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ABSTRACT 

Objective: This ecological study analyzes the temporal evolution of female homicide 

rates in the state of São Paulo, Brazil, from 1980 to 2022, using data from the Mortality 

Information System (SIM). Methods: Possible change points in the trend of these rates 

was identified using the Bayesian Estimator of Abrupt Change, Seasonality and Trend 

(BEAST) model. Results: A total of 29,234 female homicide cases were recorded during 

the period, including 3,914 among young women aged 15 to 19. The analysis detected 

two major change points in 1995 and 2004, dividing the time series into three segments: 

an increasing trend until 1994, a stable period from 1995 to 2003, and a decreasing trend 

from 2004 onward. Among young women, the data identified three change points, with a 

significant and consistent decline in homicide rates from 2004 to 2022. Conclusion: The 

number of female homicides in São Paulo has declined significantly since 2004, 

particularly among girls aged 15–19. Although this is linked to policy changes, the decline 

is likely due to multiple factors. The study highlights the importance of ongoing gender-

focused policies and robust analytical tools in guiding public safety efforts. 
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RESUMO 

Objetivo: Este estudo ecológico analisa a evolução temporal das taxas de homicídio 

feminino no estado de São Paulo, Brasil, de 1980 a 2022, usando dados do Sistema de 

Informações sobre Mortalidade (SIM). Métodos: Possíveis pontos de mudança na 

tendência dessas taxas foram identificados usando o modelo Bayesian Estimator of 

Abrupt Change, Seasonality and Trend (BEAST). Resultados: Um total de 29.234 casos 

de homicídio feminino foi registrado durante o período, incluindo 3.914 entre mulheres 

jovens de 15 a 19 anos. A análise detectou dois pontos de mudança importantes em 1995 

e 2004, dividindo a série temporal em três segmentos: uma tendência crescente até 1994, 

um período estável de 1995 a 2003 e uma tendência decrescente de 2004 em diante. Entre 

as mulheres jovens, os dados identificaram três pontos de mudança, com um declínio 

significativo e consistente nas taxas de homicídio de 2004 a 2022. Conclusões: O número 

de homicídios femininos em São Paulo diminuiu significativamente desde 2004, 

principalmente entre as jovens de 15 a 19 anos. Embora isso esteja ligado a mudanças de 

políticas, o declínio provavelmente se deve a vários fatores. O estudo destaca a 

importância de políticas contínuas com foco em gênero e ferramentas analíticas robustas 

para orientar os esforços de segurança pública. 

Palavras-chave:  Violência contra a mulher; Violência de gênero; Brasil; Homicídio; 

Vigilância em saúde pública 
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Introduction 

As a World Health Organization (WHO) report has observed, violence against women is 

not a new phenomenon, nor are the consequences for their physical, mental, and 

reproductive health1. However, the growing recognition that these acts violate women's 

and girls' rights, limiting their participation in society and damaging their health and well-

being, is a more recent development1. This WHO report defines ‘violence against women’ 

as encompassing various forms of violence, such as intimate partner violence, rape, sexual 

assault and other forms of sexual violence perpetrated by individuals other than partners. 

It also covers female genital mutilation, honor killings and the trafficking of women1.  

Brazil has implemented various initiatives to address and reduce violence against women. 

In 2006, Law 11.340/2006 was introduced, also known as the Maria da Penha Law2, 

which acknowledges that violence against women is rooted in gender inequality and 

constitutes a human rights violation. Prior to this law, situations of violence against 

women were, in most cases, considered crimes of lesser offensive potential. The penalties 

for these crimes were often symbolic, such as the distribution of basic food baskets or 

community labor, which contributed to a feeling of impunity3. In 2015, the Brazilian 

government formally recognized 'feminicide' as a specific and aggravated form of 

homicide by including this term in Law 13.104/2015 within the penal code, thus 

categorizing it as a heinous crime4. 

Despite the progress made in legislation to protect women from violence, Brazil is still 

reported to be one of the most violent countries for women5. A study using data from the 

2019 National Health Survey showed that 19.38% of Brazilian women reported 

experiencing violence6. Psychological violence was the most common subtype, both in 

isolation and in conjunction with other subtypes. Furthermore, the Global Burden of 

Disease Study (GBD) on interpersonal violence against women showed that Brazil's 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



5 
 

homicide rates among women aged 15 to 49 have remained consistently high between 

1990 and 2019, indicating an inability of conservative Brazilian society to protect 

women7. 

As the analysis of the temporal evolution of health issues is an important tool for 

evaluating and planning public health and safety policies, this article aims to use time 

series analysis to identify potential change points in the annual female homicide rate in 

São Paulo, Brazil, from 1980 to 2022, using data from the Brazilian Mortality Information 

System (SIM, in Portuguese). For the purposes of this article, 'female homicide' refers to 

the murder of women in the broadest sense. This includes cases of femicide, which are 

related to gender issues, as well as cases involving general delinquency. As SIM data is 

based on death certificates that do not detail the circumstances of the crime, analyzing 

data on female homicides can provide insight into how femicide cases have evolved 

within the Brazilian population. 

Methods 

Study design and data source 

This ecological and descriptive study is based on data from the Brazilian Mortality 

Information System. It considers the annual number of female homicides in São Paulo, 

Brazil, from 1980 to 2022, categorizing deaths according to place of residence. In view 

of the potential demographic changes resulting from a reduction in the proportion of 

young people in the population over the period, the analyses considered homicides in all 

age groups, as well as among those in the final phase of adolescence (15-19-year-olds). 

Up to 1995, female homicides were identified using codes from the 9th Revision of the 

International Classification of Diseases (ICD-9): E960–E978 (homicides and intentional 

injuries to other people) and E990–E999 (legal interventions). After 1995, the following 
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ICD-10 codes are considered: X85–Y09 (aggression) and Y35 (legal intervention). To 

calculate the mortality rates, population projections for each federative unit by sex for 

each year, as well as population counts, provided by the Brazilian Institute of Geography 

and Statistics (IBGE), were used as the denominator. 

Brazil is the fifth largest country in the world by area, spanning a territory of 8,514,876 

square kilometers. For administrative purposes, it is organized into 26 states and one 

federal district, which are grouped into five main geographic regions: North, Northeast, 

Southeast, South and Midwest. The state of São Paulo, located in the southeast region, is 

the most populous state in Brazil, accounting for around a fifth of the country's 

population. As this study used secondary data and no individuals were identified, it was 

not submitted to a research ethics committee. This is in accordance with national and 

international legislation regulating research involving humans. 

Statistical analysis 

The Change Point Analysis (CPA) method includes statistical tools used to investigate 

potential changes occurring within a series of data points. The Bayesian Estimator of 

Abrupt Change, Seasonal Change and Trend (BEAST) is a flexible CPA method that 

detects abrupt changes (i.e., change points), cyclic variations, and nonlinear trends in time 

series observations8. Consider a time series denoted by (t i, yi), where i = 1,…,n, and yi are 

observations of a variable at the time t i. In a general manner, BEAST assumes that this 

time series comprises three components, trend (T), seasonality (S), change point and 

noise. The global model is thus given by 

y(ti,𝛩) = T(ti,𝛩T) + S(ti,𝛩S) + ei, i = 1,…,n, 

where the parameters 𝛩T and 𝛩S specify the trend and seasonal factors and implicitly 

encode the abrupt change points. In addition, ei are the residuals of the model. By 
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“abrupt”, the authors of the BEAST algorithm refer to “any turning points or breakpoints 

at which trend or seasonal signals start to deviate from the previous regular trajectories” 

8. The method thus calculates the probability of a change point occurring at each year of 

the study period, denoted by cpPr, and the probability distribution of the number of 

change points in the trend component. The mode of this distribution corresponds to the 

optimal number of change points. Further details can be obtained from the original article 

by Zhao et al.8. 

 In the present study, we do not consider the presence of seasonal factors. For estimating 

the unknown parameters, the Bayesian approach is considered, where the Markov Chain 

Monte Carlo (MCMC) sampling technique is employed to obtain random samples for 

posterior inference. Three MCMC chains were simulated, each with 100,000 samples. 

The first 1,000 samples from each chain were discarded to avoid the effect of the initial 

values. This analysis has been performed on R (version 4.4.1) using the “Rbeast” package.  

In the time series intervals in which the BEAST model suggests an approximately linear 

trend, it is possible to calculate the annual percentage rate change (APC) 9. This is 

calculated using the equation APC = (eb – 1)100%, where e is the base of the natural 

logarithm and b is the angular coefficient of the Prais-Winsten regression model. This 

analysis used the “prais” package in R. 

Results 

From 1980 to 2022, a total of 29.234 cases of female homicide were reported in the state 

of São Paulo, of which 3,914 were among women aged 15 to 19.  

Figure 1 (panel A) shows the results of using the BEAST algorithm to perform sequence 

decomposition and change-point analysis on the time series of female homicide rates in 

the state of São Paulo, where is founded a 69.1% probability that the trend component 
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has two change points. The results indicate two abrupt change points occurring in 2004 

and 1995, with respective probabilities (cpPr) of 0.9405 and 0.7742. These two change 

points divide the trend factors within the time series into three segments. The first segment 

shows an approximately linear increase from 1980 to 1994, with rates ranging from 2.78 

to 4.69 homicides per 100,000 inhabitants and an annual percentage change (APC) of 

12.1% (95% confidence interval (CI): 6.93% to 17.5%). The second segment shows an 

increase from 1995 to 1999, when the homicide rate peaked at 6.18 per 100,000 

inhabitants, followed by a decrease until 2003. In a visual interpretation of the graph in 

Figure 1, if a horizontal line segment is fully included within the 95% credibil ity interval 

represented by the shaded area, as occurred between 1995 and 2003, then there is no 

statistically significant upward or downward trend during that period (similar to p<0.05).  

Finally, the third segment shows a linear decrease from 2004 until the end of the series. 

In 2004, the rate of female homicides was 4.25 per 100,000 inhabitants, and by 2022, this 

rate had fallen to 1.53, the lowest rate recorded during the entire study period (APC -

12.8%, 95%CI: -14.5% to -11.0%).  

Figure 1 (panel B) shows the results of applying the BEAST algorithm to the time series 

of homicide rates among young females (aged 15 to 19) in the state of São Paulo. It was 

found that there is a 53.3% probability of three change points in the trend component: in 

1984 (cpPr 0.2509), 1995 (cpPr 0.8843) and 2004 (cpPr 0.9981). Between 1984 and 1994, 

the rate of homicides per 100,000 people increased from 6.76 to 7.89, with a not 

significant APC (9.6%, 95%CI: -4.0% to 25.2%, p=0.16). Between 1995 and 2023, the 

rate varied relatively little. In 1995, the rate was 9.61 homicides per 100,000 people. A 

peak of 10.84 homicides per 100,000 inhabitants was reached in 1997, followed by a 

decrease until 2003, when the rate equaled 9.70 homicides per 100,000 inhabitants. From 
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2004 to 2022, there was a reduction from 7.42 to 1.93 homicides per 100,000 inhabitants, 

with an APC of -23.4% (95%CI: -26.72 to -19.82). 

Details of the results of the BEAST analysis and R codes are provided in the 

Supplementary Material. 

 

 

 

Figure 1. The red line shows the observed annual homicide rate for (A) all female age 

groups and (B) young women (aged 15–19) per 100,000 inhabitants in the Brazilian state 

of São Paulo from 1980 to 2022. The black line shows the trend estimated using the 

BEAST algorithm, and the shaded area represents a 95% credibility interval. The dashed 

vertical lines indicate the change points and cpPr denotes the corresponding probability 

of occurrence. 
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Discussion 

The BEAST approach is a common method to decompose time series into trend and 

seasonality and for detecting abrupt changes in these two components. It has been used 

in a wide range of applications, including studies of land surface temperature10, climate 

change detection11 and the dynamics of infectious diseases12. Compared to joinpoint 

regression, which is currently widely used in time series studies in epidemiology, the 

BEAST approach may be more suitable for evaluating the dynamics of some health 

events, given that in the joinpoint approach, each segment between the change points is 

linear13. In contrast, the BEAST approach can detect nonlinear trends between successive 

change points using functions such as spline smoothing. In this study, BEAST was shown 

to be suitable for describing the behavior of female homicide data series, enabling 

significant periods to be identified. 

Our analyses have highlighted a significant decrease in the rate of female homicides in 

the state of São Paulo, particularly since 2004 and among young women. While this 

reduction has also been observed by other researchers 14-20, the present article provides 

new insights. Firstly, it demonstrates the usefulness of the BEAST method for exploring 

trends and time series behavior, and this approach is straightforward to implement using 

free software such as R. Secondly, it updates previous study results by presenting a 

broader time series from 1980 to 2022, in line with the current availability of data in 

official information systems. A third contribution is its focus on female homicides. 

Although the findings do not specifically address femicide this focus enables a more 

targeted discussion grounded in gender-specific dynamics and legislation, as well as the 

consideration of particular vulnerabilities that might remain hidden in analyses of the 

general population.   
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Analyzing public safety indicators in the municipality of São Paulo between 1996 and 

2008, Peres et al.14 list three main explanatory hypotheses for the reduction in homicides: 

investment in public safety actions, socio-economic changes with improved quality of life 

and demographic changes with a reduction in the proportion of young people in the 

population. Consistent with the idea that investment in public safety measures could 

account for the decline in homicide rates, Goertzel and Kahn15 suggest that the figures in 

São Paulo city and state between 2001 and 2007 may be attributable to more effective 

policing methods, such as the stricter enforcement of gun control legislation. The authors 

also noted that, in October 2003, the Brazilian federal government introduced new 

legislation to restrict the import of firearms, prohibit the ownership of unregistered guns, 

and ban carrying guns in public, while also increasing penalties for violations of gun 

control laws. This legislation also provided for a weapons buy-back program involving 

the federal and municipal governments, as well as civil society21. Between July 2004 and 

October 2005, 470,000 guns were handed in voluntarily in Brazil in exchange for up to 

$100 in compensation. At the time, this was considered the second-largest buy-back 

campaign ever carried out worldwide21. In addition, Peres et al.16 cite a 169.5 per cent 

increase in investment in public security in the state of São Paulo between 1997 and 2008, 

particularly between 1997 and 2001 when investment rose from 2.8 to 8.8 per cent, 

representing an increase of 219.3 per cent. For his part, Nadanovsky17 attributed the 

decrease in homicide rates in the state of São Paulo to an increase in incarceration. He 

noted that the number of prisoners per 100,000 inhabitants had risen from 182 in 1996 to 

341 in 2005. 

In addition to the possible impact of changes in the demographic composition of the 

population on the reduction in homicide mortality rates in the state of São Paulo, the 

following factors, which are not related to public safety, have been identified: changes in 
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the demographic composition of the population, particularly a decrease in the proportion 

of young people; investment in social policies and subsequent changes in socioeconomic 

indicators and quality of life; greater social participation, based on the emergence and 

consolidation of organized civil society initiatives; a decrease in the unemployment rate; 

and state investment in education and culture16,18-20. Another hypothesis for the decline in 

homicide rates is linked to the activities of groups that control all local criminal 

organizations22-24. The consolidation of a faction's hegemony over the criminal 

underworld in the state of São Paulo would have helped to establish peace in the markets 

for drugs, arms, vehicles and contraband, as well as the legal markets associated with 

them23. This would have reduced conflicts and, consequently, the number of homicides. 

All the cited articles above are relevant to help to explain the reduction in the number of 

homicides observed in our data from 2004 onwards. However, except for Martins et al.20, 

the ecological studies14-19 focused on the general population in São Paulo, rather than 

specifically on female homicides. In this specific context, some key events that align with 

the beginning of the decline in homicide rates in 2004 include the launch of the National 

Plan for Policies for Women, which brought together the outcomes of the First National 

Conference on Policies for Women, that prioritized the coordination of support networks, 

and its expanding and improving25. Also in 2004, a consortium of feminist 

nongovernmental organizations and experts proposed a law on domestic and family 

violence against women, along with a justification highlighting the need to address this 

issue through comprehensive legislation and public policies. These efforts resulted in the 

Law to Combat Domestic and Family Violence against Women (Maria da Penha Law), 

sanctioned on 2006. This law marks a turning point in Brazil's efforts to protect women 

from violence. It introduces new tools to prevent abuse, ensures stronger punishment for 

offenders, and offers support and protection to women in vulnerable situations26.  
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Nearly two decades after its enactment, the Maria da Penha Law remains a key tool for 

protecting women in Brazil. Our data suggests that the introduction of this law in 2006 

did not result in a sudden change in the trend of female homicide rates in the state of São 

Paulo. However, as previously mentioned, in 2004 there was already a great national 

movement and mobilization for its elaboration and promulgation. Over the years, the law 

has been improved and updated to increase its effectiveness and better fulfill its purpose. 

Updates include immediate arrest of aggressors, preventive detention, increased 

sentences for minor injuries, and protective measures like removing the abuser from the 

home and banning contact with the victim and her children. All the amendments and 

revisions to the Maria da Penha Law since its enactment have certainly contributed to 

maintaining the steady decline in rates observed since 2004 in our analysis.  

In addition to these legal protections, in March 2015, Law No. 13,104/2015, also known 

as the Feminicide Law, was enacted. It classifies feminicide as an aggravated form of 

homicide, defining it as the killing of a woman due to her gender. The law specifically 

recognizes cases involving domestic and family violence, or acts of contempt or 

discrimination based on the victim's gender.26. However, similar to the Maria da Penha 

Law, the Feminicide Law did not result in an immediate shift in the trend of female 

homicide rates in the state of São Paulo in our analysis. Nevertheless, its enactment is 

undeniably important for sustaining the gradual decline in the homicide rates within the 

state.  

Some authors have discussed the possibility that the Covid-19 pandemic may have 

contributed to an increase in violent crimes against women in various contexts and 

geographical regions27,28. According to Marques et al.29, factors linked to social isolation 

that contributed to the increase in these crimes include the victim’s isolation, making her 

more vulnerable, the aggressor’s use of alcohol or illicit drugs, which intensifies violence, 
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greater ease for the aggressor to control the victim, and unemployment. A study by Nunes 

et al.30 showed that the mortality rate due to intentional violent crimes against women in 

Alagoas, Brazil, was higher in 2020 (5.33 per 100,000 people) than in the years prior to 

the pandemic. Other Brazilian studies include that by Leite et al.31, which showed that 

psychological, physical, and sexual violence perpetrated by the intimate partners during 

the pandemic was widespread among women living in Vitória, in the Brazilian state of 

Espírito Santo. However, this trend does not appear in our data.  

This study has several potential limitations. Firstly, and perhaps most importantly, the 

mortality rates found in this study may be biased due to underreporting issues, as well as 

the fact that they are based on population projections provided by the IBGE for each year, 

which may differ from actual census data. Another limitation lies in the fact that we were 

unable to ascertain the type of homicide, the circumstances surrounding it, or the weapon 

used. For example, analyzing homicides by type of weapon can reveal the potential effect 

of firearm possession legislation on violent deaths. Cerqueira and Lins32 highlight the 

possibility of there being a number of 'hidden homicides' within the mortality information 

system, i.e. homicides that are not officially recorded as such. To address this issue, the 

authors propose using machine learning techniques to estimate the probability that a 

violent death from an undetermined cause was actually a homicide. However, this 

strategy was not employed in the present study. Furthermore, when considering the 

number of unrecorded homicides in the country, it is necessary to consider cases where 

there is no death certificate, for example when perpetrators conceal their victims' bodies. 

This could also introduce bias into the results of this study, particularly given that the 

occurrence of this type of homicide may have increased over the period considered. 

Despite these limitations, our study also presents some strengths. The temporal coverage 

of over four decades (1980–2022) enables the identification of long-term trends and 
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structural shifts in female homicide rates, and it includes recent data not typically 

available in earlier studies, extending the analysis beyond previous research, which often 

ends in the early 2000s or 2010s14-20. Using the BEAST model is a methodological 

strength because, compared to more conventional linear models (e.g. joinpoint 

regression), BEAST can detect nonlinear trends and multiple change points. It also allows 

for a probabilistic interpretation of changes and accommodates model uncertainty in trend 

estimation. The results obtained can inform evidence-based public policy regarding 

violence against women. 

In conclusion, this study describes a substantial and enduring decrease in the rate of 

female homicides in the Brazilian state of São Paulo, particularly since 2004, with a more 

pronounced reduction observed among adolescent females aged 15 to 19. Although the 

observed trends coincide with major legislative and policy developments, female 

homicide is a complex phenomenon influenced by multiple interrelated factors. These 

factors may include demographic changes, socio-economic improvements, shifts in 

criminal dynamics, civil society engagement and evolving gender norms. While the 

statistical analysis provides evidence of significant temporal shifts, it does not allow for 

causal inferences. Nevertheless, the study highlights the importance of continued 

investment in gender-sensitive policies and emphasizes the value of advanced analytical 

tools for monitoring public health and safety indicators in complex social contexts. 

 

References 

1. World Health Organization. Global and regional estimates of violence against 

women: prevalence and health effects of intimate partner violence and non-partner 

sexual violence [Internet] Geneva: World Health Organization; 2013. [cited 2025 

June 1]. Available from: 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



16 
 

https://www.who.int/publications/i/item/9789241564625 

2. Lira MGC, Dos Santos MCB, Cruz MB, de Lacerda Filho EC, de Souza CAC, 

Paiva FJL, de Almeida JAT. Brazilian government strategies to protect women. 

Behav Soc Issues 2021;30(1):446-64. https://doi.org/10.1007/s42822-021-00060-

4 

3. Meneghel SN, Mueller B, Collaziol ME, de Quadros MM. Repercussions of the 

Maria da Penha law in tackling gender violence. Cien Saude Colet 

2013;18(3):691-700. https://doi.org/10.1590/S1413-81232013000300015 

4. Souza LA, Barros PP. Controversial issues regarding femicide law (Law no. 

13.104/2015). R Fac Dir Univ São Paulo 2016;111:  263-279. 

5. Meira KC, Simões TC, Guimarães RM, Beserra da Silva PG, Mendonça AB, 

Cristina de Jesus J, Covre-Sussai M. Female homicides in Brazil and its major regions 

(1980-2019): An analysis of age, period, and cohort effects. Violence Against 

Women 2024;30(15-16):3917-42. https://doi.org/10.1177/10778012231183657 

6. Vasconcelos NM, Gomes CS, Souza JB, Andrade FMD, Bernal RTI, Machado 

EL, Ribeiro AP, Malta DC. Who are the adult women exposed to violence in 

Brazil? Rev Saude Publica 2025;59:e8. https://doi.org/10.11606/s1518-

8787.2025059005701 

7. Pinto IV, Vasconcelos NM, Corassa RB, Naghavi M, Marinho F, Malta DC. 

Mortality and years of life lost to death or disability by interpersonal violence 

against women in Brazil: Global Burden of Disease Study, 1990 and 2019. Rev 

Soc Bras Med Trop 2022;55(suppl 1):e0287. https://doi.org/10.1590/0037-8682-

0287-2021 

8. Zhao K, Wulder MA, Hu T, Bright R, Wu Q, Qin H, Li Y, Toman E, Mallick B, 

Zhang X, Brown M. Detecting change-point, trend, and seasonality in satellite 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



17 
 

time series data to track abrupt changes and nonlinear dynamics: A Bayesian 

ensemble algorithm. Remote Sens. Environ 2019;232:111181. 

https://doi.org/10.1016/j.rse.2019.04.034 

9. Clegg LX, Hankey BF, Tiwari R, Feuer EJ, Edwards BK. Estimating average 

annual per cent change in trend analysis. Stat Med 2009;28(29):3670-82. 

https://doi.org/10.1002/sim.3733 

10. Li J, Li ZL, Wu H, You N. Trend, seasonality, and abrupt change detection 

method for land surface temperature time-series analysis: Evaluation and 

improvement. Remote Sens Environ 2022; 280, 113222. 

https://doi.org/10.1016/j.rse.2022.113222 

11. Dan'azumi S, Mamudu L, Aldrees A. Climate change detection and attribution: 

Bayesian estimation of abrupt change, seasonality and trend model, and Mann–

Kendall trend test approaches. J Water Clim Chang 2025;16(5):1895-911. 

https://doi.org/10.2166/wcc.2025.004 

12. Yang L, Wang C, Zhou P, Xie N, Tian M, Wang K. Change point detection in 

brucellosis time series from 2010 to 2023 in Xinjiang China using the BEAST 

algorithm. Scientific Reports 2025;15(1):3830. https://doi.org/10.1038/s41598-

025-88508-0 

13. Kim HJ, Chen HS, Byrne J, Wheeler B, Feuer EJ. Twenty years since Joinpoint 

1.0: Two major enhancements, their justification, and impact. Stat Med 

2022;41(16):3102-30. https://doi.org/10.1002/sim.9407 

14. Peres MF, de Almeida JF, Vicentin D, Ruotti C, Nery MB, Cerda M, Cardia N, 

Adorno S. Homicide and public security indicator trends in the city of São Paulo 

between 1996 and 2008: a time-series ecological study. Cien Saude Colet 

2012;17(12):3249-57. https://doi.org/10.1590/s1413-81232012001200010 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



18 
 

15. Goertzel T, Kahn T. The great São Paulo homicide drop. Homicide Stud 

2009;13(4):398-410. https://doi.org/10.1177/1088767909348711 

16. Peres MF, Vicentin D, Nery MB, de Lima RS, de Souza ER, Cerda M, Cardia N, 

Adorno S. Decline in homicide rates in São Paulo, Brasil: a descriptive analysis. 

Rev Panam Salud Publica. 2011;29(1):17-26. https://doi.org/10.1590/s1020-

49892011000100003 

17. Nadanovsky P. Increased incarceration rate and reduction in homicides in São 

Paulo, Brazil, from 1996 to 2005. Cad Saude Publica 2009;25(8):1859-64. 

https://doi.org/10.1590/s0102-311x2009000800022 

18. Peres MF, de Almeida JF, Vicentin D, Cerda M, Cardia N, Adorno S. Fall in 

homicides in the city of São Paulo: an exploratory analysis of possible 

determinants. Rev Bras Epidemiol 2011;14(4):709-21. 

https://doi.org/10.1590/s1415-790x2011000400017 

19. Gawryszewski VP, Costa LS. Social inequality and homicide rates in Sao Paulo 

City, Brazil. Rev Saude Publica 2005;39(2):191-7. https://doi.org/ 

10.1590/s0034-89102005000200008 

20. Martins LC, Souza MLM, Silva TPRD, Souza HP, Santos FBO, Dumont-Pena É, 

Matozinhos FP. Timeline trend of homicides of women in the states of the 

Southeast region of Brazil between 2007 and 2019. Cien Saude Colet 

2023;28(6):1631-42. https://doi.org/10.1590/1413-81232023286.16082022 

21. Lucas P. Disarming Brazil: Lessons and Challenges. NACLA Rep Am 

2008;41(2):27-31 https://doi.org/10.1080/10714839.2008.11725399 

22. Biderman C, Mello JMP, Lima, RSD, Schneider A. Pax Monopolista and Crime: 

The Case of the Emergence of the Primeiro Comando da Capital in São Paulo. J 

Quant Criminol 2019; 35:573-605. https://doi.org/10.1007/s10940-018-9393-x 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



19 
 

23. Feltran G, Lero C, Cipriani M, Maldonado J, Rodrigues FDJ, Silva LEL, et al. 

Variações nas taxas de homicídios no Brasil: Uma explicação centrada nos 

conflitos faccionais. Dilemas, Rev Estud Conflito Controle Soc 

2022;15(spe4):311-48. https://doi.org/10.4322/dilemas.v15nesp4.46920 

24. Moreira MC, Andrade LT. Reduction of Homicides in São Paulo and Medellín: 

What Does the Literature Say? Dilemas, Rev Estud Conflito Controle Soc 

2023;16(2):e51667. https://doi.org/10.4322/dilemas.v16.51667 

25. Diniz SG, Silveira LP, Mirim LA. Vinte e cinco anos de respostas brasileiras em 

violência contra as mulheres no Brasil (1980-2005) - alcances e limites. São 

Paulo: Coletivo Feminista Sexualidade e Saúde; 2006. 

26. Coimbra JC, Ricciardi U, Levy L. Lei Maria da Penha, equipe multidisciplinar e 

medidas protetivas. Arq Bras Psicol 2018, 70(2):158-72. 

27. Roesch E, Amin A, Gupta J, García-Moreno C. Violence against women during 

covid-19 pandemic restrictions. BMJ 2020;369:m1712. 

https://doi.org/10.1136/bmj.m1712 

28. Sánchez OR, Vale DB, Rodrigues L, Surita FG. Violence against women during 

the COVID-19 pandemic: An integrative review. Int J Gynaecol Obstet 

2020;151(2):180-7. https://doi.org/10.1002/ijgo.13365 

29. Marques ES, Moraes CL, Hasselmann MH, Deslandes SF, Reichenheim ME. 

Violence against women, children, and adolescents during the COVID-19 

pandemic: overview, contributing factors, and mitigating measures. Cad Saude 

Publica 2020;36(4):e00074420. https://doi.org/10.1590/0102-311X00074420 

30. Nunes DN, Figueredo PCR, Vitoriano TA, Santos GKRS, de Albuquerque CML, 

Matos TS, Matos DUS, do Carmo RF, de Souza CDF. Lethal and intentional 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



20 
 

violent crimes against women in Alagoas, Northeast Brazil: a comparative study 

before and during the Covid-19 pandemic. BMC Womens Health 2024;24(1):614. 

https://doi.org/10.1186/s12905-024-03464-7 

31. Leite FMC, Venturin B, Eduarda Portes Ribeiro L, De Paula Silva R, Luis Alves 

M, Wehrmeister FC, Santos DF. Intimate partner violence against women during 

covid-19: A population-based study in Vitória, state of Espírito Santo, Brazil. 

PLoS One 2023;18(12):e0295340. https://doi.org/ 10.1371/journal.pone.0295340 

32. Cerqueira DRC, Lins GOA. Mapa dos homicídios ocultos no Brasil entre 1996 e 

2021. Brasília, DF: Ipea,2024 

  

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



21 
 

Supplementary Material to: Female homicides in the state of São Paulo, Brazil: a 

time series analysis from 1980 to 2022  

This document provides supplementary material to our paper “Female homicides in the 

state of São Paulo, Brazil: a time series analysis from 1980 to 2022”. It contains further 

details on the methods of analysis and results that are summarized in the main report. 

Statistical details of BEAST method 

The Bayesian model averaging time-series decomposition algorithm (BEAST) is a 

parametric regression method developed by Zhao et al.1. It can capture various types of 

uncertainty, identify abrupt shifts of any size and reveal intricate nonlinear patterns in 

time series data. Let 𝒟 = {ti,yi}i=1,…,n the observed data, where yi denotes observations of 

a variable at n time points ti. The statistical model for the time series y(ti) is given by 

y(ti) = S(ti;𝚯S) + T(ti;𝚯T) + ei, i = 1,...,n,  

where the parameters 𝚯S and 𝚯T are estimated from the data 𝒟, and they also implicitly 

encode the abrupt change points. We assume that the noise ei is Gaussian with a 

magnitude of 𝜎, capturing the remainder of the data that is not explained by the seasonal 

(S) and trend (T) components1,2. To evaluate the unknown parameters, the algorithm 

employs Bayesian inference. 

The R package Rbeast can be used to perform this analysis. Consider wt a data frame 

containing the variables wt$ANO (years from 1980 to 2022) and wt$SP (the female 

homicide rates in São Paulo from 1980 to 2022). 

# Data 

wt <- data.frame( 

  ANO = 1980:2022, 

  SP  = c(2.78, 3.07, 3.03, 3.94, 4.15, 3.85, 3.76, 4.00, 3.88, 

          4.37, 4.34, 4.94, 3.97, 4.39, 4.69, 5.63, 5.54, 5.83,  

          5.78, 6.18, 5.98, 5.64, 5.32, 5.14, 4.25, 3.78, 3.80, 

          2.84, 3.14, 3.08, 3.13, 2.65, 2.89, 2.78, 2.72, 2.46,   

          2.21, 2.14, 1.95, 1.72, 1.67, 1.43, 1.53)) 

The BEAST model can be fitted to data in the following way: 

# Bayesian changepoint detection algorithm 

library(Rbeast) 

myts <- ts(wt$SP, start=c(1980), end=c(2022))  

out <- beast(myts, season='none',  

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



22 
 

       dump.ci = TRUE, mcmc.burnin = 1000, mcmc.samples = 100000) 

plot(out) 

print(out) 

 

 

Figure S1. Results of BEAST of female homicides time series in São Paulo from 2000 

to 2022. 

 

In this R code, library(Rbeast)is used to load the Rbeast package, and the ts function 

is used to create the time-series object myts containing wt$SP. The beast function in the 

Rbeast package is then used to fit the BEAST model to the data, where the argument 

season='none' is used to specify that the seasonal component S(ti;𝚯S) will not be used 

in our analysis, and dump.ci = TRUE is used to create credible intervals for the estimated 

trend component. The argument mcmc.burnin = 1000 specifies the number of burn-in 
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samples discarded at the start of each chain (the default number of MCMC chains is 

three), while mcmc.samples specifies the number of samples to be collected per MCMC 

chain. 

Figure S1 shows the results obtained from the beast function. The dashed vertical lines 

mark the most likely locations of changepoints and the green curve of Pr(tcp) shows the 

point-wise probability of changepoint occurrence over time. The “orderT” curve provides 

an estimate of the mean order of the piecewise polynomials required to adequately fit the 

trend (the 0-th order is constant and the 1st order is linear). An average order toward 0 

means that the trend is more likely to be flat and an order close to 1 means that the trend 

is linear. “slpSign” are the probabilities of the trend slope being positive (red part), zero 

(green), or negative (blue). Finally, “error” are the residual errors between the observed 

and BEAST-modelled values. 

The print(out)function summarizes and prints the results obtained from the BEAST 

time series decomposition and segmentation, as shown below. 

> print(out) 

 

##################################################################### 

#                      Seasonal  Changepoints                       # 

##################################################################### 

No seasonal/periodic component present (i.e., season='none') 

 

##################################################################### 

#                      Trend  Changepoints                          # 

##################################################################### 

.-------------------------------------------------------------------. 

| Ascii plot of probability distribution for number of chgpts (ncp) | 

.-------------------------------------------------------------------. 

|Pr(ncp = 0 )=0.000|*                                               | 

|Pr(ncp = 1 )=0.080|******                                          | 

|Pr(ncp = 2 )=0.691|*********************************************** | 

|Pr(ncp = 3 )=0.196|**************                                  | 

|Pr(ncp = 4 )=0.031|***                                             | 

|Pr(ncp = 5 )=0.003|*                                               | 

|Pr(ncp = 6 )=0.000|*                                               | 

|Pr(ncp = 7 )=0.000|*                                               | 

|Pr(ncp = 8 )=0.000|*                                               | 

|Pr(ncp = 9 )=0.000|*                                               | 

.-------------------------------------------------------------------. 

|    Summary for number of Trend ChangePoints (tcp)                 | 

.-------------------------------------------------------------------. 

|ncp_max    = 9    | MaxTrendKnotNum: A parameter you set           | 

|ncp_mode   = 2    | Pr(ncp= 2)=0.69: There is a 69.1% probability  | 

|                  | that the trend component has  2 changepoint(s).| 

|ncp_mean   = 2.19 | Sum{ncp*Pr(ncp)} for ncp = 0,...,9             | 

|ncp_pct10  = 2.00 | 10% percentile for number of changepoints      | 

|ncp_median = 2.00 | 50% percentile: Median number of changepoints  | 

|ncp_pct90  = 3.00 | 90% percentile for number of changepoints      | 

.-------------------------------------------------------------------. 

| List of probable trend changepoints ranked by probability of      | 
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| occurrence: Please combine the ncp reported above to determine    | 

| which changepoints below are practically meaningful               | 

'-------------------------------------------------------------------' 

|tcp#              |time (cp)                  |prob(cpPr)          | 

|------------------|---------------------------|--------------------| 

|1                 |2004.000000                |0.94046             | 

|2                 |1995.000000                |0.77420             | 

|3                 |1992.000000                |0.11254             | 

|4                 |1984.000000                |0.09895             | 

.-------------------------------------------------------------------. 

 

 

This output shows that there is a 69.1% probability that the trend component has two 

change points (the mode for the probability distribution for number of change points, 

denoted by ncp_mode). The locations where these two change points occur and the 

probabilities associated with each change point are 2004 (94.06%) and 1995 (77.42%). 

Statistical details of the APC estimation 

When the BEAST model suggests an approximately linear trend in an interval on the time 

series, it is possible to calculate the correspondent annual percentage rate change (APC)3. 

This is calculated using the equation  

APC = (eb – 1)100%,  

where e is the base of the natural logarithm and b is the angular coefficient of the Prais-

Winsten regression model. We let yt denote observations of a variable at n time points t = 

1,…,n. The regression model is given by 

yt = a + bt + et, 

where a and b are unknown coefficients and et is a mean zero error representing other 

determinants of the outcome. We assume that t is independent of et. The Prais-Winsten 

method involves estimating the correlation between the error at t and t – 1, assuming that 

et = 𝜙1 et–1 + 𝜂t, 

where 𝜙1 is an autoregressive (AR) parameter with |𝜙1| < 1 and 𝜂t are independent 

disturbances with zero mean and variance 𝜎𝜂
2. The constraint 𝜙1 ensures that the process 

is stationary, that is, the covariance between et and et+h is independent of t, and therefore 

that the variance remains constant over time. In our article, this analysis used the function 

prais_winsten of the prais package in R. 

SciELO Preprints - This document is a preprint and its current status is available at: https://doi.org/10.1590/SciELOPreprints.12427



25 
 

For example, to estimate the APC of the of female homicide rates time series between 

1980 and 1994, we can use the following R code: 

# APC estimation based on the Prais-Winsten regression model 

# 1980 to 1994 

library(prais) 

pw <- c() 

ay <- 1980 

by <- 1994 

NY    <- length(ay:by) 

seqt  <- (ay-1979):(by-1979) 

pw_sample <- data.frame("x" = wt$ANO[seqt], "y" = wt$SP[seqt],  

               "time" = seqt) 

pw    <- prais_winsten(y ~ x, data = pw_sample, index = "time") 

a     <- summary(pw) 

b1    <- a$coefficients[2,1]   # angular coefficient 

se    <- a$coefficients[2,2]   # standard errors 

APC   <- exp(b1)-1             # APC 

L_APC <- exp(b1-se*qt(1-0.05/2,NY-1))-1 

U_APC <- exp(b1+se*qt(1-0.05/2,NY-1))-1 

message("APC ",round(100*APC,2)," 95%CI (",round(100*L_APC,2), 

        " , ",round(100*U_APC,2),")") 

 

The following output is then obtained for the Prais-Winsten regression model analysis: 

Call: 

prais_winsten(formula = y ~ x, data = pw_sample, index = "time") 

 

Residuals: 

     Min       1Q   Median       3Q      Max  

-0.54207 -0.21143 -0.05033  0.16857  0.55096  

 

AR(1) coefficient rho after 5 iterations: 0.08555 

 

Coefficients: 

              Estimate Std. Error t value Pr(>|t|)     

(Intercept) -222.83477   43.69461   -5.10 0.000204 *** 

x              0.11413    0.02199    5.19 0.000174 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Residual standard error: 0.3428 on 13 degrees of freedom 

Multiple R-squared:  0.6217,    Adjusted R-squared:  0.5926  

F-statistic: 21.36 on 1 and 13 DF,  p-value: 0.0004782 

 

Durbin-Watson statistic (original): 1.743  

Durbin-Watson statistic (transformed): 1.899 
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We can note that the estimated values for the parameters 𝜙1 and b are 0.08555 and 

0.11413, respectively. Thus, the APC is estimated to be 

APC = (e0.11413 – 1)100% ≅ 12.1%. 

The lower and upper limits of the 95% confidence interval for the APC can be obtained 

using the following expressions, respectively: 

[exp(b – se(b) × t(1–0.05/2,df)) – 1]100% 

and 

[exp(b + se(b) × t(1–0.05/2,df)) – 1]100%. 

In these expressions, se(b) is an estimate of the standard error of b. In the R output, we 

have se(b) equal to 0.02199. In addition, t(1–0.05/2,df) is the (1–0.05/2) percentile of a 

Student’s t distribution with degrees of freedom (df) given by n* – 1, where n* is the length 

of the interval. This percentile is obtained using the R function qt. 

The R code above gives us: 

APC 12.09 95%CI (6.93 , 17.5) 
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