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1. Introduction 
Dry spells, or prolonged periods with little rain, decrease 
surface and ground water level, thereby having adverse 
effects on the environment and various sectors of the soci-
ety, e.g., agriculture, hydropower generation and forestry.  
Summer 2006 in Finland was exceptionally dry, with less 
than 25% of the average precipitation sum in the vicinity of 
the Bothnian Bay and in the Helsinki metropolitan area. At 
the station Helsinki Kaisaniemi during June-August, it 
rained only 35 mm, the smallest summer rainfall amount 
ever recorded since the onset of the precipitation measure-
ments there in 1845. Among numerous consequences of the 
wide-spread drought, the risk of forest fires in Finland and 
the surroundings was larger than usually. 
The objective of our study is three-fold. First, the average 
dry interval (DI) between two successive rain events in 
summer is examined based on measurements with a 
continuously recording rain gauge. Second, we assess 10-
year return levels for durations of spells with only a small 
amount of precipitation (DS10). Third, multi-model mean 
projections for changes in the average summer maximum 
number of consecutive dry days (CDD) are presented, 
discussing the level of agreement between the models.  
This work contributes to climate change adaptation studies 
in Finland within a national research programme. In parallel, 
we have also examined the impact of climate change on 
forest fire risk (Vajda and Venäläinen 2006) and heavy 
precipitation (Tuomenvirta et al. 2006) in the Baltic Sea 
catchment.  
 
2. Material and methods 
Rainfall data used to examine DI were collected with a 
Fuess recording rain gauge at the weather station Helsinki 
Kaisaniemi in May-September during the period 1951-2000. 
Daily precipitation sums calculated from the data were 
closely correlated with those based on standard precipitation 
observations at the same station, with a correlation coeffi-
cient of about 0.97, which proves the data quality to be good 
enough for climatological analysis.  
Daily observations at twelve stations in Finland were util-
ized to examine DS10. In this paper we discuss results for 
the Helsinki Kaisaniemi station based on observations in 
1958-2006. We considered several thresholds (10, 25, 50, 
100, 200 mm) of the accumulated precipitation sum and 
picked out the longest spells that started between the 1st of 
May and the 30th of September to achieve these thresholds. 
The 10-year return levels were assessed applying the so-
called “peak over threshold” (POT) approach, assuming the 
Generalized Pareto distribution. The calculations were per-
formed with the so-called eXtremes software (Katz et al. 
2005).  
Relative changes in June-August CDD by the end of the 21st 
century were estimated on the basis of experiments 
performed with seven regional climate models (RCMs) in 
the EU FP5 project PRUDENCE (Christensen et al. 2006). 
All the RCMs regionalized information from the HadAM3H 

general ciculation model (GCM), applying the IPCC-
SRES A2 radiative forcing scenario. Details of the 
projections were subject to differences in RCM design and 
random effects due to internal climate variability. To 
alleviate their influence, we consider here multi-model 
means, but we also examine the regional pattern of the 
level of agreement between the RCMs. The sea areas were 
masked out, mainly because of a rather unrealistic future 
climate over the Baltic Sea in summer in most of the 
model runs, arising from a very large increase in the Baltic 
sea surface temperatures (SST) in the driving GCM 
system (see Kjellström and Ruosteenoja 2006).  
 
3. Results 
According to the observations, the average duration of a 
single dry interval in Helsinki in summer is about 21 
hours. However, DI decreases rapidly from early to late 
summer, with a mean of 32 hours in May and 16 hours in 
September. Deviations between the five decades 
considered were large but no temporal trend could be 
found. In summers of the 1970s and 1980s DI was clearly 
shorter than during the previous two decades and the 
subsequent one. The longest dry spell took place in 1960, 
lasting 32 days and 22 hours. 
The 10-year return level for the duration of a period with a 
precipitation sum of only 10 mm is in Helsinki 45 day, 
with an uncertainty range of 39-53 days (Figure 1). On the 
other hand, we can estimate that on average once in a 
decade there is a period of 100 days with not more than 
50-80 mm of precipitation. As a comparison, the average 
precipitation amount in Helsinki in 1971-2000 was 642 
mm annually and 189 mm in June-August.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  10-year return levels DS10 (in days) for 
durations of spells with only a small amount of 
precipitation in Helsinki Kaisaniemi, as a function of 
the precipitation thresholds (in mm). The solid line 
gives the maximum likelihood estimates and the 
dashed lines depict the 90% confidence interval.  
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On the southern and western coast of the Baltic Sea, all 
seven RCMs agreed on an increase in the 30-year mean of 
the summer maximum number of consecutive dry days by 
the end of this century (Figure 2a). The multi-model mean 
change in CDD ranged from 40-70% in Germany (and even 
higher westwards) to less than 20% in Lithuania and central 
Scandinavia (Figure 2b). 
Around the Gulf of Finland and to the east of the Gulf of 
Bothnia, about half of the models suggested an increase in 
CDD and the rest a decrease or no change (Figure 2a). In 
general, CDD had a tendency to decrease with increasing 
summer mean precipitation (P). For the area-average of 
CDD in Finland, the largest decrease (-9%) was projected by 
a model run with prescribed sea and lake surface tempera-
tures and the highest increase (14%) by a model run 
employing an alternative Baltic SST forcing. However, no 
simple relation could be found between the sign of the 
change and the procedure used in the experiments for the 
Baltic SST. The spread among the RCMs partly resulted 
from differences in model formulation but also from random 
noise. Because of the disagreement on the sign of the change 
(and a low signal-to-noise ratio), wide areas in Figure 2b are 
not shaded with colour.   
 
4. Discussion   
Based on observations during many decades, we have 
discussed here durations of short-term dry weather and long-
term periods with little rain at a single station. A further 
study on the latter, utilizing information at several other 
stations as well, is currently going on. Return periods longer 
than 10 years are also being examined.      
In our study for CDD, we considered the uncertainty due to 
differences in RCM formulation and experimental design, 
including also diversities in the Baltic SST forcing. It should 
be emphasized, however, that additional sources of uncer-
tainty in future climate projections, arising from deviations 
between the lateral boundary conditions of the driving 
GCMs and uncertainties in future emissions, can be much 
larger than the contribution from differences in RCMs. In 
this particular case, we found (not shown) that in the driving 
HadAM3H experiment the projected change in the June-
August mean precipitation in Finland by 2071-2100 was 
10% (and 1% for CDD). By coincidence, this increase in P 
is very close to our results for the corresponding multi-
model mean change in P, based on a set of 19 GCM simula-
tions conducted for the Fourth Assessment Report of the 
IPCC (not shown). This suggests that our results for CDD, 
presumably covering only a small fraction of the whole 
uncertainty range, might still be rather typical. However, this 
conclusion should be confirmed by studying CDD on the 
basis of several GCM experiments.   
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Figure 2.  Projected changes in the 30-year mean of 
the summer (JJA) maximum number of consecutive 
dry days (CDD) by 2071-2100, compared to 1961-
1990, based on PRUDENCE RCM simulations with 
A2 radiative forcing scenario.  a) The number of 
models indicating a positive change. b) Multi-model 
mean change (%); in white land areas three out of 
seven models disagree on the sign of the change.  
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