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3.1 Introduction 

The original vineyard monitoring project entitled “Monitoring the impact of longwall 

mining on vineyards in the Broke-Fordwich Region 2003; Baseline Data Collection” 

(Lamb, 2003) was commissioned in response to Smart’s earlier report (Smart 2003). 

This report detailed the scope of possible effects, ranging from physical infrastructure 

damage (trellis and irrigation) through to the potential to impact on grape yield and 

quality. As this thesis is concerned with the vine-related impacts, this chapter 

presents the vine monitoring methodology employed to gather the data that were 

actually analysed in this study. It begins with a site description followed by a 

description of the on-ground field methods and the environmental monitoring 

framework. The second half of this chapter then focuses on the tools and methods 

used to analyse the relevant data.  

3.2 Site Description 

The study site is situated in the Broke-Fordwich (B-F) region, 18 km south of the 

township of Singleton in Australia’s Hunter Valley (Lat 32° 37’ S, Long 151° 12’ E) 

(Figure 3.1). This region is considered a unique viticultural sub-region of the Hunter 
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Valley, known for its white common varietals (cv.) Chardonnay and Semillon and red 

cv. Cabernet Sauvignon, Merlot and Shiraz wine grapes. Within the region, 

viticultural activities occur in close proximity to longwall coal mining, with nine 

vineyards situated over both planned and active longwall panels.  

 

Figure 3.1. Study site is located within the Broke-Fordwich region (dark grey box) of 
the Hunter Valley, Australia. 

3.2.1 Topography and Soils 

Topographically, this region is categorised as undulating to hilly (Kovac & Lawrie 

1991). Elevation in the study area ranges from a low of 70 metres (above sea level- 

asl) in the southwest to a high of 172 metres (asl) in the northeast, with the slope of 

most vineyard blocks being less than six percent. The majority of blocks have a 

predominantly south-westerly to westerly orientation in their aspect. 
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Kovac and Lawrie (1991) described three major soil types within the study area, 

including alluvial soils, yellow podzols, and chocolate soils, with the latter two 

encompassing much of the area planted out to vines. The podzolic soils have been 

classified as belonging to the Branxton soil landscape, which is comprised of 

Permian shale, sandstone, mudstone, siltstone, tuff and coal seams, with Yellow 

Podzolic soils on midslopes and Red Podzolic soils on crests and upper slopes 

(Kovac & Lawrie 1991). The chocolate soils belong to the Saxonvale soil landscape 

and are comprised mainly of tertiary dolerite with some basalt, chocolate soils on the 

slopes with brown Soloths on some upper slopes (Kovac and Lawrie 1991). 

The seven vineyards (labelled Vineyard A – G, Figure 3.2) in the study area are 

situated atop four, progressively deeper coal seams of the Hunter Coalfield (O'Brien 

2004). The relevant seams form part of the gently dipping strata of the larger 

Singleton Super Group and are part of the Wittingham Coal Measures of the Jerry 

Plains Subgroup (Stevenson et al. 1998). Most of the rock units are of Upper 

Permian Age, with seams inter-bedded with sandstone, conglomerate, siltstone, 

shale and tuff (Stevenson et al. 1998). Within the study area, the average depth of 

cover to the uppermost Whybrow Seam ranges from 211 to 225 m, with an average 

seam thickness of 2.8 metres (Waddington Kay & Associates 2003). Mining of the 

Whybrow Seam commenced in 2003 and the first vineyards were undermined in 

2005. 
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Figure 3.2. Study area map, indicating locations of vineyards (grey outline) and 
vineyard blocks monitored (red), longwall panels (orange outline) and 
subsidence monitoring transects (heavy blue lines). Specific blocks 
included in statistical modelling of vineyard and regional scale data 
labelled in light grey along with their ‘control’ block (green).  

3.2.2 Rainfall 

Long-term meteorological data indicate that average rainfall for this region is 722 mm 

per year (Bureau of Meteorology 2007). Highly variable, summer dominant rainfall is 

characteristic for the region, as are high maximum daily temperatures regularly 

exceeding 40°C. Heat stress is a common problem for vines in this region (Dry & 

Smart 2004) and with the exception of Vineyard C, all vineyards in the study area 

were drip irrigated.  

Comparisons with long-term averages indicate that the region experience lower than 

average total annual rainfall across all years of the study (Table 3.1). With rainfall 

totalling only 424 mm, 2006 was the most drought-affected year, and 2005 was the 
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least drought-affected year with total rainfall falling just short of the long-term average 

(713 mm). The total monthly rainfall for nearby Singleton during the relevant growing 

season is arrange by vintage (whereby 2008 encompasses August 2007 – January 

2008, etc) and presented in Figure 3.3. The average maximum and minimum 

temperatures for the growing season are also arranged by vintage, and these are 

presented in Figure 3.4. ‡ 

Table 3.1. Comparison of long-term annual rainfall with average annual rainfall 
during the study* 

Year Annual Rainfall (mm) 

Long-term Average 722.3 

2003 558.9 

2004 647.1 

2005 712.9 

2006 423.7 

2007 710.7 

* Source: Bureau of Meteorology (2008). Long-term averages are from Singleton Army 

(station id 061275) and the annual rainfall is from Singleton STP (station id 061397) 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 
‡ 

Note that all meteorological data used in this study were obtained from the Bureau of Meteorology 

monitoring stations located away from the study site around Singleton. Although some spatial 
variability and differences are expected due to the physical distances separating them from the study 
site, they data used should nonetheless represent the general trends in weather patterns for the study 

site. 
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Figure 3.3. Comparison of average, long-term rainfall with average monthly rain 
during the growing season for the duration of the study. Data are 
grouped by month. Source: Bureau of Meteorology (2008). 

 

 

Figure 3.4. Comparison of average, long-term maximum and minimum with average 
maximum and minimum temperature during the growing season for the 
duration of study. Data are grouped by month. Source: Bureau of 
Meteorology (2008). 
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3.2.3 Longwall Mining  

3.2.3.1 MINING PROGRESSION AND SUBSIDENCE CONTOURS 

As longwall mining is an ongoing process, it was necessary to understand how 

mining progressed through the vineyards in relation to the field sampling dates. 

Historical, daily mining data were obtained from Beltana, and these data were used 

to generate a series of maps indicating mining progression at key survey dates 

(Figures 3.11-12). Table 3.2 indicates when the mining of individual longwall panels 

commenced. 

Table 3.2. Mining commencement dates for relevant longwall panels. 

Longwall Panel Start Date 

4 18/03/2005 

5 07/10/2005 

6 17/04/2006 

7 31/10/2006 

8 29/05/2007 

Prior to mine commencement, subsidence engineers modelled the subsidence 

pattern as a series of contours (Figure 3.5) using the incremental profile method of 

Waddington and Kay (1995). Projections estimated that subsidence in the study area 

would not exceed 2000 mm and that the angle of draw would range between 20 – 

22° (Waddington Kay & Associates 2003). Subsidence monitoring after 

commencement of mining suggests that there is a good correlation between 

predicted and observed subsidence under vineyards, with observed values being 

less than the maximum predicted subsidence in all cases (MSEC 2007). With the 

exceptions of longwalls 6 and 7, the actual draw angles were less than the predicted 
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range. For longwalls 6 and 7, the angles of draw were greater than predicted; at 

26.5° and 28° respectively (MSEC 2007). 

 

Figure 3.5. Millimetres of predicted subsidence (red) for each longwall (orange) over 
the vineyards (black). With the exception of the minimus predicted 
subsidence value of 20 mm, the contours are presented in 400 mm 
intervals (400 – 1600 mm). Vineyards and longwalls as per Figure 3.2. 
Contour data courtesy of MSEC.  

3.2.3.2 CREATING LMS ZONES FOR IMPACT ASSESSMENT  

Following Hinchliffe’s (Hinchliffe 2003) example, a series of three subsidence zones 

were identified within undermined vineyards for each individual longwall panel. Actual 

post-mining subsidence monitoring observations (MSEC 2007) for a number of 

monitored transects (indicated in Fig 3.2, data example provided in Fig 3.6) were 

found to be highly correlated with subsidence predictions generated by the 

incremental profile method of Waddington and Kay (1995). The maximum and 

minimum observed strains were thence used to delineate transitions between zones 
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of minimal subsidence associated with chain-pillars (P), maximal subsidence 

associated with the longwall (L), and a zone corresponding to the transition (T) 

between them. To ensure adequate transition zones, points 20 metres either side of 

the identified transition zone boundaries were selected as the starting or ending point 

for each zone (Figure 3.). An example of the location of the vineyard block scale 

sampled vines with respect to subsidence zones and mining direction (Block A.4) is 

given in Figure 3.7.  

 

Figure 3.6. Predicted and observed subsidence and observed strain for Longwall 4; P 
= chain pillar, T = transition zone, L = longwall. Data courtesy of MSEC 
(2007). 
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Figure 3.7. Example of a panel sampling layout, showing position of Block A.4 vines 
in relation to mining direction. Zones indicated as P = chain pillar, T = 
transition zone, L = longwall are discussed later in Section 3.3.2.1. 

3.2.3.3 MEASUREMENTS OF SUBSIDENCE MAGNITUDE 

Actual subsidence measurements over most of the vineyard blocks were obtained by 

comparing a pre-mining, digital elevation model (DEM) with a post-mining DEM. The 

pre-mining DEM was obtained was generated (with permission) from the consulting 

firm responsible for monitoring mining subsidence. This DEM was originally 

generated from overlapping ortho-photos obtained in 2004 by AAMHatch (Wainwright 

2007) and verified by Beltana’s mining surveyors during a pre-mining topographic 

survey of the terrain using Real Time Kinematic GPS (Allen Pers. Com.). As such, it 

was thought to be accurate to with 10 cm horizontally and 20 cm vertically.  

The post-mining elevation model was generated from Light Detection and Ranging 

(LIDAR) data acquired by Atlass Pty Ltd using a Harrier 56 full waveform LIDAR 

mapping system (TopoSys GmbH, Biberach, Germany). This system provides 

absolute horizontal accuracy of 0.25 metres and absolute vertical accuracy of 0.15 

metres (TopoSys GmbH 2008). To ensure that only ‘ground returns’ were used in the 

DEM, hese data were post-flight processing was used to remove above ground 
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returns strikes from both vegetation and infrastructure such as buildings. 

Ideally, the difference in pre- and post-mining DEMs would be zero outside of areas 

where longwall mining had occurred. Unfortunately, this was not the case. The most 

probable reason for this is measurement error associated with the pre-mining DEM. 

Whereas LIDAR technologies are capable of ‘seeing trough’ vegetation canopy 

(Wehr & Lohr 1999) photogrammetric techniques cannot. Hence, in the areas 

covered by vineyards the post-mining LIDAR generated DEM is most likely the more 

accurate.  

To account for these differences, the average difference between pre- and post-

subsidence elevations for non-subsided areas was used to correct the pre-

subsidence DEM. As the average difference in elevation was 0.48 metres, this value 

was used to correct the pre-mining DEM. From this ‘corrected’ DEM, the elevation 

values from the post-subsidence DEM were subtracted to generate a corrected 

subsidence measurement. These corrected measurements were then compared with 

actual subsidence measurements obtained by mining subsidence surveyors using 

on-ground surveying methods. These measurements were obtained using an 

electronic total station on a number of established monitoring transects (Figure 3.2) 

and provide vertical accuracy down to the millimetre (Kay Pers. Com). A comparison 

of these actual, on-ground subsidence measures with the subsidence measures 

obtained from the pre- and post-mining elevation models suggest a reasonable 

correlation between these independent data sets (Figure 3.9). The average 

difference between the subsidence measured on-ground and in the direction of 

mining (Figure 3.2) vs. that obtained by DEM difference is presented in Table 3.3. 

These data suggest an overall vertical accuracy of 100 centimetres for the 

subsidence measured by DEM difference. 
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Table 3.3. Average difference of subsidence measured on-ground vs. subsidence 
measured by DEM difference for each longwall  

Longwall Average Difference (m) Standard Deviation 

Cumulative (4 -8) 0.1 0.27 

4 0.5 0.12 

5 0.1 0.13 

6 -0.1 0.15 

7 -0.1 0.19 

8 0.2 0.18 

3.2.3.4 CREATING SLOPE ZONES 

Utilizing the findings of Darmody et al. (1988) a series of slope zones were identified 

using both the pre- and post-mining slope. The slope function of the Spatial Analyst 

extension to ArcGIS 9.1 (ESRI 2007) was used to calculate the slope at each 

sampling point using the pre- and post-mining DEMs described above. This function 

determines the maximum change in elevation of 3 x 3 window of pixels around a 

given point. Percent slope is then calculated using the standard percent slope 

formula of  

Percent Slope =  
Rise

Run

 

 
 

 

 
 *100 (Equation 1) 

Using the slope-subsidence impact observations of Darmody et al. (1988) each point 

was assigned a particular ‘risk’ category, as indicated in Table 3.4. That is, 

measurements obtained on a slope of less than 1.5 percent were considered high 

risk, those obtained on ground ranging from 1.5 to 4 percent were classified as 

medium high, slopes between 4 and 7 were medium risk, 7 to 12 percent were low 

medium risk, and anything above 12 percent slope were considered low risk.  
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Table 3.4. Slope zone classifications representing ‘subsidence risk.’ Based on 
Darmody et al. (1988).  

Slope Range (%) Risk Classification 

< 1.5 Hight (H) 

1.5 – 4 Medium High (MH) 

4 – 7 Medium (M) 

7 – 12 Low Medium (LM) 

> 12 Low (L) 

 

A 

 

B 

 

C 

 

D 

 

 

 
Figure 3.8. Comparison between surveyed subsidence and subsidence measured from 

the corrected DEM. A – Longwall 4; B – Longwall 5; C – Longwall 6; D – 
Longwall 7; E – Longwall 8. 
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3.3 Study Methodology 

To monitor LMS impacts on the vines, a multi-scale, multi-temporal monitoring 

protocol was developed and implemented. A sliding window approach to data 

collection was adopted, whereby baseline data were collected for at least 2 years 

before undermining commenced under a particular vineyard block and continued for 

at least 2 years post-mining. Vineyard, harvest-related data collection commenced in 

December 2003 and concluded in January 2008. Due to its intensive nature, on-

ground panel sampling across all affected blocks was not feasible and a multi-scale 

approach to data collection strategy was deemed appropriate. Hence, data were 

collected at the scale of individual vineyard blocks, whole vineyards, and at a 

regional scale. This approach enabled relevant viticultural production data (panel 

sampling) to be integrated with both on-the-go and satellite-based remotely sensed 

data. 

Spatial location and mapping is an important facet of all on-ground components of 

the study framework. Accurate spatial location was derived using a differential global 

positioning system (dGPS). To achieve “sub-metre” accuracy, the dGPS (Pro-XL, 

Trimble, Sunnyvale, California USA) receives additional spatial corrections 

information from satellites. For this project, all correction information was obtained 

using the Virtual Base Station service of OmniStar, which typical provides an 

accuracy of less than 1 metre (OmniStar 2008). Hence, for all data collected and 

outlined below, the spatial accuracy was within 1 metre of the actual sample location. 

All data were collated and pre-processed (e.g. geo-referenced, missing data 

identified) within a GIS using ArGIS 9.2 (ESRI 2006).  

To preclude the introduction of errors from spatially misaligned data, a common 

datum, coordinate system and projection was used for all data collection and 
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processing. The World Geodetic System of 1984 (WGS84) was selected as the 

datum and coordinate system, and all data were projected in Universal Transverse 

Mercator Zone 56. All data were analysed qualitatively using a combination of maps 

and plots of summary statistics. Maps were generated within the GIS and data were 

exported and plots of summary statistics were generated using the statistical 

package R (R Development Core Team 2006). 

3.3.1 Vineyard Block Scale 

3.3.1.1 ENVIRONMENTAL MONITORING 

Two blocks were selected for panel sampling (highlighted in grey, Figure 3.2). Block 

A.4 is composed of cv. Chardonnay vines while Block B.22 contains cv. Shiraz vines. 

Block A.4 is located on a gently sloping hillside (5% gradient) with a vertically-shoot-

positioned (VSP) trellising system and the vines spur-pruned while Block B.22 is 

located on a relatively flat block (1% gradient) with a single-wire trellising system and, 

again spur-pruned (Frazier et al. 2005). From both blocks, single ‘representative’ 

vines were selected from approximately every second vine panel along ten or twelve 

adjacent rows (see Figure 3.7 for an example of panel sampling layout) by a 

viticultural expert. Vines were then tagged and spatially located using a dGPS and 

were selected based upon their relative location to predicted subsidence contours, 

with care taken to ensure that areas between the minium subsidence of the chain-

pillars and maximum subsidence associated with the centre of longwall panels were 

represented (e.g. Figure 3.9).  

At harvest time (January-February) during each vintage, the vines were monitored for 

biophysical descriptors of grape productivity, in particular grape yield (kg/vine). 

During pruning, observations relating to overall plant growth were collected, in 
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particular the weight of pruned canes (g). Tables 3.5 and 3.6 indicate the mining 

status of the blocks during harvest and pruning. 

Table 3.5. Dates of block level harvest field data collection relative to mining 
progression. Red colour indicates the block had been undermined. 

Survey Data Field Data Collection Date 

Panel Data – Vineyard A Harvest 06/02/2004 

 01/02/2005 

 02/02/2006 

 18/01/2007 

 21/01/2008 

Panel Data – Vineyard B Harvest 02/03/2004 

 12/02/2006 

 25/01/2007 

 

Table 3.6. Dates of block level pruning field data collection relative to mining 
progression. Red colour indicates the block had been undermined. 

Survey Data Field Data Collection Date 

Panel Data – Vineyard A Pruning July 2003 

 March 2005 

 June 2006 

 May 2007 

Panel Data – Vineyard B Pruning July 2003 

 July 2004 

 May 2005 

 June 2006 

3.3.1.2 DATA PROCESSING AND SCREENING 

Both the zones and subsidence magnitude data were used in the statistical analysis 

described below. For each data point across all scales, GIS join-analysis was used to 

denote what zone the points were in, as well as their pre- and post-mining elevation, 

slope and aspect were. This was accomplished by converting all relevant data layers 

to a vector format and then using the spatial join function of ArcGIS 9.1 (ESRI 2007) 

to merge the zones and subsidence magnitude data with the vine block, vineyard, 

and regional scale data sets. 




