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Every day, thousands of US government personnel are directly supporting risk analyses for proposed
plans covering unfamiliar geographies, not only using imprecise data models, created by multiple
organizations, with uncertain model parameters, but also having little capacity to communicate complex
geo-temporal patterns that are critical for mission success with fellow information creators, analysts, and
planners across the globe. Over the past decade, the University of Illinois at Urbana-Champaign,
Colorado State University, and the US Army Corp of Engineers’ Engineer Research & Development
Center has been collaborating to construct a neighborhood-scale social, infrastructural, and environmental
modeling system that quantifies the uncertainty of all input data, propagates that uncertainty through
tightly coupled space-time models, and visually presents uncertainty information and intuitive insights to
planners and analysts. The "Framework Incorporating Complex Uncertain Systems’ (FICUS) is a
computational framework that supports all the functions of a general purpose geographic and temporal
analysis system with a focus on risk analysis. FICUS represents demographic (Ehlschlaeger et al. 2016)
and transportation information at atomic units to minimize the “Uncertain Geographic Context Problem’
(UGCoP, Kwan 2012). FICUS has geospatial and temporal analysis components that propagate
uncertainty using the Object Modeling System as its computational framework (David et al. 2013). It
contains interdependent urban infrastructure network models to forecast network failures (Lu et al. 2018)
designed to demonstrate feedback loops between changes in infrastructure and effects on the population.
FICUS has ability to tightly couple models from R, Python, and NetLogo as well as most popular
programming languages. The FICUS server displays uncertainty using dynamic maps (Burkhalter et al.
2018). It takes a multi-verse approach to representing uncertainty by requiring all data to be plausible
representations of reality replicated across multiple universes. Uncertain model parameters are also
stochastically realized throughout the multi-verse, and dynamic mapping allows end users to choose how
information is presented to best understand the range of the possible. The FICUS map server allows
multi-site multi-user simultaneous multi-map interactions, including exploratory data analysis with
“brushing and linking’ capabilities allowing collaborating users to quickly see best case, worst case, and
the less probable cases from any theme or location. The more improbable cases are often known as *Gray
Swans’ in Black Swan Theory (Taleb 2010). Gray Swans must be understood in decision making to
understand potential circumstances when planned activities go wrong. FICUS is free and open source
software that works on any computer supporting Docker, an open platform for building, shipping, and
running distributed applications. The multi-verse map analysis is typically performed on high
performance computers, with users visualizing results from any browser, including those on smartphones.
This presentation will discuss the theoretical and practical benefits of using an uncertainty quantifying,
uncertainty propagating, and uncertainty visualizing geographic information system for risk analysis with
a case study in the Philippines. We will focus our discussions on the techniques that minimize or can even
eliminate UGCoP, calibration and validation in a multi-verse risk analysis paradigm, and cognitive issues
of understanding risk using Black Swan Theory.
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Dear Geospatial Software Institute Workshop 11 Organizers,

Dr. Olaf David and I are hoping to attend this workshop. We believe the GSI Workshop should include
discussions on the following scientific issues: 1) Eliminating the Uncertain Geographic Context Problem,
which is caused, in part, by legacy geographic data models and algorithms designed 40+ years ago for
much more primitive computers. 2) Improving extraneous cognitive load techniques for geographic
analysis. Understanding complex social models, for example, will require visualizing dozens of thematic
attributes that vary across spatial social groups. In other words, advancing cartographic theory to better
handle the big data cognitive load issues. And 3) Distributed computing, communication, and
visualization issues. High performance computers can quickly generate terabytes of information, but how
will groups of people spread across the world collaboratively interact with this information?

The position paper we offer outlines the problem when geographic information creators seldom interact
with data collectors nor the analysts and consumers of that information. The information systems
described in our position paper contain hundreds of covariated geo-temporal themes with heteroskedastic
uncertainty effects, which if not understood will cause mistaken assumptions about reality. We hope these
discussions will help guide develop geo-temporal software that reduces the scientific problems we face.

Sincerely,

Dr. Charles R. Ehlschlaeger

Geographer, Engineer Research & Development Center

Adjunct Professor of Geography (@ UIUC and Adjunct Instructor of GIS @ John Hopkins University
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