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summary

Grasslands cover nearly 75% of 
Australia, including grasslands mixed 
with woodlands and scrublands. In New 
Zealand, grassland-dominated areas 
cover approximately 70% of the country. 
Fire from both wildfires and controlled/
prescribed burning is an important process 
in these grassland areas. This project 
aims to provide fire management agencies 
with products that will assist them in 
accurately determining the fire hazard in 
grasslands. This work is being undertaken 
through developing systems based on 
remote sensing from satellites that are 
applicable across a range of grassland 
types. Work to provide a predictive 
capability using physiological-based 
models of grass growth and senescence 
(degeneration) is also being undertaken.

satellites improve grassland 
curing assessments
the curing process is the dying of 
grasses during the dry season. the 
degree of curing represents the 
proportion of dead material in a 
grassland fuel complex. in simple 
terms, it is the percentage of grass fuel 
that is dead. it serves as a measure 
of grassland fire risk. The degree of 
curing has a significant impact on fire 
behaviour in grasslands. given the 
highly dynamic nature of curing in 
the lead up to the fire season, this 
project is addressing the need for 
mapping products that will deliver 
curing information that can be directly 
integrated into australian and new 
Zealand fire danger rating systems. 

BacKground

Any change in the amount of dead 
material in a grassland can have a 
significant effect on fire hazard and 
behaviour. Once the degree of curing 
exceeds 50%, fires are much more likely 
to develop and spread. There is a major 
increase in fire spread-rate as the degree 
of grass curing changes from around 70% 
to 90%. The degree of curing is therefore 
a very important input to Australian and 
New Zealand fire behaviour models and 
fire danger rating systems. Outputs from 
these systems are used by agencies to 
make decisions on fire season status, 

 aBove: ThE EFFECT OF CuRING ON ThE GRASSES. BOTh PICTuRES ARE FROM TIDBINBILLA IN ThE ACT, AND ShOW ThE GRASSES GREEN AT ThE START OF ThE SEASON (LEFT) AND ThEN CuRED LATER IN ThE SEASON. 

resource allocation, preparedness 
planning and prescribed burning 
operations. It is obviously important that 
these decisions are based on the most 
accurate and up-to-date data available.

Currently, the most common method for 
quantifying curing is visual estimation in 
the field. however, these measurements 
are generally sparse over both space 
and time and their accuracy may 
vary greatly depending on observer 
experience. For some time, the Bureau 
of Meteorology has produced satellite-
based maps of grassland curing for 
south-eastern Australia, based on an 
algorithm developed initially by CSIRO 
and the Victorian CFA (Paltridge and 
Barber, 1988) and most recently revised 
by Dilley et al. (2004). however, the 
curing data on which this algorithm was 
initially developed and validated were 
only collected in Victoria and may not 
be appropriate for other regions and 
grassland types. Furthermore, recent 
satellites with improved capabilities 
offer potential improvements over the 
established product.

This project is addressing this issue by 
amassing a multi-season database of curing 
measurements across Australasia. The 
dataset is currently being used to develop 
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an improved algorithm for the processing 
of satellite imagery so that accurate curing 
maps can be delivered to fire management 
agencies in a timely manner.

A number of developments have 
occurred in the area of satellite sensor 
technology since the original Victorian 
grassland curing mapping system was 
developed in the 1980s. Most significant 
is the availability of data from NASA’s 
MODIS instruments (http://modis.
gsfc.nasa.gov), which provide better 
calibrated data at a higher resolution 
and in a greater number of spectral 
bands than previously available.

The project is aiming for an accuracy in 
curing estimates of ±10%. The extensive 
field database was used to test the 
accuracy of the existing grassland 
curing algorithm developed by Dilley 
et al. (2004) using this new MODIS 
data. This showed that although the 
existing algorithm performed well within 
the region where it was developed, 
extrapolation outside Victorian sites 
produced much greater errors in 
estimated curing levels.

research outcomes

A major problem with remote sensing 
products is cloud cover that obscures 
the satellite view in some areas of the 
image. Significant effort was therefore 
placed on developing methods to 
automatically detect and remove such 
data errors. Fortunately, MODIS provides 
a comprehensive set of quality flags to 
assist with this ‘data filtering’ process. 
A method was established to clean the 
data, using the quality flags together 
with other tests, which improved the 
data quality significantly and helped 
to highlight the changes in reflectance 

associated with grassland phenology (the 
seasonal changes in grassland).

The MODIS sensor provides a range of 
spectral bands which respond to various 
physiological characteristics of grasses 
as they cure. These include bands at 
visible wavelengths (red, green and 
blue), for which the vegetation response 
is largely controlled by chlorophyll 
content, and infrared wavelengths, which 
are dominated by vegetation internal 
structure and absorption by water. Bands 
associated with visible colour and water 
absorption were both found to correlate 
well with curing levels, as a result of the 
close physiological relationship between 
vegetation water content and chlorophyll 
content. however, the coefficients 
derived from the regression equations 
varied with grassland type, with large 
differences highlighted between 
improved pasture and native grasslands.

Initially the project focused on common 

satellite-based vegetation indices 
such as the Normalised Difference 
Vegetation Index (NDVI), a widely used 
measure of vegetation greenness, and 
indices sensitive to vegetation moisture 
content. The characteristic time series 
of a vegetation index for a grassland site 
includes a distinctive seasonal pattern 
that is directly related to the curing cycle. 
Even with the cleaned data, it was still 
often difficult to relate the satellite data 
directly to curing status on the ground. 
Aspects of the grassland site such as the 
mix of land cover types, the underlying 
soil type, the exact phenology of the 
particular species and the average biomass 
all influence the value of vegetation 
indices during the seasonal cycle. A 
number of approaches were considered 
to deal with these site-specific issues, 
and were applied to a variety of spectral 
bands and band combinations measured by 
the MODIS sensor.

A selection of vegetation indices was 
tested, both for separate grassland sub-
categories (improved pasture, native 
and mixed) and for the field dataset as 
a whole. The results showed that when 
normalised by historical data, the Soil 
Adjusted Vegetation Index (SAVI) (huete, 
1988), performed the best over the 
whole dataset and particularly well in 
improved pastures. Although the NDVI 
performed slightly better in the native 
and mixed categories, the fact that 
the SAVI was more broadly applicable 
made it more attractive given that the 
intention is to extrapolate over all of 

 aBove: A MAP OF LEVy ROD CuRING SAMPLE LOCATIONS ACROSS AuSTRALIA AND NEW ZEALAND.

 aBove:  SAMPLE TIME SERIES OF SATELLITE OBSERVATIONS FOR A SITE IN VICTORIA BEFORE AND AFTER DATA hAS BEEN FILTERED FOR CLOuD AND OThER 
DATA ERRORS
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Australia and New Zealand. Project 
researchers are continuing to analyse site-
specific behaviour of the remote sensing 
response to curing, which may lead to 
refinement of the generic approach, or 
the development of regionally applicable 
approaches.

The researchers are now working to 
establish a pilot system which will apply 
their research to the production of 
regularly updated curing maps across the 
whole of Australia and New Zealand. This 
system will be trialled by a number of 
agencies to determine if the products are 
being produced to the accuracy required, 
or whether more region-specific 
algorithms are necessary.

putting the research to WorK

Any system for mapping grassland curing 
needs to deliver results to end users 
in the shortest possible time and in an 
appropriate format so that it can be 
readily integrated with other information 
into fire danger rating systems. To 
determine the requirements of fire 
management agencies and to assist with 
the implementation process, a survey 
will be undertaken shortly to gather this 
information and ensure that products 
from the research meet the needs of end 
users.

Based on the feedback from the survey, a 
pilot trial of the grassland curing system 
is planned to run from July 2009 into the 
summer. The pilot system will be run from 
the Bureau of Meteorology in Melbourne 
and will initially make data available to 
northern regions of Australia where the 
curing season progresses earlier than the 
rest of the country (during the winter 
season). During this pilot trial period, 
the researchers will be working with the 
relevant fire management agencies to 
refine the system so that it meets the 
expectations of end users when the full 
roll-out starts in late 2009.

Future directions

A ‘home’ for the grassland curing system, 
from which the data will be processed 
and delivered to end users, will be 
determined during the course of the pilot 
trial. This institution will need to have 
a proven record of delivering spatial 
information to end users, with systems 
that are dependable in times of high 

 aBove: COMPARISON OF ThE PERFORMANCE OF ThE ExISTING VICTORIAN GRASS CuRING ALGORIThM RELATIVE TO ThE NEW APPROACh WhEN APPLIED 
TO ALL SITES ACROSS AuSTRALIA. ThE ROOT MEAN SquARE ERROR (RMSE) hAS BEEN REDuCED By OVER 5% IN CuRING LEVELS. 

ThE LEFT PANEL “NORMALISED SAVI (L=0.5)” IS ThE NEW APPROACh.ThE RIGhT PANEL (DILLEy et al. 2004) IS ThE ExISTING VICTORIAN ALGORIThM.

 aBove: PROTOTyPE MAPS OF ESTIMATED CuRING, PRIOR TO MASkING OuT NON-GRASSLAND REGIONS SuCh AS FOREST AND CLOuD, FOR A) FEBRuARy 
AND B) AuGuST 2007
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demand.

The level of ongoing support and 
development for the system is likely to 
depend on how well the curing data is 
integrated into existing fire-management 
systems and the evidence of benefits to 
the users. The researchers will be working 
with agencies to ensure appropriate 
application of this new data source and to 
ensure the maximum impact on existing 
systems. During the early phase of the 
operational system the researchers will 
run workshops with specific agencies and 
provide some support for integration of 
the new data. During this period there 
may also be opportunities to make 
refinements to the system based on 
feedback from end users.

In parallel with work to implement 
the research results for Australia into 
an operational system, the research 
experience gained for Australia will 
be applied to field and satellite data 
collected for New Zealand, and the 
research approach extended as necessary, 
in order to develop a similar curing 
product suitable for implementation in 
that region.

end user statement

“The recent bushfires in Victoria have 
underlined an increasing reliance on 
a range of emerging technologies. 
changes have included the ability to use 
information to assist in decision making 
both at the local level on the fireground 
and at the strategic level where state-
wide issues can be managed effectively. 
included in this are a brace of spatial 
information technologies delineating 
fire risk. Both CFA and the Department 
of sustainability and environment are 
developing sophisticated information 
management systems that can 
handle dynamic operational spatial 
information. When curing information 
comes on-stream in the future it will 
be able to be used in a timely and 
effective manner as an information 
layer contributing to a range of 
preparation, planning and response 
activities. the grassland curing project 
is deemed by cFa to be an important 
component of the Bushfire CRC work. 
We look forward to being able to more 
effectively manage fires by using 
accurate grassland curing information.”

prediction oF curing using satellite oBservations

Remote sensing is the science of deriving 
information about an object from a 
distance. Satellite-based remote sensing of 
the earth’s surface is now a common tool 
for large-scale mapping and monitoring 
of various aspects of the earth’s systems. 
Satellite imaging instruments measure the 
reflected or emitted light from the earth’s 
surface in one or more wavelength bands. 
These bands are situated in particular 
regions of the electromagnetic spectrum, 
such as visible bands that isolate red, green 
or blue, and non-visible bands in the near-
infrared, thermal infrared or microwave 
regions.

Analysis of vegetation structure 
and condition has been performed 
particularly successfully using these 
satellite instruments, due in part to the 
very distinctive spectral dependence 
of the reflectance of vegetation. One 
method frequently used to quantify 
vegetation condition is through the use 
of vegetation indices. These indices 
use a combination of wavelength bands 
to highlight specific features of the 
vegetation. The most common of these 
is the Normalised Difference Vegetation 
Index (NDVI) (Tucker, 1979), which 
is a combination of red (R) and near 

infrared (NIR) bands that is sensitive 
to vegetation chlorophyll content and 
cover:

The NDVI has been used to map various 
characteristics of vegetation such 
as biomass, vegetation health and 
phenological stage. It is this latter 
application that makes the index 
of particular interest in the area of 
grassland curing.

A related index known as the Soil 
Adjusted Vegetation Index (SAVI) 
(huete, 1988), is aimed at reducing the 
effects of soil brightness variations. It 
is this index that the researchers will 
use in the pilot grassland curing system. 
This index introduced a constant, L, 
which represents the soil brightness 
correction factor. While L equates to 0 
for high vegetation cover (hence, when 
L = 0, SAVI = NDVI) and equates to 1 for 
low vegetation cover, the pilot system 
will adopt the value L = 0.5 that is 
usually used for general application:
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