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Overview: SPP Procedure
The SPP procedure performs analysis for spatial point patterns in two dimensions. You can specify the point
process rectangular window or rely on the input data set coordinates. Summary descriptions are available
through the F, G, J, K functions, which compare the empirical function distributions to the theoretical
homogeneous Poisson functions.

The SPP procedure uses ODS Graphics to create graphs as part of its output. For general information about
ODS Graphics, see Chapter 21, “Statistical Graphics Using ODS.” For more information about the graphics
available in PROC SPP, see the section “ODS Graphics” on page 8802.

Classes of Spatial Data
There are three broad classes of spatial data:

� Point-referenced data are values that are sampled at specific locations within an area of a predefined
size. An example is air temperatures that are measured where weather monitoring instruments are
located. The stochastic nature of spatial processes can be described by using spatial random fields
(SRFs). A set of point-referenced data can be seen as a realization of a continuous SRF that takes
values over the entire study area. The values at unsampled locations are unknown but can be predicted
by means of geostatistical analysis. You can analyze point-referenced data by using the SAS/STAT
procedures VARIOGRAM, KRIGE2D, and SIM2D.

� Areal (lattice) data are values for a fixed number of areal units within a particular area. These data
differ the point-referenced data in that one areal observation is assigned to a whole areal unit instead of
to a specific location. An example is crime rates that are aggregated over counties within a state.

� Point pattern data are a collection of locations of single events of a spatial process. In this category,
the study area can have a variable size and observations might have associated covariates, but the main
interest is in their spatial patterns of occurrence. Examples include locations of tree growth, locations
of petty crimes, and so on. A set of point-pattern data can be seen as a realization of a discrete SRF
that has values only at the event locations (Illian et al. 2008, p. 44). A collection of this type of data
is known as a spatial point pattern. Point pattern analysis usually does not refer to the SRF concept.
The applied techniques in point patterns differ from the geostatistical approach, although both types of
analysis share corresponding measures to describe correlation among the data. You can use the SPP
procedure to analyze point pattern data.
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Introduction to Point Pattern Analysis
In point pattern analysis, you want to describe characteristics of the events (observations) that compose the
pattern. The events are manifestations of a phenomenon or process at random locations. Therefore, your
analysis goal is to investigate underlying connections among these events that could explain the phenomenon.

In some cases, events might have additional attributes, known as marks. If a point pattern has a mark, then it
is called a marked point pattern. There can be continuous marks or categorical marks, depending on whether
the mark attribute takes continuous values or values from a list of discrete levels, respectively. A marked
point pattern that has a categorical mark attribute is known as a multitype point pattern. A multitype point
pattern is also called a multivariate point pattern because you can view it as a collection of point patterns,
one for each type.

To study the events, you use the concepts of the study region (also called a study window) to represent the
area where the point pattern is defined. The window selection can be a subjective choice, and it definitely can
affect the analysis. When the window is a subregion of a larger region where the point process operates, you
might need to account for edge effects. This term describes discrepancies that can appear in the analysis,
depending on whether you consider that events close to the window edges have neighbors outside the window
area.

Point pattern analysis often focuses on whether interaction exists among the observations in a spatial point
pattern. That is, you test whether the points are spread evenly around the study region with no particular
pattern, or alternatively whether there tends to be more or less clumping of points than you would expect
purely from randomness. To this end, you usually test the hypothesis of complete spatial randomness (CSR)
in the point pattern. According to CSR, the events follow a Poisson distribution with constant mean, and they
have no interactions. A point pattern can follow CSR, in which case it is known as a homogeneous Poisson
process. Alternatively, a point pattern can demonstrate event interaction or clustering.

You can test CSR by using heuristic approaches that use sparse sampling methods in exploratory and summary
analysis. Two general approaches to this are as follows:

� distance methods, where you compare the empirical distribution function (EDF) of distance between
events with an EDF that is based on the CSR assumption

� quadrats, where you partition the spatial framework into smaller subregions and study the number of
events (also known as the quadrat count) in each subregion

The SPP procedure provides options for implementing both of these approaches. For more information, see
the sections “Testing for Complete Spatial Randomness” on page 8783 and “Statistics Based on Second-Order
Characteristics” on page 8785.

You can tell a lot about the behavior of a point pattern if you have an expression for the point pattern intensity,
which shows the number of events per unit area. A simple way to estimate intensity from the point pattern
events is to produce kernel density estimates. You can also model the intensity by maximizing suitable
pseudolikelihood expressions for the logarithmic intensity. Intensity models can also incorporate information
about covariate variables; together with distance methods, they enable you to examine whether a covariate
plays a significant role in the underlying process.

A SAS/STAT procedure that compares to PROC SPP is the KDE procedure, which fits the special case of
Gaussian bivariate kernels for the purpose of nonparametric density estimation. PROC SPP enables you to
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perform much more extensive nonparametric intensity estimation by using different types of kernels, and
it provides support for adaptive kernel estimation. In addition, PROC SPP enables you to fit parametric
inhomogeneous poisson process models and use a variety of residual diagnostics to perform model validation.

Getting Started: SPP Procedure
This example uses forestry data, which are shown in Figure 107.4, to show how you can use PROC SPP to fit
a model for the first-order intensity of a spatial point pattern. The Sashelp.BEI data set contains the locations
of 3,604 trees in tropical rain forests. A study window of 1,000 � 500 square kilometers is appropriate.
The data set also contains covariates that are represented by the variables Gradient and Elevation, which
are collected at 20,301 locations on a regular grid across the study region. The variable Trees distinguishes
the event observations in the data set. These data are a part of a much larger data set, which contains the
positions of hundreds of thousands of trees that belong to thousands of species (Condit 1998; Hubbell and
Foster 1983; Condit, Hubbell, and Foster 1996).1 The Sashelp.BEI data set contains five variables:

� X and Y: the X and Y coordinates for locations of trees and for measurements of the height and slope
of the study area

� Trees: a 0/1 variable that indicates which observation corresponds to locations of trees: 1 indicates the
presence of a tree, and 0 indicates absence

� Elevation: which measures how far the study area is above sea level

� Gradient: which measures the slope of the study area

The following statements produce a plot of the event observations (which is shown in Figure 107.4) and plots
of the covariates (which are shown in Figure 107.5 and Figure 107.6).

ods graphics on;
proc spp data=sashelp.bei plots(equate)=(trends observations);

process trees = (x, y /area=(0,0,1000,500) Event=Trees);
trend grad = field(x,y, gradient);
trend elev = field(x,y, elevation);

run;

In addition, the preceding statements produce three tables, which are shown in Figure 107.1, Figure 107.2,
and Figure 107.3. The number of observations in the combined data set is shown in Figure 107.1; it includes
both the number of event observations and the number of covariate observations.

1This data set is used with kind permission from Professor S. Hubbell, with acknowledgment of the support of the Center for
Tropical Forest Science of the Smithsonian Tropical Research Institute and the primary granting agencies that have supported the
BCI plot. The BCI forest dynamics research project was made possible by National Science Foundation grants to Stephen P. Hubbell:
DEB-0640386, DEB-0425651, DEB-0346488, DEB-0129874, DEB-00753102, DEB-9909347, DEB-9615226, DEB-9615226,
DEB-9405933, DEB-9221033, DEB-9100058, DEB-8906869, DEB-8605042, DEB-8206992, DEB-7922197, support from the
Center for Tropical Forest Science, the Smithsonian Tropical Research Institute, the John D. and Catherine T. MacArthur Foundation,
the Mellon Foundation, the Small World Institute Fund, and numerous private individuals, and through the hard work of over 100
people from 10 countries over the past two decades. The plot project is part of the Center for Tropical Forest Science, a global
network of large-scale demographic tree plots.
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Figure 107.1 Number of Events and Number of Covariate Observations

Figure 107.2 provides some summary information about the point pattern, including the average intensity or
the number of events per unit area.

Figure 107.2 Exploratory Information about the Point Pattern

Figure 107.3 provides the results of a default10� 10quadrat-based Pearson chi-square test for CSR.

Figure 107.3 Pearson Chi-Square Test for CSR
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