




























































































































Chapter 4: Conclusions 
This thesis investigated an approach for estimating transpiration fluxes at the 

catchment-level. The approach was applied to two case studies, the Gwydir and Namoi 

catchments in Northern NSW Australia. The primary data was sourced from MODIS 

NDVI imagery in a series of calculations which required the calculation of ancillary 

data. First, the solar radiation parameters were estimated; Rs grids were then created in 

ESOCLIM and R0 was calculated using Roderick (1999). Monthly NDVI grids from 

the MO DIS satellite imagery at monthly intervals for 2000-2004. Then the fP AR was 

estimated from the monthly NDVI grids to get monthly fP AR. Re/Rs was estimated to 

yield e, then/ and e were used to estimate monthly GPP by using a radiation use 

efficiency approach. The monthly GPP grids were used as inputs to estimate monthly 

transpiration fluxes from May 2000 to December 2004. Then the monthly transpiration 

fluxes were summed to yield annual catchment scale transpiration fluxes for 2001-2004. 

Analysis of the MO DIS NDVI data involved distinguishing soil, vegetation and 

water pixels to compare their spectral signatures. This process calibrated the fP AR 

from the NDVI. Descriptive statistics were calculated using the monthly fP AR surfaces 

to delineate cropland and non cropland pixels in the Gwydir and Namoi catchments. 

The mean, variance, standard deviation and COY were calculated for each monthly 

fPAR surface for each year from 2001-2004. Then individual pixel analysis was 

performed on the annual transpiration grids to compare the difference in transpiration 

fluxes between cropland and non cropland pixels . This was followed by comparing the 

annual transpiration fluxes across the Gwydir and Namoi catchments. 

Spatial and temporal estimates of transpiration fluxes yield several important 

results. 

Temporal estimates of annual of transpiration fluxes show characteristics of wet 

and dry years. Catchment scale estimates of transpiration fluxes defined areas of high 

and low transpiration fluxes with high transpiration fluxes for wet years and low 

transpiration fluxes for dry years. Transpiration fluxes also increased with elevation. 

Vegetation on southerly aspects had higher transpiration rates due to increased radiation 

received at the surface. Contrasts between cropland and non cropland transpiration 

fluxes were discemable. Higher annual transpiration fluxes were observed in non 

cropland pixels and lower annual transpiration fluxes occurred in cropland pixels. Intra-
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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 oflandscapes, 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 ofland 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. fP AR 

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 fP AR 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 fP AR and NDVI have a linear relationship when the relationship is 

actually near linear. There are several limitations of NDVI which in tum affect the 

estimates of fP AR. These include: external effects caused by atmosphere, clouds, 

aerosols, sun angle, ground contamination, structural and optical properties of the 

vegetation canopy. (Heute et al. 1994; Myneni et al. 1992; Myneni et 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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Appendices 

METADATA 

MODIS 

Acquired from Dr Sandy Berry sandy.berry@anu.edu.au 

MOD IS_ 2000: 17 layers 

Spatial extent 

Top: -27.998875772906 

Left: 145.99887577290599 

Right: 154.00112422799802 

Bottom: -32.001124227546001 

Uncompressed file size: 205.41 MB 

Datum: D Clarke 1866 

MODIS_2001: 23 layers 

MODIS_2002: 23 layers 

MODIS_2003: 23 layers 

MODIS _ 2004: 23 layers 

Spatial extent 

Top: -27.998875772906 

Left: 145.99887577290599 

Right: 154.00112422799802 

Bottom: -32.001124227546001 

Uncompressed file size: 277.91 MB 

Datum: D Clarke 1866 - -



Vegetation - post European settlement (1988) 

http://www.ga.gov.au/meta/ ANZCW0703005426.html 

Dataset citation 

ANZLIC unique identifier: ANZCW0703005426 

Title: Vegetation - Post-European Settlement (1988) 

Custodian 

Custodian: Geoscience Australia 

Jurisdiction: Australia 

Description 

Abstract: 

Shows vegetation of Australia in the mid 1980s. Areas over 30 000 hectares are shown 

plus small areas of significant vegetation such as rainforest and croplands. Attribute 

information includes growth form of the tallest and lower stratum, foliage cover of 

tallest stratum and dominant floristic type. 

ANZLIC search words: 

FLORA Native Mapping 

VEGETATION Mapping 

Spatial domain: 

__ U u _f~:: . -, 
Geographic extent name: AUSTRALIA EXCLUDING EXTERNAL TERRITORIES -

AUS - Australia - Australia 

Note: The format for each Geographic extent name is : Name - Identifier 

- Catego ry - Jurisdiction (as appropriate) 

Geographic bounding box: 

North bounding latitude: -9 ° 

South bounding latitude: -44 ° 

East bounding longitude: 154 ° 

West bounding longitude: 112 ° 
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Data currency 

Beginning date: Not Known 

Ending date: 1985-01-01 

Dataset status 

Progress: Complete 

Maintenance and update frequency: Not Known 

Access 

Stored data format: 

DIGITAL - eOO Arclnfo export (eOO) Arclnfo Workstation Geographic AGD66 

DIGITAL - Map Printed map 

Available format type: 

DIGITAL - eOO Arclnfo export (eOO) Arclnfo Workstation Geographic AGD66 

DIGITAL - mifMapinfo Interchange Format (MIF) Maplnfo Geographic AGD66 

DIGITAL - shp ArcView shape file Arc View Geographic AGD66 

DIGITAL - Map Printed map 

Access constraints: 

The data are subject to Copyright. Data files may be downloaded from Geoscience 

Australia's website at www.ga.gov.au/download/. A licence agreement is required. 

Data quality · 

Lineage: 

Captured from Geoscience Australia's 'Present Vegetation' 1 :5 million scale map. 

Positional accuracy: 

Not Documented 

Attribute accuracy: 

Not Documented 

Logical Consistency: 

Not Documented 

Completeness: 

Complete for all Australia 

Contact information 

--~·······--- ··- --
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Contact organisation: Geoscience Australia (GA) 

Contact position: Director, Sales and Distribution, CIMA 

Mail address: GPO Box 378 

Mail address: 

Locality: Canberra 

State: ACT 

Country: Australia 

Postcode: 2601 

Telephone: +61 2 6249 9966 

Facsimile: +61 2 6249 9960 

Electronic mail address: sales@ga.gov.au 

Metadata information 

Metadata date: 2003-07-22 

Additional metadata 

Metadata reference XHTML: http: //www. ga. gov. au/meta/ ANZCW07 03 0054 26 .html 

Metadata reference XML: http://www.ga.gov.au/meta/ANZCW0703005426.xml 

Size of database: 4.9 - 7.7 MB depending on the format. 

Scale/resolution: 1 :5 million 
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