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Welcome
• This is the first
day of our first
“cyber-enabled”
scientific
conference.
• On April 12, 1961
Yuri Gagarin
became the first
human to fly in
space.
• On April 12, 1981
the first space
shuttle, Columbia,
was launched.

APL focuses on applying
technology to critical problems
• The Applied Physics
Laboratory is part of The
Johns Hopkins University.
• As a not-for-profit Universityaffiliated research lab, our
charter charges us with the
responsibility to seek out
critical challenges facing our
nation, to evaluate the impact
of those challenges and
develop the tools and
techniques required to
address them.
• APL uses “system
engineering” as a tool for
meeting complex challenges.

View of Earth from a camera on
V-2 #13, launched October 24,
1946.
APL personnel carried out this
mission.

Access to space gave us a new
world view and new tools
• The “blue marble”
image redefined how
people thought about
the world and the
connected ecosystem.
• “ecosystem” and
“ecology” came into
common currency.
• We are developing a
transformative view of
the coupled Earth
system.
Apollo 17 – the last manned lunar mission
December 7, 1972

•

•

System
Engineering
System engineering is a discipline
concerned with designing, planning,
managing and executing complex
engineering tasks thru a comprehensive
view of the life cycle of the project.
It probably started with the great water
empires of ancient times.
– Large public works require an organized
approach to a complicated planning, logistics
and engineering issues.
– Customer satisfaction was the key to survival.

•

Systems engineering focuses on
analyzing and eliciting customer needs
and required functionality early in the
development cycle, documenting
requirements, then proceeding with
design synthesis and system validation
while considering the complete problem.

The Bretherton Diagram

Mitchell K. Hobish, Earth Systems Science, Section 16, Remote Sensing Tutorial
http://rst.gsfc.nasa.gov/Sect16/Sect16_3.html

The Bretherton Diagram- Simplified

Social Process Diagram

Why is This a System Engineering
Problem?
• System engineering is the practice of optimizing the
interdependent elements of a system of systems to achieve a
desired functionality.
• The system is comprised of a system of interdependent
systems.
• The coupling is not necessarily linear.
– The elementary systems may be sensitive to preconditioning as
well as forcing terms.
– The elementary systems operate with their own independent
timescales and timelines.
– The system of systems (or elementary systems) may show
emergent behavior

• Optimizing one element does not necessarily optimize the
system of systems

What is the Promise of a System
Engineering Approach?
• By identifying common
problems we establish a
means of pooling and
coordinating resources.
• We build on each others
strengths rather than
competing for scarce
resources.
• We have the opportunity to
optimize the system rather
than just one element of the
system.
• We build a community of
practice to focus our call for
action.

Our choices are Mitigate, Adapt, or
Suffer: Adaptation matters
• A system engineering approach would seek to
minimize some parameter e.g. “suffering”
• Adaptation strategies must be pragmatic and focus
on developing policies and measures that will
prevent or ameliorate negative impacts.
• Global climate change is associated with
uncertainty
– Informed decisions must be made based on both the
estimated trajectory and the uncertainties of that
analysis.
– Decisions and “uncertainties” are often viewed as
antithetical
– There is uncertainty about the rate of change and
about the future trajectory of that change

Climate Disruption is a Problem for
Planners and Decision Makers
• Climate is the average behavior of the weather
• There are “normal” variations in the climate
from year to year and we have learned how to
track these variations and improve our ability to
respond to public health issues
• These climate patterns appear to be disrupted
• This means that planning for the near- and
longer-term needs of our complex and intertwined society becomes more difficult.
How do we make
• What is the frame in which the problem is
informed decisions?
viewed?
• Is there a “better” way to express the problem?

GAIA’s Goal: Bridge the Gap
Climate Science

Predicting the Future

Decision Making

Planning for (which?) Future(s)

Developing a solution
Identify objective
Assess results
Establish payoff matrix
Execute program
Develop approach

Assess progress

Assess capabilities/constraints
Retire risks

Assess risk

Implement approach
Assess payoff

How do we Plan to Help?
• Change the approach to the problem
– The first steps are to collect data, understand the
problem space, identify key challenges, define
requirements, develop a community of practice
– The CoP must be inclusive, broad and accessible

• This is what the GAIA workshops and
collaboratory are about.
• We must demonstrate utility
– Determine areas that require new tools to make
progress and produce those tools then test, validate
and distribute those tools.
– This is an area we need your help with.

Do Others See the Same Issues?
•
•
•
•
•
•
•

A user-centered focus that responds to the decision making needs of
government and other actors at national, regional, and local scales;
Research on user needs, response options, effective information delivery
mechanisms, and processes for sustained interaction with multiple
stakeholders;
Enhanced observations and analyses designed specifically to provide
timely, credible, authoritative, relevant, and regionally useful information on
climate change and vulnerability, and effectiveness of responses;
Trustworthy and timely climate modeling and research to support federal
decision making about limiting emissions and adaptation;
A central and accessible web portal of information that includes a system for
sharing response strategies and access to decision support tools;
Capacity building and training for linking knowledge to action across the
nation; and
An international information component.
Summary of Core Climate Service Functions
Informing an Effective Response to Climate Change (2010)

Transformation of Information into
Actionable Knowledge

Data

Analyst

Results

The principal function of the scientific community is to
develop understanding.
This result may not be “actionable knowledge”.
Often these results are not readily accessible or
understood by policy/decision makers.

GAIA will support getting feedback from the
user to the analyst community
Adaptive Learning

Bayesian
Reasoning
Learning and Reasoning

Results

Reasoning by
Analogy
Reinforcement
Learning

User

Evidence marshalling
Scientists tend to think in terms of high resolution computer models that
capture all of the physics – but the user may find it more useful to know
“how likely is it for … to happen if….. happens”

Our Near Term Focus is on Public
Health
• Public health is the
“integrator” of a society’s
resilience and strength
– Public health depends on
•
•
•
•
•
•

Infrastructure
Economy
Air and water quality
Food security
Physical security
Diseases and parasites

• We choose Public Health and
National Security as the two
related challenges to our
ability to adapt to climate
disruption.

Communication and Framing
• One of our challenges is to learn how to
communicate the risks and urgency associated
with the impacts of climate disruption on society.
• We also need to develop ways of framing the
issues in ways that communicate the value/need
for change
• The public health impacts of climate disruption are
seen by some as a problem for other poorer
nations.
– Resilience is a key issue
– Failed nation states have a real cost and an
“opportunity cost”

Framing the Problem

•

Yellow arrows track what summers are projected to feel
like under a lower emissions scenario, while red arrows
track projections for a higher emissions scenario. By late
this century, residents of New Hampshire would
experience a summer climate more like what occurs
today in North Carolina. SOURCE: Frumhoff et al.
(2007).

This simple visualization of how climate change might affect
temperatures in the south-western United States
portrays uncertainty in two ways: through a low and high
emissions scenario (one where fossil fuel use continues
to increase, one where use is limited) and through
brackets that show the range of uncertainty for
temperatures under each scenario. SOURCE: USGCRP
(2009).

Form, content, utility – key
components in the transformation
from research to decision

What does this mean?
Can I make a decision
based on this?

The explanation
doesn’t really help
•

“These figures show seasonal average climate change for the periods 2041-2070 minus
1971-2000 for the RegCM3 regional model driven with GFDL boundary conditions, the
GFDL driving AOGCM, and the GFDL timeslice experiment. Analyses and discussion of
the differences between these simulations are forthcoming.” http://www.narccap.ucar.edu/results/rcm3-gfdl-results.html

Planning for the Future
is not Easy
• Model output are available.
– How do you get to them?
– How do I convert the model output into
something that means something to me?
– What’s the difference between different
models?
– How significant is the difference?
– How do I handle the difference?
– What assumptions are in the models?
– Which model do I trust?

A Cyber-Enabled Workshop
Strategy
•

•

Although the Collaboratory is consistently
available to the community of practice, its
capabilities are also leveraged during GAIA
workshops.
For example, social networking functionality
and knowledge management tools during
workshops include:
– Focus group pages displaying
participant comments and online
threaded discussions,
– Searchable profiles,
– Polling,
– Shareable file upload capabilities that
can be attached to comments, and
We are using concurrent
– Standard vocabulary (Taxonomy)
development of COTS tools to
tagging.
support the collaboratory

Sample Working Group Page
Pre-populated
with abstract,
leader data

Navigation bar
between
sessions

Presence
Pollsbox
canshows
be
preset,
users at
activated,
this page
changed
(working
during working
group)
groups

Session notes made
available in real time
within the
conference

Access to
pre-loaded
and on-the
fly files

During conference- working groups

Session notes made
available in real time
within the
conference

Participant
comments in a linear
thread

Developing Visualizations
• Knowing is inseparable from doing
• GAIA continues to prototype collaboration visualization
capabilities in an effort to understand requirements for
needed toolsets.
• Build a simple “universal” workflow
–
–
–
–

Locate information
Ingest
Apply an algorithm
Visualize the result

• Iterate with CoP
– Validation
– Dissemination
– Extention

Data

Model

Visualization

IPCC AR4 model runs

GAIA Prototype Visualizations
Sample Use cases

Use case info

NOAA NetCDF data display
and download

Google Spreadsheets
(limited visualization, but
useful for on-the-fly
collaboration, if network is
available)

Data displayed from Google
spreadsheets

Matlab cgi executable (not fully implemented)

Plenary and associated breakout tracks
provide overview and focus
• This mornings activities focus on
adaptation and data gaps.
• Participants will be asked to share their
opinions and prioritize community
needs.
• The initial two topics have the same
tracks:
–
–
–
–

Heat stress and air quality,
Sea level rise and extreme weather,
Infectious disease and water quality, and
Water supplies and food security.

• We are trying to examine core problems
from differing perspectives.
• The breakout sessions will capture your
perception of the issues and your needs
and priorities.

Bringing it Home on Day 3
• The connection between decision-making and the
issues discussed during each breakout session.
– Work will focus on the development of white papers
and charting a path forward.
– In part, we need to explore how to match appropriate
information to decision-makers at multiple levels of
government and the community.
– This final concept should be explored in every
discussion session.

• We look forward to growing our community of
interest and making an impact on the many
challenges faced by the public health community
in the emerging environment.

