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Figure 18:  Area defined for sampling for Soil Landscape Zone (SLZ) 258 only; native vegetation, reserves, water 
bodies, strongly salt affect areas, and urban areas have been masked out. 

 

All soils 

Once the area has been masked to better represent the target population, all soils are considered for 
sampling.  The proportion of samples allocated by reporting unit are determined through analysis of 
soil pH variability.  By including all soil types, a large number of sites will likely fall in soils where the 
pH is well buffered (e.g. soils in alkaline parent materials), and in highly acidic areas where pH is 
unlikely to rise significantly with changes in land management (e.g. waterlogged soils).  However, this 
will greatly increase the flexibility of the SMN for future investigations regarding a much wider range of 
soil properties besides pH.   

Vulnerable soils only   

Limiting the target population to those areas vulnerable to pH change helps to eliminate soils less 
likely to show change over short time periods and reduces the potential sample size. Soil vulnerability 
to pH change is defined by the inferred pH buffering capacity by WA Soil Group (Schoknecht 2002).    
In the profile database, the soil group assigned to each profile was used to define a “vulnerable” 
population to evaluate pH variability by soil landscape zone and other reporting units.   The final site 
selection is weighted toward subsystems likely to contain a large percentage of vulnerable soils 
(Figure 4). 
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Table 11:  Soil groups designated as vulnerable to changes in pH based on inferred low pH buffering capacity. 

 

WA soil groups classified as vulnerable to acidification 

Acid shallow duplex Grey shallow sandy duplex Reticulite deep sandy duplex 

Acid yellow sandy earth Ironstone gravelly soils Supergroup Sandy duplexes Supergroup 

Brown deep sand Pale deep sand Sandy earths Supergroup 

Brown sandy earth Pale sandy earth Shallow gravel 

Deep sands Supergroup Pale shallow sand Shallow sands Supergroup 

Deep sandy gravel Red deep sand Yellow deep sand 

Duplex sandy gravel Red deep sandy duplex Yellow sandy earth 

Gravelly pale deep sand Red sandy earth Yellow/brown deep sandy duplex 

Grey deep sandy duplex Red shallow sand Yellow/brown shallow sand 

 Red shallow sandy duplex Yellow/brown shallow sandy duplex 

 

 

  

 
Figure 19:  Subsystem level soil map units in soil landscape zone 258 colour coded by the percent of the area 
occupied by vulnerable soils, as defined in Table 15.   
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4.1.5 Reporting units 

Two sets of reporting units were evaluated:   

 DAFWA Soil Landscape Zones (SLZ) and  

 “Supergroups” of SLZs amalgamated according to variability in soil pH recorded in the soil profile 
database.  

The SLZs capture soil variability relating to the regional geology, geomorphology, and climatic gradient 
in southwestern WA, and are physically meaningful units for assessing spatial and temporal variation 
in soil pH.  However, the size of zones varies widely and this can strongly affect sample distribution as 
discussed below (see Table 24 for Zone areas).   

Three Supergroups of roughly equal area were formed from the SLZs by grouping zones with similar 
standard deviation of soil pH. Geographic location of the zones was not taken into account.  

 

4.1.6 Desktop analysis of soil pH variability 

Where available existing soil data bases were used to calculate soil pH variability and variability of 
change in pH (Table 3).  Standard deviation in soil pH was calculated for various stratifications of the 
database, such as for Soil Landscape Zones, all soils, and vulnerable soils only.  This was needed to 
calculate the number of samples required to detect a change at a given confidence level (next 
section).  

 
Table 12:  Soil pH database analysis for assessing the spatial and temporal variability in pH. 

 

Project N Area covered Time series? 

DAFWA soil surveys 
(profile data) 

62 000 100s sq km No (mixed) 

Precision SoilTech 
database 

7000 1000s sq km No (mixed) 

4000 1000s sq km Yes, varied  

300 10s sq km 7 year interval 

Porter-Kipling dataset 150 20 sq m  Yes – 1 year interval 

Morawa intensive 
sampling site 

50 @ 0-5 cm 

50 @ 5-10 cm 

25 sq m No (Nov, 2008) 

 

4.1.7 Calculating the number of samples required (N) 

The critical analysis for designing the SMN is to determine the number of samples required to detect 
change in soil properties at a certain probability or significance level.  The following equation is used to 
calculate the number of samples (n) required to detect the defined amount of change (0.2 pH units) at 
a certain confidence level (95%, 80%) (Saby et al, 2008, equation 5):  

 
n >         Equation 1 

 
where    y  is the minimum detectable change (MDC),  

z
is the value of the standardized Normal distribution at probability α ,  

2s  is an estimate of the variance of pH.    
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This equation requires several assumptions to be made: it assumes that the variability of pH does not 
change over time and that the correlation between two sampling times is small. These assumptions 
needed to be made as data on the variability of change in pH were not available across the whole of 
the area of interest as most sites have only been sampled on one occasion. Please refer to Appendix 
B for more detailed statistical information and discussion of these assumptions.  

The estimate of n is conservative because it assumes no correlation between sampling times, 
whereas we would realistically expect a positive correlation which would reduce the estimate of s

2
 thus 

reducing the number of samples required for the detection of change.  

Three major sources of error are taken into consideration for determining the number of samples 
required:   

 laboratory analysis error (+/- 0.1 pH unit, Chemistry Centre WA) 

 sampling error (assessed here), and  

 within site variability (determined from experimental studies and a review of the literature).   

The laboratory analysis affects the minimum detectable change (MDC); the sampling error determines 
the number and distribution of sampling sites and the within site variability will dictate the number and 
distribution of samples for bulking at a site.  The variability from all three sources is accounted for in 
the estimate of variance used in Equation 1.   

The measurement of change through time requires consideration of how the different types of error 
interact.  While the variance due to laboratory error is additive, the variance due to sites and sampling 
error is not additive if there is a correlation between values taken at subsequent times.   

 

4.1.8 Flexibility of the plan  

The final sampling design(s) for assessing soil acidification are evaluated for monitoring soil organic 
carbon content.  This is determined by reorganising Equation 1 to solve for the minimum detectable 
change (y) (Equation 3 in Saby et al 2008):  

 
y =      Equation 3 

 

where   z
is the value of the standardized Normal distribution at probability α ,  

2s is an estimate of the variance of pH from existing data sources, and 
n   is the number of samples for a given reporting unit.   

 

The inputs to the equation are the variability in SOC from the soil profile database, the confidence 
levels (95% and 80%), and the number of samples (N) determined for change detection in soil pH.  
The result is MDC for SOC and illustrates the ability of the SMN designed for pH for monitoring 
changes in SOC.    

A similar technique can be used to assess a particular monitoring design for reporting on change in 
different reporting units.  For example, if the network was designed for monitoring change in pH over 
SLZs, that plan could then be assessed for how well it performs in terms of the detectable minimum 
change in community catchment council areas or natural resource management regions.  The MDC 
will vary because the new reporting units will have different levels of pH variability (s

2
), which can be 

calculated for different confidence levels.  

 

n
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A commercial dataset collected in the Gabby Quoi Quoi Catchment (SLZs 256 and 258) by Precision 
Soil Tech measured pH at over 250 sites on two occasions 7 years apart. 

The standard deviation of change in pH was estimated from this data directly, and again using only the 
initial pH for both defined target populations (Table 14). The correlation between pH values was 
approximately 0.3 over 7 years for the vulnerable soils and approximately 0.4 for all soils in this 
dataset.   It can be seen that the standard deviation of change in pH is slightly overestimated using the 
assumptions on which Equation 1 is based. This confirms that the estimates of N calculated using 
Equation 1 will be conservative, and that the confidence of detecting a 0.2 change in pH with N 
samples will be higher than those stated.   

 
Table 14:  Standard deviation of change in pH, calculated on the AgLime dataset.  N is the number of samples 
with data at T0 and T1 used to calculate standard deviation. 

 

Soil type Mean change in 
pH over 7 years 

N Actual standard 
deviation of pH 
change 

Standard deviation of pH change estimated 
using standard deviation of pH at T0 

Vulnerable 0.33 142 0.550 0.572 

All soils 0.32 287 0.547 0.665 

 

Reporting units 

Soil Landscape Zones are irregularly shaped and sized polygons designed to capture the natural 
variation of soil forming processes across southwestern WA (see Appendix D for list of areas).  
Differences in the area of SLZs create highly irregular sampling densities, from 12 to 403 sites per 
zone for all soils in a SLZ (Table 19).   

“Supergroups” were defined by grouping the SLZs based on pH standard deviation, as calculated from 
the soil profile database (~ 50,000 samples) to create fewer large units of roughly equal size (Figure 
20). These statistically preferable reporting units were evaluated as a second reporting unit scenario.  
Zone 1 has the highest standard deviation, interpreted as the most variable soils or soil treatments 
(s.d. 0.833), Zone 2 has the second highest standard deviation (s.d.0.725), and Zone 3 has the lowest 
(s.d. 0.579). The statistics for each zone are available in Appendix E.  

The more numerous, physically smaller SLZ reporting units require an order of magnitude more 
samples than the Supergroups (Table 4).   The total number of samples required drops if the variance 
of the target population is reduced by limiting the analysis to only vulnerable soils.  

In this exercise, limiting monitoring to vulnerable soils reduces N by one quarter for SLZs and by one 
third for Supergroups. N was reduced by over a half by lowering the confidence level for detection of 
change from 95% to 80% (see columns for N1 and N2 in Appendices D and E).  

Selecting SLZs as the reporting unit guarantees that all zones are sampled adequately for detecting 
change in pH, but requires thousands of sites to be sampled.  The Supergroups require fewer 
samples, but are non-contiguous regions based solely on analysis of a legacy soil profile database, 
and may not provide sufficient detail for natural resource management action.   
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Table 18   Minimum Detectable level of change of SOC (%) in all soils and vulnerable soils only for each 
Supergroup based on the number of samples given in Appendix E  

 

 Super 
Group 

N used for 
St Dev 

OC% 

Mean 

OC St 
Dev 

MDC 95% on 
N1* 

MDC 80% on 
N1* 

MDC 95% on 
N2* 

MDC 80% on 
N2* 

 All Soils 1 118 1.24 0.828 0.138 0.09 0.211 0.138 

2 335 1.44 0.72 0.17 0.111 0.26 0.17 

3 272 1.63 1.43 0.449 0.293 0.69 0.451 

 Vulnerable           
soils 

1 36 1.05 0.9 0.216 0.141 0.33 0.216 

2 98 1.38 0.702 0.194 0.126 0.297 0.194 

3 154 1.51 1.219 0.422 0.276 0.65 0.425 

 
 
 
Table 19:  Detectable change reported as percent of mean %SOC; for comparison with those calculated for SLZs. 

 

 All soils Vulnerable soils only 

 N1 N2 N1 N2 

Supergroup 
MDC 
95% 

MDC 
80% 

MDC 
95% 

MDC 
80% 

MDC 
95% 

MDC 
80% 

MDC 
95% 

MDC 
80% 

1 11.11 7.25 16.99 11.11 20.51 13.39 31.34 20.51 

2 11.77 7.69 18.01 11.77 14.05 9.12 21.51 14.05 

3 27.58 18.00 42.38 27.70 27.97 18.29 43.07 28.16 

* N1 and N2 are the sample numbers required for detecting change in pH, as summarised in Table 14 
and Appendix E. 

 

 

4.7  Methods for selecting sample sites 

The sample sites for statistical analysis of change through time should be randomly located. This can 
be done in a variety of ways, several of which are explored here for a single SLZ, Zone 258.  
Examples are included for distribution of N samples determined for SLZs and Supergroups, all soils 
and vulnerable soils, and 95% and 80% confidence levels.   

Four methods of site distribution are shown:   

 Simple random 

 Stratified random 

 Random selection of soil subsystem map units weighted by % areal coverage of vulnerable soil 
types, and  

 Systematic grid sampling.   

The values of N used are from tables in Appendices D and E detailing N by soil zone.    

 

4.7.1 Simple random sampling   

This is an easy procedure but there is the risk that physiographic features may not be selected if N is 
low (Figure 21).   



Soil monitoring network design 

40 

 

 

4.7.2 Stratified random sampling 

Important environmental gradients affecting soil development were selected, namely 30 year average 
of annual rainfall, valley bottom flatness (indicator of landform position), and a wetness index 
(integration of local slope conditions).  The random sampling was then conditioned on these datasets 
so that the group of sampled sites would reproduce the distributions (histograms) of the full coverage 
environmental datasets. This ensures that while the samples are random, they are “representative” of 
the region as a whole in terms of key environmental gradients (Figure 22).  

A comparison of the distributions in environmental variables at the sample sites illustrates the 
difference between these methods of locating sampling sites (Figure 23, Figure 24).  In Figure 23, the 
histograms of all 1 km grid points, those selected using simple random method, and those from the 
stratified random method are presented.   

The histograms from the stratified method very closely approximate the original distribution while those 
chosen through simple random selection show some irregularities, although these begin to disappear 
if there are a very large number of samples (see examples in Figure 24).  The difference is most 
obvious in the tails of the distribution which are extreme values but are often critical in controlling 
threshold behaviour in natural systems.  Note in particular the tails of the precipitation and wetness 
index histograms.  Lower values are not well represented by simple random samples, and the upper 
tail appears to be over represented in both cases.   

As WA is likely to be experiencing a drying climate, this type of bias in the SMN may negatively impact 
the analysis of change in soil properties and identification of the need to adapt management.    

 



Soil monitoring network design 

41 

 
 
Figure 21:  Sampling all soils (SLZ 258 only), random site selection for a 0.2 change in pH at a confidence level of 
(a) 95% for SLZs, (b) 80% for SLZs, (c) 95% for Supergroups, and (d) 80% for Supergroups. 
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Figure 22:  Sampling all soils, stratified random site selection (Latin hypercube sampling based on wetness index, 
valley bottom flatness index, and average annual precipitation, 30 year record). 
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Figure 23: Comparison of distributions at the selected sample locations for SLZ N1 of wetness index, valley 
bottom flatness, and precipitation.  The shape of the graphs rather than actual values are the focus.   
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Figure 24:  Comparison of the wetness index histograms used to stratify sample site selection for the  final  
sample sizes.  Random sampling (left column); stratified sampling (right column).  Histograms of wetness index 
for all 41695  1 km grid nodes in SLZ 258 shown at top, then from top to bottom:  SLZ N1, SLZ N2, Supergroup 
N1, Supergroup N2. 
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4.7.3 Random selection of subsystem polygons for sampling vulnerable soils     

Because the proportion of vulnerable soils in the polygons was used to weight their selection for 
sampling, many of the same (high percent vulnerable soil) polygons appear in different versions of the 
sampling plan (Figure 25). This is the only way to focus sampling efforts on areas with particular soil 
types, but does limit the representativeness of the SMN for other potential investigations using the 
same sites or archived samples.   

 
 
Figure 25:  Sampling only soils vulnerable to acidification, using DAFWA Subsystem scale map units for sample 
site selection. Random selection of polygons weighted by the percent of vulnerable soils contained. 

 

4.7.4 Systematic grid sampling   

Grid sampling is generally the preferred method for objective sampling of environmental space.  The 
even distribution of points and full geographic coverage supports mapping the final monitoring results.  
However, if the number of samples is small, the grid spacing will be very large, and important areas 
may not be sampled or if the spacing coincides with natural landscape patterns, bias may be 
introduced.  In this example, a systematic grid was placed over the full area of interest, and a grid size 
chosen to meet the requirements of N as defined in Table 4.  The area was not masked to avoid non-
agricultural land as was done in the previous examples.  The systematic grid approach is not advised 
for targeting specific soils, such as only those classed as vulnerable to acidification.   



Soil monitoring network design 

46 

 
 
Figure 26:  Examples of systematic sampling using grid resolutions to approximate the sample numbers needed 
for statistical significance for all soils at two confidence levels (see Table 4). 

 

 

4.8 Local sampling within a site  

Once a site location has been chosen, the local conditions must be assessed and the final site 
location determined.  A protocol will be determined to move sites to agricultural land (Figure 27) as the 
masking process is performed at a fairly coarse resolution (25m pixels).  The final site location will 
then be recorded using DGPS, and those X,Y coordinates will mark the south-west corner of the 
actual 25  x 25 m sampling grid.   

In the case of sampling vulnerable soils only, the Subsystem maps do not map out soil type explicitly.  
Therefore, several potential sampling points will be located within each selected polygon, and the 
survey will chose the first of these that meet the defined criteria for vulnerable soil (Figure 13).  This 
will require experienced soil scientists on the soil monitoring team for the first sampling.  Again, the 
final site selected will be located using DGPS, and the XY coordinates will mark the south-west corner 
of the final sampling grid. 
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Figure 27:  Site selection from a defined point.  Protocol will be defined for how to offset the site from the specific 
coordinates defined prior to field investigation.  Inset shows the sampling grid, 5 x 5 m cells. 
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variability nor political units, and are quite large in terms of mapping the results which means that 
not a lot can be inferred about management. 

 A systematic grid would give the most flexible design and as it would not be tied to reporting units 
it would allow maps to be generated.  A grid size of about 8 km equates to the highest number of 
sites suggested by the SLZ approach. Larger grid sizes would be an option.  

 The two main options for the target population discussed were to consider sampling all soils within 
broad acre farming areas, or only those soils vulnerable to acidification.   

 The analysis of MDC with SMN plans designed around acidification suggest that limiting the 
monitoring to soils vulnerable to acidification will severely limit the flexibility of the SMN for 
alternative investigations.   

 If all soils are the final target for monitoring, then perhaps the final SMN could be tested for its 
adequacy in detecting changes in vulnerable soils which could potentially be monitored more 
frequently.  

 The SOC data available in the DAFWA soil profile database are limited and may lead to biased 
assumptions about the general soil population but it is the best information available to date for 
assessing SOC variability.   

 The SMN design based on soil pH does not appear to satisfy requirements for monitoring changes 
in SOC, and would only be able to detect large changes. 

 It is necessary to consider what the MDC should be for SOC particularly since it is not clear what 
SOC percentages are important given the low SOC content of most WA soils.   

 The within-site sampling methods will be largely borrowed from the literature, and adjusted based 
on the data collected from the intensively sampled pilot sites investigated as the first phase of the 
SMN design.     

 On an opportunistic basis it may useful to set up „paired‟ bush sites as controls to get an 
approximation as to how much influence agriculture is having on soil pH.  
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Appendix B:  Clarification of estimates of statistical 
variance  

Calculation of the number of samples required to detect change in a population  

 By J. Speijers, DAFWA 

From Saby et al., 2008:  

n >       

 
where    y  is the minimum detectable change (MDC) 

z
is a tabulated value from the standard Normal distribution, and  

2s  is an estimate of the variance of the mean change. 

This exercise is resampling of a finite population.  There is a set of sampled sites with a given amount 
of variation which will then be revisited.  The equation is used to calculate the number of sites that 
must be revisited to detect a particular change at those sites.  This is distinct from the purpose of the 
standard two tailed t-test, which is why z was used instead of t.  It is not taking a random sample at 
time 1 and again at time 2.   

Variability in soil pH taken into consideration for sampling design .   

Three major sources of error must be considered:   

 laboratory analysis error (+/- 0.1 pH unit, Chemistry Centre WA),  

 between site variability, and  

 within site variability  

i.e.  
 

where 

ijky
 is the pH for sample j in site i at time k,  

ik
 is the error for site i at time k, ijk

is the sampling error associated with sample j in site i at 
time k, 

 ijk
is the laboratory error associated with sample j in site i at time k, 

),0(~ 2

sik N 
, 

),0(~ 2

Lijk N 
, 

),0(~ 2 NIDijk  and  the errors ik
, ijk

 and ijk
 are independent.    
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When S sites are sampled and n samples per site, the overall variance can be summarized as follows:   

                                           SnSnS
y SL

k

222

)var(



 

Let us now examine the change in pH between years k and l,  

)()()( ijlijkijlijkilikijlijkij yy  
 

)var()var()var()var( ijlijkijlijkilikij  
 

where  

                          
)1(2),cov(2)var( 22

SSilikSilik  
 

)1(2),cov(2)var( 22

LLilikLilik  
 

22)var(   ilik  

and S  and L  are the correlations between paddock effects and within paddock effects at times k 
and l. 

Finally 

nSnSS

LLSS

222
2)1(2)1(2

)var(









 

 

Note that while the variance due to the measurement error is additive the variances due to paddocks 
and samples within paddocks are not additive if there is a correlation between values taken at 
subsequent times. 

Now 
2s  in Equation 1 can be estimated as 

nSnSS
s LLSS

222
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Appendix C:  Flow diagram of sampling and analyses for 
three pilot sites  

 

 
Figure 29:  Flow diagram for sample archiving from monitoring sites. 
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Appendix D:  Number of samples required for different 
scenarios 

Samples required by Soil Landscape Zone 

 
Table 24:  N required if sampling all soils for change in pH. 

 

Zone Area (ha) N for St Dev 
estimate 

Mean pH St Dev pH N1 N2 

220 176397 37 6.33 0.373 27 11 

221 103300 84 7.19 1.071 220 94 

222 630798 171 6.11 0.639 78 33 

223 129539 12 6.44 0.247 12 5 

224 528797 232 6.33 0.501 48 21 

225 317738 178 6.21 0.592 67 29 

226 128771 105 6.59 0.823 130 55 

227 245912 47 6.70 0.893 153 65 

231 21339.1 6 7.45 1.198 276 118 

232 74751.4 25 6.10 0.4 31 13 

234 2453 1 6.50 NaN NaN NaN 

241 286438 239 6.28 0.795 121 52 

243 372878 201 6.52 0.744 106 45 

244 149270 41 6.78 0.818 128 55 

245 660167 301 6.44 0.508 50 21 

246 743337 108 6.74 0.647 80 34 

248 82232.3 31 5.90 0.886 151 64 

250 2311922 551 6.70 0.875 147 63 

256 1208840 524 6.18 0.636 78 33 

257 1119203 396 6.02 0.631 76 33 

258 5910271 675 6.73 1.061 216 92 

259 1155692 298 6.25 0.821 130 55 

261 239231 123 8.19 1.449 403 172 

270 73923 30 6.28 0.851 139 59 

271 837153 298 6.26 0.757 110 47 

Total     2977 1269 
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Table 25:  N required for vulnerable soils only, sampling for change in pH. 

 

Zone Area (ha) N for St Dev 
estimate 

Mean 
pH 

St Dev 
pH 

N1 N2 

220 176397 35 6.31 0.322 20 8 

221 103300 45 6.81 0.772 114 49 

222 630798 197 6.11 0.579 64 27 

223 129539 10 6.41 0.256 13 5 

224 528797 192 6.34 0.505 49 21 

225 317738 109 6.25 0.532 54 23 

226 128771 39 6.28 0.494 47 20 

227 245912 32 6.48 0.607 71 30 

231 21339.1 3 6.57 0.404 31 13 

232 74751.4 14 6.23 0.456 40 17 

234 2453 1 6.50 NaN NaN NaN 

241 286438 124 5.97 0.648 81 34 

243 372878 135 6.32 0.673 87 37 

244 149270 36 6.54 0.587 66 28 

245 660167 45 6.41 0.555 59 25 

246 743337 4 7.42 1.399 376 160 

248 82232.3 21 5.50 0.737 104 44 

250 2311922 421 6.38 0.78 117 50 

256 1208840 152 6.20 0.579 64 27 

257 1119203 291 5.95 0.522 52 22 

258 5910271 566 6.156 0.795 122 52 

259 1155692 212 5.96 0.513 51 22 

261 239231 30 6.96 1.249 300 128 

270 73923 9 6.12 0.674 87 37 

271 837153 152 5.92 0.599 69 29 

Total     2138 908 

N1 Number of sites to detect a change of 0.2 pH units with 95% confidence 

N2 Number of sites to detect a change of 0.2 pH units with 80% confidence 
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SOC MDC based on soil landscape zone design  

 
Table 26:   Minimum Detectable level of change of  SOC (%) in each zone based on the number of samples given 
in Table 5.  NaN = No Data. 

 

Zone OC N for 
St Dev 

OC 
Mean 

OC       
St Dev 

N1 from 
all soils 

N2 from 
all soils 

MDC 95% 
using N1 
all soils 

MDC 80% 
using N1 

MDC 
95% 
using N2 

MDC 80% 
using N2 
all soils 

220 3 0.402 0.038 27 11 0.02 0.013 0.031 0.02 

221 6 1.345 1.028 220 94 0.192 0.125 0.294 0.192 

222 39 1.889 1.625 78 33 0.51 0.333 0.784 0.512 

223 2 0.458 0.216 12 5 0.173 0.113 0.267 0.175 

224 24 1.084 0.956 48 21 0.382 0.25 0.578 0.378 

225 7 0.919 0.339 67 29 0.115 0.075 0.175 0.114 

226 8 1.035 0.221 130 55 0.054 0.035 0.083 0.054 

227 4 0.546 0.178 153 65 0.04 0.026 0.061 0.04 

231 0 NaN NaN 276 118 NaN NaN NaN NaN 

232 8 0.644 0.141 31 13 0.07 0.046 0.108 0.071 

234 0 NaN NaN NaN NaN NaN NaN NaN NaN 

241 77 1.631 0.534 121 52 0.135 0.088 0.205 0.134 

243 35 1.543 0.924 106 45 0.249 0.162 0.382 0.249 

244 6 1.737 0.988 128 55 0.242 0.158 0.369 0.241 

245 15 1.085 0.801 50 21 0.314 0.205 0.485 0.316 

246 17 1.191 0.346 80 34 0.107 0.07 0.165 0.108 

248 8 1.736 0.754 151 64 0.17 0.111 0.261 0.171 

250 118 1.436 0.774 147 63 0.177 0.115 0.27 0.176 

256 67 1.354 1.067 78 33 0.335 0.219 0.515 0.336 

257 71 2.358 1.862 76 33 0.592 0.387 0.898 0.587 

258 104 1.252 0.849 216 92 0.16 0.105 0.245 0.16 

259 84 1.509 0.775 130 55 0.188 0.123 0.29 0.189 

261 0 NaN NaN 403 172 NaN NaN NaN NaN 

270 0 NaN NaN 139 59 NaN NaN NaN NaN 

271 25 0.689 0.232 110 47 0.061 0.04 0.094 0.061 
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Table 27:   Minimum Detectable level of change of SOC (%) in soils vulnerable to acidification only in each zone 
based on the number of samples given in Table 6. 

 

Zone OC N for 
St Dev 

OC 
Mean 

OC St 
Dev 

N1 from 
vuln soils 

N2 from 
vuln. soils 

MDC 95% 
using N1 

MDC 80% 
using N1 

MDC 95% 
using N2 

MDC 80% 
using N2 

220 3 0.402 0.038 20 8 0.023 0.015 0.037 0.024 

221 2 0.595 0.049 114 49 0.013 0.008 0.02 0.013 

222 29 1.405 1.07 64 27 0.371 0.242 0.571 0.373 

223 0 NaN NaN 13 5 NaN NaN NaN NaN 

224 11 1.125 1.104 49 21 0.437 0.286 0.668 0.436 

225 2 0.575 0.049 54 23 0.019 0.012 0.029 0.019 

226 2 1.085 0.12 47 20 0.049 0.032 0.075 0.049 

227 1 0.385 NaN 71 30 NaN NaN NaN NaN 

231 0 NaN NaN 31 13 NaN NaN NaN NaN 

232 1 0.45 NaN 40 17 NaN NaN NaN NaN 

234 0 NaN NaN NaN 0 NaN NaN NaN NaN 

241 21 1.514 0.376 81 34 0.116 0.076 0.179 0.117 

243 22 1.374 0.596 87 37 0.177 0.116 0.271 0.177 

244 2 1.44 0.382 66 28 0.13 0.085 0.2 0.131 

245 2 2.87 1.174 59 25 0.424 0.277 0.651 0.425 

246 1 0.56 NaN 376 160 NaN NaN NaN NaN 

248 4 1.303 0.372 104 44 0.101 0.066 0.155 0.101 

250 21 1.258 0.597 117 50 0.153 0.1 0.234 0.153 

256 39 0.943 0.592 64 27 0.205 0.134 0.316 0.206 

257 47 2.225 1.576 52 22 0.606 0.396 0.931 0.608 

258 32 1.08 0.949 122 52 0.238 0.155 0.365 0.238 

259 46 1.433 0.878 51 22 0.341 0.223 0.519 0.339 

261 0 NaN NaN 300 128 NaN NaN NaN NaN 

270 0 NaN NaN 87 37 NaN NaN NaN NaN 

271 3 0.871 0.364 69 29 0.121 0.079 0.187 0.122 
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Appendix E:  Definition of Supergroups and calculations of 
N by Supergroup 

 
Table 28:  Amalgamating zones into 3 Supergroups (of similar total area) that comprise zones of similar standard 
deviation (considering all soils). 

 

Zone pH, All soils pH, Vulnerable 

  N Mean Std.Dev. N Mean Std Dev 

Supergroup 3 2087 6.45 0.847 1177 6.18 0.579 

232 25 6.10 0.4 14 6.23 0.456 

224 232 6.33 0.501 192 6.34 0.505 

245 301 6.44 0.508 45 6.41 0.555 

225 178 6.21 0.592 109 6.25 0.532 

222 171 6.11 0.639 197 6.11 0.579 

223 12 6.44 0.247 10 6.41 0.256 

243 201 6.52 0.744 135 6.32 0.673 

257 396 6.02 0.631 291 5.95 0.522 

227 47 6.70 0.893 32 6.48 0.607 

256 524 6.18 0.636 152 6.20 0.579 

Supergroup 2 1566 6.45 0.847 970 6.16 0.725 

248 31 5.90 0.886 21 5.50 0.737 

271 298 6.26 0.757 152 5.92 0.599 

244 41 6.78 0.818 36 6.54 0.587 

241 239 6.29 0.795 124 5.97 0.648 

259 298 6.25 0.821 212 5.96 0.513 

246 108 6.74 0.647 4 7.42 1.399 

250 551 6.70 0.875 421 6.38 0.78 

Supergroup 1 993 6.934 1.201 683 6.25 0.833 

226 105 6.59 0.823 39 6.28 0.494 

258 675 6.73 1.061 566 6.16 0.795 

231 6 7.45 1.198 3 6.57 0.404 

221 84 7.19 1.071 45 6.81 0.772 

261 123 8.19 1.449 30 6.96 1.249 
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Samples needed by Supergroup 

 
Table 29:  Number of sites within each Supergroup to estimate change of 0.2 units with 2 levels of confidence. 

Supergroup Number of 
samples used 
to estimate s.d. 

Mean pH Standard 
deviation of pH 

Total area of 
Suprgroup 

N1 all soils 
0.2 95% 

N2 0.2 
80% 

1 993 6.937 1.201 6,402,912 277 118 

2 1566 6.454 0.847 5,566,045 138 59 

3 2087 6.246 0.639 5,288,624 78 33 

Total     493 210 

 

 

 
Table 30:  Number of sites (vulnerable to acidification only) within each Supergroup to estimate change of 0.2 pH 
units with 2 levels of confidence. 

Supergroup Number of samples 
used to estimate Std. 
Dev. 

Mean 
pH 

Standard 
deviation of 
pH 

Total area of 
Superzone 

N1 All soils 0.2, 
95% 

N2 0.2, 
80% 

1 683 6.246 0.833 6402912 133 57 

2 970 6.156 0.725 5566045 101 43 

3 1177 6.182 0.579 5288623 64 27 

Total     298 127 
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Table 31: Proportioning the number of sites in each Supergroup between zones based on area.  This has only 
been calculated for N1, and both all soils and vulnerable soils are shown in the same table. 

 

 Area (ha) % of 
Superzone 
area 

N1 - 
Allsoils 

N1-
Vulnerable* 

N2 - 
Allsoils 

N2-
Vulnerable* 

Supergroup 1 6402913  277 133 118 57 

226 128771.27 0.02 6 3 2 1 

258 5910271.5 0.92 256 123 109 53 

231 21339.071 0 1 0 0 0 

221 103299.88 0.02 4 2 2 1 

261* 239231 0.04 10 5 4 2 

Supergroup 2 5566045  138 101 59 43 

248 82232.302 0.01 2 1 1 1 

271 837153.45 0.15 21 15 9 6 

244 149270.07 0.03 4 3 2 1 

241 286437.57 0.05 7 5 3 2 

259 1155692.3 0.21 29 21 12 9 

246 743337.36 0.13 18 13 8 6 

250 2311922.4 0.42 57 42 25 18 

Supergroup 3 5288624  78 64 33 27 

232 74751.427 0.01 1 1 0 0 

224 528797.2 0.1 8 6 3 3 

245 660166.73 0.12 10 8 4 3 

225 317738.32 0.06 5 4 2 2 

222 630798.27 0.12 9 8 4 3 

223 129538.8 0.02 2 2 1 1 

243 372878.36 0.07 5 5 2 2 

257 1119202.8 0.21 17 14 7 6 

227 245911.65 0.05 4 3 2 1 

256 1208840.4 0.23 18 15 8 6 

Total 17257582  493 298 210 127 

*Please note:  Zone 261 not included in land cover dataset, so full area of zone was used for these 
calculations; also, as correlation between masked out areas and vulnerable soils were unknown, the 
full (masked) area was used to proportion samples for the “vulnerable” dataset. 

 


