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Abstract

Risk assessment 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 assessment.

This presentation will discuss the theoretical and practical benefits of using an uncertainty quantifying, uncertainty
propagating, and uncertainty visualizing geographic information system for risk assessment with a case study in
the Philippines. We will focus our discussions on the technigues that minimize cognitive issues of understanding
risk and extend Black Swan Theory concepts for quantitative risk assessment.

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

framework, currently in - & .
development at ERDC, UIUC, and | =~ St o
CSU, that supports all the functions |© ... i
of a general purpose geographic = B
and temporal analysis system with a .
focus on risk assessment. L -

US Army Corps of Engineers e Engineer Research and Development Center
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The Reallty 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
Better
Decisions

A FICUS Theoretical Challenge: Communicating Uncertainty to Decision Makers

Data Models Informs
Information Systems

How much can be
automated?

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

» FICUS Technical

Challenge One: Can
Better Sensors and

decision makers’ needs
be known to Data
Researched and Acquired

Data Flows
Developers?
NGA and other
Agencies determines
Future Database needs
Analysts informs
the development of Knowledge
Better Information Systems
FICUS Technical Challenge Two: Planners &
Can Planners communicate with Decision Makers informs

Data Deve|oper5 in Real Time to better Knowledge Bases
Improve Decision Making?

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

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

Grey Swan Events: Predictable less probable events not
accounted for in decision making.

The "Grey Swannish’ of an event: The more unlikely a
predictable event is, the more Grey Swannish that event is

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



UNCLASSIFIED

Black Swan Theory Data Model

Maximum Possible
Data model box plot

provides error
estimates:

Black Swans

Maximum Model
GreylSwans

Swannish

ﬁ

More Grey More Grey

3 Quartile

More White

A ————

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 pwans

Median n
White Bwans

Reality

More White
Swannish

1st Quartile

Swannish

Minimum Model

Black Swans Minimum Possible
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Wrong Black Swan Theory Data Model

Maximum Possible

Black Swans 3 =
Maximum Model — =
GreylSwans =S 405
3 Quartile o g 1 O E
Q @
_ ..Z“ = D S g
| White pwans | § = <o
Median . Q0
White pwans D © -
Y c 0 <
= C = U
c O c
O © c
(@) —
1st Quartile s § (%

Minimum Model Greylswans

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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Biased Black Swan Theory Data Model

Maximum Possible

Minimum Model

Black Swans 2 c
- .V
Grey|Swans =S 405
o g 1 Ol=
> |26 | 0§
_ - o =
White pwans S S D
White pwans QO [
X (s |gg
- Ol=
O @© C
o5 | 58
=
S0
GreyjSwans
Black Swans Minimum Possible

Biased Model: When
statistical tests of ground
truth are confident that
median value (or quartiles)
are biased

Must be adjusted or
replaced immediately

US Army Corps of Engineers e Engineer Research and Development Center

UNCLASSIFIED



UNCLASSIFIED

Arrogant or Meek Black Swan Theory Data Model

Maximum Possible
Arrogant or Meek: When

Black Swans 3 c 'ga
Maximum Model S 2 = statistical tests of ground
Greyfswans = Lo truth are confident that too
rd ; 9 ; D c
3" Quartile > |S& o S many or too few data
= = i
| white pwans = c§3 U;) samples are outside of
Median , C Inter-Quartile Range
White pwans D L
Y c v < _
=E | 5¢E Tools in Data Model should
= S | 0§ adjust parameters to
1st Quartile =0 § (% eliminate model arrogance

or meekness

Minimum Model Greylswans

Black Swans Minimum Possible
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Population Attributes at Atomic Scale

Multiple realizations (multi-verse) of
simulated geotemporal located populations of
iIndividual 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
iInput 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 St

—

Chittagong Division . iy,

Mean Proportionsof . = >
Muslims Utilizing
Tube Wells B T2
1 200m Kernels 3% u

« Stochastic Monte-Carlo demographic
simulation

¢ Summary statistics maps are generated to "
provide error and uncertainty estimates u

« Tools to develop hierarchical framework
analysis with uncertainty

Locazion 1£.619, 130,088

=4 D € 059, Moan:0 540 N oo
A =,

. VWO

Generates space-time uncertainty @RS ' tAhnanﬁtis atd atomic scale,
e 1 : r en filtere
guantified information about !
population at neighborhood scale - e o

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



UNCLASSIFIED

Population Analysis

C sweat-msoPH/20180218c0a02/V X +

Example application: Examine potential
Impacts of Battle of Marawi, May-Oct 2017, on

&«

C 0 @ httpsi//ficusbeta.erams.com/refugee-model/?i

M Gmail [J Capture Video (S FICUS &= Color Picker by Web:  fig T

FICUS voess

population in Mindanao, Philippines f — s
Refugee Model (alpha) P e
Classify population across cohorts: flee to & CREATE THE AFFECTED Z0NE
family/friends, shelter-in-place, move to IDP W CREATE THE NFRASTRUCTURE/RULDING
DAMAGED ZONE
camp, become casualties o
. . . 9
* Identify locations and subpopulations based on open o S
source information regarding siege
- . - .l AffeCtEd Zone (0/0) |G.U.025.E5.,D.']5.5,U.; ;0.0.25...015.;55.1 _'5_1-.]-,15,2;;:}
* Estimate impacts based on range of possible 4 . -
. C btz Q/ A retugeey —' Quesry-ocs-conflict o
outcomes per Subpopu|at|on_ For examp|e: ombat Zone (%) 0.025,0.45,0.55. 0,0.25,0.45,0.55,1 15.20,25,30,40
®  Whatis the likelihood that “non Muslim adult males’ from the ' tasamis | e | SonMisisszoere | e e P ___‘
affected zone will become casualties? Is broken down into: M| preverramy | (e o oo T o)
*  Whatis the minimum likelihood that “non Muslim adult males’ from the - aoyiaimart | areisre | wn ism - Total nrefuges camp
affected zone will become casualties? P : oy s a2 g |y | e oy (Iren ‘ 65450
*  Whatis the maximum likelihood that *non Muslim adult males’ from | D e e [ i [ | T;';:emm’ﬁ
i ies? T — - — |
the affected zone will become casualties? a — B o e | oo e ‘ Total shetterg i place
* What is the median likelihood that ‘non Muslim adult males’ from the T e = || [P 29700
affected zone will become casualties? # | i e S

US Army Corps of Engineers e Engineer Research and Development Center
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FICUS uses Catena

Catena Is a software framework & ibraries for geospatial applications developed at CSU

C sweal-meoPH/20180218c0a02/0 X

° Lightweight core

<« C O @ https//ficusbeta.erams.com/analyze-framework/?infoNode=8&theme=swea * B % 0o - A .

b Plugln—based arCh|teCtu re ™M Gmail IE Capture Video C FICUS > ColorFicker by We ftg. Timer - Online Stop [} Web Meeting Login » Other bookmarks

*  Focus on the app, not the framework FICUS voes
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FICUS Cartography,
Geotemporal UV
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Catena: general purpose GIS w/out Uncertainty
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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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Chittagong Division )
& Explanation

Mean Proportions of
Muslims Utilizing

Uncertainty Propagation

infrastructure damage (on
people and other systems)

Represent neighborhood

population attributes

SWEAT-MSO Framework

Conditions Indicator Metric

T 4 Xind of Tollet 7]
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= =
FICUS Toolset : —
T Ughting/Cooking Fuel T Hes Bectrical Appliances
*To—puml‘on*'l e o
Model EA Manner of Garbage Disposal
“Infrastructure” : N ::;
Interdependenc o o

“Transportation
Model

Refugee Modell

Filter model outputs through
risk & decision framework

“Additional™™
Models

ks O sk
RN oue
3 Malat
Calso
0
! 2 i
*- Location 14.329, 120824 £
i
)

See dynamic changes In trans
flow based on damage and change in

resource demand
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View analysis results through a
web-service

US Army Corps of Engineers e Engineer Research and Development Center

UNCLASSIFIED

16



UNCLASSIFIED

\

(© ()

 Network infrastructure T -
iInterdependency model

(a)
® C O n S i d e rS CO n n e Cti O n S b etwe e n (a)—(b): Initial disruption at diesel tank

(b)—(c): Resource failure at generator

7

. . Diesel tank

- Diesel generator
. Water pump

- UIUC Civil Engineering leads effort |8 8 |[# 8
l‘ |
&

b)

Infrastructure System of Systems ; . E .
*
]
6

A — Functional Support
(c)—(d): Support failure at pump

d iﬁe re nt i nfraSt r u Ctu re typ eS (b)—(e): Diesel generator seeks supply (e) % Resource support

« Connects ‘communities’ to
Infrastructure resources (proximity)

« Considers how change in resource
capacity impacts population

~ Explanation

Relationship model that expresses the
connection between infrastructure &
population

¢ Hollow symbois indicate component fallure =
after cascading disruption

US Army Corps of Engineers e Engineer Research and Development Center
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* Link demographic, infrastructure
Interdependency, and transportation models

 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

on access to resources, and dynamic 3[ 2, { e }[ o L
changes in traffic e/ i /
Develop dynamic transportation _—
simulation influenced by resource (v b f e ] | ]
capacities & population attributes T A e

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
UNCLASSIFIED


http://antifragilesoftwaremanifesto.org/

UNCLASSIFIED

Antifragile Seftware Geo-temporal Analysis Manifesto

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
UNCLASSIFIED 3 20
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Play w/ FICUS Yourself

= In a hurry, advance two il

slides and go to

Overview

a Introduction

flcusbeta.erams.com %

for a walkthrough of the

cartographic

Usage
Select Theme

Analyze Theme

N

com ponents to the Brushing and Linking

Brushing and Linking

o

FICUS User Interface

(or ficus.erams.com for

the latest stable

version)

References

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

Framework for Integrating Complex Uncertain Systems

Introduction and Background

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
environmental models. FICUS research goals are to develop a neighborhood scale geo-temporal analysis ool g
future environmental, social, and infrastructural change.

This basic and applied research is funded by 0SD-ASA(ALT) and performed by USACE ERDC (POC: Charles R. E|
University of Illinois.

Description

This visualization component allows the geo-temporal animation of indicator maps produced by computational
supplemented with meta-data. The maps can be selected for visualization while uncertainty is spatially animat:
visualized as box plot and histogram. In addition, location based information about realizations can be plotted.

Usage

There are 2 steps in this application to follow:

Ml select a Theme
3 e = Choose a t
T - B ’ in the sear
A R 3 [ | magnifying
* _ [ i the theme's
US Army Corps of Engineers e Engineer Research and Development Center
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FICUS Visualization Interface

C AczdemicsCiASenvizes!iLitarscydd <PCUS>

Safetys = SFaciilicsl > Televislontd

FICUS w51

AcademizsC > AServices! > LiteracyM
K3 utatan Lacation 14,619, 120,932 Location “4.674, 720500 | oration 14,619, 120,988 7
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View the uncertainty of = ,
. s :\/) ] iahidd Ak { 1] A
v L B 5 =N
results at every point of B W mhe D . i e sl
a2 E £33 ® 7
the map ?
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. N jug
danila PAAS
Mak, Pasi Mzk P 2]
Fatotir |
: . Tagul 7 \ Taguig 7 : |
Lozation 14,329, 120.524 % P - Location 14,329, 120,824 bl Location 14.329, 120.824
S Dy, 0058 Mean, 9611 [ O 2 =0 Dor 0078 A% 053 ' % : : StdCey 0089, Mear: 0.503
i |
: [
i A , o
: s ;7,/) & :fb a2z ‘;f{:; £ PPl ;\’ B . ..
| DAXED 25 5
| , | View how individual
| ] e o PO, S £ .
' s ol < I analysis results compare
< o BHARR i Bifd: 2
to overall results — white

Link & Brush functions / " : swan vs gray swan
support real-time multi- - : | : : . ,
user and multi-site L P ‘. | d =
collaboration L IR T R T
&

. A o A .A5.5 N .. % N :
& Gray Swan (#30) Value at Locanon 14.329, 120,821 (#10) Q ® Gray Swan (#30) Value at Lotation 14 329 120 824 (#10)

© GravSwan (830) - Value at Location 14.329. 120.524 (#10)
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Play w/ FICUS Yourself
= flcusbeta.erams.com

C FICUs

-~ CcC 0O & bhitps://ficusbeta.erams.comy/?token=PrEDAQVOY b g a 'ﬁn &

™ Gmail I__"'H Capture Videa C FICUS <« Color Picker by Wek 1}‘. Timer - Ooline Stof D Web Meeting Login

FICUS voss

» Other bookmarks

Overview
@ Introduction -
< . vescrition Framework for Integrating Complex
R usage 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 enviranmental models. FICUS research goals are to develop a neighborhood scale geo-
& temporal analysis tool quantifying data and application uncertainty and forecasting near
Settings  future environmental, social, and infrastructural change.

This basic and applied research is funded by 0SD-ASA(ALT) and performed by USACE
ERDC (POC: Charles R. Ehlschlaeger) , Colorado State University (POC: Olaf David) , and
the University of lllinois.

Map Toolbar

References
Description

This visualization component allows the geo-tempaoral animation of indicator maps
praduced 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 |ocation, uncertainty information can be
obtained and visualized as box plot and histogram. In addition, location based infarmation
about realizations can be plotied.

Usage

-

US Army Corps of Engineers e Engineer Research and Development Center
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Play w/ FICUS Yourself 2

C sweat-msoPH/20180218coa02/V X
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M Gmail IIH Capture Video O FICUS > Color Picker by Wet ﬁg Timer - Online Stop [ Web Meeting Login
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Play w/ FICUS Yourse

= O X
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Closing Remarks

« Eliminating Uncertain Geographic Context Problem (UGCoP) requires
application-specific options not found in legacy GIS, which FICUS

prototypes
: _ _ POC:
* FICUS Risk Assessment reduces Heteroskedastic Uncertainty Dr. Charles Ehlischlaeger,
Verification Problem issues charles.r.ehlschlaeger@usace.army.mil
_ _ _ _ Cell: 217-418-8942
« FICUS Risk Assessment technigues provide connection between Office: 217-373-7287
decision making knowledge gaps and improved data collection,
necessary for true risk analysis POC:
o _ _ _ Dr. Olaf David
+ Distributed Geotemporal Risk Analysis representing complex systems | ojaf.David@colostate.edu

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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