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ABSTRACT 

Background: People who live in poor areas suffer higher mortality than those living 
in wealthier areas. People who live in poor areas in New Zealand have better access 
to alcohol and this association appears to vary spatially. We sought to investigate 
this spatial non-stationarity using Geographically Weighted Regression.  

Methods: The location of bars was geocoded for all of New Zealand and closest 
facility analysis was used to calculate distance to the nearest bar from each 
meshblock. A neighbourhood level census-based index of socioeconomic 
deprivation, and urban/rural status data were added as inputs to a Geographic 
Weighted Regression model to investigate spatial variation in the association 
between access to alcohol outlets and deprivation. 

Results: Spatial non-stationarity was discovered in deprivation and urban/rural 
status parameters with some large rural areas of New Zealand exhibiting significant 
departures from the global model of the association between distance to the nearest 
bar and neighbourhood deprivation. 

Conclusions: Lack of association discovered for rural areas may be the result of 
spatial heterogeneity.  Research into the association between deprivation and access 
to alcohol should consider rural areas individually for environmental inequity rather 
than relying on global models showing no association. 
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1.0 INTRODUCTION 

Unhealthy use of alcohol is increasing in many countries and remains a leading contributor to the global burden 
of disease, accounting for 3.2% of all deaths and 4% of disability adjusted life years in 2000.(Rehm, Room, 
Monteiro et al. 2003) In many countries in the last 20 years, there have been significant reductions in the use of 
centralised controls of alcohol availability (e.g., taxation) and promotion (e.g., regulation of advertising),(Babor, 
Ceatano, Casswell et al. 2003) and a devolution to local government of powers to grant liquor licenses, control 
opening hours, and regulate promotional activity.(Room 2004) This change in governance increases the 



importance of understanding how communities affect and react to alcohol use patterns, particularly given the 
variability in communities’: (a) susceptibility to becoming vectors for harmful exposures, (b) their vulnerability 
to health risks, and (c) their capacity to respond to health problems.(Marmot 2006) 

Studies have examined the link between neighbourhood deprivation and a range of variables, including: 
accessibility of fast food,(Macintyre, McKay, Cummins et al. 2005; Pearce, Blakely, Witten et al. 2007) 
smoking,(Marmot 1997) violence,(Morenoff, Sampson &  Raudenbush 2001; Nielsen, Martinez &  Lee 2005) 
foetal death, suicide,(Rehkopf &  Buka 2006) crime rates,(Valdez, Kaplan &  Curtis 2007) access to 
healthcare,(Barnett &  Lauer 2003; Pearce, Witten, Hiscock et al. 2007) and exposure to air pollution.(Kingham, 
Pearce &  Zawar-Reza 2007) In one Californian study, alcohol outlets were shown to be concentrated in poor 
areas, while per capital alcohol consumption was highest in wealthier areas.(Romley, Cohen, Ringel et al. 2007) 
This apparent mismatch of supply and demand raises questions about the social justice of exposing residents of 
poorer areas to a disproportionate share of negative health outcomes (e.g., drink-driving and assault) and loss of 
amenity, that have been shown to be associated with the operation of alcohol outlets.(Romley, Cohen, Ringel et 
al. 2007) 

There has been comparatively little research outside the USA on the relationship between alcohol outlets and 
community deprivation. The study described here examines the association between the location and density of 
alcohol outlets and neighbourhood deprivation in New Zealand.  In particular, this work will consider how the 
relationship between bars and deprivation vary spatially, and how this may impact on our global understanding of 
observed relationships in this form of analysis. 

International research into the association between alcohol outlet density and alcohol-related harms has suggested 
an association between outlet type (i.e. off-license, restaurants, bars) and harms. Lipton & Gruenewald(Lipton &  
Gruenewald 2002) reported that the density of bars was strongly associated with greater rates of assault whereas 
the density of restaurants was associated with less violence. Other studies have found associations between 
drinking and driving and restaurant density but not bar density,(Gruenewald, Johnson &  Treno 2002) (Scribner, 
MacKinnon &  Dwyer 1994) and off-license density and homicide.(Scribner, Cohen, Kaplan et al. 1999)  

This study builds on a previous study examining the association between neighbourhood deprivation and travel 
distance to the nearest alcohol outlet(Hay, Whigham, Kypri et al. 2007).  This previous study showed a marked 
negative association (easier access in more deprived areas) between deprivation and travel distance for bars, 
clubs and off-license premises in urban areas but not for restaurants.  This research also showed that this 
association disappears for rural areas but for restaurants the association became stronger.   

In particular, there was a negative association between deprivation and distance to the nearest bar in urban areas 
(112 metres per decile, 95% CI: -118 to -106).  Distance to the nearest bar in rural areas was at least five times 
greater than in urban areas. In rural areas the association was positive (178 metres per decile, 95% CI: 98 to 257), 
however, this relationship was largely driven by decile 10.  When decile 10 data was removed from the analysis 
the association was considerably weaker (43 metres per decile, 95% CI: -48 to 134). It was believed that this is 
evidence of spatial variation in the association and this warrants further investigation using appropriate spatial 
methods. 

The specific aim of this study was to explore spatial variation in the relationship between neighbourhood 
deprivation and travel distance to the nearest bar at the neighbourhood (census meshblock) level using 
Geographic Weighted Regression.  The method presented here aims to be a proof-of-concept prior to considering 
other types of alcohol outlets. 

2.0 METHODS 

 
Geographically Weighted Regression (GWR) analysis can be used to examine spatial variation in associations 
between dependent and explanatory variables(Brunsdon, Fotheringham &  Charlton 1996).  GWR constructs 
local regression models at each location and using a weighting scheme, includes neighbouring locations in the 
construction of each local model.  Essentially, GWR allows different models to be estimated at each location and 
the differences between each of these models can be mapped allowing an exploration of the spatial variability of 
model parameters.  Important variations in associations that may otherwise be masked in global models may 
therefore be exposed. 



Data on bar liquor licenses (includes bars, pubs, taverns, night clubs and other non-restaurant on-licenses) active 
on the 6th March 2001 (census night) for all of New Zealand were obtained from the Ministry of Justice. This 
official dataset aggregates details of liquor licenses issued by local licensing agencies. License addresses were 
geocoded using GeoStan Map software (Version 2.1.1, Critchlow Limited, 2006). Missing or incomplete address 
details were supplemented with online telephone directories. 2936 licences were selected for study and were 
successfully geocoded with  77% of these geocoded to a precise location. The remaining records were geocoded 
at the street level or at a larger geographic scale (i.e., Census Area Unit) due to imprecision of the license 
address.  

Neighbourhood access to alcohol outlets was linked to neighbourhood measures of socioeconomic deprivation 
through the meshblock geographic unit. In New Zealand, the census meshblock is the smallest unit of census 
data. There were 38,358 meshblocks, each representing approximately 100 people. Social and material 
deprivation was measured at the meshblock level with the 2001 New Zealand Deprivation Index 
(NZDep)(Salmond &  Crampton 2002) and calculated from census data on nine socioeconomic variables, 
including measures of income, employment, transport, qualifications, and living space. Each meshblock was 
assigned a decile rank derived from the distribution of weighted average scores where 1 is least deprived and 10 
is most deprived.(Salmond &  Crampton 2002) There are 37,842 meshblocks that have a deprivation score. The 
remaining 516 meshblocks were not given a deprivation score because they had little or no population (n=499) or 
because they were withheld for technical reasons (n=17). 

Each meshblock was classified as to its degree of urban influence using the Statistics New Zealand Urban/Rural 
Profile Classification.(Bayley &  Goodyear 2001) This index groups all meshblocks into either ‘Urban areas’ 
which are statistically defined to identify concentrated urban settlements regardless of administrative boundaries, 
and ‘Rural areas’ which are those areas not included in the urban definition. The classification further 
disaggregates urban and rural areas into one of seven categories ranging from major urban centre to highly rural 
or remote area, using inhabitants’ workplace addresses relative to their residential addresses, allowing economic 
and social ties between areas to be incorporated into the classification. A number of meshblocks were not 
incorporated into this classification being considered ‘wet’ areas – typically waterways or outlying islands. In 
summary, 76% of meshblocks (n=28,700) were classified as urban, with the remainder as rural. In total, 37,673 
meshblocks had both a deprivation score and an urban/rural classification and comprised the analysis dataset. 

A Geographically Weighted Regression model was created with distance to the nearest bar as the dependent 
variable, and neighbourhood deprivation and meshblock urban rural status as the independent terms.  Model 
parameters and associated t-values were mapped in order to explore the spatial variation in the parameter 
estimates.  A Monte Carlo significance test for spatial variability was conducted [Hope]. 

3.0 RESULTS 

 

 
Figure 1.  Plots of residuals vs predicted distance from bars for each meshblock. 

The global regression model produced by the GWR software produced R2  = 0.35 indicating some explanatory 
power in the global model. An examination of the parameter estimates indicates that the urban/rural parameter is 
the most important driver in the model with a large positive value, and a much smaller negative value for the 
deprivation parameter.   For the GWR model an adaptive kernel was chosen since the distance between points 
varies across the study region due to the varying size of meshblocks.  A Bi-square kernel function in which the 
weighting was determined by AIC minimisation was used for the kernel shape(Brunsdon, Fotheringham &  



Charlton 1998).  An improved R2 value of 0.48 was obtained and an examination of the AIC indicates that the 
local GWR analysis is an improvement on the global (OLS) regression model (739840 vs 731621).  A Monte 
Carlo significance test for spatial non-stationarity in model parameters was conducted and revealed significant 
spatial non-stationarity in both model parameters (0.1% CI, p<0.00001). An examination of the plot of residuals 
vs predicted (Fig 1) indicates that the model is underestimating the travel distance with a slight bias towards 
positive errors.  An examination of the residuals showed that the residuals are normally distributed about zero 
(data not shown), which satisfies the assumptions regarding the construction of the error term for the local linear 
models. 



 

Figure 2. Meshblock distance to the nearest bar for the North Island of NewZealand. 

Figure 2 shows meshblock distance to the nearest bar for the North Island. Meshblocks are coloured in darker 
shades for shorter distances and lighter for longer distances (up to 105km). White areas are those meshblocks not 
considered in the analysis.  For the central North Island distances tend to be greater (light shades) reflecting the 
rural nature of this part of the country. 



 

Figure 3.  Meshblock deprivation for the North Island of New Zealand. 

Figure 3 shows meshblock deprivation across the North Island with low deprivation in green be coming red for 
increasing deprivation.  For the central North Island, deprivation is typically high (shades of yellow, orange 
through to red) from East cape across to lake Taupo and into Taranaki.  This central North Island band therefore 
appears to not follow the national trend of decreasing distance to bars (better access) with increasing deprivation. 



 

Figure 4.  Meshblock urban/rural status for New Zealand. 

 

Figure 4 shows meshblock urban/rural status for New Zealand (urban in shades of grey, rural in shades of green). 
Meshblocks in rural New Zealand are large in size compared to urban meshblocks, however, urban meshblocks 
significantly outnumber rural meshblocks.  



 

Figure 5 Map showing deprivation parameter t-values for New Zealand. 

Maps of the parameter estimates do not account for the standard errors of the estimates so there is no indication 
of the significance of the parameter estimates.  However, mapping the t-statistics in terms of the probability 
associated with the confidence interval reveals the significance of the parameter estimate in each local model. 
These t-maps are useful in an exploratory role and may highlight parts of the study area where unusual or 



interesting relationships are occurring. In general, a t-map of a certain coefficient is very similar to the map of 
this same raw coefficient, but sometimes reveals interesting spatial variations that would be missed completely if 
we rely solely on the global analysis of raw parameters. 

Figure 5 shows a map of New Zealand for the deprivation t-value. For most of New Zealand the deprivation 
parameter is negative and significant (Shown in red, 99%CI), and for the most urbanised areas (Auckland, 
Wellington, and Christchurch) and the far north, Coromandel, Blenheim/Nelson, and Canterbury the impact of 
this parameter on the model is not significant (shown in light gray, 95% CI).  For some remote areas of New 
Zealand this parameter is positive and significant (shown in green, 99% CI).  However, the most interesting areas 
are Manawatu-Wanganui region and parts of the Taranaki region, Bay of Plenty region, and the area south of 
Auckland.  For these areas it appears that the impact of both the deprivation parameter and the urban rural 
parameter are different from the rest of the country.  Figure 6 shows a map of New Zealand for the urban/rural t-
value.  For most of New Zealand the parameter is significant (red to dark red, 99% CI), however for the three 
urban centres mentioned above, the parameter is not significant.  A large band across the middle of North Island 
includes Taranaki and Bay of Plenty regions and is significant and large and when viewed together with the 
deprivation map (Fig 3) indicates that the these areas do not fit the expected outcome (i.e. high deprivation = less 
distance to bars). 

The area south of the Waikato river also does not appear to conform to the global model of decreasing distance to 
bars with increasing deprivation.  Deprivation for this area ranges from highly deprived (decile 10 in red) to 
average deprivation (decile 4-5 shown in light green to yellow) (fig 3).  At the same time this area features large 
distances to bars (36 – 105km).  An examination of the t-value maps shows that both deprivation and urban/rural 
status parameters are large, positive, and significant (99% CI).  

Plots of distance, deprivation, urban/rural status code, together with meshblock population were constructed as an 
aid to visualising associations (Fig 7).  Each variable was plotted with each other variable giving an exhaustive 
list of plots.  It appears from these plots which are global in scope, that the most important driver for the distance 
to the nearest outlet is meshblock population (Dist vs Pop).   Although population size was not considered as an 
independent variable, a relationship between population size and urban/rural status can also be observed from 
this figure. 

4.0 DISCUSSION 

For certain rural areas of New Zealand, the association between distance to the nearest outlet and neighbourhood 
deprivation appears to be the opposite of the association exposed in the global model. That is, the lack of a strong 
association between deprivation and distance to outlets for rural data discovered in previous research may in part 
be explained by spatial non-stationarity in the deprivation and urban/rural status parameter estimates.    

There are rural areas of New Zealand, in particular the central North Island, that feature both high relative 
deprivation and large travel distances to bars.  These areas may have confounded the results for rural areas in the 
previous study that showed no association between distance to bars and deprivation for similar conditions.  

While it appears that population is the strongest driver of distance to the nearest bar, there is no doubt that a 
coincidental association between distance and deprivation also exists and that this association may in fact exist in 
rural areas as well as urban areas despite the lack of association discovered for rural areas in previous research. 

The study adds to an international literature showing that physical access to alcohol, measured by travel distance 
to the nearest outlet along roadways, is associated with deprivation. 

Strengths of this study are that advanced geospatial analytical techniques have been used to explore the lack of 
association between variables for rural areas exposed in previous research. 

Future research is required to determine the effect of the spatial non-stationarity in parameters for the other liquor 
license types, in particular restaurants which has previously showed a positive association with deprivation. 



 
Figure 6  Urban/Rural parameter t-values for New Zealand. 



 
Figure 7 Plot of the relationship between each variable. Population size is included to show the relationship 

between this variable and distance to bars. 
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