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Abstract 

Introduction: sexual and gender-based violence 
(SGBV) is a global public health problem and 
women are disproportionally affected. Sexual and 
gender-based violence has an acute and chronic 
impact on health. We set out to apply 
autoregressive integrated moving average (ARIMA) 
models to make predictions on the number of SGBV 
cases reported to the Women and Newborn 
Hospital of the University Teaching Hospitals in 
Lusaka, Zambia. Methods: we retrospectively 
collected monthly number of SGBV cases from April 
2017 to December 2019 as a primary outcome 
measure. We utilized the following strategy for the 
analysis; we developed the Box-Jerkins 
methodology through identification, estimation 
and diagnostic checks before using the model for 
forecasting. Structural ARIMA models were used to 
model the number of SGBV cases. We considered 
the simplest parsimonious lowest order model 
based on the lowest volatility, highest log-likelihood 
value, most significant coefficients, and the lowest 
Akaike information criteria and Bayesian 
information criteria values. Results: the ARIMA 
(1,1,1) model was able to forecast the number of 
SGBV cases. The forecasted mean monthly was 31.7 
(95% CI: 29.9-33.3). The prediction error assessed 
by mean absolute percentage error was 10.3%, and 
the root mean standard error was 6.6. Further, a 
comparison of the observed and predicted values 
showed no statistically significant difference 
(p=0.753). Conclusion: the ARIMA model can be a 
useful tool for planners and clinicians to manage 
survivors of sexual and gender-based violence at 
the Women and Newborn Hospital. 

Introduction     

Gender-based violence (GBV) is recognized as a 
health problem affecting people worldwide, worst 
experienced by women [1]. Estimates show that at 
least 31% of all women have experienced some 
form of GBV in their lifetime [2]. Violence against 
women is defined as “any act of gender-based 
violence that results in, or is likely to result in, 
physical, sexual, or mental harm or suffering to 
women, including threats of such acts, coercion or 
arbitrary deprivation of liberty, whether occurring 
in public or in private life" [3]. Gender-based 
violence includes a wide range of acts such as 
physical, sexual, and psychological abuse from 
intimate partners or non-partners [1]. The overall 
prevalence of all forms of GBV is high in sub-
Saharan Africa [4]. In a systematic review by 
Muluneh and others found that sub-Saharan Africa 
had a pooled prevalence of 76% associated with 
factors such as place of residence, marital status, 
use of illicit drugs and education status [4]. The 
2018 Zambia demographic health survey shows 
that up to 36% of women aged 15-49 years have 
experienced GBV, and 14% of these have 
experienced sexual violence in their lifetime [5]. 

Gender-based violence reporting is usually low, and 
in most instances, cases seen are a tip of the iceberg 
especially in the developing world [6]. Despite the 
under-reporting of GBV cases in most regions, 
many women face diverse health problems as a 
result [6]. Health problems affecting survivors of 
GBV include; physical injuries, mental health 
disorders, sexually transmitted infections, anaemia 
in pregnancy, adverse pregnancy outcomes, non-
communicable diseases, drug abuse, that further 
impacts the health and wellbeing of their  
children [7-10]. At the national and economic level, 
SGBV harms a country's human, social, and 
economic development and is an underlying 
obstacle to eliminating poverty [11]. Further, the 
COVID-19 global pandemic has been associated 
with an increase in the number of SGBV cases, 
especially intimate partner violence, as seen during 
other pandemics [12]. There is limited information 
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in Zambia, predicting cycles when women are at 
increased risk of experiencing SGBV and report to 
the Women and Newborn Hospital of the 
University Teaching Hospitals (WNH-UTH) one-stop 
centre. This study focuses on SGBV, to forecast the 
number of cases reported to the one-stop centre at 
a tertiary institution and determine possible cycles 
of increased reporting. 

Methods     

Data source: we collected monthly data on SGBV 
survivors from the one-stop centre domiciled at the 

WNH-UTH for 1st April 2017 to 31st December 2019. 
The collected numbers formed 36 periods. It is 
expected that the cases represent only the 
reported number of cases, who are willing to seek 
help. Majority of these survivors end up at this 
hospital for further management; additionally, this 
is one of the few facilities caring for SGBV survivors 
24 hours a day, including during holidays and 
weekends. However, these numbers could only be 
a tip of the iceberg as most women suffer in silence 
and do not report the violence. Even at this same 
facility, survivors could have reported to other 
departments and were not referred to the one-stop 
centre. 

Modelling of time series: the Auto-Regressive 
Integrated Moving Average (ARIMA), also known as 
the Box-Jerkins methodology, was used to model 
the time-series and was applied to cases of sexual 
gender-based violence. This methodology is based 
on autocorrelation within the time series and the 
time interval must be equally spaced. The model's 
construction should be done on stationery data 
(constant mean and variance over time). It is 
applied on the count of continuous data, and others 
have suggested that there should be at least 50 
observations [13] while others have also indicated 
at least 30 observations. 

Notation of the ARIMA: a very valuable notation to 
describe the components of the ARIMA model is 
given by: p = order of the autoregressive (AR) 
component of the ARIMA model; d = order of 

differencing; q = order of the moving average (MA) 
component of the ARIMA model is an error in the 
difference; between the observed and estimated 
values. Modelling of the Box-Jenkins methodology 
has four main steps: identification, estimation, 
diagnostics and forecasting. 

Step 1: model identification: model identification 
requires that the data is stationary. Stationary data 
needs that there is no systematic changes in the 
mean and variance as well as no periodic variation. 
This was achieved by first differencing the data. The 
graphical tools that were used to identify the model 
are autocorrelation function (ACF) and partial 
autocorrelation function (PACF). The ACF and PACF 
were used to decide suitable moving average and 
autoregressive respectively. To further confirm 
stationarity of data, the Augmented Dickey-Fuller 
test was used, the p-value was statistically 
significant (p=0.003) suggesting stationarity of 
data. 

Step 2: model estimation: the tentative models 
that were obtained from the plots of ACF and PACF 
were used for estimation to select the appropriate 
model. All models were estimated and the 
appropriate model selection was based on the one 
with the lowest volatility, highest log likelihood 
value, most significant coefficients and with lowest 
AIC and SBIC values. 

Step 3: model diagnostic checks: to test for the 
adequacy of the selected ARIMA model, the 
residuals of the fitted model to find the ACF plot of 
the residuals were checked for normal distribution 
and the portmanteau (Q) test was performed to 
test presence of white noise. Further, the Q-Q plot 
and Shapiro-Wilk test were performed to test for 
normality of the residuals. After diagnostic tests 
were performed, if results were within acceptable 
limits, the ARIMA model was considered 
appropriate. 

Step 4: forecasting: the model that was considered 
appropriate was selected and was used to forecast 
SGBV cases. In order to evaluate the model and 
forecast accuracy, data were divided into two 
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groups: first, one for model development (January 
2017 to March 2019) and the other for model 
validation (April 2019 to December 2019). Forecast 
accuracy was assessed using mean absolute 
percentage error (MAPE). All data analyses were 
conducted using STATA 15 (STATA Corp, College 
Station, Texas, USA) with p <0.05 was considered 
statistically significant. The steps used in the 
methodology have been summarized in Figure 1. 

Ethical considerations: permission to conduct the 
study was obtained from the Director University 
Teaching Hospital HIV/AIDS Program and WNH-
UTH Management. Ethical approval was given by 
the University of Zambia School of Medicine 
Undergraduate Research Ethics Committee. 

Results     

From January 2017 to December 2019, there was a 
total of 1,145 SGBV cases that presented to the 
WNH- University Teaching Hospital of whom almost 
everyone (99.2%) was female with 31.8 as the 
average number of cases reporting per month. Five 
hundred and seven (44.2%) were given Post 
Exposure Prophylaxis for HIV (PEP), 63 individuals 
sero-converted (initially were HIV negative, but 
later tested HIV positive one month after being 
raped) and sixty -five individuals did not qualify for 
PEP because they were already HIV positive before 
the sexual assault took place. In the time series plot 
of monthly cases of SGBV, there were no periodic 
or seasonal trends observed. The Augmented 
Dickey-Fuller (ADF) test results showed the 
presence of unit root (z (t) = -0.852, p=0.835, 
lags=15) suggesting that the series was not 
stationary (Figure 2A). But after first order 
differencing of monthly rape cases, the series 
became stationary (Figure 2B), and all further 
statistical analyses were conducted on stationary 
data. 

In order to identify the appropriate lags for the AR 
and MA process, we used the correlograms (plots 
of ACF and PACF against lags lengths), ACF and 
PACF (Figure 3). The first lag of the ACF was 

significant (outside the 95% CI band). For the PACF, 
the first lag was significant as well as lag 14 with 
decaying over time. Based on the ACF and PACF 
plots, tentative models were identified. Using the 
log-likelihood, Sigma-squared (volatility), number 
of significant coefficients, Akaike information 
criteria (AIC) and Bayesian information criteria (BIC) 
initially first order differenced were assessed 
followed by non-differenced models. We based our 
model identification on the one with the highest 
log-likelihood ration, lowest sigma-squared 
(volatility), the highest number of significant 
coefficients, lowest Akaike information criteria 
(AIC) and lowest Bayesian information criteria (BIC). 
We identified the ARIMA (1,1,1) model as the most 
ideal (Table 1). AIC = Akaike information criteria; 
BIC = Bayesian information criteria. 

ARIMA (1,1,1) diagnostics: the correlogram for ACF 
for the residuals was flat (all the lags were within 
95% confidence interval) indicating all the 
information was captured (white noise). Although 
for the PAC correlogram, there was a significant lag 
15, for the sake of parsimonious model and to avoid 
over-parameterized model, the lag was not 
considered. Therefore, ARIMA (1,1,1) model was 
used for forecasting (Figure 4). Both ACF and PACF 
correlogram results were supported by the 
portmanteau Q-test (Q15=8.92, p=0.8816), 
suggesting that there was no autocorrelation in the 
residuals. Furthermore, the skewness-kurtosis test 

(X2=1.06, p= 0.588) was in keeping with normality 
assumption of the model residuals. 

Forecasting: when observed and predicted values 
of SGBV cases were plotted, the data seemed to fit 
well (Figure 4). The forecasted mean monthly rape 
case was 31.7 (95% CI = 29.9 - 33.3, Figure 5). The 
prediction error was assessed by mean absolute 
percentage error (MAPE) which was 10.3%, and 
root mean standard error 6.6 rape cases. Further, a 
comparison of the observed and predicted values 
by a T-test showed no statistically significant 
difference (p=0.753). 
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Discussion     

To the best of our knowledge, we report for the first 
time the use of a recognized statistical technique 
such as ARIMA model to forecast the number of 
SGBV cases reported to the Women and Newborn 
Hospital of the University Teaching Hospitals in 
Lusaka, Zambia. Our fitted model suggests that to 
predict monthly SGBV cases; there is a need for 
first-order differencing of the series to make data 
stationery. Our results imply that the number of 
cases reported every month is directly impacted by 
SGBV cases in the previous month. Several studies 
and human rights entities have reported that SGBV 
remains a public health problem, especially in areas 
with increased urbanization, high unemployment 
rates and poverty levels, and destabilized 
communities due to war [14]. The SGBV survivors 
suffer physical and mental harm, including STIs, 
anxiety, depression, posttraumatic stress, 
unwanted pregnancies and unsafe  
abortions [15,16]. 

ARIMA models have been used in different sectors 
such as economics [17], finance [18] and the health 
sector. In the healthcare sector, the model has 
been used in forecasting many diseases such as 
future malaria incidences in Ghana [19], the 
prevalence of opportunistic infections in HIV 
patients in Uganda [20], epidemiology of positive-
rate of influenza viruses in China [21] and trends of 
malaria cases and deaths in Ethiopia [22] and 
epidemic situations of brucellosis in China [23]. 
Many reports have suggested that time series 
analysis models such as ARIMA models are suitable 
to analyze and predict trends over time than simple 
trends analysis as they are less prone to 
specification errors [24]. ARIMA models could be 
used to forecast trends with reasonable accuracy. 
Accurate forecasts may provide early warning for 
the future so that planners can allocate resources 
for appropriate interventions and resource 
allocation at the facility. 

 

Conclusion     

Our eight-month forecast was quite reasonable 
since accuracy measures such as MAPE were low, 
and there was no difference between the observed 
and predicted values. With such an ARIMA model, 
planners and implementers can allocate a sufficient 
number of staff for counselling and supplies such as 
antiretroviral therapy for HIV post-exposure 
prophylaxis, emergency contraception to prevent 
pregnancy, HIV and pregnancy testing kits, and test 
kits for other sexually transmitted diseases. In this 
study, findings provide vital evidence to inform 
policy in-line with 2030 sustainable development 
goals to eliminate all forms of violence against 
women. 

Limitations and recommendations: firstly, our 
model has 36-time points short of what others have 
suggested that the minimum time point for an 
ARIMA model should be 50. Our number of points 
may have led to an unstable model; however, we 
had reasonable accuracy measures. Secondly, we 
may not have captured all the SGBV cases, possibly 
because not all survivors reported to the WNH-
UTH. Since we did not consider covariates in the 
model, there is the potential of unmeasured 
confounders like characteristics of the perpetrator. 
In situations like this, results could be affected; 
however, such information was not available at 
data collection time and it was not the author’s 
intention to collect the survivor´s data or that of the 
perpetrator. ARIMA model may change given that 
other hospitals and one-stop centres in the city may 
begin to offer similar services over which we have 
no control. Additionally, the cases reported could 
be a tip of the iceberg of the problem's magnitude 
due to low reporting rates. We highly recommend 
that similar studies be done in other facilities 
dealing with SGBV within the country and around 
the continent to forecast number of cases. 
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What is known about this topic 

 There is a high prevalence of SGBV across 
the globe and intimate partner violence is 
one of the commonest forms of sexual 
violence experienced by women, this has 
been exacerbated by the current COVID-19 
pandemic; 

 Zambia has a high prevalence of different 
forms of SGBV. 

What this study adds 

 For the first time we have used the ARIMA 
model to forecast reporting cycles of SGBV 
cases in Zambia to help in planning and 
improved management of survivors; 

 This paper serves as a pilot on the use of the 
ARIMA model in the field of GBV, hence can 
be replicated and used by other institutions 
managing SGBV to forecast reporting cycles. 
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Table 1: ARIMA model estimation 

First differenced rape cases. ARIMA (1,1,1) ARIMA (1,1,0) ARIMA (0,1,1) 

Log-likelihood -123.2 -134.6 -126.9 

Significant coefficient 2 1 1 

Sigma
2
 (volatility) 7.5 12.4 9.6 

AIC 253.2 274.8 257.8 

BIC 258.3 279.2 260.6 

  ARIMA (1,0,1) ARIMA (0,0,1) ARIMA (1,0,0) 

Log-likelihood -138.9 -138.7 -138.9 

Significant coefficient 0 0 0 

Sigma
2
 (volatility) 9.7 9.8 9.9 

AIC 259.9 257.9 257.8 

BIC 264.2 261.7 261.6 
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Figure 1: summary of methodology 

 

 

 

Figure 2: original monthly SGBV cases (A) and first-order differenced 
monthly SGBV cases 2017-2019 (B) 
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Figure 3: (A) autocorrelation function (ACF) and partial 
autocorrelation function (PACF) for the first order differenced SGBV 
monthly cases (B) 

 

 

 

Figure 4: plot of residuals autocorrelation function (ACF) (A) and 
partial autocorrelation (PACF) for ARIMA (1,1,1) to forecast 
monthly SGBV cases (B) 
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Figure 5: observed and predicted values of monthly SGBV cases from 
the fitted ARIMA (1,1,1) model with their corresponding 95% 
confidence interval 

 


