y @ 5RDX
IFAS
Sarasota County

‘ m‘_
SarasSota County
scgov.net | 941.861.5000 | TV19

-
N

| h, rfW/ RN
\Y N, }‘ { \Y o 1\

i\\\

\

N ‘\‘\\M

\\ . ) \\‘ \\5\\\\\\\ \\\ \

/e "\\3\‘9&‘

',;"i.@x\W\n Y

UF/IFAS Sarasota County Extension
6700 Clark Road
Twin Lakes Park
Sarasota, Florida 34241
(941) 861-5000

UF

UNIVERSITY of

FLORIDA

IFAS Extension




WA' (WEATHER?
' . . P WI TH T
pdtes n = 0 Cllmate Change




WACKY WEATHER
WHATOS UP WI TH -

Climate Change Series To0 d a
Topics In This Series: Topic
1) Updates from Science of Climate Change
2) Impacts and Responses: Social Systems

Human Health and Resilient
Communities

3) Impacts and Responses: Agriculture and
Food Systems

4) Impacts and Responses: Biodiversity and
Ecosystems 3
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WACKY WEATHER?

WAI T A MI NUTE! ARENOT
TO BE SERIOUS HERE?

WELL YES! BUT WHO SAYS THAT WE
CANO MAIT NTAI N A SENSE
ABOUT SERIOUS MATTERS?

If | had no sense of humor, | would long | ElVELES

: L MANKIND'S
ago have committed suu:lde: CrERTEe
Mahatma Gandhi BLESSING.

A well-developed sense of humor is the
pole that adds balance to your steps as
you walk the tightrope of life.

William Arthur Ward




Extreme Weather Events
Are Wacky Weather

U By definition,
extreme weather
events are rare and
based on a long
record of
observations and data
to establish definitive
links between severe
events and climate
change.




First, Some Definitions . . .
X \Weather

- basically the way the atmosphere is behaving,
mainly with respect to its effects upon life and
human activities over a short period of time.

X Climate

- the average of weather over time and space
over relatively long periods of time.

X The difference between weather and
climate Is a measure of time.

See the video O6Weat her vi|s CI te Chart



https://www.youtube.com/watch?v=cBdxDFpDp_k
https://www.youtube.com/watch?v=cBdxDFpDp_k
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WACKY WEATHER?
Who EI se Calls |t O\

, : - - =
é Skilling’s Explainer
Winter 2014-15's wacky weather—from
record snows GFS Operational Hi-fes ~ 066 hr forecast
inBostonto
Great Lakes
ice & record
warmth/lack
of snowin
Alaska—one
researcher's
thought on S
what may be happenmg

ANMaking Sense
MARCH 30, 2012 | see
https://green.blogs.nytimes.com/2012/03/30/making-sense-of-
the-wackv-weather/? r=0
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The Many Faces of Climate Changeé

Super Storm Sandy, 2012

East Coast
Flooding, 2013

10



The Many Faces of Climate Changeé

Arizona Extreme
Wildfires, 2014

" 4 st
o

US Mega Wildfires, 2015 =



The Many Faces of Climate Changeé

EF5 tornado, Oklahoma, May 2013
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) Storm Total Snow Forecast (in): 07 am Mon Jan 26 2015 to 07 am Wed Jan 28 201

NOAA / National Weather Service 13
Image generated: 04:07 PM Sun Jan. 25, 2015 v
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The Many Faces of Climate Change €

http://en.wikipedia.org/wiki/2013 European floods
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Europe Floods, 2013
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The Many Faces of Climate Change &

CA Drought, 2015



The Many Faces of Climate Change &

DOST PAGASA MTSAT IR1 15:30 UTC 07/1 1:2013._.

Super Typhon Haiyan in Phillippines, Jan 2014


http://1.bp.blogspot.com/-PVmnDMxKVi4/UsT4jdzc8pI/AAAAAAAAODY/SVxo6el7t-4/s1600/PAGASA+YOLANDA,+HAIYAN+MTSAT+Nov+7,+2013.JPG

2012

6.70 million SONEIE R BN eteTs 3.41 million square kilometers

(2.59 million square miles) . . (1.32 million square miles)

Alaska Alaska
(U.S.A) (U.S.A)

See the video AArctic 1| ¢


https://www.youtube.com/watch?v=iS_XfvSylCs

Global Polar Ice Cap Melting Trends

X NASA 2014 study reports the Earth, as a
whole, has been losing sea ice at annual
rate of 13,500 square miles per year, an

area roughly the size of the state of
Maryland.

X Global sea ice loss has actually accelerated
In the last 17 years.

X |ce cap melting trends:
A Arctic ice cap continues to show losses

A Antarctic ice cap recently showed gains
2
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-14-00605.1

1
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Greenland Ice Sheet Surface Melting
Timeline

Images from NASA

U 20127 97% of ice sheet surface has melted!



Selected Significant Climate Anomalies and Events in 2016

CANADA

A wildfire destroyed large parts of Fort
McMurray (Alberta) in early May and
became the costliest natural disaster
in Canada’s history.

ALASKA

2016 was the warmest year
for the state since records
began in 1925.

CONTIGUOUS UNITED STATES
2016 was the 2" warmest year on
record for the contiguous U.S. Every
state was warmer than average.

EASTERN NORTH PACIFIC
HURRICANE SEASON

Above-average activity. 144% of normal ACE.

21 storms, 11 hurricanes.

TROPICAL STORM DARBY

(Jul 11™-26™)

Tropical Storm Darby was the second
tropical cyclone in the past three years
to make landfall in Hawaii, and only the
fifth landfalling cyclone there since
records began in 1949,

o

K—Q

ARCTICSEA

During its growth season, the Arctic had its smallest
annual maximum extent for the second year in a row.

CE EXTENT

During its melt season, the Arctic reached its 2

smallest minimum extent on record (tied with 2007).

EUROPE
Europe experienced its 3" warmest year, behind only
2014 (record warm) and 2015 (2™ warmest), making

the past three years the three warmest in the 107-year
continental record. The average winter (Dec 2015-Feb
2016) temperature was record high.

ASIA

Asia observed its 3" warmest year on record,

TYPHOON LIONROCK

(Aug 16™-31%Y)

Lionrock impacted northeastern areas of the
Demaocratic People’s Republic of Korea (DPRK),
where rainfall of up to 320 mmi in four days led
to catastrophic flooding and 133 fatalities.

behind 2015 (record warmest) and 2007 (2™
warmest). Apr, Aug, and Sep were each record

NORTH AMERICA

2016 was the warmest year for North America since

warm, while Oct and Nov were both cooler
than their long-term averages. /

continental records began in 1910, surpassing the
previous record set in 1998.

0_

/HURR|CANE MATTHEW
(Sep 28™ - Oct o)
Matthew was the first Category
5 hurricane in the North Atlantic
since Felix in 2007, The storm
majorly impacted Haiti, Cuba,
the Bahamas, and parts of the
southeastern U.S. More than
1,000 fatalities were reported
and thousands of homes and
buildings were destroyed.

SOUTH AMERICA

since continental records began in 1910. Jan,
Aprwere each record warm.

Large areas of record warmth, particularly in the

north, and much-warmer-than average temperatures

resulted in the 2™ warmest year, behind only 2015,
Feb, and

ATLANTIC HURRICANE SEASON
Above-average activity. 140% of normal ACE.
15 storms, 7 hurricanes.

/MIDDLE EAST

L, .

On Jul 21*, according to preliminary
reports, a temperature of 54.0°C was
recorded at Mitribah, Kuwait. Upon
verification, this will be the highest
temperature on record for Asia. On

INDIA

On May 19%, Phalodi, India reached a
temperature of 51.0°C, becoming the
highest temperature on record for the

Jul 22, Basra, Iraq, reached 53.9°C country.
and Delhoran, Iran reached 53.0°C, NORTH INDIAN OCEAN
a new national record. CYCLONE SEASON

Near-average activity.

5 storms, 1 cyclone.
SOUTH INDIAN OCEAN
CYCLONE SEASON

AFRICA

Southern Africa experienced two
consecutive poor rainy seasons,
with rainfall well below average in
both 2014-15 and 2015-16, leading
to serious drought and substantial

agricultural losses.

Below-average activity.
8 storms, 3 cyclones.

AUSTRALIAN CYCLONE SEASON

/EAST ASIA
A cold wave in late Jan impacted
parts of East Asia. In southern
China, Guangzhou recorded its
first snow since 1967 and
Nanning its first since 1983. A
low temperature of 3.1°C was
observed at the Hong Kong
Observatory, the 6% lowest
temperature on record at that
location.

WESTERN PACIFIC OCEAN
TYPHOON SEASON
Average activity.

26 storms, 13 typhoons.

SOUTH WEST PACIFIC OCEAN
CYCLONE SEASON

Average activity.

11 storms, 6 cyclones.

Below-average activity. Lowest number of named
storms since reliable records began in 1969,
7 storms, 3 cyclones.

ANTARCTIC SEA ICE EXTENT
During its growth season, the Antarctic had its 10 smallest

AUSTRALIA

Australia observed its 4" warmest
year in its 107-year national record.
Tasmania was record warm. Nine of
the past 10 years (excepting 2010)
have been warmer than average
and 7 of the 10 warmest years have
occurred since 2005.

annual maximum. During its melt season, the Arctic reached
its 9t smallest minimum extent on record (tied with 2007).

Please Note: Material provided in this map was compiled from NOAA's State of the Climate Reports and international partners. For more information please visit: http://www.ncdc.noaa.gov/sotc
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Selected Significant Climate Anomalies and Events in 2015

ALASKA
The year 2015 tied with 2002 as the

ARCTIC SEA ICE EXTENT

During its growth season, the Arctic had its smallest annual
maximum extent. During its melt season, the Arctic reached its
fourth smallest minimum extent on record.

ASIA
Much-warmer-than-average conditions were present

second warmest year since statewide CANADA

records began in 1925, behind 2014.

warmth and dryness.

Parts of western Canada had their warmest summer
on record. Moderate to extreme drought developed
across parts of western Canada due to the unusual

across much of the continent. 2015 was the warmest year
since continental records began in 1910. Russia had its
warmest Jan-Sep since national records began in 1936.
China had its warmest Jan-Oct, with Hong Kong
experiencing its warmest Jun—Aug period on record.

EUROPE

Europe, as a whole, experienced its second warmest year
on record, behind 2014. Several countries had a top 5
year: Spain (warmest), Finland (warmest), Austria (2nd),
Germany (2nd), France (3rd), and The Netherlands (5th).

CHINA
EASTERN NORTH PACIFIC BASIN INDIA Heavy rain from May-Oct caused floods
August 2015 _ A A major heatwave affected India from that affected 75 million people, Provinces
Atthe end of August, three storms—Kilo, Ignacio, and CONTIGUOUS UNITED STATES 21 May—10 June, Average temperatures in southern China experienced their
Jimena—represented the first simultaneous occurrence The contiguous U.S. had its second warmest over 45°C were observed, with some wettest May in 40 years.
ofthle§ major hurricanes in the basin since records {behind 2012) and third wettest year since locations reaching 48°C. Over 2000
began in 1949. el o s e pn] g fatalities were blamed on the excessive
national records began in 1895. May 2015 [ WESTERN PACIFIC OCEAN
was the wettest month of any month on TYPHOON SEASON
record. MOROCCO Above average activity
ATLANTIC HURRICANE On Aug 6%, Marrakech 28 storms, 21 typhoons
SEASON received over 13 times its
o o Below average activity monthly average in one hour. GYCLONE CHAPALA
63% of normal ACE (October 28™-November 4™, 2015)
11 storms, 4 hurricanes 2’1:"""""’“ ‘”i“:’% 25?1""‘/ hr "
apala was the first hurricane-strengtl
EITJSR.I;%EIEQ r??s“g :sm'n:mc E— AFRICA NORTH INDIAN OCEAN storm (Category 1 in the Safﬁr—Suppson
o CYCLONE SEASON scale) on record to make landfall in Yemen.
Above average activity 5 Tt 2015 wagthe seconf.l warmest SC
144% of rormal ACE everal storm systems brought heavy predipitatio year, behind 2010, since Near average activity
BaEme B EnEs during March 2015, with the national average being continental records began in 5 storms, 2 cyclones
) over three times the monthly average. This was the 1910. gg:;gnL'AN CYCLONE SOUTH WEST PACIFIC
wettest March since national records began in 1941. Mear average aciif OCEAN CYCLONE
HURRICANE SANDRA SOUTH AFRICA SOUTH WEST INDIAN 9 storms, 7 cyclones SEASON o
(NS E R ER 20L) Jul 2014-Jun 2015 was the driest OCEAN CYCLONE (UG
Maximum winds - 230 km/hr 6 storms, 2 cyclones
. : season since 1991/92 and third SEASON
Sandra was the latest major hurricane it Glnsa sl (e i Near average activity
observed in the Eastern North Pacific CHILE 7 9;25 /353 ce records begal 13 storms, 6 cyclones [ AUSTRALIA
basin since reliable records began in Jan 2015 was the driest Jan 2 Experienced its fifth warmest year since
1971. in at least five decades. national records began in 1910. The
SOUTH AMERICA month of October was excpetionally
ARGENTINA Much-warmer-than-average conditions warm, recording the largest anomaly

Second warmest year, behind 2012, since national
records began in 1961. The four warmest years on
oM "W“s"’rs% record have occurred since 2012.

engulfed much of the region during the
year, resulting in the warmest year since
continental records began in 1910.

for any month on record.

ANTARCTIC SEA ICE EXTENT

During its growth season, the Antarctic had its 16th largest
annual maximum extent. During its melt season, the Antarctic
reached its fourth largest minimum extent on record.

Please Note: Material provided in this map was compiled from NOAA's NCEI State of the Climate Reports and the WMO Provisional Status of the Climate in 2015.
For more information please visit: http://www.ncdc.noaa.gov/sotc

https://www.ncdc.noaa.gov/sotc/service/global/extremes/201513.qif
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Who Says So ?

U Intergovernmental Panel
on Climate Change (IPCC)
U Scientific body under
auspices of the U.N.

U Currently 195 countries
have scientist panel
members

U Reports endorsed by

| Science Academy &
government of all panel
member countries

U Fifth Assessment Report
bt sl (ARDS) released in 2014

NTERGOVERNMENTAL PANEL OM CUMATE CHANGE

http://www.ipcc.ch/



http://www.ipcc.ch/
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What Does the IPCC Really Say?

CLIMATE CHANGE

W he Stiate ofithe Science

v P
\’ -~ -
: % F A\ v
. "

Watch the video 6ClIlimate Change:
at



https://www.youtube.com/watch?v=_EWOrZQ3L-c
https://www.youtube.com/watch?v=_EWOrZQ3L-c
https://www.youtube.com/watch?v=_EWOrZQ3L-c
https://www.youtube.com/watch?v=_EWOrZQ3L-c
https://www.youtube.com/watch?v=_EWOrZQ3L-c

What Does the AR5 Say?

U The AR5 provides a clear and up to date view of the
current state of scientific knowledge relevant to climate
change.

U It consists of three Working Group (WG) reports:
x Mitigation of Climate Change i options & their underlying
technological, economic and institutional requirements
X |mpacts, adaptations & vulnerability T exposure and future
risks of human and natural systems, and the potential for and
limits to adaptation
X Physical Science Basis - a comprehensive assessment
Including a detailed climate change observations throughout
the climate system

U And a Synthesis Report (SYR) which integrates and
synthesizes material in the WG reports for policymakgrs



http://www.ipcc.ch/
http://www.ipcc.ch/

What Does the AR5 Say ?

Partial Summary of Impacts

U Total anthropogenic GHG emissions have
continued to increase from 1070 to 2010 with
largest increases at end of this period

U CO, emissions from fossil fuel combustion &
Industrial processes contributed about 78% of
these increases

U Without additional efforts to reduce GHC
emissions beyond those in place today, emissions
growth is expected to increase driven by population
growth and economic activities

31
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What Does the AR5 Say ?

Partial Summary of Impacts (Cont.)

U Such a scenario will result in CO, equivalent
concentrations in 2030 of > 450 ppm and In
2100 of 750-1300 ppm compared to 430 ppm In
2011.

U Such a scenario will result in global mean
surface temperature increases in 2100 of 3.7° to
4.8° C (6.7° to 8.6° F) compared to pre-industrial
levels (i.e., before 1750)

32
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Global Warming Science

The problem: greenhouse gases absorb and radiate
heat to the lower atmosphere.

Relative importance

he Greenhouse Effect

T Carbon dioxide
, Spm:ﬂsolaédr%dlatﬂon Some of the infrared '
' 'SE eﬁt d '3;] S radiation passes through
SUN arth and the the atmosphere, and some 5

atmosphere. is absorbed and re-emitted
in all directions by

greenhouse gas
4 molecules. The effect of
/

this is to warm the Earth's
surface and the lower
atmosphere.

Nitrous
oxides

Solar radiation j
passes through S \ ATM OSPHE/?l:
the clear ’
atmosphere v

Mostradiation is

” ﬁ /f Greenhouse

EARTH ‘ .
/\ gases are higher
now than in over

"?j,‘};gﬁi%&:ﬂﬁ'_"  Infrared radiation isk -
SEisstrtoces 650,000 years
See the video OExplanatijon CI!Mmat
https://www.youtube.com/watch?v=6VUPIX7yEOM



https://www.youtube.com/watch?v=6VUPIX7yEOM
https://www.youtube.com/watch?v=6VUPIX7yEOM
https://www.youtube.com/watch?v=6VUPIX7yEOM

Remember These Definitions . ..
A Global Warming

- an increase in average global temperature as
Influenced by increased greenhouse gas concentrations
without regard to other factors that may cause climate
change

A Climate Change

- changes in the atmosphere over time scales ranging
from weeks to decades to millions of years.

- vary by natural processes internal to the Earth (e.qg.,
continental drift), external forces (e.g., solar energy),
and human activities which affect global wind patterns,
rainfall, and temperatures.

See the short video ACliimate Chmng



https://www.youtube.com/watch?v=TQlHaGhYoF0

108 /33m 7h/822m

._I-I-—“'_'_ i1

To sustain one person, the US
produces 22 tons of CO, per year. >0



Climate Change Science

Extraterrestrial Carth=Sun
% Solar Output
Factors Geomelry

Atmospheric
Factors

Atmospheric : Atmaspheric
Reflectivity Je Earth’s Composition

Climate

surface/

Atmosphers

: Land El'ld. : surface
Ocean Factors

Reflectivity SR L)
Exchange

Tectonic Volcanic Continental
Factors Emissions Drift

0D
O

ﬁftp://www.aph.qov.au/About Parliament/Parliamentary Departm

ents/Parliamentary Library/Browse by Topic/ClimateChange
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Milestones in Climate Science

Instrumental temperature

'W
= - Keeling

Greenhouse effect

onVenus measured Divect CO2 measursment

-Warnings by scientific community

il ek e Kl mml-lb;\g:;\ predicts
heat loss measured a:sze,:';s Manabe and| further GG
Wetherald testifies before
Hulburt congress
Fourier Tyndall Arrhenius Callendar
1 1 Il 1 1 IJ | ¢ PR Jl 1 1 1 i Al
1900 1950 2000 |

T T Il T T $ *l T §—‘ tCha:ney T T T
= | @, &

ucing-history-of-climate-science.h

http://www.skepticalscience.com/i

Founerdescribes  Tyndall describes Arrhenlus calkculates o:::::gte
atmosphere’s CO3's blocking warming from Callendar pro s g
contribution to of Infrared doubling of CO2 sk st possotisig Z‘f;‘:’“‘;’
planetary temperature occurring described off
T ' Manabe and
4°C Wetherald build
; first model of
_ ) ¥ Earth's entire
www.SkepticalScience.com climate
Source: All events are from Spencer Weart'’s
The Discovery of Global Warming
unless noted otherwise: Hulburt calculates CO2 sources identified,
wwawaip.org/history/climate/timeline htm. 4°C warming from doubling Models describe Earth systems, 38

* Pierehumbert, Principles of Planetary Climate of CO2 with H20 feedback, feedbacks, carbon cycle and climate
“* Nature, 15 March 2001 and refutes Angstrom
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History of Science of Climate Change

Positive proof of global warming.
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History of Science of Climate Change

DISPATCHES FROM THE FRONT LINES

Michael E. Mann

Watch the video 0The Hockey Sti (1§ 40

http://yearsoflivingdangerously.com/video/hockey-stick-16/
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Geological History
of Atmospheric CO,
Concentrations

- During the last 2 billion
years the Earth's climate
has alternated between a
frigrd "1 ce
st eami ng

http://www.scotese.com/climate.htm
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Carbon Dioxide PPM
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http://www.planetforlife.com/co2hist
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Greenhouse Gas Emissions by Economic Sectors
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http://report.mitigation2014.org/spm/ipcc wg3 ar5 summary-for-policymakers approved.pdf



http://report.mitigation2014.org/spm/ipcc_wg3_ar5_summary-for-policymakers_approved.pdf
http://report.mitigation2014.org/spm/ipcc_wg3_ar5_summary-for-policymakers_approved.pdf
http://report.mitigation2014.org/spm/ipcc_wg3_ar5_summary-for-policymakers_approved.pdf
http://report.mitigation2014.org/spm/ipcc_wg3_ar5_summary-for-policymakers_approved.pdf
http://report.mitigation2014.org/spm/ipcc_wg3_ar5_summary-for-policymakers_approved.pdf
http://report.mitigation2014.org/spm/ipcc_wg3_ar5_summary-for-policymakers_approved.pdf

Science of Climate Change

Climate scientists can use weather data averaged over
time plus proxy data to help them identify previous trends
to improve their predictions of future trends.

What Are Proxy Data?
Proxy data include biological, cryological (which refers to
frozen water), geological, and historical records that scientists
use t o deduce Earthos at mosph
past. By examining evidence such as the tree rings of old-
growth trees and ice core samples taken from glaciers,
scientists can figure out wha
greenhouse gas composition, and precipitation levels were
like over the course of its geologic history.

See the videos O6Mountain Expeditiong and
of Living Dangerouslyd series at Acc 42
http://sarac.co.sarasota.fl.us/
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Science of Climate Change

Once More, Weather Vs Climate Forecasting

U Meteorologists predict local or
regional atmospheric conditions for
the hours, days, or weeks ahead.
Prediction tends focus primarily on
real-time (current) data.

U Climate scientists, on the other

hand, look at atmospheric conditions

in terms of averages and trends e
RI ngso at

(patterns) that have occurred over http://www.sho.com/sho/v
many decades, Centuries, and ideo/titles/29655/tree-

rngs
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