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annual and inter-annual patterns of transpiration fluxes were detected from the

individual pixel analysis.

This research demonstrated that fine resolution MODIS satellite data can be
used to estimate catchment scale transpiration fluxes based on a radiation use efficiency
approach. While this research was able to demonstrate the feasibility of the approach,
unfortunately, no independent data set was available to validate the estimated
transpiration fluxes. Similarly, there was insufficient time within the constraints of the
Masters degree to enable the catchment-level transpiration fluxes to be analysed in
conjunction with the rainfall and stream gauge data for the two case study catchments.
Thus, I was unable to estimate the absolute or even relative contribution of transpiration
to water balance in the case study catchments. Both these tasks should be the focus of

future research.

4.1 Limitations and assumptions of study

Using satellite data to model vegetation parameters requires assumptions that
can increase uncertainty and bias in the results. It is challenging to represent landscapes
digitally since each individual study may focus on specific and different aspects of the
land surface. The world we live in is heterogeneous and is functional at multiple scales
(i.e. planet, continent, region, landscape, local ecosystem) which induce uncertainty in
the digital representations of landscapes, as representations at one scale may not be
useful at another. According to Longley et al. (2005) uncertainty can be defined as ‘a
measure of the user’s understanding of the difference between the contents of a dataset
and the real phenomena that the data are believed to represent.” Spatial data is
essentially a representation of the real world or a model of the landscape. Spatial -
modelling allows the user to alter the scale at which the observer perceives the
landscape, and remotely sensed data differs in the spatial, temporal and spectral scales
at which they sample the energy reflected/emitted from the land surface. Scaling
problems can result in analysing processes by using information from one scale and

applying that information to another scale (Raupach 1995).

It is generally difficult to represent the complexity of land cover data when using
satellite data and particularly in the case of transpiration when the fundamental
functional unit is a leaf and at the catchment level the leaf arrangements in a canopy;
both of which vary at sub-pixel scales. A vegetation canopy therefore encompasses
structural complexities which affect the way the satellite senses the object. fPAR

depends on canopy characteristics such as differences in optical properties of evergreen
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vegetation canopy and croplands, foliage clumping and leaf angle distribution. Due to
this heterogeneity, the fPAR is likely to be underestimated by satellite-based sensors
because of the scattering from the various leaf angles. Another limitation is that
satellite images are taken at certain times of the day. The time of day affects the way

light is reflected off of the canopy surface and is received by the sensor.

In this research it was assumed that the diffuse component of total radiation is
the same throughout time (ESOCLIM estimates and Roderick 1999 calculation) when in
reality the amount of radiation received at the surface is constantly changing. It is also
assumed that fPAR and NDVI have a linear relationship when the relationship is
actually near linear. There are several limitations of NDVI which in turn affect the
estimates of fPAR. These include: external effects caused by atmosphere, clouds,
aerosols, sun angle, ground contamination, structural and optical properties of the
vegetation canopy. (Heute ef al. 1994; Myneni et al. 1992; Myneni ef al. 1995).

Despite these limitations, remote sensing has been shown in other studies to be a non
destructive, relatively accurate and cost-efficient way of measuring large scale dynamic

canopy processes through time.

Catchment scale research integrates complex concepts such as scaling issues,
modelling and process understanding. This research presents and investigated a new
approach to estimating catchment scale transpiration fluxes. The estimated time-series
values of transpiration can be readily integrated into catchment water balance process-
based models. Estimates of catchment scale transpiration fluxes have important
implications for catchment management in that it provides an explicit functional link
between land use/land cover change and catchment-level water budgets. Monitoring
transpiration fluxes could provide insight into how land use change (forest to cropland)
alters catchment hydrology. In addition to quantifying the role of transpiration in the
hydrologic cycle, catchment scale estimates of transpiration fluxes are useful in
monitoring the state and productivity of agricultural crops, observing the spatial
arrangement of transpiration fluxes across catchments, observing differences in
transpiration fluxes for contrasting vegetation types, and monitoring changes in water

use efficiency of different vegetation types (e.g. forest versus cropland).

Additional research on this topic could be extended to include other processes in
the hydrologic cycle. For example, using satellite derived vegetation parameters and
transpiration flux estimates with point based estimates of rainfall and stream flow data

to create a catchment water balance model. This information could then be used to
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determine if a catchment is energy limited or water limited. Catchment water balance
research is essential in understanding the hydrological role of vegetation. Satellite data
provides a reliable data source in which to further assess the impacts of drought
conditions on vegetation productivity in water-limited environments across a range of
scales. Water scarcity and allocation are bound to become some of Australia’s major
environmental issues in the coming years increasing the importance of integrated
catchment management. The results of this thesis suggest an approach which could be
used to better integrate vegetation as a component of catchment water balance
calculations, help monitor natural resource management activities, and assist in the

implementation of catchment management plans.
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