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1. INTRODUCTION 
 

 Today, crime mapping is largely based on the supposition that crime has a spatial 
dimension (Brantingham and Brantingham, 1981). It is a newly emerged branch of 
criminological theories, called environmental criminology.  This is the study of crime and 
criminal activities and how space influences both offenders and victims. The focus of much of 
the crime mapping is on geographic analysis to identify and predict crime patterns.   Indeed, 
much of the attention is on crimes of opportunity in which the activity spaces of the victim and 
the offender intersect in time and space. 
 There is, however, a substantial amount of criminal activity, in the form of family 
violence where the activity spaces between victims and perpetrators are often identical.  Little 
has been done to use the modern GIS tools to examine family violence (Hillier, 2007; 
Anderson, 2009).  This may be partly due to the difficulty in obtaining reliable family violence 
data, especially in rural areas.  It may also be that the focus on finding and apprehending 
offenders is a major driving force in crime mapping research.  This paper aims to demonstrate a 
first cut at using GIS not for locating criminals but rather for identifying socio-economic 
factors that might contribute to substantial spatial and temporal variations in family violence.  It 
is also a call for more research in this area so that effective intervention measures can be 
applied to prevent family violence. 
 
 

2. FAMILY VIOLENCE 
 
 Family violence is any abusive, violent, coercive, forceful, or threatening act or 
language inflicted by one member of a household or family on another.  Such violence is 
insidious because it has been associated with intergenerational transmission of violence, 
substance abuse, high rates of pre-natal deaths of fetuses and mothers, sexually transmitted 
disease, teen pregnancy, and mental health problems (Chamberlain, 2004).  Such far reaching 
consequences of family violence demand the use of all the tools available to both law 
enforcement and social service agencies.  One of those tools, GIS, can be used to define 
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communities and neighborhoods that are hot spots of family violence.  They can also be applied 
to mapping socio-economic risk factors likely to be the underlying causes of such criminal 
activity and to make spatial comparisons with crime.  If the nature and distribution of these 
factors can be identified, social services may be able to provide intervention and family 
violence prevention.  
 There are five typical risk factors related to family violence.  Demographic risk 
factors include youth, having children when under 21, economic stress and poverty, low 
academic achievement, unemployment, witnessing (or experiencing) family violence as a child, 
male identity crisis, and being isolated with few friends (Jewkes, 2002).  Relationship risk 
factors include prior injury from the same family member; prior stalking from the same family 
member; or being in a relationship with someone who is verbally abusive, jealous, or 
possessive.  The third group of risk factors is personal risk factors such as involvement in 
aggressive or delinquent activity as a youth or substance abuse.  Some personal risk factors can 
also be traced to activities that are often linked to substance abuse but are unconnected such as 
viewing violent sporting events (Garland et al., 1992). Family risk factors might be abuse of a 
family member and differences in ethnicity and cultural backgrounds.  Finally, community 
risk factors, especially those related to low social capital include lack of institutions, social 
services, relationships, and norms that shape the quality and quantity of a community’s social 
interactions. 
 To effectively employ GIS to predict when and where domestic violence might occur 
requires an inductive approach where one develops a generalized model of family violence 
pattern by mapping empirical incident rates and generating hot spot zones around clusters of 
these rates.  Ideally to determine what risk factors are associated with such hot spots 
necessitates the acquisition of information on all five major risk factor types, requires the 
additional of time as a factor, and then performs appropriate map and/or temporal analysis. 
 
2.1. THE RURAL FAMILY VIOLEMCE MAPPING PROBLEM 
 
 Data regarding the risk factors associated with family violence are not all easily 
obtained directly.  This is especially true for those that involve a history of family violence or 
substance abuse.  One major reason for this is that rates of family violence have been 
underrepresented. This is often due to the unwillingness of victims to report the incidents 
because the victims fear retribution or because of the social stigma that family violence 
engenders.  
 Other factors hampering accuracy of family violence analysis involve the lack of 
proper recording of repeat offenders, victims, and witnesses.  Data involving names of victims, 
witnesses, and offenders involve details such as addresses, birthdates, and names, all of which 
tend to be subject to data entry and/or officer reporting errors or omissions.  For repeat 
offenders to be identified, for example, names and birthdays must be recorded, correctly 
spelled, and/or correctly recorded.  Minor misspellings or a displaced number in a date can 
result in repeats being under-recorded. 
 Two particularly troublesome issues with family violence crime data reporting 
concern with a focus on urban rather than rural environments and how incidents are recorded 
(Burke, O’Campo, and Peak, 2006).  Rural areas often have considerably lower population 
densities with incident locations often more widely dispersed than those in urban areas.   This 
compromises the use of traditional crime mapping techniques for pattern analysis.  As with 
urban settings, even when family violence is reported there are situations in which the incident 
is reported as something other than family violence (i.e. not recorded as a domestic event) thus 
resulting in underreporting.   
 Changes in a society’s views towards domestic violence and its prosecution have 
resulted in improvements in the accuracy of the numbers of family violence incidents being 
reported.  Computer data entry and cross referencing systems have been of some help in the 
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quality assurance for data entry, although there is still room for improvement.  Perhaps among 
the most important changes is that some states, including New Mexico, are now requiring law 
enforcement to report and identify domestic events separately from other types of criminal 
activity.  These three improvements suggest that the time is right for spatio-temporal analysis 
of family violence.  Our project is a report on the preliminary results we derived by examining 
rural domestic violence in Doña Ana County, New Mexico (Figure 1). 
 
 

 
 

FIGURE 1 
LOCATOR DIAGRAM SHOWING DOÑA ANA COUNTY STUDY AREA. 

 
 

3. METHODS 
 
3.1 DATA SOURCES AND METHODS 
 

Prior to obtaining family violence data we established collaborative relationships 
with the law enforcement agencies throughout Doña Ana County. In particularly we developed 
a memorandum of cooperation with the Doña Ana County Sheriff’s department so that we can 
access their crime database.  This type of memorandum is highly recommended by Roger 
Tomlinson (2008) for any GIS with multiple potential users.   
 We derived Family Violence data for 2006-2009 from the Doña Ana County 
Sheriff’s Office (DASO) that also included data from the Sunland Park Police Department 
(SPPD) and the New Mexico State University Police Department (NMSU PD). We were also 
able to obtain family violence data from the Las Cruces Police Department (LCPD) for 2007-
2008, Hatch Police Department for 2007, and the Mesilla Marshal from 2007.  We then 
extracted all data from DASO via Crystal Reports, which was linked to the prior offense 
reporting system (PRIORS) database and then tabulated by the unique identifying field 
(“EventID”).  Next we geocoded them based on the address field using ArcGIS 9.3.  We stored 
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all the data on a secure server in the NMSU geography department with limited access because 
of their sensitive nature. 
 We obtained census data through the US Census 2000 TIGER/Line® portal on 
ESRI’s website (http://arcdata.esri.com/data/tiger2000/tiger_download.cfm).  Unfortunately the 
2010 Census data were not available at the time of this research.  County data including 
community boundaries, transportation, colonias, school districts, and others were obtained from 
the Doña Ana County planning department.  We extracted them from their spatial database 
engine (SDE) into a file geodatabase on an external hard drive paid for by the SWRFV grant.  
 
3.2 ANALYSIS 

 
 After the data were geocoded we then applied the kernel density estimation (KDE) 
algorithm within ArcGIS 9.3 using the default (>9,000 ft) and non-default (7,500 feet) search 
radius and a cell size of 100 feet. Feet are used because all the data are in the New Mexico 
Central state plane coordinate system and the linear unit is feet.  This allowed us to visualize 
the highest concentrations (hot spots) of family violence in the county.  The original focus of 
the research was on rural family violence, but because nearly half of the county population 
resides in the urban area of Las Cruces we performed the analysis with and without the LCPD 
data to determine the impact of these data on the hot spot analysis. 
 To examine temporal aspects of the family violence we tabulated incidences by time 
of day, day of week, and month.  We also examined the raw tabular data for correspondences 
between unusually high and unusually low rates during traditional US holidays, non-US 
holiday, religious observances, and obvious times of celebration and partying (e.g., Superbowl 
Sunday).  
 To establish if there were any significant correlations between family violence 
incidents and the available US Census data, we pulled the tabular data into an Excel correlation 
routine. Prior to analysis we normalized all family violence data to incidents-per-1000 
population, thus eliminating the autocorrelation between incidents and population.  From those 
values we chose the top five correlates using Census 2000 SF1 data; these included:  
 

1. number of households with a woman and children but no husband (FHH_CHILD) 
2. number of households with a married couple and related children (MARHH_CHD) 
3. number of households with a man and children but no wife (MHH_CHILD)  
4. number of one person male households (HSEHLD) 
5. number of housing units that are occupied by renters (RENTER_OCC) 

 
 Following correlation analysis, we used spatial regression analysis to explore any 
spatial relationships that may exist in our data. We ran ordinary least squares (OLS) regression 
on all five correlates as recommended for all spatial regression analyses 
(http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=Regression_analysis_basics
). Based on the statistical report generated, we determined that the only statistically significant 
variables for spatial regression were (HSHELD, MARHH_CHD, and FHH_CHD).  
 
 

4. RESULTS 
 

The hot spot analysis revealed several areas where family violence rates were 
substantially higher than other communities in the county. Portions of the map are shown in 
Figure 2.  When we compared the maps of rural hotspots (Figure 2A) versus that of hotspots 
that included urban data (Figure 2B), the rural hotspots are still evident, although arguably 
more subdued given the volume of data for Las Cruces effectively masking the rural patterns.  
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 The temporal analysis showed three important patterns.  First, based on monthly 
incidents, there is a noticeable increase in family violence activities during the summer months 
(Figure 3A).  Although the increase is subtle it does correlate with periods when children are 
out of school and during extreme high temperatures in the region.  Analysis of activity by day 
of week also shows a significant pronounced level of family violence beginning on the 
weekends (Figure 3B).  The analysis of time of day suggests, as might be expected, that 
incidents of family violence begin in the evenings and continue into the early morning hours 
(Figure 3C).  
 
 

  
A B 

FIGURE 2 
A PORTION OF THE HOTSPOT MAP OUTPUT SHOWING HOT SPOTS BASED ON 
RURAL DATA ONLY (A) AND WITH THE INCLUSION OF URBAN DATA (B).  SEE 

FIGURE 1 FOR LOCATION. 
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FIGURE 3 
NUMBER OF FAMILY VIOLENCE INCIDENTS  

BY MONTH (A), BY WEEK (B) AND BY TIME OF DAY (C). 
 

 Our regression analysis based on the three most closely correlated variables yielded 
an R² of .493 indicating that 49.3% of family violence variance was explained by the 
independent variables in our regression model. We met all but one of the criteria for overall 
regression model strength, and that was the model bias (Table 1). The model result contains 
some bias because there are critical variables that are not accounted for in our analysis (Table 
1). This makes sense because we are only able to capture socio-demographic data rather than 
economic, educational, substance abuse, and other socio-cultural data that are considered most 
closely related to family violence.  Still, this R² value is significant in that it accounts for only 
one of the five major sets of risk factors.  Essentially we find that half of the explanation comes 
from one risk factor, while relationship, personal, family and community risk factors remain as 
possible explanatory variables.   
 
 

5. CONCLUSIONS 
 
 Rural family violence in Doña Ana County, New Mexico occurs in specific hot spots 
near colonias that are known through previous observation to be associated with demographic, 
relationship, family, personal, and community risk factors.  With no objective data sources, we 
were limited to systematically examining the non-demographic factors but field reconnaissance 
and experiences of two of the authors confirm that there is evidence suggesting their presence 
in these hot spots. 

0
200
400
600
800

Mon Tue Wed Thu Fri Sat Sun

Incidents By Day of Week

0
500

1000
1500
2000

4:01am -
12:00pm

12:01pm -
8:00pm

8:01pm - 4:00am

Incidents by Time of Day



 

219 
 

 Using the available demographic data from the US Census we were able to identify 3 
useful correlates that, together, gave us an ordinary least squares regression R2 of 0.493, 
suggesting that these three demographic variables account for nearly ½ of the prediction of 
family violence (Table 1). Unfortunately, the regression also showed that the model bias 
criteria that we were not able to meet were due in large part to critically missing variables.  
Based on the literature (Stets and Straus, 1989) we suspect that these variables would be found 
in some combination of relationship, family, personal, and community risk factors – data for 
which are not collected on a regular basis by federal, state, county, or municipal agencies. 
 
 The temporal analysis of the family violence statistics yielded some interesting and 
confirmatory results.  As expected, family violence increases as the weekend approaches, 
especially starting in the evenings and running through the early morning hours.  Because the 
vast majority of people are not working on weekends this seems a rational result and confirms 
what previous studies have suggested.  The upswing of family violence during the summer 
months corresponds to two primary factors – children are out of school and the heat of the 
summer is present.  This result suggests further study of these relationships, especially in desert 
environments where summer temperatures often force families into close quarters. 
 
 

TABLE 1 
OUTPUT OF ORDINARY LEAST SQUARES SPATIAL REGRESSION. 

 

 
 

While the results of this research are promising, they also suggest some needed 
methodological and data availability issues for studying family violence in rural areas.  The use 
of census block groups as the sampling unit was necessitated by the availability of census data 
in rural areas.  Because they are so widely varied in both shape and size, there may be issues of 
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concerns related to what is known as the Modifiable Area Unit Problem (MAUP).  Experiments 
with alternative sample units verified this.  MAUP impacts both the hot spot mapping and the 
spatial regression. 
 We also saw that, while minimal in effect, the inclusion of urban data skews the hot 
spot sizes and reduces their relative severity yet the hotspots remain in approximately the same 
locations regardless.  Studying family violence in rural areas without including urban data 
reduces the availability of family violence data, especially where there is spatial interaction 
between urban and rural areas.   
 The incidence data themselves present a problem in that there are reporting errors on 
the part of law enforcement, often dictated by the nature of the disturbance.  Some locations are 
also known to be underreported because some victims will resist calling law enforcement for 
fear of reprisals and also because they worry that the authorities will not arrive in time after 
their attackers become aware of the call for service.   Additionally, our study was restricted to 
family violence data for 2007 to 2009.  More temporal sampling would enhance the viability of 
the results. 
 Future research to link relationship, family, personal, and community factors 
necessitates the systematic collection of such data. For research to establish repeatable and 
verifiable spatial and spatio-temporal models of rural family violence these data need to be 
collected on a regular bases and repeatedly.  Moreover, if the analysis is to prove useful for 
providing intervention, these data are critical. 
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