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Chapter 7. General discussion and conclusions 
 

7 . 1 .  I N T R O D U C T I O N  

The theme of this research was the investigation of runoff and erosion in areas of woody 

encroachment and related vegetation states occurring in semi-arid New South Wales. 

Woody encroachment has been a management issue on the Cobar pediplain for more than 

100 years. It has been associated with increased runoff and erosion, and reduced site 

productivity. Understanding relationships between runoff, soil erosion, ground cover and 

vegetation states is important for managing these semi-arid landscapes to enhance their 

resource retention and productivity. However, detailed understanding of runoff and erosion 

in woody encroachment, in pasture following management of woody encroachment, and in 

open woodland has been lacking. This research investigated runoff and erosion in the four 

vegetation states of woody encroachment, recently established pasture (established in the 

last 23 years following control of woody encroachment), long-established pasture (50–100 

years old) and open woodland on the Cobar pediplain in semi-arid New South Wales. The 

study elucidated the factors influencing hydrological and erosional responses in these 

vegetation states.    

 

This chapter summarises the research findings presented in this thesis. The objectives of 

this chapter are to: (1) outline the main findings of the research; (2) highlight the main 

theoretical advances and management contributions of the work, and (3) discuss future 

research needs. 
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7 . 2 .  S U M M A R Y  O F  M A I N  F I N D I N G S  

Chapter 2 reported on erosional and hydrological responses of patches and inter-patches in 

the four vegetation states examined, using small-scale rainfall simulations. All four 

vegetation states contained well vegetated patches, medium vegetated patches, and inter-

patches with low levels of ground cover. Hydrological and erosional responses differed 

consistently between patch types and inter-patches within each vegetation state. Inter-

patches (mean ground cover = 23.5% ± 2.7% SE) had the least desirable hydrological and 

erosional responses, and produced the highest amounts of runoff and sediment followed in 

decreasing order by medium vegetated patches (mean ground cover = 54.8% ± 3.1% SE) 

and well vegetated patches (mean ground cover = 77.3% ± 3.1% SE). When hydrological 

and erosional responses from the same patch/inter-patch type were compared between 

vegetation states, only two differences were found: well vegetated patches in woody 

encroachment produced higher runoff than other well vegetated patches, and inter-patches 

in recent pasture had higher sediment concentration and production than inter-patches in 

other vegetation states.  

 

Total ground cover was negatively correlated with runoff and sediment production within 

the two patch types and the inter-patch type identified in all vegetation states. 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. The results indicated that patches and inter-patches are 

functional units from an eco-hydrological perspective in this semi-arid region and they 

influence soil hydrological and erosional characteristics, largely irrespective of vegetation 

state.  
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Chapter 3 compared the hydrological and erosional responses of the four vegetation states 

in the study area, using the same small-scale rainfall simulations as in Chapter 2. Runoff 

and sediment production did not differ significantly between vegetation states when data 

from all sites were analysed. Runoff and sediment production in woody encroachment 

were generally similar to those in the recent pastures established after woody vegetation 

removal. One pasture site in which rotational grazing and minimum tillage had been 

implemented had significantly lower runoff and sediment production than woody 

encroachment. This example of a pasture that had been managed to increase ground cover 

illustrated the effect that pasture management can have on reducing runoff and sediment 

production. Average runoff rate and total sediment production across all vegetation states 

were negatively related to total ground cover. Small-scale runoff and sediment production 

were minimal or zero where total ground cover (herbaceous, litter and cryptogam cover) 

was 73% or higher, across all vegetation states.  

 

In Chapters 4 and 5, ground cover, comprised of herbaceous and litter cover, formed 

patches which were shown to be capable of obstructing runoff and sediment. An innovative 

method to map ground cover at hillslope scale in woody encroachment and pasture using 

high resolution Quickbird imagery was reported in Chapter 4. The chapter: (1) investigated 

several techniques of image fusion to increase the spatial detail of multispectral Quickbird 

data, namely principal component analysis (PCA), Brovey transformation, modified 

intensity–hue–saturation (MIHS) and wavelet transformation; (2) evaluated the 

performance of the red and near-infra-red bands and the difference vegetation index (DVI) 

and normalised difference vegetation index (NDVI) in estimating ground cover 

(herbaceous and litter cover), and (3) mapped and assessed spatial and temporal changes in 

ground cover at hillslope scale using the most appropriate combination of methods. The 

MIHS algorithm produced images that best preserved spectral and spatial integrity, while 
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the fused red band produced the most accurate ground cover maps. Estimation of ground 

cover under the canopy of woody plants presented difficulties, but patch size of ground 

cover beneath canopies was similar to canopy size, and percent ground cover (mainly 

litter) increased with canopy size. Ground cover (herbaceous and litter cover) was mapped 

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

2009, ground cover increased 10% on the woody hillslope and 5% in the pasture hillslope. 

Higher rainfall and livestock exclusion in the second year were potentially the causes of 

these ground cover increases, as well as the effect of establishing a water spreading system 

designed to slow down and retain water and sediment higher in the pasture hillslope. The 

ground cover maps were used to explore the spatial eco-hydrological interactions between 

areas of different ground cover in Chapter 5. 

 

In Chapter 5, relationships between ground cover and hydrological and erosional responses  

of patches and inter-patches identified in Chapters 2 and 3 were up-scaled (with extra 

rainfall simulations at the hillslopes), using the ground cover maps developed in Chapter 4. 

Runoff and sediment transfer on the two adjacent hillslopes (woody encroachment and 

recent pasture) were estimated and described in this chapter. Spatial modelling was 

undertaken to integrate data on runoff and erosion from small-scale rainfall simulation, 

slope direction and the spatial distribution of ground cover on the hillslopes from high-

resolution satellite data, to estimate runoff and sediment production at hillslope scale.  

 

The estimates of runoff and sediment in the woody hillslope were lower than in the pasture 

hillslope in both 2008 and 2009. Estimates of runoff and sediment production in the woody 

hillslope were similar in both years, while the estimates of runoff and sediment production 

in the pasture hillslope were lower in the second year as a result of the establishment of a 

water spreading system. The physical effect of the contour banks disrupted the 
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connectivity of runoff source areas in the pasture hillslope and resulted in lower runoff and 

sediment production than before their construction. The results showed the importance of 

measuring ground cover, patch areal proportion and density and connectivity of runoff 

source areas for describing spatially distributed runoff and sediment production. This case 

study improved understanding of eco-hydrological function in the study landscapes. It 

demonstrated that high areal proportion of high ground cover areas in woody 

encroachment and the management of pasture through water spreading banks decreases 

runoff and erosion, and increases resource retention ability.  

 

Relationships between gully erosion and site characteristics such as topography, vegetation 

cover and road infrastructure in a part of the study region with woody encroachment were 

investigated in Chapter 6. Gully erosion occurs when thresholds of flow hydraulics, 

rainfall, topography, soil, land use and land cover are exceeded, and it has been associated 

with woody encroachment in the region. Relationships between gully volume and 

topography, vegetation cover and road infrastructure were explored, and site characteristics 

of 32 sub-catchments with and without gullies were compared in this Chapter. The 

relationships between slope and drainage area were estimated for unstable and stable sub-

catchments with and without gullies, respectively. The topographic threshold for gullying 

was estimated using the slope – drainage area relationship (S = aA–b). All gullies were 

active.  

 

High gully volume was related to large sub-catchments, long gullies and short distances to 

unsealed tracks. Stable sub-catchments (without gullies) had gentler slopes and higher 

foliage projective cover and ground cover than unstable sub-catchments (with gullies). 

Drainage area at the gully or stream head and local slope as well as ground cover were the 

main factors related to gully volume when data for sub-catchments with and without 
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gullies were combined. The mean topographic threshold for gully development provided 

estimates of the drainage area and slope conditions needed for gully development. Gully 

erosion in the study area is most likely the result of interactions among topography, 

vegetation, land use and human-made structures (unsealed tracks) in space and time.  

 

 

7 . 3 .  M A I N  C O N T R I B U T I O N S  O F  T H I S  S T U D Y  

7.3.1.  Contribution to scientif ic theory and practice 

This study contributed to theory and practice by (1) greatly increasing the knowledge of 

hydrological and erosional responses in patches and inter-patches in vegetation states in 

semi-arid ecosystems, including hydrological and erosional responses in woody 

encroachment and pastures that have been established after woody vegetation removal; (2) 

providing new knowledge about contrasting relationships between runoff and sediment 

production and cryptogam cover in patches compared with inter-patches (which has 

explained apparently contradictory, past  results); (3) outlining the importance of pasture 

management in controlling runoff and erosion; (4) developing an innovative and accurate 

technique for mapping ground cover combined with modelling of runoff and sediment 

production at hillslope scale; (5) producing new information to identify areas susceptible to 

gullying, monitoring gully volume and for managing gully erosion in woody 

encroachment; and (6) greatly advancing the overall understanding of runoff and erosion 

responses at the small and hillslope scales in vegetation states in these semi-arid 

landscapes. 

 

This study contributed to the knowledge of eco-hydrological function of vegetated patches 

and inter-patches in patterned semi-arid vegetation states. The rainfall simulation studies 
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that had been undertaken in the region to date (Eldridge and Rothon, 1992; Eldridge and 

Koen, 1993; Greene et al., 1994; Eldridge and Robson, 1997) had not targeted the eco-

hydrological functioning of patches and inter-patches in different vegetation states in the 

study region or compared eco-hydrological function among vegetation states. This study 

confirmed the functional role of patches and their capacity to capture runoff and sediment 

from inter-patches.  

 

The results of extensive small-scale rainfall simulations provided considerable insight into 

the factors associated with hydrological and erosional responses in patches and inter-

patches, and in the different vegetation states. Patches and inter-patches in the patterned 

landscapes in the region had consistently different hydrological and erosional responses 

and thus can be considered functional hydrologic units that control the redistribution of 

runoff and sediments. This finding is in agreement with Ludwig et al. (2005) and Reid et 

al. (1999). The basic functional units of patches and inter-patches generally occur across 

the four vegetation states. However, well vegetated patches and inter-patches have distinct 

hydrological and erosional responses in different vegetation states: under-shrub patches in 

woody encroachment have higher runoff than other well vegetated patches, and higher 

sediment production is generated from inter-patches in recent pasture compared with other 

inter-patches.  

 

The rainfall simulation results clarified the uncertainty surrounding the influence of 

cryptogam cover on runoff and sediment production (West, 1990; Eldridge and Greene, 

1994b; Belnap, 2006). The study found that higher cryptogam cover was associated with 

lower sediment concentration and production when other ground cover components were 

at low percentages. Conversely, as other ground cover components increased in proportion, 
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higher cryptogam cover was associated with higher runoff and sediment production, as 

cryptogam cover is not as effective as herbaceous or litter cover in intercepting raindrops.  

 

Runoff and sediment production in inter-patches are mainly controlled by micro-

topography, surface texture and cryptogam cover. In contrast, runoff and sediment 

production in patches with high ground cover are largely controlled by herbaceous cover 

and micro-topography, and higher cryptogam cover in patches is associated with higher 

runoff and sediment production. Inter-patches are more prone to runoff and sediment 

production than patches and are the main driver of runoff and erosion processes in the 

vegetation states studied here. Most importantly, the amount and type of ground cover 

appeared to control small-scale runoff and sediment generation under a range of conditions 

in the Cobar pediplain. 

 

The spatial modelling approach used to model runoff and sediment production at hillslope 

scale demonstrated the: (1) capability of satellite image fusion techniques to map ground 

cover (herbaceous and litter cover), and, (2) likely spatial eco-hydrological interactions 

between ground cover (herbaceous and litter cover), runoff and sediment production. 

Quickbird imagery has been used to map ground cover previously at the sub-catchment 

scale using the original spatial resolution of the multi-spectral data (4 m) (Bastin et al., 

2007b). However, higher spatial resolution, as used in this study, captures more detailed 

ground cover patterns at the hillslope scale. The modified intensity–hue–saturation (MIHS) 

image fusion technique used in this study increased the spatial detail of the multi-spectral 

Quickbird data to 1 m, while preserving the original radiometric information. Image fusion 

at this scale for mapping ground cover has not been reported in the literature. The approach 

permits ground cover mapping using standard quantitative digital image analysis with a 

high degree of confidence and detail.  
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The modelling approach to up-scaling runoff and sediment production by integrating 

small-scale hydrological and erosional responses, slope and ground cover to estimate 

runoff and sediment production at hillslope scale constitutes a valuable exploratory tool for 

describing the spatial distribution of runoff and sediment production, and has not been used 

in similar, previous approaches describing how landscapes retain resources (Ludwig et al., 

1999; Ludwig et al., 2002). The modelling approach incorporates most of the major 

controls of hydrological and erosional responses at the hillslope scale (ground cover, slope 

and connectivity of runoff source areas) and contributes to understanding of surface eco-

hydrological relationships in woody encroachment and pasture hillslopes in the study 

region. 

 

Thresholds of gully formation in woody encroachment have not been studied previously. 

Relationships between slope and drainage area were estimated for both stable (non-gully) 

and unstable (gully) sub-catchments with woody encroachment, and the topographic 

threshold for gullying was determined. The mean topographic threshold for gully 

development provided an estimate of the drainage area and slope conditions needed for 

gully development. The results of the study advance understanding of gully erosion 

dynamics in woody encroachment, and can be used to monitor gully volume and to 

identify areas susceptible to gullying. 

 

The reduced herbage production resulting from high densities and cover of unpalatable 

shrubs is viewed as degradation from a socioeconomic perspective because encroachment 

reduces the potential of the land for livestock production (Archer and Stokes, 2000). 

However, the present study found that runoff and sediment production are not entirely 

dependent on vegetation state, including the presence or absence of woody encroachment. 
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The amount, type and spatial distribution of ground cover appear to be the major factors 

controlling hydrological and erosional responses in the vegetation states. Runoff and 

sediment production did not differ between woody encroachment and pasture when all 

sites were included in the analysis. One pasture that had been managed to increase ground 

cover had significantly lower runoff and sediment production than woody encroachment. 

Average runoff rate and total sediment production across all sites and vegetation states 

were negatively related to total ground cover.   

7.3.2.  Management recommendations 

Management strategies for controlling erosion in the study region should focus on the two 

phases that characterise soil erosion. Management should aim to reduce soil detachment 

and minimise sediment transport. Hydrological and erosional responses to simulated 

rainfall in woody encroachment at the site scale were generally similar to the responses in 

other, structurally and compositionally quite different, vegetation states, and those 

responses were highly dependent on the amount and type of ground cover. Ground cover 

intercepts and reduces the energy of raindrops, diminishing the detachment of soil particles 

(Eldridge and Koen, 1993; Renard et al., 1996). Therefore, ground cover, such as perennial 

herbaceous vegetation and litter (e.g. leaf litter, crop residue in pasture, coarse woody 

debris in woody vegetation) is desirable to reduce erosion and runoff. Together, the 

combination of ground cover components in different vegetation states is capable of 

eliminating runoff and sediment production once the sum of all ground cover components 

is ≥73%.  

 

Herbaceous and litter cover are the most desirable ground cover components of patches for 

reducing runoff and sediment production. However, surface roughness and cryptogam 

cover can help retain and reduce runoff and sediment in inter-patches, compared with 
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smooth, bare surfaces. The stability of ground cover (i.e. how well it stays in place under 

the impacts of raindrop splash and surface flow of water) is important when managing 

ground cover for increased resource retention, as perennial plants and large, heavy items of 

litter are likely to remain in place once runoff starts (Goodrich and Reid, 1999). Therefore, 

management encouraging perennial grasses and/or deposition of coarse woody debris will 

increase surface roughness and thus intercept rainfall and obstruct runoff and sediment.  

 

Runoff and sediment production at the hillslope scale also depend on the spatial 

distribution of ground cover. The amount of ground cover, the areal proportion, density 

and size of patches and inter-patches, their spatial distribution and the connectivity of 

runoff sources all appear to be related to the susceptibility of a site to runoff and erosion. 

 

Effective pasture and grazing management should focus on reducing runoff and erosion to 

increase site productivity, for instance, minimum tillage for crop establishment followed 

by rotational grazing, as opposed to disc ploughing and set stocking (Chapter 4). Water 

spreading is also a valuable tool (Chapter 5) that can initiate desirable ground cover 

changes in pasture. Effective management should aim to obstruct or capture runoff and 

sediment and reduce the connectivity of runoff source areas in pastures, either by 

increasing patch density or size or through the construction of contour banks. 

 

The removal of woody encroachment and replacement with pasture may not result in lower 

runoff and sediment production in the medium term (up to 23 years), unless the pasture is 

effectively managed to improve and retain ground cover. Improving ground cover of 

currently established pastures is essential to reduce runoff and sediment production (unless 

the ground cover is already very high).  
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If desired and funds are available, management of woody encroachment can be conducted 

to increase and maintain resources within the systems. The inter-canopy zone is important 

in retaining runoff and sediments in other semi-arid woodlands (Reid et al., 1999). Forage 

productivity in areas of woody encroachment perhaps can be increased by managing the 

resource retention capacity in the inter-canopy zone by restoring and creating new patches 

(Ludwig and Tongway, 1996). Examples of practices that graziers might employ in the 

inter-canopy zone include the construction of piles of branches and litter to trap resources 

and increase infiltration and promote positive responses of grasses and forbs, which has 

been demonstrated elsewhere under similar conditions (Tongway and Ludwig, 1996). 

 

Gully erosion occurs in unstable sub-catchments with woody encroachment in a small part 

of the study region. The topographic threshold indicated that gully erosion is likely where 

slope exceeds 4% and drainage area exceeds 0.2 ha in steeper areas, and where slope 

exceeds 1% and drainage area exceeds 7.0 ha in more gently sloping areas. In such 

locations, managers should be wary of developing vehicular tracks, permitting livestock to 

form pads or creating any other disturbance that will incise the surface crust and channel 

overland flow downslope. 

 

 

7 . 4 .  F U R T H E R  R E S E A R C H  

Small-scale (1 m2) rainfall simulation allowed the intensity and duration of natural storms 

that occur frequently in the region to be experimentally replicated in this research. Further 

experiments could be undertaken to assess runoff and sediment production responses under 

a range of rainfall intensities. Higher intensity rainfall is likely to produce higher rates of 

soil erosion. Small-scale rainfall simulation provided results relevant to splash and sheet 
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erosion, but other forms of water erosion such as rill erosion cannot be assessed in plots 

<4 m in length (Foster et al., 1981). Therefore, the rainfall simulation results in Chapters 2 

and 3 represent the hydrological and erosional responses of treatments (i.e. patches and 

inter-patches, or different vegetation states) relative to each other, rather than hydrological 

and erosional processes at hillslope or broader scales. One of the strengths of small-scale 

rainfall simulation is its ability to compare the eco-hydrological responses of different 

treatments (Mutchler et al., 1994).   

 

This research evaluated hydrological and erosional responses under a range of conditions 

(i.e. patches and inter-patches, different land management practices) to compare the 

surface eco-hydrology of different vegetation states. Well managed pasture was not 

replicated due to the time and cost of using the rainfall simulator. However, different 

pasture management styles including different cultivation and grazing approaches should 

be investigated from a hydrological and erosional perspective in future work, with 

replicated sites comparing rotational grazing vs set stocking in pastures. Rainfall 

simulations could also be undertaken across a stratified range of areas of woody 

encroachment with varying vegetation composition, structure and density. 

 

The canopies of shrubs and trees obstructed the spectral response of the ground surface in 

woody encroachment and impeded the mapping of ground cover with high accuracy under 

woody canopies. Although the size of canopies was generally similar to the patch size 

under shrubs and trees, the amount of ground cover was unknown. More research is needed 

to estimate accurately the amount of ground cover under the canopies of shrubs and trees 

through field monitoring. Relationships among ground cover, woody species, the degree of 

spatial aggregation of woody plants and the amount of litter movement under the canopies 
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and near shrubs and trees should be investigated, as these are related to ground cover under 

canopies. 

 

More data would be useful to validate the spatial modelling of runoff and sediment 

production at the hillslope scale. Long term measurements of runoff, sediment and ground 

cover data would be useful to calibrate model outputs and satellite imagery and for 

validation purposes. The main controls on runoff and sediment production at scales 

broader than the 1 m2 scale should be confirmed. The water spreading system, with its gaps 

at intervals along the banks, provides an ideal opportunity to install flumes and automated 

runoff and sediment measuring instrumentation to test and calibrate the spatial modelling 

reported here. Movement of small litter particles and their potential export from the 

system, which can decrease the resource retention capacity of woody encroachment, need 

further investigation. Additionally, runoff and sediment production at different initial soil 

moisture and rainfall intensities should be modelled to extend the results of the study 

reported in Chapter 5 over a wider range of conditions.  

 

It would be useful to undertake before–after rainfall simulations in woody encroachment 

and subsequently in open woodland and pasture following experimental treatment of the 

woody encroachment. The experiment would comprise replicated treatments of woody 

encroachment to generate open woodland and pasture, along with replicated woody 

encroachment controls and, if possible, reference areas of pasture and open woodland. 

Control sites should be paired with the experimental sites where possible. Replicated 

grazing management trials could be incorporated into the experimental design, if sufficient 

sites, area and funds were available to do this, however, the time scale required to 

implement such experiments and trials may be prohibitive.       
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The land management history and detailed historical aerial photography of the part of the 

study region affected by gully erosion were not available. Investigation of historical 

variations in rainfall, changes in land use and in areas of woody encroachment, and gully 

erosion rates would provide understanding of the relationships among and the respective 

roles of these factors. As the temporal and spatial scales of the available historical aerial 

photography were insufficient to estimate erosion rates and the initiation dates of gullies, 

other methods might be employed to overcome these issues, such as techniques involving 

radionuclides (i.e. Caesium-137) (Li et al., 2003) or dendrochronology (Vandekerckhove et 

al., 2001). 

 

 

7 . 5 .  C O N C L U S I O N S   

• Hydrological and erosional responses generally differed consistently between patch 

types and inter-patches within each vegetation state–woody encroachment, recent 

pasture, long-established pasture and open woodland. 

 

• With some exceptions, small-scale runoff and sediment production were similar in 

woody encroachment, recently established pasture (developed from woody 

encroachment in the past 23 years), long-established pasture (50–100 years old) and 

open woodland, and were related to surface condition, particularly the amount and 

type of ground cover. 

 

• Hydrological and erosional responses were generally site-specific. In the woody 

encroachment and pasture hillslopes studied in Chapters 4 and 5, these responses 

were related to the amount and spatial distribution of ground cover and the degree 
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of connectivity of runoff source areas, which in turn were related to management 

practices. Sites in all vegetation states with high proportions of vegetated patches 

with high ground cover retained considerable amounts of runoff and sediment. 

 

• Pasture management to increase ground cover and increase the density of vegetated 

patches (e.g. water spreading, rotational grazing, preceded by direct drilling of 

forage crops) is recommended where appropriate to improve hydrological and 

erosional responses (reduce runoff and sediment production) in existing pastures.  

 
• The presence of gullies in woody encroachment was related to topographic 

thresholds, slope and drainage area as well as ground cover amount. Steep slopes 

and large drainage areas were associated with the occurrence of gullies. Current 

gully volume was a function of sub-catchment area, distance to unsealed tracks and 

gully morphology. 

 



REFERENCES 
 

182 
 

References 
 
Aguiar, M.R. and Sala, O.E., 1999. Patch structure, dynamics and implications for the 

functioning of arid ecosystems. Trends in Ecology and Evolution, 14: 273-277. 

Anon., 1900. Report of the Royal Commission to inquire into the condition of the Crown 

tenants, Western Division of NSW, Government Printer, Sydney, Australia. 

Ansley, R.J. and Wiedemann, H.T., 2008. Reversing the woodland steady state: vegetation 

responses during restoration of Juniperus-dominated grasslands with chaining and 

fire. In: O.W. Van Auken (Editor), Western North American Juniperus 

Communities: A Dynamic Vegetation Type. Springer, New York, pp. 272-290. 

Archer, S., 1989. Have southern Texas savannas been converted to woodlands in recent 

history? American Naturalist, 134: 545-561. 

Archer, S., Schimel, D.S. and Holland, E.A., 1995. Mechanisms of shrubland expansion: 

land use, climate or CO2? Climatic Change, 29: 91-99. 

Archer, S. and Stokes, C., 2000. Stress, disturbance and change in rangeland ecosystems. 

In: O. Arnalds and S. Archer (Editors), Rangeland Desertification. Kluwer 

Academic Publishers, Dordrecht, pp. 17-38. 

Arroyo, L.A., Pascual, C. and Manzanera, J.A., 2008. Fire models and methods to map fuel 

types: The role of remote sensing. Forest Ecology and Management, 256: 1239-

1252. 

Australian Natural Resources Atlas, 2009. Rangelands - Overview. Cobar Peneplain. 

http://www.anra.gov.au/topics/rangelands/overview/nsw/ibra-cp.html. Australian 

Government, Canberra. 

Bartley, R., Roth, C.H., Ludwig, J.A., McJannet, D., Liedloff, A.C., Corfield, J., Hawdon, 

A. and Abbott, B., 2006. Runoff and erosion from Australia's tropical semi-arid 

rangelands: influence of ground cover for differing space and time scales. 

Hydrological Processes, 20: 3317-3333. 



REFERENCES 
 

183 
 

Bastin, G.N., Abbott, B., Chewings, V.H. and Wallace, J.F., 2007a. Metrics of Landscape 

Health for the Sustainable Grazing in the Burdekin Dry Tropics, Queensland, 

CSIRO. 

Bastin, G.N., Abbott, B., Chewings, V.H. and Wallace, J.F., 2007b. Metrics of Landscape 

Health for the Sustainable Grazing in the Burdekin Dry Tropics, Queensland. 

Water for a Healthy Country Flagship, National Research Flagships, 

Commonwealth Scientific and Industrial Research Organisation, Australian 

Government, Canberra. 

Bautista, S., Mayor, A.G., Bourakhouadar, J. and Bellot, J., 2007. Plant spatial pattern 

predicts hillslope runoff and erosion in a semiarid Mediterranean landscape. 

Ecosystems, 10: 987-998. 

Beeri, O., Phillips, R., Hendrickson, J., Frank, A.B. and Kronberg, S., 2007. Estimating 

forage quantity and quality using aerial hyperspectral imagery for northern mixed-

grass prairie. Remote Sensing of Environment, 110: 216-225. 

Beeson, P., Martens, S.N. and Breshears, D.D., 2001. Simulating overland flow following 

wildfire: mapping vulnerability to landscape disturbance. Hydrological Processes, 

15: 2917-2930. 

Belnap, J., 2006. The potential roles of biological soil crusts in dryland hydrological 

cycles. Hydrological Processes, 20: 3159-3178. 

Belsky, A.J., 1990. Tree/grass ratios in East African savannas: a comparison of existing 

models. Journal of Biogeography, 17: 483-489. 

Belsky, A.J., 1996. Viewpoint: Western juniper expansion: Is it a threat to arid 

northwestern ecosystems? Journal of Range Management, 49: 53-59. 

Bergkamp, G., 1998. A hierarchical view of the interactions of runoff and infiltration with 

vegetation and microtopography in semiarid shrublands. Catena, 33: 201-220. 



REFERENCES 
 

184 
 

Bergkamp, G., Cammeraat, L.H. and Martínez-Fernández, J., 1996. Water movement and 

vegetation patterns on shrubland and abandoned field in two desertification-

threatened areas in Spain. Earth Surface Processes and Landforms, 21: 1073-1090. 

Bhark, E.W. and Small, E.E., 2003. Association between plant canopies and the spatial 

patterns of infiltration in shrubland and grassland of the Chihuahuan Desert, New 

Mexico. Ecosystems, 6: 185-196. 

Billi, P. and Dramis, F., 2003. Geomorphological investigation on gully erosion in the Rift 

Valley and the northern highlands of Ethiopia. Catena, 50: 353-368. 

Boer, M. and Puidefábregas, J., 2005. Effects of spatially structured vegetation patterns on 

hillslope erosion in a semiarid Mediterranean environment: a simulation study. 

Earth Surface Processes and Landforms, 30: 149-167. 

Booth, C.A., King, G.W. and Sánchez-Bayo, F., 1996a. Establishment of woody weeds in 

western New South Wales. 1. Seedling emergence and phenology. Rangeland 

Journal, 18: 58-79. 

Booth, C.A., Sánchez-Bayo, F. and King, G.W., 1996b. Establishment of woody weeds in 

Western New South Wales. 2. Growth and competitive potential. Rangeland 

Journal, 18: 80-98. 

Borselli, L., Torri, D., Poesen, J. and Salvador-Sanchis, P., 2001. Effects of water quality 

on infiltration, runoff and interrill erosion processes during simulated rainfall. Earth 

Surface Processes and Landforms, 26: 329-342. 

Brockway, D.G., Gatewood, R.G. and Paris, R.B., 2002. Restoring grassland savannas 

from degraded pinyon-juniper woodlands: effects of mechanical overstory 

reduction and slash treatment alternatives. Journal of Environment Management, 

64: 179-197. 

Brooks, K.N., Ffolliott, P.F., Gregersen, H.M. and Debano, L.F., 2003. Hydrology and the 

Management of Watersheds. Wiley-Blackwell, Ames, Iowa. 



REFERENCES 
 

185 
 

Bull, L.J. and Kirkby, M.J., 1997. Gully processes and modelling. Progress in Physical 

Geography, 21: 354-374. 

Bull, L.J. and Kirkby, M.J., 2002. Channel heads and channel extension. In: L.J. Bull and 

M.J. Kirkby (Editors), Dryland Rivers: Hydrology and Geomorphology od Semi-

arid Channels. Wiley, Chichester, pp. 265-298. 

Bureau of Meteorology, 2008a. Climate statistics for Australian Locations.  

http://www.bom.gov.au. Australian Government, Canberra. 

Bureau of Meteorology, 2008b. Design rainfall intensity diagrams for Nyngan and Cobar, 

NSW, Australian Government, Bureau of Meteorology, Docklands, Australia. 

Cammeraat, E.L.H., 2004. Scale dependent thresholds in hydrological and erosion 

response of a semi-arid catchment in southeast Spain. Agriculture, Ecosystems and 

Environment, 104: 317-332. 

Carnahan, J.A., 1977. Natural Vegetation, Atlas of Australian Resources, Second Series. 

Department of Natural Resources, Canberra, Australia. 

Charley, J.L. and Cowling, S.W., 1968. Changes in soil nutrient status resulting from 

overgrazing and consequences in plant communities of semi-arid areas, 

Proceedings of the Ecological Society of Australia, pp. 28-38. 

Chartier, M.P. and Rostagno, C.M., 2006. Soil erosion thresholds and alternative states in 

Northeastern Patagonia rangelands. Rangeland Ecology and Management, 56: 616-

624. 

Chartier, M.P., Rostagno, C.M. and Roig, F.A., 2009. Soil erosion rates in rangelands of 

northeastern Patagonia: A dendrogeomorphological analysis using exposed shrub 

roots. Geomorphology, 106: 344-351. 

Connolly, R.D., Carroll, C., Francis, J., Silburn, D.M., Simpson, B. and M., F.D., 1999. A 

simulation study of erosion in the Emerald Irrigation Area. Australian Journal of 

Soil Research, 37: 479-494. 



REFERENCES 
 

186 
 

Connolly, R.D., Silburn, D.M., Glanville, S.G. and Bridge, B.J., 2002. Using rainfall 

simulators to derive soil hydraulic parameters, Soil Physical Measurement and 

Interpretation for Land Evaluation. CSIRO Publishing, Collinwood, Victoria, pp. 

163-176. 

Croke, J.C. and Hairsine, P.B., 2006. Sediment delivery in managed forests: a review. 

Environmental Reviews, 14: 59-87. 

Crouch, R.J., 1976. Field tunnel erosion - A review. Journal of the Soil Conservation 

Service of NSW, 32: 98-111. 

Davenport, D.W., Breshears, D.D., Wilcox, B.P. and Allen, C.D., 1998. Viewpoint: 

Sustainability of piñon-juniper ecosystems -a unifying perspective of soil erosion 

thresholds-. Journal of Range Management, 51: 231-240. 

Day, P.R., 1965. Particle fractionation and particle size analysis, Methods of Soil Analysis, 

Part I. American Society of Agronomy Inc., Madison, Wisconsin, USA, pp. 545-

567. 

Department of Environment and Climate Change, 2008. Cobar Peneplain Bioregion. 

http://www.environment.nsw.gov.au/bioregions/CobarPeneplainBioregion.htm. 

Department of Environment and Climate Change, Sydney. 

Derose, R.C., Gomez, B., Marden, M. and Trustrum, N.A., 1998. Gully erosion in 

Mangatu Forest, New Zealand, estimated from digital elevation models. Earth 

Surface Processes and Landforms, 23: 1045-1053. 

Descroix, L., González-Barrios, J.L., Viramontes, D., Poulenard, J., Anaya, E., Esteves, E. 

and Estrada, J., 2008. Gully and sheet erosion on subtropical mountain slopes: their 

respective roles and the scale effect. Catena, 72: 325-339. 

DigitalGlobe, 2009. Quickbird Imagery Products: Product Guide. DigitalGlobe, Inc., 

Longmont, Colorado. 

Dobrowolski, J.P., 1999. Watershed-scale research in a juniper ecosystem. In: S.B. 

Monsen and R. Stevens (Editors), Ecology and Management of Pinyon-juniper 



REFERENCES 
 

187 
 

communities within the Interior West. USDA Forest Service, Provo, UT, U.S.A. 

RMRS-P-9, pp. 188-193. 

Edwards, K. and Zierholz, C., 2000. Soil formation and erosion rates. In: Peter E. V. 

Charman and and Brian W. Murphy (Editors), Soils: Their Properties and 

Management. Oxford University Press, Melbourne, pp. 39-58. 

Eldridge, D.J., 2001. Chapter 17. Soils and Rangeland Management. In: P.E.V. Charman 

and B. Murphy (Editors), Soils: their Properties and Management. Oxford 

University Press, Melbourne, pp. 318-327. 

Eldridge, D.J., Chartres, C.J., Greene, R.S.B. and Mott, J.J., 1995. Distribution, 

characteristics and management of sealing, crusting and hardsetting soils under 

rangeland conditions in Australia. In: H.B. So, G.D. Smith, S.R. Raine, B.M. 

Schafer and R.J. Loch (Editors), Sealing, Crusting and Hardsetting Soils: 

Productivity and Conservation. Australian Society of Soil Science, Brisbane. 

Eldridge, D.J. and Greene, R.S., 1994a. Assessment of sediment yield by splash erosion on 

a semi-arid soil with varying cryptogam cover. Journal of Arid Environments, 26: 

221-232. 

Eldridge, D.J. and Greene, R.S., 1994b. Microbiotic soil crusts: a review of their roles in 

soil and ecological processes in the rangelands of Australia. Australian Journal of 

Soil Research, 32: 389-415. 

Eldridge, D.J. and Koen, T.B., 1993. Runoff and sediment yield from a semi-arid 

woodland in eastern Australia. II. Variation in some soil hydrological properties 

along a gradient in soil surface condition. Rangeland Journal, 15: 234-246. 

Eldridge, D.J., Lepage, M., Bryannah, M.A. and Ouedraogo, P., 2001. Soil biota in banded 

landscapes. In: D. Tongway, C. Valentin and J. Seghieri (Editors), Banded 

Vegetation Patterning in Arid and Semiarid Environments. Springer-Verlag, New 

York, pp. 105-131. 



REFERENCES 
 

188 
 

Eldridge, D.J. and Robson, A.D., 1997. Bladeploughing and exclosure influence soil 

properties in a semi-arid Australian woodland. Journal of Range Management, 50: 

191-198. 

Eldridge, D.J. and Rothon, J., 1992. Runoff and sediment yield from a semi-arid woodland 

in Eastern Australia. I. The effect of pasture type. Rangeland Journal, 14: 26-39. 

ESRI, 2008a. Arc/INFO 9.3. Environmental Systems Research Institute, Redlands, CA. 

ESRI, 2008b. ArcMap 9.3. Environmental Systems Research Institute, Redlands, CA. 

Evans, R., 1998. The erosional impacts of grazing animals. Progress in Physical 

Geography, 22: 251-268. 

FAO, 1998. World Reference Base for Soil Resources: Introduction, FAO, Rome. 

Fleming, G. and Zhang, W., (compilers), 1999. Geological digital data package for the 

Discovery 2000 Cobar Project area, Version 1, Geological Survey of New South 

Wales, Sydney, Australia Published on CD-ROM. 

Foster, G.R., 1982. Modeling the erosion process. In: C.T. Haan, H.P. Johnson and D.L. 

Brakensiek (Editors), Hydrological Modeling of Small Watersheds. ASAE 

Monograph No. 5, St. Joseph, Michigan. 

Foster, G.R., Sirnailton, J.R., Renard, K.G., Lane, L.J. and Osbome, F.L.B., 1981. 

Discussion of "Application of the universal soil loss equation to rangelands on a 

per-storm basis" by Trieste and Gifford in Journal of Range Management 33:66-70. 

Journal of Range Management, 34: 161-165. 

Frasier, G.W., Weltz, M. and Weltz, L., 1998. Technical note: rainfall simulation runoff 

hydrograph analysis. Journal of Range Management, 51: 531-535. 

Free, G.R., 1960. Erosion characteristics of rainfall. Agricultural Engineering, 41: 447-449. 



REFERENCES 
 

189 
 

Galang, M.A., Markewitz, D., Morris, L.A. and Bussell, P., 2007. Land use change and 

gully erosion in the Piedmont region of South Carolina. Journal of Soil and Water 

Conservation, 62: 122-129. 

Galle, S., Ehrmann, M. and Peugeot, C., 1999. Water balance in a banded vegetation 

pattern: a case study of tiger bush in western Niger. Catena, 37: 197–216. 

Gardiner, D.B., Tupper, G.J. and Dudgeon, G.S., 1998. A quantitative appraisal of woody 

shrub encroachment in western New South Wales. Rangeland Journal, 20: 26-40. 

Geeves, G.W., Craze, B. and Hamilton, G.J., 2001. Soil physical properties. In: P.E.V. 

Charman and B.W. Murphy (Editors), Soils: their Properties and Management. 

Oxford University Press, Melbourne, pp. 461. 

GeoEye, 2009. GeoEye Product Guide. GeoEye Inc., Dulles, VA. 

GEOSYSTEMS, 2006. ATCOR for Imagine 9.1. User Manual, Germering, 

Fürstenfeldbruck. 

Gibbons, P., Briggs, S.V., Ayers, D., Seddon, J., Doyle, S., Cosier, P., McElhinny, C., 

Pelly, V. and Roberts, K., 2009. An operational method to assess impacts of land 

clearing on terrestrial biodiversity. Ecological Indicators, 9: 26-40. 

Gifford, G.F., 1985. Cover allocation in rangeland watershed management (A review). In: 

E.B. Jones and T.J. Ward (Editors), Watershed Management in the Eighties. 

Proceedings of a Symposium. ASCE, New York, pp. 23-31. 

Giordanengo, J.H., Frasier, G.W. and Trilca, M.J., 2003. Hydrologic and sediment 

responses to vegetation and soil disturbances. Journal of Range Management, 56: 

152-158. 

Goodrich, S. and Reid, C., 1999. Soil and watershed implications of ground cover at 

burned and unburned pinyon-juniper sites at Rifle Canyon and Jarvies Canyon. In: 

S.B. Monsen and R. Stevens (Editors), Ecology and Management of Pinyon-juniper 

communities within the Interior West. USDA Forest Service, Provo, UT, U.S.A. 

RMRS-P-9, pp. 317-321. 



REFERENCES 
 

190 
 

Grace, J.M., 2004. Soil erosion following forest operations in the Southern Piedmont of 

central Alabama. Journal of Soil and Water Conservation, 59: 180-185. 

Graf, W.L., 1979. The development of montane arroyos and gullies. Earth Surface 

Processes and Landforms, 4: 1-14. 

GRASS Development Team, 2009. Geographic Resources Analysis Support System 

(GRASS), GNU General Public License, http://grass.osgeo.org. 

Graz, P.F., 2008. The woody weed encroachment puzzle: gathering pieces. Ecohydrology, 

1: 340-348. 

Greene, R.S., 1992. Soil physical properties of three geomorphic zones in a semi-arid 

mulga woodland. Australian Journal of Soil Research, 30: 55-69. 

Greene, R.S., Chartres, C.J. and Hodgkinson, K.C., 1990. The effects of fire on the soil in a 

degraded semi-arid woodland. I. Cryptogam cover and physical and 

micromorphological properties. Australian Journal of Soil Research, 28: 755-777. 

Greene, R.S., Kinnell, P.I. and Wood, J.T., 1994. Role of plant cover and stock trampling 

on runoff and soil erosion from semi-arid wooded rangelands. Australian Journal of 

Soil Research, 32: 953-973. 

Greene, R.S. and Tongway, D.J., 1989. The significance of (surface) physical and chemical 

properties in determining soil surface condition of red earths in rangelands. 

Australian Journal of Soil Research, 27: 213-225. 

Greene, R.S., Valentin, C. and Esteves, M., 2001. Runoff and erosion processes. In: D. 

Tongway, C. Valentin and J. Seghieri (Editors), Banded Vegetation Patterning in 

Arid and Semiarid Environments. Springer-Verlag, New York, pp. 52-76. 

Grover, H.D. and Musick, H.B., 1990. Shrubland encroachment in southern New Mexico, 

U. S. A.: an analysis of desertification processes in the American Southwest. 

Climatic Change, 17: 305-330. 



REFERENCES 
 

191 
 

Gutiérrez, G.A., Schnabel, S. and Lavado, C.F., 2009. Gully erosion, land use and 

topographical thresholds during the last 60 years in a small rangeland catchment in 

SW Spain. Land Degradation & Development, 20: 535-550. 

Gutierrez, J. and Hernandez, I.I., 1996. Runoff and interill erosion as affected by grass 

cover in a semi-arid rangeland of northern Mexico. Journal of Arid Environments, 

34: 287-295. 

Haan, M.M., Russell, J.R., Powers, W.J., Kovar, J.L. and Benning, J.L., 2006. Grazing 

management effects on sediment and phosphorus in surface runoff. Rangeland 

Ecology and Management, 59: 607-615. 

Harrington, G.N., Mills, D.M., Pressland, A.J. and Hodgkinson, K.C., 1984. Semi-arid 

woodlands. In: G.N. Harrington, A.D. Wilson and M.D. Young (Editors), 

Management of Australia's Rangelands. CSIRO, Melbourne. 

Harrington, G.N., Oxley, R.O. and Tongway, D.J., 1979. The effects of European 

settlement and domestic livestock on biological systems in poplar box (Eucalyptus 

populnea) lands. Rangeland Journal, 1: 271-279. 

Hassall and Associates, Briggs, S., Norman, P. and INS Working Group, 2006. 

Documenting the Science Behind the Invasive Native Scrub Tool. AU1-452, 

Sydney, Australia. www.cw.cma.nsw.gov.au/cwcma_natveg_ins.htm. 

Hibbard, K.A., Archer, S., Schimel, D.S. and Valentine, D.W., 2001. Biogeochemical 

changes accompanying woody plant encroachment in a subtropical savanna. 

Ecology, 82: 1999-2011. 

Hillel, D., 2008. Soil in the Environment, Crucible of Terrestrial Life. Academic Press, 

Elsevier Inc., San Diego. 

HilleRisLambers, R., Rietkerk, M., van den Bosch, F., Prins, H. and de Kroon, H., 2001. 

Vegetation pattern formation in semi-arid grazing systems. Ecology, 82: 50-61. 

Horton, R.E., 1933. The role of infiltration in the hydrologic cycle. Transactions of 

American Geophysical Union, 14: 446-460. 



REFERENCES 
 

192 
 

Houghton, P.D. and Charman, P.E.V., 1986. Glossary of Terms Used in Soil Conservation. 

Soil Conservation Service of NSW, Sydney. 

Hutchinson, D.E. and Pritchard, H.W., 1976. Resource conservation glossary. Journal of 

Soil and Water Conservation, 31: 1-63. 

Huxman, T.E., Wilcox, B.P., Breshears, D.D., Scott, R.L., Snyder, K.A., Small, E.E., 

Hultine, K., Pockman, W.T. and Jackson, R.B., 2005. Ecohydrological implications 

of woody plant encroachment. Ecology, 86: 308-319. 

International Society of Soil Science, 1929. Minutes of the first commission meetings, 

International Congress of Soil Science. Transactions of the First Commission of the 

International Society of Soil Science, 4: 215-220. 

Isbell, R.F., 1996. The Australian Soil Classification. CSIRO Publishing, Melbourne. 

Iwaszkiewicz, A. and Semple, W.S., 1988. A Review of Information Relevant to the 

Bimble Box - Pine and Associated Rangelands of Western New South Wales. 

Technical report No. 6, Soil Conservation Service of NSW, Sydney. 

Jensen, J.R., 2007. Remote Sensing of the Environment: An Earth Resource Perspective. 

Pearson Education Inc., Singapore. 

Johns, G.G., 1981. Hydrological processes and herbage production in shrub invaded poplar 

box (Eucalyptus populnea) woodlands. Rangeland Journal, 3: 45-55. 

Johns, G.G., 1983. Runoff and soil loss in a semi-arid shrub invaded poplar box 

(Eucalyptus populnea) woodland. Rangeland Journal, 5: 3-12. 

Justice, C.O. and Townshend, J.G., 1981. Integrating ground data with remote sensing. In: 

J.G. Townshend (Editor), Terrain Analysis and Remote Sensing. George Allen and 

Uniwin, London, pp. 38-58. 

Karathanassi, V., Kolokousis, P. and Ioannidou, S., 2007. A comparison study on fusion 

methods using evaluation indicators. International Journal of Remote Sensing, 28: 

2309–2341. 



REFERENCES 
 

193 
 

Karnieli, A. and Tsoar, H., 1995. Spectral reflectance of biogenic crust developed on desert 

dune sand along the Israel-Egypt border. International Journal of Remote Sensing, 

16: 369-374. 

Keane, R.E., Burgan, R.E. and van Wagtendonk, J., 2001. Mapping wildland fuel for fire 

management across multiple scales: Integrating remote sensing, GIS, and 

biophysical modeling. International Journal of Wildland Fire, 10: 301-319. 

Kerin, J.C., 2001. The 1999 review of the Western Division of New South Wales. 

Rangeland Journal, 23: 33-43. 

Kirkby, M.J. and Bracken, L.J., 2009. Gully processes and gully dynamics. Earth Surface 

Processes and Landforms, 34: 1841-1851. 

Kirkby, M.J. and Bull, L.J., 2000. Some factors controlling gully growth in fine-grained 

sediments: A model applied to southeast Spain. Catena, 40: 127-146. 

Kirkby, M.J., Bull, L.J., Poesen, J., Nachtergaele, J. and Vandekerckhove, L., 2003. 

Observed and modelled distributions of channel and gully heads - with examples 

from SE Spain and Belgium. Catena, 50: 415-434. 

La Marche, J. and Lettenmaier, D.P., 2001. Effects of forest roads on flood flows in the 

Deschutes River Basin, Washington. Earth Surface Processes and Landforms, 26: 

115-134. 

Lal, R., 1995. Chapter 1. Minimum tillage systems. In: N.S. Jayawardane and B.A. Stewart 

(Editors), Subsoil Management Techniques. Advances in soil science. CRC Press, 

Inc., Boca Raton, pp. 1-34. 

Lal, R., 2001. Soil degradation by erosion. Land Degradation and Development, 12: 519-

539. 

Lal, R. and Fierce, F.J., 1991. The vanishing resource. In: R. Lal and F.J. Fierce (Editors), 

Soil management for sustainability. Soil and Water Conservation Society, Ankeny. 



REFERENCES 
 

194 
 

Landloch, 2003. A Geomorphic System for Gully Assessment. Landloch Pty. Ltd, Darling 

Heights, Queensland. 

Lang, R.D., 1979. The effect of ground cover on surface runoff from experimental plots. 

Journal of the Soil Conservation Service of NSW, 35: 108-114. 

Leica Geosystems, 2008. ERDAS IMAGINE. Leica Geosystems Geospatial Imaging, 

LLC, Heerbrugg, Switzerland. 

Lesschen, J.P., Schoorl, J.M. and Cammeraat, L.H., 2009. Modelling runoff and erosion 

for a semi-arid catchment using a multi-scale approach based on hydrological 

connectivity. Geomorphology, 109: 174-183. 

Li, X.J., Li, X.R., Song, W.M., Gao, Y.P., Zheng, J.G. and Jia, R.L., 2008. Effects of crust 

and shrub patches on runoff, sedimentation, and related nutrient (C, N) 

redistribution in the desertified steppe zone of the Tengger Desert, Northern China. 

Geomorphology, 96: 221-232. 

Li, Y., Poesen, J., Yang, J.C., Fu, B. and Zhang, J.H., 2003. Evaluating gully erosion using 
137Cs and 210Pb/137Cs ratio in a reservoir catchment. Soil and Tillage Research, 69: 

107-115. 

Little, J.L., Bennett, D.R. and Miller, J.J., 2005. Nutrient and sediment losses under 

simulated rainfall following manure incorporation by different methods. Journal of 

Environmental Quality, 34: 1883-1895. 

Lopes, V.L., Ffolliott, P.F. and Baker, M.B., 1999. Watershed-scale research in a juniper 

ecosystem. In: S.B. Monsen and R. Stevens (Editors), Ecology and Management of 

Pinyon-juniper communities within the Interior West. USDA Forest Service, Provo, 

UT, U.S.A., pp. 302-305. 

Luce, C. and Cundy, T.W., 1994. Parameter identification for a runoff model for forest 

roads. Water Resources Research, 30: 1057-1069. 



REFERENCES 
 

195 
 

Ludwig, J.A., Bartley, R., Hawdon, A.A., Abbott, B. and McJannet, D., 2007a. Patch 

configuration non-linearly affects sediment loss across scales in a grazed catchment 

in north east Australia. Ecosystems, 10: 839-845. 

Ludwig, J.A., Bastin, G.N., Chewings, V.H., Eager, R.W. and Liedloff, A.C., 2007b. 

Leakiness: A new index for monitoring the health of arid and semiarid landscapes 

using remotely sensed vegetation cover and elevation data. Ecological Indicators, 7: 

442-454. 

Ludwig, J.A., Bastin, G.N., Wallace, J.F. and Mc Vicar, T.R., 2007c. Assessing landscape 

health by scaling with remote sensing: when is it not enough? Landscape Ecology, 

22: 163-169. 

Ludwig, J.A., Eager, R.W., Bastin, G.N., Chewings, V.H. and Liedloff, A.C., 2002. A 

leakiness index for assessing landscape function using remote sensing. Landscape 

Ecology, 17: 157-171. 

Ludwig, J.A. and Tongway, D., 1996. Rehabilitation of semiarid landscapes in Australia. 

II. Restoring vegetation patches. Restoration Ecology, 4: 398-406. 

Ludwig, J.A. and Tongway, D.J., 1995. Spatial organisation of landscapes and its function 

in semi-arid woodlands, Australia. Landscape Ecology, 10: 51-63. 

Ludwig, J.A., Tongway, D.J., Bastin, G.N. and James, C.D., 2004. Monitoring ecological 

indicators of rangeland functional integrity and their relation to biodiversity at local 

and regional scales. Austral Ecology, 29: 108-120. 

Ludwig, J.A., Tongway, D.J. and Marsden, S.G., 1999. Stripes, strands or stipples: 

modelling the influence of three landscape banding patterns on resource capture 

and productivity in semi-arid woodlands, Australia. Catena, 37: 257-273. 

Ludwig, J.A., Wilcox, B.P., Breshears, D.D., Tongway, D.J. and Imeson, A.C., 2005. 

Vegetation patches and runoff-erosion as interacting ecohydrological processes in 

semiarid landscapes. Ecology, 86: 288-297. 



REFERENCES 
 

196 
 

Maneta, M., Schnabel, S. and Jetten, V., 2008. Continuous spatially distributed simulation 

of surface and subsurface hydrological processes in a small semiarid catchment. 

Hydrological Processes, 22: 2196-2214. 

Mayor, A.G., Bautista, S. and Bellot, J., 2009. Factors and interactions controlling 

infiltration, runoff, and soil loss at the microscale in a patchy Mediterranean 

semiarid landscape. Earth Surface Processes and Landforms, 34: 1702-1711. 

Mayor, A.G., Bautista, S., Small, E.E., Dixon, M. and Bellot, J., 2008. Measurement of the 

connectivity of runoff source areas as determined by vegetation pattern and 

topography: A tool for assessing potential water and soil losses in drylands. Water 

Resources Research, 44: W10423, doi:10.1029/2007WR006367. 

McGarigal, K., 2008. FRAGSTATS 3.3: spatial pattern analysis program for quantifying 

landscape structure. Computer program produced by the authors at the University 

of Massachusetts. Amherst. 

http://umass.edu/landeco/research/fragstats/fragststs.html. 

McIvor, J.G., 1995. Pasture management influences runoff and soil movement in the semi-

arid tropics. Australian Journal of Experimental Agriculture, 35: 55-65. 

McIvor, J.G., 2002. Pasture management in semi-arid tropical woodlands: effects on 

ground cover levels. Tropical Grasslands, 36: 218-226. 

Michaelides, K. and Chappell, A., 2009. Connectivity as a concept for characterising 

hydrological behaviour. Hydrological Processes, 23: 517-522. 

Michaelides, K., Lister, D., Wainwright, J. and Parsons, A.J., 2009. Vegetation controlls 

on small-scale runoff and erosion dynamics in a degrading dryland environment. 

Hydrological Processes, 23: 1617-1630. 

Millar, G.D. and Badgery, W.B., 2009. Pasture cropping: a new approach to integrate crop 

and livestock farming systems. Animal Production Science, 49: 777-787. 



REFERENCES 
 

197 
 

Mitas, L.B. and Mitasova, H., 1997. Role of dynamic cartography in simulations of 

landscape processes based on multi-variate fields. Computers and Geosciences, 

Vol.23: 437-446. 

Montaña, C., Seghieri, J. and Cornet, A., 2001. Vegetation dynamics: recruitment and 

regeneration in two-phase mosaics. In: D. Tongway, C. Valentin and J. Seghieri 

(Editors), Banded Vegetation Patterning in Arid and Semiarid Environments. 

Springer-Verlag, New York, pp. 132-145. 

Montgomery, D.R. and Dietrich, W.E., 1988. Where do channels begin? Nature, 336: 232-

234. 

Montgomery, D.R. and Dietrich, W.E., 1994. Landscape dissection and drainage area-

slope thresholds. In: M.J. Kirkby (Editor), Process Models and Theoretical 

Geomorphology. Wiley, Ney York, pp. 221-245. 

Morgan, R.P.C., 2005. Soil Erosion and Conservation. Blackwell Publishing, Oxford, UK, 

304 pp. 

Morgan, R.P.C., McIntyre, K., Vickers, A.W., Quinton, J.N. and Rickson, R.J., 1997. A 

rainfall simulation study of soil erosion on rangeland in Swaziland. Soil 

Technology, 11: 291-299. 

Morgan, R.P.C. and Mngomezulu, D., 2003. Threshold conditions for initiation of valley-

side gullies in the Middle Veld of Swaziland. Catena, 50: 401-414. 

Morin, J. and Cluff, C.B., 1980. Runoff calculation on semi-arid watersheds using a 

Rotadisk Rainulator. Water Resources Research, 16: 1085-1093. 

Moss, A.J. and Green, P., 1983. Movement of solids in air and water by raindrop impact. 

Effects of drop-size and waterdepth variations. Australian Journal of Soil Research, 

21: 257-269. 

Mueller, E.N., Wainwright, J. and Parsons, A.J., 2007. Impact of connectivity on the 

modelling of overland flow within semiarid shrubland environments. Water 

Resources Research, 43: W09412, doi: 10.1029/2006WR005006. 



REFERENCES 
 

198 
 

Mutchler, C.K., Murphree, C.E. and McGregor, K.C., 1994. Chapter 2. Laboratory and 

field plots for erosion research. In: R. Lal (Editor), Soil Erosion Research Methods. 

Soil and Water Conservation Society, Ankeny, Iowa, pp. 11-37. 

Nachtergaele, J., Poesen, J., Vandekerckhove, L., Wijdenes, O.D. and Roxo, M., 2001. 

Testing the ephemeral gully erosion model (EGEM) for two Mediterranean 

environments. Earth Surface Processes and Landforms, 26: 17-30. 

Nikolakopoulos, K., 2008. Comparison of nine fusion techniques for very high resolution 

data. Photogrammetric Engineering and Remote Sensing, 74: 647-659. 

Noble, J., 1997. The Delicate and Noxious Scrub. CSIRO Studies on native tree and shrub 

proliferation in the semi-arid woodlands of eastern Australia. CSIRO Sustainable 

Ecosystems, Canberra, ACT, 137 pp. 

Noble, J. and Walker, P.J., 2006. Integrated shrub management in semi-arid woodlands of 

eastern Australia: a system's based decision support system. Agricultural Systems, 

88: 332-359. 

Noble, J.C., Tongway, D.J., Roper, M.M. and Whitford, W.G., 1996. Fire studies in Mallee 

(Eucalyptus spp.) communities of western New South Wales: spatial and temporal 

fluxes in soil chemistry and soil biology following prescribed fire. Pacific 

Conservation Biology, 2: 398-413. 

Nogueras, P., Burjachs, F., Gallart, F. and Puigdefabregas, J., 2000. Recent gully erosion 

in El Cautivo badlands (Tabernas, SE Spain). Catena, 40: 203-215. 

Noy-Meir, I., 1973. Desert ecosystems: environment and producers. Annual Review of 

Ecology and Systematics, 4: 25-51. 

Nyssen, J., Poesen, J., Moeyersons, J., Luyten, E., Veyret, P.M., Deckers, J., Haile, M. and 

Govers, G., 2002. Impact of road building on gully erosion risk: A case study from 

the northern Ethiopian Highlands Earth Surface Processes and Landforms, 27: 

1267-1283. 



REFERENCES 
 

199 
 

Ongley, E.D., 1974. Fluvial morphometry on the Cobar pediplain. Annals of the 

Association of American Geographers, 64: 281-292. 

Parizek, B., Rostagno, C.M. and Sottini, R., 2002. Soil erosion as affected by shrub 

encroachment in north-eastern Patagonia. Journal of Range Management, 55: 43-

48. 

Parkner, T., Page, M.J., Marutani, T. and Trustrum, N.A., 2006. Development and 

controlling factors of gullies and gully complexes, East Coast, New Zealand. Earth 

Surface Processes and Landforms, 31: 187-199. 

Patton, P.C. and Schumm, S.A., 1975. Gully erosion, Northwestern Colorado: A threshold 

phenomenon. Geology, 3: 88-90. 

Perkins, S.R. and McDaniel, K.C., 2005. Infiltration and sediment rates following 

creosotebush control with Tebuthiuron. Rangeland Ecology and Management, 58: 

605-613. 

Petersen, S.L. and Stringham, T.K., 2008. Infiltration, runoff, and sediment yield in 

response to Western Juniper encroachment in Southeast Oregon. Rangeland 

Ecology and Management, 61: 74-81. 

Pierson, F.B., Bates, J.D., Svejcar, T.J. and Hardegree, S.P., 2007. Runoff and erosion after 

cutting western juniperus. Rangeland Ecology and Management, 60: 285-292. 

Pimentel, D., Harvey, C., Resosudarmo, P., Sinclair, K., Kurz, D., McNair, M., Crist, S., 

Sphpritz, L., Fitton, L., Saffouri, R. and Blair, R., 1995. Environmental and 

economic costs of soil erosion and conservation benefits. Science, 267: 1117–1123. 

Pinheiro, J.C. and Bates, D.M., 2000. Mixed-Effects Models in S and S-Plus. Springer-

Verlag, New York. 

Poesen, J., 1986. Surface sealing as influenced by slope angle and position of simulated 

stones in the top layer of loose sediments. Earth Surface Processes and Landforms, 

11: 1-10. 



REFERENCES 
 

200 
 

Poesen, J., Nachtergaele, J., Verstraeten, G. and Valentin, C., 2003. Gully erosion and 

environmental change: importance and research needs. Catena, 50: 91-133. 

Poesen, J., Vandaele, K. and van Wesemael, B., 1998. Gully erosion: Importance and 

model implications. In: J. Boardman and D. Favis-Mortlock (Editors), Modelling 

Soil Erosion by Water. Springer-Verlag, London, pp. 285-311. 

Puigdefábregas, J., 2005. The role of vegetation patterns in structuring runoff and sediment 

fluxes in drylands. Earth Surface Processes and Landforms, 30: 133-147. 

Puigdefábregas, J. and Sanchez, G., 1996. Geomorphological implications of vegetation 

patchiness on semi-arid slopes. In: M.G. Anderson and S.M. Brooks (Editors), 

Advances in Hillslope Processes. Wiley, London, U.K., pp. 1027-1060. 

R Development Core Team, 2009. R: A language and environment for statistical 

computing. R Foundation for Statistical Computing., Vienna. http://www.R-

project.org. 

Reid, K., Wilcox, B.P., Breshears, D.D. and McDonald, L., 1999. Runoff and erosion in a 

pinon-juniper woodland: influence of vegetation patches. Soil Science Society of 

America Journal, 63: 1869-1879. 

Renard, K.G., Foster, G.R., Weesies, G.A., McCool, D.K. and Yoder, D.C., 1996. 

Predicting soil erosion by water: A guide to conservation planning with RUSLE. 

USDA handbook 703, US Department of Agriculture, Washington, D. C. 

Ritchie, J.C., Nearing, M.A., Nichols, M.H. and Ritchie, C.A., 2005. Patterns of soil 

erosion and redeposition on Lucky Hills Watershed, Walnut Gulch Experimental 

Watershed, Arizona. Catena, 61: 122-130. 

Rosewell, C.J., Crouch, R.J. and Morse, R.J., 2001. Chapter 2. Forms of Erosion. In: 

P.E.V. Charman and B. Murphy (Editors), Soils: their Properties and Management. 

Oxford University Press, Melbourne, pp. 14-40. 

Rostagno, C.M. and Del Valle, H., 1988. Mounds associated with shrubs in aridic soils of 

northeastern Patagonia: characteristics and probable genesis. Catena, 15: 347-359. 



REFERENCES 
 

201 
 

Roth, C.H., Prosser, I.P., Post, D.A., Gross, J.E. and Webb, M.J., 2003. Reducing 

Sediment Export from the Burdekin Catchment. Volume I Main Report, Meat and 

Livestock Australia, Canberra. 

Sala, O.E. and Aguiar, M.R., 1995. Origin, maintenance, and ecosystem effect of 

vegetation patches in arid lands. In: N. West (Editor), Rangelands in a Sustainable 

Biosphere. Fifth International Rangeland Congress, Salt Lake City, U.S.A., pp. 29-

32. 

Saleh, A., 1993. Soil roughness measurement: chain method. Journal of Soil and Water 

Conservation, 48: 527-529. 

Samani, A.N., Ahmadi, H., Jafari, M., Boggs, G., Ghoddousi, J. and Malekian, A., 2009. 

Geomorphic threshold conditions for gully erosion in Southwestern Iran 

(Boushehr-Samal watershed). Journal of Asian Earth Sciences, 35: 180-189. 

Schlesinger, W.H., Abrahams, A.D., Parsons, A.J. and Wainwright, J., 1999. Nutrient 

losses in runoff from grassland and shrubland habitats in Southern New Mexico: I. 

Rainfall simulation experiments. Biogeochemistry, 45: 21-34. 

Schlesinger, W.H. and Pilmanis, A.M., 1998. Plant-soil interactions in desert. 

Biogeochemistry, 42: 169-187. 

Schlesinger, W.H., Reynolds, J.F., Cunningham, G.L., Huenneke, L.F., Jarrel, W.M., 

Virginia, R. and Whitford, W.G., 1990. Biological feedbacks in global 

desertification. Science, 247: 1043-1048. 

Schofield, C.J. and Bucher, E.H., 1986. Industrial contributions to desertification in South 

America. Trends in Ecology and Evolution, 1: 78-80. 

Seeger, M., 2007. Uncertainty of factors determining runoff and erosion processes as 

quantified by rainfall simulations. Catena, 71: 56-67. 

Selby, M.J., 1993. Water in soils and hillslope hydrology, Hillslope Materials and 

Processes. Oxford University Press, Oxford, pp. 202-218. 



REFERENCES 
 

202 
 

Shi, W., Zhu, C., Zhu, C. and Yang, X., 2003. Multi-band wavelet for fusing SPOT 

panchromatic and multispectral images. Photogrammetric Engineering and Remote 

Sensing, 69: 513-520. 

Siddiqui, Y., 2003. The modified IHS method for fusing satellite imagery, ASPRS Annual 

Conference, Anchorage, Alaska. Unpaginated CD-ROM. 

Sidle, R.C., 2006. Field observations and process understanding in hydrology: esscential 

components in scaling. Hydrological Processes, 20: 1439-1445. 

Smith, T.R. and Bretherton, F.P., 1972. Stability and the conservation of mass in drainage 

basin evolution. Water Resources Research, 8: 1506-1529. 

Stinson, T.F., Fang, K. and Lubov, A., 1979. User'S Guide To Segreg. Staff Papers 13330, 

University of Minnesota, Department of Applied Economics., Minnesota. 

Stone, J.R., Gilliam, J.W., Cassel, D.K., Daniels, R.B., Nelson, L.A. and Kleiss, H.J., 

1985. Effect of erosion and landscape position on the productivity of Piedmont 

soils. Soil Science Society of America Journal, 49: 987-991. 

Stroosnijder, L., 2005. Measurement of erosion: Is it possible? Catena, 64: 162-173. 

Systat Software Inc., 2007. Systat 12. Systat Software, Inc., San Jose, CA. 

Tarboton, D.G., 1997. A new method for the determination of flow directions and 

contributing areas in grid digital elevation models. Water Resources Research, 33: 

309-319. 

Tarboton, D.G., 2008. TauDEM: Terrain Analysis Using Digital Elevation Models. Utah 

State University, Department of Civil and Environmental Engineering. 

http://moose.cee.usu.edu/taudem/taudem.html. 

Tarboton, D.G. and Baker, M.E., 2009. Toward an algebra for terrain-based flow analysis. 

In: N. Mount, G. Harvey, P. Aplin and G. Priestnall (Editors), Representing, 

Modeling and Visualizing the Natural Environment. Innovations in GIS 13. CRC 

Press, Florida, pp. 167-194. 



REFERENCES 
 

203 
 

Taylor, S., Kumar, L. and Reid, N., 2010. Mapping Lantana camara: Accuracy 

comparison of various fusion techniques. Photogrammetric Engineering and 

Remote Sensing, 76: 691-700. 

Teggi, S., Cecchi, R. and Serafini, F., 2003. TM and IRS-1C-PAN data fusion 

decomposition methods based on the 'a tròus' algorithm. International Journal of 

Remote Sensing, 24: 1287-1301. 

Thompson, R., 2008. Waterponding: reclamation technique for scalded duplex soils in 

western New South Wales rangelands. Ecological Management and Restoration 9: 

170–181. 

Tighe, M., Reid, N., Wilson, B. and Briggs, S.V., 2009. Invasive native scrub and soil 

condition in semi-arid south-east Australia. Agriculture, Ecosystems and 

Environment, 132: 212-222. 

Tilman, D. and Kareiva, P.M., 1997. Spatial Ecology: The Role of Space in Population 

Dynamics and Interspecific Interactions. Monographs in Population Biology, vol. 

30. Princeton University Press, Princeton, N. J. 

Tongway, D., 2007. Ephemeral Stream Assessment, CSIRO, Sustainable Ecosystems. 17 

p., Canberra. http://www.csiro.au/services/EcosystemFunctionAnalysis.html. 

Tongway, D. and Ludwig, J.A., 1997a. The conservation of water and nutrients within 

landscapes. In: J. Ludwig, D. Tongway, D. Freudenberger, J. Noble and K. 

Hodgkinson (Editors), Landscape Ecology Function and Management: Principles 

from Australia's Rangelands. CSIRO Publications, Collingwood, pp. 13-22. 

Tongway, D. and Ludwig, J.A., 1997b. The nature of landscape dysfunction in rangelands. 

In: J. Ludwig, D. Tongway, D. Freudenberger, J. Noble and K. Hodgkinson 

(Editors), Landscape Ecology Function and Management: Principles from 

Australia's Rangelands. CSIRO Publications, Collingwood, pp. 49-62. 

Tongway, D.J. and Hindley, N., 2004. Landscape Function Analysis: Procedures for 

monitoring and assessing landscapes. CSIRO Sustainable Ecosystems, Canberra. 



REFERENCES 
 

204 
 

Tongway, D.J. and Ludwig, J.A., 1990. Vegetation and soil patterning in semi-arid mulga 

lands of Eastern Australia. Australian Journal of Ecology, 15: 23-34. 

Tongway, D.J. and Ludwig, J.A., 1996. Rehabilitation of semiarid landscapes in Australia. 

I. Restoring productive soil patches. Restoration Ecology, 4: 388-397. 

Tongway, D.J. and Ludwig, J.A., 2005. Heterogeneity in arid and semi-arid lands. In: G.M. 

Lovett, M.G. Turner, C.G. Jones and K.C. Weathers (Editors), Ecosystem Function 

in Heterogeneous Landscapes. Springer, New York. 

Valentin, C., d´Herbès, J.M. and Poesen, J., 1999. Soil and water components of vegetation 

patterning. Catena, 37: 1-24. 

Valentin, C., Poesen, J. and Li, Y., 2005. Gully erosion: Impacts, factors and control. 

Catena, 63: 132-153. 

Van Auken, O.W., 2000. Shrub invasions of North American semiarid grasslands. Annual 

Review of Ecology and Systematics, 31: 197-215. 

Van Auken, O.W., 2009. Causes and consequences of woody plant encroachment into 

western North American grasslands. Journal of Environment Management, 90: 

2931-2942. 

Vandaele, K., Poesen, J., Govers, G. and van Wesemael, B., 1996. Geomorphic threshold 

conditions for ephemeral gully incision. Geomorphology, 16: 161-173. 

Vandekerckhove, L., Muys, B., Poesen, J., De Weerdt, B. and Coppé, N., 2001. A method 

for dendrochronological assessment of medium-term gully erosion rates. Catena, 

45: 123-161. 

Vandekerckhove, L., Poesen, J., Oostwoud Wijdenes, D.J., Nachtergaele, J., Kosmas, C., 

Roxo, M.J. and De Figueiredo, T., 2000. Thresholds for gully initiation and 

sedimentation in Mediterranean Europe. Earth Surface Processes and Landforms, 

25: 1201-1220. 



REFERENCES 
 

205 
 

Verity, G.E. and Anderon, D.W., 1990. Soil erosion effects on soil quality and yield. 

Canadian Journal of Soil Science, 70: 471-484. 

Wainwright, J., Mulligan, M. and Thornes, J., 1999. Chapter 4. Plants and Water in 

Drylands. In: A.J. Baird and R.L. Wilby (Editors), Eco-hydrology Plants and Water 

in Terrestrial and Aquatic Environments. Routledge, London, pp. 78-126. 

Wald, L., Ranchin, T. and Mangolini, M., 1997. Fusion of satellite images of different 

spatial resolutions: assessing the quality of resulting images. Photogrammetric 

Engineering and Remote Sensing, 6: 691-699. 

Walker, P.J., 1991. Land systems of western New South Wales, Soil Conservation Service 

of New South Wales. Technical report No. 25. 

Walker, P.J. and Cunningham, G.M., 1976. Runoff studies using small plots, 

Rehabilitation of Arid Lands - 10 years of research at Cobar, New South Wales. 

Soil Conservation Service, Sydney, pp. 4.1 - 4.33. 

Walling, D.E. and He, Q., 1999. Improved models for estimating soil erosion rates from 

cesium-137 measurements. Journal of Environmental Quality, 28: 611-622. 

Wang, Z., Ziou, D., Armenakis, C., Li, D. and Li, Q., 2005. A comparative analysis of 

image fusion methods. IEEE Transactions on Geoscience and Remote Sensing, 43: 

1391-1402. 

Weltz, M.A., Kidwell, M.R. and Fox, H.D., 1998. Influence of abiotic and biotic factors in 

measuring and modeling soil erosion on rangelands: state of knowledge. Journal of 

Range Management, 51: 482-495. 

Wemple, B.C., Jones, J.A. and Grant, G.E., 1996. Channel network extension by logging 

roads in two basins, Western Cascades, Oregon. Water Resources Bulletin, 32: 

1195-1207. 

West, N.E., 1990. Structure and function of microphytic soil crusts in wildland ecosystems 

of arid to semi-arid regions. Advances in Ecological Research, 20: 179-223. 



REFERENCES 
 

206 
 

Westoby, M., Walker, B. and Noy-Meir, I., 1989. Opportunistic management for 

rangelands not at equilibrium. Journal of Range Management, 42: 266-274. 

Whitford, W.G., 2002. Ecology of Desert Systems. Academic Press, London, 343 pp. 

Wiegand, K., Saitz, D. and Ward, D., 2006. A patch-dynamics approach to savanna 

dynamics and woody plant encroachment - Insights from an arid savanna. 

Perspectives in Plant Ecology Evolution and Systematics, 7: 229-242. 

Wilcox, B.P., 1994. Runoff and erosion in intercanopy zones of pinyon-juniper woodlands. 

Journal of Range Management, 47: 285-295. 

Wilcox, B.P., 2003. Runoff from rangelands: the role of shrubs. In: A. McGinty, C. W. 

Hanselka, D. N. Ueckert, W. Hamilton and M. Lee (Editors), Shrub Management. 

Texas A&M University, College Station, Texas. 

Wilcox, B.P., Breshears, D.D. and Allen, C.D., 2003. Ecohydrology of a resource-

conserving semiarid woodland: effects of scale and disturbance. Ecological 

Monographs, 73: 223-239. 

Wilcox, B.P. and Davenport, D.W., 1995. Juniper Encroachment: Potential Impacts to Soil 

Erosion and Morphology. Unpublished report. USDA-Forest Service/Bureau of 

Land Management, Interior Columbia Basin Ecosystem Management Project. 

Xie, Y., Sha, Z. and Yu, M., 2008. Remote sensing imagery in vegetation mapping: a 

review. Journal of Plant Ecology, 1: 9-23. 

Zhang, Y., 2004. Understanding image fusion. Photogrammetric Engineering and Remote 

Sensing, 70: 657-661. 

Zucca, C., Canu, A. and Della Pertua, R., 2006. Effects of land use and landscape on 

spatial distribution and morphological features of gullies in an agropastoral area in 

Sardinia (Italy). Catena, 68: 87-95. 

 



REFERENCES 
 

207 
 

 


