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Abstract Seasonal patterns of death from suicide are well-
documented and have been attributed to climatic factors
such as solar radiation and ambient temperature. However,
studies on the impact of weather and climate on suicide are
not consistent, and conflicting data have been reported. In
this study, we performed a correlation analysis between
nationwide suicide rates and weather variables in Finland
during the period 1971–2003. The weather parameters
studied were global solar radiation, temperature and
precipitation, and a range of time spans from 1 month to
1 year were used in order to elucidate the dose-response
relationship, if any, between weather variables and suicide.
Single and multiple linear regression models show weak
associations using 1-month and 3-month time spans, but
robust associations using a 12-month time span. Cumula-
tive global solar radiation had the best explanatory power,
while average temperature and cumulative precipitation had
only a minor impact on suicide rates. Our results demon-
strate that winters with low global radiation may increase
the risk of suicide. The best correlation found was for the
5-month period from November to March; the inter-annual
variability in the cumulative global radiation for that period
explained 40 % of the variation in the male suicide rate and
14 % of the variation in the female suicide rate, both at a
statistically significant level. Long-term variations in global
radiation may also explain, in part, the observed increasing

trend in the suicide rate until 1990 and the decreasing trend
since then in Finland.
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Introduction

Suicide is a public health problem in many European
countries, with an average suicide rate of 17.5 per 100,000
in the WHO European Region (WHO 2005). In Finland,
the average suicide rate was 20.3 per 100,000 in 2004 as
compared, for example, with 13.2 per 100,000 in Sweden
in 2002, 11.5 per 100,000 in Norway in 2004, and 34.3 per
100,000 in Russia in 2004. To visualise the impact, suicide
was ranked as the fourth leading cause of death among both
men and women of working age in Finland in 2006. In
other words, in 2006, there were 663 and 206 deaths from
suicide, representing 8.9% and 6.5% of all deaths of
individuals aged 15 to 64 years. Suicide mortality varies
between men and women in different parts of Finland,
being highest for men in northern and north-eastern areas,
and highest for women in the south of Finland, since the
1970s (Partonen et al. 2003).

Suicide is a complex phenomenon, usually having more
than one risk factor such as mental illness, unemployment,
low income and a family history of suicide (Qin et al. 2003;
Mann et al. 2005). In addition, suicidal behaviour follows a
seasonal pattern, with a peak in the spring and early
summer in both the northern and southern hemispheres
(Näyhä 1981; Hakko et al. 1998a; Rock et al. 2003;
Partonen et al. 2004a; Rocchi et al. 2004; Bridges et al.
2005; Zonda et al. 2005). For women, there seems to be a
second peak in the autumn (Meares et al. 1981; Näyhä
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1982; Micciolo et al. 1989). In addition, violent methods of
death from suicide appear to have a more seasonal pattern
than other forms (Hakko et al. 1998b; Räsänen et al. 2002).

Weather varies from season to season, and influences
populations living under these conditions. Weather has an
impact on individuals in their habitat at the social,
psychological and physiological levels, and this may be
seen in a range of behaviours (Voracek et al. 2007). So far,
however, no specific meteorological condition can be
labelled as “suicide weather” (Dixon and Shulman 1983;
Yan 2000; Deisenhammer 2003; Lee et al. 2006). Higher
temperatures appear to increase the risk of suicide (Lee et al.
2006; Page et al. 2007; Preti et al. 2007), but negative
correlations have also been found (Souêtre et al. 1987,
1989), as well as no correlation at all (Partonen et al. 2004b;
Dixon et al. 2007). In Finland, drops in temperature on
successive days during spring have been found to be related
to suicide rates in northern Finland (Partonen et al. 2004c).

Daily sunshine duration has a positive correlation with
suicide rates (Souêtre et al. 1987; Petridou et al. 2002;
Lambert et al. 2003), contributing in part to the seasonal
effect on suicide mortality, which increases with increasing
latitudes (Parker et al. 2001; Heerlein et al. 2006). Sunlight
might possibly act as a trigger for suicide (Papadopoulos
et al. 2005), because an increase in daylight is specifically
able to stimulate the production of serotonin in the brain
(Lambert et al. 2002), and among suicide victims there are
indeed some abnormalities in serotonin metabolism in the
brain (Dwivedi et al. 2001; Pandey et al. 2002). However,
negative correlations between daily sunshine duration and
suicide rates have also been reported (Stoupel et al. 1995;
Preti 1998).

Most studies in this field analyse daily sunshine
duration, whereas solar radiance has been used for analysis
in only one earlier study, reporting data from Greece
(Papadopoulos et al. 2005). The conflicting results from
earlier studies, as summarised above, thus gave a rationale
for the present study, and data on global solar radiation is
an added feature of this analysis.

One reason for the contradictions in earlier studies on the
climate dependence of suicides may be that they have been
performed in different climatic conditions. Finland, situated
in northern Europe, has a strong seasonal variation
determined mainly by temporal variations in the solar
radiation energy received in the area. Most of the solar
radiation is received in the summer, when the monthly sum
of global radiation is about 600 MJ/m2, while in the winter
months the monthly global radiation is typically only one-
tenth of summer-time values. The annual global solar
radiation varies from 2,800 MJ/m2 in the north to
3,400 MJ/m2 in southern Finland. The monthly duration
of sunshine in Lapland varies on average from 270 h in
June to a period of darkness in the winter. In southern

Finland, the sun shines on average 300 h in June and only
30 h in December. The annual mean temperature varies
between −2°C in northern Lapland to +5°C in southern
Finland, and the annual precipitation from 500 mm in
northern Lapland to 650 mm in southern Finland. The
winter (December–February) is usually cold, and the mean
temperature varies from −4°C in southern Finland to −16°C
in northern Lapland. The summer (June–August) mean
temperature varies from 12 to 16°C; precipitation during
summer months exceeds that in winter (Drebs et al. 2002).

Our aims were to test whether global solar radiation
(hereafter, global radiation) explains the inter-annual and
intra-seasonal variation in suicide rates better than daily
sunshine duration (hereafter, sunshine hours) and, if so, is
global radiation the most informative of the explanatory
weather parameters. In addition, we hypothesised that climate
may have a cumulative impact on suicide rate. Longer
periods, i.e. season(s) to year(s), of climatic anomalies might
have an effect on the number of potential suicide candidates,
whereas shorter periods of days to week(s) might act as a
trigger for the actual decision to commit suicide.

Methods

Our material contained data on all the 43,393 deaths from
suicide (33,993 men and 9,400 women) in Finland (which
has a population of approximately 5 million), over the
35-year period from 1969 to 2003, both years inclusive.
The data, derived from official death certificates, were
obtained from Statistics Finland (www.stat.fi) and
contained the following information for each case: the date
of death, date of birth, sex, and residence. The codes of death
from suicide according to the World Health Organization’s
International Classifications of Diseases include X60-X84
and Y87.0 (ICD-10), E950A-E959X (ICD-9) and E950.9-
E959.9 (ICD-8). The detailed content of the Finnish death
certificate provides excellent accuracy and reliability of
information on the cause of death. Finnish law requires a
medico-legal (forensic) investigation of the cause and the
manner of death whenever it has been unnatural, or is
suspected to be so, or whenever it has been sudden or
unexpected. The proportion of investigations for suicide has
been stable for many decades (Näyhä 1981), and the overall
autopsy rate has remained relatively high, both of which
allow for reliable conclusions on suicide trends over time.

Daily climate data from the Finnish Meteorological
Institute (www.fmi.fi) were used in this study. For
temperature and precipitation, we used data that have been
interpolated from weather observations onto a grid of
10 km×10 km. For global radiation, grid-based data are
not available, so we used data that were measured at a
weather station located at Jokioinen, in south-western
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Finland, this being well enough representative of the
variability in global radiation in the most densely
populated (southern and central) areas of Finland, where
80% of suicides take place. Global radiation is measured
with a pyranometer at 1-min intervals. Daily cumulative
observations of radiation were available in the database
from 1971 onwards, which thus defined the study period
for analysis.

Suicide rates and weather variables were analysed using
time frames ranging from the monthly to the annual level.
For each time frame, the cumulative values of suicide rate,
global radiation, sunshine hours and precipitation were
calculated as the sum of daily values for the period in
question, whereas temperature was averaged over the whole
period. The definition of the four seasons used in our
analysis was as follows: spring is from March to May,
summer is from June to August, autumn is from September
to November, and winter is from December to February.
Suicide rates were analysed for the total population as well
as for men and women separately.

Statistics

Both simple and multivariate linear regression analyses
were performed. Linear univariate regression models
were calculated using the suicide rate as the dependent
variable and measured global radiation, sunshine hours,
average temperature or precipitation as explanatory
variables. For the multivariate models the measured
global radiation, average temperature and precipitation
were included stepwise as explanatory variables. Sun-
shine hours were not used, since this parameter can no
longer be considered to be an independent variable
when global radiation is included in the model. The
model follows Eq. 1:

SR ¼ aþ b Gð Þ þ c Tavgð Þ þ d RRð Þ ð1Þ
where SR is suicide rate (per 100,000 persons); a, b, c, and
d are regression coefficients; G is cumulative global
radiation (MJ/m2); Tavg is average temperature (°C); and
RR is accumulated precipitation (mm). The regression
analysis was executed using a range of time spans from
the monthly to the annual level. In order to study the effect
of the long-term variation in climate factors, a regression
analysis was first performed with the data including trends
and then with the residual data after removing the effect of
trends. The trends were filtered by fitting linear trends
both to the suicide and weather data for two sub-periods,
i.e. the periods of increasing suicide rates from 1971 to
1990 and of decreasing suicide rates from 1991 to 2003;
the regression was analysed using the residual of suicide
rate as the dependent variable and the residuals of the
weather parameters as the explanatory variables.

Results

Annual suicide rates and weather parameters

There was a marked inter-annual variability in suicide and
weather variables (Fig. 1). Concerning global radiation,
there is both inter-annual and long-term variability with no
clear trend, but a decreasing trend can be interpreted for the
period of 1971–1990 and an increasing trend thereafter. The
current climate change can be discerned in the annual mean
temperature, but the inter-annual variability is even stronger.
As a sign of ongoing climate change, we noted that since 1989
no years have been as cold as they still were in the 1970s and
1980s, and that there is an increasing trend (+0.2°C in
10 years) in the annual mean temperature in the 1990s. At the
annual level there is no precipitation trend.

At the annual level, global radiation correlated best with
suicide rates, with the correlation being stronger than that
for sunshine hours (Table 1). The correlation coefficient (R)
between sunshine hours and global radiation was only
0.839. Global radiation is a parameter that measures the
amount of energy received at ground level from both the
direct and diffuse solar radiation. It gives a more valid
estimate of luminance than sunshine hours, because
sunshine hours accumulate only when there are no clouds
or only thin high-level clouds in front of the sun. Global
radiation is often strong in situations of changing cumulus
or scattered middle-level altocumulus clouds. In addition,
an altostratus cloud cover may let a large proportion of
radiation through to the ground.

Regression analyses show that statistically significant
(P<0.01) models for both the total suicide rate and the male
suicide rate were achieved using only global radiation as
the independent variable, and in these models R2 was as
great as 0.23 (Table 2). Temperature or precipitation alone
made no significant contribution to the suicide rates (data
not shown). However, using temperature and precipitation
together with global radiation as the independent variables,
the model explained a greater proportion of the variation
(R2=0.32) in the suicide rates (Table 2). Because the female
suicide rate was lower than the male suicide rate, the
stochastic variations in suicide incidence may be larger.

Next, the regression analysis was computed separately
for the periods of increasing (1971–1990) and decreasing
(1991–2003) suicide rates. The dependence on weather was
more robust for the former period (Table 2). For the latter
period, any dependence on the weather disappeared (Table 2).
It is important to note that the results from these different
periods are not totally comparable because the smaller
number of observations in the latter period makes the
statistical significance weaker.

In view of these trends, the suicide rates and weather
variables were analysed further using the residuals after
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fitting the trends to the data, even though this was rather
hypothetical in the case of the weather data. In this way we
sought to discover whether the variation in the weather
variables correlated with the variation in the suicide rates
(Table 3).

After trend filtering, the coefficients for global radiation
became smaller and less significant (Tables 2, 3). On the
other hand, the changes in the coefficients for temperature
and precipitation were small, but they became more
significant. Thus, the impact of temperature and precipita-

Table 1 Pearson correlation matrix for annual suicide rates and weather parameters in Finland in the period 1971–2003

Suicide rate Male suicide rate Female suicide rate Global radiation Sunshine hours Average temperature Precipitation

Suicide rate 1.000

Male suicide rate 0.991 1.000

Female suicide rate 0.814 0.729 1.000

Global radiation −0.475 −0.475 −0.349 1.000

Sunshine hours −0.276 −0.317 −0.047 0.839 1.000

Average temperature 0.071 0.016 0.278 0.096 0.138 1.000

Precipitation 0.108 0.094 0.121 −0.572 −0.527 0.312 1.000
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Fig. 1 Total, male and female
suicide rates (top panel), annual
global solar radiation and sun-
shine hours at Jokioinen (middle
panel), and annual mean tem-
perature and precipitation (bot-
tom panel) in Finland from 1971
to 2003
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Table 3 Regression coefficients for the residuals of weather parameters explaining suicide rates after fitting linear trends for the years of 1971–
1990 and 1991–2003

Suicide rate total Suicide rate male Suicide rate female

Coeffient P Coeffient P Coeffient P

Suicide rates explained by radiation, temperature and precipitation in 1971–2003
G −0.004* 0.019* −0.006* 0.014* −0.001 0.336
Tavg 0.627* 0.002* 0.960* 0.005* 0.307* 0.006*
RR −0.010* 0.004* −0.017* 0.005* −0.004 0.052
Multiple R2 0.35 0.32 0.26
P 0.005* 0.010* 0.033*
Suicide rates explained by radiation, temperature and precipitation in 1971–1990
G −0.004 0.061 −0.008* 0.041* −0.001 0.400
Tavg 0.692* 0.009* 1.102* 0.001* 0.299* 0.034*
RR −0.012* 0.013* −0.020* 0.011* −0.004 0.103
Multiple R2 0.42 0.43 0.28
P 0.028* 0.027* 0.149
Suicide rates explained by radiation, temperature and precipitation in 1991–2003
G −0.001 0.497 −0.003 0.526 0.000 0.870
Tavg 0.365 0.373 0.307 0.710 0.428 0.121
RR −0.003 0.563 −0.004 0.696 −0.002 0.557
Multiple R2 0.05 0.05 0.26
P 0.914 0.914 0.410

*P<0.05

Table 2 Regression coefficients for annual global radiation (G), average temperature (Tavg), and precipitation (RR) explaining annual suicide rates

Total suicide rate Male suicide rate Female suicide rate

Coefficient P Coefficient P Coefficient P

Suicide rates explained by global radiation
1971–2003 G −0.007* 0.005* −0.012* 0.005* −0.002* 0.047*

R2 0.23 0.23 0.12
1971–1990 G −0.006* 0.027* −0.011* 0.020* −0.002 0.115

R2 0.24 0.27 0.13
1991–2003 G −0.008 0.093 −0.015 0.083 −0.001 0.302

R2 0.24 0.245 0.10
Suicide rates explained by global radiation, temperature and precipitation
1971–2003 G −0.010* 0.001* −0.018* 0.001* −0.003* 0.006*

Tavg 0.609 0.140 0.833 0.259 0.364* 0.016*
RR −0.014 0.075 −0.023 0.087 −0.004 0.102
Multiple R2 0.32 0.31 0.29
P 0.010* 0.013* 0.018*

1971–1990 G −0.010* 0.003* −0.017* 0.002* −0.003* 0.026*
Tavg 0.829* 0.032* 1.320* 0.035* 0.355 0.051
RR −0.013 0.066 −0.022 0.056 −0.004 0.171
Multiple R2 0.47 0.48 0.33
P 0.016* 0.013* 0.084

1971–1990 G −0.011 0.065 −0.019 0.156 −0.003 0.233
Tavg −0.051 0.154 −0.448 0.882 0.328 0.487
RR −0.014 0.976 −0.024 0.572 −0.005 0.471
Multiple R2 0.27 0.29 0.17
P 0.389 0.364 0.619

*P<0.05
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tion on the suicide rate appeared similar, whereas the
impact of global radiation raised new questions.

Monthly and seasonal suicide rates and weather parameters

The significant associations found at the annual level raised
the question of whether there is any particular period of the
year during which these correlations are at their strongest.
In other words, is the dependence on weather parameters
constant throughout the year, and does the relative impact
of weather parameters change during the course of the
year? To that end, we wanted to analyse these relationships
at the monthly and seasonal (3-month) levels. The monthly
and seasonal suicide rates, global radiation, mean temper-
ature and precipitation were modelled in a similar way to
those at the annual level.

Analysis of the monthly weather data yielded few
significant associations. The male suicide rate was related
to global radiation in March (b=−0.004, P=0.050) and
September (b=−0.006, P=0.015). The female suicide rate
was related to global radiation (b=−0.011, P=0.026) and
mean temperature (c=0.046, P=0.005) in November.

Next, seasonal analysis using 3-month cumulative values
yielded no significant correlation between the suicide rates
and the weather parameters for spring or summer. For autumn,
there was a negative correlation between global radiation and
the suicide rate for both men (R2=0.17; b=−0.012, P=0.017)
and women (R2=0.20; b=−0.004, P=0.009). In the winter,
there was a positive correlation between mean temperature
and the suicide rate for men (R2=0.16; c=0.16, P=0.022)
only. Multiple regression with global radiation, mean
temperature and precipitation as the independent variables
improved the explanatory power of the findings in autumn
but not those in winter.

Cumulative suicide rates and global radiation

Finally, we wanted to test whether a lack of global radiation
results in a gradual increase in suicide rates. To address this
question we analysed the cumulative effect using a range of
time periods. For this purpose we computed correlations
between suicide rates and global radiation starting from
November, which is the beginning of the darkest, and
therefore potentially the most depressing period of the year.
From November onwards, daylight time is short (less than
9 h, even in southern Finland) and the weather is quite often
cloudy and rainy, which reduces solar radiation on the
ground. It is noteworthy that the selection of a “suicide
year” as the 12-month period of November to October had
an influence on the results, with those based on the calendar
year presented in Table 2 being slightly different.

The analysis of cumulative global radiation showed that
the longer the cumulative period, the stronger the association
of suicide rates with global radiation (Table 4). The best
correlation was found for the period of November to March,
especially for the male suicide rate; 40% of the variation in
this rate was explained by cumulative global radiation.

From April onwards, the impact of the cumulative global
solar radiation on the suicide rates decreased, being at its
lowest for the period of November to July. After summer,
these negative correlations between suicide rates and
cumulative global solar radiation again reached significance.

Discussion

Our key finding was that global solar radiation from
November to March had an influence on the subsequent
number of deaths from suicide in Finland. The less global

Table 4 Dependence of suicide rates on cumulative global radiation (Glob) by period, starting from November onwards. Data for this analysis:
time period November 1971–October 2003, nationwide suicide rates, global solar radiation from the Jokioinen weather station

Suicide rate total Suicide rate male Suicide rate female

Time period Coefficient Glob R2 P Coefficient Glob R2 P Coefficient Glob R2 P

November −0.012 0.08 0.123 −0.014 0.04 0.306 −0.011* 0.14* 0.036*
November-December −0.013 0.07 0.157 −0.018 0.04 0.274 −0.008 0.08 0.108
November-January −0.011 0.03 0.312 −0.011 0.01 0.556 −0.011 0.12 0.058
November-February −0.012 0.06 0.176 −0.017 0.04 0.260 −0.006 0.07 0.071
November-March −0.015* 0.39* 0.0001* −0.026* 0.40* 0.0001* −0.004* 0.14* 0.035*
November-April −0.007* 0.23* 0.005* −0.013* 0.23* 0.006* −0.002 0.08 0.112
November-May −0.005 0.12 0.051 −0.008 0.11 0.064 −0.001 0.06 0.188
November-June −0.004 0.10 0.075 −0.007 0.09 0.106 −0.001 0.07 0.138
November-July −0.003 0.03 0.333 −0.005 0.03 0.326 −0.000 0.004 0.728
November-August −0.004 0.07 0.137 −0.007 0.07 0.138 −0.001 0.02 0.425
November-September −0.006* 0.17* 0.018* −0.011* 0.18* 0.017* −0.006* 0.17* 0.018*
November-October −0.011* 0.17* 0.019* −0.011* 0.17* 0.019* −0.006* 0.17* 0.021*

*P<0.05
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radiation there is during the winter, the higher the risk of
suicide will be, from November to March in particular.
These results do not contradict, but rather extend a series of
earlier findings regarding suicidal behaviour from nation-
wide study samples in Finland. In Finland, the incidence of
attempted suicide is lowest in December and highest in
April (Haukka et al. 2008), whereas the risk of death from
suicide is greatest in May. The latter is not only associated
with high levels of solar radiation but is also most
pronounced in springs of longer-term periods, which have
relatively low suicide rates (Partonen et al. 2004b). For
violent suicides there is a clear spring peak, whereas non-
violent suicides are more likely to occur in the autumn
(Hakko et al. 1998a). However, by analysing time spans
from 1 month to a year, we found no positive correlation
between the suicide rate and global radiation, and no further
support for the view that the spring peak in suicide
mortality is due to increases in the amount of sunlight.
Concerning suicide mortality from April to June in particular,
analysis of time spans shorter than a month may be of added
value but is beyond the scope of our current report.

Global solar radiation is unique among meteorological
variables as an independent risk factor, since it explained
the suicide rates in a significant way. However, after trend
filtering, its impact was lessened and was statistically less
significant in our analysis. Longer-term trends in suicide
mortality have been considered to be due to socio-economic
or psychological factors. As health authorities became
concerned at the increasing mortality due to suicide in the
1970s, a nationwide suicide-prevention program was
started in Finland in 1986, leading to a decreasing trend
after 1990 (Beskow et al. 1999). This change specifically
parallels the decrease seen in violent suicides (Hakko et al.
1998b). Here, on the basis of our results, the long-term
trends seen in suicide mortality may not just be an outcome
of the sum of the aforementioned factors; longer-term
variability in global solar radiation may also be relevant. A
limitation of our analysis, however, is that individual data
concerning the age, education, civil status, socio-economic
status or mental illness were not available and therefore not
taken into account as risk factors. It also needs to be noted
that variations in physical factors such as sunshine hours
may result in changes in people's social activities and, if
these changes end in difficulties in social relationships and
associated negative outcomes, contribute to suicide rates.

Papadopoulos et al. (2005) reported that solar radiance
during the preceding day increased the risk of suicide by
2% per each MW/m2. The finding seems to contradict ours,
as we found that the less solar radiance there was during the
winter, the higher the risk of suicide, but the two studies
applied different time spans in that Papadopoulos et al.
focussed on time spans shorter than a month whereas we
analysed those longer than a month. In the data from

Greece, however, the past solar radiance was related on
average to risk of suicide on a daily level, indicating that
there might be a mechanism with a duration effect. Our
results from Finland support the finding that there was a
duration effect. They also found that longer sunshine
exposure was needed in men to trigger suicide. In this
study, we demonstrate the magnitude of the weather impact
on suicide occurrence by applying coefficients from Table 2
(suicide rates explained by global radiation) for the Finnish
population. A variability of twice the standard deviation (of
180MJ/m2) in global radiation would mean a variation of 130
suicide cases per year. Even the smaller coefficients of global
radiation (from Table 3) would mean a variation of 65 suicide
cases per year. To conclude, variability in global radiation has
a marked influence on suicide mortality and is therefore of
interest to public health and suicide prevention programs.
Precipitation and mean temperature also have an effect,
though smaller (71 and 66 suicide cases, respectively).

Another of our key findings was that the dose-response
period of time may be shorter for women. For women, the
significant correlation between suicide rate and global
radiation disappears early in March, whereas for men the
correlation remains stronger for a longer period. Interestingly,
these negative correlations were stronger for men than
women, indicating that men might be more sensitive to
variability in global radiation than women. On the other hand,
the mean temperature was more strongly related to the suicide
rate for women than for men, thereby suggesting that both
men and women react to climate, but in a different way.

The impact of climate on the suicide rates, and the
relative value of each weather parameter to explain
variation, fluctuates over the year. Using the 1-month time
span there is no relationship between suicide rates and
weather for most months. One reason may be that the
stochastic variability is greater at the monthly than at the
annual level. Therefore, a calendar month may not be a
valid frame for estimation of the impact of weather on
suicide. In addition, the dose-response effect may lead to a
nonsensical correlation if the suicides rates of a given
month are compared with the weather parameters of the
same month, and any possible lag is ignored.

Our current results indicate that the period of autumn
and winter months having a lack of global solar radiation,
in other words being relatively dark, increases the number
of people at risk of committing suicide. Our monthly and
seasonal time span analysis showed that the mean
temperature had a positive correlation with the female
suicide rate in November and with the male suicide rate in
winter (December to February). These findings support the
results from two recent studies (Ajdacic-Gross et al. 2007;
Preti et al. 2007) suggesting that it may not be the heat as
such but the lack of cold that is related to suicide
occurrence.
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The suicide peak in spring has often been attributed to
sudden increases in luminance and sunshine. However, in
this study, using 1-month or 3-month time spans we found
no positive correlation between suicide and global radiation
during spring. On the contrary, there were negative
correlations only at the annual, seasonal (autumn) and
monthly (March, September, November) levels.

There are some limitations to our analysis. First, the
spatial resolution of our temperature and precipitation data
are high, but for global radiation we used measurements
from only one weather station at Jokioinen. However, this
particular station is located in the middle of the most
densely populated (south-western) part of Finland and
therefore the weather impact is very similar if the number
of suicides completed near Jokioinen is used as the
dependent variable. Therefore, in order to generalise the
results, we decided to use nationwide suicide rates for our
analysis. Second, the characteristics of weather and climate
that impact on suicide might have been elucidated in more
detail by using longer cumulative periods to analyse
whether weather affects the number of people at risk of
committing suicide, and by using shorter study periods to
study whether weather is a short-acting trigger for suicide.
We also need to keep in mind the fact that weather
parameters are not truly independent. However, our results
suggest that weather and climate factors may be significant
and worthy of further studies in suicide research.

Our finding regarding the negative association of annual
global radiation levels with suicide rates is of continuing
interest, and may be a key to suicide mortality statistics at
the global level. Suicide rates tend to be higher at higher
latitudes than at lower latitudes (Lester 1970; Terao et al.
2002; Lawrynowicz and Baker 2005). Our results now
show that there is a significant association between suicide
rates and global radiation, and thus suggest that a lack of
short-wave radiation, especially during the winter time in
higher latitudes, may make a difference to suicide mortality.
The relative importance of global radiation and other
climate factors additionally raises the question of whether
the current climate change is having an effect on suicide
mortality. In Finland, there has been a decreasing trend in
suicide mortality since 1990, with male and female suicide
rates being reduced by 39% and 24%, respectively, to 2006.
Due to projected climate change, however, global radiation
is likely to be reduced in winter because of increasing
precipitation and cloudiness, and shorter periods with snow
cover. For northern Europe, winter (December–February)
precipitation is projected to increase by 9–25% by the end
of this century (Christensen et al. 2007), and the number of
days with snow cover to decrease by 30–40% on average as
compared with the current climate (Jylhä et al. 2008). The
worst scenario is that the positive development in suicide
prevention and mental health promotion will come to a halt

to be replaced by an increasing trend in suicide in the next
decades.

In conclusion, our results show that global solar
radiation gives a more accurate representation of the impact
of climate on suicide rates than sunshine hours. Cumulative
periods ranging across seasons rather than the commonly
used calendar months give a more robust association of
weather parameters with suicide rates. Variability in annual
global radiation explains a large proportion of the suicide
occurrence at the annual level and may also closely reflect
long-term trends in suicide rates.
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