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Error calculation

Figure 1. Meteorological measuring station of the Ecole Normale de La Rochelle used in 1910 (left) and meteorological measuring station
at the place called "Le bout Blanc" in La Rochelle used in 1998. [Source: Météo-France]

Of all these sources of error, those related to sampling (number of observations per calculation grid cell) and incomplete
coverage (absence of observations in some grid cells) are the most important. Even if the number of observations taken into
account increases with the digitisation of old archive data, some regions, particularly near the poles, remain poorly covered. The
techniques used to estimate these errors consist in generating pseudo-observations from numerical simulations (in particular the
re-analyses mentioned in section 3) with a fine coverage (for example as in Lenssen et al. (2019) a pseudo-observation about
every half degree in latitude and longitude) over the whole planet. They are used to evaluate the effect of a reduction in the
space-time coverage of the real observations on the calculation of the temperature evolution on the grids of the reconstructions
or on average. As an example, Lenssen et al. (2019) evaluate that the sampling and coverage uncertainties on the mean annual
continental temperature decrease from about 0.20°C in the 1880s to 0.05°C in the 2000s (here as in the following unless
specified, these uncertainty values characterize a 95% confidence interval).

Urbanization effects are partly corrected in the reconstructions using different methods such as deleting observations most
affected by urbanization or correcting urban station data with data from neighbouring rural stations [1]. After these corrections,
the residual errors must be taken into account in the uncertainties on the reconstructed temperatures. They have, however, only a
limited impact on the trend of the annual mean temperature for all continents since the warming over the whole 20th century
according to the British reconstruction is, for example, less than 0.06°C, i.e. a much smaller order of magnitude than the trend
itself [2].

The Figure illustrates the breaks in the homogeneity of the series with photographs from the La Rochelle weather station used
in 1910 and the 1998 station equipped with a shelter meeting internationally defined standards. The data series used in the
reconstructions must first be analysed to detect these breaks in homogeneity, for example by comparing pairs of geographically
neighbouring observation series. These breaks must then be corrected, again using the proximity of stations whose observations
are spatially correlated. But, however precise these corrections may be, residual errors, such as the non-detection of certain
breaks of at most a few tenths of a degree, contribute to increasing the uncertainties on temperature reconstructions and must
therefore be taken into account in their evaluation.

Marine data are also subject to bias corrections in particular due to :
o the recent increase in the number of observations per buoy combined with a decrease in the number of observations per

vessel leading to a decrease in the estimated temperature trend.
o the use of temperature measurements by taking water from a more or less thermally insulated bucket, compared to the

more modern method of measuring the temperature at the inlet of water intakes used to cool boat engines.

The coexistence of these different measurement methods during certain periods, such as during or just after the Second World
War, sometimes makes it difficult to assess the necessary corrections [3]. The effect of these biases on trends is highly
dependent on the period of analysis and the inclusion of uncorrected effects in uncertainty estimates remains a necessity.

The total uncertainty in the annual mean global temperature is calculated by combining all the uncertainties mentioned so far,
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both for the ocean and the continent. Increasingly complete and accurate models for calculating uncertainties are therefore
being developed [4]. These models are subject to constant improvement, such as the recent inclusion of measurement error
correlations from the same boats or buoys. A recent development also consists in building large sets of temperature
reconstructions (100 or even 1000 members) by varying the parameters used to calculate the averages and to correct errors in the
observed data (urbanization, homogenization, bias in marine data,...).

The results of the total error calculations by the different error models are as follows:

o for the British reconstruction, the total error decreases from about 0.22°C in the 1850s through 0.15°C in the 1880s to
0.10°C in the 2000s;

e for the NOAA reconstruction, it decreases from about 0.15°C in the 1880s to about 0.05°C in the 2000s;

e for NASA's 7], it decreases from about 0.14°C in the 1880s to 0.08°C in the 2000s;

o for the three reconstructions, the total uncertainties increase by 1 to 2 tenths of a degree during the periods of the two world
conflicts.
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