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Long-term variations and trends in precipitation in Finland
M. Irannezhad,* H. Marttila and B. Kløve
Water Resources and Environmental Engineering Laboratory, Department of Process and Environmental Engineering, University of Oulu,
Finland

ABSTRACT: Annual, seasonal and monthly variations in precipitation during the period 1911–2011 were evaluated
using spatially interpolated monthly precipitation records at 165 stations with more than 30 years of data (of which 32
stations had 101 years of data referring to full length of study period). Historical trends and cyclic patterns of precipitation
and links to teleconnection indices were analysed. The results show that annual precipitation in Finland increased by
0.92 ± 0.50 mm year−1 (p < 0.05) during the study period (1911–2011), and showed negative relationships with the East
Atlantic/West Russia (EA/WR) teleconnection pattern (ρ = −0.41, p < 0.05) through the years 1950–2011. However, there
were spatial (north–south/east–west) differences between regions. The time cycle (λ) for annual precipitation cycles was
estimated to 149 years (R 2 =0.15), and 1964 was indicated as the turning point from a negative (dry) to a positive (wet)
phase. Analysis of seasonal and monthly cycles showed larger variations, depending mainly on teleconnection effects.
Analysis of seasonal precipitation determined increasing trends for winter (by 0.46 ± 0.19 mm year−1 ) and summer (by
0.32 ± 0.29 mm year−1 ), while no clear trend was found for spring and autumn precipitation (p > 0.05). Winter precipitation
was most strongly correlated with the North Atlantic Oscillation (NAO) index (ρ = 0.55, p < 0.05), while the EA/WR
pattern was the most significant teleconnection index for precipitation variations in spring (ρ = −0.33, p < 0.05) and
summer (ρ = −0.49, p < 0.05); the precipitation variability during autumn was negatively associated with the Scandinavia
(SCA) pattern (ρ = −0.40, p < 0.05). The results clearly indicate that Finland has experienced wetter climate than normal
conditions during recent decades, and precipitation in the Fenno-Scandinavian climate is controlled by a number of climate
teleconnection indices, not just the NAO as previously assumed.
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1. Introduction
During recent decades, the Fenno-Scandinavian region of
northern Europe has experienced changes in climate conditions. The Intergovernmental Panel on Climate Change
(IPCC) has reported an increasing trend in world surface temperature since the start of the industrial period,
with a further acceleration since 1975 (IPCC, 2007). It
is widely accepted that an increase in human-induced
emissions of greenhouse gases to the atmosphere has
resulted in this warming, with changes in the climate
system (Boer et al., 2000; Mitchell et al., 2001; Zeng
et al., 2004; IPCC, 2007; Zahn, 2009). Changes in climate have already affected water resources by influencing
hydrological cycle elements such as precipitation redistribution, evapotranspiration and snowpack accumulation
and melt (IPCC, 1995; Arnell, 1999; Allen and Ingram,
2002; Loukas et al., 2002; Alan et al., 2003). Improving
knowledge on these elements as controlling factors in
water resources variability on different timescales, from
inter-annual to multi-decadal, is a major component of
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studies related to climatic and environmental changes on
regional (Bartolini et al., 2009; Jaagus, 2009; Chaouche
et al., 2010; Jhajharia et al., 2012) and global scales (Dai
et al., 1997; Dayan and Lamb, 2005; Dore, 2005).
Precipitation is the most important element of the
hydrological cycle influencing different land uses and
ecological water requirements, and is one of the main
variables for detecting climate change on a regional
scale (Cannarozzo et al., 2006; Oguntunde et al., 2006;
McVicar et al., 2007). In recent years, spatial and temporal precipitation distributions on a regional scale under the
impacts of climate change have been intensively examined in order to improve sustainable water resources
planning and management (Kundzewicz, 2004; Xu and
Singh, 2004; Vörösmarty et al., 2010). Globally, precipitation over land has increased at high latitudes during
the last century, but has markedly decreased at low
latitudes (from 10◦ S to 30◦ N) (Folland et al., 2001;
IPCC, 2013). For northern Europe, annual precipitation showed an 8–14% increase in Norway during
the last century (Hanssen-Bauer and Førland, 1998), a
slightly smaller increase in northern and southern Sweden (Räisänen and Alexandersson, 2003), and a minimal increase in Finland (Tuomenvirta and Heino, 1996).
In general, such variations in precipitation and/or other
hydro-climatological variables are strongly associated
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with large-scale atmospheric circulation modes and with
interactions between land and ocean surfaces (Steinberger
and Cazit-Yaari, 1996; Türkeş, 1998; Dayan and Lamb,
2005).
Global atmospheric circulation follows a number of
patterns, or preferred modes (IPCC, 2007). These modes
are defined as persistent and repetitive large-scale patterns
of pressure and circulation anomalies over a large geographical area. In general, the modes manifest the longterm variations in natural occurrence of chaotic behaviour
in the atmospheric and climatic systems (Moron et al.,
1998; Thompson and Wallace, 2000). They also control
the large-scale variability of the global climate system
(Nicholls et al., 1996) by reflecting changes in atmospheric waves and the jet stream (Hurrell and Van Loon,
1997; Thompson and Wallace, 2001). Climate teleconnection indices operate in association with the atmospheric circulation modes, and are considered an effective
tool for describing these. Many studies have reported
descriptions and characteristics of climate teleconnection
indices and their association with precipitation variability
in different parts of the world, particularly Europe; over
northern Europe and Baltic Sea basin (Uvo, 2003; Jaagus, 2009), for European Alps (Bartolini et al., 2009),
in western Mediterranean basin (Wibig, 1999; LopezBustins et al., 2008; Gonzalez-Hildago et al., 2009), and
in eastern Mediterranean and the north of Caspian Sea
(Kutiel and Benaroch, 2002; Kutiel et al., 2002; Türkeş
and Erlat, 2003).
The North Atlantic Oscillation (NAO) as well as Scandinavia (SCA) and East Atlantic/West Russia (EA/WR)
patterns may generally be the most influential teleconnection indices on precipitation variability in Finland. The
strong positive phase of the NAO index is reported to
be associated with the negative wintertime precipitation
anomalies (drier winters than normal) observed in southern Europe and the Mediterranean region since 1980, and
with the positive wintertime precipitation anomalies (wetter winters than normal) observed over northern Europe
and Scandinavia during the same period (Hurrell and Van
Loon, 1997). In general, the negative (positive) phase of
SCA pattern results in wetter (drier) climate than normal conditions over the Scandinavia region, while drier
(wetter) climate across southern Europe (Barnston and
Livezey, 1987; CPC, 2005). Similarly, the EA/WR pattern has showed negative correlations with precipitation
variability over the Scandinavia region and positive for
the Mediterranean basin (Krichak and Alpert, 2005). It
means the positive (negative) phase of EA/WR pattern
have been associated with drier (wetter) climatic condition than normal in northern Europe (Barnston and
Livezey, 1987), including Finland.
Although year-to-year climate variations may look random, careful investigation of historical data can sometimes expose clear patterns of atmospheric and oceanic
anomalies that recur every few years in almost similar
forms and sequences (Mann and Park, 1993; Mann and
Park, 1994); e.g. due to association with variations in teleconnection indices. Hence, analysis of trends in historical
© 2014 Royal Meteorological Society

climate observations as well as identification and explanation of their linkage to teleconnection indices have
received considerable attention in recent years. Many
studies reported that plotting trends and long-term variability of past hydro-climatological data on regional and
local scale is more useful for identifying climate change
adaptation and mitigation strategies, particularly within
water resources management (Arnell and Delaney, 2006;
Barsugli et al., 2009; Hamlet, 2011), than those on continental or global scale (Brekke et al., 2009; Raucher,
2011). Thus, evaluation of both national scale and spatial
variations in historical precipitation in Finland besides
their linkages to different climate teleconnection indices
seems to be applicable for sustainable water resource
planning and management.
The main aim of this study was to analyse variations
and changes in precipitation in Finland, and its dependency on climate teleconnection indices, using longterm spatially interpolated monthly precipitation. Specific objectives were (1) National-scale assessment of
precipitation patterns over Finland on annual, seasonal
and monthly timescales; (2) determination of relationships between national-scale precipitation patterns and
climate teleconnection indices; (3) identification of spatial and temporal precipitation changes in different parts
of Finland and (4) investigation of possible connections
between precipitation in different parts of Finland and
climate teleconnection indices.

2. Data and methods
2.1. Data description
Spatially interpolated monthly precipitation records
for the period January 1911 to December 2011 from
165 meteorological stations with more than 30 years of
data (of which 32 stations had 101 years data between
1911 and 2011 as the full length of study period) were
obtained from the Finnish Environmental and Spatial
Service database (OIVA database, 2012). The locations
of these meteorological stations are shown in Figure 1.
The study period and its length for each station as well
as number of stations included in each year from 1911
to 2011 (full length of study period) are illustrated in
Figure 2. Seasonal and annual datasets were derived
from these monthly data. The 101-year study period was
considered long enough to allow reliable conclusions to
be drawn on temporal precipitation changes that might
have occurred in Finland.
The climate teleconnection indices/patterns considered in this study were the NAO, EA, West Pacific
(WP), East Pacific/North Pacific (EP/NP), Pacific/North
American (PNA), EA/WR, Scandinavia (SCA), Tropical/Northern Hemisphere (TNH), Polar/Eurasia (POL),
Pacific Transition (PT) and Arctic Oscillation (AO).
The Climate Prediction Center (CPC) at the National
Oceanic and Atmospheric Administration (NOAA) calculates standardized monthly values of these climate
teleconnection indices based on climate data from 1981
Int. J. Climatol. 34: 3139–3153 (2014)
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Figure 1. Locations of precipitation measurement stations in Finland (No. 1–165) with more than 30 years of record. Stations represented by
red colour cover 101 years precipitation data from 1911 to 2011 as the full length of study period.

to 2010. This study used these monthly values of
climate teleconnection indices for the period January
1950 to December 2011, which are available online
(NOAA database, 2012). Jaagus (2006) summarizes the
main features of these teleconnection indices; see also
the NOAA website at the following link: (http://www.
cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml).
To evaluate the association between annual, seasonal
and monthly precipitation in Finland and climate teleconnection indices, the Spearman correlation coefficient
(ρ) was used in this study (Helsel and Hirsch, 1992). It
was chosen instead of the Pearson correlation coefficient
(r) because it is based on free probability distribution
© 2014 Royal Meteorological Society

of variables and no linear relationship between them.
In addition, the Spearman correlation coefficient is considered an accurate method to reveal linkages between
small datasets because it gives smaller outliers (Helsel
and Hirsch, 1992).
2.2.

Historical trend analysis

The World Meteorological Organization (WMO) recommends the use of the Mann–Kendall nonparametric test
(Mann, 1945; Kendall, 1948) to determine significant
trends in environmental time series data (Mitchell
et al., 1966; Yu et al., 2002). The method is widely
recognized to use for trend detection in meteorological
Int. J. Climatol. 34: 3139–3153 (2014)
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Figure 2. (a) Study period at each station, (b) length of study period at each station and (c) number of precipitation measurement stations in
each year of the full length of study period. Stations represented by red colour cover 101 years precipitation data from 1911 to 2011 as the full
length of study period.

and hydrological datasets (Hamed, 2008; Liu et al.,
2008; Liang et al., 2010). The main advantages of the
Mann–Kendall nonparametric test are the assumption
of no special distribution function in the datasets and
no subsequence setup (e.g. Helsel and Hirsch, 1992;
Maidment, 1993). The method was used in this study
to determine significant trends (p < 0.05) in annual,
seasonal and monthly precipitation in Finland. The Sen’s
method developed by Sen (1968) was applied to estimate
the slope of detected significant trends. To acknowledge
the uncertainties in determined trends (i.e. coming from
uneven spatio-temporal distribution of precipitation
measurements), 95% two-sided confidence intervals
of Sen’s slope were calculated (Helsel and Hirsch,
1992; Drápela and Drápelova, 2011). For this study,
the seasonal timescale was defined as winter (December
to February), spring (March to May), summer (June to
August) and autumn (September to November).
2.3.

Time cycle estimation

Past variations in precipitation in Finland (national scale)
were analysed by plotting annual, seasonal and monthly
anomalies. An anomaly is a measure of deviation from
the base value (long-term average precipitation) and
represents wetter (higher than base value) or dryer (lower
than base value) meteorological conditions than normal
(base value) for different timescales. Similarly to climate
variability, changes in wet and dry meteorological
spells can be divided into interannual, interdecadal
(15–35 years) and century-scale (50–150 year) fluctuations. The Fourier series fitting method was used
© 2014 Royal Meteorological Society

only for national-scale analysis to estimate periodicities
(cyclic patterns) of these spells in Finnish precipitation
on different timescales as:
y = a0 + a1 cos (wx ) + b1 sin (wx )

(1)

where a 0 is the Fourier series base level, a 1 , the cos
function amplitude, b 1 , the sin function amplitude and
w , the frequency. The wavelength (hereafter λ or time
cycle) was calculated as λ = 2π/w .
2.4. Data adjustment
In climate change research, long-term variability analysis is critically vulnerable to the existence of possible
inhomogeneity in the temporal datasets. The degree of
inhomogeneity in the original data, especially for precipitation, can be compared to the real observed changes
in climate conditions (Hanssen-Bauer and Førland,
1994, Tuomenvirta 2004). Although long-term global
hydro-climatological time series based on meteorological
observations can produce a consistent description of
global, hemispheric and regional climate conditions (Vinnikov et al., 1990; Jones, 1994; Nicholls et al., 1996),
at the national scale they can produce a severely biased
climate description (Moberg and Alexandersson, 1996).
Before 1909, precipitation in Finland was measured
by a poor network of stations. In 1909, all instruments
for precipitation measurement were changed in Finland
and hence areal averages of precipitation in Finland are
available only since 1910. While the biases of temporal variations in precipitation datasets must be adjusted
Int. J. Climatol. 34: 3139–3153 (2014)
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before analysis (IPCC, 1995), two main approaches are
generally used to evaluate the homogeneity of different
Finnish hydro-climatological datasets. The first approach
uses the history of observation method (Heino, 1994),
and the second some specially developed statistical tests
(Tuomenvirta and Drebs, 1994) based on the Standard
Normal Homogeneity Test (Alexandersson, 1986). However, even after these adjustments, the time series of
Finnish precipitation may still include some inhomogeneity. Bias to the Finnish precipitation data is resulting
from change of precipitation gauging type at 1980 and
eliminating number of measuring stations at the same
time. According to Solantie and Junila (1995) and Heino
(1994), this changing in precipitation gauging type can
cause error to measurement values. However, difference
can be adjusted (Solantie and Junila, 1995; Heino, 1994)
and therefore, in this study, the adjusted precipitation data
were used. Changes in number of measurement stations
may cause inhomogeneity; however, this study assumes
these changes are not systematic and thus have negligible effect on the trend analysis as considers only stations
with long-term datasets.

3. Results
3.1. Precipitation patterns in Finland
Precipitation in Finland on a national scale was characterized here by arithmetically averaged precipitation
records from 32 stations with 101-year data covering
the full length of study period (1911–2011). It was
found that mean national-scale annual precipitation during the study period (hereafter the base value) was
equal to 601 mm, with the highest annual precipitation
on a national scale of 792 mm (2008) and the lowest of 420 mm (1941). Trend analysis based on the
Mann–Kendall nonparametric test indicated that annual
precipitation on a national scale has increased significantly (p < 0.05), by 0.92 ± 0.50 mm year−1 , during
the years 1911–2011 (Figure 3(a)). Analysis using the
Fourier series method of anomalies in annual precipitation over Finland for the period 1911–2011 showed that
the time cycle of a low-high mode of annual precipitation on a national scale was about 149 years (R 2 = 0.15),
in which 1964 could be considered a turning point from
low to high mode. Annual precipitation in Finland on
a national scale showed the strongest significant association with the EA/WR climate teleconnection index
(ρ = −0.41, p < 0.05) (Figure 3(a)). It was also strongly
influenced by the SCA pattern (Table 1).
Seasonal analysis of precipitation in Finland revealed
that summer had the highest amount of precipitation, with
a base value of 209 mm, while the lowest seasonal precipitation was found for spring, with a base value of 103 mm
(Figure 3(b)). Trend analysis of national-scale seasonal
precipitation showed statistically significant (p < 0.05)
increasing trends in winter and summer, by 0.46 ± 0.19
and 0.32 ± 0.29 mm year−1 , respectively, while no clear
trend was found for spring and autumn precipitation
© 2014 Royal Meteorological Society

(Figure 3(b)). National-scale precipitation during winter
represented the longest cyclic pattern, with a time cycle
(λ) of 198 years, while the time cycle for all other seasons
was estimated to 6 years (Figure 3(c)). Winter precipitation on a national scale was most strongly associated with
the NAO (ρ = 0.55, p = 0.00), while spring and summer
precipitation on a national scale were most strongly associated with the EA/WR pattern (Figure 3(c)). Nationalscale precipitation during autumn was most strongly
correlated with the SCA pattern (ρ = −0.40, p < 0.05)
(Figure 3(c)). All significant correlations between climate teleconnection indices and seasonal precipitation on
a national scale are shown in Table 1.
The highest monthly precipitation in Finland on a
national scale was observed for August, with 77 mm,
and the lowest for March, with 29 mm. A significant
positive trend (p < 0.05) in monthly precipitation on
a national scale was found for January, March, July
and December, but no clear trend for the other months
of year (Figure 3(d)). The highest trend in Finland’s
national scale monthly precipitation was found for July
(0.27 ± 0.19 mm year−1 ), while the lowest one for March
(0.13 ± 0.08 mm year−1 ) (p < 0.05) (Figure 3(d)). Analysis of cyclic patterns in monthly precipitation on a
national scale revealed long time cycles of 49 and
112 years for the cold months of February and March,
respectively; while short time cycles from 2 to 7 years
for months April to December (Figure 3(e)). Monthly
precipitation on a national scale was strongly associated
(p < 0.05) with the SCA pattern during January, February, June, August, September and October (Figure 3(e)).
Monthly precipitation in March and December was significantly associated with the NAO, that in April and
July with the EA/WR pattern, that in May with the
PNA pattern, and that in November with the EA pattern (Figure 3(e)). The strongest positive correlation was
found between monthly precipitation in December and
the NAO (ρ = 0.66, p = 0.00), and the strongest negative
relationship between monthly precipitation in January and
the SCA pattern (ρ = −0.52 and p = 0.00).
3.2.

Spatial distribution of precipitation

Annual precipitation base values varied markedly
across Finland (Figure 4(a)). Southern and central
Finland received the high average annual precipitation
(651–700 mm), whereas on the west coast and in northern
Finland the long-term average was less than 550 mm. As
length of study period at considered stations in Finland
(Figure 2(b)) for this article were different, Figure 4(b)
shows calculated trends in annual precipitation at each
station based on its studied period (Figure 2(a) and
(b)). All statistically significant (p < 0.05) trends seen in
annual precipitation at stations in Finland were positive
(increasing), while the negative (decreasing) trends
were insignificant (p > 0.05) (Figure 4(b)). In general,
high rates of significant increasing trends in annual
precipitation (as mm per year) were observed at stations
located in central and northern Finland (Figure 4(b)).
Int. J. Climatol. 34: 3139–3153 (2014)
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Figure 3. Base values, significant trends (p < 0.05) with 95% confidence interval, time cycles and most significant associated climate
teleconnection indices (p < 0.05) for national-scale precipitation over Finland on (a) annual, (b, c) seasonal and (d, e) monthly timescales.
See text for explanation of index abbreviations.

The main teleconnection index affecting the southern
Finland and northern Ostrobothnia regions was EA/WR,
in eastern Finland SCA and in northern Finland AO,
EA/WR and PNA (Figure 4(c)). The positive significant
correlation with the main influencing teleconnection
index was highest in the north and east of Finland, while
highest negative one was generally found in the south
and south-west areas (Figure 4(d))
Seasonality assessment of precipitation at different stations throughout Finland indicated a precipitation range of 91–151 mm for winter (Figure 5(a)),
65–116 mm for spring (Figure 5(e)), 74–233 mm for
summer (Figure 5(i)) and 152–201 mm for autumn
(Figure 5(m)). The highest range (136–151 mm) in
wintertime precipitation was observed over the northwest and south-west of Finland; the lowest range
(91–100 mm) in north-eastern and also western Finland
(Figure 5(a)). Only increasing (positive) trends in wintertime precipitation at different stations in Finland based
on their study periods (Figure 2(a) and (b)) were statistically significant (p < 0.05) (Figure 5(b)). The rates
of increasing trends (as mm/year) ranged between 0.25
and 2.58 (Figure 5(b)) according different studied periods
of stations (Figure 2(b)). The main influencing teleconnection indices during winter were NAO, AO and SCA
and the spatial distribution overlapped between these
indices (Figure 5(c)). In general, the highest significant
positive correlations (p < 0.05) were observed at the stations located in the south, centre and north of Finland
(Figure 5(d)) where the NAO and AO indices were
mostly influential; while, the highest negative correlations
© 2014 Royal Meteorological Society

were found only at some stations in the south and north
of Finland where the SCA pattern affected the winter
precipitation. The highest range of spring precipitation
(106–116 mm) occurred in the south, east and centre
of Finland, and the lowest range (65–77 mm) over the
upper areas of northern Finland (Figure 5(e)). During the
spring period (Figure 5(f)), only a few stations gave significant trends, all positive rates in the range 0.19–1.24
(as mm/year) during their studied period as illustrated
in Figure 2(a) and (b). In spring, the main influencing
teleconnection pattern in the south-west coast area was
EA/WR (negative correlation), in western Finland SCA
pattern, in central Finland EA pattern (positive correlation), in eastern Finland POL pattern (negative correlation) and in northern Finland NAO (positive correlation)
(Figure 5(g) and (h)). The highest range of summer precipitation (208–233 mm) was found at most stations in
the east and south-west of Finland (Figure 5(i)). The lowest range (74–113 mm) was observed over the north-west
of Finland (Figure 5(i)). Similarly to the spring period,
summer precipitation gave only a few significant trends
(Figure 5(j)), but in a different range of rates (−1.50
to 1.50 mm year−1 ) according to the different study periods at stations (Figure 2(b)). The EA/WR pattern was
mainly the most significant teleconnection index affecting summer precipitation over Finland (Figure 5(k)).
Seasonal precipitation for autumn showed the highest
range (190–201 mm) in the south-west and centre of
Finland, and the lowest range (152–160 mm) at the
stations over the coastal areas in the west of Finland
(Figure 5(m)). For autumn, precipitation showed only
Int. J. Climatol. 34: 3139–3153 (2014)
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Table 1. Spearman’s correlation coefficients and their p-values for national scale precipitation in Finland on annual, seasonal and
monthly timescales.

Time
Annual
Seasonal

Winter
Spring
Summer
Autumn

Monthly

January
February
March
April
May
June
July
August
September
October
November
December

Index
Value

NAO

EA

WP

EP/NP

PNA

EA/WR

SCA

TNH

POL

PT

AO

ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p
ρ
p

0.11
0.37
0.55
0.00
−0.17
0.19
−0.25
0.05
−0.18
0.16
0.41
0.00
0.22
0.08
0.39
0.00
−0.11
0.38
−0.31
0.01
−0.23
0.07
−0.29
0.02
−0.08
0.52
−0.06
0.63
−0.12
0.35
−0.22
0.09
0.66
0.00

0.14
0.29
0.14
0.29
0.32
0.01
0.08
0.51
0.20
0.12
0.24
0.06
0.25
0.05
−0.05
0.71
0.20
0.12
0.20
0.12
0.02
0.87
0.06
0.62
−0.01
0.95
0.05
0.68
0.03
0.82
0.41
0.00
−0.12
0.33

−0.11
0.40
0.08
0.56
−0.14
0.28
−0.06
0.66
−0.03
0.80
0.05
0.72
0.26
0.04
−0.02
0.90
−0.08
0.52
−0.21
0.10
−0.01
0.94
0.00
0.99
0.11
0.41
0.17
0.19
0.04
0.77
−0.13
0.33
0.05
0.71

—
—
—
—
−0.16
0.22
0.01
0.96
−0.05
0.71
−0.06
0.65
−0.28
0.03
0.10
0.44
−0.09
0.49
−0.04
0.74
0.03
0.80
−0.04
0.73
0.19
0.14
0.04
0.78
−0.21
0.11
0.29
0.02
—
—

0.18
0.17
−0.03
0.08
−0.05
0.72
0.01
0.94
0.01
0.96
0.06
0.66
−0.03
0.80
0.17
0.19
−0.19
0.14
−0.37
0.00
−0.20
0.13
0.14
0.27
−0.11
0.41
−0.23
0.07
0.04
0.74
0.02
0.87
−0.02
0.86

−0.41
0.00
0.04
0.76
−0.33
0.01
−0.49
0.00
−0.34
0.01
−0.20
0.02
−0.18
0.16
−0.36
0.00
−0.42
0.00
−0.31
0.01
−0.36
0.00
−0.39
0.00
−0.13
0.30
−0.27
0.04
−0.24
0.06
−0.32
0.01
−0.11
0.39

−0.35
0.01
−0.48
0.00
−0.32
0.01
−0.27
0.04
−0.40
0.00
−0.52
0.00
−0.57
0.00
−0.36
0.00
−0.36
0.00
−0.27
0.04
−0.49
0.00
−0.15
0.25
−0.47
0.00
−0.46
0.00
−0.43
0.00
−0.01
0.91
−0.15
0.26

—
—
0.10
0.05
—
—
—
—
—
—
0.14
0.27
0.01
0.93
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
0.09
0.51

−0.14
0.27
−0.26
0.05
0.06
0.63
−0.40
0.00
0.00
1.00
−0.12
0.37
−0.27
0.03
−0.18
0.17
0.11
0.39
0.03
0.80
−0.21
0.11
−0.38
0.00
−0.32
0.01
−0.22
0.09
−0.01
0.94
0.27
0.03
−0.03
0.81

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
0.05
0.68
0.05
0.69
—
—
—
—
—
—

0.15
0.25
0.52
0.00
0.19
0.13
−0.10
0.45
0.06
0.62
0.39
0.00
0.24
0.06
0.30
0.02
0.11
0.41
−0.02
0.88
−0.02
0.87
−0.10
0.44
0.00
0.97
0.14
0.28
0.16
0.22
0.04
0.74
0.41
0.00

See text for explanation of index abbreviations. Significant correlations (p < 0.05) denoted in bold.

significant increasing trends, in a range from 0.29 to
1.98 mm year−1 (Figure 5(n)), over the different study
periods (Figure 2(b)) and regions of Finland. The dominating teleconnection was EA/WR pattern (negative correlation) in the south and central Finland, and SCA pattern (negative correlation) in some areas in the south-east
of Finland (Figure 5(o) and (p)). Moreover, monthly precipitation patterns had a similar spatial distribution and
influential teleconnection indices as observed for the seasonal analysis.

4. Discussion
4.1. Precipitation changes
4.1.1. Inter-annual timescale
The results from this study indicate an increasing trend
in precipitation, by 0.92 ± 0.50 mm per year (p < 0.05)
for the 101-year study period (1911–2011). This contradicts finding by Tuomenvirta (2004) of no significant
trend in annual precipitation on a national scale during
© 2014 Royal Meteorological Society

the 20th century (Hyvärinen, 2003; Jylhä et al., 2004).
This discrepancy may relate to the very wet years in the
first decade of the 21st century, which were included in
this study (Figure 3(a)) but not in that by Tuomenvirta
(2004). Moreover, new scenarios for climate change in
Finland are projecting an approximately 0–15% increase
in annual precipitation for Finland as a whole by the
2020s, 0–30% by the 2050s and 5–40% by the 2080s
(Jylhä et al., 2004). Globally, many studies have evaluated precipitation variability during the last century
(Groisman et al., 1991; Groisman and Easterling, 1994;
Nicholls et al., 1996; IPCC, 2007). A summary of the
results indicates increasing trends in annual precipitation at high latitudes (from 55◦ N to 85◦ N) (Dai et al.,
1997), while decreasing trends in most of the Mediterranean region from west to east and also in the Middle East region (Amanatidis et al., 1993; Türkeş, 1996;
Esteban-Parra et al., 1998; Türkeş, 1998; Brunetti et al.,
2001b; Brunetti et al., 2001a; Feidas et al., 2007; Tabari
and Hosseinzadeh Talayee, 2011). For Europe, significant increasing trends in annual precipitation have been
Int. J. Climatol. 34: 3139–3153 (2014)
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Figure 4. Maps of (a) base values, (b) trends, (c) most significant climate teleconnection indices (p < 0.05) and (d) Spearman’s correlation
coefficients with different teleconnection indices, for annual precipitation at different stations in Finland. See text for explanation of index
abbreviations.

observed in north-eastern and south-western areas. These
increasing trends are greater than 14 mm per decade over
the Scandinavia and Baltic states and up to 70 mm per
decade in the west of Norway (Hanssen-Bauer et al.,
1995; Klok and Klein Tank, 2009). Compared to the
period 1951–1975, BACC (2008) reported also spatially
© 2014 Royal Meteorological Society

uneven increases in annual precipitation over the Baltic
Sea Basin during the years 1976–2000. The highest ratio
of increase was found over Sweden and the eastern coast
of the Baltic Sea, while the lowest in southern Poland
(BACC, 2008). Mean annual precipitation increased by
about 100 mm during the period 1900–2000 in Sweden
Int. J. Climatol. 34: 3139–3153 (2014)
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Figure 5. Maps of seasonal base values (1st column), trends (2nd column), most significant climate teleconnection indices (3rd column) and
Spearman’s correlations coefficients with different teleconnection indices (4th column), at different stations in Finland for (a–d) winter, (e–h)
spring, (i–l) summer and (m–p) autumn. See text for explanation of index abbreviations.

(SMHI, 2001), and by up to 100 mm during the same
period in Estonia (Jaagus, 1999) and Russian Karelia
(Filatov et al., 2001).
In this study, the base value of Finnish annual precipitation on a national scale for the period 1901–2011,
based on records at 165 stations with more than 30 years
of data, was 601 mm. This is higher than the base
value of annual precipitation during the normal climate
period 1961–1990 (580 mm) reported by Tuomenvirta
© 2014 Royal Meteorological Society

and Heino (1996), based on homogenized precipitation
data at 24 stations over Finland. In this study, 1941 was
identified as the driest year, with 350 mm of precipitation, and Tuomenvirta and Heino (1996) also identified 1941 as the driest year, with an estimated 360 mm.
The wettest year found by this study was 2008 with
annual precipitation of 792 mm, while Tuomenvirta and
Heino (1996) reported 1974 as the wettest year (with
annual precipitation about 733 mm). Analysis of cyclic
Int. J. Climatol. 34: 3139–3153 (2014)
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patterns in annual precipitation indicated that 1911–1964
was a dry period in Finland, with average precipitation of 575 mm, and 1965–2011 a wet period, with
average precipitation of 631 mm. Similar findings were
made by Heino (1994), who showed an increase of
about 20–30 mm in annual precipitation between the latest normal period (1961–1990) and the previous period
(1931–1960). Tuomenvirta and Heino (1996) found a
wet period between 1920 and 1940 in Finland, followed
by dry years in the 1940s. Similarly, this study showed
the period 1922–1935 was mostly wetter than the 1940s
(Figure 3(a)). A similar pattern has been reported by Kriauciuniene et al. (2012), who identified 1922–1932 as
a wet period in the Baltic States and 1933–1948 as a
dry period by analysing annual precipitation in Estonia,
Latvia and Lithuania. Conversely, Türkeş (1996) reported
that in the early 1970s wet climate over Turkey, as the
opposite geographical area to the Scandinavian Peninsula,
changed to dry conditions. Also the period 1935–1945
was wetter than the normal and the early 1930s was dry
(Türkeş, 1996). Erlat (2002) concluded also that Turkey
experienced wet climate during the period approximately
between 1940 and 1970, but dry conditions during the
period 1971–1994. These findings show similar climatic
causes of wet/dry patterns reported for different regions
in Europe and the Middle East.
As regard spatial distribution of precipitation, the
results from this study (Figure 4(a)) confirmed findings by FMI (2012) in which mean annual precipitation is lower in northern and coastal areas of Finland (400–500 mm) than in the south and centre of the
country (600–700 mm). This spatial pattern in Finnish
annual precipitation for the period 1961–1990 has also
been observed by Heino (1994) and Tveito et al. (1997).
About 50–70% of annual precipitation in northern Finland and about 30% in southern Finland fall as snow.
Here, only significant (p < 0.05) increasing trends in
annual precipitation were found at different stations over
Finland (Figure 4(b)). The higher rate of increases (as
2.11–3.50 mm year−1 ) in annual precipitation was found
at stations located mainly in lower northern and upper
central Finland (Figure 4(b)). However, based on a
comprehensive analysis at the Finnish Meteorological
Institute (FMI), Heino (1994) showed a slight increase
in annual precipitation only at some stations. Besides,
Reuna (1994) reported increasing trends in precipitation
(up to 1 mm year−1 on average) over western and southern Finland during the period 1911–1993, based on areal
precipitation datasets.
4.1.2. Seasonal variability
This study found only statistically significant (p < 0.05)
increasing trends in both winter and summer precipitation
over the whole of Finland. In other studies, precipitation
is reported to have increased during winter and autumn at
mid and high latitudes of the Northern Hemisphere during
the last century, but in different spatial and temporal
patterns (Dore, 2005). Such significant increasing trends
© 2014 Royal Meteorological Society

in winter and autumn precipitation have been observed
during the period 1901–2000 in Switzerland (Schmidli
and Frei, 2005), England (Phillips and Denning, 2007)
and northern Europe (Uvo, 2003). Meanwhile, climate
models for Finland are projecting robust increases in
seasonal precipitation for winter (4–57%) and spring
(1–37%) during the period 2040–2069 and for autumn
(3–35%) between 2070 and 2099, but no significant trend
for summer precipitation (Jylhä et al., 2004).
This study found summer to be the wettest season,
with a base value of 210 mm. Similarly, Tuomenvirta
and Heino (1996) reported a base value of 193 mm for
summer in the period 1910–1995. The driest season
reported by Tuomenvirta and Heino (1996) was spring
with average precipitation of 100 mm; similarly, this
study found spring as the driest season (with base value
of 103 mm) in Finland (Figure 3(b)). Kriauciuniene et al.
(2012) reported wetter winters (higher anomalies) than
the normal conditions (base value) since 1980 in all the
Baltic States. Using Fast Fourier transformation, Helama
and Lindholm (2003) showed that the years 1922 and
1925 experienced very wet early summer (March to
June) precipitation, while the period 1940–1942 had
very dry conditions in south-eastern Finland. Similar
observations were made in this study, representing a
time cycle of 6 years in spring, summer and autumn
precipitation in Finland. These cycles indicated that the
period 1919–1925 was almost wetter and the period
1939–1943 drier than normal as regards Finnish spring,
summer and autumn precipitation. However, Helama
and Lindholm (2003) showed time cycles of wet-dry
spells of 24–32 years for spring precipitation and
21–33 years for summer precipitation. This discrepancy
can probably be attributed to the different approaches
used for defining the base value (normal precipitation)
in the studies. Kriauciuniene et al. (2012) used mean
precipitation during the period 1961–1990 for analysing
precipitation in the Baltic States, while the present
work considered average national-scale precipitation in
Finland during the whole period of study (1911–2011).
Since the period 1960–1990 was generally wetter than
the preceding years, their average value was greater than
the base value of the whole period. This greater (wetter)
base value shifted some wetter years with less positive
anomalies to the drier years and consequently changed
wet and dry spell estimations. Thus, the time cycle for
a wet-dry mode in autumn precipitation in Finland was
estimated to be 6 years by this study, but that in the
Baltic States was estimated to be about 26–29 years by
Kriauciuniene et al. (2012).
Spatially, this study found increasing trends in winter precipitation over almost all of Finland, with the
higher rate in central and northern parts, where the maximum increasing rate of trends was 2.58 (mm year−1 )
(Figure 5(a)). Tammelin et al. (2002) reported increasing
trends in winter precipitation over northern Finland. Similarly, the study by BACC (2008) on seasonal precipitation
ratios between the periods 1951–1975 and 1976–2000
determined increases amounts in winter precipitation over
Int. J. Climatol. 34: 3139–3153 (2014)
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the Baltic States and eastern Russia (covering Finland).
Significant increasing trends in spring precipitation were
observed only at some stations in this study. The highest rate ranged between 0.75 and 1.24 (mm year−1 ),
and found in upper central and lower northern Finland
(Figure 5(f)). A few stations showed decreasing trends
(p < 0.05) in summer precipitation in upper northern Finland, while several stations represented increasing trends
over the south, south-west and lower parts of north
(Figure 5(j)). Also BACC (2008) reported increases in
spring precipitation over large areas around the Baltic
Sea and in summer precipitation over southern Finland.
Ylhäisi et al. (2010) indicated increasing trends in summertime precipitation (May to September) over southwest and north-east Finland for the period 1908–2008.
Only increasing trends were found for autumn precipitation by thisstudy. Most increasing rate of trends
(1.27–1.98 mm year−1 ) in autumn precipitation occurred
only at two stations in eastern Finland (Figure 5(n)).
4.1.3. Monthly timescale
The monthly variations in precipitation were similar to
the seasonal patterns. The precipitation on national scale
of Finland gradually increased from March to August,
then, gradually decreased from September to February
(Figure 3(d)). Similar to the results from Tuomenvirta
and Heino (1996), this study indicated that August was
the wettest month in Finland, with average precipitation
of 77 mm; although no clear significant trend was
found in it. The highest rate of increasing trend in
monthly precipitation over Finland was found for July
(0.27 mm year−1 ). The driest month indicated by this
study was March (29 mm), but Tuomenvirta and Heino
(1996) found the lowest monthly precipitation in February. In addition, Jylhä et al. (2004) found the highest
mean monthly precipitation during normal climate conditions (1961–1990) in August (about 74 mm), and the
lowest in February (about 29 mm). The significant trends
in monthly Finnish precipitation found here were all
positive (Figure 3(d)), and occurred in January, March,
July and December (Figure 3(d)). For the cold months
(January, March and December), the highest increase was
observed in north Ostrobothnia and southern Lapland.
The lowest increasing rate of trend in monthly precipitation in Finland was determined for March (Figure 3(d)).
Similarly, Jaagus (2006) found increasing trends mostly
in the cold months (December to March) during the
period 1950–2000 in Estonia, just south of Finland.
For the warm months, Ylhäisi et al. (2010) reported
increasing trends in monthly precipitation during the
period 1908–2008 for May (by 0.22 mm year−1 ), July
(by 0.21 mm year−1 ) and August (by 0.13 mm year−1 )
over north-east Finland, while in south-west Finland
the positive trends were an estimated 0.16 mm year−1
for June, 0.12 mm year−1 for July and 0.09 mm year−1
for August. In addition, Ylhäisi et al. (2010) reported
decreasing trends of 0.06 mm year−1 for June and
0.02 mm year−1 for September in north-east Finland,
© 2014 Royal Meteorological Society

and negative trends of −0.03 mm year−1 for May and
−0.12 mm year−1 for September in the south-west. However, model projections of future precipitation (by 2100)
during warm months in Finland (May to September)
show the largest relative increasing trend for May, and
the lowest for August (Tietäväinen et al., 2010), while
during cold months the highest and lowest increasing
trends in monthly precipitation are projected for January
and December, respectively (Tuomenvirta et al., 2000).
4.2.

Effects of teleconnection indices

This study showed clear connections between precipitation patterns in Finland and various teleconnection
indices. On a national scale in Finland, annual precipitation showed strong negative correlations (p < 0.05) with
both the EA/WR and SCA patterns (Table 1). Similarly,
in a study by Jaagus (2009) precipitation in Baltic countries such as Finland and eastern Russia was negatively
associated with the EA/WR and SCA patterns (Bueh and
Nakamura, 2007). In this study, winter precipitation on
national scale was positively associated with the NAO
and AO indices, but negatively with the POL and SCA
patterns (Table 1). However, the NAO showed the most
significant correlation, as in many other studies (Hurrell,
1995; Hurrell and van Loon, 1997; Uvo, 2003; Jaagus,
2009). Like Jaagus (2009), this study showed spring precipitation in Finland to be negatively correlated with the
EA/WR and SCA patterns (Table 1); the spring precipitation over Finland showed also positive correlation with
the EA pattern (Table 1). Summer precipitation showed
statistically significant negative relationships with the
NAO, EA/WR, SCA and POL patterns (Table 1). Jaagus (2009) also indicated that summer precipitation was
negatively associated with the EA/WR and SCA patterns
over the Baltic Sea region. A statistically significant negative correlation was found between autumn precipitation
and the EA/WR and SCA patterns, while Jaagus (2009)
found autumn precipitation to be associated with the POL
pattern. Seasonal analyses revealed that the NAO strongly
influences winter precipitation variability, the EA/WR
controls spring and summer precipitation, and the SCA
pattern associates with autumn precipitation variability
over Finland. Precipitation during warm months (April
to September) showed significant negative correlations
with the EA/WR and SCA patterns. In general, precipitation in cold months (October to March) was positively
associated with the NAO index and the EA pattern, but
the SCA pattern showed the most significant negative
connections with precipitation during October, January
and February. These findings for the cold months are in
agreement with those of Alexandersson and Andersson
(1995) and Wibig (1999).
As an example on national scale, Türkeş and Erlat
(2003) examined the connections between precipitation
variability in Turkey, Eastern Mediterranean and Middle
East regions, and the NAO for the period 1930–2000.
They found a significant negative relationship that was
stronger during wintertime, partly stronger in autumn,
Int. J. Climatol. 34: 3139–3153 (2014)
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weaker in spring and non-existent during summer. Similarly, Erlat (2002) reported that winter precipitation in
Turkey increased during the negative phase of NAO over
the period 1930–2000, while decreased during the NAO
positive phase. Comparison of their results with this study
confirmed the positive phase of NAO was associated with
the wetter winter than the normal conditions over the
northern Europe and Scandinavia, but with the dryer winter climate over the southern Europe and Eastern Mediterranean region. This finding has been reported by many
other studies (Hurrell, 1995; Hurrell and Van Loon, 1997;
Brunetti et al., 2000; Cullen and deMenocal, 2000; Delitala et al., 2000; Krichak and Alpert, 2005; Masoudian,
2009; López-Moreno et al , 2011). However, Bartolini
et al. (2009) concluded that the relationship between
interannual variability of wintertime precipitation over
the European Alps was weaker for NAO than for the
EA/WR pattern. As well, Schmidli et al. (2002) reported
weak correlations between the NAO index and wintertime
alpine precipitation during the years 1901–1990.
On a spatial scale, annual precipitation was strongly
influenced by the PNA pattern in northern Finland
(Lapland area), by the EA/WR pattern in northern,
southern, south-western and western Finland, and by the
SCA pattern in eastern and central Finland. Significant
correlations with the NAO index were only found at
one station in coastal areas the south-west of Finland
(Figure 4(c)). Winter precipitation in southern Finland
was mostly affected by the NAO, as previously noted
by Uvo (2003) and Jaagus (2009) and as confirmed in
monthly analysis, e.g. during January. In addition, winter
precipitation showed a significant correlation with the
AO index in upper central and lower northern Finland,
with the SCA pattern at a few stations in the north,
supporting Wibig (1999) and Jaagus (2009). Spring
precipitation was mainly associated with the EA/WR
pattern in the south-west of Finland, with the SCA
pattern in the west, with the EA pattern in the centre,
with the NAO in the north, and with the POL pattern
in the east. Jaagus (2009) found a negative correlation
between spring precipitation and the SCA pattern in
northern Scandinavia and the EA/WR pattern in southern
Scandinavia and the Baltic Sea. Similarly, Bueh and
Nakamura (2007) reported decreases in spring precipitation over the Scandinavia peninsula and large areas of
the Arctic coast between northern Finland and western
Russia during the positive phase of the SCA pattern.
This study showed that the EA/WR pattern was the most
influential teleconnection index for summer precipitation
at most stations in Finland. Summer precipitation was
also correlated with the POL pattern in south-western
Finland. There were some spatial differences between
the main influencing teleconnection index during different summer months, e.g. in July EA/WR also had a
significant effect on precipitation in central and northern
areas, and on the west coast. Autumn precipitation was
significantly correlated to the EA/WR pattern in southern
and central Finland; the SCA patterns also showed
significant effects over the south-west of Finland.
© 2014 Royal Meteorological Society

5. Conclusions
Analysis of spatial and temporal precipitation variations
in Finland using areal precipitation datasets from 165
meteorological stations showed changes in patterns and
fluctuations caused by teleconnection indices. The following main conclusions were drawn from the results:
1. Total precipitation in Finland significantly (p < 0.05)
increased during the period 1911–2011, by an estimated 0.92 ± 0.50 mm year−1 for the annual series,
0.46 ± 0.19 mm year−1 for the winter series and
0.32 ± 0.29 mm year−1 for the summer series. Similar
significant increases in monthly precipitation series
were found for some of the cold months (December, January and March), while only clear trend
detected for warm months was found for July. Mean
annual precipitation in Finland was 601 mm, and the
wettest and driest years were 2008 (792 mm) and
1941 (350 mm), respectively. The summer season,
especially August, was the wettest and spring, especially March, was the driest during the study period.
Fourier series analysis indicated the time cycle of
low-high mode to be about 149 years for annual
datasets (R 2 = 0.15), while 6 years for spring, summer and autumn datasets. Time cycles for monthly
precipitation was longer (49–112 years) during the
cold months (February and March) than for the other
months from April to December (2–7 years).
2. The EA/WR pattern was the most significant teleconnection index affecting annual precipitation on
national scale in Finland (ρ = −0.41, p < 0.05). Precipitation in winter was strongly associated with the
NAO, in spring and summer with the EA/WR pattern, and in autumn with the Scandinavia (SCA)
pattern (p < 0.05). The accepted signature of NAO,
with increased winter precipitation over the northern
Europe and the Scandinavia during the positive phase
(high index periods), and in the southern Europe and
eastern Mediterranean during the negative phase (low
index periods), was evident and confirmed. Three
major teleconnection indices significantly influenced
monthly precipitation over Finland: the SCA (January, February, June, August, September and October), the EA/WR pattern (April and July) and the
NAO (March and December).
3. Annual precipitation during the 101-year study period
(1911–2011) was higher in southern Finland and
lower in northern Finland. Trend analyses showed
only increases in annual precipitation mainly over
northern and central Finland. Seasonal and monthly
analyses gave similar results. High range of winter
precipitation (136–151 mm) was mostly observed in
north-west and south-west, for spring precipitation
(106–116 mm) in centre, for summer precipitation
(208–233 mm) in centre and south, and for autumn
precipitation (190–201 mm) in north and south, of
Finland. Winter precipitation significantly increased
at the highest rate in northern Finland. Increasing
trends (p < 0.05) in precipitation for spring season
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were found only at a few stations in north and east;
for summer at stations in central and southern areas;
and for autumn in eastern Finland.
4. On a spatial scale, annual precipitation was significantly associated with the EA/WR pattern in southern Finland and northern Ostrobothnia area, with the
PNA pattern in Lapland (northern Finland) and with
the Scandinavia (SCA) pattern in central and eastern
Finland. Seasonal and monthly analysis gave similar
results for spatial variations. Winter precipitation was
significantly influenced by the NAO in southern and
some stations in northern Finland, while by the AO
in central parts; spring precipitation by the EA/WR
pattern in southern Finland, the Scandinavia (SCA)
pattern in western areas, the Polar (POL) pattern in
Eastern parts, the EA pattern in central areas, and
the NAO in some stations in the south and north of
Finland; summer precipitation by the EA/WR pattern
at most stations over Finland, and the POL pattern
in south-western areas; autumn precipitation by the
EA/WR pattern in most parts of Finland, while the
SCA pattern in some stations over the west and southeast of country.
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ve Teknik Dergisi 411: 88–91(in Turkish).
Esteban-Parra M, Rodrigo F, Castro Y. 1998. Spatial and temporal
patterns of precipitation in Spain for the period 1880–1992. Int. J.
Climatol. 18: 1557–1574.
Feidas H, Noulopoulou C, Makrogiannis T, Bora-Senta E. 2007. Trend
analysis of precipitation time series in Greece and their relationship
with circulation using surface and satellite data: 1955–2001. Theor.
Appl. Climatol. 87: 155–177.
Filatov N, Nazarova L, Salo Yu, Semenov A. 2001. Water resources
and climate changes in Eastern Fennoscandia (Karelia and Kola
Peninsula). NRB. 13th International Symposium & Workshop.
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