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Executive Summary

New Zealand experiences around 3000 vegetatiorfirgddeach year that burn around 7000 hectares
of rural lands. Strong winds, high temperatures; lumidity and seasonal drought can combine to
produce dangerous fire weather situations. Thestares fluctuate seasonally, and from year to year.

Assessment of the effect of fire weather (and ofinerenvironment factors of fuels and topography)
on potential fire occurrence and fire behaviouadsisted by the use of the New Zealand Fire Danger
Rating System (NZFDRS), which is based on the Canaéorest Fire Danger Rating System
(CFFDRS). This project aims to provide methods flaward prediction of severe fire weather,
described using the fuel moisture codes and fifebieur indices contained within the Fire Weather
Index (FWI) system module of the NZFDRS, for the to four week period.

Both the Meteorological Service of New Zealand &fWA have been providing seasonal forecast
products for several years, and these have infrélyuiecluded passing reference to fire danger. The
NIWA-led ‘Integrated Climate and Fire Season SeayeForecasting’ programme has provided

forecasts of regional fire danger over New Zealfmon 2000 — 2004. MetService developed a
method for producing medium range forecasts of\ieather indices that showed skill as far as day
10. However, the anticipated ability of the fordsaso add situation-dependent probabilistic

information was not found.

NIWA has developed a scheme that predicts theylikehge of temperature (daily maximum and

minimum, soil), average wind speed, daily rainfalld solar radiation at 70 sites, with rainfall and

temperature at over 100 sites, from one day outwim weeks, with an extension that estimates
temperate and rainfall for a month out. This soherses a set (or “ensemble”) of weather forecast
model runs that capture the inherent uncertaintyha atmospheric circulation. To go to monthly

forecasts, the predictions for the first two weelfsthe 30-day period are used to estimate the
probability distribution of outcomes for the whd@6-day period. Here, we assess the utility of this
scheme to predict elements of the FWI system.

FWI System components were related to observedsandlated daily climate information for four
Northland sites and five Canterbury sites. Multiat relationships between elements of the FWI
system, and available climate variables and analgéd¢he large scale atmospheric circulation were
developed.

Regional indices used included five 1000 hPa hggigsure patterns over New Zealand, five 850 hPa
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temperature fields, regional mean means of westertlysoutherly wind speeds at 1000 hPa height and
regional vorticity, a proxy for storminess and upgvenotion.

The main findings were that:

« For the FWI components for all Northland sites, gi®ngest relationships were found for
Fine Fuel Moisture Code (FFMC) and the Fire Weatmetex (FWI) value itself with
analysed regional vorticity (a proxy for storminegsrtical motion and rainfall) at all stations,
and FFMC with rainfall, minimum temperature andasofadiation at the nearest climate
station. For Northland, anticyclonic conditions pmd with enhanced southerly winds are
associated with higher FFMC and FWI values. Theéamae accounted for in regressions on
FFMC and FWI typically ranged from 15 to 25%, fantemporary relationships (today’s
FWI System values from today’s weather). This ledfedkill suggests limited skill in forecast
mode, on the order of 10-15% explained variance.

« At Canterbury sites, relationships with FWI Systesmponents were strongest with analysed
regional circulation indices. The best relationshigere found between FFMC, FWI and Daily
Severity Rating (DSR) with westerly wind strengthd for more eastern stations with higher
atmospheric temperature. Nearest climate statiorximen temperatures and earth
temperatures were also well related to FFMC, FWll B8R, notably in those stations farthest
east. In Canterbury, stronger westerly winds higther temperatures are associated with
higher FFMC and FWI. The variance accounted fomrdgressions on FFMC and FWI
typically ranged from 20 to 30%, for contemporaejationships (today’'s FWI values from
today’s weather). This level of skill, somewhatheg than that found for Northland, suggests
some skill in forecast mode, on the order of 15-2084lained variance.

e Given the level of skill found in contemporary diagtic relationships between
weather/climate variables and elements of the FWéte®n, it seems likely that individual
daily predictions of FWI components would not exhilseful skill in an operational sense.
Similarly, extending the approach to monthly prédits, given the levels of skill found here,
is also unlikely to produce operationally usefiduks. It is however possible that weekly (or
other multi-day) averages of FWI components mayskiffully predicted from averaged
weather information. It would be worth pursuingsthpproach in future years’ research.

Prediction of Fire Weather and Fire Danger v
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1. Introduction

Even though New Zealand does not have one of thet savere fire climates in the

world, the country still experiences around 300lrwvegetation fires each year that
burn some 7500 ha of rural lafdsStrong winds, often associated with high
temperatures, low humidity and seasonal drougimt,ccenbine to produce dangerous
fire weather situations. To effectively manage ttisk, New Zealand fire managers
require knowledge of the likely severity of seadoii@ weather and fire danger

conditions at a range of scales from short-termedasts to long-range seasonal
predictions. It is useful to have results that tenutilised immediately as well as

providing a platform from which future research tenbuilt.

Currently medium range forecasts of daily climawrents show skill as far as ten
days ahead. Recently it has been found that weatlements can be skilfully
predicted in a probabilistic sense out almost tweeks, and that such forecasts can
indicate tendencies for the coming month with a esbéimount of skill. The aim is to
bridge the gap between forecasts of day-to-day gdmno a climate forecast of
changing risks over the coming months, so thatsassents of fire weather severity
can be made earlier than at present. This wouldl @igvide objective trigger points
for the implementation of prevention programmesjuding the imposition of rural
fire restrictions and prohibitions, and mounting rdtional and regional publicity
campaigns, and increase fire detection regimearal areas so that fires are reported
and responded to more rapidly.

2. Scope of the Study

This report summarises research completed by NIW@ Ensis as part of the joint
NIWA-Forest Research project “Prediction of Fire 8ther and Associated Fire
Danger”. The joint project aimed to investigate noets for forward prediction of
severe fire weather. It combines the outcomes fpoerious NIWA research into the
prediction of fire season severity and improvedaeal fire danger forecasts for New

1 From statistics for the period 1993/94-2002/03 dpied by the National Rural Fire
Authority, based on the Annual Return of Fires fooompleted by New Zealand fire

authorities.
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Zealand and complementary research undertaken big fthen Forest Research) to
develop a national fire climatology database amsteated analytical tools.

This part of the joint project, “Two to four weekegliction of fire extremes” aims to
better utilise extended-range weather forecastsnootinely done on the one- to two-
week time scale. This aims to produce probabiligtedictions of factors influencing
fire risk up to a month ahead. The key steps m$hidy included:

¢ Relating Fire Weather Index (FWI) System compondrim observed and
simulated daily climate information to regional lscaveather variables
predicted by the US National Weather Service gldbedcasting model, for
sites in Northland and Canterbury;

« Developing multivariate relationships between FWtats components and
available weather/climate variables;

e Testing the derived relationships with real-timeeftast model output; and

« Presentation of the results and assessment oéésébflity of implementation
of a FWI prediction scheme for key regions in Nesaland.

3. Background

3.1 Fire danger rating in New Zealand

Assessment of the effect of fire weather (and ofimerenvironment factors of fuels
and topography) on potential fire occurrence angl ffiehaviour in New Zealand is
assisted by the use of the New Zealand Fire DaRgéng System (NZFDRS) (Fig.
1a), which is based on the Canadian Forest Firgg&raRating System (CFFDRS).
The NZFDRS is used by New Zealand fire authoriteesssess the probability of a
fire starting, spreading and doing damage. Newafels adoption and continued
adaptation of the CFFDRS has been described byrfyogaal. (1998) and Anderson
(2006)..

The Fire Weather Index (FWI) subsystem of the CFBORan Wagner 1987) was

Prediction of Fire Weather and Fire Danger 2
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adopted by the former New Zealand Forest Servid®80. Based solely on weather
observations, the FWI System (Fig. 1b) provides eriral ratings of relative ignition
potential and fire behaviour which can be used w@des in a wide variety of fire
management activities including (after Alexande®2)9

e prevention planning (e.g., informing the public pénding fire danger,
regulating access and risk associated with puldict industrial use of forest
and rural areas);

e preparedness planning (e.g., level of readiness piredpositioning of
suppression resources);

e detection planning (e.qg., lookout manning and aeegrol routing);
e initial attack dispatching;

e suppression tactics and strategies on active wnefsifiand

e prescribed fire planning and execution.

Daily observations made at noon local standard tfrtemperature, relative humidity,

wind speed, and 24-hour accumulated rainfall restbrdy a network of remote

automatic weather stations located around the cpamé used to compute values of
the three fuel moisture codes and three fire belavindexes. These may be
determined from tables (e.g., Anon. 1993) or by porar calculation (Van Wagner
and Pickett 1985). The New Zealand Fire Weathenidddng System (FWSYS) is

described in more detail by Pearce and Majorhd@032

Prediction of Fire Weather and Fire Danger 3



—NIWA_—

Taihoro Nukurangi

iti i Temperature
(a) Igg;gin Weather Topography  Fuels (b) Fire h Relative Humidity = Temperature
Weather Wind Speed ~ Wind Relative Humidity Temperature

‘ Observations Rainfall Speed Rainfall Rainfall

Fire Weather

Index (FWI) [—————| = s e e e e e e e e e e e e e e o —m— oo oo

System \ \
* - ] Fuel Fine Fuel .
Fire Occurrence Accessory Fuel Fire Behaviour Moisture Moiér:sre lgeode Duffcl\glcgesture Dcr:%tageht
Prediction (FOP) || Moisture | Prediction (FBP) d (FFMC) (OMO) ©C)
System System System Codes
NZFDRS ~———— l
y
Initial Spread Build Up
Guides and . Index Index
Fire Management other systems Fire Management (&) (BUI)
Resources and —# | developed by fire | <#— Prohlems‘a‘\nd
Values at Risk management and Opportunities Fire
fire research .
Behaviour
l Indexes l
Fire Management Fire Weather
Solutions and Index
Decisions (FWI)

Figure 1. Simplified structure diagrams for (a) the New Zealand Fire Danger Rating System
(NZFDRS), illustrating the linkage to fire managemeat actions (after Fogarty et
al. 1998); and (b) the Fire Weather Index (FWI) Systa (after Anon. 1993).

3.2 Fire climate research

The value of fire climatological information fordi management is evidenced by the
vast number of studies and variety of applicationghe literature. A significant
number of studies have attempted to use fire ctitngies to describe fire activity
(e.g., Harringtoret al. 1983). Fire danger climatologies have also bessd o show
seasonal trends in fire danger (McAlpine 1990)udgig comparison of the severity
of individual fire seasons for particular statigesy., Harveyet al. 1986), to determine
length of fire season (Wotton and Flannigan 199®) define fire climate regions (e.qg.
Simard 1973). They have also been used to defipadta of El Nino-Southern
Oscillation events (e.g. Williams 1998) and climablange (e.g. Wottod al. 1998).
Perhaps more importantly, fire climatologies haeerbused to develop systems for
the full range of fire management activities, imthg prevention (OMNR 1989,
Borger 1997), preparedness (Gray and Janz 1985rtyognd Smart 1994), fire
suppression (Andrewat al. 1998, Fogarty and Slijepcevic 1998), and presdrifire
planning (Andrews and Bradshaw 1990).

In trialling the FWI System prior to its introdueti, Valentine (1978) compared fire

Prediction of Fire Weather and Fire Danger 4
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season climatologies for British Columbia and Nesaldnd, and Cooper and Ashley-
Jones (1987) used fire danger class frequencigsvéstigate the economics of fire
prevention activities. Pearce (1996) producedre ¢limatology for 20 weather
stations and presented long-term average and extvaines for both weather inputs
and fire danger components in a summary table &wh estation. In an effort to
improve knowledge on the fire climate of New Zedlathe Pearce (1996) study was
recently updated and extended by Ensis under teeiqus NZFSC-funded project
‘Fire Danger Climatology Analyses and Tools’ tolirde fire climate summaries for
127 weather station locations (Peagtal. 2003). Summary statistics for each station
were used to identify the individual weather stagi@nd geographic regions with the
most severe fire climates. Research by Ensis, wmiad under the NIWA-led
“Prediction of Fire Season Severity”, also devetbpa analytical tool for predicting
fire season severity based on past seasons (Reatddoore 2004), while the “Impact
of Climate Variability and Change on Seasonal Eieager” project documented the
impact of climate change on future fire danger (Beat al. 2005). As part of the
present project, “Prediction of Fire Weather andgdtsated Fire Danger”, Ensis is
continuing to describe New Zealand'’s fire climate ibvestigating the effects of
annual and decadal variability, described by thaligb-Southern Oscillation (ENSO)
and Interdecadal Pacific Oscillation (IPO), on sea$ fire danger (Pearcet al.
2007).

Recent research by NIWA undertaken under the NZf®@ed project ‘Integrated
Climate and Fire Season Severity Forecasting’ ifiedt definite links between
weather, climate and fire season severity for 2ations, with predictive relationships
being established for seasonal and monthly firesgv(Heydenryctet al. 2001a,b).
Detailed relationships were identified between gldle.g. El Nifio and La Nifia) and
regional climate elements (e.g., regional wind wWaton and weather types) and
monthly (MSR) and seasonal (SSR) fire severityngi At eastern sites, variants of
stronger westerly quarter flow across New Zealanedtlae most important parameter
promoting higher SSR. For the small sample ofssiteeltered from easterly flow,
variants of weaker westerlies or above averageedasfuarter airflow produced
above average SSRs. In 2001, the programme asdifidd 15 fire climate regions
(Fig. 2a) based on the response of severity ratingsarious climate predictors
(Heydenrych and Salinger 2002, Salingemal. 2002). Seven fire regions occur in
each of the North and South Islands, with a furtiegion straddling Cook Strait. For
each region, the key linkages between fire seveatiyg and climate predictors were
identified. In 2002, strong relationships wererfdibetween Daily Severity Ratings
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(DSR) and daily and monthly climate variables, faro regions, Northland and
Coastal Mid/South Canterbury (Goshial. 2003). This work was extended to all the
other fire climate regions (see Fig. 2a), togetmeth work to complete the
classification for the improved management of reglofire dangers (Gosadt al.
2004, Griffiths 2004).

(b) Low

Moderate

(@)

New Zealand High

Fire Regions

Very high

I Extreme

Figure 2. Maps of (a) New Zealand climate regiongientified in the fire danger climatology
analysis of Heydenrych and Salinger (2002); and (bprecast fire danger for the
end of January 2004 based on seasonal predictio$l{VA 2004).

3.3 Fire danger forecasting

Both the Meteorological Service of New Zealand (8trtvice) and NIWA have been
providing seasonal forecast products for severarsyeand these have infrequently
included passing reference to fire danger (e.gerA997, NIWA 1999). Utilising the

results of research into factors contributing tee fseason severity, the NIWA-led
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‘Integrated Climate and Fire Season Severity Fatéogi programme has provided
scenarios and forecasts of regional fire dangeWiiAlR004) over New Zealand from
2000 - 2004 (see NIWA 2004; see Fig. 2b) so thatNRFA, together with local fire
authorities, can prepare and deploy resources.fdrbeasts are publicly available and
posted on the National Rural fire Authority’s (NRFifternet sitéd This was the first
time that seasonal fire danger scenarios tailopegiBcally to fire danger have been
provided in New Zealand.

Research completed by MetService as part of theS@finded project “Forecast
Fire Weather Indices for Fire Danger Assessmergulted in production of a fire
weather forecasting tool, known as MetConnect Rliat combines forecasted data
from MetService's mesoscale weather prediction rhadth FWI System calculations
to provide spot forecasts for specific weatheriatatocations. Initially the system
produced forecasted hourly fire danger data ¢EMC, ISI and FWI) out for a period
of 72 hours (3 days). Results in the form of batimated maps and text output are
displayed on a restricted access web browser,rdadnation is updated each time the
weather prediction model produces a new forecast, @very 6 hours) (Pearce and
Majorhazi 2003). More recently, MetService (Simm2005) developed a method for
producing medium range forecasts of fire weathdrces that showed skill as far as
day 10, and the MetConnect system was expandelddareclude forecasts of daily
FWI values over this extended period. However athticipated ability of the forecasts
to add situation-dependent probabilistic informatwas not found. Using a different
approach, recent research at NIWA (Renwick et 8072 suggests that weather
elements can be skilfully predicted in a probatilisense out to 10-12 days, and that
such forecasts can indicate tendencies for thergpmionth with a modest amount of
skill.

3.4 Two — four week prediction

A scheme has been developed that predicts they lileeige of temperature (daily
maximum and minimum, soil), average wind speedydainfall and solar radiation
at 70 sites across New Zealand, with rainfall aardgerature at over 100 sites, from
one day out to two weeks, with an extension théinases temperate and rainfall for a
month out. The basis of the scheme is a set afndstic or “downscaling”

2 http://nrfa/fire.org.nz/fire_weather/niwa/inde>aht
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relationships between observed components of tlge-scale circulation (pressure
patterns, regional air temperatures, etc) and loedly climate variables at each
station. The predictive component is supplied bweather prediction model that
forecasts the large scale circulation out to twaekseahead. Predicted circulation
indices are substituted for the observed valuesl usedevelop the downscaling
relationships. Hence, assuming the forecast icgrestimates are obtained of what
the local weather would be in those circumstances.

Estimated variability in the forecasts comes frdm tise of an “ensemble” approach
to the weather prediction problem. Here, the weathedel is run several times (in
this case, 11 times) for each day, with slightlydified starting states, thus capturing
the effects of chaos in the atmospheric circulatiBy using the downscaling
relationships with each member of the ensembl@&stimate can be made of the most
likely daily outcome, and the likely range of vdnii#ty around that. The scheme is
Skilful On A Day-By-Day Basis Out To About A Weeldnd Its Aggregated
Qualitative indications (dry, very dry, warm, etk reliable during the second week.
To go to monthly forecasts, the predictions for fmet two weeks of the 30-day
period are averaged and used to estimate the plibpaistribution of outcomes for
the whole 30-day period. This approach shows niotfer daytime temperature, and
is marginally skilful for rainfall.

A set of forecast values are calculated for eaghaddhe two-week period, from the
ensemble of weather model runs. For example, asrshn Figure 3, this gives
information about the most likely outcome (the naedforecast) and an estimate of
the variability (the gray shading). As expectede dol chaotic effects in the weather,
the width of the shading increases with increagingcast interval.

The actual maximum temperatures are illustrateolile in Figure 3. As is typical of
such predictions, the estimates for the first faysdare accurate (within a degree or
so out to the end of the first week). Beyond taat,should not expect the exact daily
sequence to be correctly predicted (again due bads”) but the trend should be
properly indicated. As shown below, the forecaskgpithat the second week will be
cooler than normal, but shows the coolest day tthbe?7th, though the observations
show the 26th as the coolest.

Prediction of Fire Weather and Fire Danger 8
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Figure 3: Example two-week maximum temperature foreasts for Wanganui, from the testing
period in 2004. The day of the month is indicatedlang the bottom axis and the
temperature is indicated up the vertical axis. Theblack line is the median daily
forecast from the ensembles, and the gray shadinh®ws the inter-quartile range
of the forecasts (the interval within which the midile 50% of the forecast values
lie). The red line shows the normal value for theitne of year, and the blue line
shows the actual outcomes.

Inherent uncertainties in the climate system méan predictions can be quantitative
and categorical only for the first few days. Beyahdt, predictions must become
more probabilistic and qualitative, but must reliaindicate trends. The system
developed here appears to exhibit good reliabdity to week two, and beyond that
shows skill in estimating climate anomalies for thenth.

4. Methodology

The broad aim of the current research is to ingatti how much weekly to monthly-
scale fire danger forecasts could be improved,gusuch information. In effect, the
research described here provides a longer-ternexbfdr short-term (1-2 days) FWI

Prediction of Fire Weather and Fire Danger 9
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forecasts provided to NRFA by MetService of New lded by providing a forecast
that bridges the gap between a pure weather fdretaky to day changes over the
coming few days and a climate forecast of changsig over the coming months.

As noted previously, the key steps in this stuajuided:

1. Relating Fire Weather Index (FWI) System compondrdm observed
and simulated daily climate information to regionst¢ale weather
variables predicted by the US National Weather iSerglobal forecasting
model, for sites in Northland and Canterbury;

2. Developing multivariate relationships between FWHats components
and available weather/climate variables;

3. Testing the derived relationships with real-timeeftasts model output;

4. Presentation of the results and assessment of #asibflity of
implementation of a FWI prediction scheme for kegions in New
Zealand.

4.1 Relating FWI components to observed simulated dailglimate information

The performance of the prediction scheme in terfmsiofall forecasts for week two
(days 8-14) was examined, and relationships betwaéy climate variables and FWI
components analysed.

Prediction of Fire Weather and Fire Danger 10
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Hits, less/more than 3 days rain>1mm
7 day period, days 8 to 14

60/5

Figure 4: Percentage correct forecasts, for prediatg whether or not at least half of week two
will be wet. The contours represent the percent frguency of correct forecasts.
The black line is 60%, blue is less than 60%, redsigreater than 60% and the
contour interval is 5%. Results based on a 20-montkrial from August 2004 to
March 2006.

For the second week of the forecast, the predictigstem does a good job of
discriminating wet periods from non-wet periodgiugh its ability to predict amounts
of rainfall becomes very limited by the end of thist week and shows no skill for the
second week. However, there is skill in a qualiagense in terms of the number of
days of rain in a week. Figure 4 illustrates theeéast performance for week two, in
terms of the percentage of occasions where the Imoaleectly predicted the
occurrence of rain for at least half the week (dags wet vs 0-3 days wet). The
forecasts were correct around 70% of the time irstnpdaces. Comparisons were
made of FWI components at fire weather stationsdaily climate values at climate

Prediction of Fire Weather and Fire Danger 11
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stations (as predicted by the two-week forecasSobgeme). Indications are that
combinations of up to three daily climate variablesg. maximum temperature,
rainfall, daily wind run) capture over half of thariability in most of the FWI
components.

(b) Maximum temperature

V@g |

53.7

Figure 5. Amount of variance explained (compared t@ forecast of climatology) by forecasts
of maximum temperature averaged over days 3-7. Thiglack contour is 50%, red
is greater than 50% and blue is less than 50%. Theontour interval is 5%. The
average across all sites is printed in the bottomght corner.

Given the available resources for this componenhefresearch project, analysis was
limited to a set of sites in two key areas, Nomhdland Canterbury. These two regions
were selected because conditions leading to hrghriBk were quite different. In the
former case (Northland) higher fire risk occurredthwanticyclones producing
southerly flow (Heydenruch and Salinger, 2002).Foanterbury high fire risk
occurred with strong westerly or north westerlyfloFor each Fire Service network
station, the closest NIWA climate station was del@éc These stations and their
locations are listed in Table 1.

The data set of the predictands is from the NZ Mssvice’s archive. The data

Prediction of Fire Weather and Fire Danger 12
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includes five meteorological variables (temperatusdative humidity, wind speed,
wind direction and precipitation); the fire Weathedex (FWI) System components,
including three fuel moisture codes (Fine Fuel Mo Code (FFMC), Duff Moisture
Code (DMC) and Drought Code (DC)) and three firkaw@our indexes (Initial Spread
Index (ISI), Build Up Index (BUI) and the Fire What Index (FWI) itself). (Van

Wagner 1987; also see Fig. 1b); and the Daily $SgvBating (DSR), a measure of
daily fire weather severity calculated from the FWlue suitable for averaging
(Harveyet al. 1986).

Table 1. Name of location of selected Northland an@anterbury NZ Fire Service network
stations and their closest NIWA stations

NZ Fire Service | NZ map | NZ map | Closest NZ map | NZ map
network station grid x gridy grid x gridy

NIWA

station
Aupori_Peninsula 2513200 6722800 A53127 2534726 6674248
Pouto 2605200 6549200 A53987 2587603 6585365
Waitangi_Forest 2600500 6657300 A53191 2595185 6668397
Whangarei_Aero 2634261 6603070 A54737 2634016 6602816
Ashley 2409400 5700450 H31883 2413039 5712095
Balmoral 2489700 5816100 H22783 2497415 5826546
Bottle_Lake 2484300 5748700 H32451 2472572 5746132
Darfield 2441300 5745650 H32416 2441273 5745553
Snowdon 2402600 5748100 H31594 2424819 5741811

Two main data sets of predictors were analysed fif$tedata set comprises the large-
scale meteorological variables analysed (“obsefvé#dbugh the “reanalysis project”
carried out at the US National Centers for Envirental Prediction (NCEP) and
National Center for Atmospheric Science (NCAR) (@ et al. 1996) for the New
Zealand region (30-50°S and 160°E-170°W). TheSeidiec:

1. The first five principal components (“patterns”) thie regional 1000 hPa height
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field (1000p1 — 1000p5);

2. The first five principal components or regional fmrature field at the 850hPa
level (T850p1 — T850p5);

3. The regional mean of the westerly wind componerdio@D);
4. The regional mean of the southerly wind compongta000);
5. Wind speed at 1000 hPa (F1000);

6. Temperature at 850hPa (T850),

7. Regional mean vorticity (Vort).

The second data set comprises observed daily einaiables at the closest NIWA
stations including precipitation (Rain), maximummfeerature (Tmax), minimum

temperature (Tmin), solar radiation (Solar), eaetimperature (Tearth) and wind run
(WindR).

5. Results

Correlations between the predictand data set anthtkee predictor data sets are listed
in Tables 2-10 for each New Zealand Fire Servidevork station respectively.

5.1 Northland

Four stations were examined for Northland: AupoBeninsula, Pouto, Waitangi
Forest and Whangarei Airport. These were seledegivie a spread over Northland
and proximity to NIWA stations.

Results for the Aupouri Peninsula (Table 2a) shioat the regional vorticity data set
(a proxy for storminess, vertical motion and rdipfaas the best predictor for FFMC
and FWI. Using meteorological variables (Table Z§®nerally only significant
relationships existed for the prediction of higlk&MC with lack of rainfall (Rain),
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higher minimum temperature (Tmin) and increasedrs@diation (Solar). For ISI and
DSR significant relationships were found with winoh (WindR).

Similarly at Pouto (Table 3a) regional vorticityaag was the only significant NCEP

predictor for FFMC, FWI and ISI. Using meteorolagicvariables at the nearest
climate station (Table 3b) again only significagtationships existed with the FFMC

predictand with lack of rainfall, higher minimumntperature and increased solar
radiation. There was also a significant relatiopdiétween ISI and wind run.

At Waitangi Forest again regional vorticity was ion@ant for FFMC, ISI and FWI,
although southerly wind strength (VV1000) was atspartant (Table 4a). The negative
of the third principal component of 1000hPa heigypiresents high pressure ridges
over Northland, and this showed relationships iaiC, DC and BUI. FFMC was
the only predictand with significant relationshiyygh weather variables (Table 4b)
including rainfall, minimum temperature and sokdiation.

Table 2. Correlation coefficients of fire risk indexes with climate variables for Aupouri
Peninsula.

(a) With NCEP reanalysis data

temp rel _hu w_spe wdir prec ffnt dnc dc i si bui f wi dsr
1000p1 0.08 0.03 0.15 -0.49 -0.12 0.09 15 0.10 0.25 0.15 0.25 0.24
1000p2 -0.24 -0.27 0.03 0.22 -0.19 0.28 0.04 0.01 0.17 0.03 0.13 0.06
1000p3 -0.25 0.04 0.14 0.00 0.16 -0.17 -0.31 -0.28 -0.03 -0.33 -0.16 -0.05
1000p4 -0.08 -0.24 -0.09 0.06 -0.15 0.25 -0.01 -0.06 0.08 -0.01 0.05 0.00
1000p5 0.06 -0.02 -0.06 -0.19 -0.14 0.20 0.07 -0.03 0.09 0.07 0.10 O0.06
T850p1 0.34 0.21 0.00 -0.24 0.04 -0.15 0.00 0.04 -0.02 0.00 0.01 o0.05
T850p2 0.01 0.08 -0.13 0.32 0.15 -0.22 -0.11 -0.05 -0.26 -0.11 -0.24 -0.19
T850p3 0.17 0.13 -0.10 -0.01 -0.08 0.06 0.12 0.12 0.01 0.13 0.06 0.04
T850p4 -0.15 -0.13 0.08 0.11 0.07 -0.03 -0.16 -0.10 0.05 -0.16 -0.03 0.00
T850p5 0.12 -0.15 -0.01 0.04 -0.14 0.18 0.10 0.09 0.08 0.120 0.10 O0.04
U1000 0.12 -0.03 -0.22 0.49 0.01 0.01 0.01 0.01 -0.21 0.01 -0.16 -0.20
V1000 -0.28 -0.36 -0.06 0.35 -0.11 0.22 -0.11 -0.08 0.04 -0.12 -0.03 -0.07
F1000 -0.08 0.12 0.64 0.03 0.18 -0.17 -0.05 0.02 0.23 -0.04 0.16 0.23
T850 0.33 0.33 -0.15 -0.05 0.07 -0.19 0.03 0.07 -0.14 0.03 -0.08 -0.04
Vor t 0.17 -0.21 0.01 -0.18 -0.40 0.41 0.21 0.07 0.32 0.22 0.34 0.26
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(b) With observed daily climate data at the neackstate station

temp rel _hu w_spe wdir prec ffnt dnc dc i si bui f wi dsr
Rai n -0.02 0.32 0.01 0.02 0.34 -0.41 -0.09 -0.02 -0.20 -0.08 -0.19 -0.12
Tmax 0. 60 0.13 -0.20 -0.41 -0.21 0.16 0.19 0.42 -0.04 0.22 0.06 0.01
Tmn 0.37 0.43 0.14 -0.09 0.21 -0.41 -0.10 0.22 -0.16 -0.07 -0.15 -0.05
Sol ar 0.00 -0.44 -0.08 0.07 -0.28 0.44 0.02 -0.12 0.18 0.01 0.15 0.05
Tearth 0.51 0.38 -0.09 -0.20 0.01 -0.11 0.126 0.27 -0.08 0.18 0.01 0.02
WndR 0.01 0.10 0.66 0.15 0.16 -0.08 0.11 -0.07 0.312 0.10 0.28 0.33

Labels for NCEP climate indices (in rows):

1000p =ith principal component of the NZ 1000 hPa heighidfiT850@ = ith principal
component of 850 hPa temperature in the New Zealegidn, U1000 = component of
westerly wind direction, V1000 = component of welstavind direction, F1000 = wind speed
at 1000 hPa, and Vort = Vorticity.

Labels for observed climate indices (in rows):

Rain = precipitation, Tmax = maximum temperatunjff = minimum temperature, Solar =
solar radiation, Tearth = Earth temperature, anddiRli= daily wind run.

Labelsfor fire risk indices (in columns):

rel_hu = relative humidity, w_spe = wind speed, iw=dwind direction, prec = precipitation,
ffmc = fine fuel moisture cond, dmc = Duff Moistu@®de, dc - Drought Code, isi - Initial
Spread Index, bui - Buildup Index, fwi - Fire Weathndex, and dsr — Daily Severity Rating.

Table 3. Correlation coefficients of fire risk indexes with climate variables for Pouto

(a) With NCEP reanalysis data

tenp rel _hu w_spe wdir prec ffnt drc dc i si bui fwi dsr
1000p1 -0.01 -0.22 -0.17 -0.45 -0.12 0.24 0.16 0.03 0.16 0.15 0.18 0.10
1000p2 0.04 -0.21 0.12 0.25 -0.12 0.16 0.06 0.02 0.18 0.05 0.14 0.14
1000p3 -0.02 0.16 -0.01 -0.20 0.12 -0.19 -0.22 -0.22 -0.13 -0.24 -0.19 -0.11
1000p4 -0.03 -0.123 -0.07 0.11 -0.12 0.19 -0.04 0.00 0.03 -0.04 -0.02 -0.04
1000p5 0.00 -0.16 -0.16 -0.16 -0.19 0.24 0.07 0.01 0.03 0.07 0.04 0.00
T850pl -0.01 0.21 -0.14 -0.23 0.01 -0.08 0.00 0.06 -0.09 0.02 -0.04 -0.06
T850p2 0.01 0.26 0.13 0.31 0.18 -0.27 -0.16 -0.09 -0.14 -0.16 -0.15 -0.07
T850p3 -0.04 0.14 -0.03 0.05 -0.04 0.01 0.05 0.08 -0.02 0.06 0.00 0.02
T850p4 0.03 0.02 0.03 -0.01 0.08 -0.14 -0.18 -0.07 -0.15 -0.17 -0.19 -0.14
T850p5 0.00 -0.14 0.00 0.15 -0.14 0.16 0.12 0.09 0.15 0.13 0.16 0.13
U1000 0. 05 0.16 0.22 0.62 0.09 -0.16 -0.04 0.05 -0.06 -0.03 -0.06 -0.02
V1000 -0.03 -0.25 0.06 0.33 -0.15 0.21 -0.03 -0.02 0.11 -0.04 0.05 0.04
F1000 -0.02 0.15 0.50 -0.18 0.10 -0.13 -0.05 -0.12 0.22 -0.07 0.13 0.17
T850 -0.02 0.40 -0.09 0.00 0.06 -0.18 -0.03 0.08 -0.15 0.00 -0.10 -0.07
Vor t 0.07 -0.32 -0.05 -0.15 -0.34 0.43 0.29 0.10 0.30 0.28 0.33 0.23
(b) With observed daily climate data at the neackstate station

temp rel _hu w_spe w.dir prec ffnc dnt dc i si bui fwi dsr

Rai n 0.01 0.35 -0.05 -0.123 0.27 -0.42 -0.12 -0.05 -0.21 -0.12 -0.19 -0.11
Trmax -0.02 -0.04 -0.24 -0.26 -0.15 0.16 0.29 0.40 0.06 0.33 0.18 0.11
Tmn 0.00 0.46 0.15 -0.12 0.19 -0.39 -0.09 0.15 -0.18 -0.06 -0.15 -0.08
Solar -0.01 -0.55 0.04 0.34 -0.18 0.42 0.10 -0.13 0.23 0.08 0.20 0.10
Tearth NA NA NA NA NA NA NA NA NA NA NA NA
WndR -0.08 0.08 0.68 -0.01 0.02 -0.04 0.02 -0.01 0.37 0.00 0.26 0.29
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tenp rel _hu w_spe wdir prec ffnt drc dc i si bui fwi dsr
1000p1 -0.17 -0.02 -0.03 -0.39 -0.08 0.08 0.14 0.10 -0.01 0.14 0.06 0.00
1000p2 -0.09 -0.38 -0.04 0.36 -0.15 0.22 0.07 -0.04 0.22 0.05 0.18 0.18
1000p3 -0.24 0.22 0.07 -0.04 0.20 -0.25 -0.35 -0.35-0.19 -0.37 -0.28 -0.21
1000p4 0.02 -0.24 -0.18 0.06 -0.07 0.16 -0.11 -0.10 0.03 -0.11 -0.04 -0.05
1000p5 0.05 -0.11 -0.05 -0.23 -0.19 0.22 0.09 0.03 0.09 0.08 0.10 0.03
T850p1 0.25 0.25 -0.04 -0.32 0.04 -0.123 0.00 0.07 -0.13 0.01 -0.08 -0.11
T850p2 0.19 0.13 0.02 0.28 0.10 -0.124 -0.09 -0.06 -0.05 -0.09 -0.07 -0.03
T850p3 0.23 -0.02 -0.13 0.06 -0.06 0.06 0.13 0.02 0.09 0.10 0.11 O0.12
T850p4 -0.15 0.01 -0.01 0.04 0.14 -0.15 -0.13 -0.14 -0.08 -0.14 -0.11 -0.09
T850p5 0.16 -0.19 -0.03 0.07 -0.14 0.21 0.13 0.15 0.16 0.14 0.17 0.12
U1000 0.34 -0.15 0.02 0.46 -0.04 0.10 0.12 0.16 0.125 0.123 0.15 O0.17
V1000 0.03 -0.48 -0.16 0.34 -0.14 0.30 -0.04 -0.12 0.20 -0.06 0.11 o0.10
F1000 -0.26 0.20 0.57 0.14 0.17 -0.19 -0.11 -0.10 0.15 -0.12 0.06 0.12
T850 0.38 0.29 -0.12 -0.06 0.06 -0.18 0.02 0.03 -0.11 0.02 -0.07 -0.04
Vor t 0.09 -0.28 0.11 -0.23 -0.40 0.43 0.22 0.14 0.31 0.23 0.31 0.22
(b) With observed daily climate data at the neackstate station

temp rel _hu w_spe wdir prec ffnt dnc dc i si bui f wi dsr
Rai n -0.23 0.44 0.11 -0.09 0.33 -0.47 -0.10 -0.04 -0.23 -0.10 -0.20 -0.12
Tmax 0.75 -0.21 -0.19 0.11 -0.20 0.26 0.25 0.34 0.14 0.28 0.22 0.17
Tmn 0.17 0.55 0.13 -0.14 0.20 -0.40 -0.02 0.19 -0.22 0.01 -0.16 -0.09
Sol ar 0.40 -0.72 -0.13 0.17 -0.29 0.54 0.13 -0.04 0.37 0.11 0.30 0.21
Tearth 0.44 0.17 -0.01 -0.18 -0.06 -0.01 0.30 0.36 0.08 0.32 0.19 0.19
WndR -0.10 0.14 0.51 0.01 0.10 -0.09 -0.09 -0.22 0.15 -0.12 0.05 0.07

Table 5: Similar to Table 2, but for Whangarei Aero

(a) With NCEP reanalysis data

tenp rel _hu w_spe wdir prec ffnt drc dc Si bui fwi dsr
1000p1 -0.12 0.08 0.09 -0.51 -0.05 0.07 0.16 0.17 0.05 0.17 0.11 0.05
1000p2 -0.18 -0.31 0.15 0.21 -0.14 0.23 0.08 -0.01 0.30 0.06 0.23 0.21
1000p3 -0.16 0.22 0.20 -0.16 0.21 -0.23 -0.34 -0.33 -0.14 -0.35 -0.25 -0.20
1000p4 -0.06 -0.21 -0.04 0.04 -0.07 0.16 -0.05 -0.06 0.10 -0.05 0.04 0.01
1000p5 0.04 -0.16 -0.12 -0.14 -0.21 0.27 0.09 0.04 0.15 0.09 0.13 0.04
T850p1 O0.28 0.24 -0.07 -0.23 0.05 -0.08 -0.03 0.03 -0.11 -0.01 -0.07 -0.10
T850p2 0. 14 0.09 -0.08 0.36 0.10 -0.17 -0.12 -0.12 -0.13 -0.12 -0.14 -0.07
T850p3 0.15 0.01 -0.08 0.01 -0.08 0.09 0.18 0.10 0.13 0.16 0.18 0.17
T850p4 -0.19 0.05 0.15 -0.04 0.10 -0.13 -0.18 -0.15 -0.07 -0.19 -0.14 -0.11
T850p5 0.10 -0.20 0.00 0.11 -0.15 0.20 0.08 0.07 0.18 0.09 0.16 0.12
U1000 0.26 -0.23 -0.14 0.64 -0.04 0.07 0.09 0.09 0.06 0.09 0.09 0.112
V1000 -0.16 -0.40 0.11 0.24 -0.13 0.27 -0.02 -0.11 0.28 -0.05 0.16 0.15
F1000 -0.16 0.24 0.59 -0.01 0.19 -0.21 -0.15 -0.13 0.04 -0.15 -0.04 0.02
T850 0.36 0.28 -0.18 0.03 0.05-0.13 0.05 0.07 -0.09 0.05 -0.02 0.00
Vor t 0.15 -0.35-0.03 -0.13 -0.41 0.45 0.23 0.18 0.35 0.24 0.34 0.23
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(b) With observed daily climate data at the nearkistate station

tenp rel _hu w_spe w.dir prec ffnt drc dc i si bui fwi dsr

Rai n -0.12 0.41 0.07 -0.07 0.37 -0.45 -0.14 -0.07 -0.27 -0.13 -0.23 -0.15
Trmax 0.69 -0.22 -0.35 0.22 -0.17 0.25 0.31 0.40 0.09 0.35 0.24 0.19
Tmin 0. 25 0.51 0.09 -0.14 0.17 -0.35 -0.04 0.18 -0.26 0.00 -0.17 -0.09
Sol ar 0.21 -0.72 -0.06 0.16 -0.31 0.54 0.12 -0.07 0.39 0.09 0.31 0.20

Tearth NA NA NA NA NA NA NA NA NA NA NA NA
WndR -0.20 0.15 0.74 -0.09 0.08 -0.11 -0.12 -0.14 0.21 -0.14 0.08 0.14

Finally at Whangarei Aero (Table 5a) vorticity wie key regional predictor which
had high correlations with FFMC and FWI, althougighh pressure ridges over
Northland are important for some fuel codes (DMCC [and BUI). Local
meteorological predictors Table 5b) again werefaflinminimum temperature and
solar radiation for FFMC and FWI.
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Table 6 Aupouri Peninsula - A53127. Multiple regresion analysis between components of the
FWI system and regional climate indices, and explaed variance.

Prediction equation R-Squared
FFMC +Vort+H1000pc2+H1000pc4 0.31
DMC -H1000pc3+H1000pc1+Vort 0.13
DC -H1000pc3+H1000pc1+F1000 0.10
ISI +Vort+F1000+H1000pc2-T850pc2 0.29
BUI -H1000pc3+H1000pc1+Vort 0.14
FWiI +Vort+F1000+H1000pc1+H1000pc2 0.24
DSR +Vort+F1000+H1000pc1+H1000pc2 0.20

From multiple regression analyses, at Aupouri PailiamFFMC, ISI and FWI are best
predicted of the various fuel moisture and fire thea indices (Table 6). Positive
regional mean vorticity and southerly airflow patigi1000pc2), ie more anticyclonic
conditions are important here.

Table 7 Similar to Table 6, but for Pouto - A53987.

Prediction equation R-squared

FFMC +Vort+V1000-H1000pc3 0.27

DMC +Vort-H1000pc3-T850pc2 0.13

DC -H1000pc3-T850pc2 0.06

ISI +Vort+F1000+H1000pc2 0.21

BUI +Vort-H1000pc3-T850pc2 0.13

FWiI +Vort+H1000pc2+F1000 0.17
DSR +Vort+F1000+H1000pc2 0.12

At Pouto (Table 7) only FFMC is reasonably predicteith positive vorticity and
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southerly wind fields and ridges (V1000 and H10Q0pend H1000pc2) over
Northland being the most important.

Table 8 Similar to Table 6, but for Waitangi Forest- A53191.

Prediction equation R-Squared

FFMC +Vort+V1000-H1000pc3 0.36
DMC -H1000pc3+H1000pc1+U1000+Vort 0.21

DC -H1000pc3+H1000pc1+U1000 0.18

ISI +Vort+H1000pc2+F1000 0.21

BUI -H1000pc3+H1000pc1+U1000 0.21
FWiI +Vort+H1000pc2-H1000pc3+F1000 0.24
DSR +Vort+H1000pc2-H1000pc3+F1000 0.17

Again FFMC was the best predictand for WaitangieSor(Table 8) again with
vorticity, a southerly wind field (V1000) and antidonic conditions (H1000pcland

H1000pc2), although FWI was reasonably predictedbl@ 8) with wind speed
(F1000) also being important.

Table 9 Similar to Table 6, but for Whangarei Aero- A54737.

Prediction equation R-Squared
FFMC +Vort+V1000-H1000pc3 0.33
DMC -H1000pc3+Vort+H1000pc1+U1000 0.18
DC -H1000pc3+H1000pc1+U1000 0.17
ISI +Vort+H1000pc2+V1000+F1000 0.27
BUI -H1000pc3+H1000pc1+U1000 0.18
FWI +Vort+H1000pc2-H1000pc3 0.22
DSR +Vort+H1000pc2-H1000pc3+F1000 0.14
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Anticyclonic conditions (H1000pc3) with southerlyinds (V1000) were the most
important predictors for FFMC, which is best préeit of the predictands at
Whangarei Airport (Table 9). ISI was the next hq@sdicted.

Summary: Strongest relationships were found foe el Moisture Code (FFMC)

and the Fire Weather Index (FWI) value itself wihalysed regional vorticity (a

proxy for storminess, vertical motion and rainfalf) all stations, and FFMC with

rainfall, minimum temperature and solar radiatiorihee nearest climate station. For
Northland, anticyclonic conditions coupled with anbed southerly winds are
associated with higher FFMC and FWI values. Theiamae accounted for in

regressions on FFMC and FWI typically ranged frabntd 25%, for contemporary

relationships (today’s FWI System values from tdglayeather).

5.2 Canterbury

Five stations were examined for the CanterburyoregiAshley Forest, Balmoral
Forest, Bottle Lake, Darfield and Snowdon. Theseeveelected to give a geographic
spread over Canterbury and proximity to NIWA stasio

At Ashley Forest (Table 10) FFMC, ISI, FWI and D%@re all reasonably correlated
with higher temperatures (T850p1 and, to a lesstmne T850) and stronger westerly
winds (U1000) across the region. Locally higher mmsm temperatures, earth
temperatures (and solar radiation in the case ME&Fwere correlated with all these
fire weather indices as well as BUI.

Balmoral Forest correlations (Table 11) for ISU, Fakid DSR were also highest with
stronger westerly winds (U1000) and higher tempeest regionally (T850p1 and
T850). Using local data these predictands togethd#h BUI and FFMC had
significant relationships with higher maximum, minim and earth temperatures
locally, and higher wind run.

Of the regional fields, only the incidence of welstevinds (U1000) was an important
predictor at Bottle Lake (Table 12) giving someretation for I1SI, FWI and DSR.
Locally higher maximum and earth temperatures vleenost important for FWI and
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DSR.

At Darfield (Table 13) FWI and DSR showed the higtheorrelations with regional
westerly flow (U1000), although temperature (T8&@)s important for FFMC. Of the
local meteorological variables, higher maximum teragfures showed the best
associations.

Similarly, regional westerly winds (U1000) were ionfant for predicting FWI and
DSR at Snowdon (Table 14). At this site only maximtemperatures locally were
important, with good associations with all fire wes indices (FFMC, DMC, DC,
ISI, BUI, FWI and DSR.

Table 10: Similar to Table 2, but for Ashley Forest

(a) With NCEP reanalysis data

tenp rel _hu w_spe w.dir prec ffnt drc dc i si bui fwi dsr

1000p1 0.16 -0.02 -0.13 -0.20 -0.18 0.14
1000p2 -0.45 0.18 -0.04 0.11 0.07 -0.25
1000p3 -0.40 0.45 -0.22 -0.13 0.20 -0.32
1000p4 0.25 -0.27 0.08 -0.04 -0.15 0.19
1000p5 0.10 -0.09 -0.14 -0.28 -0.14 0.13

...
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T850p1 0.56 -0.18 0.07 -0.03 -0.12 0.33 0.31 0.24 0.34 0.32 0.39 0.31
T850p2 -0.28 0.13 0.19 0.29 0.18 -0.18 0.01 -0.06 0.06 -0.01 0.04 0.08
T850p3 0.01 -0.08 0.00 -0.05 -0.11 0.15 0.17 0.16 0.07 0.18 0.09 O0.07
T850p4 -0.28 0.22 -0.16 -0.18 0.13 -0.26 -0.19 -0.05 -0.28 -0.18 -0.29 -0.23
T850p5 -0.09 0.05 0.00 0.09 0.05-0.07 0.13 0.09 0.00 0.13 0.05 0.06
u1000 0.43 -0.57 0.23 0.14 -0.28 0.38 0.17 0.05 0.45 0.15 0.40 0.36
V1000 -0.47 0.25 0.10 0.33 0.24 -0.34 -0.16 -0.07 -0.17 -0.16 -0.20 -0.13
F1000 -0.16 0.03 0.26 0.10 0.30 -0.20 -0.10 -0.10 0.05 -0.11 -0.01 0.05
T850 0.66 -0.25-0.03 -0.13 -0.21 0.42 0.26 0.19 0.29 0.26 0.33 0.23
Vor t -0.18 0.06 -0.16 -0.16 -0.06 -0.09 -0.06 -0.01 -0.09 -0.05 -0.10 -0.06

temp rel _hu w_spe w.dir prec ffnc dnt dc isi bui f wi dsr
Rai n -0.18 0.21 -0.01 0.10 0.22 -0.18 0.00 -0.02 -0.08 0.00 -0.08 -0.04
Tax 0.90 -0.68 0.14 -0.03 -0.33 0.60 0.39 0.27 0.56 0.40 0.59 0.47
Tmin 0.34 0.04 0.04 0.08 -0.02 0.14 0.27 0.19 0.22 0.27 0.28 0.25
Sol ar 0.43 -0.53 0.17 -0.12 -0.26 0.37 0.10 0.01 0.27 0.08 0.25 0.18
Tearth 0.42 -0.12 0.06 0.07 -0.17 0.38 0.52 0.40 0.36 0.53 0.47 0.39
WndR 0.24 -0.27 0.26 -0.17 -0.04 0.18 0.16 0.05 0.25 0.15 0.25 0.26
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(a) With NCEP reanalysis data
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tenp rel _hu w_spe w.dir prec ffnt drc dc i si bui fwi dsr
1000p1 0.21 -0.08 -0.26 -0.24 -0.18 0.18 0.13 0.12 -0.02 0.13 0.03 0.00
1000p2 -0.43 0.15 -0.02 -0.11 0.03 -0.18 -0.22 -0.06 -0.17 -0.20 -0.24 -0.19
1000p3 -0. 36 0.43 -0.40 -0.35 0.12 -0.29 -0.15 -0.11 -0.45 -0.14 -0.44 -0.42
1000p4 0.20 -0.25 0.03 0.03 -0.13 0.16 -0.02 -0.06 0.12 -0.03 0.12 0.09
1000p5 0.10 -0.11 -0.17 -0.14 -0.15 0.13 0.03 0.01 -0.01 0.03 0.01 0.00
T850pl1 0.59 -0.22 0.05 0.07 -0.09 0.28 0.31 0.18 0.32 0.31 0.39 0.35
T850p2 -0.29 0.19 0.27 0.24 0.19 -0.19 -0.03 -0.06 0.01 -0.03 -0.01 0.02
T850p3 0.00 -0.09 0.05-0.01 -0.11 0.20 0.16 0.16 0.09 0.127 0.13 O0.10
T850p4 -0.30 0.17 -0.21 -0.23 0.05 -0.16 -0.14 -0.02 -0.28 -0.12 -0.29 -0.27
T850p5 -0.08 0.05 0.04 0.01 0.04 -0.08 0.08 0.08 -0.02 0.08 0.03 0.04
U1000 0.37 -0.48 0.51 0.51 -0.12 0.30 0.07 0.03 0.46 0.06 0.43 0.40
V1000 -0.40 0.16 0.16 0.02 0.17 -0.25 -0.17 -0.05 -0.09 -0.15 -0.15 -0.10
F1000 -0.22 0.16 0.31 0.18 0.15 -0.18 -0.04 -0.05 0.00 -0.05 -0.03 0.00
T850 0.70 -0.30 -0.03 0.02 -0.16 0.37 0.27 0.16 0.35 0.27 0.40 0.34
Vor t -0.01 -0.19 -0.01 -0.04 -0.212 0.13 0.03 0.01 0.08 0.02 0.06 0.08
(b) With observed daily climate data at the neackstate station

temp rel _hu w_spe wdir prec ffnt dnc dc i si bui f wi dsr
Rai n -0.21 0.32 -0.09 -0.01 0.44 -0.36 -0.08 -0.07 -0.16 -0.08 -0.18 -0.13
Tax 0.92 -0.67 0.15 0.16 -0.31 0.59 0.37 0.29 0.52 0.38 0.61 0.52
Tmin 0.15 0.19 0.13 0.15 0.05 -0.01 0.27 0.16 0.08 0.26 0.17 0.17
Sol ar 0.51 -0.71 0.13 0.07 -0.28 0.50 0.14 -0.18 0.40 0.08 0.42 0.36
Tearth 0.46 -0.16 0.17 0.12 -0.18 0.34 0.59 0.41 0.36 0.59 0.53 0.47
W ndR NA NA NA NA NA NA NA NA NA NA NA NA

Table 12: Similar to Table 2, but for Bottle Lake.

(a) With NCEP reanalysis data

temp rel _hu w_spe wdir prec ffnt dnc dc i si bui f wi dsr
1000p1 0.06 0.03 0.00 -0.22 -0.20 0.19 0.121 0.10 0.03 0.12 0.07 0.00
1000p2 -0.40 -0.03 0.07 0.15 0.11 -0.14 -0.24 -0.11 -0.19 -0.23 -0.23 -0.22
1000p3 -0. 39 0.36 0.10 -0.03 0.14 -0.25 -0.20 -0.14 -0.35 -0.19 -0.32 -0.32
1000p4 0.18 -0.18 0.07 -0.13 -0.14 0.17 -0.04 -0.07 0.11 -0.04 0.07 0.05
1000p5 0.01 0.00 -0.01 -0.25 -0.16 0.10 0.01 0.02 0.03 0.01 0.04 0.02
T850p1 0.50 0.02 -0.07 -0.12 -0.14 0.21 0.26 0.22 0.26 0.27 0.30 O0.26
T850p2 -0.07 -0.04 0.00 0.32 0.19 -0.15 0.05 -0.04 0.06 0.03 0.05 0.12
T850p3 -0.02 -0.06 -0.06 -0.09 -0.11 0.16 0.21 0.11 0.11 0.21 0.15 0.11
T850p4 -0.32 0.13 0.04 -0.07 0.07 -0.13 -0.11 -0.05 -0.24 -0.11 -0.21 -0.22
T850p5 -0.03 -0.04 -0.04 0.14 0.05 -0.05 0.07 0.11 -0.01 0.08 0.02 0.04
U1000 0.48 -0.44 -0.06 0.13 -0.10 0.24 0.11 0.05 0.38 0.120 0.31 0.34
V1000 -0.32 -0.02 0.13 0.29 0.25-0.22 -0.18 -0.07 -0.15 -0.17 -0.17 -0.15
F1000 -0.04 -0.04 0.18 0.22 0.28 -0.20 -0.01 -0.01 0.05 -0.02 0.03 0.10
T850 0.51 0.04 -0.08 -0.25 -0.21 0.27 0.129 0.17 0.22 0.20 0.24 0.18
Vor t 0.01 -0.22 0.00 -0.09 -0.19 0.13 0.01 0.03 0.06 0.01 0.06 0.04
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temp rel _hu w_spe wdir prec ffnt dnc dc i si bui f wi dsr
Rai n -0.17 0.26 0.03 0.08 0.29 -0.28 -0.08 -0.07 -0.17 -0.09 -0.17 -0.12
Tmax 0.89 -0.54 -0.15 -0.02 -0.26 0.46 0.34 0.27 0.56 0.35 0.56 0.53
Tmn 0.26 0.22 -0.05 0.00 -0.01 0.02 0.127 0.19 0.05 0.18 0.10 0.12
Sol ar 0.37 -0.51 0.24 -0.13 -0.23 0.37 0.04 -0.07 0.36 0.02 0.29 0.24
Tearth 0.44 0.01 -0.08 -0.05 -0.18 0.29 0.39 0.36 0.33 0.41 0.40 0.37
WndR 0.01 -0.02 0.48 -0.05 0.04 0.03 0.09 -0.04 0.23 0.07 0.20 0.21

Table 13: Similar to Table 2, but for Darfield.

(a) With NCEP reanalysis data

tenp rel _hu w_spe w.dir prec ffnt drc dc i si bui fwi dsr
1000p1 0.13 -0.02 -0.14 -0.25 -0.19 0.18 0.08 0.10 -0.08 0.10 -0.03 -0.08
1000p2 -0.41 0.08 -0.21 -0.14 0.12 -0.18 -0.20 -0.12 -0.20 -0.20 -0.26 -0.20
1000p3 -0.42 0.44 -0.29 -0.32 0.16 -0.32 -0.33 -0.15 -0.42 -0.31 -0.45 -0.39
1000p4 0.26 -0.27 0.15 -0.02 -0.19 0.24 -0.03 -0.07 0.13 -0.03 0.14 0.09
1000p5 0.10 -0.09 -0.04 -0.22 -0.16 0.14 0.04 0.02 0.00 0.04 0.03 0.01
T850p1 0.52 -0.10 0.15 0.08 -0.16 0.24 0.26 0.24 0.27 0.28 0.32 0.26
T850p2 -0. 26 0.15 0.17 0.33 0.24 -0.23 0.00 -0.04 0.09 -0.01 0.04 o0.11
T850p3 0.02 -0.11 -0.01 -0.02 -0.13 0.18 0.24 0.17 0.07 0.24 0.12 0.07
T850p4 -0.26 0.14 -0.27 -0.24 0.10 -0.20 -0.19 -0.07 -0.29 -0.19 -0.31 -0.26
T850p5 -0.08 0.04 -0.07 0.03 0.11 -0.07 0.122 0.11 -0.06 0.13 -0.01 -0.01
U1000 0.47 -0.51 0.41 0.46 -0.15 0.35 0.25 0.07 0.50 0.23 0.50 0.46
V1000 -0.37 0.10 -0.08 0.03 0.25 -0.25-0.14 -0.09 -0.12 -0.14 -0.17 -0.10
F1000 -0.11 0.05 0.33 0.25 0.27 -0.20 -0.05 -0.03 0.16 -0.05 0.10 0.17
T850 0.61 -0.16 0.08 -0.03 -0.28 0.35 0.21 0.18 0.24 0.22 0.29 0.19
Vor t 0.06 -0.23 -0.06 -0.08 -0.14 0.12 -0.01 0.02 0.05 -0.01 O0.05 0.04
(b) With observed daily climate data at the neackstate station

temp rel _hu w_spe w.dir prec ffnc dnc dc i si bui f wi dsr
Rain -0.19 0.28 0.01 0.09 0.24 -0.30 -0.06 -0.04 -0.06 -0.06 -0.09 -0.03
Tmax 0.90 -0.66 0.19 0.15-0.36 0.61 0.44 0.36 0.45 0.45 0.56 0.41
Tmn 0.33 0.10 0.13 0.19 -0.04 0.07 0.25 0.25 0.23 0.26 0.27 0.26
Sol ar 0.52 -0.66 0.15 -0.05 -0.29 0.47 0.14 -0.01 0.30 0.122 0.33 0.23
Tearth 0.40 -0.04 0.11 0.12 -0.20 0.29 0.54 0.43 0.30 0.56 0.42 0.36
WndR 0.17 -0.18 0.57 0.07 -0.03 0.15 0.08 0.00 0.35 0.07 0.33 0.30
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(a) With NCEP reanalysis data
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tenp rel _hu w_spe w.dir prec ffnt drc dc i si bui fwi dsr
1000p1 0.22 -0.03 -0.20 -0.21 -0.21 0.18 0.17 0.14 -0.06 0.16 -0.02 -0.04
1000p2 -0.34 0.06 -0.33 -0.29 0.09 -0.18 -0.21 -0.14 -0.22 -0.21 -0.28 -0.23
1000p3 -0.20 0.39 -0.51 -0.44 0.15 -0.30 -0.22 -0.10 -0.42 -0.21 -0.44 -0.37
1000p4 0.25 -0.28 0.17 0.08 -0.17 0.21 -0.01 -0.07 0.16 -0.03 0.16 O0.14
1000p5 0.19 -0.13 0.03 -0.05 -0.16 0.16 0.03 0.03 0.06 0.03 0.07 0.07
T850p1 0.55 -0.13 0.24 0.25 -0.14 0.31 0.36 0.26 0.28 0.36 0.36 0.29
T850p2 -0.40 0.22 0.17 0.18 0.27 -0.25 -0.08 -0.06 0.02 -0.08 -0.01 0.01
T850p3 -0.03 -0.09 0.11 0.02 -0.15 0.21 0.18 0.19 0.09 0.19 0.11 0.06
T850p4 -0.11 0.09 -0.33 -0.29 0.12 -0.18 -0.19 -0.09 -0.29 -0.18 -0.32 -0.27
T850p5 -0.05 0.04 -0.08 0.00 0.09 -0.07 0.11 0.10 -0.05 0.11 -0.01 0.00
UL000 0.22 -0.45 0.64 0.58 -0.13 0.30 0.12 0.03 0.45 0.12 0.47 0.38
V1000 -0.33 0.07 -0.25 -0.19 0.23 -0.24 -0.16 -0.11 -0.20 -0.16 -0.23 -0.19
F1000 -0.25 0.13 0.26 0.17 0.28 -0.22 -0.07 -0.04 0.12 -0.07 0.09 0.12
T850 0.67 -0.22 0.17 0.18 -0.27 0.42 0.32 0.21 0.26 0.32 0.33 0.25
Vor t 0.10 -0.25 0.01 -0.01 -0.14 0.14 0.03 0.04 0.08 0.03 0.08 0.08
(c) With observed daily climate data at the neackstate station
temp rel _hu w_spe wdir prec ffnt drc dc i si bui fwi dsr
Rain -0.19 0.24 -0.02 0.00 0.25 -0.27 -0.08 -0.05 -0.03 -0.08 -0.05 -0.01
Trax 0.83 -0.67 0.44 0.44 -0.37 0.65 0.49 0.37 0.48 0.49 0.59 O0.46
Trin 0.12 0.25 0.06 0.11 0.07 0.01 0.28 0.19 0.05 0.27 0.14 0.13
Sol ar NA NA  NA NA NA NA NA NA NA NA NA NA
Tearth 0.35 0.05 0.10 0.15 -0.11 0.28 0.33 0.04 0.14 0.30 0.20 0.14
W ndR NA NA  NA NA NA NA NA NA NA NA NA NA
Multiple regression analysis results are givenablés 15-19.
Table Similar to Table 6, but for Ashley Forest — F31883.
Prediction equation R-Squared
FFMC +T850+U1000 0.33
DMC +T850pc1-H1000pc3+T850pc3 0.19
DC +T850pc1+T850pc3+H1000pcl 0.10
ISI +U1000+T850pcl 0.33
BUI +T850pc1-H1000pc3+T850pc3 0.19
FWI +T850pc1-H1000pc3+U1000 0.34
DSR -H1000pc3+T850pc1+U1000 0.25
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At Ashley Forest (Table 15) both warmer temperatu(€850 or T850pl) and
westerly wind fields regionally (U1000) were thesbpredictors for FFMC and FWI.

Multiple regression analysis at Balmoral Forestb(€al6) also showed the warmer

temperatures and westerly wind fields regionallynagortant together with vorticity
(Vort) for FFMC, ISI, FWI and DSR.

Table 16 Similar to Table 6, but for Balmoral Fores$ - H22783.

Prediction equation R-Squared
FFMC +T850+U1000+Vort 0.25
DMC +T850pc1+T850pc3+H1000pcl 0.14

DC +T850pc1+T850pc3+H1000pcl 0.08
ISI +U1000+T850+Vort 0.34
BUI +T850pc1+T850pc3+H1000pcl 0.14
FWI -H1000pc3+T850pc1+U1000+Vort 0.36
DSR -H1000pc3+T850pc1+U1000+Vort 0.32
Table 17 Similar to Table 6, but for Bottle Lake -H32451.
Prediction equation R-Squared

FFMC +T850+Vort+U1000+H1000pcl 0.19

DMC +T850pc1+T850pc3-H1000pcl-H1000pc2 0.15
DC +T850pc1+T850pc3 0.07
ISI +U1000+T850pcl+Hpl 0.22

BUI +T850pcl1+T850pc3 0.13

FWiI -H1000pc3+T850pc1+T850pc3 0.19

DSR +U1000+T850pcl 0.17

Relationships at Bottle Lake (Table 17) were weakath variance explanations low
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for various fire weather indices. This site progllidess consistent results to other

Canterbury sites examined.

At Darfield (Table 18), regional temperature andstedy wind occurrence were the
predictors identified for FWI, with vorticity anchicyclonic conditions (H1000pc1l)

important for FFMC.

Table 18 Similar to Table 6, but for Darfield - H32416.

Prediction equation R-Squared
FFMC +T850+U1000+H1000pc1+Vort 0.30
DMC -H1000pc3+T850pc1+T850pc3 0.21
DC +T850pc1+T850pc3 0.09
ISI +U1000+T850pcl 0.31
BUI -H1000pc3+T850pc1+T850pc3 0.20
FWI +U1000+T850pcl 0.33
DSR +U1000+T850pc1 0.26
Table 19 Similar to Table 6, but for Snowdon - H3194.
Prediction equation R-Squared
FFMC +T850+U1000+Vort+T850pc3 0.33
DMC +T850pc1+T850pc3-H1000pc3+H1000pcl 0.22
DC +T850pc1+T850pc3 0.11
ISI +U1000+T850pcl 0.27
BUI +T850pc1+T850pc3-H1000pc3+H1000pcl 0.22
FWiI +U1000+T850pc1-H1000pc3+Vort 0.36
DSR +T850pc1-H1000pc3 0.22
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Finally at Snowdon (Table 19) FFMC and FWI had eegl temperature and westerly
wind patterns as predictors along with vorticityldtl1000pc3.

The derived relationships have not been testeceaktime forecast model output, as
the period of data for the forecast model is oetdite period of data for the Fire
Service station information, hence no validationFu¥l forecasts was possible with
the data sets available.

Summary: The best relationships were found betideC, FWI and Daily Severity
Rating (DSR) with westerly wind strength, and foona eastern stations with higher
atmospheric temperature. Nearest climate statioximen temperatures and earth
temperatures were also well related to FFMC, F\Vdl BSR, notably in those stations
farthest east. In Canterbury, stronger westeilydes and higher temperatures are
associated with higher FFMC and FWI. The varianoanted for in regressions on
FFMC and FWI typically ranged from 20 to 30%, fasntemporary relationships
(today’s FWI values from today’s weather).

6. Discussion

Generally, the Fine Fuel Moisture Code (FFMC) frees ighest correlation with any
of the NCEP and observed climate predictors irthedl fuel moisture code indexes,
while the Fire Weather Index (FWI) has the highestrelation in all the fire
behaviour indexes. However, there are strikingedd@hce between Northland and
Canterbury regions. For Northland, FFMC and FWIraostly significantly correlated
with regional averaged vorticity and the rainfathount at the closest NIWA stations
(rain), while for Canterbury, FFMC and FWI are nipsignificantly correlated with
maximum temperature (Tmax) and the regional averagesterly wind component
(U1000).

In the case of Northland, positive (anticycloni€gional mean vorticity, regional
averaged southerly wind strength (V1000), the pasiecond principal component of
H1000 (H1000pc2 — southerly flow) and the negathied principal component of
regional H1000 field (H1000pc3 - ridges over Natid) are associated with positive
FFMC and FWI.

The leading five empirical orthogonal functions (ECof the regional H1000 and
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T850 are shown in Figure 6 (reproduced from Fidliaf Renwick et al. 2007). The
positive polarity of HL000 PC2 indicates southectynditions over New Zealand.
Since Northland is well sheltered from the southénere would be a strong drying
effect over which also creates warmer and drieditmms. A negative H1000 PC3
represents a ridge over Northland which also cseaamer and drier conditions. On
the other hand, more positive vorticity (i.e.antlonic conditions, with decreased
storminess, upward motion and lower rainfall) alsdicates less moisture and drier
conditions.

The level of skill for Northland, based on the aage accounted for in regressions on
FFMC and FWI ranging from 15 to 25%, suggests tuhiskill in forecast mode, on
the order of 10-15% explained variance.

For Canterbury, more significant FFMC and FWI assaziated with the regional
averaged westerly flow (U1000), the negative H1@0Qpesterly flow), the positive
regional T850 and the first principal componentT@50 field (T850pcl) (higher
temperatures).

The negative H1000pc3 and stronger U1000 all indictronger westerlies. Since
Canterbury is well sheltered from the west, strongesterlies would be associated
with more significant foehn effect, creating warnserd drier conditions over the
region. From Figure 6, PC1 of T850 indicates a digtemperature centre near
Canterbury. Therefore, both positive T850 and T830mdicate warmer conditions
over the region, which are also associated withénidire risk in the region.

The variance accounted for in regressions on FFRICFRAWI from 20 to 30%, which
is somewhat higher than that found for Northlandjgests some skill in forecast
mode, on the order of 15-20% explained variance.

It seems that there is a significant differencehia behaviour of fire risk between
Northland and Canterbury. For Canterbury, tempegaseems a dominant factor for
fire danger ratings/fire weather severity. This ni@ybecause temperature variability
in Canterbury is much greater than in Northland] eainfall and moisture content is
relatively lower. In Northland, the temperaturegsnerally higher and less variable
than that in Canterbury, and conditions are mormitiu Therefore, low moisture

becomes a more important factor for when higher danger ratings/more severe fire
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weather/fire danger in Northland. This conclusisraliso consistent with that derived
by the correlation analysis.
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Figure 6: The leading 5 principal components of thet000hPa height (H1000) field (left) and
the 850hPa temperature (T850) field (right) over tb New Zealand region, for the
period 1989-2003. Fields are shown exhibiting typit amplitude for a time series
(PC) value of +1 standard deviation. For H1000, uts are geopotential metres
and the contour interval is 20 m. For T850, units e °K and the contour interval
is 0.5 °K. Negative contours are dashed throughoutrom Figure 2, Renwick et al
(2007).
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Because of the level of skill found in contempordiggnostic relationships between
weather/climate variables and elements of the FW8tesn, it seems likely that
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individual daily predictions of FWI components wdutot exhibit useful skill in an
operational sense. Similarly, extending the apgraaanonthly predictions, given the
levels of skill found here, is also unlikely to duewe operationally useful results. It is
however possible that weekly (or other multi-day@rages of FWI components may
be skilfully predicted from averaged weather infation.

In future years, it would be worthwhile validatitige relationships developed here, in
forecast mode (after updating Fire Service obsimval data sets), and to assess the
utility of estimating weekly (or other multi-dayyerages of FWI components, rather
than daily values. Multi-day smoothing may remowens of the less predictable
variability in the FWI values, possibly revealingosiger relationships with averaged
weather and climate variables. Further investigatid the Daily Severity Rating
(DSR), in particular, warrants further investigatias it is the FWI System component
most suited to averaging over specific periodsrtapce, for example, weekly (WSR)
or 10-day (TSR) severity ratings (Harvey et al. @, 98earce and Moore 2004). Hence,
while the research conducted here has not produceddiate results, the approach
indicated does hold some promise and warrantsdumtivestigation.

7. Conclusions

The diagnostic downscaling relationships develdper@ exhibit explained variances
on the order of 20% and up to 30% in some casesdé&hived relationships have not
been tested on real-time forecast model outpuheperiod of data for the forecast
model is outside the period of data for the Firevige station information, hence no
validation of FWI forecasts was possible with tlagedsets available. However, given
experience with NIWA predictions of daily climataniables, where diagnostic
explained variances are around 40% or so, it séikelg that real-time prediction of
daily FWI System components would be of margindl &« operational use, as
found by Simmers (2005).
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