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South Africa (SA) had one of the world’s highest homicide rates in 
2000, estimated to be five and eight times higher than the global 
average for females and males, respectively.[1] There was a significant 
decrease in the homicide rate over the subsequent decade,[2-4] and a 
retrospective study of 37 067 firearm and non-firearm homicide cases 
across five SA cities from 2001 to 2005 found a significantly greater 
decline in the rate of firearm compared with non-firearm homicide. [5] 
Given the established association between firearm availability and 
firearm homicide rates,[6] the magnitude, timing and consistency of 
the decline suggested that it was attributable to the Firearms Control 
Act of 2000 (FCA).[7]

The FCA was adopted in April 2001 and sought to address firearm 
violence by removing illegally owned firearms from circulation, 
stricter regulation of legally owned firearms, and stricter firearm 
licensing requirements.[7] Its provisions were gradually implemented 
from 2000 to 2003, resulting in a gradient of declining firearm access 
in SA. There was a considerable reduction in approvals following 
the promulgation of the FCA, particularly from 2003 onwards.[8] 
The police conducted an audit of state-owned firearms in 2003, and 
undertook special operations to recover unlicensed weapons, the 
most important of which was conducted in 2003. This corresponded 

with a decrease in the number of lost and stolen firearms and a 
simultaneous increase in confiscations.[9] The stricter firearm control 
regimen was strengthened further with the publication of the 
regulations pertaining to the FCA in March 2004.[10]

The association between firearm availability and firearm homicide 
in SA is not unexpected, given the international experience. In the 
USA, firearm ownership is known to be a significant predictor of 
firearm homicide rates.[11] In Europe, an Austrian study showed that 
more restrictive firearm legislation reduced both firearm homicide 
and firearm suicide rates,[12] and in Australia researchers observed 
faster reductions in firearm deaths and suicides and a decade without 
mass shootings following the introduction of gun law reforms, which 
removed semiautomatic and pump-action shotguns and rifles from 
civilian possession.[13]

However, in SA, the decreasing overall homicide rates observed 
in police data were reversed after 2011, most notably in the Western 
Cape Province.[14] This coincided with an increase in gunshot 
fatalities recorded in national death notifications between 2010 and 
2013[15] and a ‘remarkable increase in the number of new firearm 
licences, renewals and competency certifications [being] processed … 
accredited to the implementation of a nine-month turnaround 
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strategy …’.[16] By August 2011, the police claimed to have cleared 
their licensing backlog by finalising more than 1 million firearm 
applications, licence renewals and competency certificates.[16] In Cape 
Town, there was also an increase in the circulation of illegal firearms 
from 2007 after they were diverted from police custody by corrupt 
officials, particularly to gangs located in coloured communities (as 
per SA apartheid population group classifications).[17-21]

While a previous study assessing the relationship between FCA 
implementation and homicide rates in five SA cities was limited 
by the short time period considered due to the unavailability of 
mortality data for some of those cities after 2005,[5] Cape Town has 
had extensive surveillance of injury mortality from the mid-1990s 
through 2014.[22-26] 

Objectives
To assess the association between changes in firearm availability 
and firearm and non-firearm homicide rates in Cape Town between 
1994 and 2013 and to assess the effect on communities of differential 
firearm availability.

Methods
We conducted a retrospective population-based time trend study of 
all homicide cases reviewed at Cape Town’s two forensic pathology 
service facilities in Salt River and Tygerberg.

Homicide and covariate data sources
South Africa’s Inquests Act[27] requires postmortem examination by a 
forensic pathologist or medical practitioner for all deaths from non-
natural causes (e.g. injuries). We obtained city-wide homicide data from 
1994 to 2013 from Cape Town all-injury mortality surveillance[22-26] and 
corresponding population estimates from the mid-year estimates for 
the Western Cape produced by the Centre for Actuarial Research at the 
University of Cape Town.[28] The ratio method[29] was used to estimate 
the annual City of Cape Town population by race, sex and 5-year age 
groups between 1994 and 2014.

Key variables
Annual homicide counts were categorised by age, sex, race, year 
and homicide type (firearm or non-firearm). Age was grouped 
into six intervals. Race was recorded according to the apartheid 
population group classifications (black, coloured, Asian, white), 
which provides a gross proxy measure to reflect the differential 
manner in which apartheid affected, and continues to affect, the 
health of communities.[30] Race also serves as an accurate proxy for 
socioeconomic status at the population level, and represents a range 
of invidious psychological and social effects on individuals, families 
and communities that account for the differences in risk of exposure 
to violence. We omitted homicides with the classification ‘Asian’ from 
our analyses because of small numbers. Missing age (3.1%) and race 
data (3.0%) were imputed proportionally, conditional on sex, year of 
death and type of homicide.

We estimated the timing of major shifts in firearm availability from 
the published literature, South African Police Service (SAPS) annual 
reports from 1991 to 2014, and summary data provided by the SAPS 
Central Firearms Registry (Appendix 1). The number of firearms in 
circulation began to plateau from 2001, following the promulgation 
of the FCA,[7] and decreased further from 2003, when the provisions 
of the new legislation began to take effect.[31] From 2011 onwards, 
there was an increase in firearm availability after firearm licensing 
controls were relaxed. In the Cape Flats, an area with a predominantly 
coloured population, firearm availability increased from 2007 when 

corrupt police officials and gun dealerships sold firearms marked for 
destruction to gangs in this area.[17-21] In summary, we assumed that 
changes in Cape Town firearm availability occurred in 2001, 2003, 
2007 and 2011.

Statistical analysis
We calculated crude homicide mortality rates per 100 000 population 
by age, sex, race and year. We compared temporal trends in firearm 
and non-firearm homicide rates and examined the extent to which 
the known changes in firearm availability in 2001, 2003, 2007 and 
2011 related to trends in firearm homicides, distinct from trends 
in non-firearm homicides. We also compared trends in firearm 
homicides across race groups. Annual homicide rates were modelled 
with generalised linear models with Poisson family, log link and robust 
standard errors. Year of death was modelled by a series of linear splines 
with change-points at 2000, 2002, 2006 and 2010, corresponding to 
the changes in firearm availability in 2001, 2003, 2007 and 2011. In 
model 1, we adjusted for age, sex and race, and included an interaction 
term for year of death and type of homicide to compare firearm and 
non-firearm homicide temporal trends. Given evidence of differential 
firearm availability by race group (i.e. increased access to illegal 
firearms primarily in the coloured community from 2007), model 2 
focused on firearm homicides only and included an interaction term 
for year of death and race group, allowing us to assess differences 
in changes in firearm homicide rates over time across race groups. 
In both models, the denominator was the annual covariate-specific 
population size, which accounted for demographic changes and 
provided a measure of person-time. We carried out sensitivity analyses 
for models 1 and 2 in which the spline trend change-points were 
moved earlier and later by 1 year to assess the impact of estimating the 
timing of changes in firearm availability erroneously.

We estimated excess firearm deaths among coloureds between 2007 
and 2010 as the difference between the model 2 predicted firearm 
homicide deaths among coloureds and the predicted coloured deaths 
if the coloured firearm homicide rate had changed, year-on-year, 
at the same (pooled) rate as in blacks and whites over that period. 
To estimate excess death counts for blacks and whites from 2011 
to 2013, we assumed that, without the increased supply of firearms 
over that period, firearm homicide rates would have changed at the 
same rate, year-on-year, as non-firearm homicide rates as estimated 
in model 1. We considered excess firearm deaths among coloureds 
from 2011 to 2013 as having two components: (i) the difference 
between the predicted number of deaths among coloureds under 
model 2 and the predicted number of deaths if coloured firearm 
homicide rates had changed year-on-year at the same rate as in blacks 
and whites after 2006 (this difference would reflect the impact of 
increased access to illegal firearms); and (ii) the difference between 
the predicted number of deaths if coloured firearm homicide rates 
had changed year-on-year after 2006 at the same rate as in blacks 
and whites and the predicted number of coloured deaths if coloured 
firearm homicide rates after 2010 had changed at the same rate as 
non-firearm homicide rates as estimated in model 1 (this difference 
would reflect the impact of increased access to legal firearms). Taylor 
series approximations were used to obtain confidence intervals (CIs) 
for the excess death counts.

Statistical analysis was conducted using Stata version 12 (StataCorp, 
USA). Statistical significance was set at p<0.05.

Ethics
The University of Cape Town’s Health Sciences Faculty Human 
Research Ethics Committee approved the study (ref. no. 633/2014), 
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and permission to utilise the data was granted by the Provincial 
Department of Health’s Research Committee (ref. no. 2014RP123).

Results
A total of 36 207 homicide cases were identified from the Cape Town 
surveillance data between 1994 and 2013, excluding 1997 and 1998, 
for which city-wide data were not available, and excluding 109 Asian 
homicides. Firearm-related homicides peaked in 2002 at 1 192 and 
accounted for almost half (49.2%) of all homicides in Cape Town in 
that year. The lowest annual number of firearm-related homicides 
recorded was 477 in 2009, accounting for 29.0% of all homicides in 
that year (Table 1).

The crude firearm homicide rate in Cape Town in 1994 was 
19.7 per 100 000, compared with 56.7 per 100 000 for non-firearm 

homicide. By 2000, the firearm homicide rate increased to 34.6 
per 100 000, whereas non-firearm homicide decreased to 45.0 per 
100 000. By 2010, the firearm homicide rate was 61% lower than in 
2000 at 13.6 per 100 000, whereas the non-firearm homicide rate had 
decreased by 36% to 28.8 per 100 000 (Table 1).

In model 1, which included all homicides (firearm and non-
firearm), all covariates were significantly associated with homicide 
rates (Table 2). The homicide rate among youths and young adults 
aged 15 - 29 years was significantly higher than among adults aged 
30  - 44 years, who in turn experienced higher homicide rates than 
older adults and children. Males experienced significantly higher 
homicide rates than females. Homicide rates among blacks were 
higher than among coloureds or whites, with homicide rates among 
whites being substantially lower than in both the other race groups.

Firearm and non-firearm homicide rates adjusted for age, sex 
and race exhibited different temporal trends, with the trends in 
firearm homicide rates corresponding to the known changes in 
firearm availability in 2001, 2003, 2007 and 2011. In 1994, the 
firearm homicide rate was significantly lower than the non-firearm 
homicide rate, but thereafter there was a significant 13% year-on year 
increase in the firearm homicide rate until 2000, whereas there was 

Table 1. Cape Town crude firearm and non-firearm homicide 
rates for selected covariates

Covariate
Firearm homicide 
rate, per 100 000*†

Non-firearm 
homicide rate,  
per 100 000*†

Year‡

1994 19.7 56.7
1995 27.2 58.7
1996 26.6 59.2
1999 33.2 44.8
2000 34.6 45.0
2001 36.3 42.7
2002 37.8 39.0
2003 29.1 38.5
2004 19.2 35.0
2005 21.2 38.0
2006 21.9 38.0
2007 20.3 41.6
2008 14.6 35.2
2009 13.2 32.7
2010 13.6 28.8
2011 15.0 30.4
2012 19.4 30.8
2013 24.2 32.8

Age (years)
0 - 4 1.2 4.3
5 - 14 1.5 2.0
15 - 29 44.7 68.1
30 - 44 33.7 61.1
45 - 59 12.8 26.9
≥60 3.4 11.4

Sex
Male 43.4 71.1
Female 4.1 9.1

Race
Black 36.4 68.8
Coloured 21.1 30.6
White 3.7 5.8

*Non-natural deaths were assigned according to two causal criteria, i.e. the manner and 
external cause of death, compatible with the 10th revision of the International Statistical 
Classification of Diseases and Related Health Problems.[32] We selected all homicides (X85 
- Y09) and assigned these to two separate groups: firearm homicides (X93 - X95) and 
non-firearm homicides (X85 - X92, X96 - Y09).
†There were 13 438 firearm and 22 769 non-firearm homicides.
‡Postmortem data were sourced from several city-wide injury mortality surveillance 
initiatives that provided comparable data.[22-26] We excluded 1997 and 1998 records from 
the analysis because city-wide data were not available for those years.

Table 2. Generalised linear model adjusted homicide rate 
ratio estimates for selected covariates
Covariate Homicide RR (95% CI)
Type of homicide

NFH, ref 1.00
FH* 0.37 (0.29 - 0.47)

Year-on-year (NFH)†

1994 - 2000 0.93 (0.91 - 0.96)
2000 - 2002 0.90 (0.83 - 0.98)
2002 - 2006 1.01 (0.96 - 1.06)
2006 - 2010 0.92 (0.86 - 0.98)
2010 - 2013 1.02 (0.89 - 1.17)

Year-on-year (FH)†

1994 - 2000 1.13 (1.08 - 1.20)‡

2000 - 2002 1.07 (0.94 - 1.22)
2002 - 2006 0.85 (0.79 - 0.92)‡

2006 - 2010 0.97 (0.88 - 1.07)
2010 - 2013 1.21 (0.97 - 1.51)§

Age (years)
0 - 4 (ref) 1.00
5 - 14 0.70 (0.54 - 0.91)
15 - 29 21.81 (17.8 - 26.73)
30 - 44 19.65 (16.13 - 23.94)
45 - 59 10.27 (8.42 - 12.53)
≥60 5.34 (4.25 - 6.70)

Sex
Female (ref) 1.00
Male 8.50 (7.80 - 9.26)

Race
White (ref) 1.00
Coloured 5.44 (4.72 - 6.26)
Black 10.22 (8.93 - 11.7)

RR = rate ratio; CI = confidence interval; NFH = non-firearm homicide; FH = firearm 
homicide.
*Comparison of FH rate with NFH rate in 1994 (adjusted for other covariates).
†Year-on-year RRs reflect the change in adjusted homicide rate compared with the 
previous year within each time period, e.g. the ratio of the NFH rate in 2000 to the NFH 
rate in 1999 is 0.93; the ratio of the NFH rate in 2001 to the NFH rate in 2000 is 0.90.
‡Statistically significantly different from NFH, p<0.001.
§p=0.096, comparing year-on-year NFH and FH RRs.
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a significant 7% annual decrease in non-firearm homicide rates over 
the same period. The firearm homicide rate stabilised from 2000 to 
2002 and decreased significantly by 15% from 2003 through 2006. 
After 2010, firearm homicide rates increased significantly by 21% per 
annum. In contrast, non-firearm homicide rates either decreased or 
remained stable over the entire period. The year-on-year firearm and 
non-firearm homicide rate ratios were significantly different over the 
periods 1994 - 2000 and 2002 - 2006 (p<0.001, Table 2). Firearm and 
non-firearm homicides declined at similar rates over the period 2006 
- 2010. After 2010, firearm homicide rates increased more rapidly 
than non-firearm homicide rates, although this difference was not 
statistically significant (p=0.096).

Estimated and observed annual homicide rates from model 1 
are shown in Fig. 1. The increases in firearm homicide rates from 
1994 to 2000 and after 2010 both coincided with increasing availa-
bility of firearms, respectively preceding the FCA and with the 
dramatic increase in the approval of licence applications after 2010. 
The period of decrease in firearm homicides coincided with the 
introduction of the FCA (in 2000) and the decrease accelerated with 
its implementation (from 2003). The non-firearm homicide rate 
followed a generally decreasing trend and did not exhibit significant 
increases over the study period.

Having established differences in temporal trends in firearm and 
non-firearm homicide rates, and that these differences coincide 
with known changes in firearm availability, our second objective 
was to compare firearm homicide rates across race groups. Model 2, 
which included only firearm homicides, indicated that the changes 
in firearm homicide followed a different temporal pattern for 
coloureds relative to other races (Table 3 and Fig. 2). The decreasing 
trend in firearm homicide rates that began in all race groups after 
the introduction of the FCA in 2000 was sustained among blacks 
and whites until 2010, after which firearm homicide rates began to 
increase for all population groups, coinciding with easier access to 
legal firearms. Among coloureds, the decrease was not sustained 
after 2006, which coincided with firearms being supplied through 
illicit channels. After 2010 the rate of increase in firearm homicide for 
coloureds was significantly higher than for other race groups. While 
the firearm homicide rates among blacks and whites are significantly 
different, the year-on-year rate ratios for blacks and whites did not 
differ significantly over the study period.

We estimated that 181 (95% CI 38 - 324) excess deaths of coloureds 
from 2007 to 2010 and 821 (95% CI 446 - 1 196) excess deaths of 

coloureds from 2011 to 2013 were attributable to the increased supply 
of firearms through illicit channels. In addition, we estimated that 
over 2011 - 2013, 56 (95% CI –240 - 352) excess deaths of blacks, 20 
(95% CI –84 - 123) of coloureds and 1 (95% CI –20 - 21) of whites 
were attributable to increased access to firearms as a result of less 
stringent application of FCA licensing provisions after 2010.

Sensitivity analyses shifting the location of the spline change-
points forwards and backwards by 1 year yielded results that were 
substantively in good agreement with those reported here.

Discussion
Our study found that changes in the firearm homicide rate in Cape 
Town from 1994 to 2013 were associated with changes in firearm 
availability due to varying implementation of the FCA over this time 
period, i.e. stricter implementation of the FCA was associated with 
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Fig. 1. Fitted and observed annual firearm and non-firearm homicide rates 
for Cape Town, 1994 - 2014. Fig. 2. Cape Town estimated annual firearm homicide rates by race, 1994 - 2014.

Figure 2.  Cape Town estimated annual firearm homicide rates by race  
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Table 3. Generalised linear model adjusted year-on-year 
firearm homicide rate ratio estimates by race group
Covariate Firearm homicide RR (95% CI)
Year-on-year (blacks)*

1994 - 2000 1.09 (1.05 - 1.13)
2000 - 2002 1.07 (0.95 - 1.19)
2002 - 2006 0.86 (0.81 - 0.91)
2006 - 2010 0.87 (0.81 - 0.92)
2010 - 2013 1.05 (0.98 - 1.12)

Year-on-year (coloureds)*
1994 - 2000 1.05 (0.99 - 1.10)
2000 - 2002 0.85 (0.76 - 0.95)†

2002 - 2006 0.84 (0.78 - 0.91)
2006 - 2010 0.97 (0.91 - 1.04)‡

2010 - 2013 1.47 (1.35 - 1.61)§

Year-on-year (whites)*
1994 - 2000 1.05 (0.94 - 1.17)
2000 - 2002 0.95 (0.70 - 1.28)
2002 - 2006 0.97 (0.82 - 1.15)
2006 - 2010 0.77 (0.64 - 0.93)¶ 

2010 - 2013 1.03 (0.74 - 1.43)||

RR = rate ratio; CI = confidence interval; FH = firearm homicide.
*Year-on-year RRs reflect the change in adjusted FH rate compared with the previous year 
within each time period, e.g. the ratio of the black FH rate in 2000 to the rate in 1999 is 
1.09; the ratio of the black FH rate in 2001 to the rate in 2000 is 1.07.
†Statistically significantly different from blacks; p=0.004.
‡Statistically significantly different from blacks; p=0.015.
§Statistically significantly different from blacks; p<0.001.
¶Statistically significantly different from coloureds; p=0.02.
||Statistically significantly different from coloureds; p=0.04.
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declines in firearm availability and declines in the firearm homicide 
rate. These findings are consistent with a previous study of five SA 
cities from 2001 to 2005[5] and a recent national study of gunshot 
deaths recorded in death notifications from Statistics South Africa 
from 1997 to 2013.[15] The present study is also consistent with 
multiple studies assessing the association between firearm availability 
and homicide in the USA and other high-income countries.[33-36]

Our findings further strengthen the evidence regarding the 
effectiveness of the FCA, given that this study analysed data from a 
20-year period surrounding the passage of the FCA and included a 
non-firearm homicide control group that was not available from other 
sources. The Inquests Act of 1959 precludes forensic pathologists 
from reporting the manner of death in death notification so as not to 
prejudice the findings of the inquest.[37] Previous studies have shown 
that data from mortuaries provide more comprehensive reporting of 
female homicides[38] and overall homicides[2,14] than official statistics 
of the SAPS.

The analysis of firearm homicide trends by race revealed 
differences among rates in the coloured community compared with 
other race groups at times that again can be explained by differential 
firearm availability. The post-2010 coloured homicide rate was of 
similar magnitude to its 2002 peak and significantly different from 
other race groups. Although increases in both legally and illegally 
obtained firearms are shown to be associated with homicide rates, it 
is the illegal trade that seems to have had a more pronounced effect, 
if the rates in the coloured population are indicative. After controlling 
for other potentially strong explanatory determinants of homicide, 
namely race, age and sex, we attribute the bulk of the excess mortality 
in this population to the increased exposure to illegally obtained 
firearms. It is also possible that some of the excess mortality among 
blacks and whites after 2010 could be attributable to the circulation 
of these illegal weapons. A recent police ballistics investigation linked 
1 066 murders and 1 403 attempted murders and 315 other crimes 
in Cape Town between 2010 and 2016 directly to these firearms, 
including 261 cases where children were the victims.[39]

It remains possible that there are other factors associated with the 
differential increase in firearm homicide (relative to non-firearm 
homicide) in Cape Town after 2010, but which we have not been able 
to account for. One possibility is an increase in gang activity during 
this period,[40] particularly in the coloured community. However, 
increased gang activity would not explain the disproportionate 
increase in firearm homicides. Rather, the evidence of guns being 
placed with gangs suggests that the gang conflicts arose from the 
increased supply.

A recent survey of more than 200 interpersonal violence prevention 
experts identified research regarding firearm regulations as one of two 
global research priorities.[41] A recent systematic review of the effect 
of firearm legislation on firearm-related injuries, which considered 
130 studies in 10 countries, found that the implementation of laws 
introducing multiple firearms restrictions, such as the FCA, was 
associated temporally with reductions in firearm deaths.[42] However, 
our findings suggest additionally that the relaxation of gun laws 
may have the opposite effect. The reversal of the decreasing firearm 
homicide trend in our study during a time of lax enforcement 
provides further support for the positive relationship between 
firearm control policies and legislation and firearm homicide.

Our findings demonstrate the dramatic effect of increasing firearm 
availability to criminals directly. However, even if legally owned 
firearms are considered less of a threat to public safety, increased 
availability through legal channels cannot be ignored even if diffusion 
to criminals through theft is more gradual. In 2004, SA’s firearm theft 

ratio of one firearm stolen for every 150 legally owned firearms was 
more than three times higher than the ratio in the USA.[43]

Our findings provide a stronger indication of the association 
between firearm availability and firearm homicide than a recent 
Australian time trend study from 1976 to 2013, which measured 
changes in firearm deaths following enactment of stricter gun laws 
and a buy-back programme.[44] The Australian study noted a more 
rapid decline in gun deaths following the gun law reforms, but, unlike 
in our study, a decline in non-firearm suicide and homicide deaths 
over the same period made it impossible to attribute the changes to 
gun law reforms.

Study limitations
There are two limitations to take into account when interpreting 
the findings of our study. First, assumptions regarding the timing 
of changes in firearm availability are based on secondary sources. 
There is more uncertainty in estimating unregistered than registered 
firearms. Second, we assumed increased exposure for the coloured 
community due to the identities of implicated individuals and groups 
and their reported areas of operation, but note that race provides 
only a crude measure to differentiate exposure to risk. The legacy of 
apartheid does still determine how and where the great majority of 
South Africans live, but the effects are gradually diminishing.

Conclusions
Strict firearm control is one of the few policy options likely to effect 
a reduction in homicide rates at a population level in relatively short 
time periods in societies with high rates of violence. Our study 
highlights the importance of consistent implementation of such 
policies and legislation, and also demonstrates their vulnerability in 
countries with jurisdictional instabilities such as SA.

The findings add to the cumulative international evidence that 
higher rates of firearm ownership and access are associated with 
higher rates of firearm-related death and that firearm legislation 
may affect firearm ownership rates. Improved mortality reporting 
would facilitate identifying and monitoring factors that differentially 
affect firearm and non-firearm homicides. Current death notification 
administered by the SA Department of Home Affairs (the DHA-1663 
form) should be updated to comply with the revised World Health 
Organization international death certificate that includes the manner 
of death.[45] Annual police crime reporting should disaggregate 
firearm and non-firearm homicides. They should also provide 
annual data on firearms in circulation in various sectors (police, 
military, civilian, private security, etc.), as well as estimated changes 
in the pool of unlicensed weapons due to lost and stolen firearms. In 
addition, evidence emerging from recent court proceedings suggests 
that routine ballistics testing to ‘fingerprint’ every firearm should be 
part of the firearms control regimen to validate the source of firearms 
used in criminal acts.

As a signatory to several international agreements including the 
United Nations Programme of Action on Small Arms,[46] the Arms 
Trade Treaty[47] and the regional Southern African Development 
Community Protocol,[48] SA has an obligation to manage weapon 
stockpiles effectively. This is over and above the essential tenets of the 
FCA, which unambiguously set out to reduce the number of firearms 
in circulation.
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