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1 The Proposal 

 

1.1 In order to assist air quality practitioners adjust their diffusion tubes for bias, Air Quality 

Consultants Ltd has been commissioned by Defra and the Devolved Administrations to collate 

data from nitrogen dioxide diffusion tube collocation studies across the UK.  For several years 

now, questionnaires have been sent to Local Authorities asking them to supply data from 

collocation studies with at least 9 months data. 

1.2 Prior to 2005, the questionnaire asked only for annual mean concentration data.  Because of 

requests from users of the survey results, in early 2005, the questionnaire was extended to 

include a request for monthly data. 

1.3 Page 2 of this document presents an example of a questionnaire that has been completed. 

1.4 For statistical reasons, it is NOT appropriate to simply average adjustment factors. The most 

appropriate method of combining factors is to use orthogonal regression. This is the approach 

used throughout this survey. Details of this approach are given on Page 3 of this document. 

Averaging of BIAS factors gives a close approximation to the results from orthogonal regression 

so can be used if necessary to add local collocation results (see Page 3). 
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2 The Proposal 

 

2.1 The preferred method of combining long-term average collocation data to derive an overall bias 

adjustment factor relies on orthogonal regression.  Most people are familiar with standard linear 

regression, whereby a best-fit line is added to a scatter of data.  Standard linear regression 

assumes that all error is in the y axis, and that values on the x axis are known with certainty.  

Orthogonal regression differs from standard linear regression in that it takes account of 

uncertainty in both the x axis and the y axis.  This is necessary because even though 

chemiluminesence analysers measure with more certainty than diffusion tubes, the value that 

they give is still not certain. 

2.2 The method used was developed for Air Quality Consultants Ltd. specifically for this purpose by 

Prof. Gillian Raab of Napier University, Edinburgh.  It allows the relative uncertainty associated 

with the different measurement methods to be accounted for and assumes that the diffusion tube 

results are twice as uncertain as the chemiluminesence analyser results.  The regression line 

has been forced through zero, so as to give a single adjustment factor for each laboratory / tube 

combination. 

2.3 If you wish to have your collocation data processed using this method, email 

nick.martin@npl.co.uk
. 

2.4 For most purposes, a reasonable approximation of our method can be derived by averaging the 

bias values, expressed as a factor, i.e. -16% is -0.16.  Next add 1 to this value, e.g. -0.16 + 1.00 

= 0.84 in this example, then take the inverse to give the bias adjustment factor 1/0.84 = 1.19. 

(This will not be exactly the same as the correction factor calculated using orthogonal regression 

as used in this spreadsheet, but will be reasonably close).  IT IS IMPORTANT NOT TO 

AVERAGE THE ADJUSTMENT FACTORS. 

 

Orthogonal Regression 


