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This work centers on

exploring the efficacy and difficulties of collaboratively developing
a systems-architecture-informed,

multidisciplinary GIS decision support system

for sustainable development applications

that makes significant use of remote observation data.

I h Background & Definitions



collaboratively developing

PPGIS: Public Participation Geospatial Information System (GIS)
PGIS: Participatory GIS

Participatory design: An approach that actively involves the people who are being served
through direct engagement with the stakeholders at every step.

Co-design: “approaches communities not as (solely) consumers, test subjects, 'test beds,’
or objects of study, and instead imagines them as co-designers and coauthors of shared

knowledge, technologies, narratives, and social practices.” (Costanza-Chock &
Henshaw-Plath, 2016)

System Architecture Framework: “A generic model that captures decision making and
design for complex systems; particularly useful for describing human-designed,

technology-enabled systems that provide public services such as access to infrastructure
or education” (Ovienmhada et al., 2021)

Jack Reid
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systems-architecture-informed

System Functions: Actions taken

to achieve system objectives;
System Forms: Approaches to

pursuing Functions
Maier: the art and science of creating and building

complex systems. That part of systems development T
. . . . monitor an
most concerned with scoping, structuring, and gva{uate
e : ystems
certification.

Crawley: the mapping of function to form such that
the essential features of the system are represented.

1. Understand
System Context

Context: environmental factors
that influence a program by
creating opportunities,
Imposing constraints or
Imposing uncertaint

2. Analyze
System
Stakeholders

The intent of architecture is to reduce ambiguity, F5. "’;,ssignt < %‘fﬁ:ﬁ? d
. . . unctuons 1o
employ creativity, and manage complexity Forms Ogtt)cj;gcnt\isgg

4. Select

Needs: Stakeholder problem or gap in System
desired state; Outcomes: End state that Functions
the Primary Stakeholder desires to attain;

Objective: High level description of what
program will do

Stakeholders are the people,
groups and organizations that
Impact a system or that are
impacted by a system

Credit: Danielle Wood

Jack Reid
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systems-architecture-informed

Constraints or
Opportunities:

Inputs

Credit: Danielle Wood

External Context: The COVID-19 pandemic and related societal factors

System Boundary

Outputs

Limited
resources of
local leaders to
address the
pandemic
Limited
technical
expertise of

System Stakeholders
Primary_stakeholders: US team and government,
academic, and private collaborators directly
working on Vida in each location.

Secondary  stakeholders: Other government
agencies and private entities who are taking
actions related to the pandemic in each location

Tertiary Stakeholders: Residents of each location

who are impacted by the virus and related policies

System Objectives
Proof-of-concept for integrated
data visualization and modeling
tool

Collaborators will use this
version as a basis for developing
their own, locally managed

VErsions.

local leaders in
modeling and
data analysis

Allocate

| Express ‘

| Execute v Meet

System Forms
Front-end data visualization Ul
Underlying system dynamics modeling for
simulation of different policy scenarios
Back-end code and data hbrary

System Functions

Visualize data from five

integrated models
Simulate different potential
policy scenarios

4 Transform I

Background & Definitions

Emergent Properties:

Understanding of
the relationships
between the
pandemic’s
ettects on Public
Health, the
Environment,
Socloeconomic
Factors,
Public-Sector
decision making,
and Technology
Design

DSS accessible
to decision
makers without
technical
expertise 1n
modeling and
data analysis

ack Reid
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systems-architecture-informed

Policy Direction

—

ot Observation |
| Earth Observation

Data
b o o e oy

Periodic Land Cover Surveys

Pereira Passos
Institute (IPP)

— Policy-relevant Data
Municipal
Environmental
Secretariat (SMAC)

State Environmental | Regulations
Agency (INEA)

National
Environmental
Agency (ICMBio)

| Scientific Advice &
l Skilled Workforce ESPACO Research

Diverse EO Data

Policy/Opinion

Knowledge/Information
Goods, Services, Public Benefit -

L I h Background & Definitions

Policy Direction

Urban Planning
Secretariat (SMU)

Regulations

Pescadors / Local
Residents
Association

Commercial
Developers &
Industry

-
-

m Mangrove Forests |

|

Global Community

Elected Officials

Votes

Socioeconomic Data

National Statistica
Agency (IBGE)
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geospatial information system (GIS)

Gl Science

\

Geographic Data Users

Spatial Surveys Secondary Information Industry: Government: Utilities:

data Satellite g sources Air Traditional Real Estate, Insurance, Federal, State, Local, Water, Sewage, Electric,
collection surveys ohysical e.g. census of photography maps Marketing, Retailing Tribal Telecom, Cable
population

Resources: Public Interest Groups: Education:
Forestry, Mining, Oil and Civic, Environmental K-12, University teaching,
Gas, Agriculture Technical Training, R&D

Spatial Database -
data issues ‘ Citizens
storage /

e.g. raster/vector

Graphical o
analysis of Visual VeI eI Commercial

visualization 3D surface mapping-linked multivariate analysis Agencies
generation V|eWS‘quer|eS data

ZUDHC Irltce‘rgst Universities
rogps. e and Research
\Envnronmental /

Data Exploratory Confirmatory Spatial
analysis statistics statistics modelling

Virtual reality :
Data Interactive

Airborne &
Satellite

l l l / Public Spatial Data Infrastructure \ / Commercial Data Suppliers )

Local Govts Federal Govts Surveying

Urban : . .
Medical Environmental Geosciences Transportation

Specific economic Utilities State Govts Photogrammetry GIS

Application \ / \

Areas . rorestry Retailing Cadastres Military Social
biogeography €

m Fotheringham, A. Stewart, and John P. Wilson. “Geographic Cowen, David J. “The Availability of Geographic Data: The Jack Reid

I Information Science: An Introduction.” The Handbook of Geographic IC_)/urrsgt Ticf;nciacal and il)r)stlitl;tiona:‘_EnvSirc.)nment‘.l” Z\-h?/V'I 2 Thesis Proposal
Information Science, John Wiley & Sons, Ltd, 2007, pp. 1-7. anabook or aeographic Information science, Jonn VViley anuary 1 O
Sons, Ltd, 2007, pp. 11-34.




decision support system (DSS)

A technical system aimed at facilitating and improving decision-making.
Functions can include visualization of data, analysis of past data,
simulations of future outcomes and comparlsons of optlons
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sustainable development

Rockstrom, Johan, et al. “A Safe Operating Space for
Humanity.” Nature, vol. 461, no. 7263, Sept. 2009, pp. 472-75

Background & Definitions

Global Distribution of Vulnerability to Climate Change
Combined National Indices of Exposure and Sensitivity

Jp—
o
< = S~}

- 10 Extreme vulnerability
B 9 Severe
. 8 Serious
7 Moderate
6 Moderate ) _
5 Modest - National Boundary

& Modeal o = Subnational boundaries dissolved
no data from countries for clarity of vision Robinson Projection

Scenario A2-550 in Year 2100 with Climate Sensitivity Equal to 5.5 Degrees C
Annual Mean Temperature with Aggregate Impacts Calibration

http://ciesin.columbia.edu/data/climate/

@ This document s oorsad under a
Croatve Commaons 3.0 Amribuson License
PP IMNVOCOMMINS D ICersosty 3O

Yohe, Gary W., et al. “Global Distributions of Vulnerability to Climate Change.”
Integrated Assessment, vol. 6, no. 3, 3, July 2006

©2006 Wesleyan University and Columbia University
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sustainable development

ECOSYSTEM SERVICES Constituents of Wellbeing

Provisioning Security
e Food e Personal Safety

Fresh Water e Secure Resource Access
Wood and Fiber e Security from Disasters

@
°
e Fuel
e

Social Justice
Economic Opportunity
Income Equality

Basic material for good life
e Adequate Livelihoods
Regulating SUfﬁCient Nutritious Food

St.lpp:‘rttlringt Cvalin e Climate Regulation Shelter lfreedom °f.
¥ Suil :__3 e yt(: ng e Flood Regulation , Access to Goods choice and action
5 P?imao P?oguction e Disease Regulation Opportunity to be able
th flict . Y e Water Purification Health _ ;9 ?dCh'?VelWhatdafl
e property contlic SN individual values doing
property the development et ef e

_ _ conflict ] Feeling Well |
“green, profitable, and fair” Cultural S et
(sustainable development e Aesthetic

e  Spiritual
. Educat't‘,’”a'l Good Social Relations
: ecreationa e Social Cohesion
I " R— Environmental Protection : k”é‘ifi‘i?'t?ii‘iﬁ%mers
the resource conflict Life on Earth - Biodiversity

Potential for mediation by Intensity of linkages between
socioeconomic factors ecosystem services and human
wellbeing
Low Weak

Overall Economic
Growth and Efficiency

Medium Medium

High sssmmm  Strong

Campbell, Scott. “Green Cities, Growing Cities, Just Cities? Urban Planning

and the Contradictions of Sustainable Development.” Readings in Planning Reid, W. V., et al. Ecosystems and Human Well-Being - Synthesis: A Report of the

Theory, edited by Susan Fainstein and James DefFilippis, 4th ed., Millennium Ecosystem Assessment. Island Press, 2005.
Wiley-Blackwell, 2016
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sustainable development

1,000,000

100,000

Safety

Reliability

| teroperablhty

. . Durablllty Adapmbllaty .
. . / j
) Sustainability
74 F|G}ibﬁy //%/

10 amt‘unablll

Resilience  / /Usablllty , Scalabllty
/
) MOdU|a}t)’TeStabl|lt)’/
| L -

1884 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

de Weck, Olivier L., et al. Investigating Relationships and Semantic Sets amongst System Lifecycle
Properties (llities). Working Paper, Massachusetts Institute of Technology. Engineering Systems Division,
Mar. 2012. dspace.mit.edu, https://dspace.mit.edu/handle/1721.1/102927.
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sustainable development

DECENT WORK AND
ECONOMIC GROWTH

14 sonwre 16 hosiowe W 17 rowriecans
| INSTITUTIONS
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socio-environmental-technical systems (SETS)

Socio-Environmental Systems (SES):
modeling involves developing and/or applying
models to investigate complex problems
arising from interactions among human (i.e.
social, economic) and natural (i.e. biophysical,
ecological, environmental) systems. (Elsawah
et al. 2020) Environmental Human vulnerability and eHman

model societal impact model decision-making
+ model

Sociotechnical Systems (STS): Technical

works involving significant social participation,
interests, and concerns. (Maier, The Art of Ischnology design mods!
Systems Architecting)

Sociotechnical
Modeling

Jack Reid

Thesis Proposal
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remote observation data & ./

ol

Any form of data collection that takes place at some remote m °
distance from the subject matter. While there is no specific distance

determining whether a collector is ‘remote,” in practice this tends to
mean some distance of more than a quarter of a kilometer.

Earth Observation (EO): Remote observation directed at the Earth "\

Jack Reid

F m Thesis Proposal
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remote observation data

Countries with operational spacecraft: 1
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1990 2010
Year <—Belward, Alan S., and Jon O. Skgien. “Who Launched What, When and Why; Trends in Global

Land-Cover Observation Capacity from Civilian Earth Observation Satellites.” ISPRS Journal of
\ Photogrammetry and Remote Sensing, vol. 103, Elsevier, May 2015, pp. 115-28,
tional as of 1st August 1972 to 2013. https://doi.org/10.1016/j.isprsjprs.2014.03.009.

Fig. 2. The number of near-polar orbiting, land imaging civilian satellites opera-

Jack Reid
Thesis Proposal

Background & Definitions January 2022 '1 8




remote observation data
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Analog
or Digital
Aerial
Photography

100 min

| hr

min b
D

SPOT HRV 1,2,3,4
Pan 10 x10 m
MSS 20 x 20 m

JERS-1

MSS 18 x 24 m ERS-1.2
[-band I8 x I8 m [:] C-band 30 x

SPIN-2

KVR-10002 x 2 m

TK-350 10 x 10 .

RADARSAT

RADARSAT
C-band

Il x8m

DigitalGlobe - QuickBird )SX 28 m
Pan 0.61 x 0.61 m 18-30 x 28 m
MSS2.44x 244 m 32-25 x 28 m

S0 x 30 m
GeoEye - IKONOS 22-19x 28 m
Pan 1 x I m 63-28 x 28 m
MSS4x4m 100 x 100 m

GeoEye- OrbView 3
Pan 1 x I m
MSS 4 x4 m

SPOT 5 - HRG
Pan2.5x2.5m

MSS 10x 10 m

e al Photography

n (0.82 x

Digital Frame
Camera Imagery
<0.25x0.25m (0.82 x 0.82 ft)
Ix1m(3.28 x3.28 ft)

10 1520 30

S

IRS-1 AB
LISS-1 725 x 725 m
LISS-2 36.25 X 36.25 m
IRS-1CD
Pan S.8x5S8m
LISS-3235x23.5: MIR70x 70 m

30 m WiES 188 x 188

/ LANDSAT 4,5

MSS79x 79 m
™ 30x30m
LANDSAT 7 ETM+
Pan 15 x 15 m; MSS 30 x 30 m
TTIR 60 x 60 m

ASTER
Terra
VNIR 15x I5m
SWIR 30 x 30 m
R 90 x 90 m
SPOT 4,5
Vegetation

~#— | x1km
MODIS

1/Aqua ORBIMAGE
x 0.25 km - OrbView 2
) ) km SeaWiFS
1.13x 1.13 km

I
AVHRR
LAC 1.1 x 1.1 km
GAC 4 x4 km

METEOSAT
VISIR 2.5 x 2.5 km
TIR 5 x 5 km

GOES
VIS1 X 1 km
TIR 8 x 8 km

Weather Radar
1 x1km
4 x4 km

radiometric, temporal)

* More refined indices
* New Data Types

— SAR
— LIDAR
— Gravitational Field Anomalies

* Improved resolutions (spatial, spectral,

* Supervised & Unsupervised Classification
* Cloud-based access and computation

Jensen, John. Remote Sensing of the Environment: An Earth Resource Perspective. 2nd edition.
Upper Saddle River, NJ: Pearson, 2006.
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remote observation data

Global multi-period extent map,
including degradation and regrowth
trends for various years

Global mangrove height & (Vancutsem et al.)
above ground biomass map
(Simard et al.) Multi-period mangrove

gain/loss driver attribution

Single time period mangrove
gain/loss driver attribution
(Thomas et al.)

Multi-year mangrove extent Global estimate of economic
maps (Global Mangrove benefit of mangrove flood
Watch, Bunting et al.) protection (Menéndez et al.)

First global mangrove extent
map with a consistent
methodology and a spatial
resolution of <1km (Giri et al.)

Global estimate of economic
benefit of mangrove cyclone
protection (Hochard et al.)

Jack Reid
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C: Remote Sensing Application Trends - Disaster Response

Puerto Rico __ Mexico |

TN N e

w

e
Brltls&m

Town

Hu"rri(‘:ane Maria makes landfall oh Sep 20, 2017. Ehuke crs '
NASA supplies damage maps on Sep 22, 2017 NASA supplies damage maps on Sep 20, 2017
Jack Reid
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C: Remote Sensing Application Trends - COVID-19
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Fig. 1. COVID-19 impacts on human and economic activities. Photo
credit: SATELLITE IMAGE 2020 MAXAR TECHNOLOGIES.
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Research Questions

1. What aspects of systems architecture (and systems engineering in
general) are relevant and useful for approaching issues of sustainability
in complex SETS? In particular, how can they be adapted using
techniques from collaborative planning theory and other critical
approaches to enable avoid the technocratic excesses of the past?

2. How can collaborative development of DSSs using the EVDT Modeling
Framework in particular be relevant and useful to sustainability in such
complex SETS?

3. How can EVDT be established as a continually development framework,
a community of practice, and a growing code repository?

Jack Reid

Thesis Proposal
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Research Questions

1. What aspects of systems architecture (and systems engineering in
general) are relevant and useful for approaching issues of sustainability
in complex SETS? In particular, how can they be adapted using
techniques from collaborative planning theory and other critical
approaches to enable avoid the technocratic excesses of the past?

2. How can collaborative development of DSSs using the EVDT Modeling
Framework in particular be relevant and useful to sustainability in such
complex SETS?

3. How can EVDT be established as a continually development framework,

a community of practice, and a growing code repository?

4 I
Critical Theory /
Hypothesis
Generation
U J
4 )
Prototype
Demonstrate
Evaluate
g J
4 )
Extend & Scale

J

Jack Reid
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Research Question 1

. What aspects of systems architecture (and systems engineering in general) are relevant
and useful for approaching issues of sustainability in complex SETS? In particular, how
can they be adapted using techniques from collaborative planning theory and other
critical approaches to enable avoid the technocratic excesses of the past?

a. A critical analysis of systems engineering, GIS, and the other technical fields relied
upon in this work

b. A proposed framework for applying systems engineering for sustainable development
in an anticolonialist manner

Jack Reid

' J 2022
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1a, critical analysis: Development Schools of Thought
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1a, critical analysis: The Technocratic Problem

* Uphold existing systems of power and oppression (Friedmann, Eubanks, Robinson)

* Inevitably expand top-down control & surveillance (Scott)

* Fundamentally did not work (Jacobs, Light, Easterly, Lee Jr., etc)
— Insufficient data for models
— Lack of detailed causal understanding
— Blank state / universality assumptions
— Implementation tends to alienate
— Overprioritization of easy to quantify metrics

Population Development in Dresden: Projections and Reality

450.000

Wiechmann, Dr Thorsten. “Errors Expected — Aligning Urban Strategy with
Demographic Uncertainty in Shrinking Cities.” International Planning Studies, vol.
13, no. 4, Nov. 2008, pp. 431-406.

L]
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1a, critical analysis: Reform?

* Increased humility and a widened definition of value (in some circles)

— Less emphasis on singular, monolithic solutions, more interest in complexity
* In engineering (de Neufville) and in economics (Sachs)

* New models of planning, mapping, & systems engineering

— Participatory Frameworks (PPGIS, Arnstein’s Ladder, Stakeholder Analysis)

— Critical Perspectives (Critical Cartography, Multistakeholder Decision-Making)
* Increased need

* More data, better models

— @GIS

— Remote Sensing

— Machine Learning e Eficiency

— Telecommunications ANUNG -SRIV Tulloch, David L. “Theoretical Model of

Multipurpose Land Information Systems
Development.” Transactions in GIS, vol. 3, no. 3,
1999, pp. 259-83.

~---»> Equity

OUTCOMES

Jack Reid
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January 2022 2 8

L]




1b, proposed framework: EVDT

Environmental Socioeconomic parameters

Parameters for human resilience Social Parameters

Estimates of

environmental Policies for A . .
Environment: threats to human Vulnerability- improving human DQCISK)n'maklng-
well-being ' well-being Discrete event and

Earth science models Social and economic
of natural models of impacts to
phenomena humans and society

agent-based models
simulating human
behavior or policy

Impacts of human behavior on environmental dynamics

Information about the environment collected
using technology

Tech nology: Information needs for human decision makers
Systems Engineering Models

analyzing Measurement technologies

e What is happening in the natural environment?

e How will humans be impacted by what is happening in the natural environment?

e What decisions are humans making in response to environmental factors and why?

e What technology system can be designed to provide high quality information that supports
human decision making?

Jack Reid

Thesis Proposal

N 2022
Research Questions & Methodology anuary




1b, proposed framework: EVDT Arrangements

Human Behavior / Policy Actions

A. Policy Design

Environment
Model

|

| |

| < 2 A |

| .

: Environmental Simulation : Social
|

. State of Env_ironment Impact Over
Over Time Time
I P Social Impact Model |

Human Behavior / Policy Actions

Policy Design Loop

elative Social Values

Social
Impact Over
Time

State of Environment
Over Time

Environment Model Social Impact Model

Human
decision-making
model

Policy Choices

Remote Observation Observation Data
Data Model

|
|
Remote Sensing |
Simulation |

|

Social
Impact Over
Time

QI

Satellite Design Loop

Remote Observation
Design Model

Architecture Attributes (Revisit Rate, Resolution, etc.)

Preferences/Constraints Satellite Architectures

-

Human
decision-making
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1b, proposed framework: Stakeholder Involvement
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~ System Architecture ~N
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Data Products
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Refine Prototype DSS
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1b, proposed framework: Potential Development Pipeline

Other
Stakeholders

/ \
[ Technical Area W

| Experts
[ Core Team J< { Contributors } 7 fi focal Contoxt —[ Users J
L Experts

l l . /\
EVDT /\ Actionable Data

Define Code Ingest Visualize Analyze . 2
= R it = " lnteract’ User Interface Comyare Applications o
epository rocess P Improved

A Understanding

Framework &
Standards

A

Inform Lessons Generate
Learned
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Research Question 2

2. How can collaborative development of DSSs using the EVDT Modeling Framework in
particular be relevant and useful to sustainability in such complex SETS?

a. System architecture analyses of each of the case studies

b. Development of an EVDT-based DSS for each of the case studies

C. An interview-based assessment of the development process and usefulness of each
DAN

Case Study 1 (CS1): Rio de Janeiro Mangroves and Fishing Communities
Case Study 2 (CS2): The Vida COVID-19 Response Project

Thesis Proposal
: J 2022
Research Questions & Methodology anuary
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Case Study 1 (CS1): Rio de Janeiro Mangroves
and Fishing Communities




L
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CS1 - Study Area (Guaratlba & Sepetlba)
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S1 - Guaratiba Context

Jack Reid
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MAPA DE REASSENTAMENTOS

CS1 - Rio de Janeiro City Context

POPULATION DENSITY LAND USE GALEAC-ANTOMNIO CARLO' JOBIM

INTERNATIONAL AMPORT
250/ km2 Protected Arcas
1,000 [ km2 Favelas
2.500 kl“z Foro\l

5,000 ) km2 | Field Anthropic

| 10,000 / km2 Wator, Wetland
25,000 / km2 Othor
50,000 / km2 = [ ‘

= [ &
o T, 2
e el L dichy vt b CLLL

B NG

7 -t

N\ A%

-

OLYMPIC EXISTING
TRANSPORTATION TRANSPORTATION -~ . .
== = Metro Extension Roads % w ' e Ay o COPACABANA
Transooste ~— Major Roads :
s Transcaroca o0 e Rl
Transbrasil e« = » Motro
Transolimpica o Airport
Light Rail

Intermodal Station . 20 Kilometers
’ A i

@ MCMV de Reassentamento
» Favelas com Remocao

L. Faulhaber, “Rio Maravilha, projetos politicos e intervencao no territdrio no E. Kassens-Noor, C. Gaffney, J. Messina, and E. Phillips, “Olympic Transport
inicio do século XXI,” Ph.D. dissertation, Universidade Federal Fluminense, Rio Legacies: Rio de Janeiro’s Bus Rapid Transit System,” Journal of Planning
de Janeiro, Brazil, 2012. [Online]. Available: Education and Research, vol. 38, no. 1, pp. 13-24, mar 2018. [Online].
https://issuu.com/lucas.faulhaber/docs/tfg{ }lucasfaulhaber Available: http://journals.sagepub.com/doi/10.1177/0739456X16683228
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CS1 - Government Stakeholders

Federal

o\ L ' @
.‘-:*:'._'b‘o.‘.
Q‘..ﬂ ‘ B

Municipality
SMAC

SMU
PP

b ®
@ ...."‘
. ®  ae

Climate Change Adaptation

Strategy for the City
of Rio de Janeiro
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CS1 - Stakeholder Analysis

* Stakeholder Interviews
— Local Fishing/Community

Associations

— Government Officials
— Academic Researchers

Policy Direction

oot Obsematon |
| Earth Observation

Data
Lo o ey

Periodic Land Cover Surveys Policy Direction
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—— Policy-relevant Data Secretariat (SMU)
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CS1 - (Incomplete) List of Important Factors

 Complicated regulatory framework
* Differing Priorities
— Local Community: Sustainable use of trees, voice in siting of mangrove restoration
— Municipal Environmental Agency: Valuation of mangrove trees
— Municipal Urban Planning Agency: Zoning-relevant data
* Data Gaps
— Household level economic and ecosystem services usage data
— Local ecosystem service valuation
— Detailed land use / land cover maps (LULC) outside of municipality

Jack Reid

R Jackrad
: J 2022
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CS1 - Additional Data Gengratign

Earth
Observation
Data
(Landsat)

- _J

4 N r aYa A

Regulatory & Mangrove Health History Rio de Janeiro Brazil

Satellite Method: Machine Learning on Google Earth Engine Household Decennial
Usage History Output(s): Maps of mangrove extent and health over time Survey Data Census Data

. J . VAN J

Regulatory & Satellite Usage Impact
Estimation

Local Socioeconomic Impact of Mangrove

Carbon and Raw Material Impact
Loss

. R _ , Method: Literature-based Correlations . iy , _
Method: Difference-in-Difference Estimation Output(s): Quantified estimate of the impact of mangrove Method: Difference-in-Difference Estimation

Output(s): Quantified estimate of the impact of satellite data changes in carbon, food, and raw material amounts Output(s): Quantified estimate of the impact of mangrove
usage on mangrove conservation ' ’ health on local health and livelihoods

Earth Observation Data Value Estimation
Method: Concatenation of Estimations
Output(s): Quantified estimate of the socioeconomic impact of
the use (or lack thereof) of earth observation data
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CS1 - Developing the Decision Support System

EVDT Interactive Simulation =i o x

Unidade de Analise Cor da zona Imagem do Mapa Overlays Zoom
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Case Study 2 (CS2) - The Vida COVID-19
Response Project




CS2 - The Vida Decision Support System

Reported COVID-19 & non-COVID . _ Policy Constraints &
Public Health Indicators Environmental parameters 303'99°°"°m'c parameterg Opportunities
(Test Results, Exposures, (Water quality, air quality, urban heat (FHousing, emplqyment, security, (Funding, Coordination

Infections, Recoveries, etc.) effects, land use, traffic, night lights, etc) food access, emotional health, etc.) across jurisdictions, etc.)

Estimates of Environmental Estimates of impacts . y
COVID cases Dynamics Vulnerability: to vulnerable groups | Decision-making:

Public Health: Environment: o . Conditional
Qualitative Interviews

System Dynamics System Dynamics Discrete-Event

and Quantitative Surveys Simulation

Policy Actions related to Public Health, Social Distancing, Essential Businesses, Social Safety Nets, etc.

Technology:

Capabilities for improved technologies to improve System Engineering Technology Selection Information needs for Policy Making (COVID testing technology,
estimate & explain COVID-19 cases Public Health Data Management systems)
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S2 - Study Areas

Java & Sulawesi, Indonesia
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CS2 - Partner Organizations

Brasil Mexico Indonesia
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Inputs

CS2 - System Architecture

External Context: The COVID-19 pandemic and related societal factors

System Boundary

Outputs

Constraints or

Opportunities:

® Limited
resources of
local leaders to
address the
pandemic
Limited
technical
expertise of

System Stakeholders

Primary stakeholders: US team and government,
academic, and private collaborators directly
working on Vida in each location.

Secondary  stakeholders: Other government
agencies and private enfities who are taking
actions related to the pandemic in each location
Tertiary Stakeholders: Residents of each location

who are impacted by the virus and related policies

System Objectives
Proof-of-concept for integrated
data visualization and modeling
tool

Collaborators will use this
version as a basis for developing
their own, locally managed
VErsions.

local leaders in
modeling and
data analysis

Allocate

| Express ‘

| Execute v Meet

System Forms
Front-end data visualization Ul
Underlying system dynamics modeling for
simulation of different policy scenarios
Back-end code and data hibrary

System Functions
Visualize data from five
integrated models
Simulate different potential
policy scenarios

4 Transform I

Emergent Properties:
& Understanding of

the relationships
between the
pandemic’s
ettects on Public
Health, the
Environment,
Socloeconomic
Factors,
Public-Sector
decision making,
and Technology
Design
DSS accessible
to decision
makers without
technical
expertise In
modeling and
data analysis
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CS2 - Design Process

o \Weekly/Biweekly 1-on-1
meetings

e Monthly full network meetings

e Online collaboration
o Data Repositories

o Github
o Browser-based DSS

~
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CS2 - Developing the Decision Support System

Vida Decision Support System - 7 @
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CS2 - Developing the Decision Support System
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Research Question 3

3. How can EVDT be established as a continually development framework, a community
of practice, and a growing code repository?

a. An assessment of lessons learned from these DSS development processes

b. An outline of potential future EVDT refinement and extension, such as using EVDT to
inform the development of future earth observation systems that are better designed
for particular application contexts

Thesis Proposal
- January 2022
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3a/b, lessons & future development

e Standardize framework and foundational code
* Develop a community of practice

* Extend to various potential applications:

— To inform sustainable development policies.

— To educate on the connections between the different EVDT domains.

— To facilitate the exploration and evaluation of sensing technology architectures for particular applications.

— To facilitate scientific research on ecosystem services and/or the impacts of human behavior on the environment.

— To provide a basis for studies of the effectiveness of different DSS attributes (visualization techniques, workshop
formats, etc.).

Thesis Proposal
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3b, future development: Potential Development Pipeline

Other
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Other Contributions

* Encourage the joint consideration of both human and environmental
systems in a dynamic, continual fashion, thereby avoiding some of the
negative consequences of siloed, static conservation mapping practices.

* Expand the population of EO data users by increasing accessibility and
demonstrating utility of EO data to policymaking.

* Reduce burden of facilitation by space agencies.




Thank you! Any Questions?

enabled
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Research Questions

1. What aspects of systems architecture (and systems engineering in general) are relevant and useful for approaching issues of sustainability

in complex SETS? In particular, how can they be adapted using techniques from collaborative planning theory and other critical approaches
to enable avoid the technocratic excesses of the past?

a. A critical analysis of systems engineering, GIS and the other technical fields relied upon in this work
b. A proposed framework for applying systems engineering for sustainable development in an anticolonialist manner

2. How can collaborative development of DSSs using the EVDT Modeling Framework in particular be relevant and useful to sustainability in
such complex SETS?

a. System architecture analyses of each of the case studies
b. Development of an EVDT-based DSS for each of the case studies
C. An interview-based assessment of the development process and usefulness of each DSS
3. How can EVDT be established as a continually development framework, a community of practice, and a growing code repository?
a. An assessment of lessons learned from these DSS development processes

b. An outline of potential future EVDT refinement and extension, such as using EVDT to inform the development of future earth observation
systems that are better designed for particular application contexts

m Jack Reid
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Location of the mangroves and development

Temperature Civic decision-making

Socio-economic parameters

Salinity  local communiti | processes and regional,
Weather orloca fCO A u "?S’ vaiue national, and
etc. of carbon, ete. international priorities

Societal
consequences of
changes in

Societal Impact Model of | mangrove growth
Erosion, Carbon
Emissions, Etc.

Map of mangrove
growth over time

Mangrove Forest
Growth Model

Urban Planning
Decision-Making

Optimized urban planning, balancing development needs with mangrove forest
preservation

identified from remote observation planning decision-making

Remote Observation
Design Model
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Data & Methods: Environment

* Existing Mangrove Maps
— Giri et al. & Global Mangrove Watch

* EO Data
— Landsat 5 TM, Landsat 7 ETM+, Landsat 8 OLI, Sentinel 2 MSI, and ALOS PALSAR

* Processing Techniques

— Extent Tracking: Random Forest Classifier Algorithm
— Health Tracking: NDVI Mean Anomaly

For more detail on a similar methodology than inspired and informed this one, see:

Lagomasino, David, Temilola Fatoyinbo, SeungKuk Lee, Emanuelle Feliciano, Carl Trettin, Aurélie Shapiro, and Mwita M. Mangora.
“Measuring Mangrove Carbon Loss and Gain in Deltas.” Environmental Research Letters 14, no. 2 (January 2019): 025002.
https://doi.org/10.1088/1748-9326/aaf0de.

m Jack Reid
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Data & Methods: Environment (cont.)

Training Data from Giri and GMW

Classified Mangroves

o -
. _!'ﬁ.f_-;a 5

Sentinel, Landsat and PALSAH Imagery

Jack Reid
Thesis Proposal

January 2022 6 O




Data & Methods: Environment (cont.)

NDVI Anomaly Mean

* Reference period: 31/Aug/1999 to 31/Aug/2001
* Observation period: 1/Sep/2001 to 1/Sep/2018

L]



Data & Methods: Vulnerability

* Brazilian Institute of Geography and Statistics

— Population Density, Employment (by industry), Household Size, Sewage
Infrastructure, etc.

* Pereira Passos Municipal Institute of Urbanism

— Detailed land use maps, Multidimensional Poverty Index, Informal Settlement Maps
— Data.Rio Platform

e Literature & Planned Information To be Collected

— Social value of carbon
— Raw material value of mangrove ecosystem services

m Jack Reid
Thesis Proposal
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Data & Methods: Decision-making

e Conservation and Preservation Areas

— Explicitly protected areas
— Categories of urban conservation policies

* Urban Zoning Policy
— Types of construction and industry allowed

Protected Areas Authority
Ambiental das Brisas Municipa
Orla da Baia de Sepetiba Municipa
Parque Natural Municipal da Serra da Capoeira Grande Municipa
Parque Nacional Municipal da Prainha Municipa
Parque Nacional Municipal de Grumari Municipa
Army Technological Center National

m Jack Reid
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Data & Methods: Technology

* History of EO Data Collection and Usage

— Pereira Passos Municipal Institute of
Urbanism

— Environmental Secretariat

— Urban Planning Secretariat

— State Environmental Institute

— Chico Mendes Institute for Biodiversity
Conservation

IPP & SMU Usage

Year Type of product Platform

1975 Ortophoto Aerial (??77?cm)

1999 Ortophoto Analog camera (scanned to 85cm)
2004 Ortophoto Analog camera (scanned to 50cm)
2006 Satellite imagery |Quickbird (60 cm)

2008 Satellite imagery |Quickbird (60 cm)

2009 Ortophoto Digital camera (25 cm)

2010 Lidar survey Aerial (10 pts/m2)

2010 Ortophoto Digital camera (25 cm)

2011 Ortophoto Digital camera (20 cm)

2012 Ortophoto Digital camera (20 cm)

2013 Lidar survey Aerial (2 pts/m2)

2013 Ortophoto Digital camera (10 cm)

2015 Ortophoto Digital camera (15 cm)

2016 Satellite imagery |Worldview 3 (30 cm)

2017 Satellite imagery [Worldview 2 (46 cm)

2018 Satellite imagery [|Worldview 3 (32 cm)

2019 True Ortophoto  |Digital camera (15 cm)

2019 Lidar survey Aerial (8 pts/m2)

L]
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Data & Methods: Public Health

* COVID-19 health data collected by local authorities

— Daily infections, hospitalizations, deaths, and recoveries
— Daily PCR tests Erath

— Hospital bed capacity and availability
— Ventilator use and availability

— Vaccination rates

m Jack Reid
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Data & Methods: Public Health

Epidemiological Model: SEIR

Modeling Approach: System Dynamics
Integrates aspects of other Vida

components

Current version is non-spatial
Adjusting assumptions and policy

Weather and Air Pollution
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Data & Methods: Environment

* Air Quality (O3, NO2, SO2, PM2.5, PM10)
— Remote: Sentinel 5P

— |n-Situ: Monitoring Stations (Brazil & Chile)
* Nightlights

— VIIRS: VNP46A2 & VNP46A3

« Water Quality (NDTI, NDWI, other indices)
— Landsat 7 ETM+, Landsat 8 OLI, and PlanetScope
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BRAZIL

Ex) Rio de Janeiro Nightlight Changes (March - July, 2020)

Theil-Sen Slope
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Rio de Janeiro, Brazil
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=== Full Date Range Fit, r2 = 0.133, p = 8.63e-04
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40 60
Week (1 = Start of 2019)

Relative Weekly Average Anomaly

Nightlights Data
=== Full Date Range Fit, r2 = 0.017, p = 2.48e-01
—== Pre Pandemic Fit, r2 = 0.0, p = 9.13e-01
=== Post Pandemic Fit, r2 = 0.131, p = 9.81e-02
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Bali, Indonesia

Nightlights Data
-=-=- Full Date Range Fit, r2 = 0.373, p = 1.80e-28
—-== Pre Pandemic Fit, r2 = 0.007, p = 2.52e-01
—-== Post Pandemic Fit, r2 = 0.401, p = 3.72e-10

Ngurah Ral Airport
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Nightlights Data
-=-= Full Date Range Fit, r2 = 0.014, p = 1.50e-02
-== Pre Pandemic Fit, r2 = 0.048, p = 1.89e-04
-=—= Post Pandemic Fit, r2 = 0.189, p = 2.69e-07
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BRAZIL

Ex) Rio de Janeiro PM10 Changes

. . Change in
* Relatively small changes in Anderson  Mean (Pre
air quahty detected once Pre vs Post Darling vs Post
Barrio Code Type T-Test P-Value P-Value COVID)
seasonal and long-term |
q " ] Copacabana AV Tourist 0.956 0.1438 -0.0003
trends are taken into Bangu BG Mixed Use/Residential 0.2645 0.001 0.0042
account Downtown/Business

° What Cha nges do EXISt Centro CA District 0.0119 0.00002 0.0138
point to an increase Iin

Campo
Grande CG Mixed Use/Residential 0.3806 0.0217 0.0051

PM10 Iraja IR Urban/Residential 0.6295 0.0023 0.0022

Pedra de
Guaratiba PG Rural 0.7844 0.0801 0.0014

Sao
Cristévao SC Downtown/Recreational 0.3913 0.0015 0.0041
Tijuca SP Mixed Use/Residential 0.0839 0.00003 0.0097
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Data & Methods: Vulnerability
A

Images and analysis done by Amanda Peyton

* Socioeconomic Data

— Ex) Poverty Rates, Employment Rates, GDP

— Sources: Local government authorities, NASA SEDAC
 Mobility & Transit Data

— Telecoms-based mobility data (as reported by Google and local authorities)

— Public transit usage (as reported by local authorities)

— Airline Flights (as reported by local authorities)

— Ship counts and wait periods (as detected in Sentinel radar imagery)
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Ex) Metropolitana, Chile Mobility Changes

O o
o ~

O
&)

Daily New Cases per Capita
= o
N W

=
—

O
o

-
=
I

Daily New Cases

Policy

Transit Mobility

!
o

I
)
O

=80

Transit Mobility Index

- 10

Policy (0 = Lockdown, 10 = Open)

1

Ul

. Mobility falls, notably after the
initial wave of policy restrictions
went into effect

. As New Cases decline and policy
relaxes, mobility rises

. Chile has a constitutional
referendum

. Christmas & New Years

. A rise In new cases prompts a
policy restriction, decreasing
mobility temporarily
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Data & Methods: Decision-making

* COVID-19 Social Distancing Requirements & Closures

— Announcements, histories, definitions, and conditions created by local
authorities

— Ongoing effort to compare policies using standardized, quantitative
comparisons based on the CoronaNet Research Project

Reference Date Comparison with previous days 07/16/2020 712912020

Ref. PHASE PHASE PHASE
PRIMARY INDICATORS Previous , 3 4 5
Phase

ANALYSIS
PARAMETERS

Percentage of occupancy of dedicated adult ICU beds COVID (ICU

Favorable Favorable Favorable Favorable Favorable Favorable
SRAG) METRO | SUS bed (7-day moving average)

Occupancy rate of supplementary sector ICU beds (moving average 7 M A ) i } i i )
HEALTH SYSTEM Capacity of ICU W & & : : Favorable Favorable Favorable Favorable Favorable Favorable

days) (a)
RESPONSE CAPAC beds
FIONSE CABRCITY Percentage of occupancy of life support beds REDE SUS Territory of the

L s i Favorable Favorable Favorable Favorable Favorable Favorable
municipality (moving average 7 days)

ICU COVID beds (REDE SUS) per 100k inhabitants (b) &a “ &9 €34 : i : Favorable Favorable Favorable Favorable Favorable Favorable

Death Variation Rate by COVID19 in each period (Information released at

§ . o Favorable Favorable Favorable Favorable Favorable Favorable
6 pm on the day, referring to the previous day) (c)

Variation of deaths 5

Growth of Rate of Variation of Inpatients (Clinical + ICU) in each period (Information g
TRANSMISSION LEVEL T 6 . : 5 (X i ; Favorable Favorable Favorable Favorable Favorable Favorable
hospitalized cases released at 6 pm on the day, referring to the previous day) (c) : .- = :

Variation of new Number of cases reported by Influenza Syndrome (SG) in the last two Not
7 , y i g e Favorable Favorable Favorable Favorable Favorable
cases epidemiological weeks of notification (d) : Favorable

OPINION FOR OPENING PHASE ACCORDING TO PRIMARY INDICATORS Favorable Favorable Favorable Favorable Favorable . NOtt |
avorable

For more information, see https://riocontraocorona.rio/ and http://inteligencia.rio/planoretomada
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http://inteligencia.rio/planoretomada

Data & Methods: Technology

* Earth observation systems are still relevant!

— Additional relevant platforms like VIIRS, MODIS, Planet, Maxar, etc.
* Various public health sensing technologies and regimes

— PCR and other tests to identify the actively infected

— Antibody tests to identify those previously infected

Daily PCR Tests

History
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User Interface
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https://docs.google.com/file/d/15VpxZQdpVu8h6r5RjAhjpsZAClgOFE6G/preview

User Interface
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https://docs.google.com/file/d/1Fz1cBTdEy4odoGEBGxgF2s4n4-3CPk8x/preview

