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1.
Estimation of ability of the present number of Eionet-water stations to determine national mean concentrations of different determinands

Eionet water is designed to obtain representative information on water quality in water bodies at the national level. Trends with time at the station level and national level are determined, and the most recent concentrations are ‘classified’ against class defining concentrations. 

Two approaches are possible:

1) Calculating the number of stations that would be needed (theoretically) to estimate the national station mean concentrations of determinands with specified degrees of precision and confidence. 
2) Calculating the precision in estimating the national station mean concentrations of determinands with specified levels of confidence based on the actual number of stations reported to Eionet-Water. 

Both approaches assume that the mean concentrations of the national stations are normally distributed.

Approach 1

The number of stations needed to estimate the national mean within defined levels of confidence and precision can be calculated from the following equation.

M  =  (u/d)2(Vb + Vw/N)

This ensures that (on average) the confidence interval for the grand mean of site means will be ±d.

Where: 

Vw
Best estimate of within-site variance

Vb
Best estimate of between-site variance  

u
Standard Normal deviate for required two-sided confidence level - for example,  u = 1.96 for 95% confidence, = 1.645 for 90% confidence, = 0.674 for 50 % confidence.

d
Precision in the estimation of the national site mean.

N
Number of samples taken per site

M
Number of Eionet-Water sites 

Approach 2

Alternatively the actual confidence interval for the grand mean of the national site means can be calculated from the number of stations reported to Eionet-Water. Rearranging the above equation we get:

d = u({[(Vb + Vw/N)]/M}
The results of applying approach 2 to the orthophosphate data in 2003 are summarised in Table 1 and depicted in Figures 1 and 2.

Figure 1
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Orthophosphate 2003: mean of site means with 90% confidence limits
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Figure 2
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Confidence limits as % of mean of station means
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Table 1

	
	Mean number of samples per site
	Number of sites
	Lower 90% Confidence interval
	Grand mean of site means
	Upper 90% Confidence interval
	Confidence interval as % of mean

	
	
	
	mg P/l
	mg P/l
	mg P/l
	

	AT
	11.4
	226
	0.023
	0.028
	0.033
	18.1

	BE
	17.5
	20
	0.341
	0.548
	0.755
	37.8

	BG
	10.3
	108
	0.140
	0.165
	0.191
	15.5

	CS
	10.9
	38
	0.067
	0.087
	0.108
	23.2

	CZ
	11.6
	72
	0.124
	0.150
	0.176
	17.2

	DE
	22.3
	147
	0.064
	0.072
	0.079
	10.4

	DK
	28.8
	43
	0.045
	0.060
	0.074
	24.3

	EE
	9.6
	53
	0.033
	0.057
	0.080
	41.0

	ES
	5.0
	169
	0.090
	0.135
	0.179
	32.9

	FI
	8.8
	158
	0.015
	0.018
	0.020
	16.8

	FR
	9.9
	355
	0.080
	0.097
	0.113
	16.9

	GB
	13.3
	206
	0.280
	0.337
	0.395
	17.0

	HR
	14.1
	25
	0.032
	0.048
	0.063
	33.2

	HU
	31.1
	95
	0.226
	0.300
	0.374
	24.8

	IT
	9.7
	156
	0.069
	0.087
	0.106
	20.9

	LT
	12.0
	65
	0.094
	0.164
	0.234
	42.7

	LV
	10.6
	58
	0.035
	0.044
	0.052
	19.9

	NO
	1.6
	153
	0.001
	0.006
	0.012
	85.6

	PL
	15.1
	136
	0.106
	0.128
	0.151
	17.3

	SE
	12.2
	116
	0.010
	0.013
	0.016
	21.1

	SI
	8.0
	24
	0.018
	0.076
	0.134
	76.5

	SK
	7.6
	31
	0.122
	0.187
	0.252
	34.6


The figures show that the most imprecise estimates of the national station mean orthophosphate concentrations arise from Norway, Belgium and Slovenia. For Norway this may be because sampling frequency is low (for many sites 1 sample a year), standard deviations were not provided for those sites with more than 1 sample and there was relatively high variability between site means. It should, however, be pointed out that the mean station orthophosphate concentration for Norway was the lowest of the countries, and whilst the percentage (of the mean) confidence intervals was very high, the actual confidence intervals expressed as concentrations were also very small.

Part of the EEA assessment on nutrients in rivers entails the comparison of concentrations between countries. This is done by the face-value classification of concentrations at the stations level. If this were to be done on the basis of comparing national station means then the differences between the countries could be statistically tested for significance. 
For example, the grand site means for Belgium and GB, and Denmark and Estonia are not significantly different, whereas those for Czech Republic and Hungary, and Serbia and Bulgaria are significantly different at the 95 % level of confidence.

2.
Estimation of the number of years data required to detect linear trends in determinand concentrations with different levels of confidence

The EEA also requires to know whether quality is becoming better or worse. This is done at different levels of aggregation of data: European, regional, national and station levels. This requires an analysis of trends in concentrations over time.
For this analysis the number of years required to detect significant linear trends in national orthophosphate concentrations has been estimated from the data submitted by countries for 2003.
The basic equation for this calculation has been taken from WRc’s Sampling handbook (Ellis 1989).

Y3f = 48 {u*s/T}2
Where f = sampling frequency per year

Y = number of years 

T = magnitude of linear trend to be detected in mg/l per year

s = short-term standard deviation 

u = Standard Normal deviate for required two-sided confidence level.

Re-arranging the equation gives:

Y = 3([(48 {u*s/T}2)/f]

Two values of “T” have been used: values equivalent to 2 % and 10 % of the national station mean concentration. 

f is the average sampling frequency for a country in 2003.
s (or standard error in this case) was calculated from:
s  =  ([Vb/M + Vw/(M(N)]   

Where:

Vw
Best estimate of within-site variance

Vb
Best estimate of between-site variance  

N
Number of samples taken per site

M
Number of Eionet-Water sites 

The results are summarised in Table 2 and depicted in Figure 3.

Table 2

	
	Mean number of samples per site
	Number of sites
	Grand site Mean
	2% of grand mean
	10% of grand mean
	Number of years to detect a linear trend of 2% of mean concentration a year
	Number of years to detect a linear trend of 10% of mean concentration a year

	
	
	
	mg P/l 
	mg P/l 
	mg P/l 
	90 % confidence
	90 % confidence

	AT
	11.4
	226
	0.028
	0.001
	0.003
	7
	2

	BE
	17.5
	20
	0.548
	0.011
	0.055
	10
	3

	BG
	10.3
	108
	0.165
	0.003
	0.017
	7
	2

	CS
	10.9
	38
	0.087
	0.002
	0.009
	8
	2

	CZ
	11.6
	72
	0.150
	0.003
	0.015
	7
	2

	DE
	22.3
	147
	0.072
	0.001
	0.007
	4
	1

	DK
	28.8
	43
	0.060
	0.001
	0.006
	6
	2

	EE
	9.6
	53
	0.057
	0.001
	0.006
	13
	4

	ES
	5.0
	169
	0.135
	0.003
	0.013
	14
	5

	FI
	8.8
	158
	0.018
	0.0004
	0.002
	7
	3

	FR
	9.9
	355
	0.097
	0.002
	0.010
	7
	2

	GB
	13.3
	206
	0.337
	0.007
	0.034
	6
	2

	HR
	14.1
	25
	0.048
	0.001
	0.005
	10
	3

	HU
	31.1
	95
	0.300
	0.006
	0.030
	6
	2

	IT
	9.7
	156
	0.087
	0.002
	0.009
	8
	3

	LT
	12.0
	65
	0.164
	0.003
	0.016
	12
	4

	LV
	10.6
	58
	0.044
	0.001
	0.004
	8
	3

	NO
	1.6
	153
	0.006
	0.0001
	0.001
	38
	13

	PL
	15.1
	136
	0.128
	0.003
	0.013
	6
	2

	SE
	12.2
	116
	0.013
	0.0003
	0.001
	8
	3

	SI
	8.0
	24
	0.076
	0.002
	0.008
	21
	7

	SK
	7.6
	31
	0.187
	0.004
	0.019
	12
	4


As would be expected it would only be relatively big changes in grand mean concentrations that would be detectable within a few years, and slower changes would take longer to detect. For example in Denmark a 10 % linear change in mean orthophosphate concentration a year would be detectable in around 2 years with a 90% confidence whereas a 2 % change a year would be detectable in 6 years. For Norway, even large changes (10%) in mean concentrations (a 0.6 µg P/l a year change in the mean concentration of 6 µg P/l) would not be detectable for 13 years. In the Norwegian context this may well be acceptable as concentrations are very low, and there would have to be very large increases before concentration became a concern.
Figure 3
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3.
How representative are data from Eionet stations of quality in individual catchments?

As stated above Eionet water was designed to obtain representative information on water quality in water bodies at the national level. The aim is now to make information for SOE-WISE to be also representative of catchments. 

To aid the discussion on what is needed to make reported information representative of catchments, an assessment has been made on how current Eionet stations are of a particular catchment, and of the country as a whole. The data used were nitrate concentrations in 2000 measured at:

· Eionet-water monitoring sites in the river Thames catchment in England and Wales (Thames Eionet sites);

· Monitoring sites in the Thames catchment used by the EA of England and Wales to assess the general quality of rivers (Thames GQA sites);

· Eionet-Water stations in England and Wales as a whole;
· GQA stations in England and Wales as a whole.
The results are illustrated in Figure 4 and tabulated in Table 3.

Table 3 
Comparison of grand mean of site mean nitrate concentrations in 2000 with 90% confidence intervals for Eionet-Water and GQA river stations in the Thames catchment and in England and Wales

	
	Mean number of samples per site
	Number of sites
	Lower 90% Confidence interval
	Grand mean of site means
	Upper 90% Confidence interval

	Eionet-Thames
	38
	11
	27.5
	38.2
	48.9

	GQA-Thames
	37
	193
	30.9
	32.3
	33.8

	Eionet-EW
	13
	153
	20.7
	23.4
	26.2

	GQA-EW
	37
	8912
	23.0
	23.4
	23.7


Figure 3
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Eionet and GQA stations in Thames catchment and in England and Wales: 

Orthophosphate 2003: mean of site means with 90% confidence limits
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Figure 3 shows that the grand mean nitrate concentration for the Thames catchment based on 193 GQA stations is 15 % less than that derived from the 11 Eionet-Water stations. As would be expected from the greater number of stations, the 90% confidence intervals are also smaller around the GQA grand mean than that derived from Eionet-Water stations. However the difference in the mean concentrations are not significantly different (95% level of confidence). There might therefore be some risk of “misclassifying” and “misrepresenting” the Thames catchment if it were to be based on Eionet stations alone and on the use of face-value average concentrations without consideration of associated concentration confidence limits. 
For England and Wales as a whole the 153 Eionet-Water stations give virtually the same grand mean nitrate concentration as that calculated from the 8912 stations in the GQA scheme. This perhaps illustrates that the selection of Eionet stations for England and Wales was reasonably representative of the country as a whole if one of the objectives of Eionet-water was to obtain national mean concentrations of nitrate. The difference in mean nitrate concentrations for the Eionet stations for the Thames catchment and for England and Wales are significantly different (95% level of confidence) as are those between the GQA stations in the Thames catchment and England and Wales as a whole. This illustrates that nitrate concentrations in the Thames river catchment are significantly higher than the average for England and Wales as a whole, and this would be demonstrated by the data arising from the present number of stations in Eionet-Water. 

In summary:

· The current Eionet stations are not fully representative of the Thames catchment in terms of nitrate concentrations in rivers.

· The current Eionet stations would be representative of the average situation in England and Wales in terms of nitrate concentrations in rivers.
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