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Ongoing global warming and local warm extremes: a case 
study of  two record mild winter months in Helsinki, Finland 
 
Jouni Räisänen, Department of Physics, University o f Helsinki, Finland 
 
 
In winter 2006-2007, both December and March were record warm in large parts of northern 
Europe. In Helsinki, for example, the previous record values for these two months were 
exceeded by over 1°C. How unusual are such extremely warm months? 
 
Traditionally, this question would be answered on the basis of past observations, by fitting a 
continuous function to the observed distribution of temperatures and extrapolating it beyond the 
observed range. However, in a changing climate this approach is problematic. Although it is still 
hard to reliably detect changes in local extremes directly from observations, the ongoing global 
warming alone makes it physically unlikely that statistics derived from past data are valid for the 
actual present-day climate. This is particularly true for temperature, for which the signal-to-noise 
ratio between the expected greenhouse-gas-induced changes and interannual variability is much 
higher than for (e.g.) precipitation (Räisänen 2001, Harvey 2004).         
 
Räisänen and Ruokolainen (2008a) proposed a model-based approach for estimating the actual 
present-day temperature climate. In this approach, past temperature observations are 
“extrapolated” forward in time, by combining observed changes in the global mean temperature 
with model-based regression coefficients that characterize the simulated relationship between the 
global mean temperature and the local mean temperature and amplitude of interannual variability.  
 
An example of the results of this extrapolation is given in Fig. 1. Two time series of December 
mean temperature in Helsinki are shown – one obtained directly from observations for 1901-
2005 and the other from observations extrapolated to the present (2006) climate conditions. The 
difference between the time series increases towards the beginning of the 20th century, when the 
global mean temperature was further below its present-day level than it has been in the last few 
decades. Furthermore, the extrapolation increment is slightly larger for cold (e.g., 1915) than mild 
(e.g., 1914) December months. This is because most climate models suggest a decrease in the 
interannual variability of December mean temperatures in Finland in a warmer climate. Note that 
the extrapolated curve in Fig. 1 is based on results averaged for 22 global climate models – in 
reality slightly different curves are obtained from each single model.   
 
 
 
   
 



   Newsletter 1, June 2008    
 

 5 

 
  

Figure 1. Observed (blue) and extrapolated (red) December mean temperatures in Helsinki in 1901-2005. 
 
 
The time series obtained from the extrapolation can be used to estimate the probability 
distribution of monthly temperatures in the actual present-day climate. The resulting Gaussian-
kernel-smoothed distributions of December and March mean temperature in Helsinki are shown 
in Fig. 2, together with distributions based directly on the observed temperatures in 1901-2005.  
 
  
 

 
 

Figure 2. Estimated continuous probability distributions of (a) December and (b) March mean temperature in 
Helsinki. The dashed lines show the observed distributions for 1901-2005, and the other lines model-based 

distributions corresponding to the climate in 2006-2007 (thin lines for the individual 22 models and lines with 
open circles for the 22-model mean). 

 
 
The observed mean temperature in Helsinki in December 2006 (March 2007) was +4.0°C 
(+3.1°C). Based on the probability curves representing the earlier observed climate in Fig. 2, such 
high temperatures should be very rare. For 4.0°C in December (3.1°C in March), we estimate a 
return period of about 340 (725) years in the climate observed in 1901-2005, although these 
numbers are sensitive to the details of the curve fitting (Räisänen and Ruokolainen 2008b). The 
return periods estimated for the actual present-day climate are much shorter. As the best 
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estimate, 4.0°C in December should now be equalled or exceeded once in 57 years, with a range 
of 28-122 years among the extrapolations based on the 22 different models. The corresponding 
numbers for 3.1°C in March are 84 and 33-221 years.    
It should be noted that these calculations are based largely on model results. Observations alone 
do not yet allow statistically meaningful estimates of changes in temperature extremes in northern 
Europe, where interannual variability of winter temperatures is very large. Yet, to the extent that 
the model simulations and the methods are reliable, our results suggest that extremely mild winter 
months like December 2006 and March 2007 have already become several times more probable 
than they were in the 20th century. In the future, with continued global warming, the frequency 
of such mild months will further increase.  
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