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Seasonal and Temporal Patterns of Homicides and Suicides
in Cali and Manizales, Colombia: A Times-Series
Analysis 2008–2015

Lucy Nieto-Betancurt� , Andr�es Fandi~no-Losada� , Antonio Ponce de Leon ,
Sara Gabriela Pacichana-Quinayaz , and Mar�ıa Isabel Guti�errez-Mart�ınez

ABSTRACT
Objective: To identify seasonal and temporal variations in daily inci-
dence of homicides and suicides in Cali and Manizales, Colombia
during 2008–2015.
Materials and methods: An ecological time series study was per-
formed using negative binomial regression models for daily inci-
dence of homicides and suicides; analyses were controlled for yearly
trends and temporal autocorrelations.
Results: Saturdays, Sundays, December holidays as well as New Year
and New Year’s Eve were associated with an increased risk of homi-
cides in both cities. Suicide risk increased during December holidays
and New Year in both cities. In addition, the suicide risk increased
on paydays, Saturdays, Sundays, and Mondays in Cali, and it
decreased during the Holy Week holidays in Manizales. December
patterns of suicides and homicides are the opposite in each city, and
between cities.
Conclusions: The incidences of homicides and suicides are not
homogeneous over time. These patterns can be explained partially
by alcohol consumption and changes in people’s routine activities
which may modify exposure to violent circumstances.
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INTRODUCTION

Suicides and homicides are external injuries that are a public health problem which gen-
erate serious social and economic consequences for the relatives of victims and their
societies (Krug, Mercy, Dahlberg, & Zwi, 2002). In Colombia, homicides have been a
serious problem for the past 60 years. The Colombian homicide rates were surpassed by
those in other Latin American countries only during the 21st century (Guerrero &
Fandi~no-Losada, 2017). Between 2007 and 2016, Colombia recorded 273,649 violent
deaths, where homicides were the leading cause, registering rates as high as 39.39
homicides/100,000 inhabitants in 2009. On the other hand, the rate of suicides was 5.20
suicides/100,000 inhabitants in 2016 (Instituto Nacional de Medicina Legal y Ciencias
Forenses, 2016). Cali, the third largest city in the country and the capital of the Valle
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del Cauca province, has historically presented high homicide rates compared to other
Colombian cities, although its suicide rates are low (Concha-Eastman, Espitia, Espinosa,
& Guerrero, 2002; Fandi~no-Losada, 2018; S�anchez et al., 2011; Villaveces et al., 2000).
For instance, comparing Cali with the national figures, homicide and suicide rates in
2016 were 55.74 and 3.70/100,000 inhabitants, respectively. On the other hand,
Manizales, the capital of the Caldas province, is a middle-sized city, with high suicide
rates compared with the national mean, e.g., 6.45/100,000 inhabitants in 2016 (Instituto
Nacional de Medicina Legal y Ciencias Forenses, 2016).
The seasonal patterns of suicides and homicides have been studied since the 19th century.

In countries with temperate or cold climate, this seasonal pattern is explained by the strong
variations in the weather related to the seasons and the way it influences human activities
(Christodoulou et al., 2012; Partonen, Haukka, Nevanlinna, & L€onnqvist, 2004). Climatic
variations have been associated with higher suicide rates, which are reported at the begin-
ning of Spring and Autumn, as well as during the Winter (Ajdacic-Gross, Bopp, Ring,
Gutzwiller, & Rossler, 2010; Rock, Judd, & Hallmayer, 2008).
It has also been found that violent crimes are influenced by seasonal and temporal

variables such as vacations, the end of the school year, paydays and holidays (Ajdacic-
Gross et al., 2010; Cohn & Rotton, 2003). Many of these patterns are associated with
temporal changes in alcohol consumption, including weekends, holidays, cultural and
commercial celebrations, public demonstrations and paydays (Ajdacic-Gross et al., 2010;
Rodriguez, 2008; S�anchez et al., 2011; Villaveces et al., 2000).
Recently, studies have focused on seasonal and temporal patterns of suicides and homi-

cides in countries with subtropical and tropical weather, such as Brazil and Singapore.
Seasonal variations seem not to be significant, although there are differential patterns of
suicides and homicides on different days of the week (Ceccato, 2005; Parker, Gao, &
Machin, 2001; Pereira, Andresen, & Mota, 2016). In Colombia, it has been reported that
about 32% of homicides in the country are related to recreational activities, cultural events
and sports which mainly occur on Saturdays and Sundays (Instituto Nacional de Medicina
Legal y Ciencias Forenses, 2016). Regarding suicides, peaks are observed in August and
December (holiday season) and on Sundays and Mondays (Instituto Nacional de Medicina
Legal y Ciencias Forenses, 2016). In Cali, it has also been found that homicide rates are
higher during weekends, holidays, and weekends after paydays (Concha-Eastman et al.,
2002; S�anchez et al., 2011; Villaveces et al., 2000).
Although some seasonal and temporal variables that may influence the homicides and

suicides occurrence have been addressed in tropical countries, it is necessary to perform
studies at the city level using time series regression, given the auto-correlated nature of the
time series data (Bernal, Cummins, & Gasparrini, 2017; Fandi~no-Losada, 2018). Thus, the
objective of this study was to identify seasonal and temporal variations on the incidence of
suicides and homicides in Cali and Manizales, Colombia, between 2008 and 2015.

MATERIALS AND METHODS

Design

It is an ecological study of violent deaths that occurred in the municipalities of Cali and
Manizales, Colombia, using time series analyses from 2008 to 2015. This study was
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approved by the Human Ethics Institutional Review Committee (Acronym in Spanish:
CIREH) of the Universidad del Valle, Colombia (Internal Codes 042–017 and 010-017).

Mortality Data

Anonymized data on all deaths classified as homicides and suicides were requested
from the External Caused Deaths Surveillance System (Acronym in Spanish: SVMCE) of
Cali (S�anchez-Renter�ıa, Bonilla-Escobar, Fandi~no-Losada, & Guti�errez-Martinez, 2016),
coordinated by the Security Observatory of the Municipality of Cali (Colombia). An
injury event could lead to a death of external causes on the same day or the days fol-
lowing the event (Demetriades et al., 2005). In order to carry out this study, we col-
lected the dates of the violent events (interpersonal and self-inflicted) which
consequently ended in homicide or suicide cases during the same day or the following
days (up to 30 days according to SVMCE definitions). Manizales data were obtained
from the Colombian Government open data repository (datos.gov.co), which indicates
the dates of suicide deaths and homicide cases. Concerning the data on Cali, the daily
counts of the external caused events were summed up as homicide events and suicide
events, considering the date of each event instead of the date of death (i.e., the mortality
date). In Manizales, due to lack of data on dates of external caused events, the daily
counts were summed up according to the dates of death. The days during which no
homicide or suicide occurred were assigned as zero (0). The data were organized along
two time series of daily counts of homicides and suicides, from January 1st, 2008, to
December 31st, 2015.

Explanatory Variables

For each date, year and month were considered in analyses. In addition, days of the
week (Sunday to Monday), national holidays and labor paydays (each two weeks) were
indicated according to the Legislation of the Republic of Colombia. In Colombia, there
are 18 official national holidays of civil or religious nature, ten of which are moved to
the Monday following the holiday (a movable holiday) and the remaining eight are cele-
brated on the original day of the week (an unmovable holiday), according to Law 51/
1983 or “Emiliani Law” (Congreso de la Rep�ublica de Colombia, 1983).
The movable holidays are the New Year (January 1st), the Maundy Thursday (or the

Last Supper, a Thursday in March or April), Good Friday (a Friday in March or April),
Labor Day (May 1st), National Independence Day (July 20th), the Battle of Boyac�a
(August 7th), the Immaculate Conception (December 8th) and Christmas (December
25th). Paydays correspond to the first business day (Monday to Friday) after the 14th
day and the last day of each month. In this study, the three largest commercial celebra-
tions, which are not official national holidays, were also considered: Mother’s Day
(second Sunday in May), Father’s Day (second or third Sunday in June) and Day of
Love and Friendship (similar to the Valentine’s Day, but the second or third Saturday
of September). Finally, two periods of days were identified: first, the annual celebrations
of each city’s carnival: “Feria de Cali” which runs between December 25th and 30th or
“Feria de Manizales” which takes place on the weekends before and after the Feast of
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the Epiphany (January 6th) as well as the days in between. Second, the eight days of the
“Holy Week” (in Spanish: “Semana Santa,” a Catholic religious tradition), from Palm
Sunday to Easter Sunday.
Lunar phases were operationalized as the day of full moon ± 1 day (i.e., three days of

full moon) and the day of new moon ± 1 day (i.e., three days of new moon). The days
in the moon cycle between the new and the full moon (including the first quarter) were
assigned as the waxing phase. The rest of days in the moon cycle between the full and
the new moon (including the third quarter) were assigned as the waning phase.

Statistical Analysis

Daily counts of each outcome event (i.e., suicides and homicides) were determined for
the seasonal (i.e., month) and temporal explanatory variables (see the Electronic
Supplementary table 1). Suicide and homicide incidence rates were calculated in terms
of person-years of exposure, estimating the denominator as follows: addition of the
yearly half period population (on June 30th) over the 8 years times the exposure time
fraction of each seasonal or temporal variable (see Table 1). The latter was calculated as
the ratio between the numbers of days observed for each option of the seasonal and
temporal variables (e.g., 78 days of movable holidays) over the total count of days in the
study period (i.e., 2,922 days).
Furthermore, the outcome variables (daily counts of violent events) were modeled by

means of time series regressions (Bernal et al., 2017; Bhaskaran, Gasparrini, Hajat,
Smeeth, & Armstrong, 2013; Yu et al., 2020), using negative binomial regression models
for each event count (i.e., daily counts of homicides and daily counts of suicides) in
each city (Cali and Manizales), with offset of natural logarithm of the daily projection
of each city’s population (in person-years units) as the model denominator. The meas-
ure of effect for the negative binomial regression is the adjusted Incidence Rate Ratio
(aIRR), interpreted as the percentage change in the daily count of homicides or suicides,
in relation to the reference categories, adjusted for the other covariables in each regres-
sion model (see Tables 2 and 3, for suicides and homicides, respectively). The differen-
ces between saturated models (which include all variables in Table 1) versus more
parsimonious models were compared using the Bayesian information criterion (BIC).
The final multiple regression models used the explanatory seasonal (i.e., month) and
temporal variables of Tables 2 or 3, while controlling for the other explanatory variables
in each table as well as controlling for the long-term trend (years) and the significant
time lags of response residuals of each regression model, according to (L�opez) Bernal et
al., 2017 (see their Supplementary material). In addition, the temporal autocorrelations
among the adjacent time series observations were controlled by means of the autocorrel-
ation consistent (HAC) variance estimate, using lags up to 32 days (StataCorp., 2015).
For official national holidays and commercial celebrations, the effect of the previous

day (i.e., the day eve) and the following day (one day afterwards) were explored using a
temporal forward and a temporal lag, respectively. For the final negative binomial
regression models, distributions of their residuals were explored graphically against the
predicted data, checking their temporal independence using correlograms, partial corre-
lograms and the Bartlett’s periodogram-based test for white noise (please, see the
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TABLE 1. Rates of homicides and suicides in Cali and Manizales, Colombia, 2008–2015.

Temporal variables
Suicide ratesa Homicide ratesa

Municipality: Cali Manizales Cali Manizales

Year (Long-term trend)
2008 4.83 8.57 75.55 45.43
2009 3.78 8.01 81.00 38.77
2010 4.23 7.46 79.70 38.86
2011 3.97 6.15 80.81 35.37
2012 3.75 5.62 80.10 30.13
2013 3.23 5.34 84.88 31.54
2014 4.69 5.57 66.49 26.61
2015 3.84 7.83 58.19 21.71

Month (Seasonality)
January 3.87 9.42 75.76 30.14
February 4.11 6.62 70.18 39.69
March 4.00 6.78 72.02 32.40
April 4.13 4.28 72.09 30.76
May 4.45 7.91 76.09 31.65
June 4.07 6.62 77.96 26.86
July 3.36 5.65 73.70 39.94
August 4.32 6.78 72.28 33.16
September 4.20 5.06 77.02 30.37
October 4.32 3.77 72.41 33.91
November 3.80 5.06 73.89 33.09
December 3.81 13.56 94.67 39.94

Day of week
Sunday 5.26 9.19 113.45 67.45
Monday 4.72 6.27 68.70 25.32
Tuesday 3.56 7.82 64.94 24.59
Wednesday 3.37 6.93 63.48 26.83
Thursday 3.79 4.92 67.16 25.48
Friday 3.26 8.07 71.85 28.01
Saturday 4.30 4.48 80.52 36.75

Day before paydays
No 4.03 6.71 75.27 33.03
Yes 4.08 8.27 82.02 39.91

Paydays
No 3.95 6.78 76.45 33.68
Yes 5.25 7.30 65.27 30.66

Day following paydays
No 3.99 6.81 75.83 33.58
Yes 4.67 6.81 74.19 30.66

Day before Holidays
No holidays 4.07 6.76 74.70 32.57
December holydaysb 4.00 19.47 98.03 42.83
Holy Week holydaysc 2.00 5.84 57.02 11.68
Other unmovable holidaysd 2.00 3.89 63.35 35.04
Movable holidaysd 3.90 5.99 112.85 67.09

Holidays
No holidays 3.98 6.69 74.91 32.70
December holydaysb 12.67 23.36 210.06 155.73
Holy Week holydaysc 3.00 0.00 42.01 11.68
Other unmovable holidaysd 3.33 7.79 72.69 66.19
Movable holidaysd 3.90 7.19 70.99 17.97

Day following holidays
No holidays 4.03 6.59 76.18 33.93
December holydaysb 3.33 31.15 80.02 38.93
Holy Week holydaysc 4.27 0.00 50.15 18.69
Other unmovable holidaysd 6.40 3.74 73.62 33.64
Movable holidaysd 3.85 9.46 63.61 18.92

Day before Commercial Celebrations (CC)e

No 4.05 6.77 75.64 33.44
Yes 2.67 11.68 85.36 38.93

(continued)
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Electronic Supplementary material). The analyses of homicides were not sub-divided by
sex because most of victims were men: 94.0% in Cali and 93.6% in Manizales. As the
daily mean of suicides was very low (0.25 suicides/day in Cali and 0.07 suicides/day in
Manizales), this outcome variable was not divided by sex. The analyses were performed
in StataVR version 14.2 (StataCorp., 2015).

RESULTS

From 2008 to 2015, there were 13,824 homicides in Cali and 1,047 in Manizales.
During the same period, there were 737 suicides in Cali and 213 in Manizales. Of the
2,922 days observed in this study, there were 80 days (2.74%) without homicides in Cali
and 2,113 days (72.31%) without homicides in Manizales. Among days with homicides,
between one and 22 deaths occurred in Cali, with a mean of 4.86 cases/day (95%
Confidence Interval [CI]¼ 4.76� 4.96). In Manizales, one to eight cases occurred in
days with homicides, with a mean of 1.29 cases/day (95%CI ¼ 1.25� 1.34). In Cali, sui-
cide events occurred on 638 (21.83%) of the observed days and there were between one
to four suicides on these days with a mean of 1.15 cases/day (95%CI ¼ 1.12� 1.19). In
Manizales, suicides occurred on 203 (6.95%) of the observed days and there were one
or two suicides on these days with a mean of 1.05 (95%CI ¼ 1.02� 1.08).
In Cali, the homicide rate for the entire study period was 75.72 cases/100,000 person-

years (100KPY) and the suicide rate was 4.04 cases/100KPY. In Manizales, the homicide
rate for the entire study period was 33.48 cases/100,000 person-years (100KPY) and the

TABLE 1. Continued.

Temporal variables
Suicide ratesa Homicide ratesa

Municipality: Cali Manizales Cali Manizales

Commercial Celebrationse

No 4.03 6.84 75.40 33.47
Yes 4.67 3.89 114.03 35.04

Day following CCse

No 4.05 6.77 75.44 33.60
Yes 2.67 11.68 109.36 19.47

City Carnivalf

No 3.99 6.75 75.17 33.77
Yes 6.67 9.48 108.70 21.67

Holy Weekg

No 4.05 6.80 75.92 33.64
Yes 3.50 7.30 66.77 26.28

Phases of the Moon
Waning 4.06 7.60 76.30 30.96
New 4.58 5.03 75.71 27.37
Waxing 3.77 6.52 75.97 37.62
Full 4.47 6.61 72.48 33.35

aRate per 100.000 person-years, estimated using population at half period and temporal fraction of each variable (see
Materials & Methods).

bDecember holydays include Immaculate Conception Day, Christmas Day, and the New Year Day.
cHoly Week holydays include the Maundy Thursday (Last Supper) and the Good Friday.
dSee Material and Methods for the list of other unmovable holydays and movable holydays.
eCommercial Celebration Days: Mother’s Day, Father’s day, and Love and Friendship’s day.
fCity Carnival: In Cali, between December 25th and 30th. In Manizales, the weekends before and after the Feast of the
Epiphany (January 6th) and the days in between.

gThe Holy Week is the days between the Palm Sunday to the Easter Day, including both Sundays.
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TABLE 2. Temporal variables effects on suicide rates in Cali and Manizales, Colombia, 2008–2015.

Temporal variables
Calia Manizalesa

Effects: aIRR 95%CI Sig. aIRR 95%CI Sig.

Month (Seasonality)
January 0.91 0.53–1.58 0.739 1.11 0.56–2.21 0.767
February 1 1
March 0.99 0.68–1.42 0.938 1.02 0.60–1.71 0.949
April 1.04 0.72–1.50 0.837 0.69 0.37–1.30 0.253
May 1.11 0.73–1.68 0.632 1.19 0.71–2.00 0.508
June 1.06 0.69–1.61 0.792 0.94 0.50–1.76 0.839
July 0.82 0.57–1.17 0.276 0.87 0.45–1.69 0.688
August 1.06 0.72–1.57 0.758 1.03 0.53–1.98 0.937
September 1.03 0.74–1.44 0.865 0.75 0.36–1.53 0.424
October 1.10 0.76–1.58 0.616 0.57 0.29–1.12 0.104
November 0.97 0.66–1.42 0.871 0.75 0.38–1.50 0.418
December 0.66 0.45–0.97 0.035 1.65 0.99–2.75 0.053

Day of the week
Sunday 1.80 1.34–2.43 0.000 1.54 0.89–2.67 0.120
Monday 1.50 1.14–1.98 0.004 0.90 0.49–1.65 0.737
Tuesday 1.00 0.76–1.32 0.986 1.00 0.59–1.70 0.988
Wednesday 1 1
Thursday 1.16 0.88–1.52 0.296 0.79 0.44–1.43 0.436
Friday 1.00 0.75–1.35 0.983 1.25 0.72–2.18 0.424
Saturday 1.35 1.01–1.79 0.039 0.68 0.38–1.19 0.175

Paydays 1.52 1.16–2.01 0.003 1.10 0.63–1.94 0.736
Day following paydays 1.33 1.00–1.76 0.051 1.04 0.62–1.75 0.874
Day before holidays
No holidays 1 1
December holydaysb 1.42 0.58–3.47 0.442 1.72 0.81–3.63 0.156
Holy Week holydaysc 0.49 0.19–1.26 0.139 2.15 0.31–14.88 0.439
Other unmovable holidaysd 0.45 0.17–1.21 0.113 0.71 0.09–5.66 0.749
Movable holidaysd 0.69 0.44–1.10 0.121 0.62 0.26–1.49 0.284

Holidays
No holidays 1 1
December holydaysb 3.16 1.80–5.54 0.000 2.21 0.91–5.34 0.079
Holy Week holydaysc 1.11 0.43–2.84 0.834 0.00 0.00–0.00 0.000
Other unmovable holidaysd 0.82 0.38–1.77 0.611 1.02 0.29–3.55 0.972
Movable holidaysd 0.79 0.49–1.27 0.328 1.38 0.54–3.55 0.502

Day following holidays
No holidays 1 1
December holydaysb 1.00 0.42–2.40 0.999 2.33 0.96–5.63 0.060
Holy Week holydaysc 1.08 0.37–3.18 0.891 0.00 0.00–0.00 0.000
Other unmovable holidaysd 1.62 0.92–2.82 0.092 0.61 0.09–4.30 0.616
Movable holidaysd 0.98 0.58–1.65 0.935 1.70 0.82–3.53 0.153

Day following commercial celebrationse 0.49 0.20–1.20 0.119 1.61 0.39–6.70 0.514
City Carnivalf 1.75 0.98–3.13 0.060 1.35 0.37–4.88 0.652
Phases of the Moon
Waning 1 1
New 1.13 0.88–1.46 0.336 0.70 0.43–1.12 0.138
Waxing 0.93 0.79–1.10 0.408 0.88 0.65–1.18 0.395
Full 1.09 0.83–1.44 0.534 0.92 0.56–1.53 0.755

aaIRR: Adjusted Incidence Rates Ratios are compared with each reference category and adjusted for other variables in
the multiple negative binomial regression, adjusting for the long-term trend (years), and including the significant tem-
poral lags of the regression model residuals; 95%CI: 95% Confidence Interval of aIRR; Sig.: Level of Significance (see
Materials and Methods).

bDecember holydays include Immaculate Conception Day, Christmas Day, and the New Year Day.
cHoly Week holydays include the Maundy Thursday (Last Supper) and the Good Friday.
dSee Material and Methods for the list of other unmovable holydays and movable holydays.
eCommercial Celebration Days: Mother’s Day, Father’s day, and Love and Friendship’s day.
fCity Carnival: In Cali, between December 25th and 30th. In Manizales, the weekends before and after the Feast of the
Epiphany (January 6th) and the days in between.
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TABLE 3. Temporal variables effects on homicide rates in Cali and Manizales, Colombia, 2008–2015.

Temporal Variables
Calia Manizalesa

Effects: aIRR 95%CI Sig. aIRR 95%CI Sig.

Month (Seasonality)
January 1.01 0.91–1.11 0.888 0.75 0.46–1.22 0.245
February 1 1
March 1.01 0.90–1.12 0.899 0.84 0.56–1.26 0.406
April 1.06 0.96–1.16 0.233 0.82 0.61–1.12 0.213
May 1.05 0.95–1.16 0.362 0.81 0.56–1.16 0.249
June 1.07 0.96–1.19 0.244 0.69 0.51–0.93 0.015
July 1.05 0.95–1.16 0.323 1.01 0.75–1.36 0.961
August 1.01 0.91–1.12 0.919 0.79 0.60–1.04 0.094
September 1.07 0.96–1.19 0.206 0.82 0.59–1.12 0.213
October 1.01 0.92–1.12 0.797 0.86 0.60–1.22 0.400
November 1.03 0.93–1.13 0.598 0.84 0.60–1.18 0.322
December 1.23 1.08–1.40 0.002 0.79 0.59–1.05 0.106

Day of the week
Sunday 1.81 1.68–1.94 0.000 2.53 1.97–3.24 0.000
Monday 1.08 1.00–1.16 0.054 1.00 0.73–1.36 0.984
Tuesday 1.01 0.93–1.10 0.745 0.92 0.68–1.25 0.606
Wednesday 1 1
Thursday 1.07 1.00–1.16 0.064 0.95 0.71–1.25 0.699
Friday 1.15 1.07–1.24 0.000 1.04 0.78–1.40 0.789
Saturday 1.28 1.19–1.39 0.000 1.41 1.10–1.81 0.007

Paydays 0.98 0.91–1.05 0.539 1.26 0.97–1.62 0.078
Day following paydays 1.02 0.94–1.10 0.655 1.04 0.77–1.40 0.802
Day before holidays
No holidays 1 1
December holydaysb 1.26 1.03–1.55 0.024 1.42 0.87–2.50 0.153
Holy Week holydaysc 1.16 0.76–1.77 0.491 0.49 0.12–2.13 0.341
Other unmovable holidaysd 0.90 0.74–1.10 0.323 1.06 0.52–2.17 0.864
Movable holidaysd 1.03 0.91–1.16 0.623 1.14 0.82–1.59 0.425

Holidays
No holidays 1 1
December holydaysb 2.67 2.06–3.46 0.000 5.19 3.52–7.63 0.000
Holy Week holydaysc 0.65 0.47–0.90 0.009 0.90 0.36–2.26 0.824
Other unmovable holidaysd 0.98 0.76–1.27 0.869 1.82 1.22–2.71 0.003
Movable holidaysd 1.05 0.91–1.20 0.494 0.78 0.46–1.33 0.358

Day following holidays
No holidays 1 1
December holydaysb 1.00 0.82–1.22 0.986 1.46 0.85–2.48 0.169
Holy Week holydaysc 0.74 0.56–1.11 0.145 0.58 0.17–1.90 0.366
Other unmovable holidaysd 1.04 0.85–1.27 0.685 1.02 0.49–2.10 0.961
Movable holidaysd 1.03 0.90–1.17 0.694 0.76 0.45–1.30 0.321

Day following commercial celebrationse 1.34 1.13–1.60 0.001 0.51 0.24–1.08 0.080
City Carnivalf 0.99 0.82–1.20 0.918 0.64 0.34–1.20 0.165
Phases of the Moon
Waning 1 1
New 0.99 0.92–1.06 0.827 0.91 0.72–1.16 0.455
Waxing 1.00 0.95–1.05 0.933 1.21 1.06–1.38 0.004
Full 0.97 0.91–1.04 0.456 1.14 0.91–1.44 0.253

aaIRR: Adjusted Incidence Rates Ratios are compared with each reference category and adjusted for other variables in
the multiple negative binomial regression, adjusting for the long-term trend (years), and including the significant tem-
poral lags of the regression model residuals; 95%CI: 95% Confidence Interval of aIRR; Sig.: Level of Significance (see
Materials and Methods).

bDecember holydays include Immaculate Conception Day, Christmas Day, and the New Year Day.
cHoly Week holydays include the Maundy Thursday (Last Supper) and the Good Friday.
dSee Material and Methods for the list of other unmovable holydays and movable holydays.
eCommercial Celebration Days: Mother’s Day, Father’s day, and Love and Friendship’s day.
fCity Carnival: In Cali, between December 25th and 30th. In Manizales, the weekends before and after the Feast of the
Epiphany (January 6th) and the days in between.
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suicide rate was 6.81 cases/100KPY. Although both cities have a decreasing trend in
both homicides and suicides (see Figures 1 and 2 and Table 1), some years had higher
rates outside of this trend. The year with the highest homicide rate in Cali was 2013
(84.88/100KPY) and the lowest was 2015 (58.19/100KPY). On the other hand, suicide
rates were high in Cali during 2014 (4.69/100KPY) and in Manizales during 2015 (7.83/
100KPY). The adjusted effects of the years on suicides and homicides are shown in
Tables 2 and 3 of the Electronic Supplementary material.
Regarding other seasonal and temporal variables, incidence analyses indicated that

the highest homicide rates in Cali were observed in December, on Saturdays and
Sundays, on the eve of December holidays (i.e., Immaculate Conception, Christmas, and
the New Year included as a December holiday) and the eve of movable holiday, on
December holidays, on days of commercial celebrations as well as the following day,
and during the Cali’s Carnival. In contrast, in Cali the lowest rates of homicides were
observed on Wednesday, paydays and during the “Holy Week” holidays (see Table 1).
In Manizales, the highest homicide rates were observed in December, on Saturdays and
Sundays, on the eve of December holidays and the eve of movable holidays, on
December holidays, on days of commercial celebrations and the following day, as well
as during the Cali Carnival. In contrast, in Manizales, the lowest rates of homicides
were observed in October, the “Holy Week” holidays and the first day afterwards, on
days of commercial celebrations, and during the New Moon phase (see Table 1).
In Cali, the highest suicide rates occurred on Sundays and Mondays, during

December and New Year holidays, the days after other unmovable holidays, and
during the Cali Carnival. In contrast, the lowest rates of suicides occurred in July,

Each tick indicates the day January 1st of the corresponding year.
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FIGURE 1. Monthly counts of Homicides in Cali, Colombia, 2008–2015.
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on Fridays, and on the Holy Week holidays and their eves, the eve of unmovable
holidays, and the days before and after commercial celebrations (see Table 1). In
Manizales, the highest suicide rates occurred in December and January, and during
the Manizales’s Carnival. In addition, the highest suicide rates occurred on Fridays
and Sundays, on the eve of December holidays, on December holidays and the days
afterwards, as well as the days of before and after commercial celebrations. In con-
trast, the lowest rates of suicides occurred in July, on Wednesdays, the eve of
unmovable holidays, on movable holidays, and the day before commercial celebra-
tions (see Table 1).
According to Table 2, it was found that in Cali the adjusted risks of suicides were

higher on Saturdays, Sundays, and Mondays, on paydays, on December holidays, on the
first day after paydays, on days after other unmovable holidays (i.e., excluding
December and the New Year) and during the Cali’s Carnival; although the last three
adjusted incidence rate ratios were marginally significant (p< 0.10, see Table 2). In
Manizales, the adjusted risks of suicides were lower on the “Holy Week” holidays and
the first day afterwards, and the adjusted risks were higher (at p< 0.10 level) during
December, and on December holidays and the first day afterwards.
According to Table 3, the adjusted risks of homicides were higher on Saturdays and

Sundays, and on December holidays in both cities. Additionally, in Cali the adjusted
risks of homicides were higher in December, on Fridays, on eves of December holidays,
and on the first day following commercial celebrations. The higher risks of homicides
were marginally significant on Mondays and Thursdays. On the other hand, the risk of

Each tick indicates the day January 1st of the corresponding year.
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homicides was lower on the “Holy Week” holidays in Cali. In contrast, in Manizales the
adjusted risks of homicides were higher on paydays, and on the other unmovable holi-
days and during the Waxing Moon phase. The adjusted risks of homicides were lower
in June, and marginally lower in August and on the first day after commercial
celebrations.
In the post-hoc analysis, the most important festivities and celebrations were explored

in detail for the Cali data, and a greater risk of homicide was found on the eves of and
during the Christmas and New Year holidays, the day of the “Immaculate Conception”
(a December holiday) and the first day after the Mother’s Day. There was a lower risk
of homicides on the “Good Friday.” Regarding suicides, Mother’s Day and Christmas
Day were found to have greater suicide risks.

DISCUSSION

The findings indicate that homicides in Cali have a seasonal pattern with an increase in
the number of cases by 23% in December compared to February. This could be
explained by the commercial activities that take place during this month that may
increase violent robberies and other events. Furthermore, other factors such as a higher
consumption of alcohol during the festivities of December and New Year (Rodriguez,
2008; S�anchez et al., 2011) could play a role. In contrast, in Manizales homicides
decreased 31% in June compared to February, which is probably related with the vaca-
tions period in the middle of the year. Due to the local climates in Cali and Manizales,
Colombia, it is unlikely that differences in the incidence of homicides and suicides were
explained by weather differences throughout the year (e.g., the seasons), as it has been
found in countries with temperate or cold climate patterns (Pereira et al., 2016;
Rodriguez, 2008), although rainy patterns could play a role at the local context
(see below).
Studies in Brazil indicate that crime levels and homicide rates are higher during vaca-

tions, which coincide with the warmer months of the year, although temperature varia-
tions are modest there (Pereira et al., 2016). Therefore, in tropical and subtropical
climates, it is more plausible that seasonal variations of homicides incidence are
explained by the seasonal changes in human routines and activities, due to Christmas
and the end of year celebrations and other holiday periods; instead of the seasonal
changes due to the climate (Ceccato, 2005; Cohen & Felson, 1979). In contrast, tem-
perature changes due to seasons contributes to the temporal changes of violent crimes
observed in countries with temperate and cold climates (Cohn & Rotton, 2003; Rock et
al., 2008).
The seasonality found in this study (gauged over the months of the year) is similar to

that found in studies of other countries, where the violent deaths were associated with
alcohol and psychoactive substances use and abuse, and with carrying of firearms which
are common factors during the aforementioned celebrations (Cohn & Rotton, 2003;
Rock et al., 2008; Rodriguez, 2008; Villaveces et al., 2000). In fact, alcohol abuse
increases the likelihood of violent behavior, thus the risk of homicides and suicides
increases, particularly on weekends and on days near to holidays (Baird et al., 2019;
Krug et al., 2002; M€akel€a, Martikainen, & Nihtil€a, 2005; S�anchez et al., 2011).
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The observed weekly and daily patterns for homicides indicate that they are increased
on Fridays, Saturdays, Sundays and Mondays, eves of unmovable holidays and unmov-
able holidays (especially Christmas and New Year), and the days after commercial cele-
brations (especially Mother’s Day). According to the classic theory of Cohen and Felson
(Cohen & Felson, 1979), changes in human routines and behaviors due to traditions or
cultural activities (which are associated with holidays, carnivals, and other celebrations)
alter the victims’ exposure to perpetrators, increasing their likelihood of being more vul-
nerable to crimes such as thefts and homicides (Cohn & Rotton, 2000, 2003).
In this study, unmovable holidays during the period of religious celebration of the

“Holy Week” seems to have a protective effect, decreasing the incidence of homicides
by 35% in Cali, and decreasing the risk of suicides in Manizales by almost the 100%. In
contrast, studies in the United States of America (USA) showed that during important
religious holidays, such as the Easter, homicides had a higher relative occurrence in
relation with other dates, without changes in suicides (Lester, 1987). The last pattern of
occurrences could be explained, precisely, by the theory of routine activities (Cohen &
Felson, 1979), due to cultural traditions altering the exposure to crime situations. The
lower risk of homicides during the “Holy Week” observed in this study could be due to
a lower alcohol intake, which is a risk factor for homicides (S�anchez et al., 2011).
Differences of seasonal and temporal patterns of homicides between cities could be

understood considering the higher proportion of young population in Cali, along with a
lower coverage in education (Sandoval, 2018). The dynamic of violence in Cali has been
conceptualized as a regressive tax because it occurs more frequently in areas of low soci-
oeconomic status and function as a systematic form of social distancing (Burbano
Valencia & Zafra Sanz, 2016). Additionally, a significant level of urban violence has
been recognized and the influence of drug trafficking has allowed the development of
criminal gangs that have had a major effect on homicides in Cali and other Colombian
cities (Poveda, 2012). In Cali, homicides reflect the structural aspects of organized crime
throughout the country, magnified in the city due to its geographic location (Fandi~no-
Losada, Guerrero-Velasco, Mena-Mu~noz, & Guti�errez-Mart�ınez, 2017). In the case of
Manizales, homicides have been explained as issues derived from fights and interper-
sonal aggressions (Gallego-Jim�enez, 2012).
Regarding suicides, the seasonal pattern was opposite in relation to December, with a

higher risk in Manizales (þ65%) and a lower risk in Cali (-34%). Manizales findings are
consistent with the higher spring incidence found in other countries, due to that both
periods are vacations time. Although, in those countries increase in suicides seems to be
related to sudden temperature variations during moderately cold seasons (i.e., beginning
of spring, beginning of autumn) (Ajdacic-Gross et al., 2010; Casey, Gemmell, Hiroeh, &
Fulwood, 2012; Yu et al., 2020).
In this relationship of weather and suicide, Bando, Scrivani, Morettin, and Teng

(2009) explain on the hypothesis that serotonergic neurons are associated with thermo-
regulatory responses, and that through generalized connections with the Limbic System,
they can play a role in cognitive functions and mood (Lowry, Lightman, & Nutt, 2009).
Other authors hypothesized that climatic variations and the duration of sunlight may
affect the binding of 5-HT 1A receptors in the cortical and subcortical limbic regions
of the human brain and that they play a central role in serotonin transport
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(Spindelegger et al., 2012). Furthermore, other scholars report a positive relationship
between high peak temperatures and suicides in India (Gaxiola-Robles, Celis de la Rosa,
Labrada-Martag�on, D�ıaz-Castro, & Zenteno-Sav�ın, 2013); although high peak tempera-
tures are associated with lower crop yields; hence, it ends up being explained as eco-
nomic suicides (Carleton, 2017). Contradictory findings are found in a study that takes
data from Cali and four other cities in Colombia (Fern�andez-Ni~no, Fl�orez-Garc�ıa,
Astudillo-Garc�ıa, & Rodr�ıguez-Villamizar, 2018), because its results did not find a sig-
nificant relationship between suicides and weather variations. Thus, the literature is not
entirely conclusive in this respect. However, differences in previous findings can be
explained by the application of different methodologies and by the geographic location
of each study (Dixon & Kalkstein, 2018).
In tropical zones of Brazil, a seasonal pattern of six months of an increased rate of

suicides has been found, however it does not correspond to the seasonality of the cold
countries (Bando et al., 2009; Benedito-Silva, Nogueira Pires, & Calil, 2007). Also, in
Bogot�a, Colombia (which has a high-altitude tropical climate), a seasonal behavior of
suicides is seen, with peaks during the second semester of the year (Moreno Montoya &
S�anchez Pedraza, 2009), which could be related with annual cycles of rains and drought.
However, the findings of seasonal cycles in tropical countries are not entirely consistent.
In contrast, our findings show that in Cali the suicide risk was lower in December,

with exception of its holidays (also, including the New Year) when the suicide risk
increased by 26% on the eves of holidays and by 167% on the holidays. In Manizales,
the increased risk effects of December holidays (also, including the New Year) and the
first day afterwards are marginally significant. Furthermore, in Cali the risk of suicides
was higher on paydays and the first day afterwards. The higher risk of suicides on holi-
days and paydays could be explained by the mixture of several factors such as the
increase in alcohol consumption that elevates suicide attempts (Akkaya-Kalayci, Popow,
Waldh€or, & €Ozl€u-Erkilic, 2015; Boenisch et al., 2010; Gonçalves, Ponce, de, & Leyton,
2018), in addition to increase in psychopathology and mood variations and decrease in
the use of psychiatric emergencies during the holidays (Sansone & Sansone, 2011). That
suicides occur after the holidays or after the December month, as it does in Manizales
and Cali respectively, may be due to a broken promise postponement effect
(Gabennesch, 1988; Jessen & Jensen, 1999; Ploderl et al., 2015). Additionally, the higher
risk of suicides in relation with paydays could be explained by the effects of economic
factors on persons’ mental health, especially on those unemployed (Nordt, Warnke,
Seifritz, & Kawohl, 2015).
In relation to the days of the week, the risk of suicide in Cali was higher on

Saturdays, Sundays, and Mondays. Moreover, the risk of suicide in Cali increased by
62% on days following unmovable holidays, although the effect was marginally signifi-
cant. Studies conducted in Hungary and Italy also show the same pattern in relation to
these days (Preti & Miotto, 1998; Zonda, Bozsonyi, Veres, Lester, & Frank, 2009), and
in the USA a similar pattern was found for suicide attempts by poisoning (Beauchamp,
Ho, & Yin, 2014). In South Korea, Monday is the day with the highest probability of
suicides (Kim et al., 2019) which could be explained by the theory of Gabennesch
(1988). This theory indicates that suicides occur mainly on days when people have
expectations of change in their lives and routines (e.g., “Monday blues”); on these days
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there is a greater risk of severe depressive episodes when these expected changes did
not occur. In addition, the increased risk of suicide on Sundays, unmovable holidays,
and the Cali Carnival may be explained by high alcohol use during these celebrations,
which could worsen the psychiatric conditions that lead to people to commit suicide
(S�anchez, Orejarena, & Guzm�an, 2004; S�anchez Pedraza, Tejada Neira, & Guzm�an
Sabogal, 2008). Another explanation generated by similar findings in the case of
Barranquilla Carnival (Colombia) (Guarin-Ardila, Montero-Ariza, Astudillo-Garc�ıa, &
Fern�andez-Ni~no, 2020), assumes that suicide risk increases due to changes in routine
activities leading to an increase in problematic human interactions.
In this study, unmovable holidays during the period of religious Catholic celebrations

of the “Holy Week” have a protective effect, decreasing the incidence of suicides in
Manizales by almost the 100%. These results are also observed in the patterns of suicide
in Switzerland and Austria in periods 1969–2010 and 1970–2010, respectively, and their
explanations are supported by the social control and the increased contact with relatives
and friends during these festivities (Ajdacic-Gross et al., 2010; Beauchamp et al., 2014;
Voracek et al., 2008). According to a study in the USA, there may be a cultural effect of
religious beliefs influencing perspectives of life, implying an apparent protection against
suicide through religiosity and people’s spiritual well-being (Walker, Lester, &
Joe, 2006).
Many studies aimed to find a relationship between the full moon and different

aspects of human health, such as suicide, homicide, or any erratic behavior, finding
no correlations (Roy, Biswas, & Roy, 2017), so they encourage further research along
these lines. Specifically, on the relation between the moon phases (or moon cycle)
and suicides and homicides the findings are not recent; a study in Texas (USA), dur-
ing 1959 to 1961, showed no significant associations, after stratification by day, race,
and sex (Pokorny, 1964). A similar study (Mathew, Lindesay, Shanmuganathan, &
Eapen, 1991) analyzed the association between moon phases and suicide attempts,
without controlling by weekends or holidays; but its results did not support the asso-
ciations. In our study, we also tested the moon phases hypothesis by time series anal-
yses; but surprisingly no effect was found for suicide risk. Our results are in line with
previous findings (Kmetty, Tomasovszky, & Bozsonyi, 2018; Mathew et al., 1991; Roy
et al., 2017; Voracek et al., 2008). Nonetheless, in Manizales the waxing moon days
were related with an increased risk of homicides by 21%. The local cultural aspects
could explain to some extent these findings, because in more rural settings the attrib-
uting beliefs regarding the Moon affect some human behaviors and practices (Kelly,
Rotton, & Culver, 1986).
Finally, in this study we have analyzed the effects of seasonal and temporal variables

on homicides and suicides rates altogether. This approach allows to test sociological the-
ories on the homicides and suicides phenomena, such as the one proposed by He, Cao,
Wells, and Maguire (2003), who framed suicides and homicides as a single form of vio-
lence called “lethal violence,” explaining that the unique difference between the two
phenomena is their direction either outwards (homicides) or inwards (suicides).
Moreover, the explanation is found both in the economic production, considering a
common cause appealing to economic variables such as inequality and wealth, but also
integrating the social thesis of the “strength of the relational system,” which He et al.
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define as the level of relationships of a person with others (He et al., 2003). In this
manner, we have found that suicides and homicides share common seasonal and tem-
poral patterns in relation with days of the week (higher risk on Saturdays, Sundays, and
Mondays) and holidays (higher risk on the eves of December and New Year holidays
and during these holidays, and lower risk on holidays of the Holy Week). Nonetheless,
seasonality shows opposite patterns for suicides and homicides, and showing opposite
patterns between cities: December has a higher risk of homicides and a lower risk of
suicides in Cali, with the opposite situation in Manizales, although the seasonal effects
were marginally significant in the last city. More research is needed on these contrasting
seasonal patterns between suicides and homicides, and on the contrasting patterns
between cities.
This study has some limitations: Day/night periods are related to homicide patterns

(S�anchez et al., 2011), but there were no data available to be included in the time series
analyses, thus the smallest unit of analysis was the day. In addition, it was observed that
seasonal patterns are related to climatic variables (e.g., seasonal rains) (Butke &
Sheridan, 2010), even in tropical zones, which were not included in this study.
Furthermore, the analyses of both Manizales’ time series and suicides time series in Cali
could have had lower statistical power due to the small number of daily counts of
deaths. Finally, alcohol use is related with homicides and suicides, unfortunately we do
not have data available on alcohol consumption at the study ecological level.
This study has several strengths: Cali is a city with high homicide rates and

Manizales is a city with high suicide rates (in the Colombian context), whose seasonal
and temporal patterns had not been studied beyond descriptive statistics. In this regard,
we analyzed these seasonal and temporal variables using time series regressions, follow-
ing the most recent methodological advances (Bernal et al., 2017; Bhaskaran et al., 2013;
Yu et al., 2020). Additionally, the SVMCE of Cali gave us access to reliable data with
the exact dates of violent events leading to mortality by homicides and suicides, irre-
spective of the date of death (Concha-Eastman et al., 2002). The date of the violent
event and the date when people died did not necessarily coincide (Demetriades D;
M€akel€a et al., 2005), therefore knowing the exact date of the violent event decreases the
estimation errors due to information biases.

CONCLUSIONS

In conclusion, the incidences of homicides and suicides are not homogeneous over
time, and they are influenced by seasonal and temporal factors such as months, days
of the week, eves of holidays (civil and religious), holidays (civil and religious), carni-
vals, religious periods and commercial celebrations. These patterns could be explained
by differences in alcohol use and abuse during these days and by changes in people’s
routine activities during weekends and festivities that modify their exposure to violent
environments. These results are very important for designing and planning interven-
tions for suicide prevention and promotion of mental health, e.g., increasing the avail-
ability of counseling phone lines during weekends and holidays (Arendt &
Scherr, 2017).
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