Discovering spatio-temporal cascade patterns

Given a collection of Boolean spatio-temporal(ST) event types, the spatio-temporal cascade pattern (STCP) discovery process finds partially ordered subsets of event-types whose instances are located together and occur in stages[1]. For example, analysis of climate science datasets may reveal frequent occurrence of glacier melting, intense flooding with rainfall in some areas and drought in other areas after global warming. Figure 1, shows a plausible network of interactions among spatio-temporal events in climate science datasets [2]. ST cascade patterns in this context may discover frequent sub-networks such as increase green house gases may often be followed by global warming, early snow/glacier melting as well as local droughts cascading to shortage in food supply in some areas. STCP analysis from ST datasets is also important for application domains such as public safety (e.g. crime attractors and generators) and natural disaster planning(e.g. hurricanes). 
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However, discovering STCP from large ST climate science data is challenging for several reasons, including both the lack of computationally efficient, statistically meaningful metrics to quantify interestingness, and the large cardinality of candidate pattern sets that are exponential in the number of event types. Existing literature in ST data mining focuses on mining totally ordered sequences or unordered subsets. Traditional methods in graph mining and machine learning (e.g. Bayesian network family) either deal with computationally expensive interest measures (e.g.  Maximum independent set or represent joint probability distributions), which may take exponential computations even for individual candidate patterns.  In contrast, we propose to new interest measures which are computationally less expensive but still provide spatial statistical interpretation in terms of Ripley’s K-function [3] generalized for spatio-temporal events. 

Preliminary approach [1] addressed cascade patterns in context of single-jurisdiction crime analysis summarizing local interactions among nearby events, such as bar closing followed by unruly behavior or drunk driving in the neighborhood. However, climate datasets and event interactions violate many assumptions underlying the preliminary work [1]. For example, interactions among climate events may involve long distances or tele-connection. El-nino may impact precipitation and temperature thousands of miles away in a non-linear manner[4]. In addition, global climate datasets are continuous over space and time. The overall goal of the proposed work is to address the new challenges in cascade pattern mining for understanding climate change. The proposed work is structured as a set of tasks described next.
Research Tasks

We propose the following research tasks for STCP analysis in the context of climate science:
RT1: Explore novel ST data models (e.g. data-types, operations) to represent new properties (e.g. non-linear long-distance interaction) of climate science datasets.
RT2: Explore novel ST measures to quantify interesting and useful cascade patterns in climate datasets. A key challenge is to balance conflicting requirement of computational cost and need for scientific interpretation. 

RT3: Explore novel and computationally efficient algorithms to that can scale to large climate science datasets.

RT4: Evaluate proposed interest measures by using spatial statistical metrics like ST K-Function, Knox Index, Jacquez Index etc.[1,3].
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Figure 1: Cascading spatio-temporal patterns from climate science datasets[2]











