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Abstract 

The association between various meteorological parameters and crime is well-established in 

developed contexts. In contrast in this study, we investigated the association between three 

weather parameters (temperature, relative humidity and rainfall) and three categories of crime 

in the developing township of Khayelitsha, in the Western Cape Province of South Africa. 

Distributed lag non-linear modelling was used to identify temporal relationships between 

temperature, relative humidity and rainfall, and violent, property and sexual crime over a 10-

year period (2006–2016). We found hot days (defined as ≥ 25 °C) increased the cumulative 

relative risk of violent crime by up to 32% but were also found to be associated with a lagged 

increase in violent crime for at least a week thereafter. On very cold days (defined as ≤7∘C), 

the cumulative relative risk of property crime increased by up to 50% whereas on very rainy 

days (defined as ≥20mm) the risk of property crime surprisingly increased by 40%. These 

findings provide some additional evidence for the relationship between the atmospheric 

environment and human behaviour in a developing context. 
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Introduction 

There is a long history associating weather with crime. From the early writings of 

Cicero to empirical observations by Adolph Quetelet (1842), the notion that certain 

meteorological parameters, most notably temperature, promote aggressive behaviour is well-

documented (see e.g. Rotton and Cohn 2000; Hipp et al. 2004; Bushman et al. 2005; McDowall 

et al. 2012; Gamble and Hess 2012; Mares 2013; Xiaofeng et al. 2017; Stevens et al. 2019). 

This association has entrenched itself in the English language in phrases such as ‘hot-headed’, 

‘hot under the collar’ and ‘seeing red’. Previous studies have used a range of research designs 
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and statistical techniques to find any significant relationships between temperature specifically 

and crime at various temporal resolutions ranging from hourly (Rotton and Cohn 2000; 

Brunsdon et al. 2009; Baryshnikova et al. 2019) to annually (Rotton and Cohn 2003; Anderson 

and deLisi 2011). The results of these research studies have, however, most often produced 

inconsistent and often paradoxical results with some studies finding no seasonal fluctuations 

in crime (Pittman and Handy 1964; Yan 2004), whilst others find an increase in crimes during 

either the colder winter months or warmer summer months (Morken and Linaker 2000; 

Breetzke and Cohn 2012). Moreover, the nature of the ‘curve’ characterising the relationship 

between temperature and crime has also been the topic of much debate with some scholars 

advocating for a linear relationship between temperature and crime (Anderson et al. 1995; Cohn 

and Rotton 1997; Rotton and Cohn 2000) whilst others motivating for a curvilinear effect 

(Baron and Bell 1976; Gamble and Hess 2012; Schinasi and Hamra 2017; Stevens et al. 2019). 

With a few notable exceptions, the general consensus among scholars is that crime does 

increase with an increase in temperature although the degree to which crime increases may 

depend on the varying geographical locations under investigation.  

Whilst various meteorological parameters have long been found to be associated with 

crime internationally, these associations have not yet been adequately identified and/or 

quantified in Africa in general and South Africa specifically. The objective of this study is to 

examine the effect of three meteorological parameters (temperature, relative humidity and 

rainfall) on the magnitude of crime in Khayelitsha, a large informal settlement located in South 

Africa. 

 

Theoretical framework 

The causal pathway through which weather (and temperature in particular) impacts crime has 

historically been explained using the temperature–aggression (Quetelet 1842) and the routine 

3



 

activity (RA) theories (Cohen and Felson 1979). The former more psychologically based theory 

motivates that uncomfortably hot temperatures increase the frustration, discomfort and 

irritability levels of individuals which can lead to more aggressive behaviour, which in turn 

increases the risk of violent crime in particular. The latter offers a more sociological approach 

to explaining the association between weather and crime and is based on the notion that in order 

to understand criminal behaviour, one must first understand how individuals routinely use their 

time. Whilst some of activities are compulsory with a fixed duration (such as school or work), 

others are more flexible/discretionary (such as socialising on weekends). Changing weather 

conditions can play an important role in altering the routine activities of individuals, 

particularly those who are more flexible, which may in turn impact the likelihood of the 

convergence of the three elements required for a crime to occur according to the RA theory, 

namely a motivated offender, a suitable target and the absence of a capable guardian. 

Prior research—embedded in these theoretical frameworks—have most often found a 

positive association between temperature in particular and crime across diverse range of 

contexts. In the United States (US), Cohn (1990) examined the accumulated research on the 

association between various meteorological parameters and different types of criminal 

behaviour and found that, in most cases, crime increased linearly with temperatures up to 

roughly 30 °C. Later, Cohn and Rotton (1997) found a negative linear association between 

temperature and assault during certain periods of the day such as early in the morning (3:00 

am–5:59 am) and during the evening (18:00 pm–11:59 pm). Also in the US, Hipp et al. (2004) 

modelled seasonal changes in violent crime for all cities, townships and county sheriffs from 

1990 to 1992 and found that warmer periods of the year did show overall increases in violent 

crime, but areas with overall warmer climates did not exhibit overall higher violent crime rates. 

Moreover, areas that experienced greater seasonal temperature variations (mostly the colder 

states) had bigger seasonal oscillations in crime, whilst areas with moderate year-round 
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temperatures had high overall crime rates but saw little seasonal change in crime. Rotton and 

Cohn (2003) also examined the effect of increased atmospheric temperature on assault and 

homicides across the whole US between 1950 and 1999. Results again indicated that 

temperature was positively and linearly associated with assault crimes. Years which 

experienced higher average temperatures overall exhibited higher assault rates. More recently, 

in Cleveland, Ohio, Butke and Sheridan (2010) examined the influence of weather on the 

magnitude of aggressive crime at the city-wide level whilst controlling for seasonality, time of 

day and day of week among others. Results also showed that aggressive crimes peaked in 

summer and reached a minimum in winter, whilst midday and early night hours were the most 

significant when relating temperature to aggressive crime. McDowall et al. (2012) used 

24 years of monthly individual crime (homicide, rape, robbery and aggravated assault) and 

temperature data for 88 US cities to test for the mechanisms by which seasonal cycles influence 

crime and found strong evidence for seasonal patterns for most violent crimes, with the 

exception of homicides, similar to other studies (see e.g. Cohn 1990; Rotton and Cohn 2003). 

Their findings also suggest that the higher ambient temperatures expected with climate change 

may result in marginal shifts in violent crime in the short term, especially in already warm 

regions of the world, but are not likely to be accompanied by markedly higher rates of violent 

crime in the long term. Other US-based studies include Ranson (2014), Mares (2013), Hsiang 

et al. (2013), Mares and Moffette (2016), and Schinasi and Hamra (2017). 

Outside of the US, several studies have similarly found positive associations between 

various meteorological parameters and crime. In Norway, Morken and Linaker (2000) found 

seasonal variation of crime throughout the country with violent crimes reaching a peak in June 

(summer) and a low in winter whilst in Brazil, Ceccato (2005) found more homicides take place 

in warm summer months than in cold winter months in Sao Paulo. She did however also find 

that temporal variables (time of day and day of week) were far more powerful when accounting 
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for variations in homicide rates, than temperature and relative humidity. In Santiago, Chile, 

Téllez et al. (2006) examined monthly and seasonal variations in sexual abuse over a 10-year 

period and found that sexual abuse is seasonal, with the highest incidences occurring in spring 

(November) and the lowest in winter (June). In China, Xiaofeng et al. (2017) examined the 

relationship between temperature and six individual crime types (including homicide, assault, 

robbery and rape) over a 5-year period and found a strong positive association between 

increasing temperatures and violent crime on a monthly level, with warmer months of the year 

experiencing higher rates of violent crime. 

In Australia, a country with some similar climate zones to South Africa, the relationship 

between temperature and assault, at both monthly and daily level, was found to be seasonal 

with roughly 18% more assaults occurring in summer than in winter (see Stevens et al. 2019). 

At the daily level, assault was also found to increase significantly with temperature; however, 

the rate of increase slowed when maximum daily temperatures exceeded 30 °C. Studies 

examining the impact of relative humidity and rainfall specifically on crime rates have been 

less forthcoming but studies that have been undertaken have most often produced mixed results 

with some finding an increase in crime during periods of increased humidity and rainfall 

(Hsiang et al. 2013; Shen et al. 2020) and others finding no such association (McLean 2006; 

Schutte and Breetzke 2018). 

Despite much being known about the relationship between weather and crime 

elsewhere, few studies have examined crime seasonality in South Africa. In sub-Saharan 

Africa, a 30-year database of conflict events (not crime) and climate data showed that high 

temperature extremes were associated with more conflict; however, this varied by conflict type 

and subregion (O’Loughlin et al. 2014). Rainfall extremes, both low and high, were generally 

not significant. Recently, homicide, an outcome of crime, was shown to be positively 

associated with daily ambient temperature (Gates et al. 2019). A 1 °C increase in same-day 
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maximum temperature was associated with a 1.5% (1.3–1.8%) increase in definite homicides 

and a 1.2% (1.1–1.3%) increase in total (definite and probable) homicides. Other research by 

Collings (2008) and Schutte and Breetzke (2018) have similarly found associations between 

weather and crime. No study has however considered other meteorological variables as 

predictors of criminal activity and violent behaviour in South Africa and none has examined 

the lagged effect of weather on crime. This study aimed to fill this gap and provide additional 

evidence of any weather-crime linkage in a developing context. 

 

Material and methods 

Study area 

Khayelitsha is located approximately 30 km from Cape Town in the southernmost tip of Africa 

(see Fig. 1). It is one of the largest townships in the country comprising approximately 400,000 

inhabitants (Statistics South Africa 2011), although figures of up to 1.2 million residents have 

been reported (Cronje 2014). Khayelitsha is one of the poorest townships in the country with 

almost 40% of residents unemployed whilst just under three-quarters of residents survive on 

less than R3200 (US$200) per month (Statistics South Africa 2011). In terms of housing, the 

township comprises both formal and informal housing including informal shack-type housing 

on its peripheries. Khayelitsha experiences a moderate climate with mild, wet winters and dry 

hot summers.  
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Figure 1. Location of Khayelitsha in South Africa 

 

Crime data 

The Khayelitsha police precinct is among the most violent of all 1138 police precincts in South 

Africa (South African Police Services (SAPS) 2018). Over 40% of all crimes committed in the 

township are violent; this is above the national average of 34%. Daily number of crimes 

reported between 1 April 2006 and 31 March 2016 (10 years) data were obtained from the 

SAPS. The data included the geographic location, date and time of day, as well as type of crime 

committed in the Khayelitsha policing precinct. The crime data were separated into three broad 

categories: (1) sexual offences included rape, abduction and sexual assault; (2) property 

offences included robbery and carjacking; and (3) violent crime included assault, murder and 

attempted murder. The SAPS gave permission for use of the data. Ethics approval for the study 

was granted by the University of Pretoria (reference number: NAS366/2019).   
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Meteorological data – temperature, relative humidity and rainfall 

Meteorological data for Khayelitsha were obtained from the South African Weather Service 

and included hourly temperature records, relative humidity and rainfall across the 10-year 

duration of the study period (i.e. 1 April 2006 to 31 March 2016 inclusive; total days = 87,672; 

total hours = 2,104,128). Research examining the association between weather and crime is 

increasingly occurring at finer and finer temporal resolutions (seeRotton and Cohn 2000; 

Brunsdon et al. 2009; Baryshnikova et al. 2019). We initially sought to mimic this trend by 

investigating this potential linkage at the hourly level; however, the available crime data at this 

temporal resolution was too sparse and zero-inflated (73% of hours had no crimes recorded). 

Moreover, both the mean and median daily temperature ranges were low for roughly 80% of 

the dates investigated (< 12 °C) and did not vary significantly. Thus, modelling the data at a 

daily time interval, we felt, was most appropriate. 

 

Data analysis 

Crime-weather analyses 

Investigating the curvature of the weather-crime linkage requires a statistical technique that is 

able to model the effect of an exposure variable (e.g. a hot day) on a response variable (e.g. 

crime) at multiple points in time. Gasparrini et al. (2010) proposed a distributed lag non-linear 

modelling (DLNM) framework that does not require the assumption of a linear relationship 

between the variables of interest. This generalised model enables the simultaneous description 

of lagged exposure–response relationships that are non-linear and has been used extensively to 

investigate environmental factors that contribute to other types of behaviours and outcomes 

(see Schwartz 2000; Ranson 2014; Gates et al. 2019). 

DLNMs were therefore fitted to the daily crime counts using a quasi-Poisson 

distribution. This was done since the variance of daily crime counts far exceeded the mean. AS 
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previously mentioned, the crime data were modelled at a daily time interval since an hourly 

time interval led to a large degree of zero-inflation. The number of knots was selected by 

considering both model flexibility and to avoid potential problems with over-fitting. The final 

model fit was evaluated based on model residuals and autocorrelation. 

The association between the meteorological predictors and the relative risk of the three 

categories of crime was modelled through various natural cubic splines with two degrees of 

freedom for each predictor and lag space. The maximum lag period considered for each 

predictor variable was set at 7 days and 21 days for daily mean temperature as well as total 

daily rainfall and relative humidity. Indicator variables for day of the week and month were 

also included in the final model.  

Models were fitted using RStudio (version 4.0.2) using the dlnm package (version 

2.4.2). Results are plotted as predicted relative risks (RR) at different exposure and lag values. 

Predictions were centred at mean values for predictor variables: mean daily temperature 

(17 °C), total rainfall (1.3 mm) and relative humidity (72.4%). Relative risks equal to one are 

considered not to be statistically significant. 

 

Results 

Descriptive statistics 

Table 1 shows the descriptive statistics of the crime data and meteorological conditions. A total 

of 29,924 crimes were committed in the township over the 10-year study period (violent crime: 

16,416; property crime: 8224; sexual crime: 2284). On average, approximately 18 crimes were 

committed per day in Khayelitsha with the highest number of crimes committed on any 1 day 

being 65 which corresponded to mean and maximum temperatures of 22.4℃ and 27.9℃, 

respectively. Seasonally, the most crimes occurred during spring (n = 7142), followed by 

summer (n = 6730), winter (n = 6707) and autumn (n = 6345). 
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Table 1: Daily descriptive statistics for crime and weather in Khayelitsha (2006-2016) 

 Min Mean Max Variance 25th 
percentile 

Median 75th 
percentile

Crime   
   All crime 1 17 65 80.5 10 15 22
   Violent crime  0 10.2 48 48.4 5 8 14
   Property crime   0 5.4 21 8.5 3 5 7
   Sexual crime  0 1.5 14 2.7 0 1 2
   
Weather   
   Temperature (℃) 7.5 17.1 28.8 15 14 16.9 20.2
   Relative humidity (%) 35.5 72.4 98.3 100 65.4 72.7 79.6
   Rainfall (mm) 0 1.3 49.2 17 0 0 0.2
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Exposure-response estimates 

The effects of temperature, relative humidity and rainfall on all crime and for the three 

categories of crime are provided in Tables 2 and 3. The results predict the meteorological-crime 

association for the 1st, 25th, 75th and 99th percentiles and suggest that both cold and hot effects 

may pose an increased risk for the occurrence of all crime (Table 4). However, only cold effects 

displayed statistically significant positive associations for all crimes combined and for property 

crime respectively (1st percentile RR = 1.16, CI = 1.03–1.31 and RR = 1.52, CI = 1.35–1.71). 

Other crime-weather pairings (specifically those involving sexual crimes) produced largely 

insignificant associations. The most significant results were found for temperature, rainfall and 

violent and property crime. As a result, in the rest of our results, we expand on these initial 

findings. 

 

Table 2:  Summary statistics for all crimes by month 
Month Minimum Mean Maximum 

January 1 15 65
February 2 17 46
March 1 17 43
April 2 16 48
May 2 16 42
June 2 17 46
July 3 17 43
August 4 17 46
September 3 18 55
October 5 18 48
November  3 19 54
December 3 19 53

 

Table 3: Summary statistics for all crimes by day of the week 
Day of week Minimum Mean Maximum 

Monday 2 14 49
Tuesday 2 12 50
Wednesday 1 11 65
Thursday 3 12 53
Friday 4 17 50
Saturday 8 28 55
Sunday 8 25 48
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Table 4: Results of distributed lag non-linear modelling 

  Relative risk by percentile 
 1st 25th 75th 99th
Temperature   
   All crime 1.16 (1.03 – 1.31) * 1.04 (1.00 – 1.07) 1.02 (0.99 – 1.06) 1.17 (1.00 – 1.37)
   Violent crime 1.02 (0.87 – 1.20) 0.98 (0.94 – 1.03) 1.07 (1.03 – 1.12) * 1.32 (1.08 – 1.61) *
   Property crime 1.52 (1.35 – 1.71) * 1.16 (1.12 – 1.20) * 0.93 (0.90 – 0.96) * 0.93 (0.74 – 1.09)
   Sexual crime 0.94 (0.72 – 1.22) 0.98 (0.91 – 1.05) 1.01 (0.94 – 1.09) 1.02 (0.72 – 1.43)
Relative humidity   
   All crime 0.92 (0.72 – 1.16) 1.12 (1.02 – 1.23) 1.00 (0.90 – 1.11) 0.83 (0.70 – 0.99)
   Violent crime 0.84 (0.62 – 1.14) 1.13 (1.00 – 1.30) 1.04 (0.91 – 1.19) 0.83 (0.67 – 1.05)
   Property crime 0.98 (0.78 – 1.24) 1.12 (1.02 – 1.24) * 0.91 (0.82 – 1.01) 0.80 (0.68 – 0.94) *
   Sexual crime 1.29 (0.79 – 2.10) 1.07 (0.87 – 1.31) 0.91 (0.91 – 1.42) 1.00 (0.70 – 1.43)
Rainfall   
   All crime 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.97 – 1.02) 1.04 (0.83 – 1.30)
   Violent crime 1.02 (0.98 – 1.06) 1.02 (0.98 – 1.06) 1.02 (0.98 – 1.05) 0.89 (0.66 – 1.20)
   Property crime 0.96 (0.93 – 1.00) 0.96 (0.93 – 1.00) 0.97 (0.94 – 1.00) 1.40 (1.10 – 1.68) *
   Sexual crime 0.96 (0.90 – 1.03) 0.96 (0.90 – 1.03) 0.97 (0.91 – 1.03) 0.90 (0.55 – 1.47)

Note: * denotes statistically significance (p < 0.05); reference values 17°C, 75% and 1.35 mm, respectively 
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The overall relative risk of violent crime and temperature is shown in Fig. 2. Violent crime 

increased significantly for temperatures above 18℃. Very hot days (28℃, the highest observed 

temperature) were associated with more than a 50% increase in the relative risk of violent 

crimes relative to baseline; the highest RR of 1.65 was observed at 30℃ (CI = 1.13–2.42). In 

terms of lag effects, a lag of 7 days of high temperatures (> 20 °C) was found to be associated 

with a significant increase in the relative risk of violent crime (Fig. 3a); however, after 14 days 

no significant associations were observed (Fig. 3b). 

 

Figure 2: Association between violent crime and mean daily temperature 
 

The overall relative risk of violent crime and temperature is shown in Figure 2. Violent crime 

increased significantly for temperatures above 18℃. Very hot days (28℃, the highest observed 

temperature) were associated with more than a 20% increase in the relative risk of violent 

crimes relative to baseline; the highest RR of 1.286 was observed at 30℃ (CI = 1.153 – 1.370). 

In terms of lag effects, a lag of three days of high temperatures (20C) was found to be 

associated with a significant increase in the relative risk of violent crime (see Figure 3a). After 

seven days, however, high temperatures were found to be associated with a significant decrease 

in the relative risk of violent crimes (Figure 3b). Finally, after 14 days no significant 

associations were observed (Figure 3c).  
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Figure 3a: Lagged associations between violent crime and mean daily temperature (3 days) 
Figure 3b: Lagged associations between violent crime and mean daily temperature (7 days) 
Figure 3c: Lagged associations between violent crime and mean daily temperature (14 days) 
 

Figure 4 shows the cumulative relative risk associated with violent crime and days with an 

average temperature equal to the minimum, 25th percentile and 75th percentile as well as 
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maximum of the observed temperatures over the study period. Average temperatures of 28 °C 

were associated with a cumulative increase in the relative risk of a violent crime event of 

roughly 60% whilst average temperatures of 20 °C or more resulted in an increase of 

approximately 6%. Very hot days (defined as ≥ 25 °C) thus have far greater lasting effects on 

the relative risk of violent crime events than other days. 

 
Figure 4: Cumulative association between violent crime and varying mean daily temperatures across different 

lags 

 

Finally, the cumulative relative risk of property crime increased for very cold (defined as ≤7∘C) 

temperatures (10 °C, RR = 1.36, CI = 1.34–1.67) and large amounts of rain (defined as 20 mm) 

(RR = 1.36, CI = 1.11–1.66) (see Figs. 5 and 6a, b). The results indicate that very low 

temperatures and very large amounts of rainfall were both associated with an increase in the 

relative risk of property crime for an extended period). 
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Figure 5: Cumulative association between property crime and mean daily temperature of 10°C across different 

lags 

 

 
Figure 6: Cumulative association between sexual crimes and total daily rainfall of 20mm across different lags 

(a) relative humidity of 48%, (b) relative humidity of 80% 

 

Discussion 

Our results suggest some significant associations between weather and crime in Khayelitsha, 

most notably between temperature and violent crime. The risk of violent crime was found to 

increase with a rise in daily average temperatures, peaking at 30℃ (RR = 1.65; 95% CI = 1.13–

2.42). This is, to our knowledge, the first time such an empirical observation has been made in 

South Africa. This finding is supported by both the temperature–aggression and routine activity 

theories which both predict higher levels of violent crime during warmer periods of time. In 
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terms of the temperature–aggression theory, these results support the notion that warmer 

weather may increase frustration and anger among residents of Khayelitsha resulting in an 

increase in violent behaviour. From a routine activity perspective, our results suggest that 

warmer weather in the township may lead to a change in the routine activities of individuals in 

such a way that creates conditions for violent crime to increase. Whilst speculative, the most 

likely change would be an increase in social interaction among individuals in warmer weather 

and a concomitant increase in alcohol consumption, possibly leading to more violence. The 

spatial link between alcohol and crime is well-established both locally (Matzopoulos et al. 

2020) and globally (Gruenewald and Remer 2006; Pridemore and Grubesic 2013). Alcohol 

consumption is particularly high in Khayelitsha with recent studies indicating that more than 

half of all patients reporting violence-related injuries in the township were under the influence 

of alcohol at the time of violent incident (Matzopoulos et al. 2017). As part of their analysis, 

Matzopolous and colleagues (Matzopoulos et al. 2017) mapped the location of over 1400 illegal 

alcohol outlets or so-called shebeens operating in the township. These are unregulated, and as 

a result pose an increased risk of safety for patrons as well as those living in the vicinity of 

these outlets. The results of this research suggest that increased temperatures may exacerbate 

the existing association between alcohol and violent crime. We also found that the relative risk 

of violent crime was far greater when temperatures were extreme, particularly when they were 

extremely high. Previous research has found that when temperatures exceed a certain threshold, 

the risk of violent crime decreases (Schinasi and Hamra 2017; Stevens et al. 2019)—motivating 

for the curvilinear effect of temperature on crime. We did not find overwhelming evidence in 

this study for this trend.  

Associations between temperature and violent crime have been among the most 

consistent throughout the literature. Substantial evidence has been found globally for 

increasing violent crime rates during warmer years, seasons, months and days (Rotton and 
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Cohn 2003; Butke and Sheridan 2010; McDowall et al. 2012; Stevens et al. 2019). The results 

of our analysis support this previous international work but supplement it in a number of 

important ways. First, we show that violent crime and temperature are positively associated in 

a developing context. Unlike the plethora of past research on this topic, we have shown a 

linkage in a new context. Second, we found that this association remains true when the area 

under investigation is uniformly poor, and violent. The World Economic Forum (2016) lists 

Khayelitsha as one of the world’s five biggest slums with an estimated 32 to 46% of households 

in the township living in severe poverty. Violent crime is also rampant with the township 

among the most violent in the country with a homicide rate consistently over 80 per 100,000 

residents, almost double the national average (Crime Hub 2018). We believe that this is the 

first study anywhere that has examined weather-crime linkage in an area of extreme poverty, 

crime and concentrated disadvantage. Third, we found a lag effect for temperature with the 

highest cumulative RRs (~ 1.4 to 1.6) observed between days 10 and 16. Prevention of potential 

future spikes in violent crimes during periods of increased temperatures should be addressed 

by local government and other key stakeholders in the settlement. Last, this study provides 

preliminary evidence for the successful use of ‘Western’ crime theories (i.e. T/A and RA 

theories) to explain the weather-crime linkage in a South African context. We did not find any 

instances in which either theory could not be used to explain the results we obtained although 

we caution that the results are applicable to Khayelitsha only. However, the rainfall data were 

zero-inflated and very few large values were observed. With respect to humidity, extreme (high 

or low) humidity was associated with a decreased risk of property crime. These observations 

may be related to the climate in Khayelitsha that experiences most of its rainfall during the 

winter when humidity is expected to be lower. 

We are aware of the limitations in our study. The first, and most notable limitation, 

relates to the accuracy and precision of reported crime statistics obtained from the SAPS (see 
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e.g. Leggett 2004; Breetzke 2006). There are a number of limitations in using official crime 

statistics to measure and monitor crime. Whilst most official crime data globally should be 

treated with a degree of caution, in South Africa the situation is exacerbated by the deep-seated 

animosity and mistrust that exists between marginalised communities and the SAPS, which 

undoubtedly effects crime reporting and recording (see e.g. Breetzke 2006; O’Regan et al. 

2014). The crime data obtained for this research might thus not be a complete representation 

of the crime occurring in Khayelitsha; however, we are relatively confident it does approximate 

its true number. Second, we do not account for nor incorporate underlying socio-demographic 

and socio-economic factors into our analysis. These factors undoubtedly play a massive role in 

shaping the environment and subsequent crime patterns. However, the main aim of this 

research was to investigate any potential linkages between weather and crime; future research 

could thus aim to integrate other social, economic and environmental factors into similar 

research. Third, we did not examine the extent to which the impact of weather impacts crime 

spatially. It could be that when temperatures rise, for example, so too does crime, but only 

within certain more at-risk neighbourhoods and not uniformly throughout Khayelitsha. It has 

recently been shown that within township communities’ crime also clusters in specific areas or 

‘hotspots’ (see e.g. Breetzke and Edelstein 2019). Future research could aim to determine 

whether the trends we find in this study vary spatially. Finally, the study is context-specific. 

The results are applicable to Khayelitsha alone.  

These limitations notwithstanding, we believe that this study has contributed to the 

existing literature on crime seasonality. The results of this research also provide increasing 

support for a more evidence-based approach to policing in South Africa. Current policing in 

the country—and in Khayelitsha in particular—has been described as haphazard at best 

(O’Regan et al. 2014) and more reliant on intuition and gut-feel than data. Emphasising the 

need for data and evidence to inform policing will enable the development of an accurate 

20



 

understanding of what factors, both environmental and social, may increase the risk of crime. 

This is vital if this scourge is to be addressed in the country.  

 

Declarations 

Funding: Not applicable 

Conflicts of interest/Competing interests: The authors have no conflicts of interest to 

declare that are relevant to the content of this article 

Availability of data and material: The datasets generated during and/or analysed during the 

current study are available from the corresponding author on reasonable request. 

Code availability: Available on request 

Ethics approval: Provided in the manuscript 

Consent to participate: Not applicable 

Consent for publication: Not applicable 

 

References 

Anderson CA, DeLisi M (2011) Implications of global climate change for violence in 
developed and developing countries. In: Forgas J, Kruglanski A, Williams K (eds) The 
psychology of social conflict and aggression. Psychology Press, New York, pp 249–265 

Anderson CA, Deuser WE, DeNeve KM (1995) Hot temperatures, hostile affect, hostile 
cognition, and arousal: tests of a general model of affective aggression. Personal Soc Psychol 
Bull 21(5):434–448. https://doi.org/10.1177/0146167295215002 

Baron RA, Bell PA (1976) Aggression and heat: the influence of ambient temperature, 
negative affect, and a cooling drink on physical aggression. J Pers Soc Psychol 33(3):245–
255. https://doi.org/10.1037//0022-3514.33.3.245 

21



 

Baryshnikova NV, Davidson SF, Wesselbaum D (2019) Do you feel the heat around the 
corner? The effect of weather on crime. Working Paper No. 2019–7. School of Economics, 
University of Adelaide. https://econpapers.repec.org/paper/adlwpaper/2019-07.htm. Accessed 
12 May 2021 

Breetzke GD (2006) Geographical Information Systems (GIS) and policing in South Africa: a 
review. Policing 29(4):723–740. https://doi.org/10.1108/13639510610711628 

Breetzke GD, Cohn EG (2012) Seasonal assault and neighborhood deprivation in South 
Africa: some preliminary findings. Environ Behav 44(5):641–667. 
https://doi.org/10.1177/0013916510397758 

Breetzke GD, Edelstein IS (2019) The spatial concentration of crime in a South African 
township. Sec J 32(1):63–78. https://doi.org/10.1057/s41284-018-0145-2 

Brunsdon C, Corcoran J, Higgs G, Ware A (2009) The influence of weather on local 
geographical patterns of police calls for service. Environ Plan B Plan Des 36(5):906–926. 
https://doi.org/10.1068/b32133 

Bushman BJ, Wang MC, Anderson CA (2005) Is the curve relating temperature to aggression 
linear or curvilinear? Assaults and temperature in Minneapolis re-examined. J Pers Soc 
Psychol 89(1):62–66. https://doi.org/10.1037/0022-3514.89.1.62 

Butke P, Sheridan SC (2010) An analysis of the relationship between weather and aggressive 
crime in Cleveland, Ohio. Weather Crime Soc 2(2):127–139. 
https://doi.org/10.1175/2010WCAS1043.1 

Ceccato V (2005) Homicide in Sao Paulo, Brazil: assessing spatial-temporal and weather 
variations. J Environ Psychol 25(3):307–321. https://doi.org/10.1016/j.jenvp.2005.07.002 

Cohen L, Felson M (1979) Social change and crime rate trends: a routine activity approach. 
Am Soc Rev 44(4):588–608. https://doi.org/10.2307/2094589 

Cohn EG (1990) Weather and crime. Brit J Crim 30(1):51–64. 
https://doi.org/10.1093/oxfordjournals.bjc.a047980 

Cohn EG, Rotton J (1997) Assault as a function of time and temperature: a moderator-
variable time-series analysis. J Pers Soc Psychol 72(6):1322–1334. 
https://doi.org/10.1037/0022-3514.72.6.1322 

Collings SJ (2008) Seasonality of reported child rape in Kwazulu-Natal, South Africa. Acta 
Crim 21(3):91–99 

Crime Hub (2018) Institute for Security Studies Crime Hub. https://issafrica.org/crimehub. 
Accessed 12 May 2021 

Cronje J (2014) Getting Khayelitsha into perspective. https://www.iol.co.za/news/south-
africa/western-cape/getting-khayelitsha-into-perspective-1671699. Accessed 12 May 2021 

22



 

Gamble JL, Hess JJ (2012) Temperature and violent crime in Dallas, Texas: relationships and 
implications of climate change. West J Emerg Med 13(3):239–246. 
https://doi.org/10.5811/westjem.2012.3.11746 

Gasparrini A, Armstrong B, Kenward MB (2010) Distributed lag non-linear models. Stat 
Med 29:2224–2234. https://doi.org/10.1002/sim.3940 

Gates A, Klein M, Acquaotta F, Garland RM, Scovronick N (2019) Short-term association 
between ambient temperature and homicide in South Africa: a case-crossover study. Environ 
Health 18:109. https://doi.org/10.1186/s12940-019-0549-4 

Gruenewald PJ, Remer L (2006) Changes in outlet densities affect violence rates. Alcohol 
Clin Exp Res 30(7):1184–1193. https://doi.org/10.1111/j.1530-0277.2006.00141.x 

Hipp JR, Curran PJ, Bollen KA, Bauer DJ (2004) Crimes of opportunity or crimes of 
emotion? Testing two explanations of seasonal change in crime. Soc Forces 82(4):1333–
1372. https://doi.org/10.1353/sof.2004.0074 

Hsiang SM, Burke M, Miguel E (2013) Quantifying the influence of climate change on 
human conflict. Science 341(6151):1235367. https://doi.org/10.1126/science.1235367 

Leggett T (2004) The state of crime and policing. In: Daniel J, Southall R, Lutchman J (eds) 
State of the nation: South Africa 2004–05. HSRC Press, Pretoria, pp 144–176 

Mares D (2013) Climate change and crime: monthly temperature and precipitation anomalies 
and crime rates in St. Louis, MO 1990–2009. Crim Soc Chang 59(2):185–208. 
https://doi.org/10.1007/s10611-013-9411-8 

Mares D, Moffette K (2016) Climate change and interpersonal violence: a “global” estimate 
and regional inequities. Clim Chang 135:297–310. https://doi.org/10.1007/s10584-015-1566-
0 

Matzopoulos R, Berens C, Bowman B, Bloch K, Langa M, Kotze E, Lloyd S, Makanga P 
(2017) A mixed-methods study of the nature and extent of the alcohol trade in Khayelitsha – 
and community perceptions. Department of Community Safety, Cape Town. 
https://www.westerncape.gov.za/assets/departments/community-safety/alcohol_study_-
_community_perceptions_to_alcohol_in_khayelitsha.pdf. Accessed 12 May 2021 

Matzopoulos R, Bloch K, Lloyd S, Berens C, Bowman B, Myers J, Thompson ML (2020) 
Urban upgrading and levels of interpersonal violence in Cape Town, South Africa: the 
violence prevention through urban upgrading programme. Soc Sci Med 255:112978. 
https://doi.org/10.1016/j.socscimed.2020.112978 

McLean I (2006) Climatic effects on incidence of sexual assault. J Forensic Leg Med 
14(1):16–19. https://doi.org/10.1016/j.jcfm.2005.12.001 

McDowall D, Loftin C, Pate M (2012) Seasonal cycles in crime, and their variability. J Quan 
Crim 28(3):389–410. https://doi.org/10.1007/s10940-011-9145-7 

23



 

Morken G, Linaker OM (2000) Seasonal variation of violence in Norway. Am J Psychiatry 
157(10):1674–1678. https://doi.org/10.1176/appi.ajp.157.10.1674 

O’Loughlin J, Linke AM, Witmer FD (2014) Effects of temperature and precipitation 
variability on the risk of violence in sub-Saharan Africa, 1980–2012. Proc Natl Acad Sci 
USA 111(47):16712–16717. https://doi.org/10.1073/pnas.1411899111 

O’Regan C, Pikoli V, Bawa N, Sidaki T, Dissel A (2014) Towards a safer Khayelitsha: report 
of the commission of inquiry into allegations of police inefficiency and a breakdown in 
relations between SAPS and the community of Khayelitsha (commission report). 
http://www.saflii.org/khayelitshacommissionreport.pdf. Accessed 12 May 2021 

Pittman DJ, Handy W (1964) Patterns in criminal aggravated assault. J Crim Law Criminol 
Police Sci 55(4):462–470. https://doi.org/10.2307/1140897 

Pridemore WA, Grubesic TH (2013) Alcohol outlets and community levels of interpersonal 
violence: spatial density, outlet type, and seriousness of assault. J Res Crime Del 50(1):132–
159. https://doi.org/10.1177/0022427810397952 

Quetelet A (1842) Sur l’homme et le développement des ses facultés, avec ce sous-titre 
révélateur, Essai de physique sociale 

Ranson M (2014) Crime, weather and climate change. J Environ Econ Manag 67:274–302. 
https://doi.org/10.1016/j.jeem.2013.11.008 

Rotton J, Cohn EG (2000) Violence is a curvilinear function of temperature in Dallas: a 
replication. J Pers Soc Psychol 78(6):1074–1081. https://doi.org/10.1037//0022-
3514.78.6.1074 

Rotton J, Cohn EG (2003) Global warming and U.S crime rates: an application of routine 
activity theory. Environ Behav 35(6):802–825. https://doi.org/10.1177/0013916503255565 

Schinasi LH, Hamra GB (2017) A time series analysis of associations between daily 
temperature and crime events in Philadelphia, Pennsylvania. J Urban Health 94(6):892–900. 
https://doi.org/10.1007/s11524-017-0181-y 

Schutte F, Breetzke GD (2018) The influence of extreme weather conditions on the 
magnitude and spatial distribution of crime in Tshwane (2001–2006). S Afr Geogr J 
100(3):364–377. https://doi.org/10.1080/03736245.2018.1498384 

Schwartz J (2000) The distributed lag between air pollution and daily deaths. Epidemiology 
11(3):320–326. https://doi.org/10.1097/00001648-200005000-00016 

Shen B, Hu XF, Wu HG (2020) Impacts of climate variations on crime rates in Beijing, 
China. Sci Total Environ 725:138190. https://doi.org/10.1016/j.scitotenv.2020.138190 

South African Police Services (SAPS) (2018) Crime situation in RSA twelve months 01 
April 2017 to 31 March 2018. 
https://www.saps.gov.za/services/long_version_presentation_april_to_march_2017_2018.pdf
. Accessed 12 May 2021 

24



 

Statistics South Africa (SSA) (2011) Statistical release. 
http://www.statssa.gov.za/?page_id=3955. Accessed 12 May 2021 

Stevens HR, Beggs PJ, Graham PL, Chang H-C (2019) Hot and bothered? Associations 
between temperature and crime in Australia. Int J Biometeorol 63(6):747–762. 
https://doi.org/10.1007/s00484-019-01689-y 

Téllez C, Galleguillos T, Aliaga A (2006) Seasonal variation of sexual abuse in Santiago de 
Chile. Psychopathology 39(2):69–74. https://doi.org/10.1159/000090595 

Xiaofeng H, Jiansong W, Peng C (2017) Impact of climate variability and change on crime 
rates in Tangshan, China. Sci Total Environ 609:1041–1048. 
https://doi.org/10.1016/j.scitotenv.2017.07.163 

Yan Y-Y (2004) Seasonality of property crime in Hong Kong. Br J Crim 44(2):276–283. 
https://doi.org/10.1093/bjc/44.2.276 

 

25




