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Climate Change — The Basics

> CLIMAS

Climate Assessment for the Southwest

Zack Guido
Research Staff Scientist
Climate Assessment for the Southwest (CLIMAS)



Climate Change 101(+):

An overview of the climate system,
observations & projections

ITEP Climate Change Webinar Series (part 1)
June 13

Zack Guido
Climate Assessment for the Southwest (CLIMAS)
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Big Picture Outline

1. The Climate System (20 mins + 5 for Q&A)

2. Observations (15 mins + 5 for Q&A)

3. Projections (15 mins + 10 for Q&A)
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In the Next 20 mins...

. Why we care

How the climate system works
Energy Balance

Paleoclimate

. Greenhouse gasses



1. Why we care

The Rio Grande

Pecos River

Rio Grande/Bravo
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1. Why we care

The Rio Grande




1. Why we care

Food supply
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1. Why we care

Food supply

Water supply



1. Why we care

Food supply

Water supply

OTHER (139) Disasters

SNOW (50) |
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2. The Climate System

Sun Drives Circulation

Net

—— cooling

Net
cooling

Image from http://www.dbom.gov.au




2. The Climate System

Energy Balance

Net
—— cooling
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3. Energy Balance

Energy Balance:

Sun drives the climate system and is moderated by GHG
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4. Paleoclimate

Warmer Climates;
High Solar Radiation

Temperature change from present, °C
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-10°C
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Year before present (present = 1950)
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Source: J.R. Pelit, J. Jouzel, et al, Climate and atmaspheric history of the past 420 000 ysars from the Vostok ice core in Antarctica, Nature 369 (3JUne), pp R20-436, 19

Glaciation;
Low Solar Radiation

Petit et al. 1999; Siegenthaler et al. 2005



4. Paleoclimate
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4. Paleoclimate

Orbital changes

Now 200 800 1000 kyr ago
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Images obtained from:



Orbital changes

Images obtained from:
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Orbital changes

Images obtained from:

4. Paleoclimate
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4. Paleoclimate

Orbital changes
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Orbital changes
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4. Paleoclimate
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“2010 ties 2005 as the warmest year in the 131-year
instrumental record”’—NASA, Jan 2011

Global Surface Temperatures
Four independent records show nearly identical long-term warming trends.

—— NASA Goddard Institute for Space Studies

0.7 —— Met Office Hadley Centre/Climatic Research Unit

—— Japanese Meteorological Agency

1960 1980 2000

http:/ /www.giss.nasa.gov /research /news /20110113 /




5. greenhouse gasses

Temperature and CO: in lockstep

300,000 200,000 100,000
years ago years ago years ago
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Image courtesy of Marian Koshland Science Museum of the National Academy of Science




PARTS PER MILLION

5. greenhouse gasses

Atmospheric CO, at Mauna Loa Observatory
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5. greenhouse gasses

F-gases 1% |PCC, 2007

GHG emitted by humans
(data for 2004)

Methane
14%

Carbon Dioxide Waste and IPCC, 2007

fossil fuel use _
( ) wastewater 3%

57%

Energy supply
Carbon 26%

Dioxide (other)
3%

Industry
19%

Residential &

Commercial buildings
8%



Canada

2%

Japan
4%

Russian
Federation
6%

In 2008

5. greenhouse gasses



5. greenhouse gasses

Fate of Anthropogenic CO, Emissions (2002-2011 ave)

8.3+ 04 GIChyr 90% 4.3 +0.1 GtClyr
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Calculated as the residual '
of all other flux components |
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Global Carbon Project 2012: www.globalcarbonproject.org




Summary

Sun’s energy sets up atmospheric circulation
GHG moderate the energy within our atmosphere

Climate changes over longer timescales influenced
by orbital changes

Over periods important to humans, GHG play major
role



P wN R

In the next 15 mins: Observations

. Temp
Feedbacks
Impacts
Extreme events



Some definitions

What’s the difference between Weather & climate?

Weather is the conditions of the atmosphere over a short period of
time

Climate is how the atmosphere "behaves" over relatively long periods
of time. - NASA




Some definitions

What’s the difference between Weather & climate?

Weather is the conditions of the atmosphere over a short period of
time

Climate is how the atmosphere "behaves" over relatively long periods
of time. - NASA

Isn’t climate just made up of a whole bunch of tiny weathers? —
Stephen Colbert



1. Temp
~ 1.33 F (~0.7 C) global temperature rise in last century

Global Temperature
(meteorological stations)

“2010 ties 2005 as the
warmest year in the 131-
year instrumental
record’’ (NAsA, Jan 2011)
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Global Temperature Movie:
http:/ /www.nasa.gov /topics/earth /features /201 2-temps.html




Warmest Year on Record for the Continentz:
N |

* 3.25F above 20" Century average

o
2012: 55.32F /

Jan - Dec 2012 1998: 54.32F -

®
/ °
National Climatic Data Center/NESDIS/NOAA & 2006: 54.30F / s
" 1934: 54.13F

1999: 53.93F




1. Temp
Temperature changes are not same across geographies




2. Feedbacks

Why Polar Amplification? “Feedbacks”

Positive Feedback:

Stock market decline = more selling 2 more stock declines




2. Feedbacks

Why Polar Amplification? “Feedbacks”

Negative Feedback:

Stock market decline 2 good opportunity to buy—> stocks stabilize

© Getty Images




Reflectivity (Albedo)

20% Reflected
by vegetation
and dark soil

Glacier
Lake ice

WFasticem
ast Icem

10% Reflected

85-90% Reflected by ocean water

by snow

L2004, ACIA

Images from: www.66s-140e.net, www.stopglobalwarming.com, NASA

2. Feedbacks
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3. impacts

Arctic Sea Ice on the decline:

0968015 Average Monthly Arctic Sea Ice Extent
August 1979 to 2011

National Snow and Ice Data Center, Boulder, CO
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3. impacts

Growing season for SW increased ~7% (17 days)
during 20012010 compared to 20" century ave.
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3. impacts

Winter Trends: Less Snow, More Rain

Most important
at low-to-mid

elevations
(<8,500)

More Rain, Less Snow > - 1o ..

More Snow, Less Rain p@ +1c | @

Data: NOAA Co-op Network Courtesy of Noah Knowles, USGS



3. impacts




3. impacts

People matter: impacts emerge from
interaction of people and climate




4, Extr Events

What about Exireme Events?
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4, Extr Events

MOVIE

Steriods and Climate
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4, Extr Events

Extremes getting Extremer:

Jun-Aug temp anomalies over NH Land

Hot Areas
Hot

——Verv Hot
——Extremely Hot_______tllL }

Pese . Ay

1950 1960 1970 1980 1990 2000 2010

Hansen et al., 2012, PNAS



Summary

Temperature on the rise: global increase ~1.33 F
Feedbacks can amplify or dampen change

Impacts across many sectors, including agr, snow
packs, etc.

Some evidence for increasing extreme events, most
notably in temperatures
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In the next 15 mins: Projections

Models

. Temperature & Precipitation
Extreme events

Impacts



MOdeIS: 1. Models

Imperfect representations of reality, but useful
for some things

The resolution of global climate models has improved

1. First IPCC assessment report (1990) 2. Second IPCC report (1996)
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3. Third IPCC report (2001) 4. Fourth IPCC report (2007)
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1. Models
How Climate Models Work

Physical processes Energy Balance




1. Models

The moving parts

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle

Changes in
Solar Inputs

Clouds
Atmosphere T 7

N, 0, Ar, =R L
I v Y /
H,0, CO,, CH, N,0, 0, etc. " s
Aerosols I Atmosphere-Biosphere
Atmosphere- < Interaction

lce Precipitation
Interaction Evaporation
Terrestrial

Heat  Wind Radiation _4;man Influences

Exchange Stress Glacier

Hydrosphere:
Ocean

Ice-Ocean Coupling Hydrosphere:
Rivers & Lakes f

Changes in the Ocean: Changes infon the Land Surface:
Circulation, Sea Level, Biogeochemistry Orography, Land Use, Vegetation, Ecosystems

IPCC, 2007



GHG Trajectories
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2. T&P

Temperature Projection
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Annual average temperature projections relative to 1980-
1999 baseline (IPCC 2007)



2. T&P

Temperature Projection
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Annual average temperature projections relative to 1980-1999
baseline (IPCC 2007)



2. T&P

Higher Emissions Scenario®! Projected Temperature Change (°F)
From 1961-1979 Baseline

Mid-Century (2040-2059 average) End-of-Century (2080-2099 average)

mid- and late-
century
warming over
the US under
ooy G0 S ) EngotCory 802088 e higher (A2)

\
.

\

“/*m and lower (B1)

o Ny

» scenarios

All Maps
CMIP3-C'®

Karl, T. R., J. M. Melillo, and T. C. Peterson, 2009: Global Climate Change Impacts in the United States. Cambridge University Press.



2. T&P

Precipitation

Projected Precipitation Change by Season

Higher Emissions (A2)

Winter

Percent Change

4l | [ >

10

SW Climate Assess. Report, 2013




Cooler periods within warming trend

Ensemble member

1[10-yr cooling
intervals

°K per decade

2020 2040 2060 2080
I ] I I I ] I I I

2020 2040 2060 2080 2100
Year

Meehl, 2011, Nature Climate Change



2. T&P

Winter (Oct-Mar) Drying in Southwest

' 24 Mode
P-E Median (red), P-E 25 to 75th (pink), P 50th (blue), E 50th (green)
Winter

24 models using A1B

1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

Seager R, Vecchi G A PNAS 2010;107:21277-21282




3. Extremes

Intensification of hot Extremes

Diffenbaugh and Ashfaq, 2010, GRL

A1B Scenario
2010-2019 2020-2029 2030-2039

HOTTEST SUMMER =
hottest summer between

1951-99

m
=
)
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Hottest Season

HEAT WAVE =
Longest heat wave in

1951-1999 period

Heat Wave

RegCM3 Longest







Summary

Models are imperfect but do some things well

Temperatures very likely to increase
Dry places get drier and wet places wetter

Extreme events will likely increase in frequency,
intensity, and/or both



Questions?

zguido@email.arizona.edu
www.climas.arizona.edu



