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Weather and Climate Extremes

highest T (global): 58°C (136°F) Libya (until 2012)

(N.A.): 57°C (134°F) Death Valley, CA

lowest T (global): -89°C (-129°F) Vostok, Antartica
(N.A.): -63°C (-81°F) Yukon, Canada

(

top of troposphre: -60°C 80°F)

Mercury: day: 427°C night: 173°C
Venus: day/night: 462°C (865°F)
Mars: day: 20°C night: -140°C

Spic 17 - Heat Waves and Great Storms

Tpic - Fatalities from Heat Waves in the U.S.

} definitions vary!
depends on country/state/location/organization

Zas

World Meteorological Organization: | !mpact ;
increasing

- ‘daily max. temp exceeds average max. temp by
5°C (9°F) for > 5 consecutive days”

Annual l"ulullllcsvfrum Heat Waves Typi(?al Year - Last 20 Years
1200 Hurricanes: 32
Heat Waves: 112

1021
1000
- Heat is currently #1 killer |
a0o| and costs most!
200 2003 Europe: 35k+
ool LIJI.-'IL- 2010 Russia: 56k
& S g %

g &

2 2021 Pac NW: 1,400+

A A

2022 Europe: 23k+

short video 13b




Topic 1: The 1995 Chicago Heat Wave

A SOCIAL AUTOPSY OF »700 fatalities in Chicago alone
DISASTER IN CHICAGO || : (>1000total)

s e elderly (single males)

e poor, no functioning A/C

« black neighborhood

=

§ Aggravating Factors:
sTheatindex
s urban heat island effect
° power outages
e overtaxed emergency services
* lack of preparedness

A
T —

high crime rate
-> people afraid of opening windows

short video 13b

, uestin
which heat'i1s more dangerous: dry heat, moist heat?

res and Great Storms
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The Heat Index

| « heat index: how hot air feels
> rel. humidity increases apparent T

- — e

Temperature Humidity Index

Category A’%‘;‘};;m Heat Syndrome 1
1407 Extreme o Heatstroke and =5 2
= Danger * sunstroke imminent 2
5 S ),
= 130°] o Sunstroke, heat cramps, | ©
, Danger 110%130° Pk bt ey 1] 2 sweat can’t evaporate
A Extreme 11pe  Sunstroke, heat cramps, £ 5
120 Caution | 90°-110 heal exhaustion poss‘lb(e %
= e Caution  80°-90°  Heat fatigue possible 2 :
o 3 2
5 el
§ 2 000 , 3 , short video 138a
R 130°
S £ 120°
S ggo
= 90 1100
100°
80° 90°
\\\#—BOO
70° t 70°
60° |-
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Relative Humiditv

Urban heat island:
* Paved surfaces retain heat

* Lack of trees

-> no evaporation

at Waves and Great Storm:

The July 12-17, 1995 Chicago Heat Wave

--------- el (@ prolonged
min. T @ 0> 100°FE
humidity > 50% => HI'120°F

) daily low above 80°F!

=3
S

Temperature [deg F]
©
S

80

70

60

f death rate lagged heat index!

& - humans can cope for a while
* but, overtaxed emergency
services -> lack of help

2 g 8
Fatalities

40
20
- "o
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Day in July 95
Fig 13.33

short video 13b

Sic 17 - Heat Waves and Great Storms
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@uiestion:
Whenwas the worst heat wave in the U.S.?
1900s

1930S
1970Ss
2011
2023

short video 13a,b

ic 17 - Heat Waves and Great Storms

D_roughts, e.g. Dust Bowl in 1930s

§ * most intense heat wave in U.S::
summer of 1936 (July-Aug);
absolute T record in 15 states (records still stand as of 2011)
(some surpassed in 201277?)
121°F in North Dakota!

dust storms
t - Aggressive Agriculture
- Soil Erosion (across Atlantic)

fl In U.S,, it takes 30 year »
Grow 1 inch of topsoil
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2011 Texas Drought  shortvideoisb

{ Sep 2011 (> 2 fatalities):
| * prolonged drought conditions
s strong winds = Oct 2011:
» driven by remnants of hurricane prolonged drought conditions
| == 2000 homes destroyed § - strong winds
| =....aggressive development 8000 ft high habeob

into wildland (just like'S.D. B «driven by leading edge of cold front
> : e =

2011 Texas Drought  shortvideo13b

=

<>wide-spréad star atlon/élaubhter Of‘Cé&’[:[Alé v




Current Drought — 11/6/23

Data valid: October 31, 2023 v droughtmonitor.unl.edu

Alsutian Inlands

'1
s e
Masaa -
fitviey " v
sL ‘s
e e
New: @rieans:7/23 hoifest: ~
. month on record
Intensity and Impacts
None D2 (Severe Drought) ~/ - Delineates dominant impacts
DO (Abnormally Dry) [ 03 (Extreme Drought) S-S Term impacts, typically less than 6 months (e.g. agriculture,
D1 (Moderate Drought) [l D4 (Exceptional Drought) gras
! 3-Term Impacts, typically greater than 6 months (e.g. hydrology
ecology)

short video 13¢

Cold Storms

arctic air spreads unusually far south
s jce storms:

rain falls at same time when
ground below freezing

. Snowball fight at Capitol Tallahassee
greatest cold wave in U.S.: = .
10-14 Feb 1899 v :

(Tallahassee -2°F ;
snow in New Orleans, 6.8°F;

ice floes into Gulf of Mexico)
100 deaths

also known as:

“Great Arctic Outbreak of 1899”
“Great Blizzard of 1899”

eat Waves and Great Sto

10/23/24



The Wind Chill Factor  shortvideoisc

S ==
Wind Chill Chart (Air Temperature & Wind Speed)

Temperature (°F) = x
40 3530 25 20 15 10 5§ 0 -5 -10 -15 -20 -25 -30 -35 -40 - wind chill factor:

5 [36 31 25 19 S - 53~ ; winds blow. away
03¢ 27 21 15 9 3 4 -10 -6 SRR > - warm air around skin
-> feels colder.

Wind Speed (mph)
g
%
% o

3508 214 70 I 14227 EEREE - effect stronger: at
) ' 2 lower temperature

55125 18 11

n
S
=}
3
I}
=
W ok R ow oo

60 |25 17 10

Frostbite Time 30 min 10 min 5 min

Twc (°F) = 35.74 + 0.6215°T - 35.75¢(V0-16) 4 0.4275+T+(V0-16)

T: air temperature (°F); V: wind speed (mph)
- IGERERE

35 mph
(criterion for blizzard)

Vaves and Great Storms.

Blizzards short video 13c

e

B.C. by Mastroianni & Hart

A SNOW EVENT IN BUFFALO, NEW YORK,
THAT ANYWHERE ELSE WOULD BE
CALLED A BLIZZARD.

s sustained'winds > 35 mph (56 km/h)
e duration:>3h

* blowing snow

« visibility < 0.25 mi

] Great Storms

10/23/24



Blizzards short video 13¢

2y Blizzard 2011 (ORD 1300 flights cancelled)

A

Blizzards

10/23/24
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‘The 2014 “Polar Vortex™ short video 13¢

2014 “Polar Vortex” event record T broken 5-7 Jan:

-Dec 1 —Apr 10 (7 Jan, > 49 record lows across country)
-$5 billion damage — Green Bay, WI -18°F (1979)

-21 fatalities & Chicago O’Hare, -16°F (1184/1988)
-200 M people aﬁected Babb”t, MN '370F CO|deSt in US 6 Jan

(transportation/electricity) Atlanta, GA 6°F (1970)
Dallas, TX 16°F (2?)

Y Mediia confuse meaning §8
W Of Polar Vortex :

- e
“i¥ INCREASED AUTUMN JET STREAM
SNOW IN SIBERIA STRENGTHENS SOUTH

source: NSF/Wikipedia

Polar Vortex ....it's NORMAL!
7 hbrrrr»l\a;l/sktvrbng polarrvortex: =
f large mass of cold air; sinks -> surface H
& upper level L -> vortex (air goes W->E)

jet stream around restricts cold air toward N
stable over long time

Breakdown not normal

weak polarvoertex (the media’s “Polar Vortex”):
warming in stratosphere

-> upper level L diserganized

-> |et stream undulates

cold Arctic surface air allowed to reach far S

10/23/24
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BIG QUESTION

more (extreme) heat waves?

ust get
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The Fall 2019 “Arctic Blast”

B source: S.D. Union Tribune *100s SChOOlS Closed in
il 11/13/19 ! northern New England
3 * Chicago 7°F (for date, 1986)
* St. Louis 11°F (for date, 1911)
esnowfall records in Buffalo, Detroit

dust of snow in Memphis, TN
early frozen lakes in MN

Arctic air mass from Siberia
more typical for mid-

January
A pedestrian walks through a snow squall in downtown Joh n, Pa., on Tuesday. Snow and lcy conditions

snaried traffic In parts of Pennsylvania as road crews treated surfaces because of the bitter cold.

ARCTIC BLAST DRIVES RECORD LOW TEMPERATURES

Across the nation and world
NATIONAL WEATHER SYSTEMS Forecast for noon today
s -0s Os 105 205 30s 40 S0s 60s TOs BOs 905 10O 10D

Nov2019: | R [ N

A ) Ay \ Y
.~ . » - A
jet stream nusually far south _\‘\,\ AV -

Normally, polar jet stream

Stays north in winter

B Warm  Sationary Showers T-sterms Ran Purries  Seow Ice

e s -

Forecasts and graphics provided by AccuWeather, Inc. £2019 |

As cold air holds east of the Rockies today, mild to warm conditions will stay farther
west. Rain showers wil dampen South Florida and South Texas. Snow will spread
across the North Central states.

source: S.D. Union Tribune

10/23/24
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Fall 2020 “Winter Storm” — 11/7/20

10s 20s 30s 40s 50s 60s 70s 8Os 90 1005 ‘1108

7 Nov 2020:
jet stream with extreme

Excursion - west

Normally, polar jet stream
Stays north in winter

Cole Warm  Statiosary Showers T-storms Rain Flurries Soow e

vy aaa Aga { [

Forecasts and graphics provided by AccuWeather, Inc. ©2020

As warm air and sunshine remain for many areas from Texas to Maine, a plunge of
cold air will bring rain, mountain snow and strong winds to the West today. Eta may
| eye South Florida later Sunday.

source: S.D. Union Tribune

Fall 2020 “Winter Storm” — 11/9/20

ATIONAL WEATHER SYSTEMS Forecast for noon today
100 0 On 100 200 20s 40r 8Os 60x  70s  BOs 90w JNOON NION

~a - iamit
i . e -,

9 Nov 2020:
jet stream with extreme

Excursion - west A N oy | " ey s

Normally, polar jet stream
Stays north in winter

Cold Warm  Stationary Showers T-storms  Rain Flarries Seom o

v aaa - '

Forecasts and graphics provided by AccuWeather, Inc. ©2020

Localized downpours will drench Florida today despite EXa moving away. Nebraska
to Minnesota will be stormy, while snow showers whiten the interior Southwest

source: S.D. Union Tribune

10/23/24
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The Costliest Disasters in U.S. History

Pe2028 Toxas Fieeze (G107, Billion)
I #2005 Hurricane Katrinai($125Billior.)

b = 2017 Hurricaneitlanvey (&i251Billion)
= 2017 HurricaneMariai($92:Billion)

* 201 2:SuperstormiSandyA($69:Billion)

I <2021 Hurricanellda($65Billion)
| = 2017 Hurricanelrma ($:65Billion)

*HOBUINFARBroughSEIBIlloN)
S 201 ZANPARDIOUGHt SIS 50MBI161)

I = 1992 NoerihrdgeNEartnguakeNSAORsIien)
| = 2008 Hurricanellke ($381Billion)
| #2005 Hurricane Wilma ($27: Billion)

« 1992 Hurricane Andrew ($27:Billion)

| = 2004 Hurricane lvani($26:Billion)
| = 2018 Hurricane Michael ($25 Billion)

* 2018 GaliWildfiresNS223Billion)

* 2020 Hurricane Laura($19Billion)

| e .

+ 2005 Hurricane Rita ($19 Billion)

« 2004 Hurricane Gharley ($17 Billion)
1993 MississippitElood (SSHIEBIllon)
« 2016 Hurricane Matthew ($15 Billion)

- NEVER

VIENIIONED

INFANY-@EEI@IALL
LIS

B Prolonged FIoeaSk

% underappreciated

| less newsworthy,
No' floed insurance

=

e r—— E

The Feb 2021 Texas Freeze

Disaster in the Making

; Grunhog Dayiblizzard 2

-> rolling blackoutsIoVeERS75Y5 GfalpX
> boil-water adviseres

Vid=Een
“Seres|of severewintersterms
Zjetstreamiiarsouth
-> record oW lFacresslpX
(colder thantAnchorage; AK)
3'Eeb
tormi from: Pac: NV
> 75% of lower 48 coveredin'sSnow.

* 2 Series ofwinter storms
* POWEFOUIAFGES
» damage $197 B

f » 246 fatalities

Stk o Deie 989 aﬁe Whih gi
zlelyltarlels 1) Lgerzlels) doyyeir

BN GridWereNgrores.

Feb 20108 XPOWEGUIAGE

> 10M people |ost power: (5:2/4°81 U S/MEXICO)) -

INext torm:
4 M'lost power; 29/deaths; ==

| Source: wikipedia §

10/23/24
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The Feb 2021 Texas Freeze

:Dlsaster in the Maklng

20 v, Ground og Day
plizzard,

s [IX{powerequipmentnot-winterizeds
(equipmentifroze up)
Residential water'pipes froze/burst
Food/water shortage
extremely highipewersdemand
Gas prices spiked

Slrce:w pedia B

The Feb 2021 Texas Freeze

B 2 Gas PHCESISPIKET
B > clectncity pricesispiked

oraI: :
S25/NVIVVih

Some folks? elctricity BIllSTW,
B $5000 for 5 days of'servicel

Source: wikipedia &

16



The Feb 2021 Texas Freeze

Dlsaster in the Maklng

Eirerhydrantsiunusable
Plumbinginbuillding burst(freezing)
amage due to flooding
hortage of plumbers
! Pollution due to stop/start of fossil fuelinfrastructure
| Contamination of water infrastructure
= Loss of immense amounts of water:

The Feb 2021 Texas Freeze

Littlerhasichanged >
el. Grld remalns at rlsk

winterizatin would cost $85 200 M/ ea

10/23/24
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The January 2023 SDG&E Gas Crisis

E SDG&E NATURAL GAS RATE

$/Therm

$5.20

$4.20

o

1412022 20112022 312022 41/2022  5//2022  6/1/2022  7/1/2022  §/1/2022  9M/2022  10/112022 11112022 12/1/2022  1/1/2023

= Transportation Baseline Rate State-Mandated Program Costs = Market Price

B Source: SDGEE |

: The Jun 2021 OR/WA Heat Wave
| S.D. Union Tribup;_a_g/11/22 > 1,400 fatalities

25-28'June; 2021

t 116°E Portland; H08°E Seattlie
Summerusually'mild
A/C 20i9:

! ULS! 91%

g Portland 789

8 Seattle 449

B funds fer:moreconling
centers; residentiallAYE;
3 1o low-income folks

18
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Air Masses, Fronts and Storm short video 13d

N ine, BN

/ A
Air Masses in North America

/_:1;,#

120W 9% W 60 W
T2 RIS o
Ty

Principal Features of a Cold Front

winds aloft ? o
P il s
&

o 2% mldawg\;\%%w\ \55{. pve

1006mbar -
1008mbar Sokm 1000mbar

0w 120 W 0w 60 W
cA: continental arctic

cP: continental polar mP: maritime polar windspeed:  [g4 [21-25 rain
cT: continental tropical ~ mT: maritime tropical - _—

Cb: thunderstorms along front A A A codfont
Gt cirrus clouds far ahead of ront

thunderstorm

Wave Cyclones iy 1324

In'the U.S.: large low-pressure
= system moving Wto E

Scmo R o R
Stages of a Wave Cyclone

\ K 1) wind shear 2) indentation in front 3) cold and warm fronts
\» (wave) advance
: = = LN =
: S =4 {
f short video 13¢) S v iaa) “’S}g%
§ » mid-latitudes ’
° 2 alr masses Shear past 4) cold front catches up  5) occlusion of warm front 6) dissipation =

with warm front ‘—

each other: -~ :_\ '\\
' )

-

= > (e 5

§ - =~ wave, warm/cold front \ N \Q\ [@/
p—

§ « > cyclone

4

» occluded warm front
o dissipation

-L-'-L stationary front ~S—a_m. warm front
Ao A occluded front A A cold front

isobar

precipitation

e
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Nor’Easters short video 13f

* » |arge extratropical/mid-latitude
k cyclones
P « affect Atlantic coast
i ¢ almost as strongas hurricane; COLD
core
» enhanced by H to the northeast
o usually late winter/early spring but
can be as early as October
(-> feed from dissipating hurricanes)

A _A_A coid front 1012 jsobar 2 2
&_a_a warm front precipitation * gale-force northeasterly windsiniNE
-_*d-‘—‘d“?'“"e" frot » high waves/coastal erosion
wind speed: - 1. .. © 4. s 3

iy 4914 (2125 [32:37 [ 4449 » heavy precipitation

Fig. 13.29 « blizzards possible

Nor’Easters

» Halloween 1991 “Perfect Storm” | CLOONEEI AHLERS
» merged with Hurricane Grace :

* 11m high waves

» Nova Scotia buoy: 30 m!

20



