Visualizing the Impact of Climate Change with GAIA

GAIA

GLOBAL ASSIMILATION OF INFORMATION FOR ACTION

iy
e

Shadrian Strong, Robert Schaefer, Alpana Kaushiva, Larry J. Paxton, and Andrew Higgins

What is GAIA?

The Johns Hopkins University Applied Physics Laboratory is creating
an interdisciplinary, collaborative environment to address the impact
of climate change on national interests through the Global
Assimilation of Information for Action (GAIA) project. The purpose of
the GAIA collective is to explore consequences, gaps, and resolutions
for specific concerns arising from a changing climate. As part of this
exploration, we have begun to develop visualization tools and
techniques to illustrate the impact of climate change on subjects
ranging from public health to crop production with the intention to
better inform scientists, policy-makers, educators, and the public.
Here, we present key features of the GAIA visualization website and
highlight specific, simplified methods of using climate model, medical,
and meteorological data to illustrate the impact of climate change on
individuals and society. Simple and concise analysis and visualization
IS required to emphasize the critical importance of climate change
adaptation strategies.

Visualizing Climate Change

Climate model data is often complex and difficult for an individual user
(non-climate scientist) or policy maker to extract and use for
immediate investigation. There is not a straight-forward method for
these users to determine the impact of climate change on social,
economic, financial, and health related aspects. Analysis of climate
data often involves knowledge of:

1.Complex, Multi-variable scenarios
2.Understanding of initial conditions
3.Ability to parse through large dataset
4.Create specific software/code to extract data from model scenarios
5.Abllity to convert basic science variables (e.qg. atmospheric
temperature, pressure) into a tangible understanding (e.q. disease
Incidence rate)
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Figure 1: GAIAs goal is to turn knowledge into actionable
information by providing data to users which may then be used to
inform the decision makers.
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Visualization Areas

IPCC AR4 Data

Visualize the IPCC AR4 data for
precipitation and temperature under
high, medium, and low emissions
scenarios in Google Earth.
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We have developed a few examples of
how IPCC climate model data may be
used to show global changes in public
health and food security. In these
examples, we attempt to illustrate how
climate model data may be utilized to
emphasize the growing concern of the
changing climate to the public.

Air n i

Using the EPA's Air Explorer, we show
the ozone and PM 2.5 levels for the
Baltimore, MD area and explain the
significance of these constituents to
public health.

Climate Toolbox

Useful links to online tools from NOAA,
EPA, and others

Vi lim
Resources

Interesting papers on the visualization
of climate data

Back to GAIA
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Figure 2: Snapshots from the GAIA data visualization webpage. Material includes
a Google Earth display of climate data, climate resources and tools, methods of
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Cl A l A DATA VISUALIZATION

http://gaia.|huapl.edu

Visualizing Climate Change
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Sample Use Cases

@ Global Health: Dengue Fever (BCM2 - A1B Scenario)
@ Global Food Security: Rice Crop Yield (BCM2 - A1B Scenario)

Air Quality and Respiratory Data
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Using EPA's Air Explorer, a collection of visualization tools for air quality analysis, the following images
of air quality index in relation to ozone and PM 2.5 levels for Baltimore and EPA region 3 were produced.
Ozone is a pollutant and a contributor to smog, which can trigger or exacerbate asthma, among other

The Johns Hopkins University Applied Physics Laboratory, Laurel, MD, United States

What GAIA Does Differently

GAIA’'s extensive network of experts in areas of public health, national
security, atmospheric science, climate science, and risk analysis
facilitates fusing a broad, collective knowledge base to ingest basic
climate model data and develop real-world scenarios that are more
readily accessible for decision makers, health practitioners, and the
public.

Examples of tangible data products of decision making:

1. How does asthma prevalence change with climate in the DC metro
region?

2. What is the dengue fever incidence rate worldwide in 20507

3. What is the rice yield forecasted for 20207

While these are complex issues that likely involve knowledge of many
variables, simple assumptions may be made to illustrate ‘order-of-
magnitude’ results.

Table 1: We have investigated the
financial cost of asthma on the
medical system in the DC region

Cost Cost Cost

(billion $ (billion $ (billion $
2008) 2008) 2008)

problems, in humans. Particulate matter that is 2.5 micrometers or smaller can go deep into the lungs,
and also contribute to asthma as well as lung problems. Both of these are expected to increase
significantly as temperatures increase due to climate change. The trend for 2000-2010 shows that in
general, Baltimore has more dangerous AQI days and higher amounts of ozone and PM 2.5 present.
The time frame of peak ozone and PM 2.5 levels appears to have been changing from the earlier
summer months to the later ones. This data confirms an association between temperature and ozone
and PM 2.5, and may be useful in projecting ozone and PM 2.5 levels in the future.

2015 0.2 0.04 0.1 based on changes in ozone from
2020 03 0.07 0.2 2015 to 2100. Full results may be
2035 08 05 05 veiwed at the poster ‘The Impact of

' ' ' Climate Change on Air Quality and
AV U2 et % Respiratory Disease: Maryland/DC
2100 2.9 0.7 1.9 Metropolitan Area,” A. Kaushiva

Climate Toolbox

WAP‘

Daily Ozone and PM2.5 AQI Values in 2005

Air Quality Index (AQI)

Tool

EPA's Environmental
Benefits Mapping and
Analysis Program-
BenMAP 4.0 link

Baltimore MD

VERY UNHEALTHY

UNREALTHY

Function

Estimates health and economic impacts of air quality
changes on populations using Geographic Information

Systems (GIS)

Columbia University's
Educational Global

]| Climate Modeling Tool-

EJdGCM 3.2 link

Produces global climate model simulations in a simplified
manner using the NASA/Goddard Institute for Space
Studies' Global Climate Model Il (i.e., GISS GCM Model Il)

@ | EPA's Air Data link

EPA's Air Explorer link

Air Explorer is a set of visualization tools for air quality
analysis that produces maps, graphs, and data tables. Air
Data provides air pollution data for the entire United States.

Esri's Mapping and

: . Used to visualize geospatial information. A set of GIS tools
.Arc Spatial Anal_ysns for that produce maps, has a database of maps and a viewer
- Understanding Our that connects to these base maps and enables researchers
Gls World-ArcGIS 10.1 link | to add data.
Monte Carlo Simulation | Models environmental systems and assesses the risk of
Q Software for Decision these systems using Monte Carlo simulation. Includes
w . | and Risk Analysis- uncertainty in environmental systems to support decision
e’ | GOIdSim 10.5 link making.
North Carolina State Modeling tools that makes estimates of the historical,
ﬁ‘\ University's Water current, or future predicted water stress index for a
cumate| Supply Stress Index particular zip code, or the ratio of water demand to water
CHANGE| Model- WaSSl link supply.

investigating climate change and its impact of public health.

GAIA Goal: Demonstrate climatic change impact
through tangible ideas

* Drive data visualization & discussion
 Encourage engagement
* Drive political action and influence public thought

* Develop a community of interest and enroll subject matter
experts

Future Direction

 |tis critical to continue to translate science to actionable ideas

* GAIA has developed a multi-institutional infrastructure to facilitate
idea development and foster collaboration

* GAIA has developed a basic visualization capability — working to
expand with tools tailored to foster non-expert understanding of
climate change impacts

* Always open to suggestions for new ideas & members

GAIA wants to improve communication of science to decision
makers. Decision makers are not just policy makers & government
officials. Decision makers include ANY decision maker whose
role requires knowledge of the impact of a changing
environment on a specific concern or goal.
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