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[bookmark: _Toc106199679]A2.2.1. Levelling
Procedures of statistical levelling and normalisation of existing data sets with respect to GTN random site data, as pointed out by Darnley et al. (1995, p.75), are ‘geochemically blind’ because they simply manipulate numbers. The procedure used by surveyors, as envisaged by Arthur G. Darnley himself, to level elevations in relation to the reference values of trigonometric points is cumbersome and requires the assistance of an experienced ‘traditional’ surveyor (see Annexe A2.1 of Chapter 2 in this Manual).
In Darnley et al. (1995, p.75-78), there is a concise description of the following statistical levelling procedures:
· Parametric levelling (§8.4.2, p.75-76), which was abstracted, and modified for the purpose of this Manual.
· Non-parametric normalisation (§8.4.3, p.76).
· Fractile normalisation (§8.4.3.1, p.76).
· Clarke normalisation (§8.4.3.2, p.76-77), and
· Quantile regression (§8.4.3.3, p.77).

There is also a “Comparison of non-parametric methods” (p.77-78).
The examples that will be discussed are using parametric levelling, as this is the simplest procedure concerning the calculations involved. There are, however, certain conditions that must be observed by the applied geochemist, namely:

· The two data sets must be comparable: for example, stream sediment data with GTN stream sediment, soil C horizon data with GTN C horizon data, overbank sediment data with GTN overbank sediment data, etc. It is inappropriate to try to level stream sediment results with heavy mineral concentrate data.
· The grain size should be similar.
· The analytical method should be comparable. It is inappropriate to try to level data sets of cold partial extraction and total element concentrations, or aqua regia extraction results with total element concentrations.

Ideally, there should be no major problem in merging data from total determinations in like sample media.
[bookmark: _Toc106199680]A2.2.1.1. Parametric levelling method
Where geochemical data for the same sites or samples, or control samples, are available the following procedure and conditions should be followed:

· They should be displayed as simple X-Y plots with similar X- and Y-axis scaling; this condition is particularly important as the 45-degree diagonal should be plotted.
· The data that will be levelled should be plotted on the Y-axis.
· The user must decide if the data should be plotted with or without a logarithmic transformation. A good initial guide is, if when plotted without a logarithmic transformation the data ‘fan out’ at higher levels. Then, the data should be logarithmically transformed for reasons related to the homogeneity of variance and the subsequent numerical steps.

If the data plot close to the 45-degree diagonal, no further work is required and the data for that variable can be merged (Fig. A2.2.1a). The regression of X on Y may be computed by using the linear relationship equation, Y = B*X + A, and a formal statistical test is undertaken to determine if the slope term (B) differs significantly from unity.
If the data points generally fall along a straight line but off the 45-degree diagonal, then it must be determined if the levelling:

· Involves a simple positive or negative shift. 
· It is dependent on the absolute level, or 
· It is a combination of both.

To do this the regression of X on Y is computed and the slope (B term) and intercept (A term) of the regression (Y = B*X + A) are tested for being significantly different from one (1) and zero (0), respectively. The necessary linear corrections are carried out according to the following conditions:
· If only the intercept is significant, a simple positive or negative shift equal to the value of the intercept may be applied (Fig. A2.2.1b). 
· If only the slope is significant, a multiplier equal to the slope is applied (Fig. A2.2.1c), and
· If both are significant both shift and multiplier terms must be applied (Fig. A2.2.1d).

If a logarithmic plot is required to obtain homogeneity of variance, then all calculations need to be completed in logarithms, with a final conversion back to the original scale.
If an inspection of the initial X-Y plots exhibits non-linearity, transformations may be investigated that linearise the plot. In selecting appropriate transformations, the user is well advised to consider the underlying physical processes involved in the chemical or physical measurement procedures. If a logarithmic rule or a Poisson counting process is involved a logarithmic or square-root transformation may be adequate.
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Figure A2.2.1. Various situations that may occur in parametric levelling: (a) No levelling needed. (b) Shift. (c) Multiplier. (d) Both shift and multiplier required, and (e) Parametric levelling impossible (From Darnley et al., 1995, Fig. 8-3, p.76; modified and redrawn by Alecos Demetriades, Hellenic Institute of Geology and Mineral Exploration (IGME) & IUGS Commission on Global Geochemical Baselines (IUGS-CGGB) with Golden Software’s GrapherTM v20).
In the most serious cases of non-linearity, some form of polynomial or non-linear curve fitting might be considered. If it is necessary, however, to go to these lengths to merge data sets, it might be wise to reconsider the desirability of the act and the credibility of the results. Situations may arise where no correlation - linear nor non-linear - is shown between the data sets to be levelled (Fig. A2.2.1e). Then levelling with this procedure or any direct method must be considered impossible.
Field duplicate samples and analyses provide important data to be used in estimating the goodness-of-fit and the significance of the regression model.
[bookmark: _Toc106199681]A2.2.1.2. Parametric levelling examples
Parametric levelling was tested on regional data sets from (i) Finland (Tarvainen, 1995, 1996), (ii) Germany (Fauth et al., 1985; Birke et al., 2015), (iii) the Hellenic Republic (Demetriades, 2014, 2021) and (iv) the United Kingdom (Johnson et al., 2005; Johnson, 2011; Everett et al., 2019) with the corresponding GTN data sets from the FOREGS Geochemical Atlas of Europe (Salminen et al., 2005). In all cases studied, the geochemical results were plotted first on a map and the nearest national samples to the corresponding FOREGS GTN samples were selected (e.g., Fig. A2.1.1 in Annexe 2.1). The parametric levelling method should work when dealing with the variability due to within-sample analytical variation. If, however, the between-site variability needs to be accommodated too, then the variability is too great to give meaningful results.
[bookmark: _Toc106199682]A2.2.1.2.1. Example from Finland
The analytical data set from Finland that was considered compatible with the corresponding results of the FOREGS GTN survey was the subsoil or C horizon till (Tarvainen, 1995, 1996). The determinations were made by ICP-AES following a hot aqua regia extraction on the <2 mm grain size fraction. Both sampling and analytical methods are similar to those of the FOREGS GTN survey (Salminen, Tarvainen et al., 1998; Salminen et al., 2005; Sandström et al., 2005).
Distances between the two subsoil sample sets vary from about 975 to 13,305 metres (Table A2.2.1). The X-Y plot of FOREGS GTN subsoil vs. Finnish regional subsoil Ni results shows a small scatter about the 45-degree diagonal (Fig. A2.2.2a). This plot displays the between-site variability, which is unexpectedly small and may be explained by the glacial processes that transported and deposited the till. Such data may not require levelling.
Table A2.2.1. Nickel (mg/kg) concentrations in the nearest Finnish FOREGS GTN subsoil samples to the regional subsoil (till C horizon) samples, and the levelled Finnish results.
	FOREGS GTN Sample No.
	Longitude FOREGS
	Latitude FOREGS
	Distance (m)
	Finland Sample No.
	Longitude Finland
	Latitude Finland
	Ni FOREGS
	Ni Finland
	Ni Finland (Levelled)

	N41E09C5
	23.48
	60.39
	1105
	68613
	23.48
	60.40
	11
	9.79
	10.3

	N41E10C3
	25.05
	60.33
	7692
	68499
	25.12
	60.39
	11
	10.8
	11.4

	N41E10C5
	27.37
	60.76
	9175
	68474
	27.46
	60.69
	6
	5.22
	5.63

	N42E08C3
	21.88
	62.01
	8070
	68159
	21.86
	62.08
	11
	9.38
	9.90

	N42E08C4
	22.3
	62.19
	13,305
	68087
	22.21
	62.30
	10
	11.1
	11.7

	N42E09C2
	24.29
	62.28
	3802
	68206
	24.36
	62.27
	8
	7.64
	8.11

	N42E10C1
	28.3
	62.00
	10,065
	68429
	28.16
	62.06
	12
	12.8
	13.4

	N42E10C4
	29.16
	61.78
	975
	68449
	29.18
	61.78
	10
	9.21
	9.72

	N42E11C3
	30.05
	62.09
	3272
	68454
	30.11
	62.08
	20
	18.5
	19.3

	N43E09C3
	24.14
	63.38
	3475
	68108
	24.13
	63.35
	6
	6.31
	6.75

	N43E09C4
	26.89
	63.52
	5172
	68816
	26.84
	63.48
	7
	6.97
	7.42

	N44E09C3
	25.49
	64.64
	11,375
	68065
	25.68
	64.58
	4
	2.16
	2.49


	[image: ]
	[image: ]


Figure A2.2.2. X-Y plots of hot aqua regia extractable Ni results of FOREGS Finland GTN subsoil versus regional subsoil (till) samples, determined in both cases by ICP-AES on the <2 mm grain size fraction. The red and blue lines in (a) Indicate the 45 degree diagonal and the linear correlation, respectively, and the green line in (b) Shows the linear correlation after levelling the Finnish Ni regional subsoil results. Plotted by Alecos Demetriades (IGME/IUGS-CGGB) with Golden Software’s GrapherTM v20.
The Ni results have a high linear correlation coefficient (R = 0.973; R2 = 0.947) with a minor deviation from the 45-degree diagonal (Fig. A2.2.2a). It is concluded that the Ni results, tabulated in Table A2.2.1, can be used for parametric levelling of the Finnish regional subsoil (till C horizon) results with regard to the corresponding FOREGS GTN data.
The linear correlation equation between Ni FOREGS GTN and Finnish subsoil samples is:
 
YFinland subsoil = 0.97460714 * XFOREGS subsoil − 0.26453571 

For levelling the Finnish subsoil data with respect to the FOREGS GTN subsoil results, the first correction to be carried out is to shift the intercept to the zero origin of the graph. As the value of the intercept is negative (−0.26453571 mg/kg Cr), the positive value is added to each Finnish subsoil Ni concentration in order to move the intercept to the zero origin of the graph. Subsequently, each Finnish subsoil result is divided by the slope at 0.97460714 to give the levelled Finnish subsoil Ni values, which are tabulated in Table A2.2.1. Upon plotting the Ni FOREGS GTN against the Ni Finnish levelled results, the calculated subsoil linear correlation line falls on the 45-degree diagonal (Fig. A2.2.2b). A shift to slightly higher Ni values is observed in the levelled Finnish Ni subsoil concentrations, and this is due to the higher FOREGS GTN subsoil concentrations (Table A2.2.1).
[bookmark: _Toc106199683]A2.2.1.2.2. Example from Germany
The German reconnaissance stream sediment data set at a density of 1 sample/3.65 km2 (Fauth et al., 1985; Birke et al., 2015) was considered compatible with the FOREGS GTN survey. The nearest regional stream sediment samples to the corresponding FOREGS GTN stream sediment samples were selected for testing parametric levelling (Table A2.2.2). The distance between the neighbouring samples varied from 36 to 695 metres. Zinc was selected for this study. It was determined by flameless AAS following a hot aqua regia extraction on the <0.200 mm stream sediment grain size, while the FOREGS GTN results were obtained by hot aqua regia extraction on the <0.150 mm grain size and measured by ICP-AES. Figure A2.2.3a shows the X-Y plot of Zn distribution in the FOREGS GTN versus the German reconnaissance stream sediment samples. The plot displays a small scatter of the sample values about the 45-degree diagonal. As the differences between the two data sets, in relation to the sample site distance and Zn concentrations between the two data sets, are comparatively small, it is assumed that the samples were collected from the same or nearby drainage basins.
Table A2.2.2. Zinc (mg/kg) concentrations in the nearest German FOREGS GTN and the German reconnaissance stream sediment samples, and the levelled German results. 
	FOREGS GTN Sample No.
	Longitude FOREGS
	Latitude FOREGS
	Distance (m)
	Germany Sample No.
	Longitude Germany
	Latitude Germany
	Zn FOREGS
	Zn Germany
	Zn Germany (Levelled)

	N33E05S5
	8.97
	49.28
	695
	6719
	8.96
	49.29
	38
	35
	36.8

	N33E06S5
	11.62
	48.98
	194
	7035
	11.62
	48.98
	49
	40
	41.7

	N33E07S2
	13.73
	48.58
	584
	7448
	13.73
	48.58
	63
	65
	66.1

	N33E07S3
	13.60
	48.91
	229
	7047
	13.60
	48.91
	85
	90
	90.5

	N33E07S4
	13.09
	49.16
	36
	6844
	13.09
	49.16
	56
	65
	66.1

	N34E04S2
	7.17
	50.29
	244
	5709
	7.17
	50.29
	53
	45
	46.6

	N34E05S4
	10.25
	49.81
	392
	6127
	10.25
	49.81
	76
	70
	71.0

	N35E04S5
	8.14
	51.29
	539
	4714
	8.14
	51.30
	131
	130
	130

	N36E05S1
	10.41
	52.61
	218
	3328
	10.41
	52.61
	13
	10
	12.4

	N36E05S4
	9.77
	54.01
	105
	1924
	9.77
	54.01
	24
	25
	27.1
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Figure A2.2.3. X-Y plots of hot aqua regia extractable Zn results of FOREGS GTN German versus German stream sediment samples, determined by ICP-AES and flameless AAS on the <0.150 and <0.200 mm grain size fractions, respectively. The red and blue lines in (a) Indicate the 45-degree diagonal and the linear correlation, respectively, and the green line in (b) Shows the linear correlation after levelling the German Zn stream sediment results. Plotted by Alecos Demetriades (IGME/IUGS-CGGB) with Golden Software’s GrapherTM v20.
The Zn results display a high linear correlation coefficient (R = 0.987; R2 = 0.973) with a minor deviation from the 45-degree diagonal (Fig. A2.2.3a). It is concluded that the Zn results, tabulated in Table A2.2.2, can be used for parametric levelling of the German reconnaissance stream sediment results with respect to the corresponding FOREGS GTN data.
The linear correlation equation between Zn FOREGS GTN and German stream sediment samples is: 
YGerman stream sediment = 1.0236236 * XFOREGS stream sediment − 2.6890681

Like the Finnish procedure, the levelling of the German reconnaissance stream sediment data with respect to the FOREGS GTN stream sediment, the first correction to be carried out is to shift the intercept to the zero origin of the graph. As the value of the intercept is negative (−2.6890681 mg/kg Zn), the positive value is added to each German stream sediment Ni concentration to move the intercept to the zero origin of the graph. Subsequently, each German stream sediment result is divided by the slope at 1.0236236 to give the levelled German stream sediment Zn values, which are tabulated in Table A2.2.2. After plotting the Zn FOREGS GTN against the Zn German stream sediment results, the calculated subsoil linear correlation line falls on the 45-degree diagonal (Fig. A2.2.3b). Again, there is an overall slight shift to higher values of the levelled German Zn stream sediment results (Table A2.2.2).
[bookmark: _Toc106199684]A2.2.1.2.3. Example from the Hellenic Republic
The Hellenic example, like the German one, comes from the reconnaissance stream sediment survey, which in this case has a much higher density at 2 to 3 samples/km2. Thus, the Hellenic regional stream sediment samples selected are either from the same second-order catchment basins as those of the corresponding FOREGS GTN stream sediment survey or from a nearby catchment with similar lithology (Table A2.2.3). The FOREGS Hellenic GTN and Hellenic reconnaissance stream sediment sample suites were both brought into solution by hot aqua regia, and the elements were determined by ICP-AES and double-beam AAS, respectively, which means there are differences in the sensitivity and precision due to the analytical equipment used. There is also another minor difference, which is the grain size of the analysed samples, which was <0.150 mm for the FOREGS and <0.177 mm for the Hellenic stream sediment sample suites. The Hellenic stream sediment samples were collected from the early 1970s to the mid-1980s, while the corresponding FOREGS GTN samples were taken in 1998. The Hellenic reconnaissance stream sediment samples were analysed only for Ag, Co, Cu, Ni, Mn, Pb, U and 
Zn because the objective of the survey was to delineate polymetallic sulphide and uranium mineralisation (Smith et al., 1976). Silver and U were not determined in the FOREGS aqua regia extraction (Sandström et al., 2005).
Table A2.2.3. Cobalt (mg/kg) concentrations in the nearest Hellenic FOREGS GTN and the Hellenic reconnaissance stream sediment samples, and the levelled Hellenic results. 
	FOREGS GTN Sample No.
	Longitude FOREGS
	Latitude FOREGS
	Distance (m)
	Hellas sample No.
	Longitude Hellas
	Latitude Hellas
	Co FOREGS
	Co Hellas
	Co Hellas (Levelled)

	N25E13S1
	22.43
	37.09
	86
	807
	22.43
	37.10
	9
	10
	7.27

	N26E13S1
	22.45
	38.90
	103
	478
	22.45
	38.90
	23
	27
	18.7

	N28E12S4
	21.92
	40.96
	1260
	698
	21.93
	40.96
	7
	10
	7.27

	N28E13S4
	23.61
	41.10
	1060
	248
	23.62
	41.11
	6
	5
	3.91

	N28E13S5
	23.01
	41.07
	800
	25
	23.02
	41.08
	14
	14
	9.96

	N28E14S4
	25.03
	41.26
	366
	1531
	25.04
	41.26
	8
	8
	5.92

	N28E14S5
	25.58
	41.14
	500
	5228
	25.58
	41.15
	15
	15
	10.6

	N28E15S2
	26.33
	41.38
	536
	1151
	26.34
	41.38
	15
	16
	11.3



The Co X-Y plot (Fig. A2.2.4) shows a small scatter of the sample values about the 45-degree diagonal. The Co stream sediment results display a high linear correlation (R = 0.976; R2 = 0.953) with a minor deviation from the 45-degree diagonal (Fig. A2.2.4a). It is concluded that the Co results, tabulated in Table A2.2.3, can be used for parametric levelling of the Hellenic reconnaissance stream sediment results with reference to the corresponding FOREGS GTN data.
The linear correlation equation between Co FOREGS GTN and Hellenic stream sediment samples is: 
YHellenic stream sediment = 1.1485527 * XFOREGS stream sediment – 0.80120153

Like the Finnish and German procedure, the levelling of the Hellenic reconnaissance stream sediment results, with respect to the FOREGS GTN stream sediment data, requires first to shift the intercept to the zero origin of the graph. Since the value of the intercept is negative (−0.80120153 mg/kg Co), the positive value is added to each Hellenic stream sediment Co concentration to move the intercept to the zero origin of the graph. Subsequently, each result is divided by the slope at 1.1485527 to give the levelled Hellenic stream sediment Co values, which are tabulated in Table A2.2.3. After plotting the Co FOREGS GTN against the levelled Co Hellenic stream sediment results, the linear correlation line falls on the 45-degree diagonal (Fig. A2.2.4b). The levelled Co Hellenic stream sediment results show a slight shift to lower values (Table A2.2.3) because the corresponding FOREGS GTN concentrations are lower. 
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Figure A2.2.4. X-Y plots of hot aqua regia extractable Co concentrations of FOREGS GTN Hellenic versus Hellenic reconnaissance stream sediment results. The red and blue lines in (a) Indicate the 45-degree diagonal and the linear correlation, respectively, and the green line in (b) shows the linear correlation after levelling the Hellenic Co stream sediment results. Plotted by Alecos Demetriades (IGME/IUGS-CGGB) with Golden Software’s GrapherTM v20.
[bookmark: _Toc106199685]A2.2.1.2.4. Example from the United Kingdom
The United Kingdom has two data sets that may be considered compatible with the corresponding FOREGS GTN results, namely the regional soil (Johnson et al., 2005) and stream sediment (Everett et al., 2019) surveys. The analytical data used for both the United Kingdom (UK) and corresponding FOREGS are the total element concentrations determined by X-ray fluorescence (XRF) on the <2 mm and <0.150 mm grain size fractions of soil and stream sediment samples, respectively. Ideally, total element concentrations do not require any levelling. However, it was considered to be a good idea to discuss the comparability of the FOREGS GTN and United Kingdom XRF data sets.
Each data set was examined carefully and the nearest United Kingdom samples to the corresponding FOREGS GTN samples were selected for further treatment (Tables A2.2.4 & A2.2.5). In some cases, two different UK subsoil samples were selected as being close to the corresponding FOREGS GTN samples. The distance between the FOREGS GTN subsoil samples and those of the United Kingdom varies between 299 to 1046 m (Table A2.2.4), and the corresponding distance for the stream sediment samples varies between 146 to 735 m (Table A2.2.5). This is interesting because it shows the spatial variability between the sample sites.
The X-Y plots of Ba and Cr show a wide scatter, with Ba displaying the greatest variation and non-linear relationship (Figs. A2.2.5a, b). The Cr X-Y plots exhibit an overall linear relationship about the 45-degree diagonal (Figs. A2.2.5c, d). Nevertheless, all four plots show the between-sample site variability of the FOREGS GTN and United Kingdom samples, and this is reasonable because of the distance between them.
Although the Cr X-Y plots are NOT ideal because the values are scattered and the linear correlation coefficient is not high enough (R = 0.770; R2 = 0.592; Fig. A2.2.5c), the results will be used for levelling.
Table A2.2.4. FOREGS GTN and United Kingdom G-BASE chromium (Cr) XRF subsoil results in mg/kg, distance between the sample sites, and levelled UK Cr results. FOREGS GTN subsoil samples that have two nearest UK samples are marked by pale yellow highlighting.
	FOREGS GTN No.
	Distance between (m)
	UK
G-BASE No.
	Cr FOREGS
	Cr
UK
	Cr UK (Levelled)

	N35W01C1
	719
	432411S
	126
	115
	104

	N35W01C1
	750
	432420S
	126
	111
	96.9

	N35W01C2
	321
	425929S
	65.0
	87
	54.0

	N35W01C5
	850
	430895S
	102
	94
	66.6

	N35W01C5
	1046
	430884S
	102
	121
	115

	N35W02C1
	341
	368574S
	144
	159
	183

	N36W01C1
	550
	404336S
	81.0
	115
	104

	N36W01C1
	831
	404365S
	81.0
	99
	75.5

	N36W01C2
	299
	402814S
	53.0
	94
	66.6

	N36W01C3
	471
	421361S
	90.0
	112
	98.7

	N36W01C4
	834
	422690S
	107
	113
	101

	N36W01C5
	560
	401736S
	109
	149
	165

	N36W01C5
	950
	401786S
	109
	95
	68.3

	N36W02C5
	302
	350673S
	14.0
	63
	11.1


Table A2.2.5. FOREGS GTN and BGS G-BASE chromium (Cr) XRF stream sediment results in mg/kg, distance between the sample sites, year of collection and levelled United Kingdom Cr results.
	FOREGS GTN No.
	FOREGS
Year
	Distance between (m)
	UK
G-BASE No.
	BGS
Year
	Cr (FOREGS)
	Cr (UK)
	Cr UK (Levelled)

	N35W01S1
	1998
	547
	432442C
	1999
	121
	122
	112

	N35W01S2
	1998
	171
	425961C
	1998
	95.0
	102
	92

	N35W01S5
	1998
	167
	430840C
	1999
	114
	109
	99

	N35W02S1
	1998
	405
	369542C
	1987
	112
	137
	127

	N36W01S1
	1998
	146
	404551C
	1995
	100
	105
	95

	N36W01S2
	1998
	671
	402812C
	1995
	103
	138
	128

	N36W01S3
	1998
	735
	421191C
	1997
	88.0
	92
	82

	N36W01S4
	1998
	659
	422841C
	1997
	77.0
	86
	76

	N36W01S5
	1998
	298
	401754C
	1994
	78.0
	89
	79

	N36W02S1
	1998
	323
	401642C
	1994
	90.0
	88
	78

	N36W02S4
	1998
	667
	364325C
	1987
	61.0
	46
	35.8

	N36W02S5
	1998
	600
	350697C
	1988
	70.0
	115
	105
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Figure A2.2.5. X-Y plots of total X-ray fluorescence results of (a) Ba & (c & e) Cr concentrations in subsoil samples (N=14), and (b) Ba & (d & f) Cr contents in stream sediment samples (N=12) of the FOREGS GTN and United Kingdom surveys, respectively. The red line indicates the 45-degree diagonal; the blue line in (c, d, e & f) displays the linear relationship; the green line in (e & f) the levelled linear correlation, and the red arrow lines in (e & f) indicate the direction of levelling with respect to the original linear correlation. Plotted by Alecos Demetriades (IGME/IUGS-CGGB) with Golden Software’s GrapherTM v20.

The linear correlation equation between Cr FOREGS GTN and United Kingdom subsoil samples is: 
YUnited Kingdom subsoil = 0.55929295 * XFOREGS subsoil + 56.777538

The first correction to be carried out is to shift the intercept to the zero origin of the graph. Hence, from each United Kingdom subsoil Cr value, the intercept at 56.777538 mg/kg Cr is subtracted. Subsequently, each result is divided by the slope at 0.55929295 to give the levelled
UK subsoil values, which are tabulated in Table A2.2.4. Upon plotting the Cr FOREGS GTN against the Cr UK subsoil levelled results, the linear correlation line falls on the 45-degree diagonal (Fig. A2.2.5e). An overall shift to lower values is observed in the UK subsoil levelled Cr concentrations (Table A2.2.4) because the FOREGS GTN subsoil concentrations are lower.
The linear correlation equation of the second example between Cr FOREGS GTN and United Kingdom stream sediment samples is:
 
YUnited Kingdom stream sediment = 0.99710748 * XFOREGS stream sediment + 10.267317

The same procedure is followed as that of the first UK example, i.e., the shift of the intercept to the zero origin of the graph. Thus, from each United Kingdom stream sediment value, the intercept at 10.267317 mg/kg Cr is subtracted. Then, each result is divided by the slope at 0.99710748 to give the levelled UK stream sediment values, which are given in Table A2.2.5. Subsequently, upon plotting the Cr FOREGS GTN against the Cr UK stream sediment levelled results, the linear correlation line of the calculated values falls on the 45-degree diagonal (Fig. A2.2.5f). Again, an overall shift to lower values is observed in the levelled Cr stream sediment concentrations (Table A2.2.5) because of the lower FOREGS GTN stream sediment values.
It is stressed that ideally, total element concentrations do not require levelling. Hence, the following statements are made in the case that the laboratory results were generated with a partial analytical method. In such a case, although the applied geochemist may think that the levelling of the United Kingdom subsoil and stream sediment concentrations with respect to the corresponding FOREGS GTN samples is satisfactory, the results should be examined more carefully. Apart from the comparatively wide scatter of the plotted values, which remains after levelling, the linear correlation, the coefficient of determination and the p-values have not improved at all. They are, in fact, the same (compare Figs. A2.2.5 c & e, and d & f). Consequently, the conclusion should be that the two United Kingdom data sets (if they were partial analytical results) cannot be levelled with reference to the corresponding FOREGS GTN data. 
[bookmark: _Toc106199686]A2.2.1.3. Reduced major axis line method
The worked parametric levelling examples that have already been described from Finland, Germany, the Hellenic Republic and the United Kingdom use the linear regression equation. There is another statistical linear regression procedure worth describing. This is the reduced major axis line method, which was developed by Kermack and Haldane (1950) and popularised by Till (1974). It produces a unique best-fit linear regression line of organic correlation or isogonic growth line, as it is otherwise called:
              Y = B*X ± A

Where the slope B = sy/sx and A represents the intercept.
sy is the standard deviation of Y values (ordinate – vertical axis), and
sx is the standard deviation of X values (abscissa – horizontal axis). This reduces to:

B = √[CSSY/CSSX]

And the linear correlation coefficient, R, is computed by:
	

	R =
	CSCP
	

	
	√(CSSX * CSSY
	


Where:
CSSP = Corrected sum of cross products = ∑X*Y − ∑X*∑Y/N
CSSY = Corrected sum of squares of Y   = ∑X2   − ∑X*∑X/N
CSSX = Corrected sum of squares of X   = ∑Y2  − ∑Y*∑Y/N
N = Number of sample pairs.

The value of the slope, C, gives the sign of the correlation coefficient, R.
To begin with, the parametric levelling procedure will be discussed in order to link the reduced major axis method with what has been described hitherto. 
The Hellenic Ni FOREGS GTN and reconnaissance stream sediment results (Table A2.2.6) are used as an example for testing the reduced major axis method. The X-Y plot (Fig. A2.2.6a) 
Table A2.2.6. Nickel (mg/kg) concentrations in the nearest Hellenic FOREGS GTN and the Hellenic reconnaissance stream sediment samples, distance between them and the levelled Hellenic results.
	FOREGS GTN Sample No.
	Longitude FOREGS
	Latitude FOREGS
	Distance (m)
	Hellas sample No.
	Longitude Hellas
	Latitude Hellas
	Ni FOREGS
	Ni Hellas
	Ni Hellas (Levelled)

	N25E13S1
	22.43
	37.09
	86
	807
	22.43
	37.10
	21
	28
	28.3

	N26E13S1
	22.45
	38.90
	103
	478
	22.45
	38.90
	63
	73
	63.0

	N28E12S4
	21.92
	40.96
	1260
	698
	21.93
	40.96
	22
	20
	22.2

	N28E13S4
	23.61
	41.10
	1060
	248
	23.62
	41.11
	12
	5
	10.6

	N28E13S5
	23.01
	41.07
	800
	25
	23.02
	41.08
	31
	25
	26.0

	N28E14S4
	25.03
	41.26
	366
	1531
	25.04
	41.26
	21
	12
	16.0

	N28E14S5
	25.58
	41.14
	500
	5228
	25.58
	41.15
	55
	61
	53.7

	N28E15S2
	26.33
	41.38
	536
	1151
	26.34
	41.38
	37
	46
	42.2
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Figure A2.2.6. X-Y plots of hot aqua regia extractable Ni concentrations of FOREGS GTN Hellenic versus regional Hellenic regional stream sediment results. The red and blue lines in (a) Indicate the 45-degree diagonal and the linear correlation, respectively, and the green line in (b) Shows the linear correlation after levelling the Hellenic Ni stream sediment results. Plotted by Alecos Demetriades (IGME/IUGS-CGGB) with Golden Software’s GrapherTM v20.
shows a moderate scatter of the sample values about the 45-degree diagonal. The Ni results display a high linear correlation coefficient (R = 0.972; R2 = 0.944) with a minor deviation from the 45-degree diagonal.
The linear correlation equation between the Ni FOREGS GTN and Hellenic reconnaissance stream sediment samples is:
 
YHellenic stream sediment = 1.2995341 * XFOREGS stream sediment – 8.8097404

The parametric levelling of the Ni Hellenic reconnaissance stream sediment data, with respect to the FOREGS GTN stream sediment results, requires first the shift of the intercept to the zero origin of the graph. As the value of the intercept is negative (−8.8097404 mg/kg Ni), the positive value is added to each Hellenic stream sediment Ni concentration to move the intercept to the zero origin of the graph. Subsequently, each result is divided by the slope at 1.2995341 to give the levelled Hellenic stream sediment Ni values for plotting the linear correlation line, which coincides with the 45-degree diagonal (Fig. A2.2.6b).
The reduced major axis procedure is given in Table A2.2.7. The reduced major axis equation results are used in the same manner as the procedure described for the parametric levelling examples, i.e., to each Hellenic stream sediment value the intercept at 10.05421029 mg/kg Ni is added, and each result is divided by the slope at 1.337533139 to give the reduced major axis Ni Hellenic stream sediment results (Table A2.2.8). It is noted that calculated parametric levelling and reduced major axis Ni results are overall similar.
For pictorial comparison, the results of the different statistical procedures used are plotted on the same graph (Fig. A2.2.7). The decision on which levelling procedure to use depends on the data. It is recommended, however, to test both the parametric and reduced major axis levelling, and to select the procedure that gives the optimum fit. In this case, the parametric levelling is better because the fitted regression line falls exactly on the 45-degree diagonal.
[bookmark: _Toc106199687]A2.2.2. Conclusions and recommendations
As already pointed out by Darnley et al. (1995, p.75), statistical levelling and normalisation procedures applied to existing data sets are ‘geochemically blind’ because they simply manipulate numbers. 
The parametric levelling method works exceptionally well when one is dealing with the variability due to within-sample analytical variation. If, however, the between-sample site variability must be considered, then the variability is too great to give meaningful results. Hence, the applied geochemist should be incredibly careful with the use of these statistical methods. Ideally, the parametric levelling should be done on samples collected from the same site, i.e., in the way field duplicate samples are collected.
The examples that have been discussed selected national survey results that were overall similar to those used in the FOREGS GTN mapping, i.e., same sample type, similar grain size analysed and analytical method. The attempt was to select the closest possible national samples to the corresponding FOREGS GTN samples to minimise the between-sample site variability. This approach is successful when the sampling density of the regional geochemical survey is high, as has been observed in the cases of the reconnaissance stream sediment surveys in Germany and the Hellenic Republic.
It is, therefore, strongly recommended during the planning stage of the Global Geochemical Reference Network sampling campaign in each country, apart from the collection of the random sample types that will be collected from each 160x160 km grid cell, to collect additional samples from the same sites of regional or detailed geochemical surveys. The analytical results of these ‘field duplicate’ samples could then be used effectively for levelling the analytical results of past geochemical surveys. A similar recommendation was given in Annex A2.1 for the geodetic levelling of existing regional geochemical data sets.
Table A2.2.7. The reduced major axis linear regression procedure calculations are shown below using the Ni concentrations in the FOREGS GTN and Hellenic reconnaissance stream sediment samples.
	FOREGS GTN No.
	Hellas Sample No.
	FOREGS Ni (X)
	Hellas
Ni (Y)
	FOREGS
Ni (X2)
	Hellas
Ni (Y2)
	X*Y

	N25E13S1
	807
	21
	28
	441
	784
	588

	N26E13S1
	478
	63
	73
	3969
	5329
	4599

	N28E12S4
	698
	22
	20
	484
	400
	440

	N28E13S4
	248
	12
	5
	144
	25
	60

	N28E13S5
	25
	31
	25
	961
	625
	775

	N28E14S4
	1531
	21
	12
	441
	144
	252

	N28E14S5
	5228
	55
	61
	3025
	3721
	3355

	N28E15S2
	1151
	37
	46
	1369
	2116
	1702

	

	N pairs =
	8
	

	Sum X =
	
	262
	

	Sum Y =
	
	
	270
	

	Sum X*Y =
	
	11771

	Mean X =
	
	32.8
	

	Mean Y = 
	
	33.75
	

	Sum X2 =
	
	10834
	

	Sum Y2 =
	
	13144
	

	

	CSCP = 2928.5

	CSSX = 2253.5

	CSSY = 4031.5

	

	Slope B = √(CSCY/CSSX) = 1.337533139

	

	Intercept A = Sum Y/N – (B * Sum X/N) = Mean Y – (B * Mean X) = −10.05421029

	

	Reduced Major Axis (RMA) regression line:
YHellenic stream sediment = 1.337533139 * XFOREGS stream sediment − 10.05421029

	

	

	

	


Table A2.2.8. Nickel (mg/kg) concentrations in the nearest Hellenic FOREGS GTN and the Hellenic reconnaissance stream sediment samples, the parametric levelled and reduced major axis linear regression Hellenic results.
	FOREGS GTN Sample No.
	Longitude FOREGS
	Latitude FOREGS
	Distance (m)
	Hellas sample No.
	Longitude Hellas
	Latitude Hellas
	Ni FOREGS
	Ni Hellas
	Ni Hellas (Levelled)
	Ni Hellas (Reduced Major Axis)

	N25E13S1
	22.43
	37.09
	86
	807
	22.43
	37.10
	21
	28
	28.3
	28.5

	N26E13S1
	22.45
	38.90
	103
	478
	22.45
	38.90
	63
	73
	63.0
	62.1

	N28E12S4
	21.92
	40.96
	1260
	698
	21.93
	40.96
	22
	20
	22.2
	22.5

	N28E13S4
	23.61
	41.10
	1060
	248
	23.62
	41.11
	12
	5
	10.6
	11.3

	N28E13S5
	23.01
	41.07
	800
	25
	23.02
	41.08
	31
	25
	26.0
	26.2

	N28E14S4
	25.03
	41.26
	366
	1531
	25.04
	41.26
	21
	12
	16.0
	16.5

	N28E14S5
	25.58
	41.14
	500
	5228
	25.58
	41.15
	55
	61
	53.7
	53.1

	N28E15S2
	26.33
	41.38
	536
	1151
	26.34
	41.38
	37
	46
	42.2
	41.9
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Figure A2.2.7. X-Y plot of aqua regia extractable Ni of FOREGS GTN versus Hellenic reconnaissance stream sediment results. The graph shows (i) The original Ni pair data points (cyan dots and blue regression line). (ii) The parametric levelling Ni pair data points (green dots and green regression line), and (iii) The reduced major axis pair data points (red dots and red regression line). Plotted by Alecos Demetriades (IGME/IUGS-CGGB) with Golden Software’s GrapherTM v20.
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Equation Y = 0.97460714 * X - 0.26453571
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Average X = 9.67 mg/kg Ni
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Correlation coefficient, R = 0.973
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(c)

Equation Y = 0.5592929 * X + 56.777538

N = 14

Average X = 93.5 mg/kg Cr

Average Y = 109 mg/kg Cr

Coefficient of determination, R

2

 = 0.592

Correlation coefficient, R = 0.770

p-value = 0.0012833

Standard error of intercept (A) = +/-13.2 mg/kg Cr

Standard error of slope (B) = +/-0.134 mg/kg Cr
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(d)

Equation Y = 0.9971075 * X + 10.267317

N = 12

Average X = 92.4 mg/kg Cr

Average Y = 102 mg/kg Cr

Coefficient of determination, R

2

 = 0.540 mg/kg Cr

Correlation coefficient, R = 0.735 mg/kg Cr

p-value = 0.0064859

Standard error of intercept (A) = +/-27.4 mg/kg Cr

Standard error of slope (B) = +/-0.291 mg/kg Cr
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(e)

Equation Y = 1.0000001 * X + 1.1037568E-07

N = 14

Average X = 93.5 mg/kg Cr

Average Y = 93.5 mg/kg Cr

Coefficient of determination, R

2

 = 0.592

Correlation coefficient, R = 0.770

p-value = 0.0012833

Standard error of intercept (A) = +/-23.7 mg/kg Cr

Standard error of slope (B) = +/-0.239 mg/kg Cr

Original data points

Original regression line

Levelled data points

Levelled regression line

Legend
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(f)

Equation Y = 1 * X - 2.4822526E-07

N = 12

Average X = 92.4 mg/kg Cr

Average Y = 92.4 mg/kg Cr

Coefficient of determination, R

2

 = 0.540

Correlation coefficient, R = 0.735

p-value = 0.0064859231

Standard error of intercept (A) = +/-27.5 mg/kg Cr

Standard error of slope (B) = +/-0.292 mg/kg Cr

Original data points

Original regression line

Levelled data points

Levelled regression line

Legend
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Equation Y = 1.2995341 * X - 8.8097404

N = 8

Average X = 32.8 mg/kg Ni

Average Y = 33.8 mg/kg Ni

Coefficient of determination, R

2

 = 0.944

Correlation coefficient, R = 0.972

p-value = <0.0001

Standard error of intercept (A) = +/-4.76 mg/kg Ni

Standard error of slope (B) = +/-0.129

(a)
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Equation Y = 0.99999997 * X - 2.9366518*10

-9

N = 8

Average X = 32.8 mg/kg Ni

Average Y = 32.8 mg/kg Ni

Coefficient of determination, R

2

 = 0.944

Correlation coefficient, R = 0.972

p-value = <0.0001

Standard error of intercept (A) = +/-3.66 mg/kg Ni

Standard error of slope (B) = +/-0.099 mg/kg Ni

(b)
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Linear correlation equation:

Y

Ni Hellas

 = 1.300 * X

Ni FOREGS

 - 8.810

Reduced major axis equation:

Y

Ni Hellas

 = 1.338 * X

Ni FOREGS

 - 10.054

Legend

Linear regression fit X

FOREGS

 vs. Y

Hellas

Ni X

FOREGS

 vs. Y

Hellas

 data points

Parametric levelling linear fit

Ni parametric levelling data points

Reduced major axis linear fit

RMA Ni levelling data points

(iii) Reduced Major Axis regression

RMA equation Y = 1.337533139 * X - 10.05421029

Equation of fitted line Y = 0.97159018 * X + 0.93042172

N = 8

Average X = 32.8 mg/kg Ni

Average Y = 32.8 mg/kg Ni

Coefficient of determination, R

2

 = 0.944

Correlation coefficient, R =0.972

p-value = <0.0001

Standard error of intercept (A) = +/-3.56 mg/kg Ni

Standard error of slope (B) = +/-0.097 mg/kg Ni

(i) Plot X=NiFOREGS

 vs. Y=NiHellas

 regression Linear regression equation Y = 1.2995341 * X - 8.8097404

N = 8

Average X = 32.8 mg/kg Ni

Average Y = 33.8 mg/kg Ni

Coefficient of determination, R

2

 = 0.944

Correlation coefficient, R = 0.972

p-value = <0.0001

Standard error of intercept (A) = +/-4.756 mg/kg Ni

Standard error of slope (B) = +/-0.1292 mg/kg Ni

(ii) Parametric levelling regression

Equation of fitted line Y = 0.99999997 * X - 2.9366518*10

-9

N = 8

Average X = 32.8 mg/kg Ni

Average Y = 32.8 mg/kg Ni

Coefficient of determination, R

2

 = 0.944

Correlation coefficient, R = 0.972

p-value = <0.0001

Standard error of intercept (A) = +/-3.66 mg/kg Ni

Standard error of slope (B) = +/-0.099 mg/kg Ni
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