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ABSTRACT

Combining observations of open water, wet vegetation,
and vegetation fractional cover allows us to observe the spa-
tiotemporal behaviour of wetlands. We developed a Wetlands
Insight Tool (WIT) using Analysis-Ready Data available
through Digital Earth Australia that combines Water Ob-
servations from Space (WOfS), the Tasseled Cap Wetness
Transform (TCW) and Fractional Cover into an wetland sum-
mary. We demonstrate the tool on three Australian wetlands,
showing changes in water and vegetation from bush fires,
sand mining and planned recovery.

1. INTRODUCTION

Digital Earth Australia (DEA, formerly the Australian Geo-
science Data Cube [1]) is the Australian collection of cali-
brated, corrected and orthorectified Analysis-Ready Landsat
and Sentinel 2 Data, along with the analysis platform used to
interrogate the data, and complementary and derived datasets
[2]. The Landsat archive (1987 - present) can be utilised to
study long-term ecosystem dynamics [3]. Spatial changes in
the extent of wetlands can be used to show the impacts of
policy decisions impacting on wetland ecosystems [4]. Most
wetland monitoring in Australia is conducted by states, with
no current national (continental) tool existing that can be used
to report on changes in wet vegetation. Nationally, the Water
Observations from Space (WOfS) dataset is available to mon-
itor open water dynamics; however the WOfS classifier does
not capture mixtures of water and wet vegetation [5] .

2. METHODS AND DATASETS

We developed the Wetlands Insight Tool to provide insight at
a glance into wetland dynamics. The WIT is a spatiotempo-
ral summary of an wetland. It is created with a workflow that
combines multiple datasets derived from the Australian Land-
sat archive held within DEA. Fractional cover [6], WOfS [5]
and surface reflectance data are retrieved from DEA and com-
bined to produce the WIT. The WIT outputs plots describing
the percentage of the wetland polygon as vegetation fractional
cover, open water and wet vegetation through time, as well as
a results table.

Fig. 1. Wetlands Insight Tool demonstration sites overlaid on
the 2017 Australian Landsat 8 geometric median composite
[7]

2.1. Fractional Cover

Fractional cover is a product generated using a spectral un-
mixing algorithm developed by the Joint Remote Sensing Re-
search Program (JRSRP) [6], which breaks each pixel into
three fractions based on the spectral signature of the pixel.
These fractions represent the proportion of the land surface
that is bare soil (BS), photosynthetic vegetation (PV) or non-
photosynthetic vegetation (NPV).

2.2. Water Observations from Space

The Water Observations from Space (WOfS) product [5] was
used to identify pixels containing open water. The WOfS
product uses a regression tree classification of individual
bands and band ratios for water detection, trained on sam-
ples across Australia. WOfS correctly identifies areas of
water 93% of the time [5]. WOfS performs best in areas of
open water, and is not recommended for use in areas with
mixed water and wet vegetation pixels. We used the TCW for
identification of these pixels.
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2.3. Thresholded Tasseled Cap Wetness Index

The Tasseled Cap Wetness Index formulation of Crist(1985)
[8] was applied to surface reflectance data to identify pixels
containing wet vegetation. Wet vegetation pixels were those
pixels (not including open water pixels) exceeding a threshold
(-350). This threshold was identified from ongoing work to
determine a threshold for the TCW consistent with surface
water in Australian wetlands.

2.4. Wetlands Insight Tool

The WIT uses Python code and Digital Earth Australia. The
code loads data from polygons within a shapefile and uses the
polygon extent to query DEA for WOfS, fractional cover and
Landsat surface reflectance. Data is retrieved for timesteps
containing more than 90% cloud-free data. The code calcu-
lates TCW from surface reflectance as above [8] and takes
the maximum Fractional cover fraction per pixel, masking
Fractional cover with wetness and wetness with open water.
For each pixel inside or overlapping the polygon describing
the wetland we calculated the dominant fractional cover type.
The fractional cover algorithm calculates the BS, PV and
NPV for each pixel as a percentage. The WIT uses code
written in Python to select the largest percentage value for
each pixel as the dominant fractional cover type. Fractional
cover was masked using WOfS and TCW to remove areas of
water and wet vegetation from areas where fractional cover is
calculated.This is necessary as the fractional cover algorithm
erroneously classifies water as green vegetation (PV) [9].
Landsat 7 data after May 31 2003 is removed from the WIT
to avoid data collected after the Scan-Line Corrector failure
(SLC-off data). Where no good data is available between
Landsat 5 and Landsat 8 the output graph is overlaid with a
pale hatched box so interpreters will disregard this period.
The resulting output is a stacked plot of open water, wet
vegetation, photosynthetic vegetation, non-photosynthetic
vegetation and bare soil for the wetland polygon through time
and an output csv of the data.

3. RESULTS

The Wetlands Insight Tool is able to provide insight into the
changing character of wetlands as it provides a simple and
understandable visualisation of spatial and temporal variabil-
ity. Figure 2 demonstrates the WIT on the Ginini wetlands,
located in the Namadgi National Park in the Australian Cap-
ital Territory. The Ginini wetlands Spagnum bogs were seri-
ously affected by wildfires in 2003 [10]. The WIT in Figure
2 shows a drop in green vegetation (PV) and an increase in
bare soil and dry vegetation (NPV) in 2003 corresponding to
the fire, with the recovery afterward showing higher values of
dry vegetation (NPV) during yearly cycles post-2013. This
may reflect changing vegetation communities post-fire. A fire
bog rehabilitation program is underway at the site. [10]

Fig. 2. Percentage of polygon surrounding Ginini wetlands
covered by water (WOfS), wet vegetation (TCW), bare soil
(BS), green vegetation (PV) and dry vegetation (NPV) 1987-
2019. Light box covers area where Landsat archive was af-
fected by SLC-off.

Fig. 3. Percentage of polygon for Moreton Bay wetlands for
area of North Stradbroke Island covered by water (WOfS),
wet vegetation (TCW), bare soil (BS), green vegetation (PV)
and dry vegetation (NPV) 1987-2019. Light box covers area
where Landsat archive was affected by SLC-off.

North Stradbroke island in Queensland is part of Aus-
tralia’s Moreton Bay Ramsar wetlands site. The Wetlands In-
sight Tool was run for a small area in the south of the island
(Figure 3). This site was used for mineral sand mining and re-
habilitated in 1998 [11]. The WIT in Figure 3 shows the drop
in green vegetation (PV) and increase in bare soil (BS) after
the onset of sand mining at the site, and the post-rehabilitation
increase in green vegetation and wet vegetation.

Fig. 4. Percentage of polygon surrounding Lake Toolibin cov-
ered by water (WOfS), wet vegetation (TCW), bare soil (BS),
green vegetation (PV) and dry vegetation (NPV) 1987-2019.
Light box covers area where Landsat archive was affected by
SLC-off.

Lake Toolibin in Western Australia is an ephemeral
wooded wetland, providing breeding and feeding habitat for
migratory waterbirds when water remains in the lake for at
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least six months [12]. Recovery plans at Lake Toolibin have
been active since 1996 to reduce the impacts of clearing-and
cropping-induced salinization [12]. The Wetlands Insight
Tool for Lake Toolibin in Figure 4 shows the lake filling in
February 2017 for the first time in 20 years.

4. CONCLUSIONS

The Wetlands Insight Tool developed using Digital Earth
Australia and the Fractional cover, WOfS and TCW datasets
is demonstrably useful for monitoring changes in the spa-
tial and temporal behaviour of different types of wetlands.
The combination of open water, wet vegetation and vegeta-
tion information into one tool allows us to produce a useful
overview of changes in wetland ecosystems, with wetland
managers able to use the tool to select time periods of interest
to investigate further on a local scale, or to demonstrate the
effects of rehabilitation programs at sites. The WIT will be
used in the future monitoring of Australian sites, with open
source code enabling the application of the tool to a larger set
of sites with international application potential.
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