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fact that very few of the plots in this Figure exhibit similar trends within the mining 

zones. For instance, although there were ECa differences between all the zones in 

Figure 4.16A (block A3), the differences persisted During mining, but After mining the 

PILLAR trend was different to those of the LONGWALL and TRANSITION zones. 

The zones in block A3 followed a somewhat similar trend to that of block A2. 

However, whilst the PILLAR zone started with higher conductivity than both the 

LONGWALL and TRANSITION, and finished with lower average conductivity than 

the LONGWALL in block A2, the PILLAR in A3 began with lower average 

conductivity than both the LONGWALL and TRANSITION zone before mining, but 

then it finished with higher conductivity after mining. In fact, although some of the 

trends appear similar (e.g. between block A4 and B16), a careful examination reveals 

that this is not the case; for block A4 it is the LONGWALL zone that diverges from the 

other two zones post-mining whilst it is the PILLAR zone that diverges in block B16. 

4.3.3 EM38 Statistical Modelling Results and Analysis 

A map of the slope risk categories calculated for the relevant vineyard blocks 

(Section 3.2.3.4) is presented in Figure 4.17. 
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Figure 4.17. Map of slope zone indicating percent slope and classified according to the 

impact risk (e.g., high risk, medium risk) each zone represents.  

Results of the regression model are presented in Table 4.6. Overall, this model was 

able to account for 38 percent of the overall variability in apparent electrical 

conductivity across all eight sampling dates. Of this, differences associated with 

individual blocks (Blocks - 10 percent), individual vineyards (Vineyard - 9 percent) 

and seasonal differences (Season - 9 percent) accounted for the majority of this 

explainable variability and yearly (Year - 5 percent) and aspect (Aspect - 2 percent) 

differences accounted for smaller portions. Overall, the slope risk zones did not 

account for much variability (Slope Zone - 1 percent), but they did change 

significantly over time, as did the mining zones (Mining Zone - 1 percent). Table 4.7 

presents ECa comparisons between Before vs. During and Before vs. After for the 

slope zones that were identified as being statistically significant. Figure 4.18 depicts 

the before, during and after mining trends in ECa for all slope zones in the relevant 
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blocks. Figures 4.19a-f plot the slope zone trends for each block Before, During and 

After mining. Table 4.8 presents the modelling results for the mining zone 

interactions (PILLAR vs. LONGWALL, PILLAR vs. TRANSITION) previously 

discussed above in 4.3.3). 

Table 4.6. Results of EM38 statistical modelling to account for slope and slope 
changing through time (Before/During/After mining). Explanatory variables coded 

for statistical significance. 

 ECa Slope Model  

(R2 = 0.376) 

Source R
2
 Significance 

Vineyard 0.089 *** 

Block 0.105 *** 

Year 0.053 *** 

Season 0.090 *** 

Aspect 0.021 *** 

Slope Zone 0.004 *** 

Slope Zone : BDA 0.006 *** 

Mining Zone : BDA 0.008 *** 

Significance codes: ‘***’ p  0.001; ‘**’ p  0.01; ‘*’ p  0.05; ns = Not Significant 
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Table 4.7. Slope zone comparisons for ECa before, during and after mining for slope 
zones. All terms are referenced against to their relevant values before mining. 

Explanatory variables coded for statistical significance. 

 Model 

Coefficient 

Std.  

Error 

Significance Change 

Direction 

Zone MH: Before vs. During  -0.905 0.062 *** - 

Zone MH: Before vs. After -0.575 0.067 *** + 

Zone M: Before vs. During -0.729 0.036 *** - 

Zone M: Before vs. After -0.469 0.045 *** + 

Zone LM: Before vs. During -0.323 0.040 *** - 

Zone LM: Before vs. After -0.348 0.048 *** + 

Zone L: Before vs. During -0.324 0.189 ns + 

Zone L: Before vs. After -1.113 0.168 *** + 

Significance codes: ‘***’ p  0.001; ‘**’ p  0.01; ‘*’ p  0.05; ns = Not Significant 

 
 
 

 

Figure 4.18. Interaction diagram of apparent electrical conductivity for Darmody et al. 
(1988) slope zones before, during and after mining. 
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Table 4.8. Mining zone comparisons of ECa before, during and after mining. All 
terms are referenced against the pillar zone, before, during and after mining. 

Explanatory variables coded for statistical significance. 

 Model 

Coefficient 

Std.  

Error 

Significance Change 

Direction 

Before: Pillar vs. Longwall -0.203 0.031 *** - 

During: Pillar vs. Longwall 0.437 0.031 *** + 

Before: Pillar vs. Transition 0.136 0.024 *** + 

During: Pillar vs. Transition 0.527 0.026 *** + 

After: Pillar vs. Transition 0.284 0.027 *** + 

Significance codes: ‘***’ p  0.001; ‘**’ p  0.01; ‘*’ p  0.05; ns = Not Significant 
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Figure 4.19. Interaction diagram of Darmody et al. (1988) slope zones before during 

and after mining for vineyard A (A-C) and vineyard B (D-F). 
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The results of the statistical modelling for apparent electrical conductivity suggest 

that there are differences in the slope zones that correspond with the timing of mining 

activities that are statistically significant. Furthermore, modelling also suggests that 

there are differences between the mining zones that also correspond with this timing 

that are also statistically significant. However, together these terms explained less 

than 2 percent of the overall variability in apparent electrical conductivity.  

Figure 4.18 clearly shows that with the exception of the LOW (L) RISK slope group, 

for which ECa rose throughout the entire study period, apparent electrical conductivity 

for all of the other slope zones decreased during mining and then rose again after 

mining. However, whilst the MEDIUM-HIGH (MH), MEDIUM (M), and LOW-MEDIUM 

(LM) zones post-mining ECa were higher than that observed pre-mining, the post-

mining ECa of the HIGH RISK zone was lower that it was pre-mining. The three 

middle risk zones (MH, M, LM) followed relatively similar trends throughout the 

mining process, although MH zone exhibited the lowest ECa values during the mining 

process, and the M zone ECa after mining was nearly identical to that of the MH 

zone.  

Because each of the three middle zones essentially behaves in the same manner, it 

is difficult to conclude that the increase in apparent electrical conductivity is a result 

of increased surface water retention or ponding. If this were the case, it would be 

expected that these zones would exhibit different trends. As slope increases, the 

ability to retain surface water decreases. Hence, it would be expected that the 

apparent electrical conductivity observations of medium-high risk zone would be 

higher than that of the medium, and low-medium risk, as it is in Figure 4.19d. 
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As with the interaction plots that examined how the apparent electrical conductivity of 

zones of the individual blocks changed throughout the mining process (Figure 4.16A-

F), it is difficult to see any clear trends in the plots depicting how the slope zone ECa 

of individual blocks (Figure 4.19A-F) changed throughout the mining process. In fact, 

none of the plots in Figures 4.19A-F bear any resemblance to each other. This 

suggests that they all responded differently to the mining process. Whilst some 

blocks, such as B16 (Figure 4.19D) exhibited apparent electrical conductivity trends 

in the post-mining period that would be consistent with increased surface water 

retention (higher conductivity in the MEDIUM-HIGH risk zone as noted above), this 

trend is not found in any of the other blocks. 

4.4 QuickBird Satellite Image Results 

Figure 4.20 presents a series of maps, one for each survey date, of the calculated 

NDVI ratio from all vineyards within the study area. Overall, the images show 

similarities within the various blocks from year to year. Markedly absent from the 

post-mining are linear ‘features’ corresponding to areas of low PAB consistent with 

the direction of mining. Such features would be suggestive of a systematic mining 

effect. Although certain linear trends consistent with the direction of mining are 

evident, they are evident in the pre-mining maps. As such, they cannot be attributed 

to mining activities.  
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Figure 4.20. Regional scale NDVI data for all years of the study. Data are displayed 
with a standard deviation contrast stretch applied individually to each 
block so as to highlight the variability within each block. Mining 
progression highlighted in grey. 

 

Boxplots of yearly NDVI values for each of the analysis blocks is presented in Figure 

4.21. Blocks A3, B16 and B17 exhibited similar trends throughout the study period, 

as did A2, A4 and the ‘control’ block. As with the EM38 data, it is difficult to see any 

significant trends consistent with the timing of mining. 
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Figure 4.21. Boxplots of average NDVI data for selected blocks from vineyards A, B 

and ‘control’ block C. Mining progression highlighted in grey, with light 
grey signifying periods during mining, and the dark grey signifying after 
mining. 

4.4.1 NDVI BACI Comparisons and Analysis 

Figure 4.22 presents a comparison of the average NDVI for each analysis block with 

the control block at every survey date. The graph also compares the NDVI at the 

survey date with the total rain in the two months directly preceding the survey.  

Across all survey dates, vineyards A and B exhibited remarkably similar average 

NDVI patterns that appear to reflect the total rainfall for that two-month period. The 

control block, however, did not appear to coincide with rainfall, though overall its 
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reflectance pattern was similar to that of block A2. The linear relationship of each of 

the vineyards to total rainfall in the two-month period preceding the survey is 

presented in Figure 4.23. This figure suggests that the average NDVI for both 

vineyards A and B exhibited reasonable correlation with rainfall. As a measure of 

PAB, this would make sense as rainfall would arguable be one of the most significant 

drivers of biomass.  

 

Figure 4.22. Comparison of average NDVI in relevant blocks in vineyards A and B 
with ‘control’ block. Red line indicates total rainfall in the 2 months 
preceding the survey. 

However, poor rainfall can be offset by irrigation. It is clear in Figure 4.23, however, 

that the ‘control’ block did not appear follow this rainfall trend, as indicated by the low 

correlation coefficient (R2). This poor correlation could be a result of the fact that the 

block is relatively flat, and the gentle slope of the surrounding blocks means that 

water will tend to flow towards this block. Hydrological modelling of the pre-mining 

DEM (not presented) supports this. Hence, at any given time soil moisture is likely to 
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be higher, leading to increase vegetative growth, and thus higher average PAB and 

NDVI.  

 

Figure 4.23. Scatter plot of average NDVI versus total rain for the two months 
preceding the survey. Regression lines indicate the linear relationship 
between rain and NDVI for each vineyard.  

An interaction plot examining the relationship of each mining zone’s average NDVI 

reflectance Before, During and After mining is presented in Figure 4.24. The plot 

indicates that in the pre-mining period, the NDVI for each zone was similar, though 

the pillar zone had a slightly lower average value than the other two zones. During 

mining, however, the trend for the TRANSITION zone data diverged from the other 

two and exhibited lower average NDVI reflectance than both the PILLAR and the 

LONGWALL. In the post-mining period, the average NDVI of both the TRANSITION 

and LONGWALL zones have re-converged, whilst the PILLAR’s average NDVI is 

lower than both of them. The plot further suggests that the magnitude of the 

difference between the PILLAR zone data and that the other two zones is greater in 

the post-mining period than it was in pre-mining period. 
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Figure 4.24. Interaction diagram of apparent electrical conductivity for mining zones, 
before, during and after mining progression. 

Figures 4.25A-F compare the average NDVI values of the mining zones for each 

individual analysis block with that of the control block through time. With the 

exceptions of blocks B17 and B22, the magnitude of the difference between the 

‘control’ block’s average NDVI reflectance is greater in the post-mining period than it 

was in the pre-mining period.  
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Figure 4.25. Comparison of block zones’ NDVI with ‘control’ block, before, during 

and after mining for blocks in vineyard A (A-C) and vineyard B (D-F) 
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However, whilst there are some similarities between certain blocks, overall the 

patterns are quite different. For instance, while block A2 exhibits an overall 

downward trend, with the LONGWALL and PILLAR zone diverging from the other two 

in the after period, blocks B17 and B22 exhibit an upward trend. However, whilst the 

zones in block B22 were all closely related throughout the mining process, the 

average zonal NDVI reflectance values in block B22 were distinctly different Before 

mining, and trends After mining were different again, with the pillar exhibiting a higher 

difference magnitude after.  

In spite of the fact that they appear similar, upon close examination blocks A3, A4 

and B16, also exhibited different trends. Although each of these blocks exhibited 

higher average NDVI During the mining process, only block A4 had lower average 

NDVI in the post-mining period; both A3 and B16 had higher average NDVI in the 

post-mining period than they did in the pre-mining period. Other differences are also 

apparent. Whilst the mining zone reflectance values in block A3 were similar 

throughout the entire study period, those for A4 and B16 were not. Whilst the 

magnitude of the difference in the PILLAR zone data is distinctive in the pre-mining 

period for block A4, it is less so in the post-mining period. Although the magnitudes of 

the differences in average NDVI values are noticeable in the each of the zones in 

B16 before mining, they are not as distinct in the post-mining period. In short, very 

few of the patterns appear to be consistent across blocks. 

4.4.2 NDVI Statistical Modelling Results and Analysis 

The results of the statistical modelling of NDVI reflectance are presented in Table 

4.19. The linear model was able to account for 51 percent of the overall variability 

with the NDVI data across all years. The majority of this variability was accounted for 

by differences between the years (Vintage - 32 percent) and differences between 
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individual vineyards (Vineyard - 12 percent), while differences between aspect 

(Aspect - 2 percent) and individual blocks (Block - 1 percent) accounted for smaller 

portions. Whilst the slope zones accounted for very little variability overall (Slope 

Zone <1 percent), the differences in Slope Zone in the time periods Before, During 

and After mining (Slope Zone : BDA) were statistically significant and accounted for 2 

percent of the overall variability. Whilst the model identified the differences in mining 

zones Before, During and After mining as being statistically significant, the interaction 

term accounted for very little of the overall variability (Mining Zone : BDA - <1 

percent).  

Table 4.10 presents the mining zone comparisons that the statistical modelling 

identified as significant. These relationships are also presented graphically in Figure 

4.26. Note that Figure 4.26 does not actually plot the HIGH-risk zone (H), as it has no 

During mining component. Of the interactions terms that were significant, only the 

LOW risk (L) and MEDIUM-HIGH (MH) slope zones had lower average NDVI values 

after mining than they did before mining. Whilst the MH and the LOW-MEDIUM (LM) 

risk zones exhibited similar average NDVI reflectance pre-mining, their trends 

diverged during mining and post-mining they were sufficiently different.  
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Table 4.9. Results of NDVI statistical modelling to account for slope and slope 
changing through time (Before/During/After mining). Explanatory variables coded 

for statistical significance. 

 ECa Slope Model  

(R2 = 0.507) 

Source R
2
 Significance 

Vineyard 0.119 *** 

Block 0.013 *** 

Vintage 0.324 *** 

Aspect 0.023 *** 

Slope Zone 0.001 *** 

Slope Zone : BDA 0.023 *** 

Mining Zone : BDA 0.003 *** 

Significance codes: ‘***’ p  0.001; ‘**’ p  0.01; ‘*’ p  0.05; ns = Not Significant 

 

Table 4.10. Slope zone comparisons for NDVI values before, during and after mining 
for slope zones. All terms are referenced against to their relevant values before 

mining. Explanatory variables coded for statistical significance. 

 Model 

Coefficient 

Std.  

Error 

Significance Change 

Direction 

Zone MH: Before vs. During 0.034 0.001 *** + 

Zone MH: Before vs. After 0.036 0.001 *** - 

Zone M: Before vs. During 0.048 0.001 *** + 

Zone M: Before vs. After 0.056 0.001 *** + 

Zone LM: Before vs. During 0.041 0.001 *** + 

Zone LM: Before vs. After 0.050 0.001 *** + 

Zone L: Before vs. During 0.043 0.007 *** + 

Zone L: Before vs. After 0.016 0.003 *** - 

Significance codes: ‘***’ p  0.001; ‘**’ p  0.01; ‘*’ p  0.05; ns = Not Significant 
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Table 4.11 presents the mining zone comparisons that the modelling identified as 

statistically significant. These were presented graphically previously in Figure 4.24. 

With the exception of the PILLAR vs. LONGWALL comparison during mining, each of 

the other comparisons indicated that their average NDVI value was greater than that 

of the PILLAR. It is worth noting that the TRANSITION zone data were greater 

throughout the entire study period. Comparisons of between the ‘control’ block and 

the individual block’s mining zones are presented in Figures 4.27A-F. 
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Table 4.11. Mining zone comparisons for NDVI values before, during and after 
mining. All terms are referenced against the pillar zone, before, during and after 

mining. Explanatory variables coded for statistical significance. 

 Model 

Coefficient 

Std.  

Error 

Significance Change 

Direction 

During: Pillar vs. Longwall -0.007 0.001 *** - 

After: Pillar vs. Longwall 0.010 0.000 *** + 

Before: Pillar vs. Transition 0.005 0.000 *** + 

During: Pillar vs. Transition 0.006 0.001 *** + 

After: Pillar vs. Transition 0.010 0.000 *** + 

Significance codes: ‘***’ p  0.001; ‘**’ p  0.01; ‘*’ p  0.05; ns = Not Significant 

 

 

Figure 4.26. Interaction diagram of NDVI for slope zones before, during and after 
mining for blocks. Note that the High risk zone does not actually appear 
in the plot, due to the fact that it has no During component. 
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Figure 4.27. Interaction diagram of NDVI for slope zones before during and after 

mining for vineyard A (A-C) and vineyard B (D-F). 

Interestingly, the slope zone interaction plots in Figures 4.27A-F are similar to the 

plots previously presented for the mining zone interaction plots presented in Figures 

4.25A-F. This suggests that for the NDVI, the Mining Zones and Slope Zones 

measure similar phenomena. This is confirmed by the fact that reversing the order of 

the interaction terms (putting Mining Zone: BDA before Slope Zone: BDA) in the 

statistical model essentially reverses the overall amount of variance accounted for by 

these terms. 
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It is also worth noting that the NDVI values for the MEDIUM-HIGH (MH) risk zone of 

block B16 show a relatively consistent trend vis-à-vis the other blocks throughout the 

study period. Whilst this zone of block B16 exhibited an increase in apparent 

electrical conductivity (ECa) observations suggestive of increased surface water 

retention (ponding), the NDVI observations do not reflect a corresponding downward, 

as would be expected if a) ponding were the cause, and b) was significantly affecting 

plant health and thereby the amount of photosynthetically active biomass. Either 

ponding is not the cause of the increase in apparent electrical conductivity 

observation in this slope zone, or the amount of ‘ponding’ was not sufficient to impact 

vine growth. With the data collected it is not possible to differentiate between them. 

4.5 Summary 

In all three of the data sets presented above (block, EM38, NDVI) there are 

observable differences within each of them that are associated with the timing of 

mining progression. However as previously noted, in many cases, some differences 

detected by statistical modelling of mining zones in particular, were evident before 

mining. As such, they cannot be attributed to mining activity. The strongest evidence 

for a significant, systematic impact on vineyard productivity was found in the block 

scale data examined in section 4.2.  

The statistical modelling of yield suggested that 14 percent of the variability across all 

years of both A4 and B22 could explain the reduction in yields that occurred in the 

post-mining period (Table 4.1). As previously noted, however, LMS impacts would 

only explain three of the five observations from this period as two yields from block 

A4 were comparatively high. On the other hand, vine biophysical responses to 

climatic pressures can be used to explain all five observations. Whilst it is impossible 

to definitively attribute direct causality to either mining or climate factors, the latter 
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does provide a more complete explanation. Consider as well, that Smart (2003) 

suggested that evidence of mining impacts were likely to first be observed through a 

reduction in mean pruning weight. The boxplots of Figures 4.3 and 4.4 do not show a 

decline in pruning weight consistent with mining. Whilst the modelling indicated a 

significant interaction between the PILLAR zone data and the other two data sets, it 

is clear from the final column of Table 4.4 (which indicates the direction of the 

difference) that the average pruning weights of both the LONGWALL and 

TRANSITION zones were consistently higher than the PILLAR zone, both Before and 

After mining. If this were a manifestation of LMS impacts, it would have been 

expected that such differences would only have become evident in the post-mining 

period. 

The work of Darmody et al. (1989) indicated that slope was an important factor 

underpinning LMS impacts upon agriculture. Mining had a greater impact on crops in 

flatter terrain; this reflects the fact that such terrain is more likely to retain excess 

water, thereby causing ponds to form. If this trend were systematically occurring 

across the vineyard blocks, it would have been reasonable to expect to see a 

proportionally greater rise in apparent electrical conductivity across both the HIGH 

(H) and MEDIUM-HIGH (MH) slope zones in relation to the other zones.  

Such trends were not evident in Figure 4.18. The HIGH risk zone exhibited lower 

average apparent electrical conductivity in the post-mining than in the pre-mining 

period. However, this anomaly is most likely not significant; very little land within the 

relevant vineyard was located in these HIGH risk zones before mining, and post-

mining there would have been even less still due to changes in LMS induced 

changes to topography. However, the fact that the apparent electrical conductivity in 

the MEDIUM-HIGH risk zone followed a similar trend to that of both the lower risk 
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zones suggests that ponding, if it is occurring, is not in a systematic manner. If 

ponding were causing apparent electrical conductivity to rise, Figure 4.18 should 

have resembled 4.19d, where block B16 exhibited a post-mining, upward trend in 

average ECa with respect to the other zones. 

The trends evident within the NDVI data are more difficult to interpret. For instance, 

whilst Figure 4.19 indicates that the NDVI for all three mining zones were relatively 

similar Before mining, After mining the PILLAR trend has diverged from the other 

two, exhibiting a lower NDVI. This is suggestive of a possible reduction in the amount 

of photosynthetically active biomass in the pillar zone. However, when considering 

whether or not this indicates LMS impacts, attributing this decline to mining is clearly 

not intuitive; the pillar zone should be the least likely to be impacted by the mining 

process.  

However, the plots of the individual block’s mining zones presented in Figure 4.25A-F 

do not support this evidence of a possible systematic pillar impact. Of the six blocks 

analysed, only A2 (Figure 4.25A) and A4 (Figure 4.25C) had lower average NDVI 

post-mining reflectance than they did pre-mining. Furthermore, the PILLAR zone data 

between the other two zones exhibited significantly different patterns. For instance, 

the magnitude of the difference between the average NDVI of A4 is greater pre-

mining that it is post-mining. The PILLAR zone of A2 exhibited the opposite trend, 

with the magnitude of their difference being higher in the post-mining period. 

However, a closer examination of their relevant boxplots in Figure 4.21 reveals that 

the overall negative trend of these blocks is actually a function of averaging the 

values according to the mining progression. For both blocks, the median NDVI values 

observed during both of the final surveys are actually higher than that observed on 

the first survey. The apparent post-mining ‘decline’ is actually a result of the high 
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median values observed during the second survey. Hence, the downward trend 

exhibited by both these blocks is actually an artefact of the Before-After mining 

partitioning as anything else. 

Figure 4.26 also suggests the possibility of systematic LMS impacts associated with 

the LOW (L) and MEDIUM-HIGH (MH) risk slope zones. However, as previously 

noted, the similarities between the Slope Zone and Mining Zone terms suggested 

that they were essentially measuring the same phenomena. This was further 

supported by the fact that changing their order in the statistical modelling simply 

reversed their impact and significance. Hence, as with the mining zone trends, these 

apparent ‘negative’ trends are again a function of averaging across the pre- and post-

mining periods. 

Chapter 2 proposed two null hypotheses with respect to LMS impacting upon overall 

vine yield. These hypothesis were expressed as: 

• Longwall mining induced subsidence affects viticultural production in a 

localized, site specific manner; and 

• Longwall mining induced subsidence has no significant (e.g. not 

moderate/severe) effect on viticultural production (vine yield). 

Upon considering all of the evidence analysed and presented herein, it is difficult to 

justify rejecting either of these hypotheses. As such, where it may have an impact the 

subsidence associated with mining a single coal seam is only likely to affect vines in 

a localized, site-specific manner and overall viticultural yields are not likely to be 

significantly impacted. 




