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Chapter 1. Woody encroachment and soil erosion 
 

1 . 1 .  B A C K G R O U N D  

Woody encroachment is the increase in density, cover, extent or biomass of woody plants 

(Archer and Stokes, 2000; Van Auken, 2009). Woody encroachment has been reported in 

North America (Archer, 1989; Van Auken, 2000), Australia (Noble, 1997), South America 

(Schofield and Bucher, 1986) and Africa (Belsky, 1990). It is often accompanied by large 

changes in the spatial pattern of soil resources and vegetation (Schlesinger and Pilmanis, 

1998), which are linked with alterations in ecosystem structure and functioning, such as 

desertification (Schlesinger et al., 1990). Rangelands and other drylands throughout the 

world have experienced loss of productivity for livestock production purposes due to 

changes in vegetation composition, productivity and structure following woody 

encroachment (Schlesinger et al., 1990).  

 

The increase in cover and density of woody species is the result of changes in various 

factors (Van Auken, 2009), including weather and climate variations, changes in grazing 

pressure, altered fire regimes, and combinations of these (Westoby et al., 1989; Archer et 

al., 1995). The most widely recognised effects of woody encroachment are the decline in 

herbaceous forage production and carrying capacity for livestock (Wiegand et al., 2006; 

Graz, 2008), decreased biodiversity and socioeconomic value of affected areas, and, in 

some instances, increased soil erosion (Harrington et al., 1984; Grover and Musick, 1990; 

Belsky, 1996).  

 

Links between hydrological processes and woody encroachment are not always clear, but 

they do appear to be site-specific. While there is evidence of increased runoff and erosion 
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in some areas of woody encroachment (Parizek et al., 2002), several biophysical factors 

(i.e. rainfall intensity, slope gradient, spatial configuration of ground cover and 

connectivity of runoff source areas) interact to determine erosion potential at the site level. 

Thus, woody encroachment does not consistently result in accelerated soil erosion 

(Davenport et al., 1998). In particular, the cover and spatial configuration of vegetation and 

ground cover in patchy semi-arid landscapes (i.e. two-phase mosaics) is known to control 

eco-hydrological interactions, and areas of woody encroachment fit within this two-phase 

paradigm. Therefore, accounting for these spatial interactions is fundamental to 

understanding resource transfer processes affecting runoff and soil erosion (Ludwig et al., 

2005; Ludwig et al., 2007a). 

 

Forage production has declined as a result of the replacement of palatable perennial 

herbaceous species by inedible native shrubs and increase in areas of low ground cover in 

semi-arid woodlands in New South Wales (NSW) (Gardiner et al., 1998), Australia, with a 

concomitant increase in erosion (Eldridge and Robson, 1997). Most of the research in this 

region has focused on the management of woody encroachment and subsequent vegetation 

changes (Harrington et al., 1979; Noble, 1997), rather than interactions between woody 

encroachment and soil. Relationships between woody encroachment, runoff and erosion 

have not been  investigated in detail (see Johns, 1983 and Booth et al., 1996b for 

exceptions), and the perceived relationships are largely anecdotal (Harrington et al., 1979; 

Gardiner et al., 1998). Management systems have been developed to mitigate the observed 

effects of woody encroachment on site productivity (Booth et al., 1996a; Booth et al., 

1996b). These management practices include the removal of woody vegetation using a 

variety of different approaches, often followed by a cropping phase with a subsequent 

return to pasture. The implications of managing woody encroachment in these ways for 

runoff and erosion are uncertain. Accordingly, this thesis reports on investigations into 



Chapter 1 
 

3 
 

runoff and soil erosion by water in areas of woody encroachment in semi-arid south-

eastern Australia, and compares the hydrological and erosional responses in woody 

encroachment with recently established pasture, long-established pasture and open 

woodland.  

 

 

1 . 2 .  R E V I E W  O F  T H E  L I T E R A T U R E  

1.2.1.  Water erosion processes 

Soil erosion is a natural process that takes place continually and shapes the landscape 

(Hillel, 2008). However, acceleration of soil erosion due to anthropogenic activities can 

have severe impacts on soil and environmental quality (Lal, 2001). Erosion is a major soil 

degradation process because it reduces infiltration rates, water-holding capacity, nutrients, 

organic matter, soil biota and soil depth (Pimentel et al., 1995). As a result, soil erosion 

decreases soil productivity (Stone et al., 1985; Verity and Anderon, 1990) and can cause 

ecological damage by depleting soil biodiversity and affecting plant composition (Lal and 

Fierce, 1991).  

1.2.1.1. Water erosion mechanisms 

Water erosion occurs in three phases, consisting of the detachment of individual soil 

particles from the soil mass, their transport by running water, and finally their deposition. 

Soil particles are detached by raindrops striking a bare soil surface and by the force of 

existing overland flow. When sufficient energy is no longer available to transport the 

particles (e.g. when the velocity of water decreases due to the effects of slope or ground 

cover), a third phase, deposition, occurs (Lal, 2001; Morgan, 2005). Slaking, dispersion, 

compaction and structural crusting affect the rate of erosion, as these processes decrease 
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soil structural stability and strength and alter porosity, accentuating soil erodibility and the 

susceptibility of soil particles to transport by overland flow or interflow (Lal, 2001).  

 

Water erosion is closely related to the pathways taken by water in its movement through 

vegetation and over the ground surface, and can occur in rills, interrill areas, gullies and 

stream channels (Morgan, 2005). The erosion process initiates when the force of raindrops 

detaches soil particles from the soil surface. This rainsplash erosion is the most direct form 

of soil erosion caused by rainfall and occurs when rain falls with sufficient intensity to 

dislodge soil particles (Free, 1960). Once raindrops detach soil particles, they are moved 

for a short distance but, if additional runoff occurs at the same time, soil particles can be 

carried for long distances (Moss and Green, 1983).  

 

The transport of soil particles can be in the form of fairly uniform layers carried down 

slope by suspension in flowing water (Rosewell et al., 2001). This process, termed sheet or 

interrill erosion, occurs under the influence of gravity and slope gradient, and it continues 

until the flow power is insufficient to continue detaching or transporting soil particles 

(Morgan, 2005). Therefore, the quantity and size of the particles that can be transported by 

runoff are a function of flow velocity and turbulence, which increase as slope steepens and 

depth of flow increases (Selby, 1993). When the water flow gains sufficient energy to 

detach sediment particles, it causes incision in the soil surface, forming rills (i.e. surface 

incisions up to a few centimetres depth) resulting from soil detachment by concentrated 

flow  (Wainwright et al., 1999; Rosewell et al., 2001).  

 

Gully erosion can result from the action of concentrated flow. Gully erosion is 

characterised by channel cross-sectional areas of >1 m2 (Poesen et al., 1998). Gully erosion 

is triggered and accelerated by human-induced changes to vegetation cover such as land 
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use change, overgrazing and road construction (Valentin et al., 2005). Gullies initiate when 

the equilibrium within a minor drainage line is upset by either increased discharge or 

decreased soil resistance to detachment and transport of soil particles (Rosewell et al., 

2001). Gullies typically extend upslope as a steep headcut under the influence of overland 

flow, subsurface piping or mass movement (Kirkby and Bracken, 2009). In the first stage 

of gully formation, small depressions or knicks appear on a hillside as a result of localised 

loss of vegetation cover (e.g. cattle tracks, roads). Water concentrates in these depressions 

and enlarges them. Erosion is concentrated at the head of the depression, detaching soil 

particles, which results in deepening of the channel and the undermining of the headwall, 

leading to collapse and retreat of the scarp upslope (Morgan, 2005). If the force of running 

water at the gully head continues to exceed the cohesive strength of the soil, erosion 

migrates upslope, forming a headward-cutting gully (Brooks et al., 2003). Gully erosion 

occurs when thresholds of flow hydraulics, rainfall, topography, soil, land use and land 

cover are exceeded (Poesen et al., 2003). 

1.2.1.2. Water erosion controls 

Erosion mechanisms are controlled by complex interactions between biophysical variables. 

Soil erosion is a function of the eroding power of raindrops and runoff and the erodibility 

of the soil (Selby, 1993). While erosivity refers to the ability of a process (e.g. rainfall) to 

cause erosion, erodibility is dived into two parts—first, the soil physical and chemical 

characteristics, and second, land use (e.g. cropping, forestry, grazing) and management 

(Selby, 1993; Lal, 2001). The characteristics of the soil, climate and landform determine 

erosion risk, and erosion risk combined with land use and management determines erosion 

hazard (Houghton and Charman, 1986). Factors that control water erosion fall into four 

groups that interact with each other: (1) erosivity, which is determined primarily by 

climatic events (drop size distribution, amount, intensity and frequency of precipitation, 
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and amount and velocity of runoff); (2) soil erodibility, determined by soil properties such 

as texture, structure, organic matter content, clay minerals and water retention; (3) terrain 

characteristics such as slope gradient, length aspect, and shape, and (4) ground cover and 

other vegetation cover, which exert a strong impact on dissipating the energy supplied by 

water (Renard et al., 1996; Lal, 2001). 

 

Of all these factors, vegetation and ground cover are the most manageable through land use 

and land management. Appropriate management of ground cover and other vegetation can 

offset the effect of other erosion controlling factors. Ground cover and other vegetation 

influence runoff and erosion through rainfall interception, reduction in raindrop energy, 

decreased runoff velocity, the influence of biological activity associated with vegetation 

and litter on soil porosity, and reduced soil compaction in the underlying soil (Selby, 1993; 

Renard et al., 1996; Morgan, 2005). 

1.2.2.  Runoff  and erosion in semi-arid systems 

Soil erosion in semi-arid landscapes is generally not high in comparison to erosion rates in 

cropping or tropical areas (Edwards and Zierholz, 2000). However, in some instances, soil 

erosion in semi-arid zones has been accelerated by cultivation and grazing, and soil erosion 

rates have exceeded the soil formation rate, which is typically low in semi-arid areas (<0.5 

t/ha/yr; Edwards and Zierholz, 2000). As soil nutrients in semi-arid areas are concentrated 

mainly in the top 35 mm of the soil (Charley and Cowling, 1968; Greene and Tongway, 

1989), the cumulative effects of soil loss can have considerable social and economic costs. 

 

Ecological and hydrological processes are closely linked in semi-arid environments. Eco-

hydrological interactions determine the spatial configuration and structural characteristics 

of vegetation and runoff-runon processes in water-limited ecosystems (Tilman and 
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Kareiva, 1997; Ludwig et al., 1999). As a result, these landscapes are often spatially 

organised in a two-phase mosaic, consisting of bands or patches of individual or 

aggregated plants interspersed in a low-cover matrix (Montaña et al., 2001). Due to the 

sparse distribution of ground cover and the formation of structural crusts and compaction 

of the low ground cover areas (inter-patches) in these two-phase mosaics, infiltration 

excess runoff (Hortonian overland flow) is the dominant runoff generation process and is 

strongly related to soil erosion (Selby, 1993; Kirkby and Bracken, 2009). When rainfall 

rate exceeds the infiltration capacity of the soil, the surface becomes saturated, and this 

saturated zone extends downwards, reducing the infiltration rate to a steady state (Horton, 

1933). Once rainfall intensity exceeds the infiltration capacity, free water begins to 

accumulate on the soil surface and runs off and accelerates downslope (Selby, 1993; Hillel, 

2008), becoming more erosive as its capacity to detach soil particles and carry them 

downslope increases as the water’s velocity and turbulence increases (Hillel, 2008). 

 

As the soil properties affecting the soil infiltration capacity and water input vary spatially 

(i.e. vegetation cover, soil surface cover, soil texture, soil bulk density, abundance and 

distribution of macro-pores and antecedent moisture), infiltration excess runoff also occurs 

in a spatially heterogeneous manner (Whitford, 2002). In patchy landscapes, runoff and 

erosion are controlled mainly by soil surface condition, particularly the nature of the 

surface crust and the amount and type of vegetative cover (Greene et al., 1994). Inter-

patches with their generally low infiltration rates act as source zones of runoff and 

sediments, whilst vegetated patches, having typically higher infiltration rates due to lower 

bulk density, greater aggregate stability, porosity and higher organic matter, serve as sink 

zones, capturing runoff, sediments and nutrients from source areas (Ludwig and Tongway, 

1995; Galle et al., 1999; Greene et al., 2001).  
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The hydrological functionality of patches and inter-patches is widely recognised in the 

literature (Ludwig and Tongway, 1995; Bergkamp, 1998; Reid et al., 1999; Greene et al., 

2001; Wilcox et al., 2003). However, runoff and sediment production generally diminish as 

scale increases. Although runoff and erosion can be high locally (i.e. at the inter-patch 

scale), as the scale increases (i.e. hillslopes and catchments), many other water routing and 

sediment transport considerations result in larger water and sediment storage opportunities 

in the system (Wilcox and Davenport, 1995; Connolly et al., 2002; Cammeraat, 2004).  

 

Therefore, up-scaling of runoff and erosion to broader scales (i.e. hillslope, catchment 

scales) is complex in patterned landscapes, as the spatial distribution of patches and their 

size, length and the connectivity of runoff source areas makes extrapolating from small to 

broader scales difficult (Cammeraat, 2004). The configuration of patches and inter-patches 

and their hydrological connectivity directly influence the partitioning of incident rainfall 

into infiltration and its consequences in terms of runoff and sediment production 

(Puigdefábregas, 2005; Bartley et al., 2006; Bautista et al., 2007; Mayor et al., 2008; 

Michaelides and Chappell, 2009). These attributes need to be included in models that 

estimate runoff (Puigdefábregas and Sanchez, 1996; Beeson et al., 2001; Mueller et al., 

2007) and resource loss potential in semi-arid systems (Johns, 1981; Greene et al., 1994; 

Tongway and Ludwig, 1997a; Greene et al., 2001; Ludwig et al., 2002; Ludwig et al., 

2007a; Ludwig et al., 2007b). 

 

The appropriate method for field assessment of erosion rates depends on the soil erosion 

process to be monitored (Lal, 2001). These processes operate at different spatial and 

temporal scales, and therefore methods of erosion measurement must be proper to the scale 

(Stroosnijder, 2005). The main spatial scales for investigating erosion are: (1) the small-

scale (1 m2) for sheet and splash erosion, (2) the plot (<100 m2) for rill erosion, (3) the 
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hillslope (<500 m) for sediment deposition, (4) the field (<1 ha) for channels and (5) the 

small watershed for spatial interaction effects (Lal, 2001; Stroosnijder, 2005).  

 

The main problems associated with any measurement method are related to the frequency 

of measurements and the required equipment (Stroosnijder, 2005). Particularly, studies of 

runoff and erosion require long term data collection to obtain reliable results in semi-arid 

environments, where precipitation is temporally and spatially irregular. Measurements 

should be frequent and taken over sufficient long duration; however, they are expensive, 

and the duration and the spatial coverage of the measurements are often limited. In 

addition, equipment generally requires construction, calibration, installation, operation and 

maintenance, which is also expensive. To estimate volume of gully erosion, measurements 

of cross sectional areas with micro-topographic profilers or tapes are used (Nachtergaele et 

al., 2001), or aerial photography (Gutiérrez et al., 2009) or highly detailed digital elevation 

models (Derose et al., 1998). Additionally, there are indirect methods for measuring past 

erosion such as radioactive fallout cesium-137 (137Cs) (Walling and He, 1999; Ritchie et 

al., 2005) and dendro-geomorphological analysis using exposed tree and shrub roots 

(Chartier et al., 2009). 

1.2.3.  Woody encroachment and soil  erosion in the study region 

Woody encroachment has been recognised as a problem in semi-arid western NSW since 

the second half of the 19th century (Anon., 1900; Kerin, 2001). Since the late 1800s, shrub 

and tree encroachment has increased in the region and has resulted in growth of ‘non-

edible scrub’ or woody encroachment, which reduces the carrying capacity of large areas 

(Noble, 1997; Gardiner et al., 1998). In 1998, it was estimated that around 17% of a 

210 000 km2 area from Cobar west to the South Australian border had a woody vegetation 

cover of ≥40%, much of which was inferred to be woody shrubs (Gardiner et al., 1998). It 
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has been estimated that stocking rates in woody encroachment in the region are half or less 

than half than those in areas without woody encroachment (Noble and Walker, 2006). 

 

Over the last 50 years, some aspects of woody encroachment have been studied in arid and 

semi-arid NSW, particularly in the 73 500 km2 region of the central-west known as the 

Cobar pediplain (Australian Natural Resources Atlas, 2009). The reported causal factors of 

woody encroachment in this region reflect those recognised globally, and include changes 

in fire regimes, historical overstocking coupled with an increase in watering points and 

high grazing pressure during drought, and subsequent land degradation from overgrazing 

and loss of herbage (Noble, 1997). The interaction of these factors with periods of above-

average rainfall has led to episodes of mass recruitment of shrubs (Hassall and Associates 

et al., 2006). Despite considerable research on the management of woody encroachment 

and the subsequent changes in vegetation states (e.g. induced pastures, shrub re-invasion), 

few studies have investigated the interactions between woody encroachment and soil 

(Harrington et al., 1979; Noble, 1997). 

 

Woody encroachment on the Cobar pediplain typically adheres to the ‘two-phase mosaic’ 

pattern of patchy vegetation structure found in semi-arid systems (Harrington et al., 1979; 

Johns, 1983; Greene et al., 1990; Eldridge and Robson, 1997). The surface soil under the 

canopies of shrubs and trees is generally covered with litter and herbage while the inter-

canopy zones can contain biological or structural crusts, and litter and woody debris or 

loose, unconsolidated sediment (Greene et al., 1990). These differences in surface 

condition affect soil stability and largely control hydrological and erosional responses. 

Thus, surface condition as an indicator of hydrological and erosional processes in these 

systems has been studied and approaches to assess soil surface condition have been 

developed (Harrington et al., 1979; Greene and Tongway, 1989).  
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Soil research in the region has been undertaken in relation to general processes (e.g. 

erosion and landscape ecology) and management impacts on soil, such as the effects of 

grazing and fire (Charley and Cowling, 1968; Noble et al., 1996). Although these 

investigations provided an integrated view of landscape function (Greene and Tongway, 

1989; Eldridge et al., 1995), they are often too general or fragmented to indicate detailed 

relationships between hydrological processes, sheet and gully erosion, and woody 

encroachment.  

 

Research in the study region has included investigating water cycling by measuring runoff, 

water storage, and soil crusting and sealing (Greene and Tongway, 1989; Tongway and 

Ludwig, 1990; Tongway and Ludwig, 2005). For example, in a banded mulga landscape, 

Tongway and Ludwig (1990) found that these landscapes are composed of runon (patches) 

and runoff (inter-patches) zones, which have marked differences in runoff and infiltration 

rates and resource accumulation. This trend has been found to be generally consistent in 

two phase mosaics (Johns, 1983), although areas of woody encroachment have generally 

not been the focus of most studies (Greene and Tongway, 1989; Tongway and Ludwig, 

2005). 

 

In these landscapes, approximately 40% of the rain can be infiltrated in runoff zones, with 

approximately 100% infiltrated in runon zones (including runon) following a rainfall event 

of 37.5 mm (Greene, 1992). The differences in structural stability determined by physical 

surface crusting (more crusting in runoff zones led to less infiltration) were associated with 

the differential infiltration rates (Greene, 1992). Johns (1983) conducted one of the few 

investigations into runoff and infiltration associated with woody encroachment in western 

NSW using runoff plots. Johns (1983) found that runoff from inter-canopy zone (runoff 
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zone) was around 26% of rainfall, and that clumps of shrubs (runon zones) absorbed most 

runoff from runoff zones.  

 

Similar studies with both natural and simulated rainfall in semi-arid woodlands and 

shrublands in North America have corroborated that runoff and erosion from inter-canopy 

zones are high compared with runoff and erosion from runon (i.e. under tree and shrub 

canopies) areas. Reid et al. (1999) confirmed the eco-hydrological function of vegetated 

patches and inter-patches in which runoff was, on average, 21% and 31% of natural 

rainfall, respectively. Schlesinger et al. (1999) conducted a high-intensity rainfall 

simulation study and found that grassland had higher infiltration than shrub-invaded areas 

(76% vs 64%), due predominantly to the lower infiltration of bare soil and the large 

patches of bare soil in shrub areas.  

 

With the exception of the one location in Johns (1983), the effect of patches and inter-

patches has not been quantified for woody encroachment in western NSW. Characterising 

hydrological and erosional responses of patches and inter-patches with different soil 

surfaces and different ground cover and other vegetation is essential to understand the 

surface eco-hydrology in areas of woody encroachment and other vegetation states in the 

region. 

 

Accordingly, this thesis reports on  studies on the eco-hydrological function of patches and 

inter-patches in different vegetation states in semi-arid NSW, and the hydrological and 

erosional processes in woody encroachment and other vegetation states (i.e. recently 

established  pastures, long-established pastures and grassy woodland unaffected by shrub 

encroachment). 
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1 . 3 .  T H E  S T U D Y  R E G I O N  

The Cobar pediplain covers 73 500 km2 between latitudes 30° 00’ and 34° 25’ south and 

longitudes 144° 12’ and 147° 40’ east (Department of Environment and Climate Change, 

2008; Australian Natural Resources Atlas, 2009). Woody encroachment occurs across the 

semi-arid Cobar pediplain, which spans central and far-western NSW extending almost to 

Bourke in the north and Griffith in the south. The study sites for this research were located 

in the central to central-east sections of the Cobar pediplain (Figure 1.1). Long-term 

average rainfall ranges from 440 mm at Nyngan, just beyond the limits of the pediplain in 

the east, to 350 mm at Cobar in the west, and is spread evenly throughout the year (Bureau 

of Meteorology, 2008a). Annual evaporation ranges between 1800 and 2400 mm, and 

average maximum and minimum temperatures for both Nyngan and Cobar are 

approximately 26°C in January and 12°C in July, respectively (Bureau of Meteorology, 

2008a).  

 

The region is chiefly underlain by mixtures of sedimentary, low-grade metamorphic and 

siliceous volcanic materials of the early Palaeozoic (Ongley, 1974). Soils are 

predominantly non-sodic Kandosols to Dermosols (Isbell, 1996), with areas of calcareous 

and non-calcareous subsoils as well as sodic forms. These soils are generally referred to as 

‘red earths’ and have medium infiltration rates and soil water storage capacity, and are 

susceptible to physical crusting and sealing, subsoil compaction and loss of porosity 

(Geeves et al., 2001). They often have low concentrations of nutrients including carbon, 

nitrogen and phosphorus (Charley and Cowling, 1968).  

 

The vegetation communities in the Cobar pediplain are derived from grassy poplar box 

(Eucalyptus populnea) – white cypress (Callitris glaucophylla) woodland (Iwaszkiewicz 
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and Semple, 1988). Much of the vegetation has lost its open woodland structure and is now 

either dense scrub or shrub woodland (i.e. woody encroachment) or grassland from which 

woody encroachment has been removed, dominated by native grasses and forbs (Gardiner 

et al., 1998). Dominant trees and shrubs in the woody encroachment are Eucalyptus 

populnea, Callitris glaucophylla, and several Eremophila, Dodonaea, Senna and Acacia 

species (Noble, 1997). The major land use is grazing, with a mix of sheep, cattle, and some 

goats grazed commercially. Feral goats are common. Cropping, predominantly of wheat, 

including pasture cropping (Millar and Badgery, 2009), occurs annually in the east and 

south-east of the pediplain, and opportunistically in the west (Department of Environment 

and Climate Change, 2008).  

 

Figure 1.1. Location of the Cobar pediplain on a Landsat satellite image showing study sites. 
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1 . 4 .  T H E S I S  O B J E C T I V E S  

The overall aim of this thesis was to investigate runoff and soil erosion by water in woody 

encroachment and three other vegetation states—recently established pasture, long-

established pasture and grassy woodland—in semi-arid south-eastern Australia. The 

comparison of these four vegetation states provides insights into the hydrological and 

erosional characteristics of woody encroachment, pastures developed after control of 

woody encroachment, and open woodland. Specific objectives were to: (1) compare small- 

scale hydrological and erosional responses between patches and inter-patches in vegetation 

states and between vegetation states; (2) develop ground cover maps using high resolution 

satellite imagery for use in runoff and sediment production modelling; (3) upscale the 

small-scale responses of runoff and sediment production in patches and inter-patches to the 

hillslope scale, to account for spatial distribution of ground cover, connectivity of runoff 

sources and slope; and (4) assess and compare the site characteristics of gully and non-

gully sub-catchments to determine factors related to gully erosion in areas with woody 

encroachment. 

 

1 . 5 .  T H E S I S  O U T L I N E  

In Chapter 2, hydrological and erosional responses using small-scale rainfall simulation in 

vegetated patches and inter-patches in the four vegetation states were analysed. This 

chapter provides information on eco-hydrological function of the source–sink relationships 

in these patterned landscapes. Chapter 3 integrates the hydrological and erosional 

responses from patches and inter-patches at the vegetation state level, and provides insights 

into effective management to increase ground cover and resource retention.  
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As ground cover is one of the main controls of runoff and sediment production, a 

methodology to map ground cover from remotely sensed, high resolution satellite imagery 

was developed in Chapter 4 to predict the spatial distribution of ground cover at the 

hillslope scale. Chapter 5 integrates the ground cover mapping procedure from Chapter 4 

and the hydrological and erosional responses estimated from rainfall simulations similar to 

those undertaken in Chapter 2. Chapter 5 applies a spatial modelling approach to predict 

runoff and sediment production among areas of varying ground cover (i.e. patches and 

inter-patches) on two, adjacent, physically similar hillslopes, one with woody 

encroachment and the other with recent pasture. Chapter 6 describes the characteristics of 

gully erosion and related environmental factors in sub-catchments with and without gullies 

in areas of woody encroachment in one part of the study region, providing insight into 

causal factors and potential gully erosion thresholds. Chapter 7 discusses and synthesises 

the main findings and management implications of the research and presents the 

conclusions.


