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Abstract

The spatio-temporal prediction problem requires 
that one or more future values be predicted for 
time series input data obtained from sensors at 
multiple physical locations. Examples of this 
type of problem include weather prediction, flood 
prediction, network traffic flow, and so forth. 
In this chapter we provide an overview of this 
problem, highlighting the principles and issues 

that come to play in spatio-temporal prediction 
problems. We describe some recent work in the 
area of flood prediction to illustrate the use of 
sophisticated data mining techniques that have 
been examined as possible solutions. We argue the 
need for further data mining research to attack this 
difficult problem. This chapter is directed toward 
professionals and researchers who may wish to 
engage in spatio-temporal prediction. 
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Introduction

Forecasting future values for systems that con-
tain both spatial and temporal features (spatio-
temporal) is extremely complex. As an example, 
consider the problem of predicting precipitation 
at one location. The amount of previous rainfall 
in areas close to the target certainly affects this 
forecast. However, there are many other factors 
(temperature, time of day, wind direction, wind 
speed, and so forth) that impact the rainfall predic-
tion. The area of spatio-temporal prediction has 
been the focus of much research in recent years 
(Deutsch, & Ramos, 1986; Dougherty, Corne, & 
Openshaw, 1997; Jothityangkoon, Sivapalan, & 
Viney, 2000; Kelly, Clapp, & Rodriguez, 1998; 
Pokrajac, & Obradovic, 2001; Roddick, Horn-
sby, & Spiliopoulou, 2000; Singh, Chaplain, & 
McLachlan, 1999). Due to the extreme complexity 
of predicting these future values, common practice 
is to utilize domain experts with extensive experi-
ence in both forecasting and the problem domain 
itself. For example, for flood prediction, the 
National Oceanic and Atmospheric Administra-
tion (NOAA) actually employs specialists whose 
job is to understand the history and specifics of 
predicting floods on one river. A different domain 
expert may be hired for a different river. Due to 
the extensive use of domain experts, spatio-tem-
poral prediction is extremely expensive, and due 
to the complexity of the nature of the problems, 
prediction accuracy is often low. 

In this chapter we argue for more data mining 
research into the development of sophisticated 
modeling, machine learning and prediction tools 
that can assist domain experts in solving spatio-
temporal prediction problems. The interesting 
challenge is to see if these models can use all the 
data available without the need of expert interven-
tion. This could be useful, since experts in the 
particular domain of interest – flood prediction, 
networks – often may not be experts in these data 
mining tools, which are drawn from statistics, 
genetic modeling, algorithmic heuristics and 

much more. But creating models general enough 
to be understood by non-experts has proven to be 
a difficult balancing act, especially when these 
complex models use many parameters and when 
there are many types of data to consider. 

In this chapter we first introduce the problem 
and some previous research and solutions. Finally 
we summarize and make recommendations for 
future work.

Problem Definition

Spatio-temporal prediction is widely used in many 
diverse applications, such as environmental pro-
tection, flood control, atmosphere surveillance, 
waste disposal management, traffic management 
and so on. The general discrete time spatio-tem-
poral prediction problem can be defined as: 

Given a collection of spatial locations where 
time series data is collected at discrete points in 
time, the spatio-temporal prediction problem is to 
predict a future value at one of the locations.

Thus, we can state the spatio-temporal predic-
tion problem as one of predicting one or more 
future values of time series data. Although we 
could examine a continuous time spatio-temporal 
prediction, most work has been done looking at 
a discrete time system where data is collected at 
regular intervals. For example, the Minnesota 
Department of Transportation collects freeway 
data at monitoring stations in the Twin Cities 
metropolitan area every 30 seconds. (www.dot.
state.mn.us/tmc/trafficinfo/data). Example 1 is 
based on the Tao Dataset of sea surface tem-
perature readings in the Pacific(http://ingrid.ldgo.
columbia.edu/SOURCES/.IGOSS/.TOGA-TAO.
cdf/.dataset_documentation.html).

Example 1. There are n temperature sensor 
stations located at buoys at various sites in the 
ocean. Each station measures the temperature on 
the surface of the ocean every day at noon. The 
spatio-temporal prediction problem here would 
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