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Abstract

The article explores the statistical association between annual alcohol consumption and homicide
mortality in Finland, Sweden and Norway from the early 19th century to 2013. The results show
statistically significant impacts on overall and on male homicide mortality in Finland and on male
homicide mortality in Sweden. In Norway, we found no significant impacts. The results suggest that
changes in the level of alcohol consumption have had a stronger impact on homicide rate in

Finland, characterized by a heavier drinking culture, than in Norway or Sweden. The strength of the
association between alcohol consumption and homicide levels seems also to vary in time and to be
conditioned by economic and socio-political factors.

Key words: Alcohol, homicide, time-series, Nordic countries, Finland



Introduction

Alcohol has a prominent role in crimes of violence in many societies where it is a culturally
accepted drug (Bye, 2012). Numerous studies at the individual-level indicate an association
between alcohol intoxication and violence. For example, Bye’s (2012), Rossow’s (2001) and
Pernanen’s (1981) studies and reviews include extensive summaries on this topic. Their main
conclusion is that explanations of the connection are many and vary considerably. However, the
mechanisms of the connection have little relevance at the community level (and, for example, on
social policies) if the level of alcohol consumption is per se a determinant of violent crime rates
(Rossow, 2001; Bye, 2012). In this case, the regulation of total consumption of alcohol would be a
simple and efficient tool for preventing violent crimes.

Cross-sectional evidence for this hypothesis is contradictory. This also applies to the most
aggravated type of human violence — homicides. Globally, absolute alcohol consumption levels
seem not to have any link with regional homicide rate differences (Lappi-Seppala and Lehti, 2015).
In Europe, however, drinking pattern related factors seem to influence regional differences in
homicide rates. The regions where binge drinking dominates consumption have often a closer
association between violent crime and alcohol drinking than the regions where alcohol is consumed
mainly in the context of meals (Rossow, 2001; Pridemore, 2002; Bye, 2006). An ideal place to
search for an association between total consumption and homicide rate levels would be a region
where alcohol is a generally accepted drug and where overall homicide rates are low; i.e. where
alcohol can potentially influence interpersonal violence levels and at the same time, the influence of
other possible factors is probably moderate or even negligible. Thus, Europe would be a good place
in which to search for such an association. On the continent, alcohol is a culturally accepted drug
and is widely consumed by all population groups; on the other hand, European homicide rates are

today extraordinary low in the global context (Lappi-Seppald and Lehti, 2015). Even a weak



statistical association between alcohol consumption and homicide rates would probably be easier to
find in Europe than in other parts of the world.

The association observed in earlier studies in Europe seems not to be related directly to
consumption levels but mainly to those in drinking patterns. Alcohol and homicidal crime seem to
have the closest association in countries belonging to the so-called vodka zone in the northern and
the eastern parts of the continent where binge drinking and hard liquors have historically
characterized alcohol consumption. In this region, the closeness of the association seems to apply to
both countries with low and high overall homicide rates (Rossow, 2001; Pridemore, 2002; Bye,
2006).

Three Nordic countries, Finland, Norway, and Sweden have historically been part of the vodka
zone and have had a high percentage of homicides perpetrated in situations involving alcohol
drinking. They are also among the European countries with long and relatively reliable statistical
data series on annual alcohol consumption, perpetrated homicides and resident population. From all
three Nordic countries, we have scattered statistical data on the intoxication of homicide offenders
from the 18th century onwards. During the last two centuries, the role of alcohol in homicides has
not been constant in any of the three. The percentage of intoxicated offenders has varied in Norway
between 40 to 75 per cent (Drap i Norge, 2010; Bye 2012; Nasjonal drapsoversikt, 2014), in
Sweden between 40 to 70 per cent (Lindgvist, 1986; Lenke, 1990; Jansson, 1998; Kaspersson,
2000; Rying, 2000; Granath et al., 2011), and in Finland between 60 to 80 per cent (Lehti, 2001;
Kivivuori and Lehti, 2011; Lehti and Kivivuori, 2011; Lehti, 2017). On the other hand, the variation
of the percentage of alcohol-related homicides seems to have been similar in all three countries. The
highest percentages have coincided with periods of relatively high homicide rates and the lowest
ones with periods of low homicide rates (Kivivuori and Lehti, 2011). This indicates that the rates of
alcohol-related homicides have been more volatile than homicide rates on average and may have

played a role in the variations of the overall homicide rate.



The large relative and absolute numbers of alcohol-related homicides probably explains why a
considerable part of the global research of the community level association between alcohol
consumption and homicide levels originates from Scandinavia. The Finnish criminologist Veli
Verkko (1948, 1951) was one of the first who researched the association extensively in his
comparative studies in the 1920s and 1930s. In more recent decades, Lenke (1990) and Norstrém
(1998) have studied the statistical association between changes in the total alcohol consumption and
homicide rates in Sweden. Rossow (2001, 2004) and Bye (2008) have explored the association in
the Scandinavian countries and elsewhere in Europe and in North America, as have some local
scholars (Parker and Cartmill, 1998; Pridemore and Chamlin, 2006).

These studies, which cover different periods of the 20th century, have found a statistically
significant association between the annual changes of the total alcohol consumption and homicide
rates in some but not in all the studied countries. In the countries where the association exists, it
often concerns only male homicide mortality. They suggest that the differences between drinking
cultures may influence the strength of this association and that the alcohol effect is strongest in

cultures with the most hazardous drinking patterns (Rossow, 2001; Bye, 2012).

The Object of this Study
We analyze the association between alcohol consumption and homicide levels in Finland, Norway
and Sweden from the early 19th century until 2013.

We think that this kind of comparative analysis is reasonable. First, homicide rates have differed
markedly in these countries in the last two centuries, the Finnish rate has been about double of that
in Norway and Sweden (Verkko, 1948; Verkko, 1951; Ylikangas, 1976; Kivivuori and Lehti, 2011).
This difference is remarkable since the three countries share historical roots and have had similar
socio-political societal structures during the period. Finnish homicide research has often explained
the higher homicide rates in Finland by a more intoxication oriented drinking culture (Verkko,

1951; Kivivuori and Lehti, 2011; Granath et al., 2011). Second, earlier research has found in all



three countries a statistically significant association between the annual changes of the total alcohol
consumption and violent crime levels, including assaults (except Rossow, 2001, see below).

We think that we can draw more reliable conclusions about the association between alcohol
consumption and homicide levels when we study the association simultaneously in all three
countries using the same analysis method. Moreover, many of the earlier studies have used
registered assault crimes or assault crime convictions as the main indicator of violence. We think
that homicide mortality is a more reliable indicator of long-term trends in violence because it is less
susceptible to changes in the tolerance towards violence, the rate of detection, and the registration
of crimes (Aebi and Linde, 2012; Spierenburg, 2012). On the other hand, homicides are very rare
events compared to assaults. (During the studied period, the average annual number of homicide
victims (excluding infants and outlier years) was in Finland 102, in Sweden 58, and in Norway only
20.) Unique interpersonal factors play a prominent role in their occurrence. Unlike in more common
crimes like assaults, it is far less obvious that changes in the level of total alcohol consumption
would also have a discernible effect, even a weak one, on the number of homicides. Our study also
has a substantially longer time frame than earlier Nordic studies, and covers the change in all three
countries from pre-industrial to post-industrial societies (Lenke, 1990; Hauge, 1991; Norstrom,
1998; Skog and Bjork, 1998; Rossow, 2001; Sirén, 2002). The use of long time-series in the
analysis increases the possibility of an adequate model identification, estimation and hypothesis
testing (Rehm and Gmel, 2001). Long time-series also allow us to explore the invariance of the
association — a question that we think earlier research has overlooked. The association between
alcohol consumption and homicide levels is not necessarily constant over time.

In the analysis, we have used time-series ARIMA modelling. A special feature in our analysis is
that we take into account the presence of possible outlying observations in the homicide data. The
long time frame includes several epochs with considerable increases in homicide rates. This holds
especially for Finland but cannot be overlooked for Norway or Sweden either. Most notably such

deviant historical periods coincide with political crises, wars or foreign military occupations. It is



probable that the increases in homicide rates in these periods are related to other factors than
changes in alcohol consumption. Therefore, in order to test reliably the connection between the total
alcohol consumption and homicide levels, it is important to control the effect of such exceptional
periods.

To sum up, we have looked for answers to the following questions: 1) Have the annual changes
in homicide mortality been associated with changes in alcohol consumption in Finland, Sweden and
Norway from the 19th century until today? 2) Is there evidence that the association between alcohol
consumption and homicide levels has differed between these countries? 3) Has the association
changed over the course of time in Finland?

Based on earlier studies (Rossow, 2001; Pridemore, 2002; Bye, 2008), our main hypothesis is
that the annual number of homicides in Finland has been more sensitive to changes in alcohol
consumption than in the other Nordic countries due to the historically heavier drinking habits of

Finns (Verkko, 1951; Mékeld, 1986; Gmel et al., 2001; Makel4 et al., 2001; Kuntsche et al., 2004).

Data
We have used homicide mortality (excluding infanticides) as the violence indicator and either total
per capita retail alcohol consumption (Norway, Sweden) or total per capita alcohol consumption

(Finland) as the alcohol indicator.



Table 1. Basic statistical information about the homicide and alcohol consumption time-series used in this
study (excluding outlier years)

Finland Norway Sweden
(1802-2013) (1861-2013) | (1861-2013)
Homicides
annual number of victims, mean 102 20 58
annual number of victims, range 11-359 3-64 22-126
annual mortality per 100,000 pop., mean 3.36 0.59 0.87
annual mortality per 100,000 pop., range 1.21-10.45 0.16-1.54 0.35-1.73

Alcohol consumption

litres per capita per year, mean 4.2 4.3 4.6
litres per capita per year, range 0.7-10.5 1.1-6.9 0.8-7.5
Homicides

For Finland and Sweden, cause of death (COD) data of homicide mortality are available from the
1750s onwards (Verkko, 1948; von Hofer, 2011; Kivivuori and Lehti, 2011; Koskivirta, 2014). In
Norway, COD data are available from 1836 onwards but with substantial gaps. We have excluded
from our data infanticides and, in Norway, Holocaust and combat victims from the period 1940-

1945 (Figure 1).

The comparability of the Nordic COD statistics is good (Kivivuori and Lehti, 2011). However,
in none of the countries are the data fully comparable throughout the entire period. Finnish studies
report that the number of homicides prosecuted in the criminal courts was about 50 per cent higher
than the number of homicide victims in the COD statistics in the early 19th century (Verkko, 1951;
Ylikangas, 1976; Sirén, 1995). During the century, the difference grew smaller and disappeared
from the 1880s onwards (Vuorela, 2014). The situation in Sweden and Norway was probably
similar. There is, however, no evidence that different types of homicide would have been registered
differently and the data should not be biased in this respect. We have converted homicide mortality
data to annual mortality rates per 100,000 inhabitants. One should note that in Norway and Finland
the populations were less than two million during most of the 19th century causing relatively large

annual fluctuations in the number of homicides.
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Figure 1. Homicide mortality (victims per 100,000 inhabitants) in Finland, Sweden and Norway, 1754-2013
(Finland excl. 1808, 1918-19; Norway excl. 1944-45) (von Hofer and Lappi-Seppald, 2014)

Homicide Trends

Homicide mortality rates were constantly higher in Finland than in Sweden or Norway during the
studied period (Figure 1). In all three countries, longer- and shorter-term fluctuations characterized
the trends. These fluctuations were generally similar in Sweden and Norway (with the exception of
the peak that occurred in Norway during the German occupation in the 1940s). In Finland, the trend
differed sharply from the other two from the mid-19th century to the 1950s. This difference was
especially marked in the 1905-1948 era. The homicide wave in Finland during that era has been
linked to the violent process of becoming independent and the peculiarities of industrialization in
the country (Lehti 2001). The period began with a constitutional conflict with Russia and the
gradual eroding of the Finnish autonomy. It included two revolutions (1905 and 1917), the gaining
of independence (December 1917), followed by an attempted coup d'état by the Social Democratic
Party and a civil war in the spring of 1918, as well as several smaller armed conflicts with the
Soviet-Russia in 1918-1922. The civil war and its repercussions left deep wounds in Finnish
society making the 1920s and 1930s both politically and socially turbulent. The period ended in the
Second World War that lasted in Finland from November 1939 (when the Soviet Union attacked the

country) until September 1947 (when the Allied Control Commission left and Finland regained its
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full sovereignty). Since the Second World War the homicide mortality trend in Finland has
resembled those in Sweden and Norway (Figure 1). Thus, under peacetime conditions, homicide
trends have been rather similar across the three studied Nordic countries. On the other hand, in
terms of mere mortality levels and level changes, wars and social crises seem to have dominated the
dynamics of homicide mortality in the 19th and 20th century Finland and to some extent in Norway,

too. In Sweden the crises element was missing during the studied era.

Alcohol Consumption

Swedish and Norwegian alcohol consumption data have been obtained from official statistics of
registered retail consumption (Figure 2) (Drogutvecklingen i Sverige, 2010; Drogutvecklingen i
Sverige, 2014; Statistics Norway, 2016). The data of these two countries cover the years from mid-
1800s until 2013.

In Finland, our data on alcohol consumption start from 1802. We have used the data series on
total consumption compiled in the Institute of Criminology and Legal Policy from several sources
(Figure 2). Our earliest information era 1802-1889 is based on alcohol-related mortality statistics
(from 1878 onwards referring to ethanol-poisoning mortality) published by Turpeinen (1975, 1977)
and his estimations of per capita consumption according to that data. For the 1890-1919 period we
have used a time-series based on national alcohol production and customs data adjusted by
Turpeinen’s information about unregistered consumption (Ignatius, 1885; Suomen taloushistoria,
1983; Suomen tilastollinen vuosikirja, 1916; Suomen tilastollinen vuosikirja, 1921). Production
statistics and Turpeinen’s mortality data overlap for the years 1866—-1917. The synchronous raw
correlation of the two series is 0.86 indicating that the time-series constructed by Turpeinen is an
acceptable proxy for annual changes in alcohol consumption from 1866 onwards. We have assumed
that this is the case also before 1866. We have not found any information that would contradict this
assumption. The years 1919-1932 were prohibition years in Finland and official consumption

statistics exist only of registered “medical” consumption that made up less than 20% of total
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consumption (Rasinaho, 2006). However, there exist several estimates of total consumption in the
beginning of the prohibition (1919), in the mid-1920s and at the end of the prohibition (in the early
1930s). All of them are based on the annual volumes of confiscated smuggled alcohol and the
registered alcohol sales (Lehti, 2001; Rasinaho, 2006; Kaartinen, 2012). We have used a linear
trend between 1919, 1925 and 1932 of which estimates are available. The linear increasing trend is
supported by published statistics on drunkenness arrests during the period (Lehti, 2001). Data of
1933-2013 have been obtained from the official consumption statistics and refer to total
consumption. We have converted the retail consumption of 1933-1959 into total consumption by a
conversion factor of 1.3 based on estimates of unregistered consumption in the early 1960s
(Paihdetilastollinen vuosikirja, 2010). (The proportion of unregistered consumption in the 1930s
was probably higher but because we have analyzed annual changes in consumption level, this
should not be a confounding problem.) Annual changes in unregistered consumption have been
moderate since 1960 (Ja&skeldinen, 2011; Varis and Virtanen, 2016). We have converted
consumption data to per capita consumption of pure alcohol.

To sum up, the Finnish data of 1890-1919 and 1933-2013 are based on published official
consumption statistics and their reliability and validity is comparable to those of the Swedish and
Norwegian statistics. In addition, we can check the reliability of the cause-of-death data based time-
series for 1802-1889 (1917) by comparing it with official consumption statistics from 1866
onwards. The high positive correlation between these two independent overlapping time-series
indicates strongly that we can use the Turpeinen’s consumption time-series without major problems
as an extension of the official consumption time-series from 1890 backwards. The problematic era
is 1920-1932. Although the consumption estimates of these years are based on measurable
statistical facts (confiscations and arrests), their numbers have not been determined by the changes
in consumption levels only but also, for example, by those in the resources and tactics of the police

and customs authorities.
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A problem concerning the registered retail consumption statistics of all three countries is
unregistered consumption. A substantial proportion of alcohol consumption in Scandinavia is
unregistered, and this proportion has varied over time (Lenke, 1990; Skog and Bjork, 1998;
Osterberg, 2000; Arnberg and Lord, 2009). In this analysis, the problem concerns especially the
Swedish and Norwegian data based on unmodified retail consumption. This means that in general,
there is measurement error in the level of the used series. During the studied period, new restrictions
in registered consumption have probably increased and any liberalization of controls decreased
unregistered consumption. It is plausible that the trends of registered and unregistered consumption
have diverged for some time-periods. However, as explained later, because we are working with
differenced time-series and analyze annual changes in alcohol consumption (like e.g. Rossow
(2001) and Bye (2007)), any trends in the time-series are filtered in the ARIMA estimation process.
Thus, we can assume that even in the case of diverging trends, the measurement error in the annual
changes of consumption remains nearly constant over a lengthy period of time and does not pose a
serious source of error in testing the existence of the association between alcohol consumption and
homicide levels. In addition, according to Rossow (2001), in Norway and Sweden there is no
indication of any significant correlation in annual changes in recorded and unrecorded consumption
in the second half of the 20th century, supporting the assumption that the usage of only recorded

consumption does not seem to cause a significant bias.
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Figure 2. Alcohol consumption (litres of pure alcohol per capita) in Finland, Sweden, and Norway, 1802—
2013

Alcohol Consumption Trends

The general pattern of alcohol consumption trends were similar for all three countries during the
studied era. Basic consumption levels of the 19th century were relatively high with a decreasing
trend during the latter half of the century. The consumption was at its lowest during the first half of
the 20th century and began to increase sharply in the second half. It should be noted that until the
beginning of the1970s the consumption level was clearly lower in Finland than in Sweden and even
lower than in Norway. The first occasion that Finnish consumption rose over the two other
countries was in the 1970s and it continued to increase until the 2010s. In Sweden and Norway, the

consumption levels have been relatively stable since the early 1970s.

Methods

Our analysis is based on time-series ARIMA modelling. After examining the overall characteristics
of the homicide mortality and alcohol consumption time-series, we specified an acceptable
univariate ARIMA model for each homicide series. In specification of these models we examined

the sample autocorrelation and sample partial autocorrelation functions (SACF and SPACF) of the
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time-series. The purpose of the ARIMA model building is to transform the, presumably
autocorrelated, observed series into a structureless white noise process (Mills, 1990) by filtering all
temporal regularity (trends, drift and autocorrelation) in the homicide series that would confound
the testing of the association between alcohol consumption and homicide levels. The use of long
time-series in the analysis increases the possibility of an adequate model identification, estimation
and hypothesis testing (Rehm and Gmel, 2001).

Outlying observations, level shifts and structural changes have an adverse role in time-series
analysis. First, outliers may cause serious biases in SACF and SPACF statistics, thus jeopardizing
their usefulness as tools for model identification (Mills, 1990). Second, outliers in the homicide data
may bias the estimated coefficients that describe the response of homicide rate to the change in
alcohol consumption. In order to eliminate their effects, it is necessary to detect the time that
outliers occurred, identify their type and estimate a model in which the different types of outliers
are appropriately incorporated (Pefia, 2010). Although we could base our decisions on historical
evidence, we used automatic detection methods for this task to avoid subjectivity (Gémez and
Maravall, 2010). Our statistical analysis program (SPSS 22) provided this option. First, we
estimated ‘noise-outlier’ models for the homicide series, which in addition to the ARIMA
parameters include parameters that account for the effects of outliers. Then we added alcohol
consumption series as exogenous explanatory variables to these models. Thus, in the estimation of
the alcohol consumption—homicide relation we fixed the type of the noise models (the order of
autoregressive and moving average parts) and the time and type of outliers in homicide series.
Formally, the models are simple transfer function-noise models where alcohol consumption is the
independent input series and homicide time-series is the dependent response time-series (Mills,
1990).

Aggregate alcohol studies have employed additive (e.g. Norstrom, 1998; Sirén, 2002), semi-
logaritmic (e.g. Parker and Cartmill, 1998; Skog and Bjork, 1998; Rossow, 2001) or both

specifications (e.g. Lenke, 1990; Rossow, 2004; Bye, 2007) in modelling the alcohol-violence
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association. In semi-logaritmic models, the dependent variable is log-transformed, which
corresponds to the assumption that the effect of alcohol is relative (Bye, 2007). The strait out log-
transformation has been criticized on both interpretative and statistical grounds (Rehm and Gmel,
2001). In our analysis in specifying the models we have applied the principle of parsimony and
assumed the simplest functional form between alcohol consumption and homicide rate, i.e. that it is
additive and contemporaneous (Rehm and Gmel, 2001). To be able to compare our results with
those of Rossow (2001), we have, however, also used semi-logaritmic modeling for the analysis of

male homicide mortality in 1951-2013.

Results
First, we analyzed the Finnish data. The data on alcohol consumption in Finland are available from
1802 onwards. The series (years 1802-2013, n=212) exhibited drifting behaviour or waves of
upward and downward trends. There was a significant autocorrelation in the series even when the
automatic outlier detection was activated. This indicated that the series was non-stationary and had
to be differenced. After differencing, the SACF and SPACF of the series suggested an ARIMA
(0,1,1) model with nine outliers. This outlier-noise model had no significant residual autocorrelation
and the model could be accepted (Q(18); Sig. = 0.308). The nine detected outliers matched well
with notable historical events (Table 2).

We also specified ARIMA models separately for male and female homicide mortality. For both
a noise model of type (0,1,1) was acceptable. After filtering no residual autocorrelation was present
(Q(18); males Sig. = 0.739, females Sig. = 0.307). In the male homicide series we detected 10
outliers. With few exceptions these were the same as those found in the modelling of the overall
homicide series. The outlier-noise model for females incorporated three outliers.

The data for Sweden covered the years 1861-2013 for the overall homicide rate (n=153) and
years 1869-2013 for gender specific homicide mortality (n=145). For the overall homicide

mortality, an outlier-noise model of type (0,1,1) with one transient type outlier turned to be
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adequate (Q(18); Sig. = 0.079). A model of type (0,1,1) could also be accepted for male and female
homicide series (Q(18); males Sig. = 0.386, females Sig. = 0.435).

The Norwegian data covered the years 1861-2013. There were substantial gaps in gender
specific homicide rates. As in Finland and Sweden, for overall homicide mortality, an outlier-noise
model of type (0,1,1), was adequate (Q(18); Sig. = 0.299). We detected and incorporated eight
outliers into this model.

To achieve stationarity, required of the input series in the models, we differenced all alcohol
consumption series.

Table 2 shows the estimated effects of the outliers detected in the homicide series. The types of
outliers can be considered as particular cases of interventions or deterministic effects in a time-
series (Pefa, 2010). In our case, almost all the outliers coincided with periods of extraordinary
political, economic or alcohol legislation related events in history in the Nordic region (Table 2). In
Finland, for example, the beginning of alcohol prohibition coincides with an estimated 5.0 increase
in homicide mortality. In Sweden and Norway, estimated increases in homicide rates in 1873 were
0.53 and 0.44. In both countries, the year coincided with the beginning of international economic

depression.
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Table 2. Outliers detected in the homicide mortality series

Country Year

Finland 1808
1905
1915
1917
1918
1919
1933
1934

1949

Sweden 1873

Norway 1873
1903
1907
1939
1943
1944
1945

2011

Type (1)

Additive
Level Shift
Transient
Level Shift
Additive
Additive
Innovational
Level Shift

Level Shift

Transient

Transient
Additive
Additive
Additive
Additive
Additive
Additive

Additive

Estimated

effect on

homicide rate

11.22

2.13

-2

4.45

52.43

5.04

-2.31

-3.82

-1.81

0.53

0.44

-0.31

-0.33

-0.39

0.61

11

0.68

Decay

factor

0.87

0.73

0.71

(1) For definitions of types of outliers, see Pefia, 2010.

Description of significant historical events

The 1808-1809 war, Russian occupation

The 1905 revolution, followed by the second period of Russification
Beginning of WWI, restrictions in alcohol retail sales and civil liberties
The 1917 Russian revolutions, political turbulence

The Finnish civil war

The beginning of alcohol prohibition

The end of alcohol prohibition

The end of the "Years of Danger" after WWII

Beginning of an international economic depression

Beginning of an international economic depression

German occupation, WWII
German occupation, WWII
German occupation, WWII

The Utgya massacre

Table 3 shows the estimated impacts of annual changes in alcohol consumption on changes in

homicide rates. In Finland, the model estimation showed a statistically significant association

between alcohol consumption and overall homicide mortality rate for the period 1802-2013. The

estimated impact of alcohol consumption was 0.10 (p < 0.02) meaning that an increase of one litre

in the per capita consumption of pure alcohol corresponds to a mean increase of 0.1 in the homicide

mortality rate. (Because of the problems concerning the Finnish consumption data of 1920-1932,

we also did the analysis controlling the effect of these years by defining the years as additive
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outliers. The excluding of the prohibition years did not change the estimated impact (Table 3).) The
estimated impact on male mortality was 0.19 (p < 0.02), on female mortality no impact was found.
In Sweden, we observed a statistically discernible impact of 0.09 (p < 0.03) on male homicide
mortality but none on overall or female mortality. In Norway, we found no evidence of a statistical
relationship between alcohol consumption and overall homicide mortality. The impact coefficient of
Finnish males (years 1802—-2013) was about twice as high as that of Swedish males (years 1869-
2013) (Table 3). However, the average homicide mortality rate has been in Finland manifold
compared to that in Sweden. If the coefficients of males are divided by the average male homicide
mortality rates, we see that the relative effect of a unit change in alcohol consumption has in fact
been higher in Sweden (7.7%) than in Finland (3.4%) (the average homicide mortality rates were
calculated without the detected outliers).

Table 3. Total alcohol consumption and homicide mortality in Finland, Sweden, and Norway. Transfer

function-noise models
Country Type of Alcohol SE of Sig. Q(lag 18)

the outlier-noise consumption estimate Sig. (1)

ARIMA model (p,d,q) estimate

FINLAND
Homicide overall 1802-2013 0,11 0.100 0.042 0.019 0.407
Homicide overall 1802-2013 0,11 0.102 0.040 0.012 0.587

(excl. 1920-1932) (2)

Homicide males 1802-2013 0,11 0.194 0.080 0.016 0.946
Homicide females 1802-2013 0,11 -0.001 0.023 0.959 0.303
SWEDEN

Homicide overall 1861-2013 0,11 0.039 0.024 0.108 0.099
Homicide males 1869-2013 0,11 0.091 0.041 0.026 0.382
Homicide females 1869-2013 0,11 0.030 0.021 0.151 0.463
NORWAY

Homicide overall 1861-2013 0,11 -0.039 0.035 0.272 0.299

(1) Ljung-Box Q-test for residual autocorrelation.

(2) 1920-1932 defined as additive outliers
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In an earlier study covering the post-Second World War period Rossow (2001) found statistically
significant impacts on male homicide mortality in all three Nordic countries for 1951-1995.
According to her study, the Finnish alcohol-homicide association was not exceptionally strong in
the Nordic context. Our results differed substantially from those of Rossow (2001). To test if
differences in the specification of the models and in the way outlying observations were handled
could explain the divergent results, we also estimated semilogaritmic models for male homicide
mortality using the time period (1951-2013) for which data were available for all three countries
and which corresponded largely to that in Rossow’s study. In this analysis, we found a statistically
significant alcohol consumption—male homicide mortality association only in Finland (Finland:
0.13, sig=0.001, Norway: 0.06, sig=0.62, Sweden: 0.12, sig=0.21).

For Finland, we also tested the time invariance of the association between alcohol consumption
and homicide levels in three sub-periods based on political history: two of them could be described
as eras of peaceful socio-political development, one as an era of violent crises (Rasila et al., 1977).
The first era covered the years 1802-1899, ending at the constitutional crisis with Russia. The
second period 1900-1948 included the gaining of independence, followed by a civil war, the
politically and socially turbulent 1920s and 1930s and the Second World War. The last period
started from 1948, which can be considered as the beginning of peacetime conditions after the war

(Rasila et al., 1977) (Table 4).
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Table 4. Total alcohol consumption and homicide mortality in Finland. Transfer function-noise models for
1802-1899, 1900-1948, and 1949-2013

Type of Alcohol SE of Sig. Q(lag 18)
the outlier-noise consumption | estimate Sig. (1)
ARIMA model estimate
(p.d.q)
Homicide total
1802-1899 0,11 0.097 0.046 0.036 0.806
1900-1948 0,1,0 0.781 0.556 0.168 0.508
1900-1948 0,1,0 0.719 0.542 0.195 0.927
(excl. 1920-1932) (2)
1949-2013 0,11 0.265 0.095 0.007 0.864

(1) Ljung-Box Q-test for residual autocorrelation.

(2) 1920-1932 defined as additive outliers

We found a statistically significant association between alcohol consumption and homicide
mortality in the first 0.10 (p < 0.04) and third period 0.27 (p < 0.01), but not in the second period.
Controlling the effect of the prohibition years by defining the years 1920-1932 as additive outliers

did not change the result (Table 4).

Discussion

In this study, we have assessed the association between changes in annual alcohol consumption and
homicide mortality in Finland, Sweden and Norway from the early 19th century to 2013. Our study
has a substantially longer time frame than earlier Nordic studies, and covers the change in all three
countries from pre-industrial to post-industrial societies (Lenke, 1990; Hauge, 1991; Norstrom,
1998; Skog and Bjork, 1998; Rossow, 2001; Sirén, 2002). Moreover, we have taken into account
the existence of possible outlying observations, those years of exceptionally high or low numbers of

homicides, in our analysis. Failure to do this would probably have distorted the estimation outcome.

Limitations
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This study has a number of limitations. We have had to use proxies (alcohol-related mortality,
intoxication arrests, and confiscated illegal alcohol) in Finland to measure the alcohol consumption
of 1802-1889 and 1920-1932. Although we believe that these proxies are relatively reliable
indicators of consumption changes further research is needed to ascertain their applicability. The
official consumption statistics of all three Nordic countries have their limitations, too, because they
measure registered retail consumption and the volume of unregistered consumption may vary
considerably over time. Also, in the time-series analysis our division of Finnish data into three non-
overlapping sub-periods is a relatively crude test of the time invariance of the alcohol consumption-
homicide rate association.

An additional limitation is that in this analysis we have not studied possible confounding
variables that would be important to control for in any individual level analysis. Long-term
sociodemographic variation in both alcohol consumption and homicide mortality (changes in
gender, age and socioeconomic structure as well as the role of substance abuse) may have

substantial effect on how the association between consumption and homicide mortality works.

Main findings

Our results indicate that homicide mortality has been most responsive to changes in the total alcohol
consumption in Finland, and least responsive in Norway. We found for Finland a statistically
significant impact of annual changes in per capita alcohol consumption on overall and male
homicide mortality (1802-2013). In Sweden, we found a statistically significant impact on male
homicide mortality (1869-2013) but none on female or overall (1861-2013) mortality. In Norway,
we found no impact on overall homicide mortality (1861-2013). Because of the gaps in the
Norwegian gendered homicide mortality data, we could not analyze the association separately for
males and females for the whole period. However, our additional analysis on male mortality in
1951-2013 included also Norway. The additional analysis showed a statistically significant impact

on male homicide mortality only in Finland.
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The results depart from earlier Scandinavian studies, which have found significant associations
between alcohol consumption and homicide levels in Sweden for overall and in Norway for male
homicide mortality (Lenke, 1990; Norstrom, 1998; Rossow, 2001). They also differ from what
could have been expected on the basis of Rossow’s (2001) analysis of the years 1951-1995.

We think that one reason for divergent results are our longer time-series. The association between
alcohol consumption and homicide mortality is not necessarily invariant over time. Also, the results
of the analysis of the three sub-periods of our Finnish data suggest this. When we divided the
Finnish data into three periods on the basis of Finland’s political history, we found a statistically
significant impact of annual per capita alcohol consumption changes on the overall homicide
mortality in the first and third periods which could be described as peacetime eras, but none in the
second period which included severe and multiple political and social crises. (The second period
included also a fourteen-year prohibition and the alcohol consumption statistics of these years are
not as reliable as those of the peacetime eras are. However, controlling the effect of the prohibition
years and their statistics by defining the years 1920-1932 as additive outliers did not change the
result.)

The divergent results of our study and the earlier ones can also be partly explained by
differences in the specification of the models and in the way outlying observations are handled.
Especially the analysis on male mortality of 1951-2013 suggests this. The period corresponded
largely to that used by Rossow in her study (2001) and it is improbable that the different time frame
could explain the differences in this case. In addition, the consumption data used for this period is
fully comparable in all three countries.

All this highlights the fact that in weak statistical associations (like the one between alcohol
consumption and homicide rates) the results of time-series modelling are sensitive to model
specifications and properties of data (covered time span, presence of influential observations etc.). It

should also be noted that in Norway the annual number of homicides has been very small
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throughout the last few centuries, making it difficult to find a statistically discernible association
between the total alcohol consumption and homicide mortality.

However, our results are in line with those findings which indicate that alcohol has a more
central role in Finnish homicides than elsewhere in the Nordic region (Verkko, 1951; Kivivuori and
Lehti, 2011; Granath et al., 2011). Thus, the results give support to the thesis that the possible effect
of alcohol consumption on violent crime at the community level exists mainly in countries with the
most explosive drinking patterns (see Lenke, 1990; Rossow, 2001; Bye, 2012). This seems to be
true even in a group of countries (like in our case) where the differences in drinking patterns are
relatively small in the global context. Moreover, changes in the total alcohol consumption in the
Nordic countries seem to have had during the last two hundred years greater relevance in relation to
male than female homicide mortality (see also Rossow, 2001).

Based on our study, in spite of the statistically discernible association between total
consumption and male homicide mortality in Finland and Sweden, one cannot conclude that the
regulation of total alcohol consumption would be an efficient general tool for preventing homicides
even in Scandinavia. Our results support, however, the findings that in Finland, alcohol
consumption has had during the last two centuries and has even today a more central role in violent
crime than in Sweden or Norway. Although in terms of mortality levels and level changes, wars and
social crises have dominated homicide mortality in Finland during the last two centuries (Y likangas,
1976; Kivivuori and Lehti, 2011), in normal peacetime conditions, i.e. before 1900 and after 1948,
there seem to have been a close positive association between total alcohol consumption and overall
male homicide mortality rates. The strength of this association has been much weaker in Sweden
and apparently absent in Norway. This finding suggests that alcohol may indeed be part of the
explanation of the persistently higher homicide mortality in Finland that in other parts of

Scandinavia.
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