EEA activity 4.1.2 data capture and data quality assurance
Explanations of xls files containing data errors
Author: Marko Kovačič

Date: 17.1.2008
CONTENTS

31
INTRODUCTION


32
XX_ stations_data_missing.xls


33
XX_ stations_coordinates.xls


34
XX_Nutrients_LRviolations.xls


45
XX_HazSubs_LRviolations.xls


46
XX_outliers_simple/complex.xls


56.1
Outlier testing methods


56.1.1
Statistical tests used


66.1.2
Chemical rules used


76.1.3
Procedure




1 INTRODUCTION

· This is a guidance document to explain the content of MS Excel (xls) files. 
· These files contain data errors found by ETC/W under the quality assurance task. 
· There are 5 types of data errors, each xls file contains one type of errors.
· This is a general document for all countries, so not every country has all type of errors, most likely only 1 or 2 types. 

2 XX_ stations_data_missing.xls
This file contains a list of STATIONS for which there never was any data delivery. You should clarify why there are no deliveries for these STATIONS.

3 XX_ stations_coordinates.xls
This file contains a list of STATIONS with COORDINATE problems. There are 2 types of problems, also indicated with TypeOfError attribute in xls file:

· “missing coordinates”: Coordinates are missing (NULL values)

· “wrong coordinates”: Station are positioned in the sea or outside country borders
4 XX_Nutrients_LRviolations.xls
This file contains QUALITY DATA (NutrientsRivers) which violates at least one of the LOGICAL RULES. These rules are marked with appropriate number in QA_LRviolations field of xls file:
	QA_LRviolations
	LR description 

	1 
	Mean >= Minimum 

	2 
	Mean <= Maximum 

	3 
	Median >= Minimum 

	4 
	Median <= Maximum 

	5 
	Minimum <= Maximum 

	6 
	StandardDeviation < Maximum 

	14
	IF NumberOfSamples = 1 THEN 
   Mean = Minimum = Maximum = Median

	16
	IF NumberOfSamples = 0 THEN (AllValueType IS NULL)


Attributes included in this file are:

WaterbaseID, NutrientsRivers.WebID, WaterbaseName,


Year, AggregationPeriod, Determinand_Nutrients, Unit_Nutrients,


NumberOfSamples, Minimum, Mean, Median, Maximum, StandardDeviation,


And another 2 attributes which were added by the ETC to indicate data quality problems:

QA_LRviolations, QA_outlier

5 XX_HazSubs_LRviolations.xls
This file contains HAZARDOUS SUBSTANCES DATA which violates at least one of the LOGICAL RULES. These rules are marked with appropriate number in QA_LRviolations field of xls file:

	QA_LRviolations
	LR description 

	1 
	Mean >= Minimum 

	2 
	Mean <= Maximum 

	3 
	Median >= Minimum 

	4 
	Median <= Maximum 

	5 
	Minimum <= Maximum 

	6 
	StandardDeviation < Maximum 

	16
	IF NumberOfSamples = 0 THEN (AllValueType IS NULL)



Attributes included in this file are:

WaterbaseID, NationalStationID, WaterbaseName,


Year, AggregationPeriod, Determinand_HazSubs, Unit_HazSubs,


NumberOfSamples, Minimum, Mean, Median, Maximum, StandardDeviation,


And another 2 attributes which were added by the ETC to indicate data quality problems:

QA_LRviolations, QA_outlier
6 XX_outliers_simple/complex.xls
This file contains DATA which seems to be too far from “normal” values. We ask for corrected Mean attribute values for these records or clarification that this data is ok.


There are 2 files: 

1. <CountryCode>_outliers_simple.xls

Here is a list of outlier records found by our methods (described in the next chapter). Mean value is supposed to be an outlier, please provide correct values for mean or an explanation if there was an anomaly. 
2. <CountryCode>_outliers_complex.xls

Here is a list of time series for each outlier which shows all year values for this station/determinand. Outlier is marked with red and flaged with field QA_outlier = 1. Each time serie for station/determinand is followed with a blank line as a divider. 

Attributes included in these files are:

WaterbaseID,  NutrientsRivers.WebID (CountryCode + "_RV_" + NationalStationID)

WaterbaseName, Year, AggregationPeriod, Determinand_Nutrients, Unit_Nutrients, Mean

And another 2 attributes which were added by the ETC to indicate data quality problems:

QA_LRviolations, QA_outlier
6.1 Outlier testing methods

6.1.1 Statistical tests used

Q-Test
To do a Q-test, we must find the ratio

       abs(x_a - x_b)

  Q = ----------------

             R

x_a is the possible outlier, x_b is the data point closest to it, and R is the total range of the data set (biggest value – smallest value). If Q is greater than a certain critical value Qcrit then call x_a an outlier. Qcrit depends on the number of data points and how sure you want to be that it's okay to reject x_a as an outlier. Below is the table with values for Qcrit at 90% and 95% confidence level:

	Number of values:
	 3
	4
	5
	6
	7
	8
	9
	10

	Q90%:
	0.941
	0.765
	0.642
	0.560
	0.507
	0.468
	0.437
	0.412

	Q95%:
	0.970
	0.829
	0.710
	0.625
	0.568
	0.526
	0.493
	0.466


IMPORTANT: Q-test should never be used to reject more than one point. It compares how far out the outlier is to the total range of the data, and since the range of the data gets smaller as you start rejecting points, it is possible to reject almost the entire data set if you apply the Q-test several times in succession. 
Upper and lower quartile values

The upper quartile value (UQ) is the value that 75% of the data set is equal to or less than. The lower quartile value (LQ) is the value that 25% of the data set is equal to or less than. The interquartile range (IQR) is the difference between the upper and lower quartiles:
  IQR = UQ - LQ

Mild outliers are values that are at least 1.5*IQR greater than the upper quartile or 1.5*IQR less than the lower quartile. Extreme outliers are values that are at least 3*IQR greater than the upper quartile or 3*IQR less than the lower quartile:

Mild outlier > 1.5*IQR, Mild outlier < 1.5*IQR

Extreme outlier > 3*IQR, Extreme outlier < 3*IQR

Z-Test

For this method we need to find the mean and the standard deviation of the data set and then call anything that falls more than N=3 standard deviations away from the mean an outlier.  That is, x is an outlier if

   abs(x - mean)

  --------------- > 3

      std dev

This is usually called a z-test in statistics books, and the ratio abs(x-mean)/(std dev) is often abbreviated z.

6.1.2 Chemical rules used

I have asked an expert to tell me the relations between determinands. In this way it is easier to tell if some value is an outlier or not by comparing the value to other determinand value from same station. In some cases they can add important information for outlier testing.

1. BOD5 < COD,
BOD5 value should always be less than COD value

2. BOD5 < Total Organic Carbon, 
BOD5 value should always be less than Total Organic Carbon value

3. IF BOD5 is high THEN Dissolved Oxygen is low,
If BOD5 value is high (more than 25 µg/l) than Dissolved Oxygen value should be low (less than 4 mg/l O2) and vice versa.

4. IF Dissolved Oxygen is high THEN Total Ammonium is low, 
If Dissolved Oxygen values is high (more than 20 mg/l O2) than Total Ammonium value is low (less than 3 mg/l N)

5. IF TOC is high THAN BOD5 is high AND COD is high
6. IF ph is low (<3) or high (>10) THAN BOD5 cannot be high
7.  Total Nitrogen = Kjeldahl Nitrogen + Nitrate + Nitrite

8. Kjeldahl Nitrogen = Organic Nitrogen + Total Ammonium

9. Total Oxidised Nitrogen = Nitrate + Nitrite

10. Total Phosphorus > Orthophosphate

6.1.3 Procedure

I have used the following procedure for outlier testing. The first part of the procedure is mathematical. I found a subset of all the data using statistical methods described in previous chapter. Then I used chemical rules and graphical representation of the data to select the outliers. The final decision was made manually.

1. For each determinand I got the number of candidates for outliers with Z-test. I have adjusted the N value to find more or less candidates.

2. For each value found in 1. I did the Q-test (if 3 <= number of samples <= 10) or Quartile and Z-test if there were more than 10 samples. The pattern used for these tests was composed of all year values for station and determinand of selected value. The results of these tests were printed in the last column to help on further analysis.

3. I have also used the chemical rules on these values, comparing what relations between determinand are possible. The results of these tests were printed in the last column to help on further analysis.

4. I have also included the graph of all year values for selected determinand/station/year and other determinand values for selected determinand/station/year.

5. According to all these parameters I have manually decided which values are outliers.  
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