2.3.7
CLIMAT Mean Temperatures

Purpose and Background

In recent decades, data contained in the monthly CLIMAT messages have been the main “currency” for the development of many regional and global data sets, especially those used to monitor global temperature changes. The purpose of this section is to provide guidance on the calculation of monthly mean air temperatures in CLIMAT messages.

Monthly mean temperatures are derived from averaging daily mean temperatures but these daily means have been calculated in a variety of ways. Different values will be obtained depending on the choice of algorithm. As Trewin (2004) describes, these algorithms may be divided into three broad categories:

A.  (Tx + Tn)/2, with the maximum (Tx) and minimum (Tn) temperatures recorded over some set 24-hour period ending at a specified time. The choice of observation time can affect the calculated value of mean temperature (e.g. see Karl et al. 1986);

B.  The mean of observations at fixed times which are taken at regular intervals. (The most common manifestation of this is the mean of eight three-hourly observations at 0000, 0300, 0600, ...., 2100 UTC, but some countries use the mean of four six-hourly observations, 24 hourly observations, or other combinations);

C.  Algorithms based on means (often weighted) of temperatures measured at irregularly-spaced fixed hours. An example of this, used in a number of European countries, is Tmean = (T0700 + T1400 + 2T2100)/4 (where Tn is the temperature at time n). A more complex type of algorithm is used in some countries; for example, Sweden uses the algorithm aT0600 + bT1200 + cT1800 + dTx + eTn, where a, b, c, d and e are parameters which are functions of month and station longitude. 

Given that, for the purposes of regional and global climate monitoring (including climate change detection), mean temperature anomalies are almost universally used then the use of differing algorithms between NMHSs is not a major issue. However, where different algorithms are applied over different time periods at an observation site, then inhomogeneities are likely to result (e.g. see Heino 1994).

Previous guidelines

The Second Edition of the WMO Guide to Climatological Practices (WMO 1983) recommends that “it is advisable to use a true mean or a corrected value to correspond to a mean of 24 direct observations a day. The mean of 4 equally spaced observations may suffice as a close approximation to the true mean”. It also notes the prevalence of climate stations with instrumentation and observation practices that are limited to recording maximum and minimum temperature, and notes that the average of those two temperatures can give a useful approximation to the daily mean temperature. WMO (1989) advises that the monthly mean temperature should be calculated as the average of the daily mean temperatures, where the daily mean is to be calculated as the average of the daily maximum and the daily minimum temperature.

Impacts of using different algorithms

Trewin (2004) discusses the impacts on the Australian record following a change in the algorithm to calculate CLIMAT monthly mean temperatures in November 1994. The change was from one based on daily maximum and minimum temperatures (i.e. method A, above) to one based on three-hourly observations (method B). Averaged over Australia as a whole, mean temperatures calculated using the post-1994 method were found to be 0.14ºC cooler than those calculated using the pre-1994 method, whilst other methods tested based on fixed-hour observations were found to produce means between 0.17ºC and 0.43ºC cooler than those derived from maximum and minimum temperatures. While there were regional variations, the observed differences occurred in all seasons, being smallest in the (southern) spring and similar in all other seasons.

Trewin (2004) also surveyed impacts of changes in algorithms in other countries:

“Collison and Tabony (1984), in a comparison of daily mean temperatures calculated from maximum and minimum temperatures with those calculated using the mean of 24 hourly observations, found, in a study of 15 British sites, that differences were generally less than 0.3ºC, with means derived from 24 hourly observations generally warmer than those from maxima and minima in winter, and cooler in summer. Weber (1993) compared daily mean temperatures calculated from maximum and minimum temperatures in Switzerland with those calculated using the formula: Tmean = (T0700 + T1300 + 2T2100)/4. Whilst his results were complicated by a change in the observation time used for daily maximum and minimum temperatures, he found that means calculated using maxima and minima were 0.06ºC to 0.83ºC warmer than those calculated using fixed hour-observations, depending on the station. He also found that there were smaller spatial differences between stations in the observed trends of mean temperature if the mean temperature was calculated using daily maxima and minima than if it was calculated using fixed-hour temperatures. He concluded that this suggested that daily maxima and minima were less sensitive to small local variations in observation time than fixed-hour observations were”.

Problems arise in methods B and C when stations change their observation schedules so that mean temperatures are computed from varying hourly values over the history of the record. Problems could also arise for countries that compute their CLIMAT mean temperatures by one method and use an alternative method for within-country use.

Weighing up the options

IPCC (1990) noted that "As long as each country continues the same practice, the shape of the temperature record is unaffected". This emphasises that, as long as calculation methods remain unchanged in time at a specific site, it does not matter, in the monitoring of climate change, if there are differences between sites (Trewin 2004). With climate change analysis the focus is primarily on trends and departures from the mean.

Basically there are three points of view to consider. The first is that CLIMAT reports should contain the best possible estimate of the variable that is required. This point of view accepts that this practice may cause inhomogeneities in the climate record, on the principle that it does not seem adequate to continue with “second best” estimates, only to avoid such discontinuities. It takes the approach that the discontinuities these changes may cause should be addressed as a separate problem. The second approach is to try to preserve the homogeneity of the station time series by calculating monthly mean temperature in the “old” way, whatever the old way is and however accurate the old way happens to be. The third point of view is that all CLIMAT mean temperatures should be calculated the same way. This point of view takes the approach that the only universally possible approach would probably be using the formula: (Tx + Tn)/2.  

At the core of this issue is the question of whether to optimise for the most accurate assessment of mean temperature at a station to the potential detriment of data homogeneity, optimise for data homogeneity and provide less precise measurements of mean values, or attempt to encourage a standardised approach that, if adopted, would prevent these data homogeneity problems from occurring in the future.

To determine which aspect should be optimised, one should consider how mean monthly CLIMAT data are being used. The most highly visible use of these data is to put the current climate into accurate historical perspective such as through the monitoring products of the Climate Research Unit of the University of East Anglia (UK), the National Climatic Data Center (USA), Hadley Centre (UK), the IPCC, and the WMO (e.g. the Annual Statement on the Status of the Global Climate, Global Climate System Reviews).  For this use, any changes that negatively impact the accuracy of the historical perspective provided by these data should be discouraged. The precise accuracy of the monthly mean temperatures appears to be less important than the historical continuity, because of the high spatial variability of the absolute value of the climate observations.

The aforementioned does not ignore the importance of these CLIMAT messages in providing a spatial climate comparison ‘across boundaries’ or, for example, allowing regional or global scale analyses of agricultural or environmental indices to be derived. However, it should be noted that differences in algorithms between countries already contributes to spatial inhomogeneities and, on the second point, it could be argued that NMHSs should be encouraged to be the primary source for providing such value-added indices themselves.
Recommended practice

It is important that NMHSs preserve the homogeneity of their CLIMAT mean temperature data and so, providing the algorithm they use is one covered by A, B, or C (above) and there are no serious accuracy issues, then algorithm changes should be avoided.

For NMHSs that have periods where there have been variations in the calculation of CLIMAT mean temperatures, consideration could be given to standardising on a single method, re-computing station time series, and making all these series available to the global data collection centres. If this is done then it is recommended that algorithm A (i.e. the average of maximum and minimum temperatures) is adopted.

As Trewin (2004) states, the magnitude of these systematic differences reinforces the importance of documenting the method of calculation of mean temperature throughout the period of observations prior to assessing trends in observed temperature.Nevertheless, the methodology should be documented even if trend assessment is not done.
As a final note, within the next decade or so, many NMHSs may be in a position to provide very precise estimates of mean temperatures from high resolution AWS data. The capability to do so should not invalidate the recommendations provided here but may provide some NMHSs with the incentive to shift practices to using the more precise estimates within their own country databases and, through CLIMAT, disseminate overseas at the same time. Providing systematic differences are calculated and are made available to international data centres then this should pose no barriers.
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