Supporting Agenda 2030's
Sustainable Development

Agent-Based Models and GeoDesign

SHELLEY-ANN JULES-PLAG / PRESIDENT / TIWAH UG / WWWTIWAH.COM / GERMANY

AND HANS-PETER PLAG / DIRECTOR / MITIGATION AND ADAPTATION RESEARCH INSTITUTE
OLD DOMINION UNIVERSITY / WWW.MARI-ODU.ORG / NORFOLK, VA.

In October 2015, the United Nations’ Plenary agreed on Agenda
2030, the “Road to Dignity,” as the Secretary General of the United
Nations denotes it, which aims to achieve seventeen ambitious
Sustainable Development Goals (SDGs) by 2030. The SDGs cover
almost all areas of human activities and their impact on Earth’s
life-support system (Table 1).

Author's Note:

THE COMPLEX SYSTEM CHALLENGE

Each of the broad goals has a set of associated
tangible targets. Each target comes with a set of
target-specific indicators to measure the progress
towards the targets. Making progress towards these
targets will require the development of policies and
the implementation of specific actions that can facil-
itate this progress.

It is a foregone conclusion that due to the broad
nature of the goals and the global intergovernmental
involvement, achieving each individual goal presents
a complex system challenge. All goals pose highly
complex problems to society. For
many of the goals it is not evident
that they are achievable, or achiev-
able by 2030. For example, SDG
1 aims at “Ending poverty in all
its forms everywhere.” However,
the absolute number of people
living in extreme poverty has not
changed very much since 1800,
when an estimated 95% of the

global population of close to one billion was living
in extreme poverty, although the fraction has gone
down very much due to a rapid growth in population
since then. Some goals may not be understood in the
same way in different countries and cultural settings.
For example, SDG 5 has the aim to “Achieve gender
equality and empower all women and girls,” and it is
not clear that this goal is understood across all cul-
tural and religious settings in the same way.

An important question to ask is whether the tar-
gets as they are defined will actually bring us closer
to the goals. This question can only be answered by
fully acknowledging the complex challenge each
of the goals presents to society. There are research
needs to better understand the systemic conditions
that are required in order to make progress toward
the targets' and to assess to what extent reaching the
targets also implies reaching the goals.

Another challenge is the interconnected nature
of the goals and targets, which requires straddling
the interests of different policymaking departments
at national levels. For example, how can conflicting
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, requirements for achiev-

ing “No Poverty” (Goal 1)

O a S and “Zero Hunger” (Goal

2) on the one side and “Life

Below Water” (Goal 14)

and “Life on Land” (Goal

15) on the other side be resolved? Additionally, the

interconnected nature of the goals and targets poses

a cross-country challenge considering the different

interests and priorities of policymakers in different

countries due to inherent differences in cultures and

the perception of risk. The priority given to sustain-

ability over other goals also differs from country to
country and policymaker to policymaker.

Together, this mesh of issues presents a challenge

to achieving the overarching objective of putting the

world on a sustainable course. It is clear, however,

TABLE 1: ||

GOALS
1. No Poverty
2. Zero Hunger

3. Good Health and Well-being
4. Quality Education

5. Gender Equality
6. Clean Water and Sanitation

7. Affordable and Clean Energy
8. Decent Work and Economic Growth
9. Industry, Innovation and Infrastructure

10. Reduced Inequalities
11. Sustainable Cities and Communities

12. Responsible Consumption and Production
13. Climate Action
14. Life Below Water

15. Life on Land

16. Peace, Justice and Strong Institutions
17. Partnership for Goals

that making progress towards the SDGs requires
Earth observation and science support to address
the questions that need to be raised for each goal:

1. 7

DESCRIPTION OF GOALS

End poverty in all forms everywhere
End hunger, achieve food security and improved nutrition and

promote sustainable agriculture

Ensure healthy lives and promote well-being for all at all ages
Ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all

Achieve gender equality and empowerment for all women and girls
Ensure availability and sustainable management of water and
sanitation for all

Ensure access to affordable, reliable, sustainable and modern
energy for all

Promote sustained, inclusive and sustainable economic growth,
full and productive employment and decent work for all

Build resilient infrastructure, promote inclusive and sustainable
industrialization and foster innovation

Reduce inequality within and among countries

Make cities and human settlements inclusive, safe, resilient and
sustainable

Ensure sustainable consumption and production patterns

Take urgent action to combat climate change and its impacts
Conserve and sustainably use the oceans, seas and marine
resources for sustainable development

Sustainably manage forests, combat desertification, and halt and
reverse land degradation, halt biodiversity loss

Promote just, peaceful and inclusive societies

Revitalize the global partnership for sustainable development
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Open data, as strongly promoted by the Group on  in the global effort for sustainable development.® The
Earth Observations (GEO), is mandatory for the moni- ~ GEO Initiative 18 “Farth Observations in Service of
toring of progress towards the SDG targets,” and a refo-  the 2030 Agenda for Sustainable Development” facili-
cusing of Earth observations and science support on the tates Earth observation-based support for the Agenda
needs of the Agenda 2030 is central for making progress 2030. However, answering the questions requires more
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science-based tools. Here, we look at the capability of two
approaches to addressing some of these questions. We
look at the benefits and limitations of an Agent-Based
Model (ABM) approach and a GeoDesign approach.

AGENT-BASED MODELS APPLIED
TO GENDER INEQUALITY

Equation-based models have very limited value
for problems as complex as reaching the targets and
SDGs.* The advantage of ABMs is in the ability to pro-
vide an environment for us to experiment and explore
when we are not totally clear on all of the issues impact-
ing a problem. Predictions can come later when we are
better informed and the explicit nature of the ABM has
provided tested evidence of certain results. During the
programming phase of ABM development, we need to
formulate a clearly defined problem because comput-
ers are not equipped to handle the ambiguity of an ill-
defined concept.

This is where the power of the ABM manifestation
is twofold. First, due to the need for formalized rules,
we can look at and have a better understanding of the
impact of the assumptions that are made in our inter-
pretation of the complex system (i.e., system compo-
sition such as boundaries, time-frame, scale, etc.). It
allows us to look at various scenarios, test assumptions,
assess internal model consistencies, and address sensi-
tivities such as relation to data. Experimentation with
the ABM helps us to identify the most relevant aspects
and the core issues impacting our goals.

ABMs provide avenues for the incorporation of
domain expertise in a rigorous manner. With this, the
ABM development also guides data collection and illu-
minates the core dynamics. The iterative process of
ABM development facilitates a more defined and even-
tually more refined model, ultimately giving us better
direction with respect to where efforts should be placed
to arrive at the desired goal.

The second benefit of the formalization of rules is
that the model can be generalized and applied over dif-
ferent domains, providing the value of repeatability.

To illustrate the versatility of ABMs, we look at Goal
5 (Gender Equality, see Table 1). The forms of gender
inequality differ across cultural regions, and the spec-
trum of economic and social barriers for progress
towards the goal has considerable spatial variability. It
would be impossible to take a comprehensive look at
the scope of this goal, so here one branch of policy sup-
port is considered.

On a global scale, economic gender inequality is
evident in the fact that 70% of all work is carried out by
women but they only earn 10% of the global income.
A specific example is subsistence farming: In societies
with a large fraction of subsistence farming, the major-
ity of the subsistence farming work is carried out by
women. One of the major hurdles to gender equality
in these societies is a woman’s inability to own land
and gain access to financing. Most of the land is owned
by men or by tribal organizations dominated by men.
Most financing goes to men, thus solidifying and con-
tinuing the cycle of gender inequality. This aspect of
gender inequality is broadly addressed by Target 5.a.:

her forms of prop-~

This target is open to interpretation and reinterpre-
tation by all countries and policymakers. The indi-
cators for Target 5.a are more specific, adhering to
a metric. They however are decoupled from other
relevant factors:

s

5.a.1: (a) Percentage of people with ownership or
secure i

@
rights over agricultural land {out of total

agricultural population), by sex; and (b) share of

women among owners or rights-bearers of agri-

cultural land, by type of tenure.

5.a.2: Percentage of couniries where the legal
framework (including customary law) guaraniees
women's equal rights io land ownership and/or

control.

In order to explore the variables associated with
these indicators, the factors that directly and indi-
rectly impact a woman’s ability to conduct subsis-
tence farming have to be considered. The complexity
involved in determining these impacts is presented
in Figure 1. Based on the issues and the broad nature
of the goals and targets, it is necessary to combine
the goal-based “top down” approach with a practi-
cal “bottom up” approach. The “top down” approach
facilitates a transportable decision support for all the
SDGs, while the “bottom up” approach considers the
individual factors and their specific impact on the
indicator for a specific target and goal.

As an initial step, we have developed an ABM

WWW.APOGEOSPATIAL.COM | FALL 2016 APOGEO 27




7
Different Interest Groups

x>
o
=
=
L7
=
=
=
5]
=
7

for subsistence farming. The aim of the ABM
experiment is to determine the factors that impact
gender equality through land ownership and access
to financing in support of subsistence farming by
addressing the questions:

Nl How does distribution of land title impact the
success of female farmers?

N How does access to financing impacl the success
of fernale farmers?

N How does discrimination at market impact the

success of female farmers?

N How does climate change impact the success of
female farmers?

N Based on the resulis, what are the apparent gaps
that exist between the SDG indicators and the
factors the analysis identify as impactful?

N Based on the results, what are the policies that can
be put into place to help support the success of
fermale farmers?

Policy options in the ABM to increase equality are
those that impact land ownership and access to financ-
ing. The initial exploratory system model simulates
the seasonal cycle of buying seeds (including getting
financing, if needed), seeding, growing, harvesting,
and utilizing (marginal) gains. The agents are the male
and female farmers, land-owner societies, markets to
buy seeds and fertilizers and sell produce, traditional
financial sources (banks) and micro-financing actors.
This model was run over the seasonal cycle for a period

siedojpAsd

TRADITIONAL WORKFLOW

of 100 years for many different scenarios.

The information obtained from the analysis pro-
vides valuable guidance to the policy conditions that
have the potential to improve the success of subsistence
farming by female farmers and reduce gender inequal-
ity. Decoupling land ownership from financing and
introducing quota systems are two potential policy
options that may be considered based on the results.
Additionally, the results help to identify where there
are gaps in the current formulation of targets and indi-
cators towards more goal-focused policy development.

These considerations informed by the ABM exper-
iment provide guidance for further developing the
ABM. Of course, access to land and finance are only
the start of the subsistence farming process. In order
for a woman to maintain land rights she must be suc-
cessful in the subsistence farming project. As outlined
in this simplified view of the interrelationship of the
SDGs, better farming methods, institutional sup-
port for land ownership and financial support have
contributions made through SGDs 1, 2, 3, 4, 9, 10,
13, 15 and to a lesser degree 16. Of course, additional
connections with the other goals can be determined
with further analysis. Here we focus on the indicators
5a.1 and 5.2.2 and the relevance of 4.6.1 and 9.3.2.
It should be noted that the ABM in its current form
does not reflect the full complexity of Target 5.a, but
it provides an exploratory and explanatory approach
to modeling aspect of Goal 5.

GEODESIGN APPLIED
TO SUSTAINABLE CITIES

GeoDesign operates in the realm of infra-
structure and the built environment. It facilitates
informed development in advance of perceived
needs, thus leading to sustainable construction
development. The interoperability of technology
facilitates integration of the subsystems of research
and construction from the macro to the micro level,
essentially developing conflict resolution mecha-
nisms. It has the potential to bridge the gaps among
science, social needs, economics, and policy, helping
to resolve issues involved in designing the built envi-
ronment. Integrating technologies offers a dynamic
way of representing unseen patterns and contextual
relationships across global, regional and local areas.

Figure 2 illustrates the traditional workflow pro-
cess with disciplines contained in silos. Movement
from the administrative stage to the building stage
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is disjointed and involves a hand-off. This often
inhibits the flow of information essential for respon-
sive design. Figure 2 also illustrates the conflicting
interests that are inherent in traditional planning of
human settlement. Each of the major players serves
a different core interest and they speak a different
discipline-specific language.

The development of a GeoDesign Hub (Figure
3) made possible by interoperability facilitates the
smooth flow of captured data to the disciplines
and areas where it is needed in a timely manner.
Information created through “data informed pro-
cesses” re-enters the Hub making the system more
intelligent. Feedback from the various disciplines
and crowdsourcing further informs the develop-
ment of educational needs. Thus the interoperabil-
ity of technology brings sustainability and its facets,
such as disaster risk, resilience, adaptive capacity,
and livelihood into the design argument.

When interoperability is optimized, develop-
ment has the ability to go from the point of impe-
tus to examples of potential ‘built’ models. Similar
to the ABM outlined above, it gives us the ability to
explore scenario iterations in the design process. It
allows the signal that triggered the course of devel-
opment to be amplified throughout the course of
development.

Considering Goal 11, which aims to “Make cities
and human settlements inclusive, safe, resilient, and
sustainable,” the GeoDesign approach can help by
facilitating a better understanding of why we build
and what the goals are. Even moreso, it allows us to
account for the relation of cities and human settle-
ments to all the other goals.

The targets of Goal 11 focus on access to housing,
transportation and green spaces, the promotion of
planning and the enhancement of architecture and
technology to reduce pollution and improve resil-
ience to climate change, thus minimizing the loss of
human life and resources (paying special attention
to the protection of natural heritage centers). Similar
to the case of Goal 5, many of the other goals have
targets that are relevant to the targets of Goal 11
(Figure 4), but the indicators for these targets mostly
are not focused on the scope of Goal 11. A particular
challenge for the targets of Goal 11 is in the devel-
opment of indicators for such wide targets. We con-
sider two of the targets relevant to the development
of sustainable human settlements:

Target 11.1: By 2030, ensure access for all {o adequate,
safe and affordable housing and basic services
and upgrade slums.

Target 11.5: By 2030, significantly reduce the number
of deaths and the number of people affected and
substantially decrease the direct economic losses
relative to global gross domestic product caused
by disasters, including water-related disasters,
with a focus on protecting the poor and people in
vulnerable situations.

The associated indicators shown in Figure 4
appear to be well connected to these targets and pro-
viding a measure for progress towards the targets,
but the granularity with respect to the goal is low.

OUTLOOK

For each of the goals, the questions formulated
in the first section need to be answered thoroughly,
and this requires a complex system approach. The
ABM experiment introduced here underlines the
versatility of ABMs for interdisciplinary and collab-
orative studies informing the development of policy
that facilitates progress towards the targets. The
GeoDesign Hub is an excellent candidate for a col-
laborative platform for those goals related to the built
environment and its impact on society and environ-
ment. It will be important to link both the ABMs
and GeoDesign Hubs to a comprehensive and open
database integrating environmental with socio-
economic data and statistics. The efforts currently
underway in GEO towards open and integrated data
and knowledge and the linkage to models are an
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in TARGET; not addressed in INDICATOR
By 2030, end the epidemics of AIDS s
8 . il Policies to support safety
23 tgbercu!os‘s, malaria and ngg\ec’ted tropical Better Construction Methods
- diseases and combat hepatitis, water-borne
diseases and other communicable diseases

Percentage of population in a given age

group achieving at least a fixed level of Better Construction Methods
proficiency in functional (a) literacy and (o) Better Sustainable Practices
numeracy skilfs. Disaggregated: sex, location,

wealth (and others where data are available)

in TARGET, not addressed in INDICATOR
By 2030, empower and promote the social,

10.2 economic and political inclusion of all, irespective
of age, sex, disability, race, ethnicity, origin,
religion or economic or other status.

Policies to support inclusion
Better Institutional Support

in TARGET; not addressed in INDICATOR

Ensure equal opportunity and reduce inequalities Policies to support inclusion
103 of outcome, including by eliminating Policies to support access

dxscnmnlnatory Iaws', ool\cxgs axjd prac?:c_es and Better Institutional Support

promoting appropriate legislation, policies and

action in this regard.

Proportion of urban population fiving Policies to support equality
ERRBE i siums, informal settlements or Better Institutional Support
inadequate housing.

Number of deaths, missing people,
injured, relocated or evacuated due to
disasters per 100,000 people.

Percentage of cities that are implementing

risk reduction and resilience strategies

aligned with accepted international

frameworks (such as the successor to the  pyyicies to support sustainability
Hyogo Framework for Action 2005 - 2015 Better Sustainable Practices
on disaster risk reduction) that include g

vuinerabile and marginalized groups in Better Construction Methods
their design, implementation and
monitoring.

Percentage of financial support that is
allocated to the construction and
retrofitting of sustainable, resilient and
resource-efficient buildings.

Better Construction Methods

Policies to support sustainability
Better Sustainable Practices
Better Construction Methods

Number of deaths, missing people,
injured, relocated or evacuated due to
disasters per 100,000 people.

Better Construction Methods

In TARGET; not addressed in INDICATOR Policies to support reduced vulnerability
132 Integrate climate change measures into Policies to support sustainability
national policies, strategies and planning. Better Construction Methods

Better Sustainable Practices

~ N
R SO0 < Number of countries that have integrated  Policies to support sustainability
N AT N mitigation, adaptation, impact reduction Better Construction Methods
AT RN and early warning into primary, SeCONdary  petter Sustainable Practices
" e % ¥ - and tertiary curricula
SRR )
<~ v @ In TARGET: not addressed in INDICATOR
» O~ Promote mechanisms for raising capacity for . .
<~ © 13 effective cimate change-related planning and olicies to support reduced vulnerability
g 2 management in least developed countries and Policies to support sustainabile conditions
. small island developing States, including  Better Planning Methods
focusing on women, youth and local and
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