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A: Cause for Concern

L

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

Global Distribution of Vulnerability to Climate Change

Combined National Indices of Exposure and Sensitivity
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Scenario A2-550 in Year 2100 with Climate Sensitivity Equal to 5.5 Degrees C
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A: Concept of 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

Fuel

Social Justice
Economic Opportunity
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Basic material for good life
e Adequate Livelihoods
Regulating Sufficient Nutritious Food

Suppzrttlrflgt Cvelin e Climate Regulation Shelter I—jreedom Of.
Su'lll? ytc; g e Flood Regulation ' Access to Goods choice gnd action
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e Primary Production e Water Purification to achieve what an
the property conflict the development = ° Health individual values doing
P Strength and being

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

e  Spiritual
. Educat",’”a'l Good Social Relations
: ecreationa e Social Cohesion
I " R— Environmental Protection : X‘g‘ﬁ;{j’ﬁjﬁ%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 mssmmm  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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A: Rise of Sustainable Development
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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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A: Sustainable Development Goals

DECENT WORK AND
ECONOMIC GROWTH

1 LIFE 16 PEACE, JUSTICE 17 PARTNERSHIPS

BELOW WATER AND STRONG FOR THE GOALS
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A: What’s Next?

* Increasing need for sustainability
* Increasing recognition of interconnectedness & complexity

* Increasing attention to the perspectives of the oppressed
* Increasing capabilities of data collection & processing
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B: Development Schools of Thought
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B: 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.
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B: A Technocratic Response?

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

— Less emphasis on singular, monolithic solutions, more interest in flexibility
* 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

— Telecommunications
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B: What is GIS?

Spatial
data
collection

Spatial
data
storage

Data
visualization

Data
analysis

Specific
Application
Areas

Secondary

sources Air Traditional
photography maps

Surveys
— social and
surveys physical e.g. census of
population

Satellite

Database
Issues

e.g. raster/vector

Graphical
analysis of Visual
multivariate analysis

Virtual reality Interactive

3D surface mapping-linked
generation views-queries

Exploratory Confirmatory Spatial
statistics statistics modelling

Urban . .
Medical . Geosciences Transportation
economic

Forestry,
biogeography

Retailing Military Social

Fotheringham, A. Stewart, and John P.
Wilson. “Geographic Information Science:
An Introduction.” The Handbook of
Geographic Information Science, John
Wiley & Sons, Ltd, 2007, pp. 1-7.
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B: GIS Ecosystem

Geographic Data Users

Information Industry: Government:
Real Estate, Insurance, Federal, State, Local,
Marketing, Retailing Tribal

Resources: Public Interest Groups:
Forestry, Mining, Oil and Civic, Environmental
Gas, Agriculture

Citizens

Value-Added Intermediaries

Utilities:
Water, Sewage, Electric,
Telecom, Cable

Education:
K-12, University teaching,
Technical Training, R&D

Government :
: Commercial
Agencies |

Public Interest
Groups: Civic,
Environmental

Public Spatial Data Infrastructure

Local Govis ‘ Federal Govts |
Utilities State Govts

Commercial Data Suppliers

e —————— —

Surveying

Airborne &
Satellite

Cowen, David J. “The Availability of
Geographic Data: The Current Technical
and Institutional Environment.” The
Handbook of Geographic Information
Science, John Wiley & Sons, Ltd, 2007,
pp. 11-34.
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B: GIS Problems & Responses
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Tulloch, David L. “Theoretical Model of Multipurpose Land
Information Systems Development.” Transactions in GIS,
vol. 3, no. 3, 1999, pp. 259-83.
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C: Rise of Remote Sensing Systems

Countries with operational spacecraft: 1
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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.
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Fig. 2. The number of near-polar orbiting, land imaging civilian satellites opera-
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C: Remote Sensing Data & Techniques
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C: Remote Sensing Application Trends - Mangroves

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.)
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C: Remote Sensing Application Trends - Disaster Response

Puerto Rico ~ Mexico Cit
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C: Remote Sensing Application Trends - COVID-19
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credit: SATELLITE IMAGE 2020 MAXAR TECHNOLOGIES.

Emissions Nightlights Traffic

m Jack Reid Graduate Student, MIT Media Lab

L 2 ,1 Space Enabled research group



A. Sustainable Development, Complex Systems, & Pressing Needs

B. Contextual Exam Area

a. Theories of Development, Technocracy
b. GIS

C. Technical Exam Area

a. Remote Observation Systems
b. Remote Observation Data Products

D. Primary Exam Area / Synthesis

a. EVDT
b. Stakeholder Involvement

E. Opportunities

m Jack Reid Graduate Student, MIT Media Lab
L 2 2 Space Enabled research group



D: EVDT Framework

Environmental Socioeconomic parameters

Parameters for human resilience Social Parameters

Estimates of
environmental Policies for

Environment: threats to human Vulnerability: improving human DeCiSiOh-making:

] well-being . . well-being Discrete event and
Earth science models Social and economic
: agent-based models
of natural models of impacts to

. simulating human
phenomena humans and society . :
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?
23



D: EVDT Arrangements

Human Behavior / Policy Actions

A. Policy Design

Policy Design Loop

Social elative Social Values
State of Environment Impact Over
Over Time Time Human

Environment Model Social Impact Model decision-making

model

Policy Choices

Environment Human Behavior / Policy Actions

Model

Remote Observation Observation Data
Data Model

Social
State of Environment Impact Over

Over Time Time Human
Social Impact Model decision-making
model

Remote Sensing
Simulation
Observation Data

Social
Impact Over
Time

Satellite Design Loop

Design

B. Technolo

Remote Observation
Design Model

Architecture Attributes (Revisit Rate, Resolution, etc.)

Preferences/Constraints Satellite Architectures
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D: Systems Architecture

Inputs

Constraints or
Opportunities:

Limited
resources of
local leaders to
address the
pandemic
Limited
technical
expertise of
local leaders in
modeling and
data analysis

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

System Boundary

Outputs

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.

Allocate

‘ Express 4

I 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
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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




D: Stakeholder Mapping
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D: Stakeholder Involvement
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E: Opportunities

* Participatory multi-disciplinary decision support
— Integrating GIS & remote sensing
— Scenario planning

* Developing a framework for modular re-use and adaptation of simulation
components

* “Closing the loop” - using sustainable development applications to inform the
design of remote observation systems
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