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INTRODUCTION 

In order to protect life, property and other important values (e.g., conservation and cultural 

assets) from wildfire, it is imperative that fire managers have a thorough understanding of the 

fire environment
1
 and a reliable means of both assessing and forecasting fire danger. To assist in 

decision-making, a means of reliably evaluating all the factors that influence fire danger is 

required. This can be achieved through a fire danger rating system. 

 

In New Zealand, fire danger across a range of vegetative fuel types is assessed using the New 

Zealand Fire Danger Rating System (NZFDRS). The NZFDRS consists of a number of core 

components or modules (Figure 1). The NZFDRS is based upon the Canadian Forest Fire Danger 

Rating System (CFFDRS), and has been in use in NZ since 1980, when the New Zealand Forest 

Service adopted the Fire Weather Index (FWI) System module of the CFFDRS. However, the 

FWI System was never adapted to the NZ fire environment, nor were the other modules of the 

NZFDRS developed for application in NZ (Fogarty et al. 1998). It was only with the re-

establishment of a rural fire research programme with Forest Research in 1992 (then the Forest 

Research Institute) that this process of adapting the CFFDRS for use in NZ (through developing 

the NZFDRS) commenced. This continues to be the major focus of the Forest and Rural Fire 

Research programme, based at Forest Research in Christchurch. 

 

Figure 1. Structure of the New Zealand Fire Danger Rating System (NZFDRS), illustrating the 

linkage to fire management actions (Fogarty et al. 1998). 

 

 

                                                 
1
 The fire environment is defined as “the surrounding conditions, influences and modifying forces of topography, 

fuel and fire weather that determine fire behaviour” (Merrill and Alexander 1987). 
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THE NEW ZEALAND FIRE DANGER RATING SYSTEM (NZFDRS) 

The NZFDRS comprises four major subsystems (Figure 1): the Fire Weather Index (FWI) 

System; the Fire Behaviour Prediction (FBP) System; the Accessory Fuel Moisture (AFM) 

System; and the Fire Occurrence Prediction (FOP) System. Currently, only the first two 

subsystems (the FWI and FBP Systems) are in use in NZ, with the AFM and FOP Systems yet to 

be developed. The FWI and FBP Systems also require further development and validation. 

 

The Fire Weather Index (FWI) System 

The FWI System is the major subsystem of the NZFDRS, and has been in use in NZ since 1980. 

Originally implemented for use in rating fire danger in exotic conifer plantations, it was selected 

because it was simple to use, was based on sound scientific principles, had outstanding 

interpretative backup, was developed for coniferous forests and was being applied in a maritime 

climate (British Columbia) similar to that of NZ, and it provided indices that could be correlated 

to observed fire behaviour characteristics (Valentine 1978
2
). 

 

The FWI System’s six components (Figure 2) individually and collectively account for the 

effects of fuel moisture and wind on ignition potential and probable fire behaviour based solely 

on selected weather inputs for a reference fuel type (mature pine) on level terrain. The six 

components comprise three fuel moisture codes and three fire behaviour indices. The three fuel 

moisture codes, and the moisture contents of the fuel layers they represent, are: 

• Fine Fuel Moisture Code (FFMC) – fine surface litter, 

• Duff Moisture Code (DMC) – loosely compacted duff of moderate depth, 

• Drought Code (DC) – deep compact organic matter. 

 

These fuel moisture codes act as bookkeeping systems, adding moisture after rain and 

subtracting some for each day’s drying. The codes all have built-in time lags and rainfall 

thresholds (below which the moisture will not lower the value of the code) for the particular fuel 

layer represented. Higher values of these three fuel moisture codes correspond to lower moisture 

contents (and greater flammability) (Stocks et al. 1989). 

 

The three fuel moisture codes (and wind speed) are linked in pairs to form two intermediate and 

one final index of fire behaviour. These indices are: 

• Initial Spread Index (ISI) – combines the effect of wind speed and fine fuel moisture content 

(represented by the FFMC), providing a numerical rating of fire spread rate (without the 

influence of fuel quantity), 

• Buildup Index (BUI) – combines the DMC and DC and represents the total amount of fuel 

available for combustion, 

• Fire Weather Index (FWI) – combines the ISI and BUI to indicate the intensity of a 

spreading fire (on level terrain). 

                                                 
2
 Valentine, J.M., 1978. Fire danger rating in New Zealand: review and evaluation. New Zealand Forest Service, 

Forest Research Institute. Forest Establishment Report No. 123. (unpublished). 
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Figure 2. Structure diagram for the Fire Weather Index (FWI) System (Anon. 1993). 

 

Calculation of these components of the FWI System requires only four weather inputs, namely 

dry bulb temperature, relative humidity, 10-metre open wind speed, and 24-hour accumulated 

rainfall, recorded at noon local standard time (i.e., 1200 NZST). FWI calculations are run daily 

for more than 170 weather stations across the country, and the National Rural Fire Authority 

carries out this function. Since only these four weather inputs are required, it is also possible to 

forecast FWI values. Hourly values of FFMC, ISI and FWI can also be calculated and 

forecasted. This is especially useful for fire behaviour prediction and fire danger forecasting. The 

FWI values can be calculated manually using tables (Anon. 1993), or using commercially 

developed software packages suited for this purpose. 

 

Whilst the FWI itself is a good indicator of key aspects of fire activity, it is impossible to use one 

number to summarise daily fire potential. It is essential that all six components of the FWI 

System be assessed in order to gain a complete picture of trends over time with respect to fuel 

moisture (and flammability) and expected fire behaviour. These individual components each 

provide useful indicators of fire potential. For example, the FFMC is a useful indicator of 

ignition potential (i.e., the likelihood of fire starts), the DC and BUI provide indicators of the 

potential for deep-seated burning in organic layers, stump and root systems, and the ISI indicates 

the potential for rapid rates of spread and fire development. A detailed description of the 

development and structure of the FWI System is contained in Van Wagner (1987). 

 

The Fire Behaviour Prediction (FBP) System 

The FWI System has been developed to rate fire potential in a reference fuel type (mature pine); 

therefore, components and their values have different interpretations in fuel types other than the 

reference
3
 fuel type in which it was developed. In NZ, this applies to any fuel type other than the 

mature pine plantation fuel type (e.g., tussock grasslands, scrub fuels, pasture grasslands). Fire 

behaviour variation with fuel type is accounted for by the FBP System, as well as variations in 

topography (the FWI System assumes level terrain). 

                                                 
3
 The reference fuel type is mature jack (Pinus banksiana) and lodgepole (Pinus contorta) pine stands (Van Wagner 

1987), as represented by FBP System fuel type C-3 (Forestry Canada 1992). 
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The FBP System has a number of primary and secondary outputs describing fire behaviour 

characteristics. The primary outputs consist of rate of fire spread, fuel consumption, head fire 

intensity, and fire description (i.e., fire type – crown fire, surface fire). The secondary outputs 

consist of: head, flank and back fire spread distances; flank and back fire rates of spread and 

intensities; fire area and perimeter; rate of perimeter growth; and length-to-breadth ratio. A 

simple elliptical fire growth model is assumed to estimate the size and shape of fires, and from 

this it is possible to determine area and perimeter growth rates. These are obviously important 

outputs for fire managers in terms of fire suppression actions. These outputs are determined by 

prevailing weather conditions, which are based on wind speed and certain FWI components, and 

on fuel type and slope steepness. A full description of the development of the Canadian FBP 

System can be found in Forestry Canada Fire Danger Group (1992) and Hirsch (1993). 

 

The development of the FBP System in NZ has followed the same empirical approach as that 

used in Canada. This includes correlation of numerical FWI System outputs with observed fire 

behaviour from experimental fires (and limited wildfires) in a range of fuel types. This work is a 

major focus of the Rural Fire Research programme at Forest Research. The Canadian FBP 

System is based on 16 benchmark fuel types whilst, in NZ, models for three benchmark fuel 

types are currently used for daily fire danger rating purposes (Forest, Grassland and Scrub). A 

number of fire behaviour models for other fuel types are also in use, although mostly in interim 

format that still require further validation (Pearce & Anderson 2004
4
). Fire intensity, as 

represented by the FWI, is directly related to flame size and in this way can determine the limits 

of effectiveness of suppression resources (Table 1). The fire danger class scheme is based upon 

fire intensity and provides an indication of suppression difficulty for the three different fuel 

types. There are five fire danger classes in use – LOW, MODERATE, HIGH, VERY HIGH, and 

EXTREME. Table 2 provides an interpretation for each of these classes, and the subsequent 

implications for fire suppression (Alexander 1994). 

 

Table 1. General limits of fire suppression effectiveness in relation to fire intensity (Alexander 

2000). 

 

                                                 
4
 Pearce, H.G., & Anderson, S.A.J., 2004. Field Guide to Fire Behaviour in New Zealand Fuel Types. Forest 

Research Forest and Rural Fire Research Programme, Christchurch. (in prep.). 
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Table 2. Fire danger class interpretations (Alexander 1994). 

 

 

Fire Occurrence Prediction (FOP) System 

The FOP System is currently under development in Canada, and is aimed at developing a system 

to predict fire occurrence from both human and natural (lightning) causes, which will also rely 

on certain FWI components. This work has not yet been progressed here, although work into 

prediction or probability assessment of ignition from human factors would be of benefit to fire 

management in NZ. However, to examine probabilities of ignition from human factors requires 

reliable and long-term records of fire occurrences and causes. Sadly, this information is lacking 

in NZ due to incomplete and inaccurate fire records. 

 

Accessory Fuel Moisture (AFM) System 

The AFM System is intended to supplement or support special applications and requirements of 

the FWI, FBP and FOP Systems. However, this system is incomplete in Canada (Stocks et al. 

1989), and no work has commenced on this in NZ. This system is intended to include fuel-

specific moisture codes not represented by the standard fuel moisture codes within the FWI 
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System. This is of particular relevance here, given the fact that the FWI System has been 

developed in a reference fuel type (mature pine), but is being applied to various other fuel types 

with very different physical characteristics and drying trends (e.g., grasses and scrub fuels). This 

could provide the key to more accurate fire danger rating in unique NZ fuels, such as gorse and 

other scrub fuels (M.E. Alexander
5
, pers. comm.). The AFM System is also intended to include 

corrections or adjustments for aspect, foliar moisture content determination, and diurnal trends in 

FWI System values (Stocks et al. 1989). 

 

FIRE DANGER RATING SYSTEM APPLICATIONS 

If fire management is to be effective, it is vital that fire managers have a thorough understanding 

of fire behaviour. Armed with this knowledge, it will be easier to identify and mitigate the risks 

from wildfires, providing better levels of protection to life and property. The NZFDRS provides 

a comprehensive “toolbox” for fire management and forms the core of a number of fire 

management applications in NZ, including (after Stocks et al. 1989): 

• Prevention planning (e.g., notification of fire danger levels to the public through display 

boards, determining fire season status, and imposition of restrictions and other measures such 

as forest closures); 

• Preparedness planning (determining levels of readiness and pre-positioning of suppression 

resources in readiness for a fire start); 

• Detection planning (e.g., lookouts, patrols); 

• Initial attack dispatching (the number and types of resources to be responded); 

• Determining effective suppression strategies for active fires; 

• Prescribed fire planning and execution; and 

• Fire behaviour training. 

 

It is worthwhile emphasising that fire management is often referred to as both “an art and a 

science”. It is therefore critical to apply the scientific outputs from decision support tools such 

the NZFDRS to “real-life” situations by adapting and modifying these outputs to suit local 

conditions. This is achieved through combining a detailed knowledge of the systems and models 

(the underlying assumptions behind their development, limitations of models, and the meaning 

of the outputs) with practical experience and knowledge of local conditions. 

 

FUTURE DEVELOPMENTS 

The ongoing development and validation of the NZFDRS is the major focus of the Rural Fire 

Research programme at Forest Research. The validation of existing fire behaviour models (forest 

and grassland) within the FBP System, and the development of new fire behaviour models for 

NZ fuel types (in particular scrub fuels and tussock grasslands), is a major priority. There are 

also other fuel types that require development of fire behaviour models (such as pine plantations 

of different age classes, and native wetlands and forests), and then there is the development and 

application of fire behaviour models for mixed fuel types, perhaps a more common scenario in 

many areas of NZ than stands of “pure” fuel types. 

 

As mentioned in the discussion on the FWI System, the moisture codes and fire behaviour 

indices are based on a reference fuel type (mature pine), and the application and extension of 

these codes and indices to vastly different fuel types in NZ raises many questions as to their 

validity in these fuel types. This is an area that warrants further research. The development of the 

FOP and AFM Systems has not yet commenced in NZ and, even in Canada, progress on these 

modules has been slow. 

 

                                                 
5
 M.E. Alexander, Senior Fire Behaviour Research Officer, Canadian Forest Service, Northern Forestry Centre, 

Edmonton, Alberta, Canada. 
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Advances in technology in recent years have significantly enhanced the potential for 

improvements to fire danger rating systems and their outputs, as well as improved display and 

dissemination of fire behaviour and fire danger information by fire management agencies. This 

includes spatial displays of fire behaviour information and the use of GIS software, such as those 

products recently developed by the National Rural Fire Authority and MetService. The NZFDRS 

predicts fire potential from point-source weather measurements (i.e., at a single weather station). 

It does not take account of spatial variation in weather elements and fuel characteristics between 

points of measurement. This is highly relevant in NZ given the large fluctuations in topography, 

fuels and weather over relatively short distances. Use of technology and modern interpolation 

techniques will greatly enhance the accuracy of the NZFDRS regionally. 

 

With the challenges facing NZ rural fire management (loss of experienced personnel, increasing 

public expectations for excellence in emergency management, changing legislation, etc.) and the 

ever-changing “rural fire hazardscape” (changes in land-use and fuel complexes, urban spread 

into rural areas), fire management actions need to be based on sound scientific knowledge and 

systems. It is also important to recognise the balance between operational need and scientific 

rigour. The development of the NZFDRS needs to meet the requirements of fire managers, but at 

the same time be based on credible science (Pearce 2001). The effective transfer of technology to 

fire managers, and landowners and the general public, is also of paramount importance. 

Continued development of the NZ Fire Danger Rating System, coupled with further advances in 

technology, will lead to significant improvements in the effectiveness of forest and rural fire 

management in NZ, reducing both the incidence and consequences of wildfires. 
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