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Abstract
Domains such as citizen science biodiversity
monitoring and real estate sales are producing spatial data with a continuous response
and a vector of covariates associated with each
spatial data point. A common data analysis task involves finding unusual regions that
differ from the surrounding area. Existing
techniques compare regions according to the
means of their distributions to measure unusualness. Comparing means is not only vulnerable to outliers, but it is also restrictive as an
analyst may want to compare other parts of
the probability distributions. For instance, an
analyst interested in unusual areas for highend homes would be more interested in the
90th percentile of home sale prices than in the
mean. We introduce the Quantile Spatial Scan
Statistic (QSSS), which finds unusual regions
in spatial data by comparing quantiles of data
distributions while accounting for covariates at
each data point. We also develop an exact incremental update of the hypothesis test used by
the QSSS, which results in a massive speedup
over a naive implementation.
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INTRODUCTION

Analysis of spatial data often involves finding spatial
regions that are different from the surrounding area.
For example, epidemiologists are interested in finding
regions with an unusually high incidence of disease
while criminologists are interested in identifying crime
hotspots. The spatial scan statistic (SSS) (Kulldorff,
1997) is a widely used technique to discover unusual regions from a Bernoulli or Poisson point process. The
SSS searches over a given set of regions, scoring each
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region according to how a quantity of interest (eg. the
disease rate) inside the region differs from outside the region. Finally, the SSS computes the p-value of the highest scoring region using a randomization test.
Many spatial data sets, however, are more complex than
point processes, which focus on the spatial locations of
the data. Real-world spatial data sets from domains such
as citizen science biodiversity monitoring and real estate associate a response value with each point as well
as a set of covariates (i.e. features). For example,
in a real estate data set, each data point has a location, a sale price, and associated features such as square
footage, number of bedrooms, age, etc. Formally, we
represent the ith data point of dataset D as a tuple
(Yi , Xi,1 , . . . , Xi,p , Li,1 , . . . , Li,d ), where Yi is a continuous response, (Xi,1 , . . . , Xi,p ) are the p covariates
and (Li,1 , . . . , Li,d ) are coordinates in d-dimensions; for
simplicity, we assume d = 2. In later sections, we will
refer to the data as D = {Y , X, L} to represent the distinct aspects of response, covariates and locations.
We can follow the SSS framework to find unusual regions in this more complex setting. For each region, we
fit a model that captures the relationship between the features and the response variable. Then, we use a scoring
function to compare the models from the “inside” versus the “outside” regions, by using a hypothesis test that
compares the means of the models. While such an approach seems reasonable, there are two shortcomings.
First, the approach is not robust as the mean is well
known to be vulnerable to outliers and the models for
each region can be badly skewed by outliers with extreme
values for the response variable (Rousseeuw and Leroy,
1987). Second, many real-world tasks involve comparing spatial regions using other parts of their distributions
besides the mean. For instance, a real-estate agent interested in high-end homes may want to compare regions
based on the 90th percentile of the sale price distribution. To overcome both of these problems, we develop a
novel method for comparing quantiles of spatial regions.

