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Intimate Partner Violence in Madrid: A Time Series Analysis (2008-2016)  25 

Abstract 26 

Purpose: This study analyzes whether there are time patterns in different intimate partner 27 

violence (IPV) indicators and aims to obtain models that can predict the behavior of these time 28 

series.  29 

Methods: Univariate autoregressive moving average models (ARMA) were used to analyze the 30 

time series corresponding to the number of daily calls to the 016 telephone IPV help line and 31 

the number of daily police reports filed in the Community of Madrid during the period 2008-32 

2015. Predictions were made for both dependent variables for 2016. 33 

Results: The daily number of calls to the 016 telephone IPV help line decreased during January 34 

2008-April 2012 and increased during April 2012–December 2015. No statistically significant 35 

change was observed in the trend of the number of daily IPV police reports. The number of IPV 36 

police reports filed increased on weekends and on Christmas holidays. The number of calls to 37 

the 016 IPV help line increased on Mondays. Using data from 2008-2015, the univariate ARMA 38 

models predicted 64.2% of calls to the 016 telephone IPV help line and 73.2% of police reports 39 

filed during 2016 in the Community of Madrid. 40 

Conclusions:  Our results suggest the need for an increase in police and judicial resources on 41 

non-work days. Also, the 016 telephone IPV help line should be especially active on work days. 42 

Key words:  Intimate partner violence, battered woman, spatial temporal analysis, Spain 43 
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List of abbreviations 45 

 46 

IPV:  Intimate partner violence against women 47 

ARMA:  autoregressive moving average models 48 

AR: auto-regressive  49 

MA:  moving average 50 

 51 
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Introduction   53 

Intimate partner violence against women (IPV) is a public health problem that 54 

negatively affects quality of life for women, families and for society [1]. The European Institute 55 

for Gender Equality estimates the cost of IPV in the European Union at 109.1 billion Euros [2]. 56 

Studies have identified individual, relational, community and structural risk factors that can 57 

increase women’s vulnerability to IPV [3,4].  The study of seasonal cycles that accompany IPV 58 

episodes could provide useful information to predict periods of change in women’s risk. 59 

Preventive measures, such as intensifying surveillance of women at high risk of aggression or 60 

reducing women’s contact with the aggressor during high risk periods could reduce the 61 

likelihood of aggression. 62 

Studies [5,6] have identified an increase in assaults and rapes during the hottest times 63 

of the year (June–September); in contrast, homicides did not show any seasonal pattern [6]. 64 

Recent study describe a temporal pattern in violent crimes -homicides, rapes, aggravated 65 

assaults, and robberies-, showing that violence increases in the hottest months and with 66 

abnormally high temperatures, especially when these temperatures occur during the winter 67 

months. This association is significantly greater in lower income neighborhoods [7]. Changes in 68 

alcohol consumption patterns [8,9], and changes in times in which victim and aggressor 69 

coincide- The Routine Activity Model Approach- are possible hypotheses [10,11]. 70 

There are few studies that have identified possible temporal patterns in IPV. Results 71 

from Michel and Zumpe [6] showed increases in the number of crisis telephone calls, requests 72 

for shelter and number of women given shelter during the summer months. These increases 73 

were significantly related to temperature rhythms. According to the General Affective 74 

Aggression Model (GAAM), high temperatures cause human irritability, may trigger irritation 75 

and discomfort and thereby heighten aggression [12]. It is possible also that, since a Routine 76 

Activity Theory approach, high temperature increased cohabitation with a partner, and this 77 

may increase the probability of conflict and aggression [11]. Studies in New Jersey [13] found 78 

no space-time cluster in IPV homicides. In Spain Vives et. al found that a woman’s risk of 79 
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femicide increased 77% on Monday [14]. Different IPV indicators may show different 80 

dynamics.  81 

In Spain, the Organic Law 1/2004 on Integral Protection Measures against Gender 82 

Violence [15] spurred police and judicial protection for women exposed to IPV, including the 83 

adoption of the 016 telephone IPV help line, which provides information, referral and legal 84 

advice related to IPV [16]. 85 

The daily frequency of IPV help line telephone calls, as a reflection of IPV exposure, 86 

and frequency of police reports filed, as a proxy for demand for help, are indicators that may 87 

permit identifying possible temporal patterns in IPV. Time series analysis using autoregressive 88 

integrated moving average models (ARIMA) [17] is useful in the study of the behavior of public 89 

health indicators, both from a predictive and a diagnostic perspective [18-21]. We 90 

hypothesized that IPV may show a temporal pattern. It is possible that IPV increases during 91 

hottest months, and when cohabitation is greater. Knowledge of the dynamics of different 92 

indicators of IPV could help support effective use of IPV resources.  93 

The objective of this study was twofold: 1) to analyze whether there are temporal 94 

patterns in the number of daily complaints of IPV and in the daily number of 016 telephone 95 

calls and 2) to obtain prognostic models to predict the behavior of these series for a relatively 96 

lengthy time period, such as an entire year. 97 

 98 

 99 

 100 

 101 

 102 

 103 
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Methods 104 

Data sources and dependent variables 105 

• Number of daily calls to the 016 telephone IPV help line carried out in the Community 106 

of Madrid during the 2008-2016 period. Data was provided by the Government Office 107 

for Gender Violence (Ministry of Health, Social Services and Equality).  108 

• Number of daily police reports filed with the state police force (FCSE; National Police 109 

Force and Civil Guard) in the Community of Madrid during the 2008-2016 period, 110 

provided by the Criminal Statistics System (Secretary of Security of the Ministry of the 111 

Interior).  112 

Statistical analysis   113 

The number of daily calls to the 016 telephone IPV help line and the number of daily 114 

IPV police reports filed were analyzed using univariate auto-regressive (AR) integrated (I) 115 

moving average (MA) ARIMA models. The models are based solely on the history of the series; 116 

they do not include external variables not inherent in the series structure (trends, cycle, and 117 

seasonal variables). 118 

The ARIMA forecasting equation for time series is a linear equation in which the 119 

predictors consist of lags of the dependent variable and/or lags of the forecast errors.  Thus: 120 

Predicted value of Y = a constant (μ) and/or a weighted sum of one or more recent 121 

values of Y  ( Y t-1…Y t-p) and/or a weighted sum of one or more recent values of the errors (e 122 

t-1…e t-q). 123 

A nonseasonal ARIMA model is classified as an "ARIMA (p,d,q)" model, where:  124 

- p is the number of autoregressive terms,  125 

- d is the number of nonseasonal differences needed for stationarity, and  126 

- q is the number of lagged forecast errors in the prediction equation.  127 

In terms of y, the general forecasting equation is:  128 
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ŷt   =   μ + ϕ1 yt-1 +…+ ϕp yt-p - θ1et-1 - θqet-q. 129 

In the case of a model with seasonality S of the form (P,D,Q) the equation would be similar 130 

to the above mentioned equation, but taking into account that the lags P and Q refer to 131 

seasonal periods. This work uses a seasonal period of 7 days, therefore the terms P and Q 132 

would refer to the values of “Y” and “e” that have occurred 7*P and 7*Q days later, 133 

respectively. 134 

To control the differencing component (I) has been introduced a trend component 135 

(counter named n1). The trend is included through a counter n1 which would be equal to 1 for 136 

the first day of the series, 2 for the second, and successively. By this procedure ARIMA models 137 

change to ARMA models during the following steps.  138 

To control for annual (365 days), semestral (180 days), trimestral (90 days), and bi-139 

semestral (60 days) seasonality, the functions sine (sin) and cosine (cos) were included in these 140 

periodicities in the following way: Sin365= sin (2*3.1416*n1/365) and Cos365= cos 141 

(2*3.1416*n1/365). 142 

Vacation periods and days of the week are included as dummy variables. The 143 

corresponding vacation periods were: Christmas Holidays from December 24
th

 through January 144 

6
th

, Summer Holidays from July 1
st

 through August 31
st

, and the Easter Holiday which varies 145 

each year. 146 

Modelling is a step by step process with the elimination of those variables with an insignificant 147 

estimator at p<0.05. The model’s goodness of fit was obtained by analysis of residuals, by 148 

obtaining the Akaike Information Criterion (AIC), Bayesian information criterion, 149 

autocorrelation function, partial autocorrelation function and Ljung-Box text. We use p <0.05 150 

as the criteria to select the final statically significant variables, and during the process it is 151 

possible to obtain different final models (or versions), that can include different variables, due 152 

to the high correlation between similar variables, for example, variables to control 153 

seasonalities. The Autocorrelation Function (ACF) and Partial autocorrelation function (PAF) 154 
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are supposed to have white noise in the final models considered. To select the best model 155 

between the possible final models, we used the AIC.  156 

The modelling process of dependent series variables was carried out for the 2008-2015 157 

period. The resulting model was applied to the prediction of the values of the dependent 158 

variables for the year 2016. The fit of prediction between the adjusted and real values was 159 

carried out using Pearson’s correlation. The sensitivity of the coefficients was found using the 160 

Jack-Kniffe method. The statistical software package used was SPSS v15. 161 

 162 

Results 163 

Time series evolution and modelling of the variable “daily IPV police reports filed” 164 

During the 2008-2016 period, there were 84,652 IPV police reports in the Community 165 

of Madrid, an average of 25.7 per day (standard error 8.7). Figure 1 shows the temporal 166 

evolution of the variable “IPV police reports filed” during the 2008-2015 period.  The 167 

significant variables found in the univariate modeling process are shown in Table 1. During 168 

2008-2015 there was no statistically significant change in the trend of the daily number of IPV 169 

reports. Police reports that occur on a day “t” are associated with reports filed the prior day 170 

with a coefficient (AR1:0.99), and with reports filed the prior week as shown by the coefficient 171 

for the seasonal period of 7 days introduced in the model (seasonal AR1:0.62). During 172 

Christmas Holidays the number of daily IPV police reports filed increased significantly 173 

(Christmas Holidays: 4.84), as it did on the weekend- and Friday and Monday-, with the 174 

greatest number of reports filed on Sunday (Sunday: 12.40). Therefore, IPV reports filed 175 

produced on day “t” respond to the following equation given by the model: 176 

nt = (Police reports t - ( 0.62* Reports t-7 + 0.55*error t-7 – 2.46*cos365 + 0.56*cos60 + 177 

2.87*Monday – 0.92*Wednesday +1.04*Friday + 6.99*Saturday + 12.40* Sunday + 4.84 178 

*Christmas Holidays + 22.3)) 179 

nt = 0.99*n t-1 + 0.92*error t-1 + 0.07* error t-2 + 0.62* n t-7 +0.55*error t-7 180 

The day of the week will include in the equation if day of t=name of the day of the week. 181 

 182 
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 183 

 184 

 185 

Figure 1a shows the sequence graph of the predicted and real values of the variable “daily 186 

IPV police reports filed”. The Pearson’s correlation coefficient between both series is 0.575, 187 

significant at p<0.001 for the 2,922 data points of the time series from 2008 to 2015.  188 

The model’s goodness of fit, obtained by the simple autocorrelation function of the error, 189 

shows that the error structure in the different lags is random, indicating a good fit of the 190 

model.  191 

Figure 2a shows the comparison between the prediction of the number of daily police 192 

reports in 2016, based on the model identified with the analysis of the data from 2008 to 2015, 193 

with the number of real reports registered in 2016. The Pearson correlation among the 194 

predicted and real values is 0.642, which is significant at p<0.001 for the 366 data points of the 195 

fit.  196 

Temporal evolution and modeling of the variable “daily calls to 016 telephone IPV help line”. 197 

During 2008-2016 there were 143,863 calls to the 016 telephone IPV help line in the 198 

Autonomous Community of Madrid. Figure 1b and 1c show the temporal evolution of the 199 

variable “daily calls to 016 telephone IPV help line” during the 2008-2015 period. The time 200 

series of this variable behaves in a “V” fashion, indicating a change in the behavior trend of the 201 

time series. After adjusting to a quadratic function, it is significant at p<0.001 with a Snedecor 202 

F of 257.92 and an equation: “daily calls to 016 telephone IPV  help line”=7.6*10 
6
n1

2
-203 

0.024n1+55.7. The determination of the minimum point of the parabola according to the 204 

previous equation indicates that this trend change occurs for n1=1564, which corresponds to 205 

April 12, 2012. This different temporal behavior justifies the analysis of the series in two 206 

periods.   207 

During period 1, which includes the time between January 1
st

, 2008 and April 12
th

, 2012 208 

(n<1564), there is a statistically significant decreasing trend in the number of daily calls to the 209 
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016 telephone IPV help line. The average number of calls during this period was 44.5 calls per 210 

day. During period 2, which includes the time period from April 13
th

, 2012 to December 31
st

, 211 

2015, the trend becomes increasing, with statistical significance. In this period, the average 212 

number of calls to 016 is 40.8 calls per day.  213 

The coefficients of the significant variables after the univariate modeling of the variable 214 

“number of daily calls to 016 telephone IPV help line” in period 1 and period 2 are shown in 215 

Table 2. In both periods, calls that occur on day “t” are associated with the calls of the three 216 

prior days, in both period 1 (AR1: -0.88; AR2: 0.44; AR3:0.32) and period 2 (AR1: 1.62; AR2:-217 

1.28; AR3:0.61) and with the calls from the prior week (P1: seasonal AR1: 0.94; P2: seasonal 218 

AR1: 0.93) (P1: seasonal AR1: 0.94; P2: seasonal AR1: 0.93). The number of 016 telephone IPV 219 

calls decreases during the days of the weekend and the day prior day, which is Friday. Saturday 220 

is a day with low telephone IPV demand in both periods (P1 Saturday:-7.56; P2 Saturday: -221 

8.31), and Monday is the day that accounts for the greatest number of calls (P1 Monday: 9.55; 222 

P2 Monday: 7.64). The prediction equation for day “t” based on these coefficients is expressed 223 

for period 1 in the following way:  224 

 225 

nt= (Telephone 016 IPV Callst – (- 0.94* Callst-7- 0.95* errort-7 –0.01n1 + 9.55 * Monday + 2.97 226 

*Tuesday+ +3.02*Friday –7.56* Saturday –5.57* Sunday – 3.90 *Easter Holidays + 51.06) 227 

nt=  -0.88*nt-1 +0.44*nt-2+0.32*nt-3-0.99*errort-1 + 0.08*errort-3- 0.94*n1t-7- 0,95*errort-7 228 

 229 

And for period 2: 230 

nt= (Telephone 016 IPV Callst – (0.93* Callst-7+ 0.91* errort-7 + 0.01n1 + 7.64* Monday + 231 

1.98*Tuesday+  –8.31* Saturday –6.54* Sunday –5.21 *Easter Holidays + 4.39)   232 

nt= 1.62*nt-1 -1.28*nt-2 + 0.61*nt-3 +1.38*errort-1 - 1.07*error t-2  + 0.47*error t-3 + 0.93*nt-7 + 233 

0.91* errort-7 234 

 235 

 236 
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 237 

 238 

 239 

Figure 1b and 1c show the real and predicted values of the temporal evolution of the 240 

series of daily calls during the 2008-2015. The coefficient of Pearson’s bivariate correlation 241 

among both series for period 1 is 0.601 (p<0.001) for the 1564 data points of the time series 242 

and 0.717 (p<0.001) for the 1358 data points of the series for period 2.  243 

The simple autocorrelation function of the error shows that the error structure in the 244 

different lags is random, indicating a good fit of the model.  245 

Finally, if the ARMA model obtained for the variable telephone 016 IPV calls during 246 

period 2 is used to predict behavior during the year 2016, the result shown in Figure 2b is 247 

obtained. Pearson’s bivariate correlation coefficient for both series is 0.732 (p<0.001) for the 248 

total of 365 predicted days.  249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 

 

 264 

 265 

Discussion 266 

Main results 267 

During the 2008-2016 period there were nearly 26 IPV police reports filed per day, and 268 

an average of 44 daily calls made to the 016 telephone IPV help line in the Community of 269 

Madrid. During the 2008-2015 period, there was no statistically significant change in the trend 270 

of the number of daily IPV police reports. The probability of filing an IPV report increased 271 

during the Christmas Holiday period. Sundays were the day with the greatest number of 272 

reports filed, followed by Saturday and Friday.  273 

The daily number of calls to the 016 telephone IPV help line decreased significantly in a 274 

first period (January 2008/April 2012) to continue with an increasing trend in a second period 275 

(April 2012/December 2015). In both periods, during the Easter Holiday period the probability 276 

of making a call to 016 decreased. Saturday was the day with the lowest number of calls to the 277 

016 telephone IPV help line, followed by Sunday and Friday.  278 

The equations identified through ARMA models using data from 2008-2015, the 279 

univariate ARMA models predicted 64.2% of calls to the 016 telephone IPV help line and 73.2% 280 

of police reports filed during 2016 in the Community of Madrid. 281 

 282 

Possible explanations 283 

The absence of a significant trend in daily police reports during the period studied 284 

could be due to the stable prevalence of IPV over time and/or to the stability of factors related 285 

to greater probability of filing a report. According to the Macrosurvey on Gender Violence, the 286 

prevalence of women who have ever suffered IPV in Spain presents little variation during the 287 

2011-2015 period (10.9% vs 13%) [22,23]. Recent studies show that fear and lack of confidence 288 

in the police processes is one of the reasons that women give for not filing a report [24]. Our 289 
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results suggest the need to identify actions that avoid the recidivism of aggressors and 290 

increase women´s confidence in the police process.   291 

 The greatest number of calls to the 016 IPV telephone help line was registered in 2008, 292 

possibly associated with an increase in awareness raising activities for 016 in 2007. The 293 

decrease in the number of calls during the 2008-2012 period, followed by an increase in the 294 

following period, is also observed in other indicators related to IPV. During the 2008-2015 295 

period, the number of femicides, and divorces- which pose risk for IPV [25]- reached their 296 

lowest levels in 2012 and in 2013, respectively [26]. Also, Spain’s economic crisis, which began 297 

in 2008, could have made separations and divorces of couples more difficult, resulting in a 298 

decrease in the demand for 016 [27,28]. The implementation, during the second period, of 299 

awareness raising campaigns related to telephone 016 help line calls directed at vulnerable 300 

groups [29, 30] could be associated with the increase in the number of calls. 301 

 Our results could be explained using the Routine Activity Theory [11] framework. The 302 

likelihood of filing an IPV police report relates to periods characterized by a greater 303 

opportunity for conflict, which include non-work periods, with Sunday being the day of the 304 

week with the greatest probability of filing a police report, and the Christmas vacation period. 305 

That police reports are filed mostly in non-work periods could indicate that filing a police 306 

complaint  is not a planned behavior, rather it occurs when violence surpasses a certain level 307 

of severity, at which point a woman looks for external protection [30-32]. Police resources and 308 

surveillance measures for women at high risk should increase on non-work days, and women 309 

should be provided opportunities to spend time outside the home during high risk periods, 310 

reducing opportunities for aggression. 311 

Calls to the 016 IPV telephone help line behave inversely and diminish during non-312 

work periods, weekends, and the Easter Holiday period, and increase on the days after these 313 

periods. This gives us important information about the use of resources. It could indicate that 314 

in cases of IPV the demand for information and telephone IPV assistance is a planned act that 315 
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permits being delayed until a woman can find a space to call without the presence of the 316 

aggressor. 317 

 This study has some limitations. The observational longitudinal time series design uses 318 

aggregated data, which prevents individual level conclusions. Second, only one in three 319 

women exposed to IPV filed a police report [23], therefore women that file a police report are 320 

not representative of all women exposed to IPV. And finally, the analysis of the number of 321 

daily calls to the 016 telephone IPV help line could include repeat calls from a single woman.  322 

Despite these limitations, the models identified in this study have a high predictive 323 

value for the behavior of reports and calls during the year 2016. Including time variables in 324 

protocols that estimate the risk of women under surveillance for experiencing IPV could 325 

increase their efficiency. Our results suggest the need for an increase in police resources on 326 

non-work days, given that the probability of reports on these days is greater. In the same way, 327 

the 016 telephone IPV help line should be especially active on work days. The ARIMA method 328 

is useful from the diagnostic and predictive points of view, however, including other external 329 

variables could increase the fit of the predictions and support the effort to address IPV.  330 
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__ __ __ 

Figure 1. 

a) Real values and estimated values of the number of daily police IPV reports  from January 1st, 2008 to December 31st, 2015.  

b) Real values and estimated values of the number of daily calls to the 016 telephone IPV help line from January 1st, 2008 to April 12th, 2012 

c) Real values and estimated values of the number of daily calls to the 016 telephone IPV help line from April 13th, 2012 to December 31st, 2015. Autonomous 
Community of Madrid.  
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__  

Figure 2:  

a) Real value and prediction of the number of daily police reports of IPV 
b) Real value and prediction of the number of daily calls to the 016 telephone IPV help line. Period from January 1st, 2016 to December 31st, 2016. Autonomous 

Community of Madrid.
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Variables   Estimates   
Standard 

error 
  p 

Nonseasonal lags             

AR1 0.993   0.007   <0.001 
MA1 0.918   0.02   <0.001 
MA2 0.065   0.019   0.001 

Seasonal lags             

Seasonal AR1 0.623   0.135   <0.001 
Seasonal MA1 0.551   0.143   <0.001 

Regression coefficients             

sine 365 -2.457   0.294   <0.001 
cosine 60 0.561   0.208   0.007 
Monday 2.871   0.493   <0.001 
Wednesday -0.92   0.482   0.056 
Friday 1.044   0.493   0.035 
Saturday 6.994   0.505   <0.001 
Sunday 12.395   0.505   <0.001 
Christmas holidays 4.836   0.795   <0.001 

Constant   22.3   0.42   <0.001 

AR: autoregressive term; MA: moving average terms  

   

Table 1. Univariate models of the variable “daily police reports of IPV filed in the Community of 

Madrid.2008-2015 Period. 
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Period 1: n1< 1564 

 

Period 2: n1>1564 

Variables   Estimates   
Standard 

error 
  p   Estimates   

Standard

error 
  p 

Nonseasonal lags                         

AR1 -0.880   0.077   <0.001 1.615   0.265   <0.001 
AR2   0.441   0.077   <0.001   -1.284   0.351   <0.001 
AR3   0.322   0   <0.001   0.610   0.157   <0.001 
MA1 -0.999   0.083   <0.001 1.377   0.267   <0.001 
MA2 0.080   0.087   0.355 -1.066   0.302   <0.001 

MA3   0.080   0.013   <0.001   0.470   0.131   <0.001 

Seasonal lags                         

Seasonal AR1 -0.940   0.147   <0.001 0.931 
 

0.081   <0.001 
Seasonal MA1 -0.947   0.138   <0.001 0.909 

 
0.093   <0.001 

Regression coefficients                         

n1 -0.008   0.001   <0.001 0.017   0.003   <0.001 
Monday 9.549   0.726   <0.001 7.641   1.074   <0.001 

Tuesday 2.966    0.718 <0.001 1.984 1.005 0.049 
Friday -3.017   0.719   <0.001 -1.587   1.007   0.115 
Saturday -7.557   0.726   <0.001 -8.308   1.074   <0.001 
Sunday -5.560   0.768   <0.001 -6.553   1.105   <0.001 
Easter holidays   -3.903   2.202   0.076   -5.208   2.705   0.054 

Constant   51.060   0.880   <0.001   4.391   6.939   0.527 

AR: autoregressive term; MA: moving average 

terms  

         

Table 2. Significant variables in the univariate models of the variable daily calls to the 016 telephone  

IPV help line in the Community of Madrid during Period 1 (January 1
st

, 2008 through April 12
th

, 2012) 

and during Period 2 (April 13
th

, 2012 through December 31
st

, 2015) 
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• It is unknown whether IPV responds to cycles that permit prediction of periods in 

which a woman could be at increased risk of suffering aggression.  

• The time series analysis of the number of daily calls to the 016 help line, as well as the 

daily number of reports filed, could help to predict possible periods of risk.  

• The findings of this work show that IPV reports increase during the Christmas Holidays 

and on weekends. Calls to the 016 help line decrease during the Easter Holidays and 

on non-work days and increase on Mondays.  

• Our results suggest the need to increase police and judicial resources on non-work 

days. 016 help line assistance should be especially active on work days.  

• Univariate ARIMA modeling used in this model could be useful regarding IPV from both 

a diagnostic and a prognostic point of view. 

 


