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ABSTRACT

At the time of writing, there was 2.9 million confirmed cases of COVID-19 and more than 200,000 deaths
worldwide. Not since the Spanish Flu in 1918 has the world experienced such a widespread pandemic and
this has motivated many countries across globe to take a series of unprecedented actions in an effort to curb
the spread and impact of the SARS-CoV-2 virus. Among these government and regulatory interventions
includes unprecedented domestic and international travel restrictions as well as a raft of stay-at-home and
social distancing regulations. Each has left criminologists wondering what impact this will have on crime in
both the short- and long-term. In this study, we examine officially recorded violent crime rates for the month
of March, 2020, as reported for the state of Queensland, Australia. We use ARIMA modeling techniques to
compute six-month-ahead forecasts of common assault, serious assault, sexual offence and domestic violence
order breach rates and then compare these forecasts (and their 95% confidence intervals) with the observed
data for March 2020. We conclude that the observed rates of reported violent offending across Queensland
were not—at least not so far—significantly different from what was expected given the history of each offence
series.

1 Introduction

The World Health Organisation (WHO) declared the novel coronavirus disease 2019 (COVID-19) outbreak, caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), to be a public health emergency of international concern on 30 Jan-
uary 2020 (World Health Organization, 2020)). Since this time, countries around the world have been affected in unprecedented
ways. The number of infections has risen quickly, as has the number of deaths attributed to the virus. At the time of writing
there was 2.9 million confirmed cases of COVID-19 and more than 200,000 deaths worldwide. An important focus has been
on the capacity of the health system in each country to respond to the pandemic. The early experience of China, followed
by countries such as Italy, Iran and more recently the United Kingdom and United States, where health systems have quickly
become overwhelmed and struggled to cope with the demand from large numbers of infected patients, has motivated countries
to take drastic action and implement a wide range of proactive and reactive measures to limit the spread of COVID-19.

Collectively referred to as ’containment measures’, these strategies are designed to limit community transmission between
individuals. There is, unsurprisingly, a great deal of variation in the ways in which different countries have approached the
pandemic, and the types of containment measures they have employed. Despite these differences, each jurisdiction’s response
has involved some combination of travel restrictions and border controls, quarantine requirements, social isolation and dis-
tancing requirements, and the large-scale closure of various services, business and educational facilities. While the primary
concern of government has been to minimise the health impacts of COVID-19, attention has also turned to the other effects
of the pandemic. Significant societal and economic impacts have raised questions about potential increases in organised crime
(Global Initiative Against Transnational Organized Crime, 2020), cybercrime (Europol, 2020) and violent crime (Eisner and
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Nivette, 2020), particularly domestic violence (Fitz-Gibbon and Meyer, 2020; van Gelder et al., 2020). Conversely, reductions
in opportunistic, property crimes have been anticipated (Farrell and Tilley, 2020). The impact of COVID-19 on law enforce-
ment (Lum et al., 2020), courts (Rossner and Tait, 2020; Sarat, 2020) and correctional systems (Kinner et al., 2020) have also
been the subject of speculation and analysis. Here the focus has been primarily on the emerging health risks and the impact of
containment measures on how these agencies and systems operate.

Particular attention has focused on the need for research into the impact of COVID-19 and associated containment measures
on violent crime (Eisner and Nivette, 2020; Peterman et al., 2020). Changes in the routine activities of individuals, limited
social interaction, the potential strain on relationships, fear and anxiety resulting from isolation, and the financial stress of job
losses and reduced incomes, each have the potential to influence violent crime in different ways. Understanding these impacts
is important to inform how to respond, particularly as the pandemic and containment measures are likely to persist for some
time yet.

In this study, we use officially recorded police data from Queensland, Australia, to look for early signs that violent crime has
changed in the context of the COVID-19 pandemic. In an international context, Australia is a unique site of analysis because
the rapid introduction of strong social distancing regulations has coincided with the transition to winter—a time when seasonal
crime rates are expected to fall. Without accounting for these seasonal effects, there is a risk that any observed short-term
decline in crime may be overstated or wrongly attributed as a consequence of COVID-19. In this study, we examine officially
recorded violent crime rates for the month of March 2020. We conduct this analysis in Queensland because it was the first state
or territory in Australia to declare a public health emergency. It is also the first jurisdiction to provide open access to up to date
data.

1.1 What restrictions have been introduced in Australia?

Compared with other countries, the infection rate in Australia has remained relatively low. The first Australian case was
recorded in January, however, the number of new cases increased rapidly during March (Figure 1). There have been 6,720
confirmed cases recorded in Australia (as at 27 April) and, so far, 83 people have died as a result of the disease (Australian
Government Department of Health, 2020). Most confirmed cases acquired their infection during overseas travel, or via contact
with someone who had travelled overseas, and on-board cruise ships (Australian Government Department of Health, 2020).

[Figure 1 about here.]

Importantly, as a federated nation, responsibility for implementing containment measures is shared between the Federal and
state and territory governments, while states and territories are able to choose how to enforce them. Although there has been
a strong emphasis on a consistent national approach, there has also been variation in some of the measures employed in each
jurisdiction. This has included strategies such as border controls and school closures.

Containment measures have been introduced incrementally. In terms of a national response, the entry of foreign nationals from
mainland China was banned on 1 February, before incremental travel bans on Iran, South Korea and Italy in early March.
This was followed by self-isolation requirements on all travellers arriving in Australia introduced on 16 March. Large, non-
essential, organised public gatherings of more than 500 people were also restricted from this date, as were indoor gatherings
of more than 100 people. At the same time, social distancing requirements were introduced, which required individuals to
maintain a distance of 1.5 metres from one another. The Biosecurity (Human Biosecurity Emergency) (Human Coronavirus
with Pandemic Potential) Declaration 2020 was announced on 18 March, followed by a further announcement that Australian
borders were closed to all non-Australian citizens and non-residents effective 20 March. The following day, the requirement
that there be 4 square metres per person in any enclosed space was introduced. On the 22 March the Prime Minister announced
large-scale closures of on-premise licensed premises, restaurants and cafes (except for takeaway), entertainment venues and
places of worship, which took effect the following day. Further restrictions were imposed on a range of other venues, including
indoor and outdoor markets, on 26 March, while limits were placed on the number of people who are allowed to attend weddings
and funerals. Public gatherings were limited to two people (non-family members) from 30 March, and Australians were advised
that they were only allowed to leave home for essential shopping, medical needs, exercise, or for work or education.

Queensland became the first Australian state or territory to declare a public health emergency under the Public Health Act 2005
on 29 January. Since the non-essential business, activity and undertaking closure direction was first released on 23 March a
series of revisions have been made in line with national requirements, imposing further limits on which venues and businesses
may continue to operate. School closures came into effect on 30 March, remaining open to the children of essential service
workers. Queensland borders were closed effective 26 March, with entry limited to Queensland residents, residents of border
communities undertaking essential activities and other exempt persons. Non-residents were initially required to self-isolate for
14 days after crossing the border; however, as of early April, restrictions were tightened further and only Queensland residents
could cross the border. These restrictions are enforceable by law.
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1.2 Why is crime likely to be impacted by COVID-19?

Broadly speaking, there are several mechanisms through which the COVID-19 containment measures are likely to influence vi-
olence. The first, and most obvious of these mechanisms, is the impact on the routine activities of individuals. Routine activities
play an important role in understanding when and where crime is more likely to occur. According to Cohen and Felson (1979),
crime occurs when there is a convergence of three critical elements—a motivated offender, a suitable target and the absence
of a capable guardian. Crime is more common in places where these three things converge on a regular basis. Crime pattern
theory combines aspects of the routine activity approach and other environmental criminological theories, and focuses on how
offenders may come across opportunities for crime in the course of their everyday lives (Brantingham & Brantingham, 1993).
Brantingham and Brantingham (1995) describe crime as occurring when the activity spaces of offenders—which concentrate
around the places they visit most frequently—intersect with the activity spaces of a target, precipitated by some triggering
event. Obviously, major disruptions of these routine activities may have a significant impact on when, and where, we might
expect crime to occur. Containment measures are likely to mean that much less time is spent interacting with other people in
public settings, and much more time spent at home.

When asked, adult Australians have reported a high degree of compliance with recommended social distancing practices, in-
cluding keeping distance between people, avoiding public spaces and avoiding large gatherings (Australian Bureau of Statistics,
2020). Google’s (2020) mobility data highlights how much peoples’ movement and time spent in public and private spaces has
changed as a result of the containment measures. Location data reported by Google on community mobility has tracked how
often and for how long people travel to different location types, compared with a baseline value (the median value for the same
day of the week in January and early February). Figure 2 shows these changes over time, and demonstrates that there have been
significant reductions in visits to public spaces, including parks (down 33% as at mid-April), retail and recreation premises
(down 37%), workplaces (down 39%) and transit stations (down 59%). Conversely, the time spent in residential locations has
increased by 20 percent.

[Figure 2 about here.]

Figure 3 describes the trend as at the end of March for Australia, overall, and for Queensland. This shows that the trends
observed nationally were not as pronounced in Queensland. Nevertheless, the degree of change in mobility indicates that, in
the second half of March, Queensland experienced significant changes in the mobility of its residents. It is possible, however,
that these changes occur too late in the month to significantly influence monthly crime rates, analysed in the current study.
That significant changes in mobility were observed in March, seemingly in advance of the introduction of major restrictions,
indicates that people changed their behaviour in response to the perceived threat from the pandemic before measures were
formally implemented. This is not unique to Australian residents; similar patterns have been observed elsewhere, where res-
idents—informed by the risk of infection—engaged in social distancing before the measures announced by government were
implemented (Midoes, 2020). However, most of the changes take effect in the second half of March, and are sustained through
to mid-April.

[Figure 3 about here.]

Limiting the amount of time that people are permitted to spend outside of the home, and the number of people outside the
home with whom people may have contact, reduces opportunities for interactions between potential victims and offenders.
Spending significantly less time socialising in recreational areas, such as in entertainment precincts, may lead to less public
forms of violence. A sizeable proportion of assaults—between 37 and 70 percent, depending on which state or territory—occur
in public locations (Australian Bureau of Statistics, 2019). We know, for example, that a significant proportion of violent
crime in Australia is attributable to the night time economy and peak on weekends during periods of high alcohol consumption,
particularly in major urban centres (Miller et al., 2016). Excessive consumption of alcohol, common in these settings, is directly
related to physical aggression, and is a contributing factor in physical and sexual violence (Graham et al., 1998). Rates of self-
reported involvement in physical aggression in and around licensed premises in the previous three months among thousands of
patrons surveyed in nine different cities ranged from seven to 17 percent (Miller et al., 2016). Entertainment precincts are also
a known hotspot for sexual violence.

Conversely, the increase in time spent at home increases the risk of violence in residential locations. According to the latest
ABS (2019) data, between 30 and 63 percent of assaults and between 40 and 73 percent of sexual assaults normally occur in
residential settings (with most jurisdictions closer to the upper end of that range). This might be expected to increase during
COVID-19. There is particular concern about the increased risk of family and domestic violence, which is already a significant
problem in Australia (Fitz-Gibbon and Meyer, 2020; Usher et al., n.d.)Fitz-Gibbon & Mayer, 2020; Nancarrow, 2020; Usher et
al., 2020). The most obvious risk is from intimate partner violence, which accounts for more than half of all family violence-
related assaults (Australian Bureau of Statistics, 2019). Former partners may pose less of a threat (at least in terms of physical
violence) in periods of social isolation; however, around four in five assaults by an intimate partner are committed by the
victim’s current partner (Australian Bureau of Statistics, 2019). Adolescent family violence is also an area of concern and, with
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the closure of schools and many recreational facilities, may increase due to increased contact between young people who use
violence and their parents. As well as being at a greater risk of violence in the home due to increased contact with their abuser,
victims of family and domestic violence face increasing social isolation, have limited opportunities to seek help from family and
friends, may be unable or fearful of seeking help due to surveillance by their partner, or face challenges with seeking assistance
from formal support services due to social distancing measures preventing face to face contact (Peterman et al., 2020; Usher
et al., n.d.; van Gelder et al., 2020). This raises the potential risk of repeat violence.

Other factors exacerbate the risk of violence, particularly in the home. The pandemic and containment measures have exerted a
significant financial strain on communities. An estimated 1.6 million Australians have lost their income as a direct consequence
of the social distancing measures introduced in March (Janda, 2020). The proportion of Australians aged 18 years and over who
had a job fell three percentage points between the first week of March and first week of April, while the proportion who currently
worked paid hours fell by eight percentage points (Australian Bureau of Statistics, 2020). US research has shown the financial
impacts of containment measures are most concentrated in low income households. The implication of this financial stress
is not insubstantial; violence, including domestic violence, is concentrated in areas with higher socio-economic disadvantage
(Hulme et al., 2019), while financial stress has been identified as a risk factor for repeat offending (Dowling and Morgan, 2016).

The restrictions on movement are likely to be compounded by the negative psychological impacts of quarantine measures.
A recent rapid review by Brooks et al. (2020) concluded that there are wide ranging and long lasting psychological impacts,
including a high prevalence of stress disorders, irritability, emotional disturbance, anger and depression, among other symptoms.
Although this may not, in and of itself, lead to increased violence, people who experience these symptoms may be more likely
to engage in substance misuse (Clay and Parker, 2020) which, together with poor mental health, is associated with an increased
risk of violence (Elbogen and Johnson, 2009). Also, there is evidence of increased alcohol consumption in the home due to
on-premise restrictions and increased home delivery (Foundation for Alcohol Research and Education, 2020). While debate
persists regarding the causal role of substance use and domestic violence (Graham et al., 2010), these are situational stressors
that can further exacerbate the risk of family and domestic violence.

1.3 What trends have been observed around the world?

Many countries have already released crime data to show the impact of COVID-19 on crime. In the United States, the Marshall
Project analysed trends in overall crime numbers in four big cities—San Francisco, Detroit, Los Angeles and Chicago—in the
week following stay at home orders (Weichselbaum and Li, 2020). Further analysis (of Chicago and two different cities, Austin
and Chandler) revealed that domestic violence had also declined, but not by as much as overall crime. Elsewhere, there were
media reports of significant decreases in violence in typically high crime countries, including South Africa (Marupeng, 2020)
and several South America nations (Semple and Ahmed, 2020).

More rigorous analysis of local crime impacts in the United States have since been published. Mohler et al. ((2020)) analysed
daily counts of calls for service in Indianapolis over a three-month period, divided into three time periods—(1) baseline period
prior to 16 March, (2) the period between 16 and 23 March when schools and restaurants were closed, and (3) the period from
23 March when a shelter in place order was made. Using bootstrapping to compare mean daily call numbers for periods 2 and
3 with randomly selected, consecutive periods during the baseline period, they find a small overall effect on calls for service,
especially given the level of disruption to routine activities. In terms of violent crime, robbery and assault/battery calls did not
change in either period; however, domestic violence increased in period 2 and this increase was sustained in period 3. They
also found evidence of a small reduction in burglary calls, but an increase in vandalism.

Campedelli et al. (2020) analysed daily recorded crime counts over a three year period in Los Angeles using Bayesian struc-
tural time-series models, incorporating controls for weather (seasonality) and holiday periods. This approach allowed them to
produce a synthetic counterfactual—what would have occurred had there been no containment measures—which they com-
pared with observed crime counts during a period of increasingly stringent social distancing measures in March. They found
no impact on homicide, assault with deadly weapons, intimate partner assault, but observed a decrease in robberies and battery
(simple assault)-the latter only during the period with more stringent social distancing measures. Property crimes, including
shoplifting and thefts, decreased, as did crime overall.

Most recently, Ashby (2020) analysed data for 16 large US cities. Similar to Campedelli (2020), Ashby forecasted the expected
frequency of crime during the pandemic based on data from 2016 to early 2020, but used seasonal auto-regressive integrated
moving average models to produce the synthetic counterfactual for the period after 20 January (the first confirmed case of
COVID-19 in the US). There was no change in crime levels between the observed and predicted values before early March,
when social distancing measures (like closing schools and then stay at home orders) were introduced. In terms of violent crime,
there was no impact in any of the cities on serious assaults in public places or in residences. The latter was used as a proxy
for domestic violence. There was some evidence of an impact on property crime, including burglary and theft from vehicles;
however, Ashby observed significant variation between the cities and this raises questions about whether the observed declines
are, in fact, the result of COVID-19 restrictions.



A PREPRINT - MAY 2020

Overall, there is only limited support for the suggestion that COVID-19 and associated containment measures has had an
impact violent crime and, in the two more robust studies, there was no evidence of an impact on domestic violence (Ashby,
2020; Campedelli et al., 2020). Importantly, each of these studies has focused on the initial weeks following the introduction
of containment measures, meaning that it might still be too early to have detected any meaningful impact on crime. The impact
on simple assault in Los Angeles only emerged in the most recent iteration of the analysis, when social distancing measures
had become more stringent. The limitations of using police recorded crime data to measure certain crime types when reporting
rates might also be affected, particularly for domestic violence, were also acknowledged.

1.4 How has COVID-19 impacted crime in Australia?

Most of the evidence around the impact of crime impacts of COVID-19 in Australia is based on media reports, which draw on
information supplied by police agencies. Limited detailed analyses have been conducted, although as the pandemic continues,
it is likely that more and more data will become available and studies will be published. Further, it is recognised that many law
enforcement agencies and other data custodians will be conducting their own in-house analyses of crime to help inform their
respective government’s response.

There is emerging evidence of the impact of restrictions on family violence and, to date, that evidence has produced something
of a mixed picture. Some police jurisdictions have seen an increase in family violence incidents, others have not. WA Police has
reported a five percent increase (Shepherd, 2020), but SA recently reported that their numbers have not changed (News, 2020).
Victoria Police have reported 14 percent of incidents as being related to COVID-19 and the need for victims and perpetrators
having to stay at home together (Davey, 2020). But there has been no increase in recorded assaults. Most recently, and in the
only published analyses that we are aware of, the NSW Bureau of Crime Statistics and Research concluded there had been
no increase in recorded domestic violence (Freeman, 2020). Freeman (2020) acknowledges that social isolation may have
impacted the willingness or ability of victims to report to police; however, trends in serious forms of violence, less susceptible
to changes in reporting rates, were also stable. There were limitations with the analysis; most notably, the study did not involve
any time series analysis, rather, the frequency of recorded offences in March 2020 was compared with March 2019.

Data from other sources has provided a slightly different picture. 50 percent of domestic violence service providers in NSW
reported an increase in demand following the onset of the pandemic in February (Women’s Safety (NSW), 2020). But elsewhere,
demand has not increased. In regional NSW, services have reported a decline in calls, raising concerns isolated victims can’t
reach out for help (Tate, 2020). Similarly, there has been reports of a decrease in calls to domestic violence helplines—falls by
as much as 30% to 1800 RESPECT have been reported (Talwar, 2020)—but these numbers are climbing again (Pearson, 2020).
Conversely, there has been an increase in calls to men’s helplines from perpetrators reaching out for help to stop them from
being violent (Tuohy, 2020). Finally, trauma surgeons in the Northern Territory have reported a 15 percent increase in surgeries
related to domestic violence (Davey, 2020). However, none of these data sources have been subjected to rigorous analysis.

The problem with some of the published studies conducted to date—Australian and overseas—is that they have tended to rely
on short time series. The benefit of shorter-term studies is that they have used daily offence counts and because of this they
are able to detect immediate, short-term changes in crime. However, analysing short time periods does not account for longer
term trends and seasonal variation that might occur, leading to masked or exaggerated effects. The same is true of studies that
compare data for March 2020 with the same month in previous year (or years).

2 Methodology

2.1 Data

These data are drawn from the Queensland Government’s Open Data Portal (Queensland Government, 2020). The ODP reports
state-wide monthly offence rates per 100,000 of the Queensland population. The most recent addition to these data were for the
month of March 2020-the same month in which the state of Queensland introduced significant social distancing regulations.
For this study, we use the offence rates for four types of violent crime - common assault, serious assault, sexual offences and
breaches of domestic violence orders.

2.2 Analytical approach

For each of the four violent offence categories, we operationalise an Auto Regressive Integrated Moving Average (ARIMA)
model on the monthly offence rate between February 2014 and February 2020. ARIMA models are a specific type of time
series forecasting technique which capitalise on several key time-series parameters—the series trend and seasonality, its lagged
auto correlations and its lagged partial auto-correlations (correlations between residual errors). Put simply, past values of each
time series are used to identify predictable patterns. These patterns are then used to specify a statistical model from which
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forecasts can be computed. Like all models, the relative accuracy of any forecast depends on the strength of the relationship
between past and future values.

In each series, we exclude from the analysis the observed value for March 2020 since this is the month when social distancing
restrictions were first introduced in Queensland. Each series also requires a unique ARIMA specification, depending on the
presence (or absence) of seasonality and the unique nature of the series trend, auto-correlation and partial auto-correlation.
Procedurally, we begin each model with a statistical assessment of the presence of a unit-root (non-stationarity). A unit-root is
a stochastic trend which represents a systematic pattern that is unpredictable. Any time-series which evidence a unit-root must
be first de-seasonalised or first-differenced before ARIMA modelling can be performed. To explore stationarity, the Augmented
Dickey-Fuller (ADF) test is used. The null-hypothesis of the ADF test is that raw series is non-stationary (ie. includes a unit-
root). Failure to reject the null-hypothesis at p0.05 indicates the presence of a unit-root and necessitates its removal.

Where there is some evidence of non-stationarity, the unit root is removed by seasonal and trend differencing. The raw series
is used for subsequent ARMA modelling if the ADF test indicates stationarity. If not, the seasonality-differenced and first-
differenced series is used, either separately or combined, depending on which produces the superior fit to the data. The base
seasonality adjustment is SARIMA(0,1,0,12), where the purpose of seasonality differencing is to paramatise the additive sea-
sonal patterns in the raw data. Second, and where needed, non-stationarity in the trend is removed using first-differencing. The
base adjustment for non-stationarity in the trend is ARMA(0,1,0). Therefore, a series that requires both trend and seasonality
differencing is known as ARIMA(0,1,0) SARIMA(0,1,0,12).

Subsequent to any adjustments, each offence series is then explored using Auto-Correlation (AC) and Partial Auto-Correlation
(PAC) plots. These plots help to determine the most likely specification of the seasonal and trend-level Moving Average (MA)
and Auto Regressive (AR) parameters. From here the modelling is iterative and each specification seeks to identify the unique
AR and MA specifications which best fit the observed data. As with all modelling, there is a trade-off between parsimony
and best fit, so we use the Aikake Information Criteria (AIC) and the Baysian Information Criteria (BIC) to guide final model
selection.

At the conclusion of the modelling procedure for each violent offence, we use the final ARIMA specification to forecast both
point estimates and their mean square errors (MSE). The MSE is used to calculate 95% confidence intervals up to and including
September 2020. We then compare the observed offence rate for March 2020 to the forecasted point estimate for the same
month. We also consider its position within the confidence interval of the forecast and we only conclude that the offence rate
has changed under COVID-19 conditions if the observed value (for March 2020) falls outside the upper or lower bounds of the
95% confidence interval.

3 Results

3.1 Common assault

Between February 2014 and February 2020, the rate of common assault in Queensland has fluctuated between 9.0 and 15.5
recorded offences per 100,000 of the population. The observed rate in March 2020 was 14.6 per 100,000, up on the previous
month (13.5 per 100,000) and slightly lower than the same time in the previous year (15.1 per 100,000). Comparative tests
(Table 1) confirm the need for both seasonality adjustment and trend-level first-differencing and inspection of the AC and PAC
plots indicate significant auto-correlations at lags 1 and 12.

The specification that best fit these data was ARIMA(0,1,1 & 12) SARIMA(O0,1,0,12) (AIC=209.97). The modelled parameters
are provided in Table 2 and a plot of the observed and model-derived estimates is provided in Figure 1. It shows that while
the model captures the overall trend and some of the peaks and troughs, there is still some degree of variability (or ’noise’) in
the series that is not easily determined by patterns from within the data at earlier time points. This unpredictability necessarily
makes forecasts less reliable and manifests as wide confidence intervals as seen in Figure 4.

As for March 2020 (see Figure 5), the observed rate of common assault (14.6 per 100,000) was almost equal with the forecasted
rate (14.7 per 100,000) and clearly falls well within the 95% confidence interval for that time period (between 12.9 - 16.5 per
100,000). Therefore, we cannot conclude that the rate of common assault changed beyond expectations given the historical
trends in that offence type.

[Figure 4 about here.]

[Figure 5 about here.]
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Table 1: ARIMA Model Selection for COMMON ASSAULT (Feb 2014 - Feb 2020)

Model Description Specification Obs Il(model) df AIC BIC

1 Constant only ARIMA(0,0,00SARIMA(0,0,0,12) 73 -137.31 2 278.62 283.20
2 Seasonal differencing ARIMA(0,0,00SARIMA(0,1,0,12) 73 -125.93 1 253.87 256.16
3 Trend differencing ARIMA(0,1,00SARIMA(0,0,0,12) 73 -120.77 1 243.54 245.83
4 Seasonal & Trend differencing ARIMA(0,1,00SARIMA(0,1,0,12) 73 -116.29 1 234.58 236.87
5 Model 4 with Seasonal MA1 ARIMA(0,1,00SARIMA(0,1,1,12) 73 -105.11 1 21221 214.50
6 Model 4 with Seasonal AR1 ARIMA(0,1,0)SARIMA(1,1,0,12) 73 -113.39 2 230.78 235.36
7 Model 4 with Seasonal AR1 & MA1 ARIMA(0,1,0)SARIMA(1,1,1,12) 73 -104.49 2 21297 217.55
8 Model 5 with Trend MA1 ARIMA(0,1,1)SARIMA(0,1,1,12) 73 -105.10 3 21620 223.07
9 Model 5 with Trend AR1 ARIMA(1,1,00SARIMA(0,1,1,12) 73 -107.99 3 22198 228.85
10 Model 5 with Trend AR1 & MAL ARIMA(1,1,1)SARIMA(0,1,1,12) 73 -104.60 4 21721 22637
11 Model 4 with Trend MA1 & MA12 ARIMA(0,1,1 12)SARIMA(0,1,0,12) 73 -101.99 3 20997 216.84

Note: Final model indicated in bold. Source: Queensland Offence rates, Open Data Portal

Table 2: ARIMA Model parameters for COMMON ASSAULT (Feb 2014 - Feb 2020)

coeff std. err. P
Trend
MAI -0.45 0.13 0.00
MAI12 -0.55 0.18 0.00
/sigma 0.93 0.09 0.00

Model: ARIMA(0,1,1 12) SARIMA(0,1,0,12)
Source: Queensland Offence rates, Open Data Portal

3.2 Serious assault

Since February 2014 the rate of serious assault in Queensland has fluctuated between 12.2 and 21.3 offences per 100,000 of the
population. In March 2020 the observed rate was 18.9 per 100,000. This was lower than previous month (19.5 per 100,000)
and lower than at the same time in the previous year (19.4 per 100,000). Comparative model tests (Table 3) indicate the need
for both trend and seasonality differencing, which AC and PAC plots indicate the need for seasonal AR and trend-level MA
parameters.

The best fitting model was specified as ARIMA(1,1,0) SARIMA(0,1,1,12) (AIC=209.51) and the final modelled parameters
are provided in Table 4. A plot of the observed and modelled data is provided in Figure 6. Overall the model captures both
the series trend and its seasonal peaks and troughs; however there is still some period-specific variability that was not easily
predicted. Overall, the observed rate of serious assault in March 2020 (18.9 per 100,000) was lower than forecast from the
historical series (20.2 per 100,000), but not beyond the range of statistically plausible values for that month (18.3 - 22.1 per
100,000) (Figure 7). Still, as the observed rate is near the bottom of the confidence interval range, it will be interesting to see
how the observed data for serious assault changes in April, noting that the forecast predicted a further decline, presumably as
Australia enters autumn when serious assault rates normally decline.

Table 3: ARIMA Model Selection for SERIOUS ASSAULT (Feb 2014 - Feb 2020)

Model Description Specification Obs ll(model) df AIC BIC

1 Constant only ARIMA(0,0,0)SARIMA(0,1,0,12) 73 -162.89 2 329.77 334.35
2 Seasonal differencing ARIMA(0,0,00SARIMA(0,1,0,12) 73 -133.92 1 269.83 272.12
3 Trend differencing ARIMA(0,1,00SARIMA(0,0,0,12) 73 -123.21 1 24843 250.72
4 Seasonal & Trend differencing ARIMA(0,1,00SARIMA(0,1,0,12) 73 -118.66 1 23933 241.62
5 Model 4 with Seasonal MA1 ARIMA(0,1,00SARIMA(0,1,1,12) 73 -106.03 1 21407 216.36
6 Model 4 with Seasonal AR1 ARIMA(0,1,0)SARIMA(1,1,0,12) 73 -113.10 2 230.19 234.78
7 Model 4 with Seasonal AR1 & MA1 ARIMA(0,1,0)SARIMA(1,1,1,12) 73 -105.90 3 217.80 224.67
8 Model 5 with Trend MA1 ARIMA(0,1,1)SARIMA(0,1,1,12) 73 -101.75 3 209.51 216.38
9 Model 5 with Trend AR1 ARIMA(1,1,00SARIMA(0,1,1,12) 73 -105.08 3 216.16 223.03
9 Model 5 with Trend AR1 & MA1 ARIMA(1,1,1)SARIMA(0,1,1,12) 73 -101.65 4 211.30 22047

Note: Final model indicated in bold. Source: Queensland Offence rates, Open Data Portal



A PREPRINT - MAY 2020

Table 4: ARIMA Model parameters for SERIOUS ASSAULT (Feb 2014 - Feb 2020)

coeff std. err. P
Trend
MA1 -0.58 0.12 0.00
Seasonal
ARI1 -0.33 0.12 0.01
/sigma 0.96 0.08 0.00

Model: ARIMA(0,1,1) SARIMA(1,1,0,12)
Source: Queensland Offence rates, Open Data Portal

[Figure 6 about here.]

[Figure 7 about here.]

3.3 Sexual offending

Since February 2014, sexual offence rates in Queensland have ranged between 8.3 and 15.4 per 100,000 of the population. The
observed result for March 2020 was 9.2 per 100,000. This was lower than in the previous month (11.3 per 100,000) and lower
than the same time in the previous year (14.5 per 100,000). The ADF test confirmed that the series is stationary and comparative
model tests (Table 5) confirm that neither trend nor seasonality differencing was required. Inspection of the AC and PAC plots
indicate significant auto-correlation at lags 1 and 2 and so several specifications of the AR and MA parameters were compared.

The final and best fitting model-ARIMA(0,0,2)-required two MA parameters at lags 1 and 2. The model parameters are
presented in Table 6 and their graphical plot is provided in Figure 8. It is apparent from the fitted data that the model performs
relatively poorly and does not adequately capture the high degree of volatility evidenced across the time series. There is
significant fluctuation in the series which has no discernible or reliably predictable pattern. As for the observed rate of sexual
offending in March 2020, the rate (9.2 per 100,000) was considerably lower than forecast by the model (11.1 per 100,000)
(Figure 9). However, as was the case with both common and serious assault, this decline was within the boundary of plausible
outcomes (8.3 to 13.9 per 100,000) given the history of the series.

Table 5: ARIMA Model Selection for SEXUAL OFFENCES (Feb 2014 - Feb 2020)

Model Description Specification Obs ll(model) df AIC BIC

1 Constant only ARIMA(0,0,00SARIMA(0,1,0,12) 73 -133.77 2 27154 276.12
2 Seasonal differencing ARIMA(0,0,00SARIMA(0,1,0,12) 73 -153.33 1 308.66 310.95
3 Trend differencing ARIMA(0,1,0)0SARIMA(0,0,0,12) 73 -154.86 1 311.72 314.01
4 Seasonal & Trend differencing ARIMA(0,1,0)0SARIMA(0,1,0,12) 73 -173.67 1 349.35 351.64
5 Model 1 with Trend AR1 ARIMAC(1,0,0) 73 -133.24 3 27249 279.36
6 Model 1 with Trend MA1 ARIMA(0,0,1) 73 -133.37 3 27275 279.62
7 Model 1 with Trend AR1 & MA1 ARIMA(1,0,1) 73 -133.14 4 27428 283.44
8 Model 1 with Trend AR2 ARIMA(2,0,0) 73 -132.60 4 27320 282.36
9 Model 1 with Trend MA2 ARIMA(0,0,2) 73 -130.64 4 20929 278.45
10 Model 1 with Trend AR2 & MA2 ARIMA(2,0,2) 73 -129.26 6 270.52 284.26

Note: Final model indicated in bold. Source: Queensland Offence rates, Open Data Portal

[Figure 8 about here.]

[Figure 9 about here.]

3.4 Breaches of Domestic Violence Orders

The rate at which domestic violence orders are breached in Queensland has increased steadily between 2014 and 2020. In early
2014, the breach rate averaged at 26 per 100,000 of the population. By 2020 that had increased to a high of 62 per 100,000. The
observed DVO breach rate in March 2020 was 57.5 per 100,000 which was higher than in the previous month (55.2 per 100,000)
and higher than it was in March of the previous year (52.0 per 100,000). However, we caution here on the interpretation of
these rates since they are not adjusted for the number of actual domestic violence orders which are active nor the rate at which
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Table 6: ARIMA Model parameters for SEXUAL OFFENCES (Feb 2014 - Feb 2020)

coeff std. err. P
TREND
MA1 0.24 0.12 0.04
MA2 0.36 0.11 0.00
Constant 10.96 0.16 0.00
/sigma 1.45 0.31 0.00

Model: ARIMA(0,0,2)
Source: Queensland Offence rates, Open Data Portal

they are issued by the courts. In the present data, the longer-term upward trend, including in the past 12 months, is likely a
strong reflection of the increased number of orders being made by the courts and not necessarily any trend in the relative rate
of breach events when calculated as function of the number of active orders.

Nevertheless, the ADF statistic confirmed that without adjustment the DVO breach series is non-stationary (ADF=-1.628,
p=0.47). Comparative model analysis (Table 7) indicated the need for both seasonal and trend differencing. AC and PAC plots
suggested significant auto-correlations and partial auto-correlations at lag 1.

The best fitting model-ARIMA(1,1,0) SARIMA(0,1,1,12)-required an AR parameter at lag 1 for the trend and an MA param-
eter at lag 1 in the seasonal pattern (AIC=337.75). The final model specifications can be found in Table 8 the modelled results
are graphically presented in Figure 10. Overall, the model fit the data with surprising precision. As for the observed breach
rate of Domestic violence Orders in March 2020, the rate (57.5 per 100,000) was lower than forecast by the model (59.2 per
100,000) (Figure 11). However, again, this lower rate was within the range (54.9 to 63.4 per 100,000) of plausible values given
the history of the series.

Table 7: ARIMA Model Selection for DOMESTIC VIOLENCE BREACH offences (Feb 2014 - Feb 2020)

Model Description Specification Obs ll(model) df AIC BIC

1 Constant only ARIMA(0,0,0)SARIMA(0,1,0,12) 73 -263.96 2 53192 536.50
2 Seasonal differencing ARIMA(0,0,00SARIMA(0,1,0,12) 73 -238.26 1 478.52 480.81
3 Trend differencing ARIMA(0,1,00SARIMA(0,0,0,12) 73 -197.05 1 396.09 398.38
4 Seasonal & Trend differencing ARIMA(0,1,00SARIMA(0,1,0,12) 73 -182.59 1 367.18 369.47
5 Model 4 with Seasonal MA1 ARIMA(0,1,00SARIMA(0,1,1,12) 73 -172.76 2 34953 354.11
6 Model 4 with Seasonal AR1 ARIMA(0,1,0)SARIMA(1,1,0,12) 73 -176.44 2 356.88 361.46
7 Model 4 with Seasonal AR1 & MA1 ARIMA(0,1,00SARIMA(1,1,1,12) 73 -172.10 2 348.19 352.77
8 Model 7 with Trend MA1 ARIMA(0,1,1)SARIMA(1,1,1,12) 73 -166.02 4 340.03 349.19
9 Model 7 with Trend AR1 ARIMA(1,1,00SARIMA(1,1,1,12) 73 -165.11 3 336.23 343.10
10 Model 7 with Trend AR2 & MA2 ARIMA(1,1,1)SARIMA(1,1,1,12) 73 -165.11 4 33823 347.39
11 Model 5 with Trend AR2 ARIMA(1,1,0)0SARIMA(0,1,1,12) 73 -165.87 3  337.75 344.62

Note: Model 9 could not estimate a parameter for the Seasonal ARI term and the term was omitted from the model.
Model 11 removes the SARI term and provides a superior fit to the data. Source: Queensland Offence rates, Open Data Portal

Table 8: ARIMA Model parameters for DOMESTIC VIOLENCE ORDER BREACH offences (Feb 2014 - Feb 2020)

coeff std. err. p
Trend
ARI1 -0.42 0.09 0.00
Seasonal
MAI1 -0.80 0.24 0.00
/sigma 2.17 0.26 0.00

Model: ARIMA(1,1,0) SARIMA(0,1,1,12)
Source: Queensland Offence rates, Open Data Portal

[Figure 10 about here.]
[Figure 11 about here.]
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4 Discussion

This study offers one of the first Australian-based analyses of the extent to which crime has changed during the COVID-19
pandemic. Specifically, we use an iterative univariate ARIMA framework to model the six-year trend in the state-wide rates
of four violent crime types (common assault, serious assault, sexual offences and breaches of domestic violence orders) in
Queensland, Australia. We capitalise on the period-by-period and seasonal patterns to generate dynamic forecasts (and their
95% confidence intervals) for comparison with the the observed rates for March 2020. We conclude that in none of the four
violent crime categories was the rate of recorded crime for March significantly different from the forecast. This finding is
generally consistent with other analyses conducted here in Australia and overseas.

We caution, however, in treating these early data as a definitive test of the crime-response to COVID-19. In our view, it is simply
too early to make that judgement. To be sure, March 2020 was the month in which the most significant social distancing rules
were first introduced in Queensland. However, their introduction occurred in the second half of the month and may not have
translated (at least not yet) into a measurable change in crime rates. This is supported by Google’s mobility trend data, where
there was a large but gradual decrease in the use of public spaces, and an increase in time spent at home, towards the end of
the March. It is possible that the impact of these containment measures, particularly in terms of influencing routine activities,
will not be observable until there is a full month of data available. Similarly, the effect of major job losses and associated
financial stress may also not become evident until April at the earliest. The April crime data, soon to be released in Queensland,
will likely provide a more robust assessment for an entire month when social distancing was in effect. The dynamic forecasts
presented in this study, and their confidence intervals, will be a useful tool in making that assessment.

Also, it is important for our readers to note that the results presented here are based on recorded crime data. We know that a
significant proportion of violence crime goes unreported to police. Although the analysis of serious violence addresses this to
some extent (serious violence is more likely to come to the attention of police), we cannot assume that the rate of reporting
has remained stable for common assault and sexual assault. This is particularly important in the context of domestic violence,
which often goes unpreported to police (Voce and Boxall, 2018). Advocates and academics have voiced concerns regarding
the inability of victims to reach out for help because of isolation from family, friends and support services, fear of the abuser
with whom they reside and the challenges with seeking assistance due to social distancing measures (Fitz-Gibbon and Meyer,
2020; Peterman et al., 2020; van Gelder et al., 2020). We have attempted to provide some insight into this by examining the
domestic violence order breach rates, but again, we strongly warn against interpreting these data as a true measure of the extent
of domestic violence. As with any procedural offence, the breach rate may be influenced by the enforcement practices of police
and/or the willingness of victims to report in these unprecedented circumstances. One option worthy of further consideration
in the absence of open access to data on domestic violence-related offences would be a more detailed analysis of violent
offence victimisation rates by victim sex and, specifically, the long-term trend in the proportion of adult assault victims who
were female. Although these data themselves suffer a number of limitations, they would provide some signal of a shift from
community to home-based violence.

Related to this point, it is important to note the lack of nuance that comes from relying on aggregate crime data. It seems
implausible that crimes associated with the night time economy have not been affected by the closures, since the containment
measures have seen these major weekend attractions all but shut down. Violence in the night time economy accounts for a
significant proportion of violence overall (Miller et al., 2016). It is plausible that the lack of an observable effect in aggregate
violent crime rates is a function of competing trends between violence occurring in different contexts. For example, the decrease
in violence associated with the night time economy may be offset by increases in assaults in residential settings. This can only
be determined through a more detailed analysis of data on offence location, relationship between offender and victim, alcohol
and drug involvement and so on.

This is an important first step in trying to understand the crime implications of the COVID-19 pandemic and associated contain-
ment measures in the Australia context. In short, it is simply too early to conclude that crime has not changed as a consequence
of COVID-19, although these early figures point to stability, rather than change. Of course, the true test will come when the
crime rates for April are released. When they are available, our univariate ARIMA models provide an important opportunity
for a rapid and robust assessment. Ideally, these Queensland data will soon be complemented by equivalent analyses conducted
with data from other Australian jurisdictions, once they are publicly available.
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Figure 1: New and cumulative confirmed COVID-19 cases by notification date
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Figure 2: Changes in mobility over time, Australia, 15 February — 17 April
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Figure 3: Changes in mobility (as at 31 March 2020), by location type
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Figure 4: Long-term COMMON ASSAULT rate forecasts (actual rates and ARIMA forecasts)
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Figure 5: Short-term COMMON ASSAULT rates (actual rates and ARIMA forecasts)
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Figure 6: Long-term SERIOUS ASSAULT rate forecasts (actual rates and ARIMA forecasts)
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Figure 7: Short-term SERIOUS ASSAULT rates (actual rates and ARIMA forecasts)
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Figure 8: Long-term SEXUAL OFFENCE rate forecasts (actual rates and ARIMA forecasts)

—Observed . Modelled

10

Rate (per 100,000)

Source: Queensland offence rates, Open Data Portal

22



Figure 9: Short-term SEXUAL OFFENCE rate forecasts (actual rates and ARIMA forecasts)
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23

S P
\& Y”Q% c‘,z’,Q,



A PREPRINT - MAY 2020

Figure 10: Long-term DOMESTIC VIOLENCE ORDER BREACH rate forecasts (actual rates and ARIMA forecasts)
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Figure 11: Short-term DOMESTIC VIOLENCE ORDER BREACH rate forecasts (actual rates and ARIMA forecasts)
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