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Abstract

Two global issues are brought together in thisishtes address a facet of both water resource and
weed management in Australia. Water resource sgadsrdf global concern as human need for water
increases and uncertainty in future water avaitgbdssociated with climate change continues to
evolve, particularly in arid and semi-arid regioRsirthermore, invasive species modify landscapes
around the globe in response to anthropogenic starsyalterations, with significant impacts within
aquatic systems. Water savings projects are umgestigation in Australia in response to resource
over-allocation and impacts of a prolonged drodghm 1997 to 2009 (‘The Millennium Drought’).
An overarching aim of such investigations is toumetwater to the environment to meet future
consumptive and environmental water requirements.sdutheast Australia, invasive willows
(SalicaceaeSalix spp.) have been identified as naturalized weedshwimvade stream beds. In
natural systems, stream beds are generally uncatugpnd willow establishment increases total
riparian leaf area and therefore total evapordtgses. Anecdotal evidence suggested water could be
returned to creeks and streams if willows were ngrdpcreating water saving. Strategies exist within
State and Commonwealth agencies in Australia toitmomwillow invasion, reduce environmental
impacts and establish programs to reduce furthexasip However, current methods to identify and

monitor willow distribution are costly and time @ming.

In this dissertation, field investigations were artdken to quantify water use of willows and to
determine the potential water savings associatéd removal of willows from creeks and streams
within the Murray-Darling Basin. Methods are deled which can potentially be applied across
riparian zones worldwide, to aid water accounting aater resource management. Three years of
sap flow and water balance measurements, undertaketetermine willow evapotranspiration,
indicate that removal dBalix babylonica located within stream beds with permanent accesgater
(‘in-stream’ willows) in semi-arid areas will potally return 5.5 ML h& year" of willow crown
projected area to the stream when removed. A giyglarlong study undertaken in a cooler temperate
region established potential water savings of 3L19Hd” year! if Salix fragilis stands were removed
from stream beds. Evapotranspiration of willow amddemic woody species were compared,
establishing that removal of willows from water iied environments is unlikely to return a water
saving. Two Penman-Monteith models (a model Sobabylonica and S. fragilis) were calibrated
using field measurements of leaf area index anthatal conductance. Each model was validated
using field measured evapotranspiration and thanawalculate monthly pan coefficients (the ratio
of evapotranspiration to pan evaporation) for espécies across broad climatic ranges in Australia.
Derived monthly pan coefficients and monthly paapmration predict evapotranspiration of willows
across various climatic zones to assist accourdimd) management of water resources at broader

scales. Furthermore, development of a simple opeterwevaporation model coupled with
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evapotranspiration pan factors provides a meansstionate potential water savings from willow
removal across broader climatic zones. The parficmeft method presented has broader application
across riparian systems worldwide providing a metttoscale woody vegetation evapotranspiration

across climatic zones using validated evapotraatipir models.

To further enhance and improve willow managemercizes, an economical remote sensing
technique was developed to discriminate canopy afeaillows located within stream beds from
native vegetation and willows situated on bankscitdre generally water limited environments. A
method is described using very high resolution \diéw-2 imagery (2x2 m) to identify and
calculate total canopy area of both in-stream aatemlimited willow infestations within a target
region. Delineating willow canopy area provides atmod to scale willow evapotranspiration and
water savings predictions associated with remof/ai-etream willows to catchment scale, to account

for catchment evaporative losses, thus providisg@sal information to catchment managers.

As intensive and science-based resource manag@uiggies are required to address predicted future
water scarcity in Australia, the knowledge delivkffeom this research addresses some important
knowledge gaps. For example, current and futuremavailability is predicted within catchments
using hydrological models, while vegetation evagospiration is predicted from remote sensing.
Direct measurement of riparian evapotranspiratitnengthens water availability estimates and
addresses some ‘unspecified losses’ associatedMithay-Darling Basin water balance estimates.
Estimates of potential water savings related toorerhof willows also assists with catchment water
accounting. Tools derived within this dissertatmovide methods to scale willow and native riparian
evaporative losses and water savings estimatesléoahto regional scales, further improving eféort

to account for and manage water resources in Aiastrad worldwide.

This thesis provides evidence that water savingspmentially be achieved by removing willows
located within stream beds which have permanenesscdo water and inhabit an otherwise
unoccupied niche, increasing both total canopy d&@é and riparian evaporative losses. Methods are

also provided to scale willow water use informatitom local to regional catchment scales.
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