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Weather and Climate 



The Climate System

Source: IPCC, 2007

Climate comprises the entire Earth system, including the atmosphere, land, oceans, 
snow, ice and living things that serve as the global background conditions that 
determine weather patterns. 



Definitions – Weather
Weather is the day-to-day variations in temperature, 
precipitation, wind, and other characteristics of the atmosphere

Source: WSI, Intellicast



Temperate Arid Coastal

KSC Climate Change Workshop, July 2009
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Definitions – Climate Change
Climate change is the change in long-term trends in global climate 
patterns. This can be caused by natural factors (e.g. volcanoes, 
changes in planetary orbit, etc.)  or by human activities (burning 
fossil fuels, land use changes, etc.) which alter the energy balance 
of the climate system

Annual Global Land Surface Temperature Anomalies ( C)

Source: IPCC, 2007



Climate Change - Radiative Basis

Moon (no atmosphere)

Energy in = Energy Out

Earth
No Atmosphere
Energy in = Energy Out

Add Atmosphere
- Same amount of 

sunlight in
- Some of outgoing 

energy trapped 
(imbalance)

Warmer World
- Surface must warm to 

get back in balance



Greenhouse Gas Increases 

• Greenhouse Gases
- Transparent to 

sunlight, but trap 
thermal radiation

- Long residence times

• Recent 
Measurements
- Mauna Loa, Hawaii

Source: NOAA 

Note Seasonal 
Cycle of Plant 
Growth



US Global Change 
Research Program, 2009

Climate changes are underway

in the United States . . .



US Global Change 
Research Program, 2009



Projecting Future Climate



Climate Models 
• Are physics-based, and solve equations for mass, 

momentum, and energy within ‘gridboxes’

• Include parameterizations of hydrology, clouds, 
vegetation, and ocean

• Couple fluxes between the atmosphere, ocean, land, 
and cryosphere

• Contain hundreds to thousands of pages of computer 
code, divided into interacting components

– Dynamics
– Radiation
– Clouds
– Etc.

• These calculations require the use of supercomputers 
and or parallel computing

• As computing power increases, model resolution (in 
time and space), complexity, and interactivity are all 
being improved

But advances tend to be gradual and MANY challenges remain



Future Projections
• Use calibrated models to make “projections” of the future

-With greenhouse gas emissions

• Emissions scenarios 
of the future depend 
upon
- Energy technologies 
- Economic growth 
- Population

• If we stop all 
greenhouse gas 
emissions now we still 
get warming

IPCC, 2007
The future depends on the steps we take now



Lower Emissions Scenario (B1) Higher Emissions Scenario (A2)

Mid-Century (2040-2059 average) Projected Temperature Change ( F)
Relative to 1961-1979 Baseline

Mid-Century (2040-2059 average) Projected
Temperature Change ( F) Relative to 1961-1979 Baseline

Lower Emissions Scenario (B1) Higher Emissions Scenario (A2)

End-of-Century (2080-2099 average) Projected
Temperature Change ( F) Relative to 1961-1979 Baseline

US Global Change 
Research Program, 2009



US Global Change 
Research Program, 2009

Projected Change in North American 
Precipitation by 2080-2099

• Enhanced water 
cycle with warmer 
temperatures
- More evaporation and 

rainfall
- Dry areas get drier
- Storms release more 

water at a time
- Wet areas get wetter



Potential Changes – Climate Extremes

• Natural variability will continue

• Small shifts in mean values can lead to large 
changes in the frequency of extremes



High Impact Sea Level Rise 
Scenarios 

Sea level rise projections for New York City for the 2080s

Two sea level rise scenarios were developed for 
New York City.  

1) GCM model-based method used for sea level rise similar 
to what was done for temperature and precipitation. These 
projections include local and global components. 

2) “Rapid Ice-melt scenario”  was developed based on melt 
rate and paleoclimate studies to account for the possibility 
that future changes in polar ice sheets are not captured by 
the GCMs and may accelerate melting beyond currently 
projected levels.  

Source: NPCC, 2010

Minimum Sea Ice Extent 1979-2009

median minimum ice extent(1979-2009)

Impacts



Climate Change 
Impacts



Climate Change Impacts
Coastal Regions

Shaded areas depict worst-track storm surge flood zones for Saffir-Simpson 
Category-1 in red, SS2 in brown, SS3 in yellow, and SS4 in green. Shaded lines

are subways, black lines are rail sytems.

Lamont-Doherty Earth Observatory, Google Earth, and NYSEMO
(colored flood zones and NYCT subway lines)



Climate Change Impacts
Temperate Regions



Climate Change Impacts

West Glenwood, CO, June 11, 2002

Ecosystems 

Fire effects  

Water resources 

Arid Regions



0ºC 16ºC 32ºC

Daily Electric Energy Load (gigawatt-
hours) in NY State, vs. Daily-Average 

Temperature. 
Solid Points=1966; Open Points=1997 =>

Peak Load Issues

Potential Impacts: Energy Sector

During heat waves, 
even a small 
increase in 
temperature can 
mean a large 
increase in energy 
load….  

…Leading to an 
increased risk of 
power outages and 
deteriorating air 
quality

Indirect effects

= More stress on systems



Climate Adaptation 
at NASA



Responding to Climate Change

Mitigation

Reduction of atmospheric greenhouse gas 
concentration, through reduction of emissions or 

storage of carbon.

Adaptation

Actions taken to reduce harmful effects of climate 
change or build on beneficial ones

Mitigation and Adaptation can be Interactive



Climate Adaptation Science Investigators Workgroup 
(CASI) Mission 

Advance and apply NASA’s 
scientific expertise and 
products to develop climate 
adaptation strategies that 
support NASA’s overall 
mission by minimizing risks 
to each center’s operations, 
physical assets, and 
personnel

 
September 2009 fires at JPL

Winter 2009-2010 cold event at KSC
5/18/2011 26



CASI Center Participants

NASA Center Team Members
Ames Max Loewenstein

Cristina Milesi
Laura Iraci
Ed Sheffner

Dryden Thomas Mace
Goddard Molly Brown

JPL William Patzert
Kennedy Raymond Wheeler
Langley Russell De Young
Marshall Gary Jedlovec
Stennis William Graham 

Science staff from other centers and facilities are invited to participate 
in the activities as well

5/18/2011 27

PIs are funded by the Earth Science Division through a call for proposals
submitted to the centers



CASI Products and Tasks (1) 
• Downscale center-specific climate 

hazard information 
• Conduct research customized to 

each centers needs
• Partner with infrastructure, 

environmental management and 
master planning point-of-contacts 
at respective centers, in order to 
disseminate climate science 
knowledge tailored to center-
specific adaptation solutions  

Stennis

Baseline
1971-2000 2020s 2050s 2080s

Air Temperature
Central Range 55˚F + 1.5 to 3.0˚F + 3.0 to 5.0˚F + 4.0 to 7.5˚F

Precipitation
Central Range 46.5 in + 0 to 5 % + 0 to 10 % + 5 to 10%

Sea level rise
Central Range NA + 2 to 5 in + 7 to 12 in + 12 to 23 in

Rapid ice-melt 
scenario NA ~ 5 to 10 in ~ 19 to 29 in ~ 41 to 55 in

NASA
GISS
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CASI Products and Tasks (2)
• Provide support for 

adaptation workshops, 
telephone and video 
conferences 
– KSC, May 17-20, 2010 
– ARC, February 1-4, 

2011 
• Host collaborative 

information system 
• Inventory center’s existing 

climate and impact data 
and research activities 

• Develop or support target 
research initiatives 

29



Resilience and Adaptation to 
Climate Change Risks 

Workshops

• Workshop process follows the 8-
step adaptation assessment 
framework developed by GISS 
scientists and used in New York 
City 

• Plenary sessions 
– Presentations by GISS scientists on 

both global and regional climate 
change  

– Introduction to regional infrastructure 
ecosystems, and regional sectoral 
impacts and adaptation needs 

• Breakout sessions 
– Participants applied the adaptation 

steps to Centers and their regions
– Groups based on key systems in the 

region 
• Built, Natural Resources, and Human Capital 

Ames Research Center, Feb 2011



Downscaled Temperature 
Projections

A1B 2080s 16 GCM Annual 
Temperature Change ( F), relative to 

1970-1999

16 GCM Annual Temperature 
1970 – 1999 ( F)

16 GCM A1B Annual Temperature 
2070 – 2099 ( F)

NASA 
ARC

NASA 
ARC



Downscaled Bay Area Extreme 
Event Projections

Daily Temperatures Location Baseline 2020s 2050s 2080s

Max temperature at 
or above 90 ˚F 
(days/year)

Livermore 59 63 to 72 71 to 86 78 to 104

Moffett 
Field 9 10 to 13 13 to 18 18 to 29

Min temperature at or 
below 40 ˚F 
(days/year) 

Livermore 94 70 to 80 55 to 70 37 to 63

Moffett 
Field 32 18 to 24 10 to 19 5 to 14

The number of days per year exceeding 90 °F is projected to
rise in the coming century, and the number of days with
temperatures below 40 °F is projected to decrease.



Resilience and Adaptation to Climate Change Risks Workshop
Ames Research Center and the Silicon Valley 

February 1 – 3, 2011 • Workshop findings
– Climate hazards include sea level rise, higher temperatures, and changes in droughts and floods
– Despite uncertainties, several adaptation steps can begin today, including: proof-of concept pilot 

projects, low cost strategies that yield benefits today (e.g., energy conservation and more frequent 
cleaning of storm drains), additional studies (e.g., vulnerability of levees), and enhanced monitoring of 
local climate and impact information

– Because a number of impact assessments and adaptation planning  activities are underway in the Bay 
Area, regional coordination is needed

– NASA  and CASI can play a leadership role by integrating activities within and across Centers, and 
coordinating regional efforts; next steps for CASI scientists include investigating changes in:

• Storm frequency and intensity
• Mean annual precipitation and temperature, and impacts on electricity and water availability 

– The next ESD/OSI Resilience and Adaptation Workshop will be at the Langley Research Center
– The next CASI meeting will be at GISS in July 2011

Source: NASA GISS / CCSR; projections based on BCSD (Maurer et al. 2007)

A1B 2080s 16 GCM Annual 
precipitation change (%)

Observed sea level rise, San Francisco, CA
(1901 – 2008)

Observed and projected 
temperature, Livermore, California NASA 

ARC



Risk

Time 
(decades)

Acceptable level of risk

Monitor & Reassess!

Status Quo

Setting Inflexible 
Standards

Flexible 
Adaptation 
Pathways

Flexible Adaptation Pathways to managing flood 
risks Risk = Probability x Outcome

Based on London’s model

Risk Management Approach



Conclusions
• In the coming decades, the climate change signal associated 

with mean temperatures and mean sea level is expected to 
dominate the climate variability term, leading to dramatic and 
policy-relevant shifts in the probability of extreme events

• Long-term and risk-management planning can lessen negative 
outcomes of climate, and increase positive outcomes 

• The projections presented here should be considered in the 
context of, and are generally consistent with, other state, 
regional, and local assessments

• Mitigation and Adaptation can be synergistic and considered 
interactively 

• NASA is playing a leading role as an agency in responding to 
shifting climate risks, with planners, asset managers, and 
scientists working together 





IPCC, 2007

Need both natural and 
man-made influences 
(as well as feedbacks)
to accurately represent 
historical climate
- Natural: 

• Volcanoes
• Sun spot cycles 

- Man-made:
• Greenhouse gas emissions
• Aerosol emissions
• Land-use changes

Human and Natural Factors



Climate Downscaling: Bay Area Example

ARC

• Statistical downscaling produces finer scale features than Global 
Climate Models (GCMs) using historical relationships between the 
large and small spatial scales 

• Dynamical downscaling achieved by running a GCM at high 
resolution over a small spatial domain 



Potential Changes – Climate Extremes
Largest impacts when natural variability 

combines with gradual mean changes
July 2010 Surface Temperature Anomaly

Heat wave in Russia caused crop failures and forest fires 

Source: NASA



Downscaled Precipitation 
Projections

A1B 2080s 16 GCM Annual 
Precipitation Change (%), relative to 

1970-1999
16 GCM Annual Precipitation 

1970 – 1999  (in)
16 GCM A1B Annual Precipitation 

2070 – 2099  (in)

NASA 
ARC

NASA 
ARC



Climate Change – Paleoclimate Context

• Ancient climate states from 
“proxies”

- Tree rings
- Bubbles in ice cores
- Fossil deposits
- Sediment cores for 

lakes/oceans

• Greenhouse gases and 
temperature track each other 
through history
Clear relationship between 
temperature and GHG 
concentrations

Hansen, 2005

• Present day levels and rates of 
change suggest the potential for 
future warming 
Current concentrations and rates 
of change exceed what has been 
seen in the past



Resilience and Adaptation to Climate Change Risks Workshop
Ames Research Center and the Silicon Valley 

February 1 – 3, 2011 

• As part of an ESD/Office of Strategic 
Infrastructure (OSI) collaboration, a 
workshop was held in Mountain View, 
California 

• NASA participants included master planners, 
facilities and environmental managers 

• Regional and county officials represented the 
Bay Conservation and Development 
Commission, the San Francisco Public 
Utilities Commission, and the Army Corps of 
Engineers

• Purposes of the meeting 
– Identify climate risks and impacts to ARC and the Silicon 

Valley 
– Begin to develop climate change adaptation strategies for 

the region
– Coordinate activities with Climate Adaptation Science 

Investigators (CASI) team participants at ARC and identify 
future research needs 

Source: M. Fellows, 2011

Aerial view of 
Ames Research Center
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