area burned for Otago was 2,459 ha (on
average proportionally about 33% of the annual national total area burned
and 41.5% of the national total area burned over the entire study period).

e The total annual area burned varied from 426 ha in 2005/06 (10% of that
year’s national total) to 14,637 ha in 1998/99 (83% of that year’s national
total).

e Otago accounted for its lowest proportion of any year’s national total area
burned in 2000/01 with just 8%.

e The total area burned varied considerably and showed no statistically
significant positive or negative trend over time (1991/92 to 2006/07)
(regression: R? = 55%: F-value = 0.00; P-value 0.993).

Number of Fires by Cause (Figures O3 and O4):

e As in most other regions, miscellaneous and unknown causes accounted
for a considerable proportion of Otago’s number of fires. Around 30%
(actual average 55 fires) of the average annual total number of fires was
attributed to miscellaneous causes; unknown accounted for 10% (an
average of 19 fires) of the average annual total number of fires; average
annual combined ‘unspecified’ proportion of total number of fires for Otago
was just under 40%.

e Land clearing accounted for about 30% (or annually an average of 57 fires)
of the average annual total number of fires.

e Around 13% of the average annual total number of fires were due to
vehicles causes (annual average of 25 fires).

e Before 1997/98 the reported number of fires occurring in Otago was less
than 100 fires annually, and from 1997/98 the number of fires doubled and
has fluctuated since. From 1997/98 the number of fires being attributed to
vehicles and land clearing increased.
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Area Burned by Fuel Type (Figures O5 and 06):

Around 72% of the total area reported burned in Otago was grass;
average annual total grass area burned was 1,781 ha; 57% of the national
total grass area burned from 1991/92 to 2006/07 occurred in Otago.
Around 26% of the total area burned in Otago was scrub; average annual
total scrub area burned was 631 ha (22% of the national annual scrub
area burned).

Forest made up the remaining 2% of total area burned; average annual
total forest area burned was 47 ha (12% of the national annual average).
The area burned by fuel type showed no clear directional trend over time;
large areas were burned in 1998/99 (more than twice the area burned of
any other year studied) in both grass and scrub fuels.

Area Burned by Cause (Figures O7 and 0O8):

Area burned by cause was significantly different to number of fires by
cause.

Land clearing accounted for 30% of the average total annual number of
fires, but 64% of the average annual total area burned (an average of
1,576 ha annually burned for the study period).

Around 21% of the average total area burned was attributed to unknown
causes (512 ha annually average). Miscellaneous causes accounted for
only 2% of the average total area burned (average annually of 60 ha).
The total area burned by cause was dominated each year by land clearing,
and years with a high total area burned usually had most of their area
burned attributed to land clearing.

In 1998/99 over 14,000 ha were burned; over 4,000 ha land clearing, over
6,000 ha from unknown causes, over 2,000 ha from power lines, and
around 1,000ha attributed to vehicle fires.

Area Burned by Cause by Fuel type (Figures 09, 010, 011, 012, O13, and

014):

Around 68% of the average annual total grass area burned (1,204 ha
averaged annually) was attributed to land clearing.

Around 20% of the average annual total grass area burned (362 ha
averaged annually) was attributed to unknown causes.

Around 6% of the average annual total grass area burned (average
annually 114 ha) was attributed to power lines.

Since grass area burned made up the largest fuel type reported in Otago,
the annual trend for grass area burned mirrored that of the total area
burned.

Land clearing dominated the average total scrub area burned at 56%
(annual average of 355 ha burned).

Around 23% of the average annual total scrub area burned was attributed
to unknown (147 ha) causes.
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Around 9% of the average annual total scrub area burned was attributed
to power lines (average annually 55 ha).

The trend for annual total scrub area burned again mirrored the total area
burned trend with land clearing accounting for the greatest proportion of
the area burned in most years.

The average annual total forest area burned was greatly influenced by
single causes that made up most of the forest area burned in different
years; miscellaneous in 1994/95, 2004/05 and 2005/06; land clearing in
2006/07; incendiary in 1997/98; and unknown in 1998/99.

Around 43% of the average annual total forest area burned was attributed
to miscellaneous causes (average annually 20 ha) mostly in 1994/95; 35%
to land clearing (average annually 16 ha); and 9% attributed to incendiary
causes (4ha).
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Figure O1. Otago total annual number of fires from 1991/92 to 2006/07.
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Figure O2. Otago total annual area burned from 1991/92 to 2006/07.
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Figure O4. Otago total annual number of fires by cause from 1991/92 to

2006/07.
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Figure O5. Otago total area burned by fuel type from 1991/92 to 2006/07.
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Figure O6. Otago total annual area burned by fuel type from 1991/92 to 2006/07.
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Figure O7. Otago average total area burned by cause from 1991/92 to 2006/07.
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Figure O8. Otago total annual area burned by cause from 1991/92 to 2006/07.
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Figure O9. Otago average total grass area burned by cause from 1991/92 to

2006/07.
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Figure O10. Otago total annual grass area burned by cause from 1991/92 to

2006/07.
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Figure O11. Otago average total scrub area burned by cause from 1991/92 to

2006/07.
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Figure O12. Otago total annual scrub area burned by cause from 1991/92 to
2006/07.
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Figure O13. Otago average annual total forest area burned by cause from

1991/92 to 2006/07.
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Figure O14. Otago total annual forest area burned by cause from 1991/92 to

2006/07.
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Appendix C13 Southland Region Fire Returns 1991/92 to 2006/07

Number of Fires (Figure S1):

e Southland had an annual average of 105 fires, or about 4% of the total
number of fires nationally.

e The total annual number of fires varied from 9 fires in 1996/97 (0.4% of
that year’s national total) to 270 fires in 2006/07 (about 7% of that year’s
national).

e The trend in the number of fires annually over time generally increased;
(regression: R? = 0.68; F-value = 32.2; P-value = <0.001). Southland’s
total annual number of fires also significantly correlated with the increasing
national trend (correlation coefficient = 0.748; P-value = 0.001).

Area Burned (Figure S2):
e The average annual area burned for Southland from 1991/92 to 2006/07
was 326 ha and averaged around 6% of the national total area burned.
e The total annual area burned varied from just 3 ha in 1995/96 (0.1% of
that year’s national) to 1,395 ha in 2005/06 (35% of that years national).
e The total area burned for Southland showed a clear significant increasing
trend over time (regression: R? = 0.3067; F-value = 6.19; P-value = 0.02).

Number of Fires by Cause (Figures S3 and S4):

e The average annual number of fires by cause for Southland was more
varied than other regions.

e Around 22% of the average number of fires was attributed to land clearing
(actual average 23 fires); 22% to structures (annual average 23 fires); and
around 16% to vehicle causes (annual average of 16 fires).

e The average annual number of fires from unspecified causes made up
34%: 19% miscellaneous (annual average of 20 fires), and 15% unknown
(annual average 15 fires).

e The cause of the majority of fires varied considerably from 1991/92 to
1997/98, and from 1998 onwards unknown, miscellaneous, vehicles, land
clearing and structures began to feature in high numbers regularly. High
numbers of fires attributed to structures occurred in 1998/99, 2004/05,
2005/06 and 2006/07, this differs from many other regions where hardly
any fires were attributed to this class annually.

Area Burned by Fuel Type (Figures S5 and S5):

e Around 58% of the total area burned from 1991/92 to 2006/07 was scrub;
average annual total scrub area burned was 185 ha (around 7% of the
national on average).

e Around 41% of the total area burned was grass; average annual total
grass area burned was 133 ha or about 6% of the national.
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The remaining 3% of the total area burned was forest; average annual
total forest area burned was 9 ha or 5% of the national average total forest
area burned.

The trend for total annual area burned by fuel type showed little
consistency, individual years were usually dominated by a single fuel type
being burned; 1992/93, 1993/94, 1994/95, 1998/99, 1999/2000, 2000/01,
2001/02, 2003/04 and 2005/06 were all dominated by scrub; 1996/97,
1997/98, 2004/05, 2006/07 were dominated by grass.

Area Burned by Cause (Figures S7 and S8):

The Southland results emphasize the need to consider both number of
fires and area burned by cause.

While land clearing accounted for on average 22% of the number of fires,
it accounted for 82% of the total area burned (annual average 266 ha).
Structure fires made up 22% of the average annual number of fires but
does not feature at all in the average annual total area burned; vehicles
made up 16% of the average number of fires by only 6% of the average
total area burned.

This disparity between the average annual number of fires and the
average annual total area burned was (as with other regions) due to single
causes dominating some years, and three years of large areas burned
from 2004/05 to 2006/07 were due to land clearing occurred.

Area Burned by Cause and Fuel Type (Figures S9, $10, S11, S12, S13, and

S14):

96% of the annual total grass area burned was attributed to land clearing
(annual average was 127 ha). However, this almost complete domination
by land clearing was due to hardly any grass area recorded burned from
1991/92 to 2003/04, and the over 1,300 ha reported in 2004/05 and 600
ha in 2005/06.

The average annual total scrub area burned was again dominated by land
clearing at 73% (average annually of 134 ha); 11% was attributed to
vehicles (20 ha). Unknown causes made up 8% (annual average 14ha);
and miscellaneous accounted for 5% (annual average of 9 ha).

Again no clear trend was present for any causes in the total annual scrub
area burned.

Southland’s average annual total forest area burned was split with 57%
(annual average just 5 ha) from land clearing, 40% from (annual average
3 ha) chainsaws, and the remainder from other causes. The annual total
forest area burned was very low, at most around 65 ha (in 2003/04), and
most of the forest area burned was attributed to land clearing (1991/92,
1998/99, 1999/2000, 2000/01, 2005/06 and 2006/07), chainsaws
accounted for over 50 ha in 2003/04 (most of that year’s forest area
burned).
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Figure S1. Southland total annual number of fires from 1991/92 to 2006/07.
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Figure S2. Southland total annual area burned from 1991/92 to 2006/07.
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Figure S3. Southland average total number of fires by cause from 1991/92 to

2006/07.
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Figure S4. Southland total annual number of fires by cause from 1991/92 to

2006/07.
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Figure S5. Southland total area burned by fuel type from 1991/92 to 2006/07.
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Figure S6. Southland total annual area burned by fuel type from 1991/92 to

2006/07.
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Figure S7. Southland average total area burned by cause from 1991/92 to
2006/07.
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Figure S8. Southland total annual area burned by cause from 1991/92 to 2006/07.
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Figure S9. Southland average total grass area burned by cause from 1991/92 to
2006/07.
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Figure S10. Southland total annual grass area burned by cause from 1991/92 to
2006/07.
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Figure S11. Southland average total scrub area burned by cause from 1991/92 to
2006/07.
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Figure S12. Southland total annual scrub area burned by cause from 1991/92 to
2006/07.
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Figure S13. Southland average annual total forest area burned by cause from

1991/92 to 2006/07.
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Figure S14. Southland total annual forest area burned by cause from 1991/92 to

2006/07.
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