Quantifying biomass fluctuations in Mitchell Grassland, Queensland, using multi-temporal
MODIS data
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Abstract: The Mitchell grassland in northern Australia covers more than 335,300 sq km of land. The sustainability of this unique
ecosystem is the key to efficient use of grassland in related economic activities. In this regard; satellite images provide the most
effective data source to monitor, especially when consider its huge coverage and homogeneous land cover. The amount of
greenery of the grassland is directly related to fluctuations of the rainfall which has greater variations from year to year. The
present study links greenness changes of Mitchell grass with rainfall fluctuations within rainy months. We utilized temporal
MODIS images to study greenness changes in a selected area in eastern region of the Mitchell grassland. After evaluating the use
of Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI) in grassland and cropland studies,
NDVI was used to extract greenness of the grassland. The mapping task was supported by field investigations already completed
in the area and very high resolution image potions available in Google Image. Results clearly indicated a significant change in
greenness, when the rainfall amount is changing within rainy months. The finding can be developed into a methodology that gives
recommendations for the use of grassland, according to the productivity of the rainy season. Future research directions will
include NDVI calculations for different dry months, and collecting field photo evidence under different rainfall conditions, to
build a solid relationship between rainfall and sustainable use of the grassland.
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1. Background
Mitchell Grass (Astrebla spp.), is a native grass
species to Australia which covers a massive region (335,
332 square kilometers) in Queensland and Northern
Territory. The bulk of Queensland’s cattle and sheep
farming is depending on Mitchell grass (Tropical
Savannah CRC, 2009) and it is the primary feeding
sources for about 12 million cattle in the state. Figure 1
shows the location of Mitchell Grassland.

Fig. 1. Location of Mitchell Grassland and study area.
Figure 2 shows the general view of Mitchell grassland.
Due to the economic and ecological importance of the
grassland, regular monitoring of its various aspects is
essential. For such monitoring purpose, application of
satellite data is the practical approach, due to the
widespread and homogeneous land cover character of
Mitchell grassland.

MODIS (Moderate Resolution Imaging Spectrometer)
medium resolution data became widely available for the
scientific community since late 1990s (Barnes et al,
2003) to study various aspects of earth surface including
land cover mapping and clarifying land cover status
(Price, 2003; Perera and Tsuchiya, 2009, Xiong et al,
2009). For this study too, MODIS can be considered as
the most suitable data source.
2. Data and study area
Extremely high rainfall (529.6 mm), recorded in
north-east region of the grassland in Nov to Jan three
months in 2008/2009 prompted the idea to examine the
greenness of grassland against low records of same three
months. Figure 03 shows last 100 year Nov-Jan three
months rainfall data of Hughenden (No. 030024) in
Queensland (Bureau of Meteorology, 2009). Rainfall
pattern of another two stations were also analyzed and
found a similar trend (see fig. 01 for locations). The
lowest rainfall for Nov-Jan in recent years has recorded
in 2003 (29.4mm). Yet, this amount is higher than the
typical dry season (only 12.4 mm in Apr to Sept, 2009).

Fig. 2. Mitchell grassland, 200km west to Hughenden.
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After observing daily MODIS data for the first 10 days
of February (days followed by the three-month duration),
images dated 05th February 2003 and 5th February 2009
were selected (WIST, 2009). NASA provides these data
after correcting geometric and radiometric errors,
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making the data is suitable for scientific research. Based
on rainfall data and field investigations conducted in
2007, a Mitchell grass dominant study plot of 800 by
400 pixels (20,000 sq km) was selected for the study.
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(－１＜NDVI ＜１and closer to 1 is greener). Also,
mean NDVI values showed the different clearly, i.e.,
0.21 in 2003 and 0.43 in 2009. Changes of the
greenness is directly related to the precipitation, hence,
quantitative relationship between precipitation and
greenness has examined. Figure 5 presents histograms of
NDVI at lowest (2003) and highest precipitation (2009)
events. Under the assumption of bulk of area covered by
grass, the biomass increase can be explained by the
rightward shift of the curve, as a result of heavy rains.
The noise around 2003 NDVI 0.20 presents the impact
of open soil within grassland in weak wet season.
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Fig. 3. Nov-Jan rainfall, Hughenden
3. Data processing and results
When the area is wide with homogenous land cover
type (grass), and free of snow, sand dunes, and clouds,
researchers have found both NDVI (Normalized
Difference Vegetation Index) and EVI (Enhanced
Vegetation Index) are producing similar seasonal
variations (Wardlow et al., 2007). Therefore, NDVI was
selected to extract plant biomass characters. Image
processing was conducted using ENVI 4.4 software
package, after installing MODIS HDF conversion
toolkit. NDVI for both images were computed using
MODIS Band 01 and Band 02 (Fig 4).
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Fig. 5. Comparison of NDVI values.
4. Conclusions
MODIS data based NDVI values were successfully
analyzed to confirm the biomass changes in Mitchell
grass. Future research steps will examine greenness in
intermediate rainy seasons and comparison with dry
seasons. Also, field investigations are important to link
rain and grass growth rates. A successful link between
rain amounts and grass conditions will help for
sustainable management of Mitchell grassland.

Fig. 4. NDVI of 2003(top) and 2009.
A clear improvement in greenness can be observed even
visually. White to gray represents greener pixels. In
2003, white linear shape riparian vegetation along the
rivers is clearly visible among dry Mitchell grass but
disappeared in 2009 heavy rainy season, among greener
grasses. All NDVI values were less than 0.447 in 2003
image while 2009 image recorded values as high as 0.81
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