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Objective: Seasonal variations of violence
have been the subject of some controversy.
Norway, situated between latitudes 58°
and 72° N, has considerable seasonal varia-
tions of light and provides a good opportu-
nity for studies of seasonality.

Method: The monthly numbers of police
reports of violent incidents in 1991-1997
were obtained for the entire Norwegian
population of 4,450,000 inhabitants and
separately for each of seven Norwegian
cities at different latitudes.

Results: A total of 82,537 episodes of vi-
olence were recorded. There was a signif-
icant variation in violent incidents be-
tween months, with a minimum daily
frequency of 28.7 in March and a maxi-
mum daily frequency of 35.1 in June. The
frequency curve had one significant peak

in May through June and another signifi-
cant peak in October through November.
The monthly frequency of violence corre-
lated with the absolute value of monthly
change in length of day from the previous
month. In the seven cities the highest
monthly ratio of observed to expected
frequencies increased with latitude. With
increasing latitude, the months with the
largest increase in violence came later
both in the spring and in the fall.

Conclusions: There is a distinct pattern
of seasonal variation in the frequency of
violence that varies systematically with lat-
itude. This pattern resembles the seasonal
pattern of some forms of suicide, hospital-
ization for affective disorders, and mood
and activity in the general population.

(Am J Psychiatry 2000; 157:1674-1678)

’]:16 existence and possible explanation of seasonal vari-
ations in the frequency of violence has been a question of
some controversy. Some authors have described seasonal
variation for numbers of homicides (1), whereas others find
no such variation (2). We have found few reports of seasonal
variation of mild and moderately violent acts outside
institutions. Michael and Zumpe described a peak in the
frequency of violence in the months with the highest tem-
peratures in several locations in the United States (3, 4).
Feldman and Jarmon reported a variation in the frequency
of violence with changes in air pollution in Newark, N.J. (5).
The seasonality of violence has been described in some
studies of psychiatric inpatients and seems linked to pa-
tients with affective disorders (6-8).

Some psychiatric phenomena, such as affective disorders
(9-15), suicide (2, 16, 17), and hospitalization for anorexia
(18), have also been found to show seasonal variation. In the
general population, seasonal variations in mood, weight,
and times of sleep and activity have been demonstrated (9,
19-22). Of several physiological factors described both to
have seasonal patterns and to be linked to violence, seroto-
nin has received much attention (23-27).

Both social (16) and physical environmental factors have
been suggested as causes of the seasonal patterns of human
behavior. Among physical environmental factors, tempera-
ture (3, 28, 29), air pollution (5), and atmospheric pressure
(30) have been suggested as possibilities. At least two hy-
potheses involving changes in light (1, 29, 31) have been
suggested: 1) the length of day, with maximum impact at
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midsummer, is a significant factor for seasonal patterns of
behavior; and 2) the change in length of day, with maximum
impact at the equinoxes, has a major effect (7). Both hypoth-
eses may include a few weeks’ delay for the light to suffi-
ciently influence biological systems. Because the length of
day varies with latitude, these hypotheses may imply differ-
ent frequency patterns at different latitudes.

Norway is situated far north, with extreme seasonal varia-
tions of light and rather low temperatures during the sum-
mer; thus there is no effect from extremely hot weather. Only
a small proportion of the population lives in urban areas af-
fected by air pollution. The country is located from 58° to 72°
N and appears to be well suited for the study of the influence
of light on human behavior and seasonality.

The aim of the present study was to examine possible sea-
sonal variations of violence in Norway. Based on studies of
seasonal variations in the frequencies of other forms of hu-
man behavior (10, 32, 33), our hypotheses were that there
are one or more peaks in the frequency of violent behavior,
that the peaks are seen 1-2 months after the equinoxes,
when the changes in the length of day are the largest, or that
one peak in frequency is linked to one of the solstices. We
also hypothesized that a seasonal variation in the frequency
of violence changes with latitude in terms of 1) the magni-
tude in the range of monthly frequencies, 2) the magnitude
of the highest ratio between the observed and the expected
monthly frequencies, 3) the months in which the peaks in
frequencies occur, and 4) the months in which the largest in-
creases in violence from one month to the next occur.
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TABLE 1. Number of Inhabitants, Latitude, Maximal Length of Day, and Number of Violent Incidents in 1991-1997 for
Seven Norwegian Cities (Police Districts) at Increasing Latitudes

Incidents per

City (Police District) Inhabitants? Latitude Maximal Length of Day Incidents 1,000 Inhabitants
Stavanger 150 58°58’ 18 hours, 30 minutes 2,335 15.6
Oslo 489 59°55' 18 hours, 51 minutes 14,976 30.6
Bergen 223 60°22' 19 hours, 02 minutes 6,199 27.8
Trondheim 148 63°25' 20 hours, 36 minutes 3,431 23.2
Bodg 74 67°17' 24 hours, 0 minutes 1,687 22.8
Tromsg 105 69°40' 24 hours, 0 minutes 2,478 23.6
Hammerfest 43 70°40' 24 hours, 0 minutes 1,428 33.2

2 In thousands.

Method

Population

Norway has a fairly stable population of 4,450,000 inhabitants,
and the country is situated between latitudes 58° and 72° N. The
climate is milder than at comparable latitudes in North America
and Asia due to Gulf Stream warmth. The area located above the
Arctic Circle (66° 30" N), with 450,000 inhabitants, has periods of
midnight sun during the summer and daytime polar nights in the
winter. The rate of serious violent crimes in Norway is low, with an
average of 42 homicides each year in 1991-1997 (0.9 per 100,000
inhabitants per year). All offenses reported to the police in Nor-
way are recorded by Statistics Norway, Norway’s central institu-
tion for official data.

Incidents Included

At the end of each month each police district reports the num-
ber of violent incidents to Statistics Norway for that same month.
All violent incidents reported to the police in 1991-1997, a total of
82,537, are included in this study. The monthly figures for the
whole country were obtained from Statistics Norway. All homi-
cides, attempted murders, and infliction of grievous bodily harm
were included in the numbers; however, most of the incidents are
assaults. Violence against police officers, rape, and attempted
rape were excluded. These offenses are statistically reported else-
where. In 1991-1997 the total number of these offenses was 8,383.

In addition, monthly numbers of violent incidents for each of
the seven cities at different latitudes were independently ob-
tained to reveal possible south-north patterns. The cities in-
cluded were the largest city in each of the three counties north of
the Arctic Circle and the four largest cities south of the Arctic Cir-
cle. The latitudes, numbers of inhabitants, maximum lengths of
day, and the numbers of violent incidents for the cities are de-
scribed in Table 1.

Assessments

The observed number of episodes in each month was the sum
of the episodes in that month for all 7 years. On the basis of the ex-
pectation that the numbers of violent episodes were the same ev-
ery day during the 7 years, the expected number of episodes in
each month was calculated by taking into account the different
numbers of days in each month and in leap years. The ratios be-
tween the observed and expected numbers of episodes for each
month were calculated for the whole country and for each of the
seven cities. The result from calculating the expected number of
episodes was used in chi-square tests.

The mean monthly length of day was calculated as the mean
time from sunrise to sunset in a month. Records of hours from
sunrise to sunset for the seven cities in the study were obtained
from the Institute of Theoretical Astrophysics, University of Oslo
(personal communication).
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To describe the speed of change in the length of day for a
specific month, the monthly change in length of day was defined
as the mean monthly length of day in any month subtracted from
the mean monthly length of day in the preceding month. To de-
scribe a delayed reaction, we correlated the change in length of
day with the figures for the frequency of violence for each of the
subsequent 5 months. To include both positive and negative
changes in length of day as possible equivalent stressors, we used
the absolute values of monthly changes in the length of day in the
study. A ranking of the mean monthly length of day and of the
monthly change in length of day would be the same in the whole
northern hemisphere.

The range of the ratios for observed to expected frequencies for
the 12 months and the highest monthly ratios for observed to ex-
pected frequencies were calculated for each of the seven cities.
On the basis of the observation of two peaks of frequency for the
whole country, the peak months in the seven cities were defined
as the months in spring (January through June) and fall (July
through December) with the highest ratios of observed to ex-
pected frequencies. The ratio of observed to expected frequencies
for any month was subtracted from the ratio of observed to ex-
pected frequencies for the preceding month to calculate the
monthly change in the frequency of violence, and the months
with the largest increase in the frequency of violence were identi-
fied for spring and fall separately.

Statistics

The chi-square test for multinominals was used to measure
overall deviations between months. The null hypothesis was that
violent incidents occur with a frequency proportional to the
length of the time interval. The 95% confidence intervals (Cls)
were calculated by using the method described by Tiihonen et al.
(1) and Wonnacott and Wonnacott (34). The 95% ClIs for the ratio
of observed to expected frequencies for a month could not con-
tain 1 if we wished to conclude that the frequency for that month
differed from the expected frequency.

Two-sided Spearman’s rank correlation coefficients (rs) were
calculated between the observed number of violent episodes in a
month and both the mean monthly length of day and the
monthly change in length of day. We calculated these values with
a delay of 1-5 months on the basis of the assumption that the ef-
fect of a change in daylight might not be immediate. Both the
range of the ratios of observed to expected frequencies and the
highest monthly ratios for observed to expected frequencies for
each of the seven cities were correlated with the latitudes of the
cities by using Pearson’s bivariate method.

The sequential numbers of the months (e.g., January=1, De-
cember=12) with peaks of violence incidents in the spring and fall
for the seven selected cities were correlated with the latitudes of
the same cities by using rs. The numbers of the months with the
largest increase in violence in the spring and fall for each of the
seven cities were correlated with the latitudes of the same cities
by using rs.

1675



SEASONAL VARIATION OF VIOLENCE

FIGURE 1. Ratio of Observed to Expected Monthly Fre-
quency for 82,537 Violent Incidents Reported to the Nor-
wegian Police in 1991-1997
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Results

The seasonal profile of variations in violence, given as
ratios of observed to expected frequencies of violence for
each month, is shown in Figure 1. February, March, April,
and August (95% CI lower than 1) and May, June, October,
and November (95% CIs higher than 1) all had 95% Cls
outside the range of 1 and produced results different from
those expected. January, July, September and December
had 95% CIs that contained 1. The frequency curve of the
number of episodes peaked in May through June and
again in October through November. There were nadirs of
violent episodes in March and August and lower-than-
expected values obtained from February through April
and in August.

The mean daily frequency of episodes for each month
varied between 28.74 for March and 35.11 for June. The
monthly frequencies deviated significantly from expected
values (x%=343.08, df=11, p<0.0001).

Table 2 shows that there was no significant correlation
between the monthly change in length of day and the fre-
quency of violence in the same month, but there was a
high and significant correlation between the frequency of
violence for any month and the monthly change in length
of day (rs=0.78, N=12, p<0.01). There was a smaller, but sig-
nificant, correlation with a delay of 2 months (rs=0.68, N=
12, p<0.05). The mean monthly length of day showed no
significant correlations with the frequency of violence.

All seven cities included in the analysis had a peak
month of violence in late spring and another peak month
in the fall. The peak months and peak levels in the spring
and fall for the seven cities are given in Table 3.

For the seven cities, the highest monthly ratio of ob-
served to expected frequency of violent incidents corre-
lated significantly with increasing latitude (r=0.78, N=7,
p<0.05), but the range of the ratio of observed to expected
frequency did not vary significantly with latitude (r=0.46,
N=7, p>0.20). The order of the peak months in the spring
(rs=—0.14, N=7, p>0.20) and the fall (r;=0.00, N=7, p=1.00)
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TABLE 2. Correlations of Number of Violent Episodes to
Concurrent and Five Previous Mean Monthly Lengths of
Day and to Mean Monthly Changes in Lengths of Day in
Norway

Two-Sided Spearman’s Rank
Correlation With Number of

Time Period and Lag Time Violent Episodes in 1991-1997 (rs)

Length of day

Same month as violent incidents 0.06
1-month lag 0.21
2-month lag 0.36
3-month lag 0.42
4-month lag 0.36
5-month lag 0.12

Change in length of day

Same month as violent incidents -0.03

1-month lag 0.78%*

2-month lag 0.68*

3-month lag 0.21

4-month lag -0.55

5-month lag -0.51
#p<0.05. **p<0.01.

did not correlate with latitude. There was, however, a sig-
nificant correlation between latitude and the numbers of
the months with the largest increase in violence in the
spring (rs=0.90, N=7, p<0.01) and in the fall (r;=0.95, N=7,
p<0.01), indicating that the increase in violence later came
further north, although the peak months showed no such
displacement (see Table 3).

Discussion

In Norway the frequencies of violence vary between
months, with a nadir in February through April, a peak in
May or June, a weaker nadir in August, and another peak
in October or November. There was a significant correla-
tion between the monthly frequency of violence and the
monthly change in length of day from the previous month.
This finding supports the hypothesis that the change in
length of day around the equinoxes may represent an en-
vironmental factor facilitating violent behavior and that
the effect takes several weeks to establish.

In studies of seasonal variation of violence and other
forms of human behavior, some authors have reported
patterns of variations throughout the year, with a peak in
the spring and another in the fall (16, 29, 32). Other au-
thors have found only one peak (1, 11) or no seasonal vari-
ation at all (35). Methodological differences could explain
some of these variations. The studies differ in the number
of incidents or persons included as well as in the length
and start of the time intervals studied. Both weeks (2),
months (1, 15, 16), and seasons (11, 20, 35) have been de-
fined as units of measurement. The use of seasons might
possibly include both high and low frequencies in one unit
and thus obscure existing variations. In addition, varia-
tions in geographical locations, climatic, and genetic and
social factors could explain some differences. Summer
temperatures are only moderately high in Norway, and we
would expect high summer temperatures to play a lesser
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TABLE 3. Months With the Largest Increase in Violence, Peak Months for Violent Incidents, and Ratios of Observed to Ex-
pected Frequencies of Violent Incidents in 1991-1997 for Seven Norwegian Cities at Increasing Latitudes

Ratio of Observed to Expected

Peak Month for Frequency of Violent Episodes

Months With Largest Increase in Violence Violent Incidents Highest Lowest
City Spring Fall Spring Fall Spring  Fall Spring  Fall
Stavanger March through April July through August June October 1.15 1.14 0.83 0.74
Oslo February through March July through August June October 1.08 1.06 0.90 0.95
Bergen March through April August through September May December 1.12 1.12 0.86 0.89
Trondheim April through May August through September May September 1.23 1.15 0.77 0.93
Bodg April through May August through September June December 1.19 1.23 0.60 0.88
Tromsg April through May September through October May October 1.1 1.19 0.93 0.84
Hammerfest May through June September through October June October 1.28 1.18 0.86 0.88

role in the annual variance of violence in Norway than in
countries with hotter summers. Although air pollution
cannot be ruled out as a contributor to the seasonal varia-
tion of violence, only a small proportion of the Norwegian
population is exposed to variations in air pollution that
have been described as inflicting variations in the fre-
quency of violence activities in other studies (5). A possi-
ble role of cultural and social factors cannot be excluded.

Our finding of two peaks in the seasonal pattern of vari-
ation in the frequency of violence resembles the pattern of
variations described for some forms of suicide (16, 17, 33),
hospitalization for affective disorders (10, 14, 15), and
mood and activity in the general population (9, 22). The
finding of two peaks, correlated with changes in the length
of day, is compatible with the hypothesis of seasonal vari-
ations, with peaks 1-2 months after the equinoxes, but not
with seasonal variations linked to one of the solstices.

In the present study the highest monthly ratios of ob-
served to expected frequency of violent incidents in-
creased, and the months with the largest increase in vio-
lence occurred later both in the spring and in the fall with
increasing latitude, but the magnitude of the seasonal
variations did not increase significantly with higher
latitude. Because the ranking of the monthly change in
length of day was the same at all latitudes, other factors
could have influenced the progressive delay in the timing
of the seasonal upsurge in violent episodes with increas-
ing latitude.

Studies of seasonal affective disorder have compared
seasonal variation at different latitudes (36-39). Seasonal
affective disorder seems to be more frequent at higher lat-
itudes. This increase with latitude, however, seems to stop
south of 60° N (36, 38). In the present study the highest
monthly ratios of observed to expected frequencies for vi-
olence increased with latitude in the seven cities located
between latitudes 59° and 71° N, but there was no signifi-
cant correlation between the magnitude of the range of
the monthly ratios of observed to expected frequencies
and latitude.

Hakko et al. (32), while analyzing studies reporting sea-
sonal variations in the frequency of suicide, found that a
delay in peak frequency from spring toward summer was
related to distance from the equator. In our study the
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change from low frequency to high frequency of violence
in the general population came later with increasing dis-
tance from the equator, whereas the peak in violent inci-
dents did not. The relation between the frequency peak
and the speed in change in the length of day, and the post-
ponement of the frequency changes with increasing lati-
tude, makes it tempting to infer that the observed varia-
tions were heavily influenced by changes in light. The
changes in the frequency of violence seem to be linked to
changes in the length of day, not to the total length of day.
This could explain why the frequency peaks in both the
spring and fall. This tendency during fall has not been de-
scribed before and therefore requires replication. The lati-
tudinal postponement of the changes in the frequency of
violent incidents needs some additional explanation.

How light could influence violent behavior is not clear,
but low CSF 5-hydroxyindoleacetic acid and low seroton-
ergic activity have been associated with violent behaviors
(26, 27). From studies of the seasonality of mood disor-
ders, which is also presumably linked to serotoninergic ac-
tivity, there are indications that light may influence central
nervous system serotoninergic activity (35). Violence and
injury induced by light therapy have been reported (40).

Violence is a major problem, and the variations we ob-
served are considerable, with the number of violent acts
at peaks that were 21% higher than during the periods
with the lowest frequency of violence. An understanding
of the mechanisms behind these variations in violent be-
havior could possibly increase our understanding of hu-
man violence in general and the factors contributing to its
regulation.
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