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DISCLAIMERS AND ATTRIBUTION

The content and conclusions are drawn upon 40 plus years in the 
field as an operational meteorologist weather forecaster. 

The research presented is based on the following peer reviewed 
science; Francis,Vavrus 2012, Jaiser et al 2012,2013 Cohen et al Nature 
Geosciences, 2014, Kim et al 2014, Feldstien and Lee 2014, the Vermont Climate 
Assessment 2014. Francis and Vavrus 2015, Kug et al 2015 Furtado et al 2015, 
Wu and Smith 2016, Zang et al 2016, Kretchmer et al 2016, Nakamura et al 
2016, Vavrus et al 2017 Zou et al 2017 McKusker 2017 Cohen et al 2018. 

I’m conveying my observations/experiences in meteorology since 
the mid 1970s including various components of the climate 
system/climatology since the mid 1980s in Vermont.
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The presentation will discuss:

•Global Heating from Greenhouse gasses

•Climate shifting warmer not always in winter and spring & why

•Increasing trends in extreme weather

•Vermont Climate Trends and projections

•Recent Evolution of Heat Waves increasing

•Drought wild fire Association Contribution

•Positive (increasing) Feedback cycle 

•All eyes to the north on the Arctic.
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A New Normal? 
• Increased evidence has linked extreme weather to loss of 

arctic sea ice and fall and spring snow cover

• (Francis-Vavrus 2012) Study says it’s happening all over 
especially the Northern Hemisphere and many other papers 
have built on this since…
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From NASA/GISS

CO2 levels are highest in 3 
million years, and Earth’s 
temperature is 
responding although not 
evenly around the globe. 

January 2020 was the 
420th consecutive month 
warmer than average

Variations of the Earth's surface temperature 

Northern hemiSllhere. DeJ)artures in temperature (C) from the 1961 to 1990 average 
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Present
CO2 levels 
are WAY out 
of whack 
with 
temperature

CO2 highest in the last 3 
million years at 

Yale May, 2019 

Let’s look back a few hundred thousand years…

The last time CO2 levels were this high, the globe was several degrees warmer, 
sea level were tens of feet higher, and humans didn't exist.
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RECENT MONTHLY MEAN CO2 AT MAUNA LOA 
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Global Land and Ocean urface Temperature Anomaly 
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Look Back at 2019

• 2019 was the second-wettest year on record in the U.S., and 
temperatures were above average despite regions that were 
among the only cool spots on the planet. 

• 2019 also concluded the warmest decade on record—the 
2010s were the warmest of the past five decades for 87% of 
the 244 cities analyzed. 

• Here’s a recap of the year’s U.S. climate rankings, before 
global statistics are released next week.
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https://www.ncdc.noaa.gov/sotc/service/global/map-percentile-mntp/201901-201911.png
















BURLINGTON 
DECADES OF WARMING 
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So, what the heck is going on??Is human-caused climate change 
playing a role?

Are you nuts?



Global temperature: Warmest years 

On the Edge of 1.5°C 
Global year-to-date anomalies from 1881-1910 baseline 
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EVEN     MORE     WORRISOMEEVEN MORE WORRISOME 
250-----------------------

Change in Earth's Total Heat Content 

Ocean Heating 
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Changes in average sum­
mer heat index-a measure 
of how hot it actually f els, 
given temperature and 
humidity-could strongly 
affect quality of life in th 
future for residents of 
Vermont. Red arrows track 
what summers in Vennont 
could feel like over the 
course of the century 
under the higher-emissions 
seen io. Yellow arrows 
track wh t summers in tho 
st ta could feel like under 
the lower-emissions 
sc n io. 
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Lake Champlain Freeze-Up Dates 1816-2014 
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Changes in the date of the first & last 
freeze dates 
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Number of days per year with greater 
than 111 of precipitation (BTV station) 
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Ocurrence of 1High Flows per Calendar Year, Mad River 

so _ 1 0 more days per year of high flow conditions 
from 30 to 40 per year with a projection of 

10 .. 80% increase by 2100 
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From NASA/GISS

Annual temperature anomalies
2000 -- 2010

The Earth’s temperature is starting to catch up

…although not evenly 
around the globe and
in fits and starts

The Earth's temperature is starting to catch up 
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What happens in the arctic…
doesn’t stay in the arctic

What happens ·n the arctic ... 
doesn't stay in the arctic 



Arctic temperature: Record High 
I 
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GFS/CFSR 1-day Avg 
1979-2000 base 
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Extreme minimum Ice extent September 2012Extreme minimum Ice extent September 2012 



2012

How unusual is this recent loss of Arctic sea ice?How unusual is this recent loss of Arctic sea ice? 

13 

12 

~ 
! 10 
Cl/ 

E 
0 

Cl/ .. 
"' :::, 

fi 8 
C 
.2 

~ 7 

6 

5 

Summer (July - September) Arctic Sea Ice Extent 

* 012 
ske ticalscience,com 4 ~"--'---'-~~--'--'------------__._ ___________ _ 

1870 1890 1910 1930 1950 1970 1990 2010 



2012

Looking even farther back in time…Looking even farther b,ack in time ... 
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Arctic Sea Ice Extent 
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Arctic

Mid-
latitudes

Near-surface air temperature (Fall)

“Arctic Amplification”
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COLD

WARM

Consider a layer of atmosphere stretching from here 
(warm) to the Arctic (cold)

Because warm air expands, the layer will be thicker here 
than it is in the Arctic.

Air flows down this “hill”, turns to the 
right as the Earth spins, and creates 
the Jet Stream

As the Arctic 
warms faster, 
the hill 
flattens, and 
the jet stream 
weakens



As the 
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High Amplitude
meandering rivers
of air mimic
slow moving
rivers of water



Two effects of AA 

NOAA 



As the 

HIGH
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Wavy jet stream High Amplitude FlowWavy jet stream High Amplitude Flow 





Nature’s Carbon TaxNature's Carbon Tax 
1980-2019 Year-to-Date United States Billion-Dollar Disaster Event Frequency (CPI-Adjusted) 
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Courtesy: Green Mountain Power 

An unusual "gravity wave" induced 
wind storm produced wind gusts of 
hurricane force in parts of western 
Vermont and eastern New York 
Friday afternoon. The unusual wind 
storm occurred suddenly in the late 
afternoon and appears to be driven 
by what is known as a gravity wave. 

Summary of the Severe, High Wind, and Hydro Event on 
May 4, 2018 
By Brooke Taber and Peter Banacos 1[:mad tho alltho1s 





Selected Significant Climate Anomalies and Events 
January 2019 
GLOBAL AVERAGE TEMPERATURE 
January 1019 average global land and ocean temperature tied 
·1,:ith 2007 ~s t he third highest for J,1nuary since records began 
in 1800. 

NORTH AMERICA 
Mu(h of northe,n Nortl1 America had 
r1ear- to cooler-tt,an-a\•eraye condit ions, 
w hile p,3rts of i,:estern North America 
had v.tarmer-than-average conditions. 
North Ame-rlC3's iW€!r3ge temperc:.1ture for 
Januaty was the coolest since 2011. 

HAWAIIAN REGION 
l hc l l;iwaiian region had itsfrfth 
wam1e!ltJanuary 011 record. 

SOUTH AMERICA 
Sooth Ame,lca h.acl its hfth wannest Januafy 
on re<ord. Warme-than-average conditions 
were present across mucti of Soutti America. 
with parts of southern Bfazil e:.:peri@ncing 
record w.1rm .J,1nuilry tcmperilturcs. 

ARCTIC SEA ICE EXTENT 
January 20 19 sea ice extent was 6.0 percent belov,1 
the 1981-2010 average-the sb<.th smallest January 
sea Ice extent since satellite records t,e,,gan ln 1979. 

CARIBBEAN ISLANDS 
The January 2019 lemperature across the 
Caribbean Islands was the 13th highest on 
record. 

AFRICA 
Much of the ~outhem half of Afritd hdd 
much-warmer-than-a,,e,age tempe-,atures 
durin<J Jar,uary. Africa asa whole- had its 
eighth highest (tied with 1985i January 
temperature on record. 

ANTARCTIC SEA ICE EXTENT 
January 2019 sea ice extent was :23.4 percent 
below the 1981- 2010 average th• second 
smallest Januar~• sea ice extent on record. 
bel1ind 2017. 

ASIA 
Much of Asia had -...:ai11ner-than-averageconditions 
dl1rin9 Jonuaty.The rnost notable temperature 
departures from average were present across parts 
of northe,1st ern ~nd sout hwestern A~ia, 1Nhere 
tempera1ures V-lere 4.o~c (7.2~Fi above aver.age or 
higher. 

... 

AUSTRALIA 
Australia had Its warmest January 
on record. The national mean tempcrJturc 
for January v:a> 0.99"C {1 .78'FI higher 
than t he previous rew rd set in 2013. 

NEW ZEALAND 
New ZealJnd had its third W¥mest 
J,1nu,1ry since n,1tion,1I ,ecords begi)n 
in 1909. 

F1ease No1;e: M,:1tetlal plOvfdecl in this map ·.-.,as compiled trom NOl'v\'s State of the Olmate Reporl:5. For more in'ormaticn please \•jsi!": http:/.'~w,,N.ncdc.noaa.gov/"sotc 





U.S. 2019 Billion-Dollar Weather and Climate Disasters 

Colorado 
Hail Storms ---t-- ...J.._ 

July 4-5 

California and 
Alaskan Wildfires 

Summer- Fall 2019 

,o 

Arkansas River Flooding 
May 2Q-June 14 

Texas Hail Storm 
March 22- 24 

Texas Tornadoes and 

Missouri River and North Central Flooding 
March 14-31 Central 

{> Central Severe Weather Tropical Storm Imelda 
Severe Weather 

May 7-13 
October 20 September 17-21 

Southeast, Ohio Valley 
and Northeast 

Severe Weather 
February 23-25 

Rockies, Central and 
Northeast Tornadoes 
and Severe Weather 

May 26-29 

Hurricane Dorian 
August 28-September 6 

Mississippi River, Midwest 
and Southern Flooding 

March 15-July 31 

Southern and Eastern 
Tornadoes and Severe Weather 

April 13-14 
c;, -

This map denotes the approximate location for each of the 14 separate billion-dollar weather and climate disasters that impacted the United States during 2019. 



U.S. Selected Significant Climate Anomalies and Events 
for January 2019 

Southeast AK received significant rainfall, 
helping lessen ongoing drought conditions. 
Low snowfall for most locations forced 
cancellat ion of several sled dog races. 

An active precipitation pattern in Jan 
brought mountain snowpack back up 
to near-normal levels. Record snowiest Jan -

Caribou, ME: 59.8w 

High intensity rainfall 
caused mudslides and 
debris flows where burn 
scars from the fall wildfires 
occurred near Malibu. 

An Arctic outbreak resulted In record cold 
temperatures across IL and IA. Potential 
new all-time coldest temperature for IL 

Short-term drought expanded 
across the Islands In response 
to dry conditions. 

in Mount Carroll: •38°F 

On Jan 29, 17% of the contiguous U.S. was in 
drought. This is down 5% from the beginning 
of Jan. Drought intensity decreased across 
portions of the Southwest and western U.S. 

The average U.S. temperature for January was 32.7°F, 2.6°F above average, ranking In the warmest 
third of the 125-year record. The U.S. precipitation average for January was 2.49 inches, 0.18 inch 
above average, ranking in the wettest third of the record. 

A series of storms throughout the 
month produced 5 tornado, 3 hail, 
and 44 wind reports across parts of 
t he Deep South. (TX, AR, LA, MS, TN) 

San Juan was slightly warmer and drier 
than normal. Despite it being warm, it 
was the coolest Jan since 2012 and 
precipitation was 56% of normal. 



U.S. Selected Significant Climate Anomalies and Events 
for February and Winter 2019 

Q Bering Sea ice extent - second lowest 
on record. Record warm temperatures 
along West Coast. 

• Record Feb snowfall and cold temperatures 
occurred from WA to WI. Eau Clalre, WI, broke 
its record for all-time snowiest month (53.7 inches). 

~ Major winter storms produced 

"""' hurricane-force winds, heavy 

• 

snow and coastal flooding along 
the Great Lakes and Northeast . 

• 

Heavy rains from an atmospheric-river event 
led to flooding along the Russian River, which 
crested at its highest level since 1995. Above­
normal snowpack along Sierra Nevada Range 

On Feb 26, 12% of the contiguous U.S. was in 
drought. This is down nearly 5% from the end 

dO\. of Jan. Drought conditions improved across the 
(::{_ 

1 
West and intensified in TX and Puerto Rico. and throughout much of the West . 

Record rainfall results in flooding 
along Mississippi River, Tennessee 

• 

Snowiest single day on record 
for Flagstaff, AZ.- 35.9 inches. 
First measurable snowfall for 
Las Vegas in more than a decade. 

• 
Potential all-time record cold temperature 
value: Mauna Kea (9°F) on Feb 11. Intense 

tft winter storm (~Kana LowH) brought record 

""'-"' winds, waves and snow to the Islands. 

• 

Valley; mudslides in TN and NC. 
Wettest Feb and Winter for TN . 

The average U.S. temperature for February was 32.0°F, 1.8°F below average, ranking in the coldest 
third of the 125-year record. The U.S. precipitation average for February was 3.22 inches, 1.09 inches 
above average, ranking second wettest on record. The winter average U.S. temperature was 33.4°F, 
1.2°F above average. The winter precipitation total was 9.01 inches, 2.22 inch above average­
wettest on record. 

Moderate drought expands, covering 
nearly 33% of Puerto Rico. 

Please Note: Material provided in this map was("cmpl'ed fr:,m NOAAs State of the Climate Reports. For more information please visit: http:I/NWYJ.ncdc.noaa qcv/sotc 



U.S. Selected Significant Climate Anomalies and Events 
for March 2019 

Warmest Mar on record for AK. 
Klawock - earliest 70°F 
temperature in AK on record. 

Coldest Mar temperature on record 
for MT (Elk Park, -46°F on Mar 4). 

~ Major winter storm in early Mar. 
..,-11,";l;J' Over a foot of snow across 

·-~ - CT, RI and MA . 

CA drought-free for the first 
time since Dec 2011. 

• Record flooding along Missouri, Mississippi and Platte 
rivers due to ice jams, heavy rainfall 
and rapid snowmelt. 

On Apr 2, 6% of the contiguous U.S. was in drought 
with one of the smallest CON US drought footprints 
on record. Drought conditions improved across 
much of the West and intensified across 
parts of WA, TX and Southeast. 

Drought footprint across HI down 
nearly 1 5% from the end of Feb. 

The average U.S. temperature for March was 40.68°F, 0.82°F below average, ranking in the middle 
third of the 125-year record. The U.S. precipitation average for March was 2.20 inches, 0.31 inches 
below average, ranking in the driest third of the record. 

Mar 3 - Deadliest tornado day 
~ in 6 years; 97 tornado wamings. 
~ Most in a single day since 

Dec 2015. 

Moderate drought contracts, covering 
around 10% of Puerto Rico. 

Plea:se Nole: fi/iaterial provided in this map was compiled from NOAA1s State of the Climate Reports. For more in fon11ation please visit: http;/hvww.ncdc.noaa.gov/sotc 



U.S. Selected Significant Climate Anomalies and Events 
April 2019 

Kotzebue had warmest Apr on record. 
Tanana and Kuskokwim rivers had 
earliest ice breakup on record. 

Seattle: Apr record - 12 
consecutive days of ralnfall 
(Apr 3-14). 

On Apr 30, 2% of the contiguous U.S. 
was in drought; 4% smaller than at 
the beginning of Apr and the second 
smallest CON US drought footprint on 
record. Drought conditions improved 
across OR, NM, and TX and expanded 
across HI and Puerto Rico. 

Drought footprint across HI 
expands by more than 21% 
from the beginning of Apr. 

Apr 9-12: Snow storm ranked 
~ as Cat 3 on Regional Snowfall 
... ,,, Index. Highest rank for N. 

Rockies/Plains since Oct 2013. 

Caribou, ME: New record - 163 
~ consecutive days w ith at least 
.,....,, 1 inch of snow on the ground 

(Nov 10-Apr 21) . 

• 

Flooding continues along High 
Plains/Midwest rivers. Spring 
corn planting delayed. 

0 
Active tornado month across Deep South 
and Southeast: preliminary count of 274 
tornadoes reported in Apr. 

The average U.S. temperature for April was 52.88°F, 1.83°F above average, ranking in the upper third 
of the 125-year record. The U.S. precipitation average for April was 3.17 inches, 0.65 inches above 
average, ranking in the top 10% of the record. 

• 

Moderate drought expands, covering 
nearly 16% of Puerto Rico. 

Ple;:1w. Note: M~teri,11 r rovidrd in this mar WiJ'i rompiled tmm NOA A's Stok of thf' Cl im.itr RPpnrt,;. For more intormal ion r lr 3-.r- v isit: http://www.nccir .no iJ,J.ffCTV/'i()tC 



U.S. Selected Significant Climate Anomalies and Events 
May and Spring 2019 

• 6th warmest May for AK. Part of Southeast AK 

• 

in nExtreme Drought" for first time in more 
than 20years. 

Wettest 12-month period on record 
for the CONUS-37.68 Inches. ~ Duluth, MN, shattered its May 

...,,..., snowstorm record on May 9th 

,IJI!. with 10.6 inches of snow. 
On Jun 4, 5% of the 
contiguous U.S. was in 
drought, up 3% since 
the end of Apr. This remains 
one of the sma II est drought 
footprints on record. 

Warm ocean temperatures near HI impacted 

• 

land temperatures throughout May. Kahului, 
Maui, reached 96°F on May 22-1 °F shy of its 
all-time record. 

Spring snowmelt and persistent rainfall 
drove record flooding along the Arkansas, 

• 

Missouri, and Mississippi rivers. KS, MO, and 
NE each had their wettest May on record. 

Over 500 tornado reports during May-more than Subtropical Cyclone 
double the 3-year average of 226. Most active 30-day Andrea formed on 
tornado period since 2011. May 20-record 5th 

0 
consecutive season for 

Record-setting heat wave across the South and a named storm to form 
Southeast during May. Earliest 100°F day on in the N. Atlantic Basin 
record for many locations. before the official start 

of the hurricane season 
on Jun 1. 

The average U.S. temperature during May was 59.5°F, 0.7°F below average, ranking in the bottom third of the 125-year 
record. The spring average U.S. temperature was S0.9°F, 0.1°F below average, ranking near the mean. The May U.S. 
precipitation was 4.41 inches, 1 .50 inches above average, ranking second wettest month on record. The spring average 
U.S. precipitation was 9.85 inches, 1 .91 inches above average, ranking it the 6th wettest spring on record. 

Please Nole: Material pro\iided in I his m..ip \iV-dS cornpiletl from NOAA's SI.ate o f lht: Climate ReporL'i. For more infmm.aHon p lease visit: hnp://www.ncdc.n□ilil1JO\!/solc 



U.S. Selected Significant Climate Anomalies and Events 
June 2019 

Utqiagvik (Barrow): 73°F on Jun 20 - Record high 
daily temperature for Jun and warmest year-to­
date on record. Northway: 92°F on Jun 30 - New 
all-time daily high temperature. 

~ More than a foot of snow fell across \If, .. parts of the northern and central 
•• · Rockies: Jun 20-22. 

Q Severe weather and flash 
flooding on Jun 20 across 

• parts of PA, NJ, OH, and IL. 

San Francisco: 100°F on Jun 10 -
Hottest Jun day on record. 
Previously, the city's only 100°F 
days occurred in Sep. 

4.20 inches of rain fell in Honolulu on 
Jun 25 - The wettest Jun day a nd wettest 
Jun on record for Honolulu. 

• 

Flooding continues to negatively 
impact agriculture along High 
Plains/Midwest rivers. 

~ On Jul 2, 3% of the contiguous U.S. was in drought; 
'1, i 2% smaller than at the beginning of Jun. Drought 

conditions improved across the Southeast, Southwest, 
and HI and det eriorated across WA, OR, ID, and Puerto Rico. 

The average U.S. temperature for June was 68.7°F, o.2°F above average, ranking in the middle third 
of the 125-year record. The U.S. precipitation average for June was 3.30 inches, 0.37 inch above 
average, ranking in the upper third of the record. 

Moderate and severe drought e>epands, 
covering nearly 32% of Puerto Rico. 

Please Note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more intormatiOn please visit: ht1p:1,www.ncdc.noaa.gov1sctc 



U.S. Selected Significant Climate Anomalies and Events 
July 2019 

• 

Warmest month on record for AK 
(1925- 2019) - 58.1 °F - breaking Jul 
2004 record of 57.3°F. 

On Jul 30, 3% of the contiguous U.S. was 
in drought, similar to the coverage at the 
beg inning of Jul. Drought conditions 
improved in ND, ID, Puerto Rico, and HI and 
expanded across parts of OK, TX, and AK. 

National wildfire Jan- Jul acres consumed were 
the lowest since 2014 and below the 10-year 
average. Almost three-quarters of the total YTD 
acres burned, 70%, occurred across AK. 

Flash flooding in Washington, D.C., 
·-,.•~- at Reagan National Airport - 3.26" 

fell in 50 minutes on Jul 8, one of 
the top 10 wettest days for D.C. in 
nearly 1 SO years. 

0 Slow-moving Hurricane Barry brought flash 
flooding to LA and AR. New all-time AR state 
record for rain from a tropical cyclone - 16.59" 

The sea surface temperature departure 
from average across the Hawaiian region 
remains well-above average for Jul. 

in Dierks, AR. 

The average U.S. temperature for July was 74.6°F, 1.0°F above average, ranking in the upper third 
of the 125-year record. The U.S. precipitation average for July was 2.69 inches, 0.09 inch below 
average, ranking in the middle third of the record. 

Miami tied highest low-temperature 
on record on Jul 14: 84°F. 

Moderate and severe drought improves, 
covering nearly 24% of Puerto Rico. 

Pie~ Note: Mait !!rial provided in this map was compiled from NOAA1s State: of the Cl imate RL!ports. For mor!! information please ,·isit: http:// v1V1111.ncdc.n~a.9o\'J'sot,: 



U.S. Selected Significant Climate Anomalies and Events 
August and Summer 2019 

• 

Second warmest summer on record for AK, amplifying 
drought conditions in the south central portion of the 
state. AK drought eliminated across the Northeastern 
Interior. Seasonal wildfire acreage consumed - 2.59 
million acres - sixth highest in last 50 years. 

On Sep 3, 10% of the CONUS was in drought, 
up almost 7% since the end of Jul. Drought 
expanded across the Southwest, S. Plains, MS 
Valley, and Great Lakes. Some improvement 
seen across HI and Puerto Rico. 

Wet winter, cool/wet spring, and near-average 
temperature this summer helped to suppress CA 
wildfi re season. YTD acres consumed - only 10% 
of 5-yr average. 

0 Tropical Storm Erick passes to the south of 
the Big Island on Aug 4, Flossie as a tropical 
depression on Aug 5. Kahului, HI, had warmest 
YTD on record through Aug. 

Regional concerns that, 
due to the wet spring, 
some corn and soybeans 
may not make it to harvest 
before the first freeze. 

Tropical Storm Erin 

0 
forms off the NC 
coast on Aug 28 with 
minimal impacts over 
land. 

Record 83 days in 2019 with morning 
low temperatures equal to or warmer 
than 70°F in Atlanta, GA. Previous 
record was 75 days in 2016. 

Highest minimum temperature on record in Galveston, 
TX - 86°F - occurred on Aug 8, 12, and 18. 

The average U.S. temperature for Aug was 73.9°F, 1.8°F above average, tying with 195S as the 13th warmest 
Aug in the 125-year record. The U.S. precipitation ave rage for Aug was 2.74", 0.12" above average, ranking 
in the middle third of the record. The summer average U.S. temperature was 72.4°F, 1.0°F above average, 
ranking in the upper third of the historical record. The summer precipitation total was 8.83", 0.51 N above 
ave rage, also ranking in the upper third of the record. 

0 On Aug 28, Hurricane Dorian hit the 
U.S. Virgin Islands and Puerto Rico 
with 7S mph winds and heavy rain, 
then intensified to a Cat 5 storm by 
Sep 1, striking the Bahamas. 

Please Note: Material provided in th is map was compiled t rom NOAM State ot tt,e Climate Reports. For more intormation please visit: h11p:.',\w✓W.ncdc.noaa.go•!/sotc 



U.S. Selected Significant Climate Anomalies and Events 
September 2019 

Wet weather across southwest a nd south-central 
AK in Sep diminished the wildfire threat & reduced 
drought. Warmest Sep on record for Utqiagvik and 
Cold Bay. 

~ A significant winter storm brought up to 
..-,~ 4 feet of snow and blizzard conditions to 

,\St. parts of ID, MT, and WV during Sep 28-30. 

On Oct 1, 19% of the CONUS was in drought; 
up almost 9% since the beginning of Sep. 
Drought expanded across the Southwest, 
South, and Southeast. Improvements were 
seen across AK, Puerto Rico, HI, and the 
Pacific Northwest. 

Q Several EF2 tornadoes struck Sioux 
Falls, SD, on Sep 10, collapsing buildings 
a nd causing significant damage. 

0 Moisture from remnants of Tropical 
Storm Lorena caused flash flooding 

During Sep 3-6, Hurricane Dorian 

0 grazed the U.S. East Coast from FL 
to NC; made landfall near Cape 
Hatteras, NC. 

• in AZ on Sep 23. 

0 Tropical Storm Imelda and its remnants 
pummelled southeast TX from Sep 17-21 

Kahului, HI, had warmest Jan-Sep on 
record. Warmest Sep on record for Hilo, 
Li hue, Kahului, and Molokai. 

• 

with more than 40 inches of rainfall in some 
locatlons, resulting In deadly flooding. 

/ The average U.S. temperature for September was 68.S"F, 3.7"F above average, tying with 2015 for the "1 
second warmest September in the 125-year record. The U.S. precipitation average for September was 
2.42", 0.07" below average, ranking in t he middle third of the record. _/ 

0 Tropica l Storm Karen impacted 
Puerto Rico and the Virgin Islands 

• 

Sep 24-25 with heavy rain, flooding, 
and landslides. 

rleilSe Note: Material provided in lhis map was compiled f rom NOAA"s SlalE otlhe Climate Reports. For more intormaticn please visit: http:l/www.ncdc.noaa.gov/sctc 



U.S. Selected Significant Climate Anomalies and Events 
October 2019 

Wet across much of AK with portions of the 
Northeast Interior, Southeast Interior, and West 

• 

Coast d ivisions reporting record wet conditions. 
Second warmest Oct on record for Utqiagvik. 

On Oct 29, 18% of the CONUS 
was in drought; down 1% since 
Oct 1. Drought conditions 
became less severe across parts 
of the Southeast, TN and OH 
valleys, TX, the AK Panhandle, 
and HI. Drought intensified 
across the Southwest. 

... 
Kahului, Honolulu, and 
Li hue, HI, each had their 
warmest Jan- Oct on record. 

An early-season snowstorm and 
associated bitter cold temperatures 
affected the Rockies and Midwest 
during the last week of Oct. 
All-time record low temperatures 
for Oct were set across the West. 

Several large and dangerous 
wildfires affected parts of 
north-central and southern 
CA and remained active in 
early Nov. 

Post-Tropical Cyclone Olga made 
landfall along the Louisiana Gulf 
Coast on Oct 26 with winds over 70 
mph. Impacts included wind damage, 
tornadoes, and power outages. 

The average U.S. temperature for October was 52.3°F, 1.8°F below average, ranking in the lowest third of 
the 125-year record and was the coolest October since 2009. The U.S. precipitation average for October 
was 3.14", 0.98" above average, ranking as the eighth wettest October on record. 

A "bomb cyclone" in the 
Northeast Oct 16-17 brought 
wind gusts up to 90 mph. More 
than a half-mill ion residents 
were without power and several 
new Oct low-pressure records 
were set. 

• 
Record heat blanketed the 
Southeast and mid-Atlantic 
states the first week of Oct, 
shattering many all-time Oct 
heat records. 

Post-Tropical Cyclone 
Nestor brought heavy 
rains and tornadoes to 
the Southeast Oct 19-20 . 

Drought eradicated 
across Puerto Rico. 

Please Note: Material provided in this mapw.os compiled from ~OA,>,s State of the Climate Reports. For more information please visit: http://Wv1w.ncdc.noaa.gov/sotc 



U.S. Selected Significant Climate Anomalies and Events 
November and Autumn 2019 

• 

AK warmest Jan-Nov. Utqlagvlk and Cold Bay -
warmest autumn. Anchorage, Kodiak, Homer, 
and Cold Bay - warmest Nov. Chukchi Sea ice 

~ extent was record low for Nov. Drought improved 
~ across the Panhandle. 

On Dec 3, approximately 12% of the CONUS was in drought; 
down 6% since Oct 29. Drought conditions expanded or 
intensified across parts of the southern to central Plains and 
HI. Improvements occurred across portions of the Southwest, A strong low-pressure 
Southeast, mid-Atlantic, TX, and OH. • system off the East Coast 

• 

A "Bomb Cyclone" formed off the Pacific Coast brought coa5tal flooding 
W.d d Id t I and beach erosion from ~.1.--= on Nov 26 bringing heavy snow, hurricane-force ' esprea co across cen ra 

Lat and so th USN 11 13 • theNCOuterBanksto · winds, and rain to parts of the West. Major travel u ern • • ov - • 
~ impacts felt during Thanksgiving week from CA to Below zero temperatures were ;I; New England, ice and 
~ New England as storm system traversed the U.S. reported across northern Plains snow to the Northeast 

and Great Lakes. Nov 17- 19. 

0 Remnants of Tropical Storm Raymond 
brought winds, heavy rain, and flooding 
to the Desert Southwest Nov 19- 20. 

Kahului, Honolulu, and Lihue, HI, each had 
their warmest Jan- Nov on record. Kahului, 
Lihue, and Hilo were warmest for autumn. 

The average U.S. temperature for November was 4 l.2°F, 0.5°F below average, ranking in the middle 
third of the 125-year record. The U.S. precipitation average for November was 1.86", 0.37" below 
average, ranking in the driest third of the November record. The autumn average U.S. temperature 
was 53.9°F, 0.4"F above average, ranking in the middle third of the historical record. The au tumn 
precipitation total was 7.46", 0.58" above average, ranking in the upper third of the record. 

Puerto Rico remained drought free 
during Nov. A small area of moderate 
drought emerged in early Dec. 

Ple3se Note: Material provided in this map was compiled t rom N0/1,\'S State otttie Climate Reports. For more intormation please visit: http:.',\w,w.ncdc.noaa.gov/sotc 
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Cohen et al, Nat. Geo, 2014

Emerging mechanisms
 Sea ice loss, AA 

over Barents/Kara 

creates ridge

 Earlier snowfall 

along coast 

promotes trough

 Wave energy 

transferred to 

stratosphere

 Polar vortex 

weakens

 Wavier jet stream

 Cold continents

Cohen et al, 2014

Kim et al, 2014

Feldstein & Lee, 

2014

Cohen et al, Nat. Geo, 2014

Emerging mechanisms 
,. Sea ice loss, AA 

over Barents/Kara 
creates ridge 

,. Earlier snowfall 
along coast 
promotes trough 

,. Wave energy 
transferred to 
stratosphere 

,. Polar vortex 
weakens 

, Wavier jet stream 

► Cold continents 

Cohen et al, 2014 
Kim et al, 2014 
Feldstein & Lee, 
2014 
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Arctic Amplification is alive and well:
High latitudes are warming much faster than mid-

latitudes,  especially in  fall and winter   

Poleward thickness gradient is weakening 

Zonal-mean flow @500mb is 
weakening, flow meanders 
more

Peaks of ridges are elongating 
northward, wave amplitude is 
increasing

 More amplified Rossby waves should progress eastward more slowly and     

increase likelihood of blocking

 Weather conditions more persistent

 Increased probability of extremes:  cold spells,  heat waves,  flooding,  
prolonged snowfall, and  drought 

Arctic Amplificatio,n is alive and well: 
High latitudes are warming much faster than mid­

latitudes, especially in fall and winter 

Poleward thickness gradient is weakening 

, ' 
Zonal-mean flow @500mb is 
weakening, flow meanders 
more 

Peaks of ridges are elongating 
northward, wave amplitude is 
increasing 

, More amplified Rossby waves should progress eastward more slowly and 
increase likelihood of blocking 

► Weather conditions more persistent 

► Increased probability of extremes: cold spells, heat waves, flooding, 
prolonged snowfall, and drought 
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First Half of Winter 2015-2016
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Extreme weather events across the world caused more than $1oobn worth of 
damage in 2019 

I Floods Storms, t yphoons, hurricanes, cyclones I Fires 

Americas 

$8bn 

US (Midwest and 
southern) Mar-Jun 

North America 
$11.4bn Hurricane Dorian, Sep 

( • $2.sbn 
Texas Tropical Argentina and 
Storm Imelda, Sep Uruguay Jan 

Europe 

•
$2-4bn 
Spain Sep 

$1.7bn 
Europe Storm Eberhard, Mar 

Guardian graphic. Source: Christian Aid 

Asia Pacific 

( 

China -
Jun-Aug 

Japan Typhoon Hagibis, Sep-Oct 

$9bn 
Japan Typhoon 
Faxai, Sep- Oct 

Northern India 
Jun-Oct 

India, Bangladesh 
n Cyclone Fani, May 

China Typhoon 
Lekima, Aug 

• 
$1.9bn 

$lObn Australia Jan-Feb 

Africa 
$2bn 
Southern Africa Cyclone ldai, Mar 







Past & Current Abrupt Climate Change 
1. The Permian-Triassic Extinction 250 million years was 

geologically "instantaneous" (centuries). Included 10 Crise in 

near-surface ocean/ocean hypoxia (Penn et al., 2018). 

2. The Paleocene-Eocene Thermal Maximum initial temperature 

rise of 5 C 56 million years ago may have been over less than two 

decades (Wright & Schaller, 2013). Deep-sea mass extinction 

and very rapid evolution/ecosystem havoc on land/sea. 

3. An additional rise of 2-5 C is projected over next 80 yrs (I PCC, 

2014). 

. .. a globally accelerating 

climate change/global warming "event". 
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Tropical Cyclone Behavior Threat 
TC Projections for a 2°C global warming 

1) Storm Surge: sea level nse will lead to higher stor inundation levels on average 
for TCs that occur, assuming all other factors are unchanged. (Not yet detected.) 

2) TC precipitation rates: at least medium-to-high confidence in an increase at the 
global scale. About +14% for a 2°C global warming, or close to the rate of tropical 
water vapor increase expected for warming at constant relative humidity. (No 
detection.) 

3) TC intensity: at least medium-to-high confidence in an increase at the global scale 
(10/11 authors). Magnitude about 5% (range 1 to 10%) for a 2°C global warming. 

4) Proportion of TCs that reach very intense (Category 4-5) levels: at least medium­
to-high confidence in an increase at the global scale. Median projection: +13% 

5) Poleward expansion of the latitude of maximum intensity in the western North 
Pacific? (Mixed author opinion on projection; low-to-medium confidence in 
detection of past increase) 

6) TC frequency? Mixed author opinion. 7 of 11 authors had low-to-medium 
confidence in a global decrease. Most modeling studies project a decrease, though 
mechanism not well known. Median estimate about -13% for 2°C global warming. 

7) Very intense TC frequency (Category 4-5)? Mixed author opinion on whether this 
will increase globally or not 
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A Reminder ... Abrupt Climate Change is ONE 
Symptom of Ecoloqical Overshoot 
1. Abrupt Climate Change 

2. Topsoil Loss 

3. Natural Resource Depletion 

4. Ocean Acidification 

5. Mass Extinction 

6. Global Toxicity (chemical/nuclear/plastic pollution) 

7. Growing Socio-Economic Inequalities 

8. Economic Instability 

9. Political Instability/Rise of Authoritarianism 

10. Symptom Cross-Feedbacks (symptoms amplify each other) 
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Radical new technique promises a cheaper and more secure 
method of burying CO2 emissions underground instead of storing 
it as a gas 
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CO2-Sequesterd Aggregate
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