Developing a spatial-statistical model and map of the
horse population in Australia
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1. Introduction
Geostatistical analysis has been extensively used in modelling and mapping disease
data to interpolate estimates of disease occurrence or risk from various database
sources into continuous surfaces. The study of geographical distributions of diseases
is known by several synonymous terms in the literature, “medical geography”
(Meade and Earickson 2005), “geographical epidemiology” (Bithell, 2000) and
“spatial epidemiology” (Berke, 2004). A disease map is the main product of such
analyses. Disease maps are exploratory analysis tools used to get an impression of
the geographical distribution of disease or its corresponding risk (Berke, 2004); they
have several other benefits including reporting the results of a geographical
correlation study or highlighting cluster locations in a cluster study (Diggle, 2000).
Craig et al., (2007) developed a risk map and a model for malaria in Botswana
using point-referenced data from prevalence survey of malaria infection in 1–14 year
old children. Goovaerts (2006) developed isopleth risk maps of cancer mortality
using a generalization of Poisson kriging. Griffith (2005) conducted a comparative
analysis of disease mapping techniques (e.g., spatial autoregressive modelling and
spatial filter modelling) as applied to West Nile Virus in the United States, where he
found that that no single spatial statistical model specification provided a preferred
description of these data.

In addition to disease and risk maps, modelling / mapping the distribution of
susceptible populations across space is especially important because spatiotemporal
modelling predictions from simulation models that predict possible spread scenarios
of a disease through a population are profoundly affected by the estimated spatial
distribution of susceptibles (Highfield et al., 2008). Therefore, developing a good
understanding of the susceptible population’s location is a fundamental component
of spatially explicit disease modelling.

2. Methodology
A variety of spatial estimation methods have been used in the literature for modelling
the density and distribution of populations including dasymetric mapping,
regression-based approaches and remotely sensed image analysis (Highfield et al.,
2008). Regression approaches used include ordinary least squares, logistic, Poisson,
and more recently, geographically weighted regression (Fotheringham et al., 2002)
and kriging (Buckland and Elston, 1993; Rossi et al., 1994).
This research aims to develop a model of the density and distribution of the horse
population across Australia. A model of the density and distribution of the horse
population across NSW and QLD is developed first using several geostatistical
methods including GWR and kriging and employing agricultural census data, the
horse population dataset collected during the 2007 EI outbreak for NSW and QLD,
and spatially explicit variables related to horse ownership including land-use and
human population distribution as model inputs. The model will be then applied to
other parts of Australia and validated using data from Victoria, Tasmania and
Western Australia (Figure 1). In this paper, we present the initial results of our work
to develop a comprehensive, spatially explicit model of the horse population in
Australia.

Fig 1: Different datasets used in building and validating the horse population model

3. Data Sources
Official (government) records on the numbers and locations of all premises with
horses in Australia did not exist until the 2007 equine influenza outbreak. Although
various Departments of Agriculture hold horse data collected at different levels of
detail and spatial resolutions, and whilst Australian census data exist on
"commercial" horses, other types of horses such as pleasure / backyard horses and
those domiciled at hobby farms do not have their locations systematically collected
and recorded. During the EI outbreak, veterinary health authorities compiled a
database of all horse premises in affected areas. The objective of the database was to
provide contact details to assist the disease management process (e.g., vaccination).
Although the database was not collected specifically to feed into predictive disease
models, it can provide an indicative idea of the numbers and locations of horse
premises in New South Wales and Queensland. Records for the database were
largely sourced from four external databases1:
1. Rural Lands Protection Board database;
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2. Australian Horse Industry Council Database;
3. Equine Influenza Registration Database;
4. ANEMIS database2.

4. Uses/benefits of the model:
The spatial distributions of animal populations provide decision makers with
valuable information such as the locations of the population at risk in cases of
disease outbreaks or other catastrophes (e.g., bushfires).
In the case of a potential or actual widespread disease outbreak (e.g., the 2007 EI
outbreak), the availability of a model of the spatial distribution of the horse
population is a critically important input to simulation models of the spread of that
disease. Such modelling predictions are used to: guide decision makers and evaluate
mitigation strategies prior to the outbreak (Durand and Mahul, 2000; Ward et al.,
2007) and to inform response strategies during the outbreak. These predictions also
help answering many questions that may be of interest to policy and decision makers
either before or during an outbreak.
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