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Abstract 
 

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

It has been reported from arid and semi-arid areas around the world. Woody encroachment 

is the result of changes in factors such as weather and climate, grazing pressure, fire 

regimes, and combinations of these. The most widely recognised effects of woody 

encroachment are the decline in herbaceous forage production and carrying capacity for 

livestock, decreased biodiversity and socioeconomic value of affected areas, and, in some 

cases, increased runoff and soil erosion. The eco-hydrological responses of areas of woody 

encroachment and of pastures established after removing the woody vegetation are not well 

understood in semi-arid Australia. The aim of this thesis was to investigate runoff, erosion 

and associated factors in woody encroachment, and how these compare with other 

vegetation states in semi-arid Australia from an eco-hydrological perspective. 

 

The hydrological and erosional responses of vegetated patches and inter-patches in four 

vegetation states were compared using small-scale (1 m2) rainfall simulation in four 

vegetation states across the Cobar pediplain in semi-arid New South Wales. The four 

vegetation states were: (1) woody plant encroachment (>1200 stems ha–1), (2) recently 

established pastures (<23 years of age), (3) long-established pasture (50–100 years of age), 

and (4) open woodland (<330 stems ha–1). A moderate rainfall intensity of 35 mm h–1 was 

used, which resembled a natural 2-year return period storm in the region. Three types of 

patches and inter-patches were defined according to their capacity to retain resources from 

high to low retention capacity: well vegetated patches, medium vegetated patches and 

inter-patches. Inter-patches produced runoff and sediment while patches functioned as 

sinks for these resources, confirming that patches and inter-patches are functional units 

from an eco-hydrological perspective, with a pervasive influence over soil hydrological 

and erosional characteristics irrespective of vegetation state.  

 

Runoff and sediment production were related to the amount and components of ground 

cover, surface roughness, slope and topsoil sand fraction. Total ground cover, herbaceous 

ground cover and surface roughness were related to runoff and sediment in well vegetated 

patches. Herbaceous and litter cover were the main ground cover components related to 
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runoff and sediment in medium vegetated patches. Cryptogam cover, surface roughness 

and sand fraction were related to runoff and sediment production in inter-patches. 

Cryptogam cover in well vegetated patches was associated with higher runoff and sediment 

production, but cryptogam cover in inter-patches was associated with lower sediment 

concentration and production. 

  

Runoff and sediment production at the site scale (30 m × 30 m), computed as the weighted 

average of the small-scale responses of constituent patches and inter-patches, generally did 

not differ significantly among vegetation states. The main exception was one pasture site 

where the pasture had undergone a specific management regime targeting the retention of 

ground cover. This illustrated the effect of pasture management on reducing runoff and 

sediment production. Small-scale runoff and sediment production ceased when total 

ground cover was ≥73% regardless of vegetation state.  

 

A case study was used to assess the feasibility of high resolution satellite imagery to map 

ground cover and assess its spatio-temporal changes in two adjacent hillslopes over two 

consecutive years (2008 and 2009). One hillslope was an area of woody encroachment, and 

the other hillslope a recently established pasture which had a water spreading system (a 

series of contour banks designed to slow and spread runoff) established in 2009. The 

application of image fusion to high-resolution Quickbird satellite images increased the 

spatial detail of the multi-spectral Quickbird data to 1 m and preserved the original 

radiometric information. As the radiometric quality of fused images was high, standard 

quantitative digital image analysis was undertaken, and ground cover was mapped with 

accuracies of 84% in the woody encroachment and 86% in the pasture. From 2008 to 2009, 

ground cover increased twice as much in the woody hillslope (10%) compared with the 

pasture (5%). Potential causes of the ground cover increase were higher rainfall and 

livestock exclusion in the second year and, additionally in the case of the pasture hillslope, 

the establishment of the water spreading system also contributed to the ground cover 

increase in 2009. 

 

Small-scale rainfall simulation responses were up-scaled by integrating the hydrological 

responses of patches and inter-patches and slopes in the two examined hillslopes with the 
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maps of ground cover derived from the fused Quickbird images. This modelling approach 

is a novel exploration tool that describes the spatial distribution of runoff and sediment 

production within hillslopes. The outcome of the modelling incorporates transfer of runoff 

among areas with different amounts of ground cover, the spatial distribution of ground 

cover and the connectivity of runoff source areas. The estimates of runoff and sediment in 

the woody hillslope were similar over two consecutive years, but were lower than in the 

pasture hillslope. Estimated runoff and sediment within the pasture hillslope were lower in 

the second year than in the first year following the establishment of a water spreading 

system in 2009. The results highlighted the importance of patchiness and the connectivity 

of runoff source areas for runoff and sediment production at the hillslope scale. 

 

The relationships between gully volume and topography, vegetation cover and location of 

tracks were explored in an area of woody encroachment within the study region with a 

high density of gullies. Site characteristics of 32 sub-catchments with and without gullies 

were compared. All gullies were active. Eroded gully volume was found to be a function of 

sub-catchment areas and gully length as well as being inversely related to distance of the 

gully heads to the nearest vehicular track. Stable sub-catchments (those without gullies) 

had gentler slopes, higher foliage projective cover and higher ground cover than unstable 

sub-catchments (those with gullies). The mean topographic threshold that specified the 

minimum drainage area and slope conditions for gully development was developed for the 

first time in woody encroachment areas in the region. 

 

Overall, the study showed that runoff and erosion in the four vegetation states are mostly 

site-dependent. Hydrological and erosional responses in woody encroachment were 

generally not significantly different from those in recently and long-established pastures 

and woodland. The study showed that ground cover type and amount and its spatial 

distribution largely determine runoff and erosion responses in the studied systems. There is 

potential in using high resolution satellite imagery and spatial modelling to apply accepted 

concepts of semi-arid patchiness to link small-scale eco-hydrological and erosional 

responses to larger scales appropriate for management. The study showed that factors 

related to gully erosion in woody encroachment areas are related to topographic thresholds 

that can be used for the identification of areas susceptible to gullying.  
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