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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.
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Goals

e Leverage power of these technical fields
e [arget specific smaller communities than is common
e High level of stakeholder involvement and collaboration
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sustainable development

Social Justice
Economic Opportunity
Income Equality

the property conflict / \ the development

| | conflict
“green, profitable, and fair”
(sustainable development

Overall Economic

the resource conflict

Campbell, Scott. “Green Cities, Growing Cities, Just Cities? Urban Planning
and the Contradictions of Sustainable Development.” Readings in Planning
Theory, edited by Susan Fainstein and James DeFilippis, 4th ed.,
Wiley-Blackwell, 2016
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sustainable development

DECENT WORK AND
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systems engineering & sustainability
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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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systems engineering & planning/development
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Reid, Jack, and Danielle Wood. “Systems Engineering Applied to Urban Planning & Development: A Review & Research Agenda.” Systems Engineering, 2022.
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eospatial information system (GIS)

COMMUNITY-LED PRACTICES
TO BUILD THE WORLDS WE NEED
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EVDT Framework Elements

1. Systems Architecture Framework (SAF)

2. Collaborative development of the decision-support system (DSS)

3. Environment-Vulnerability-Decisionmaking-Technology perspective
4. Interactive DSS

5. Reuse and capacity building
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CS1: Massachusetts Cranberry Farming & Bog Restoration
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Photos taken by Glorianna Davenport and Kirsten Foresto
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CS2: Pekalongan Coastal Flooding and Subsidence
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CS3: Invasive Plant Management on Lake Nokoué
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1) Systems Architecture Framework (SAF)

System Functions: Actions taken
to achieve system objectives;
System Forms: Approaches to
pursuing Functions

>

6. Monitor and

Evaluate
Systems

5. Assign

Functions to
Forms

o

Needs: Stakeholder problem or gap in
desired state; Outcomes: End state that
the Primary Stakeholder desires to attain,;
Objective: High level description of what
program will do

L]

1. Understand

System Context

4. Select

System
Functions

~

Context: environmental factors

that influence a program by
creating opportunities,
imposing constraints or

Imposing uncertainty

2. Analyze

System

Stakeholders

3. Understand

Desired

Outcomes &
Objectives

Constraints or Opportunities m

System Boundary

Induj

)

Outpu

Emergent Properties

|

Individuals, organizations or groups that affect
or are affected by the system; Primary
stakeholders have direct decision-making
authority or system impact

Stakeholder Obijecti
High level goals of the

primary stakeholders that
define what the system

should achieve

vl

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

Allocate | Express i
Execute Meet
System Forms :
System Functions

(Nouns) Organizations, people, physical
or virtual objects, programs and
processes that execute functions; forms
are transformed by functions

(Verbs) Activities that
transform objects of form
in order to meet objectives

t Transform I
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) Systems Architecture Framework (SAF)

| CCCGA

Land assessors Produce “loca

Frovide
technical +
Generate assessments business

10 Inform land purchases scietansa
assisianct

BSuy land for

! conservation. benefit

’

= Local municipalities [~ o cranberry tarming
«/  Cranberry farmers |«

’

Local + regional

al ‘ rund and

nonprofits

i restoration projects wetiand

identify, fund, manage mange

restorations

MA Dept of Ecological

Restoration

; |
Em ourage + f'und

restorations

through grants Develop/ study

restoration best

Federal + state agriculture/ practices
conservation agencies \

LO + scientific
community

Primary

Description  those that make direct decisions about the

design of the system

Stakeholders e Green Keeper Africa

proguct

»| Cranberry consumers

Development companies

Ofter 10 buy
from culture/ sconomics land for

(’..-...'l')‘)vv\.cv\1

increase housing
S1OCK, property
varlues, COommenrca
()“':

Heneflt from jobs

natural spaces

nistory/ culture

identity. recreation
.

-  Non-farmer Residents

Visitors to area

Hire and

- Restoration contractors

manage

Secondary

via authority or funding

¢ National Institute of Water
¢ GKA investors
¢ Benin government ministries

Stakeholders are descrnbed as Primary, Secondary, and Tertiary.
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Stakeholder

Stakeholder Name
Category

Stakeholder
Organization

Dr. Muhammad
Helmi

Academic

Dr. Joga D. Setiawan

Universitas
Diponegoro

[ocal Ibu Anita Heru
Goverment

Mr. Slamet
Miftakhudin

Pekalongan
City Regional
Development
and Planning

Agency

Mr. Arif
Gandapurnama

Mercy Corps

Ibu Henni Hendarti

Deltares

Mr. Aj1 Abimayu

Kemitraan

those that have influence on the Primary Stakeholders

Tertiary

those that exert little or no control over the
system but are impacted by it

e People who participate in Fishing or Acadja
practices

* GKA harvesters

¢ [ake Nokoue community and surrounding
cities
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1) Systems Architecture Framework (SAF)

Complex human-environmental Context Improved human-environmental

Lake Nokoue system
System Boundary

Stakeholder Objectives
System Stakeholders 1. Profitable harvesting New Forms and
Green Keeper Africa (Primary) strategy that

Harvesters advances FU nCtIOnS

Lake Nokoue community socioeconomic and
Government Ministries ecological impact

National Institute of Water 2. Technology capacity

System Forms

|Execute } s
Decision Support System:

| . .
System Forms Haw&_—e:t::m Functions - Water Hyacinth Detection
All organizational teams from Table 3 P factSrin -  Water Quality Assessment
Harvesters 4 - Acadja Detection

Water Hyacinth Marketing :
Impact Evaluation

Improved human-environmental
System & profit

Stakeholder Objectives
1. Profitable Harvesting
Strategy that advances
socio-economic and
ecological impact

2. Technology Capacity
Building

t Transform I

System Functions
Historical Water Hyacinth Behavior
Forecast Water Hyacinth
Plan harvesting locations
Marketing
Impact Evaluation
Technology Capacity Building

Allocate Express building Execute
% MeetT
MeetT

Transform
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2) Collaborative Development

e Online code repositories
e Remote community meetings .
® In—perSOn CO”abOrative WOrk O Search or jump to... / Pullrequests Issues;

B mitmedialab / Vida_Modeling (Puic)

¢{> Code (%) Issues 15 i1 Pullrequests {J) Discussions  (
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3) EVDT

Information about the environment collected

Environmental Socioeconomic parameters

Parameters for human resilience Social Parameters

Estimates of

environmental Policies for S, . .
Environment: | threatsto human Vu|nerabi|ity. improving human DeC|S|On'mak|ng-
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

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?

L]
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eractive DSS - CS 1 Cranberry Bogs

MA Land Use Data Explorer

Restoration Priority Index

Use the Scenarios sliders below to explore
hypothetical land use scenanos. Under
Ecosystem Services, see how different uses
of land could bring value to the region through
water purnification, biodiversity protection, and

climate resilence

In the map at right, click on a town or bog for
more specific information about that location.
Find out more about ecosystem services and
our modelling techniques in the panel below

the map

Scenarios

Cranberry Farming
50%

0%
0

Restoration

= :

Land Use Scenarios Water Quality Habitat Quality Carbon Storage and Sequestration Economic Comparisons

Today, cranberry farms encompass roughly 13,500 acres spread across Southeastern Massachusetts. Cranberry farming is culturally
Ecosystem Services and economically important in the region, but faces ongoing, compounding challenges that make it increasingly difficult for farms to

. stay profitable, and have led many farmers to consider new options for their farmland. With these different land use scenarios, we invite
Water Quality

Habitat Quality (index)
Carbon Storage (tC/ ha)

you to imagine and explore different potential uses of this farming land. In particular, this data tool explores the potential benefits of
restoring former cranberry farms to their native wetland state. By using the sliders in the panel on the left, you can visualize different
combinations of cranberry farming and restoration distributed across today's actual cranberry farms. These potential land use

scenarios were randomly generated by our team.

Mapbox © OpenStreatMap Improve this map
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4) Interactive DSS - CS2 Pekalongan Flooding
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5) Reuse & Capacity Building

e Building off the collaborative development process
e [utorial sessions

e Direct code reuse

e Significant more work required
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Intended Applications & User Types

e Geographics scale: Municipality to small province
e Temporal scale: Months to decades
e Potential Uses
o |Inform sustainable development policies
o Educate on connections between EVDT domains
o Facilitate comparison of remote sensing data products
o Facilitate evaluation of new sensing technology architectures
o Facilitate scientific research on ecosystem services and
environmental impacts
o Provide a basis for DSS effectiveness studies
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Ongoing Efforts

e Develop a robust and reusable code base

e Put In place a solid development pipeline

e EXxpand participatory access

e Conduct critical evaluations of the framework and individual
applications
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Project Page:
https://www.media.mit.edu/events/evdt-community-meeting-june-2022/

Contact Information:
jackreid@mit.edu
https://twitter.com/Jack B Reid
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CS1: Massachusetts Cranberry Farming and Bog
Restoration

Regional environmental ' ' . \ _
characteristics and parameters Regional socioeconomic parameters | | Regional policy context

(LULC, topography, precipitation, ' (Population, town budgets, tax assessments, | i (Funding and grant programs,
nutrient loads and retention, etc.) | i ecosystem service values, elc.) : regulation etc.)

Restoration

value and

Environment: ;‘22,?; rci’(‘)ze‘e”‘ Vulnerability: e b Decision:

Land Use-Land Cover | Ecosystem service . Cranberry farm land use
Scenarios estimates and valuation decision-making

| State of enviro

Land use decisions which impact land use land cover distribution

Technology:

Cranberry bog locations, farming Wetland restoration research Data needs for improved

and restoration-specific ecosystem service
environmental parameters modeling
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CS2: Pekalongan Coastal Flooding and Subsidence

Socioeconomic data
from local
communities such as

data, and existing land use change,

: S asas = loss of economic
climate model results | s . . <=2
e activity, and property

damage

Satellite remote
sensing data, local
ground and aerial

Policy Constraints &
Opportunities such as
funding and coordination
across agencies and
government levels

x 5 Environmental
Environment: i Vulnerability: dynamics and o _
Remote sensing dynamics Integrated estimates of socio Decision-making:
analyses of flooding visualizations of economic impact Evaluation of different
and mangroves, environmental and flood mitigation
hydrological socioeconomic data, interventions and policies
modeling of flood vulnerability index via risk index modeling

inundation modeling

Policy actions related to coastal resilience such as mangrove planting or seawalls

Technology:
Observation and Warning System Design
Model

Capabilities for improved flood and mangrove
monitoring as well as flood risk warnings

Data gaps identified for flooding and mangrove
monitoring




CS3: Invasive Plant Management on Lake Nokoue

Complex human-environmental Improved human-environmental

System Boundary

Lake Nokoue system

Stakeholder Objectives

System Stakeholders 1. Profitable harvesting
Green Keeper Africa (Primary) strategy that

Harvesters advances
Lake Nokoue community socioeconomic and
Government Ministries ecological impact

National Institute of Water 2. Technology capacity
Allocate building

Execute

System Functions
Harvesting

Manufacturing
Marketing
Impact Evaluation

System Forms
All organizational teams from Table 3

Harvesters
Water Hyacinth

Transform
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Gl Science

Spatial
data
collection

S
Satellite uryeys
S - socilal and
y physical

Secondary
sources

e.g. census of
population

Air
photography

Traditional
maps

LIDAR

Spatial
data
storage

Data
visualization

Data
analysis

Specific
Application
Areas

e R

Database
Issues

e.g. raster/vector

o il e

Virtual reality

3D surface
generation

Interactive
mapping-linked
views-queries

Graphical

analysis of

multivariate
data

Visual

analysis

Ne=————i

Exploratory Confirmatory Spatial
statistics statistics modelling
Urban : . .
Medical : Environmental Geosciences Transportation

economic
Forestry " ” .
: Retailing Cadastres Military Social

biogeography .

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.

2

Geographic Data Users

\

Information Industry:
Real Estate, Insurance,
Marketing, Retailing

Government:
Federal, State, Local,

Utilities:
Water, Sewage, Electric,
Telecom, Cable

Resources:
Forestry, Mining, Oil and
Gas, Agriculture

Public Interest Groups:
Civic, Environmental

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

Citizens

A

-

Value-Added Intermediaries

Government .
; Commercial
Agencies
Public Interest Universities

Groups: Civic,
Environmental

and Research

N

oA

/

Public Spatial Data Infrastructure

\

Local Govts Federal

Govts

Utilities

State Govts

NG

=7

o

Commercial Data Suppliers
St Airborne &
e Ll Satellite
Photogrammetry GIS

2

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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Human Behavior / Policy Actions

A. Policy Design

Policy Design Loop

Social elative Social Values

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

Human Behavior / Policy Actions

Environment
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

Remote Observation
Design Model

Design

B. Technolo

Architecture Attributes (Revisit Rate, Resolution, etc.)

Preferences/Constraints Satellite Architectures
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Vida Decision Support System

Reported COVID-19 & non-COVID _ _ Policy Constraints &
Public Health Indicators Environmental parameters 303'99°°"°m'c parameter§ Opportunities
(Test Results, Exposures, (Water quality, air quality, urban heat (FHousing, employment, 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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Vida DSS International Network

Java & Sulawesi, Indonesia
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Brasil

PREFEITURA DnTn
et .
INSTITUTO INFORMACOES SOBRE A CIDADE

PEREIRA
PASSOS

Ministerio de
Ciencia,
Tecnologia,

Conocimigpto
e Innovacion

Gobierno de Chile

Chile
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Stakeholder Involvement

o \Weekly/Biweekly 1-on-1

meetings

e Monthly full network meetings
e Online collaboration
o Data Repositories

o Github

o Browser-based DSS

~

-

\_

4 A

ldentify Needs & Inform
System Architecture

\
Evaluate Prototypes
/
\2

33
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Refine Prototype DSS
\ 5

N

-

Surface & Integrate
Data Products
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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,
academc, and prnvate 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

Svystem Objectives
Proot-ot-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 ‘

| 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 Transtform I

34

Emergent Properties:

Understanding of
the relationships
between the
pandemic’s
effects 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




