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Abstract
Significant landscape change is occurring in the highly productive agricultural regions of Southern 
Queensland, Australia as a result of coal seam gas (CSG) expansion. Resource development brings with it a 
high risk of hydrological impact and increased erosion due to extensive addition of roads and infrastructure. 
Future landscape transformation risks impacting surface hydrology at both the farm and wider catchment. 
Knowledge of existing overland surface flow is essential in reducing impacts from development of service 
roads, culverts, well pads, pipeline corridors and water storage reservoirs. Surface flow models derived from 
fine scale digital elevation models (DEMs) are an appropriate tool for monitoring impact of the wider CSG 
footprint on surface hydrology and in identifying potential problems during early negotiation and decision 
planning of future infrastructure. Aerial digital photogrammetry with a ground sample distance of 20 cm 
was used to create elevation models for a 1200 km2 focal region currently undergoing CSG development. 
Baseline digital terrain models were processed using a multi-direction flow-path prediction model. Results 
demonstrate a capacity to generate high-resolution contoured surfaces and flow-path prediction maps capable 
of identifying erosion rills and depressions in fields, effectiveness of erosion management structures, and 
changes in surface water flows caused by farm tracks. These maps have the potential to improve discussions 
between farmers and the CSG industry and allow for better CSG-farm designs now, and ongoing monitoring 
of water flow impacts into the future. 
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Introduction
Queensland’s coal seam gas (CSG) and liquefied natural gas (LNG) industry has over $50 billion of projects 
either operational or under construction and is currently the driving force of significant landscape change 
in the Darling Downs and Maranoa agricultural regions of Southern Queensland. Gas reserves of 28613 PJ 
have been identified on approved tenements covering over 24,000 km2 (Huth et al., 2014). While regional 
scale social and economic benefits of CSG development are purported, few studies have evaluated the 
social and economic impact on farming households that must now coexist in a “shared space” with large-
scale resource extraction enterprises (Huth et al., 2014). Large corporations seeking to superimpose a CSG 
footprint are negotiating directly with landholders on infrastructural changes in the form of access roads, 
culverts, pipeline corridors, well pads and water storage reservoirs on the existing farming enterprise. 
These ‘ad-hoc’ negotiations are generally commercial in confidence and implemented on an individual farm 
basis. For the more intensively farmed landscape, these changes bring a high risk of hydrological impact 
and increased erosion due to extensive addition of roads and infrastructure. Market competition abounds 
between companies in this space and without closer coordination and/or collaboration between all parties, 
development has the potential to impact stakeholders from farmers (loss or diversion of overland flow 
from catchment areas, silting of farm dams), local councils (ineffective drainage lines, flooded roads), state 
government (water quality of streams, river systems) to CSG enterprises (flooding of existing infrastructure). 
Reducing this risk requires contextual understanding of the topological landscape and surface hydrology 
at the farm, catchment and regional scale and has the potential to inform discussion between farmers and 
the CSG industry and allow for better CSG-farm designs now and in the future. This research evaluates the 
effectiveness of a high-resolution surface water accumulation model for identifying and monitoring changes 
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to surface water flow or soil elevation that may indicate diversion of water flows, soil loss or build up of 
sediment, in agricultural landscapes. 

Methods
High performance computing based aerial digital photogrammetry was employed in generating image 
mosaics and in the creation of a digital surface model (DSM) at 20 cm resolution for a 1200 km2 focal 
region currently undergoing CSG development on the eastern edge of the Surat basin (26.839 S, 150.333 
E). The digital aerial photography is acquired at suitable resolution for fine-scale terrain modelling and was 
radiometrically calibrated to ground reflectance with methods described in detail by Collings et al. (2011). 
Radiometric calibration allows generalizable and repeatable image processing techniques to be applied to 
the data as a whole to derive spatially and temporally consistent information, for example when wanting to 
classify crop types or remnant vegetation. LiDAR is an alternative technology that may also be employed. 
From the generated DSM, surface infrastructure and vegetation are then removed by automated methods 
to generate a ground elevation model (GEM). The GEM was validated against a high-resolution ground 
survey of 440 surface elevations using a Real Time Kinematic (RTK) GNSS DGPS system. GEMs were 
then processed using a flow-path prediction model that simulates water flow across a landscape surface 
(Caccetta et al. 2010). Results of this process are estimates of upslope area and are often referred to as water 
accumulation maps. These estimates may be colour coded to aid interpretation. In the example in this paper 
upslope catchment area associated with each 20 cm pixel is colour coded (cyan, green, yellow and red) on a 
log scale of 0.1 ha to 100 ha with an accumulation area of  >100 ha indicated by red. Ground observations 
of surface water flow paths and erosion rills at 9 locations within the focal region using a DGPS of ±30 
cm horizontal accuracy are compared with surface flow paths modelled at 20 cm and 100 cm horizontal 
resolution.

Results and Discussion
Figure 1a presents an example of a generated image mosaic along with the corresponding colour coded DSM 
image at 20 cm resolution (Figure 1b) and GEM image with vegetation and above ground structures removed 
(Figure 1c). While the derived ground elevation model correlated well (R2 = 0.94) with observed elevations, 
model validation found errors of ~5.0 cm for GEM surface elevations for individual 20 cm pixels when 
compared with ground measurements approaching the 2.0 cm precision level expected of DGPS systems 
currently employed in high-resolution site surveys. Flow paths were generated at 20 cm and 1 m resolution 
with the latter more for display purposes. Figure 1d shows the modelled surface flow paths at 1 m resolution 
overlaying the image mosaic. Comparison of ground observations at 9 locations (Table 1) confirmed that 
these high-resolution contoured surfaces and water accumulation maps are capable of identifying erosion 
rills and depressions in fields, effectiveness of erosion management structures, and changes in surface water 
flows caused by farm tracks as demonstrated by site number 7 (Figure 2).

While application of satellite acquired remote sensing data for landscape inventory and monitoring is seen 
as cost effective and has generated reliable information at large spatial scales, their value in fine-scale 
management has been limited by image resolution (Tuominen and Pekkarinen, 2004). Satellite accuracy 
and resolution continue to improve, though aerial acquisition still provides a higher resolution which is 
required for the subtle changes in landscape features considered here. Surface flow models based on a fine 
scale digital ground elevation model at the catchment scale are an effective tool for monitoring impact of 
the wider CSG footprint on surface hydrology and in identifying potential problems during early negotiation 
and decision planning of infrastructure at the farm, shire and regional level. Initial exposure of water 
accumulation maps in discussions with CSG industry representatives, farm managers and agricultural 
contractors have confirmed that information on location and catchment area of water flows will help inform 
landholders and CSG staff during planning for CSG infrastructure placement. Repeated surveys highlight 
changes in water flow or soil surface elevation and are a cost effective method for managing risk associated 
with diversion of water flows, soil loss or build up of sediment within the survey area. Sources of any 
sediment build-up can be easily identified by following the water flow paths to that location. 
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      Figure 1. (a) Aerial photogrammetry derived RGB image. (b) Digital surface model (DSM) at 20 cm resolution 
highlighting treelines and surface infrastructure. (c) Generated ground elevation model (GEM) after removal of 
above ground structures. (d) Modelled accumulated flow paths indicating low (green) to high (red) accumulation 
overlaid on RGB image.

Table 1. Location and description of sites used for evaluating modelled flow paths with surface observations.
Site Latitude

(deg)
Longitude             

(deg)
Sample 
points

Distance       
(m)

Description Agreement Comments

Grassland and open brigalow and eucalypt woodlands (open canopy)
1 150.333 -26.811 58 58 Gravel access 

track
Medium Minor surface flow crossing 

track at 2 locations.

2 150.328 -26.819 36 86 Graded farm 
track (old)

High Medium surface flows 
crossing track at 3 locations 
with flows on track

3 150.329 -26.828 4 9 Gravel access 
track

High Medium-high flow.                       
Natural streamline across 
track.

4 150.329 -26.829 58 123 Gravel access 
track

High Medium-high flow crossing 
track at 2 locations with flows 
on track. Minor flow crossing 
track at 2 locations.

5 150.328 -26.832 33 46 Gravel access 
track

High Medium-high flow crossing 
track at 2 locations with flows 
on track. 

6 150.325 -26.834 8 15 Gravel road Low Minor flow crossing track.

7 150.322 -26.832 72 195 Gravel road High Medium-high flow crossing 
track at 2 locations with flows 
along edge of roadway. 

Brigalow-eucalypt forest (closed canopy)
8 150.241 -26.921 104 498 Stream bed High High flow major stream path 

with water holes present.                           
(*dry at time of observation)

9 150.270 -26.910 94 414 Stream bed High High flow major stream path 
with water holes present.                        
(*dry at time of observation)



© 2015 “Building Productive, Diverse and Sustainable Landscapes “
Proceedings of the 17th ASA Conference, 20 – 24 September 2015, Hobart, Australia. Web site www.agronomy2015.com.au

Figure 2. Ground survey site (7) showing (a) survey points overlaid on the aerial image mosaic inclusive of 
modelled flow paths at 20 cm resolution, (b) subset of 15 survey points overlaid on modelled flow path and (c) 
observed surface water flow path at figure 2b adjacent the gravelled roadway. Black lines on figure 2b represent 
contour intervals at 50 cm.

Conclusion
Results demonstrate that use of high performance computing based digital photogrammetry predicts high-
resolution surface elevations, enabling generation of landscape scale surface flow maps suitable for assessing 
impact at the sub-meter level on surface hydrology. Concerns by landholders regarding surface water flows 
can be better communicated through the use of this technology. These water accumulation or flow maps can 
inform discussion between farmers and the CSG industry and allow for better CSG-farm designs now and 
ongoing monitoring of changes in water flow or soil surface elevation which may indicate diversion of water 
flows, soil loss or build up of sediment, in the future. It is envisaged that acquisition systems and processing 
will continue to improve in the future and will provide a cost effective method for temporal monitoring 
of surface hydrology and erosion risk in dynamically changing agricultural landscapes. Future research 
will focus on extending surface flow modelling to predict and map erosion risk at the farm, catchment and 
regional scale.
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