EXTRACTS FROM THE SCIENTIFIC LITERATURE ON ESTIMATION OF MISSING DATA BY REFERENCE TO DATA FROM COMPARISON STATIONS

Peterson, Easterling et Ors (1998)

A comprehensive review of commonly used methods and techniques for homogeneity adjustments was published in the International Journal of Climatology by Peterson, Easterling et Ors (1998): 

This paper may be found in pdf HERE
 (608 KB).

This paper has 21 authors, amongst whom are Torok and Nicholls (Australia), P Jones (UK) and Salinger (New Zealand). It first refers to NSC at p.1498:

“To isolate the effects of station inhomogeneities from regional climate change, many techniques use data from nearby stations as an indicator of the regional climate.”

And, at p.1499:  “Several techniques were used to minimise potential inhomogeneities in the reference series. … In creating each year’s first difference reference series data point, the approach used [the mean of only the three central values of] the five most highly correlated neighbouring stations … such that the probability of similarity being due to chance was less than 0.01.”

The paper divides techniques into objective and subjective categories. Amongst the latter are the Australian Torok & Nicholls (1996) approach using a “subjective decision on the position and magnitude of adjustments, based on an objective statistical test.” Extracts from pp.1503-4:

“Mean monthly maximum and minimum temperatures were considered separately …”

“A comparison with a simple average of surrounding stations was found to be inadequate.”

“The use of only nearby stations ensured that stations with climates dissimilar to that of the candidate were not used, and minimised computer processing time.”

“Stations with temperatures that were possibly affected by urbanisation were not included in the reference series.”

“The total number of neighbour stations used to compile a median reference series was typically about 65, although the number was much less than this in sparse data areas.”

The New Zealand section of Peterson Easterling et Ors (supra), which was based on the paper Rhoades & Salinger (1993), was also categorised as subjective. Extracts from p.1507:

“For stations with several neighbours, the decision to adjust can be taken with some confidence. Unfortunately, for isolated stations this is not the case.

“Where neighbour stations exist, the following features are identified from station histories: (i) site changes; (ii) changes in the environment (eg airport extensions, building alterations, growth of vegetation and urban expansion); and (iii) instrument changes. Times of possible discontinuities are identified from the station histories. Next, plots of cumulative sums (CUSUM) of observations for temperature with CUSUM plots from neighbour stations, and rainfall ratios of a target station with its neighbour’s, were made to visually detect changes… Temperature series were differenced with neighbours before and after the identified discontinuity for monthly series for 1, 2 and 4 years. For rainfall, logarithms of monthly rainfall ratios between the target station and its neighbours are taken… Adjustments were made for the discontinuity when it was significant at the 5% level.”

“The isolated Pacific Island stations do not usually have nearby neighbours. Therefore, adjustments for discontinuities requires a much greater uncertainty and greater degree of subjectivity.“  

Rhoades & Salinger (1993)

This paper may be found in pdf HERE
 (995 KB).

The abstract reads as follows:

Methods are presented for estimating the effect of known site changes on temperature and rainfall measurements. Parallel cumulative sums of seasonally adjusted series from neighbouring stations are a useful exploratory tool for recognising site-change effects at a station that has a number of near neighbours. For temperature data, a site-change effect can be estimated by a difference between the target station and weighted mean of neighbouring stations, comparing equal periods before and after the site change. For rainfall the method is similar, except for a logarithmic transformation. Examples are given. In the case of isolated stations, the estimation is necessarily more subjective, but a variety of graphical and analytical techniques are useful aids for deciding how to adjust for a site change. 

The paper itself is divided into two parts, respectively headed “Adjustments of Stations With Neighbours” and “Adjusting An Isolated Station”. 

“Neighbours” means “subject to similar local weather patterns”. 

The paper defines “Isolated Station” as “a station that has no near neighbours, e.g., … early records,” and says “such an adjustment involves much greater uncertainty than the adjustment of a station with many neighbours.”

The “Conclusion” of the paper reiterates the message – “For stations with several neighbours, the decision to adjust for a site change can be taken with some confidence. The same cannot be said for isolated stations.”

The R&S methodology requires “a symmetrical interval before and after the site change, selecting only those neighbouring stations that have no site changes over the period of comparison. The standard error is based on the variation of a set of [monthly] differences.”

Note that the Review methodology does not achieve symmetrical intervals, uses remote stations that have site changes, and relies upon annual rather than monthly differences.

The first process advocated by R&S is to plot parallel cumulative sums (CUSUMs) of the daily minimum and maximum temperature data from all stations on to a single graph. After doing the same for rainfall, complex mathematical models are applied.

The question of how to weight neighbouring stations is discussed, including the respective merits of using an exponential distance formula or the squares of the correlations between stations. The example uses weighting proportional to the fourth power of the correlation.

There is no mention of the simple averages used in the NIWA Review Report. 

The R&S paper concludes: 

“Whatever adjustment procedures are used, the presence of site changes causes an accumulating uncertainty when comparing observation that are more distant in time. The cumulative uncertainties associated with site change effects, whether adjustments are made or not, are often large compared with effects appearing in studies of long-term climate change. For this reason it is a good idea to publish the standard errors of site change effects along with homogenised records, whether adjustments are made or not.”

Hessell (1980)

Mr JWD Hessell, of the NZ Meteorological Service, had a peer-reviewed paper published in 1980, in the New Zealand Journal of Science, entitled “Apparent Trends of Mean Temperature in New Zealand Since 1930.”

This paper may be found in pdf HERE
 (821 KB).

The Abstract reads as follows:

The evidence of apparent continuous warming over New Zealand from 1940 is examined from both physical and statistical standpoints. It is found that the exposures of most of the thermometers have been affected by changes in shelter, screenage and/or urbanisation, all of which tend to increase the observed mean temperature. A systematic analysis of all New Zealand climatological stations with sufficient length of record reveals that no important change in annual mean temperature since 1930 has been found at stations where the above factors are negligible. Neighbour station comparisons support these findings.

