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Abstract

Risk analyses for geospatial activities are constantly undermined by plans that have been created by multiple
organizations for unfamiliar geographies, involving imprecise data model and uncertain model parameters.
Moreover, those responsible often have little capacity to communicate about complex geo-temporal patterns with
fellow information creators, analysts, and planners across the globe. Over the past decade, the University of
lllinois at Urbana-Champaign (UIUC), Colorado State University (CSU), and the US Army Corp of Engineers’
Engineer Research & Development Center (ERDC) 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 minimizes the Uncertain Geographic Context
Problem (UGCoP), propagates uncertainty using the Object Modeling System as its computational framework and
contains interdependent urban infrastructure network models to forecast network failures. It can tightly couple
models from R, Python, and NetLogo as well as most popular programming languages, and it itself is free and
open source.

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.

US Army Corps of Engineers e Engineer Research and Development Center
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FRAMEWORK FOR INTEGRATING COMPLEX
Uncertain SYSTEMS (FICUS)

 The Framework Incorporating
Complex Uncertain Systems
(FICUS) is a computational el & A
framework, currently in  f Wealed = ik
development at ERDC, UIUC,
and CSU, that supports all the | A Tl
functions of a general purpose Ny e
geographic and temporal o
analysis system with a focus on
risk analysis. :
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Information

Knowledge

Wisdom

The Data to Wisdom Continuum

e 11 SN
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The Reality to Decision Continuum

The Data Model IS wrong,

but is the Knowledge Base
USEFUL? (George Box)
Information Systems
informs Knowledge Bases
Knowledge Bases used by
Planners & Decision Makers Knowledge
to make the Best Decisions

Data Models Informs
Information Systems

How much can be
automated?

Better
Decisions

A FICUS Theoretical Challenge: Communlcatlng uncertainty to Decision Makers

US Army Corps of Engineers e Engineer Research and Development Center
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Sensor, Info System, or Analysis Improvement

» A FICUS Technical

Challenge: Can decision
HEE SENSErS Ene makers’ needs be known
Data Flows B,
Researched and Acquired to Data Developers .
NGA and other
Agencies determines
Future Database needs
Analysts informs \
the development of Knowledge
Better Information Systems

Planners &
Decision Makers informs
better Knowledge Bases

US Army Corps of Engineers e Engineer Research and Development Center
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Framework for Incorporating Complex
Uncertainty Systems (FICUS)

» Uncertainty Quantification (UQ) of Data Model

 Box Plot Data Mapping of all variables for Black Swan Theory analysis
« Geotemporal map multiverse of plausible realities

» Uncertainty Propagation (UP) through Applications

» Uncertainty Visualization (UV) of Decision Supporting Data/Maps
Connected to Inputs

All three needed for Risk Analysis in a distributed
Reality to Decision Continuum

US Army Corps of Engineers e Engineer Research and Development Center
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Nassim Taleb’s Black Swan Theory,
Plus Grey Swans

Black Swan Events: Unpredictable highly improbable events
White Swan Events: Expected highly probable events

Grey Swan Events: Predictable highly probable event...
(Walker 2010: earliest we’ve found), others argue GSEs are
predictable less probable events, with the later definition
currently most often used

The "Grey Swannish’ of an event: The more unlikely a
predictable event is, the more Grey Swannish that event is (My
definition, Google wasn’t able to find another use of the term
Grey Swanish)

US Army Corps of Engineers e Engineer Research and Development Center
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UQ: Black Swan Theory Data Model

Maximum Possible
Data model box plot

provides error
estimates:

Black Swans

Maximum Model
GreyjSwans

Swannish

—

More Grey More Grey

3 Quartile

More White

dp—

All data should be
represented as
guantiles, with
guartiles providing an
elegant way to
measure wrongness,
bias, data model
GrevlSwans arrogance, and data
model meekness

Swannish

White Bwans

Median .
White Bwans

Reality

More White
Swannish

1st Quartile

Swannish

Minimum Model

Black Swans Minimum Possible

US Army Corps of Engineers e Engineer Research and Development Center
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UQ: Wrong Black Swan Theory Data Model

Maximum Possible

Black Swans 2 <
Maximum Model = C
Grey|Swans S E 4,05
34 Quartile S g 1 ° g
@)
| = 12% '¢g¢
| White pwans | §—= 0P
Median . qv]
White pwans QD Q ~
Y |9 o<
; E = 9
QL @© O E
S = o
1st Quartile =9 § (/g)
Minimum Model Greyjowans
Black Swans Minimum Possible

Wrong Model: When ANY
ground truth is higher
than maximum or lower
than minimum

Must be adjusted or
replaced immediately

Time to eliminate the
George Box quote “All
models are wrong but
some are useful” as an
excuse for wrong models
trying to represent reality

US Army Corps of Engineers e Engineer Research and Development Center
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UQ: Biased Black Swan Theory Data Model

Maximum Possible
Biased Model: When

Black Swans L c >C0
Maximum Model S T o statistical tests of ground
Greyfswans = N truth are confident that
rd i 9 =< O c - .
3" Quartile > |S3 o S median value (or quartiles)
. = 1= = i
| White pwans | | = o Z are biased
Median . (0
White pwans D @ |
v |Z B | > Must be adjusted or
=€ | 5¢ replaced immediately
S
5= | 23
1st Quartile s 0 § c%
Minimum Model Greylawans
Black Swans Minimum Possible

US Army Corps of Engineers e Engineer Research and Development Center
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UQ: Arrogant or Meek Black Swan Theory Data Model

Maximum Possible
Arrogant or Meek: When

Black Swans L c
Maximum Model - statistical tests of ground
Greyfswans % = Lo truth are confident that too
34 Quartile ~ o) c% 1 % % many or too few data
White Ewans | I = = o U;) samples are outside of
Median . O = Inter-Quartile Range
White pwans D L
Y c v o< _
=€ | 5¢ Tools in Data Model should
2 S | o6& adjust parameters to
1st Quartile =0 § (% eliminate model arrogance

or meekness

Minimum Model Greylswans

Black Swans Minimum Possible

US Army Corps of Engineers e Engineer Research and Development Center
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UQ: Population Attributes at Atomic Scale

Multiple realizations (multi-verse) of
simulated geotemporal located populations of
individual households based on microdata or
survey cases. l. e., IPUMS, USAID M-DHS

Household and person attributes fitted to 15t
and 2"d order properties of uncertainty based
on census enumerations, infrastructure
maps, ground truth information

Attribute covariance built in’ due to complete
survey cases as data structure

Population simulator designed to allow all
input variables, including forecasts, to be
stochastic ranges of possible values

US Army Corps of Engineers e Engineer Research and Development Center
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Demographic Analysis Legacy, === ﬁ

Chittagong Division | = = .=
Mean Proportions of = = '~
Muslims Utilizing 3
Tube Wells

e Stochastic Monte-Carlo demographic
simulation

+ Summary statistics maps are generated to =7
provide error and uncertainty estimates

* Tools to develop hierarchical framework
analysis with uncertainty

San jose oel

Location 14619, 1:351.958

Eod gy 3053, ban: D S49
I

Generates space-time uncertainty - S | Analysis at atomic scale,
e g : # then filtered
guantified information about
population at neighborhood scale R

US Army Corps of Engineers e Engineer Research and Development Center
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UQ: Simple GeoAnalytics with Population Attributes

Population
Density

® Population-centric multi-verse of individuals

Survey
Mu:rodata

allows analyses of attribute combinations

without creating modifiable areal unit problem

Survey Expan sion

Constraint
Data

(MAUP) issues :;T:;ﬁjs S Aloation
v
®* Wealth inequity analysis example using Simulate Population Moated ™ [ e " o
traditional demographics analysis techniques Representaﬁmsﬁ
imulate e
Wlth a map algebra ?eprels;nfations Realization Realization Realization
« Where is neighbourhood scale wealth inequity orropdeter = - -
between Muslims and Hindus in Bangladesh / el Anaysis
(Ehlschlaeger et al. 2016)7? P 7 A -
° Wealth metrlcs by househOId AL tapw:ter tapwater ... ... tap water tapu}:ater tap water tapu\;ater ......
a) ebra
 Kernel analysis generates wealth metrics of \v \iﬁ/g JJ
SprOpUIatlonS by nelghbourhOOd Inequwallai:\lft:orﬁl Inequwa:ai:\:rtlf]orﬁz Inequwallai:\:rt:or#n
 Map algebra to compare different subpopulations Summ:j A
e Summary statistics maps are generated to wvoze Y| wetn ) | s M“?ﬁ‘“ Sandar
provide Black Swan Theory box plot error Map 1 vap 1 map ] Map ] Map 1 De it ]

estimates

Survey Response Map Generation

US Army Corps of Engineers e

Engineer Research and Development Center
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UQ: Population AnaIyS|s

C sweat-msoPH/20180218co0a02/V X

&«

Example application: Examine potential
Impacts of Battle of Marawi, May-Oct 2017, on
population in Mindanao, Philippines

C O @ https://ficusbeta.erams.com/refugee-model/?i

g 1

™M Gmail |IH Capture Video

FICUS voss

C FICUS & Color Picker by Wel

Refugee Model (alpha)

Hagon

Classify population across cohorts: flee to & CREATE THE AFFECTED ZONE
family/friends, shelter-in-place, move to IDP W CREATE THE INFRASTRUCTURE/BUILDING

. DAMAGED ZONE
camp, become casualties n
. . . Q
* |dentify locations and subpopulations based on open COMPUTE MOBEL
. . . . (i ]
source information regardlng slege
. . . “ AffeCtEd Zone (0/0) IG,U‘025,‘U.U‘;S,0AUSS,D,1 iD,D.ZS,EI.‘lS,U.SS,l i5,10,15,25,30 .
* Estimate impacts based on range of possible o
. . Combat Zone (%) — st
outcomes per subpopulation. For example: (%) [razsossoss | 520253040
®  What is the likelihood that “'non Muslim adult males’ from the worases | meame| sstcieizoern || soncosm e |
affected zone will become casualties? Is broken down into: i SR e | [ [ [ | ol aeceased
= 1450
. .. . . < . y remaining 1 I —— | |subpopulation deceased || stay camp flee
. What is the minimum likelihood that “non Muslim adult males’ from the na ;““’” i informed_oble [ \__Nf" L | l Total in refugee camp
affected zone will become casualties? e Ty v rr— e e ﬂ:; ’ 65450
®  What is the maximum likelihood that “non Muslim adult males’ from | ] | e e SR |y e 2‘;?522‘*“ i
the affected zone will become casualties? e - R | (| e —
a NjA Query for remaining 4 I Status_Seeking_Males NJA NjA NJA NjA Total sheltering in place
° What is the median likelihood that "'non Muslim adult males’ from the T e [ reee [ [ [ [ 24700
. . in Query For remaining 5 P iR win A s
affected zone will become casualties? # <

US Army Corps of Engineers e Engineer Research and Development Center
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UQ: Population Analysis Wlth Agent Based Modeling

® Simple polygons or probability surfaces are
least effective, maximizing UGCoP

® Filter functions aggregating attributes into

UGCoP compared to polygons
®* Agent Based Modeling incorporating

trafficability analysis, supply/demand resource

allocation and other system of systems
analysis tools minimize UGCoP

C sweat-msoPH/20180218c0a02/\ X
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C 1 @ htips;/ficusbeta.erams.com/refugee-model/?|

™M Gmail |IH Capture Video

FICUS voss

C FICUS > Color Picker by Wel g T

Refugee Model (alpha)
proportions early in an analysis have reduced | & CREATE THE AFFECTED 20NE

"I CREATE THE INFRASTRUCTURE/BUILDING
DAMAGED ZONE
0 COMPUTE MODEL
Y . e - =
b Affected Zone ( AJ) |0,D‘025,U.D45,0ADSS,IJ.1 ‘ io,u.zs,u.q:&,n.sa,l ‘ 55,10,15,25,30
o Combat Zone (%) | = : e
10,0.25,0.45,0.55,1 ‘ ‘0,0.25_0.45,0.55,1 ‘ |s,za,25,3o,4o
restore queries | | save queries I Show Affected Zone Pop | | Show Combat Zone Pop |
all pop subpopulation deceased stay camp flee
NJA Edit Query 1 I Wealthy_Mabile N/A NjA N/A NjA ’ Totdl deceased
= 1450
mmmmm i di d ||stay camp flee
Quety for remainng 1 Informed_Mobile NjA ‘ NjA NjA NJA Tl rirefges eamp
subpopulation [ deceas: ed "stav -(a'mp flee 65450
NM Query For remaining 2 Other_Wealth_Indicators || N/ NjA /A NjA
Vremairlng 3 " subpopulation deceased stay camp flee Total fleeing the area
N/A Query For remaining 3 First_Responder | . N/A NjA 362550
remaining 4 n subpopulation deceas: ed stay camp flee —
a NjA Query for remaining 4 I Status_Seeking_Males NJA NjA NJA NjA Total sheltering in place
24700
ining S i o st camp flee a2
. ITT < Query for remaining 5 | |sﬂ|.lbp:larl»ul‘al:|an I | ‘ !
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Framework for Incorporating Complex
Uncertainty Systems (FICUS)

» Uncertainty Quantification (UQ) of Data Model

» Uncertainty Propagation (UP) through Applications

» Uncertainty Visualization (UV) of Decision Supporting Data/Maps
Connected to Inputs

All three needed for Risk Analysis in a distributed
Reality to Decision Continuum

US Army Corps of Engineers e Engineer Research and Development Center
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Object Modeling System Computational Framework

. FICUS can easily embed software models and apps written in
Java, C/C++, Python’ NetLogo’ R, Fortran, inc|uding geo_tempora| The old way: Applications on host The new way: Deploy containers

analysis tools using OMS
Apps are packaged in a container with everything the application n n App App

needs to run Libraries Libraries
. No need to install custom software stacks n n
. Apps can be run anywhere - Windows, Mac OSX and Linux
. Apps can be run on local computers and production servers
. Easy to move from development to production “

| Containers can be tightly coupled using the Object Modeling Heavyweight, non-portable Small and fast, portable
. . . Relies on OS package manager Uses OS-level virtualization
System allowing models written in supported languages to operate
at compile speeds

App App

Libraries Libraries

US Army Corps of Engineers e Engineer Research and Development Center
UNCLASSIFIED



UNCLASSIFIED

FICUS uses Catena

Catena is a software framework & iibraries for geospatial applications developed at CSU

- : R Barangay 140 025 -
> Analysis vot: -'gaieacan-»*‘—— A A
2 Pan: S
. " Pp— c North BayE: 53 106 11010 /inged Quezon City g
i E | Q a i | Quartiles = Realizations Others ;NQ,"“ 2 f5ar Francideo! Patoks K Teachers Villageid ]( s 5 L——|
i g I CU > . 30+ 33'_ Del Monte \ (w»m
% - PR % . !
f f Pt D .l i) ¢ T 4 Sanu Mesa {"“B‘“a Hantia o Dy -duy%r'r\ Mariiggas g
-} | Animation ’ 08 Heu;hls'g Kisiony Har N Y ;
E ] (@) 3 s g Blue Ridge g s
£ § — L . CA T b 0o ndlmia Mariana_sCubao E A =
5a e O © WM [»]» Paused 025 BpC: © NewMarila o2
- - - - e o il " ' Sarrpab( p = shhis
P o Q ¥ fn‘;ﬂ 50N Juan "N Mg REUTE @R b
© ealizations 025 .. s9n Nicolas .;Sm;,;m i 7 ) = B 0-0.06 o
U Q -5 Niatia (\ Wack watk © I 0.06-0.1
-~ A Burol T Greenhiifs I 0.13-0.1
0 - " paridacan’ 2
E o Most Gray S h e L.‘-“"" N 5 |, 872 Zoness f =.1M\nlmu =g;: g e @
lost Gray Swannis Most White Swannish PErmita W ¢ 7 i ]
U) q) P v | ., A ban Andres, Manfﬁaluyon.g Oranbo 3 0.31-038 Al
D - A Bukid anm:u;'uf_njra\ ¢ s
. \‘.' s nAr tonia GuIlaE =k Jo44-0.4 &
8 & Ordering e - Rrakat A PaS‘I:Jos 0.56f
U 3 LR . "%"‘ <antaRosario: [ 0.56- 0.6
—_ (D (O Default & : \ '~}\'%m Lorerfo e =/ Re0uron| N 0.63-0.6f & &
LL S Inhiabetically by file h ==y Paséy * ( Pateras/ H 0.69-0.7
e ations dered alphabetical ename |[e% - ¢ =
/ aliza are ordered alphabetically by file name e, ¥Dasmarinas @l "mzal'“' + B 075-081 )y
G : i lf | Magallanes B 0.81-0.88
& =t = .""' i Tagun B 0.88-0.94
. B
oaton @ ([ & gy RS oo o o1
d from lowest values to
ighlighted location — Most Gray Swannish
Realization #025
_ °
(@) Gray Swan ®
°
. Realizations are ordered by global gray swan values %0, sees,
pecial Purpose Apps trom Any Sottware s LT TYS
] ®eo@@@e® MostWhite Swannish
. S T T S TN N N NN s s R\ I A S =
embedded w/in FICUS for UQ/UP/UV| |

Lightweight core
Plugin-based architecture

Focus on the app, not the framework

O sweat-msoPH/20180218c0a02/

X

&« cC 0 @ https://ficusbeta.erams.com/analyze-framework/?infoNode=&theme=swea...

M Gmail [J] CaptureVideo (& FICUS &= Color Picker by Wel

FICUS vosas

w B @ 0

1}. Timer - Online Stop D Web Meeting Login

Catena: general purpose GIS w/out Uncertainty

US Army Corps of Engineers e

Engineer Research and Development Center
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FICUS Component Goal (in development)

. FICUS will soon easily embed any OMS component into the FICUS
UQ/UP/UV environment by wrapping the OMS component into a
component that allows uncertainty propagation

. FICUS Components will allow stochastic adjustment of all OMS
component outputs to correct Gray Swan wrongness, bias,
arrogance, or meekness

. FICUS Components will allow for immediate uncertainty
visualization of all inputs and outputs ‘linked and brushed’ in the
FICUS-UI to improve model communication

US Army Corps of Engineers e Engineer Research and Development Center
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Uncertalnty Propagatlon

Cnmapo pDI wisl Ion

| Mean Proportions of
Muslims Ueilizing
Tube Wells

| 200m Kernels

Represent neighborhood
population attributes

FICUS Toolset

Population
Model

“Infrastructure
Interdependenc

Transportation
Model

_Refugee Model'l

U Additional™™
Models
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Explanation

uuuuu

Analyze cascadlng eﬁects of
infrastructure damage (on
people and other systems)

SWEAT-MSO Framework
Conditions Indicator Metric
= s Tt

[ ————

Ty Divtarce 16 Wates e age Timmt

Filter model outputs through
risk & decision framework

See dynamic changes in transportatlon
flow based on damage and change in
resource demand

-~ Loeanian 14.329, 120.824
5td Dey 0 049, Maar €505

View analysis results through a
web-service

US Army Corps of Engineers e
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Infrastructure System of Systems ¥ 0 i .

» UIUC Civil Engineering leads effort |® m| |3 B /‘T _'*

« Network infrastructure T ~ T = -
interdependency model oo ¥ s 8 o

» Considers connections between 010 il dpton i T ¢ m
different infrastructure types (1. D gnemn sl .

from another diesel tank

« Connects ‘communities’ to o | )
Infrastructure resources (proximity) "X - 4

« Considers how change in resource
capacity impacts population

Relationship model that expresses the
connection between infrastructure &
population

7/ “Hollow symbols indicate component failure =
after cascading disruption

US Army Corps of Engineers e Engineer Research and Development Center
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herC/OTransporiation

Tight-coupled System of Systems Modeling

herC/OTrans u x
C O  © localhost81/an

M Gmail [[§ CaptweVideo C FCUS & ColorPickerbyWer g Timer-OnlineStop: [} Web Meeting Login MylDCare - Signin [} FSAFEDS MyCarle - Login

 Link demographic, infrastructure S
Interdependency, and transportation models

e Using road network and population data,
generates a set of activity locations for
origins/destinations

* Enable near real-time movement analysis In
the transportation network /

 Determines impact of infrastructure failure I )
on access to resources, and dynamic A e/ e’ [{ ion [ L

« A B 2

N

o

changes in traffic =

Develop dynamic transportation
simulation influenced by resource = flmmeead | ST
capacities & population attributes Sl A T

US Army Corps of Engineers e Engineer Research and Development Center
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Heteroskedastic Uncertainty Verification Problem

Heteroskedasticity: when the variability of a variable is unequal across the
range (or geography)

Heteroskedastic Uncertainty Verification Problem (HUVP) is the notion that
verification for fitness for use of a data model to a geographic
computational model is difficult because certainty of specific use cases will
not guarantee certainty in other circumstances

Simple Example (on right): Shortest Path Uncertainty Analysis using UQ 3’
DEM data has uncertain results (top) or certain results (bottom) depending
on model parameters even using the same dataset

Complex Demographic Example: Microdata or surveys will seldom provide
the appropriate stratification of random samples for important demographic
variables for specific applications (urban/rural in USAID’s M-DHS for
example). Ergo, some applications will provide fit-for-use results from the
same survey with other application results unfit-for-use

Dr. Gerard Heuvelink has argued since the 1980’s that Monte Carlo
Simulation is the only technique that "can’ provide uncertainty analysis,
which FICUS uses as it’s core.

Computational Modelers need to adopt a “Manifesto for Antifragile Models”
similar to Computer Science’s Manifesto for Antifragile Software,
antifragilesoftwaremanifesto.org

US Army Corps of Engineers e Engineer Research and Development Center
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Antifragile Seftware Geo-temporal Analysis Manifesto

If you replace software’ with geo-temporal models’, we are nearly there...

1. The customer: The main priority of Antifragility is so the satisfaction of the customer needs,
delivering an antifragile system of systems. The system of systems includes all USG data
collection flowing through geo-temporal computational models connected to decision makers
with meta-system feedback loops to identify weaknesses in the analytic framework.

2. The context: We welcome changing scenarios where unexpected events (Black Swans) are
the real paradigm shifting entities, or used to improve the analytic framework. We also welcome
Identifying wrongness, arrogance, and bias in our models to minimize poor decisions.

3....12.

Because individual models can only be calibrated and validated on unit test data available at
development:

If we want to tightly couple multiple models, designed by different researchers, into systems
with multiple feedback loops, we need a Framework for Integrating Complex Systems that can
handle the Uncertainty so that the Analytic Framework is Antifragile.

US Army Corps of Engineers e Engineer Research and Development Center
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Framework for Incorporating Complex
Uncertainty Systems (FICUS)

» Uncertainty Quantification (UQ) of Data Model
» Uncertainty Propagation (UP) through Applications

» Uncertainty Visualization (UV) of Decision Supporting
Data/Maps Connected to Inputs

All three needed for Risk Analysis in a distributed
Reality to Decision Continuum

US Army Corps of Engineers e Engineer Research and Development Center
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Play w/ FICUS Yourself

= In a hurry, advance two Rl

slides and go to
flcusbeta.erams.com "

»

Overview

Introduction

sweat-msoPH > 20180218coa02 > WaterC > WDistributionl > Wat

Framework for Integrating Complex Uncertain Systems

Description
for a walkthrough of the * e edueton sndBackgromne
Select Theme  This is a visualization component prototype for the “Framework for Integrating Complex Uncertain Systems” (F
. ¢ a computational framework to support federated models of complex uncertain systems and enable informatior
Analyze Theme environmental models. FICUS research goals are to develop a neighborhood scale geo-temporal analysis tool g
i | model h goal devel ighborhood scal | analysis tool
o future environmental, social, and infrastructural change.
Brushing and Linking ‘ ‘ ) .
CO I I l p O n e n S O e P This basic and applied research is funded by 0SD-ASA(ALT) and performed by USACE ERDC (POC: Charles R. E|
= Brushing and Linking _ University of lllinois.
FICUS User Interface o
. Man Toolbar This visualization component allows the geo-temporal animation of indicator maps produced by computational
O r I C u S . e ral I I S . CO I I l O r P supplemented with meta-data. The maps can be selected for visualization while uncertainty is spatially animat
References visualized as box plot and histogram. In addition, location based information about realizations can be plotted.
the latest stable s
Ve rS i O n) There are 2 steps in this application to follow:
MM Select a Theme
3 (= T e _Chooseat
. EB | in the sear
o CRp— a o magnifying
* L : the theme':
US Army Corps of Engineers e Engineer Research and Development Center
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FICUS Vlsuallzatlon Interface
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2 AcedemicstiiSenvicesl Liberacyd <FCUS>

FICUS .51

~ExtriciyC = EDistrituriand = ConkingFuelbd

SaforyC

= SFaciilies = Tolevisiont

Loration 12,619, 120,988

FICUS w1 .
View the uncertainty of )
results at every point of =i D
the map N I
R View how individual
: o - . : analysis results compare
R _— S (0 overall results — white
. . A ! . Feali #0720 —"
Link & Brush functions swan vs gray swan
support real-time multi- :
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Play w/ FICUS Yourself

= flcusbeta.erams.com
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™M Gmail |II] Capture Video C FICUS <= Color Picker by We| ﬁ‘; Timer - Online Stop B Web Meeting Login » Other bookmarks

FICUS vosis

Overview

Introduction

< . nescrision Framework for Integrating Complex
e UNCErtain Systems

»

Select Theme  Introduction and Background

Analyze Theme  This is a visualization component prototype for the “Framework for Integrating Complex
Uncertain Systems” (FICUS). The purpose of this project is the design and development of
Brushing and Linking @ computational framework to support federated models of complex uncertain systems
and enable information support for multiple interconnected social, infrastructural, and
Brushing and Linking ~ environmental models. FICUS research goals are to develop a neighborhood scale geo-
o temporal analysis tool quantifying data and application uncertainty and forecasting near
Seltings future environmental, social, and infrastructural change.

This basic and applied research is funded by OSD-ASA(ALT) and performed by USACE
ERDC (POC: Charles R. Ehlschlaeger) , Colorado State University (POC: Olaf David) , and
the University of Illinois.

Map Toolbar

References
Description

This visualization component allows the geo-temporal animation of indicator maps
produced by computational models. Thematic maps are organized in a folder structure
and are supplemented with meta-data. The maps can be selected for visualization while
uncertainty is spatially animated. For each location, uncertainty information can be
obtained and visualized as box plot and histogram. In addition, location based information
about realizations can be plotted.

Usage o
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Closing Remarks

 UQ/UP/UV at atomic scale eliminates Modifiable Areal Unit Problem

» Eliminating Uncertain Geographic Context Problem (UGCoP) requires

application-specific options not found in legacy GIS POC:

. UQ/UP/UV reduces Heteroskedastic Uncertainty Verification Problem | " Charles Ehlschlaeger, |
charles.r.ehlschlaeger@usace.army.mil

ISSues Cell: 217-418-8942
Office: 217-373-7287

 UQ/UP/UV techniques provide connection between decision making
knowledge gaps and improved data collection, necessary for true risk POC:

analysis Dr. Olaf David
Olaf.David@colostate.edu

» Distributed Geotemporal Risk Analysis representing complex systems

requires novel data models, application development methods, and
cartographic techniques not available in current GIS

» Contact Dr. Ehlschlaeger for employment opportunities, or sabbaticals

* Contact Dr. Ehlschlaeger and Dr. David for collaborative research
opportunities
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