Natural Catastrophe
Recap and Outlook for

the 2021 Atlantic
Hurricane Season
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2020 Recap: Very Active & Costly — It Could Have Been Worse
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2020 Recap: Very Active & Costly — It Could Have Been Worse

Economicloss

USD268
billion

10% above 21+ Century average

of global insured losses were
recorded in the United States

Insured Loss

USD97
billion

40% above 21° Century Average

global protection gap

@ notable natural disaster events

o o
billion-dollar economic billion-dollar
loss events (second insured loss events
highest on record) (highest on record)
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2020 Recap: Very Active & Costly — It Could Have Been Worse

119 bn Total Economic Losses (USD)
48% above average since 2000

73 bn Total Insured Losses (USD)
82% above average since 2000

44*

Portion of Clobal
Economic Losses

76"

Portion of Global
Insured Losses

62"

Portion of losses
covered by insurance

Western U.5. Wildfires

2.5M acres burned

{CO, OR, WA)

4,500+ destroyed structures
Insured Loss: USD3 billion

California Wildfire Season -
4.2M acres burned

10,488+ deslroyed structures
Insured Loss: USD8.8 billion

August 10 Midwest Derecha
Economic Loss: USD11 billion
Peak wind gust: 140 mph

in Cedar Rapids, lowa

= March 2-3 Tornadoes

EF3 Tornado struck Nashville, TN
Economic Loss: USD1.5+ billion
(Sixth-costliest tornado on record)

 Hurricane Laura

Strongest U.S. landfall of 2020
150 mph sustained winds
Economic Loss: USD18 billion

-O-  1299F /544°C

\_/' Death Valley, CA (August 16)

Unefficially the holtest global
temperature ever reliably
measured by instrumentation

30

Number of named storms in
Lhe Allanlic Ocean Basin;
40% of those storms (M) (11)
made U.S. landfall

22%
Part of the Lower 48 in

“Extreme” or “Exceplional”
drought (Decembery;
Most since August 2012

Unnersity
5

N

d,

ON



2020 Atlantic
Hurricane Season




2020 Atlantic Hurricane Season: Record Number of Storms

Total Named Storms o8 30
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High Concentration of Storms in Western Atlantic
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Why So Active?

August-October 2020 Sea Surface Temperature Anomaly

NCEF/NCAR Reanalysis
Surface Skin Temperature(SST) (K) Compasite Anomaly 1981-2010 clima

o . —g.-::' " %. NOAA Physical Sciences Laboratory
e :

%

Aug to Oct: 2020

HE [ DEEEEE

—1.5 —1.3 —1.1 -0.9 0.7 —0.5 -0.3 0.1 0.1 0.3 05 0.7 0.9




El Nino-La Nina Vertical Wind Shear Impacts

I TROPOPAUSE (16 km)

Vertical Wind Profile in
the Caribbean and
western part of Main
Development Region
(10-20°N; 90-50°W)

I a — fewer TCs (El Nino)
- b | b-more TCs (La Niria)
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Why So Active?

August Through October 2020 Average
Zonal (200-850 mb? ertical Wind Shear Anomaly (kts)
(1981-2010 Climatology)
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Rapid Intensification
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2020 Atlantic Hurricane Season: It Could Have Been Way Worse

Fay
T~ July 10
Tropical Storm
**Note: The National Hurricane Center (NHC) determined in post-season analysis

that Tropical Storm Marco did not make landfall in Louisiana in August 2020 N s
. U.S. Mainland Landfalls

2020 Atlantic Season
Housing Density by Coastal County
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Severe Convective
Storms (SCS)




Severe Convective Storm — Costlier Than You Realize

United States: Cumulative Insured Loss -
1990-2020 (2021 USD)

$371B
H Severe Convective Storm
B Tropical Cyclone

Data & Graphic: Aon (Cat Insight)
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Severe Convective Storm — Costlier Than You Realize

Severe Convective Storm (SCS)
Insured Loss: Annual Count of USD500M+ Events (2021 USD) 5

Ml Rest of World
B United States

Data & Graphic: Aon (Cat Insight)
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August 10, 2020 Midwest Derecho

" Includes tornado swaths in lllinois, Wisconsin and Indiana. Data: NOAA
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Wildfires
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Wildfires — A Growing Risk

6.6

1

17.0

Global Insured Loss

Wildfire

2021 USD Billion

Data & Graphic: Aon (Cat Insight)

1 United States
Ml Rest of World
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Changing Wildfire Behavior

Data: NIFC
Graphic: Aon (Cat Insight)
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Changing Wildfire Behavior

111
» ®
104 ® * *
9,
~~
c 8
< %
w 3
Z 7] x
|l » x x
f= ]
2 6 % x
®
2 5 x
‘a x % ® 5%
og- 2017
20¢ 2003 2018
é 4 - 1991 x *
x* %
® 2007
31 ® "
2020
2|california Fire Season Weather
1 May thru Nov: 1895-2020
Data: NOAA H 2020 Il 2000-2009 ™ 1980-1989
Graphic: Aon (Cat Insight) 2010-2019 M 1990-1999 I <1980
61 62 63 64 65 66 67 68 69

Temperature Average (F)

U.S. Insured Loss

$16B

$14B+

$12B+

©»
—
(=}
i

$8B

$6B-

$4B-

$2B-

Data: NIFC & Aon
Graphic: Aon (Cat Insight)

®
.."‘x..x

¥
#% 5 *

- ®

® %
2017 2018

2020

 J

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

CONUS Acres / Fire



2021 Fire Outlook
Map released: April 1, 2021

. Drought Conditions (Percent Area
Data valid: March 30, 2021 i L8 A
None | DO-D4 |D1-D4 | D2-D4 RecCeE St

Cument 3559 | 6341 | 4392 | 2961 | 1869 | B71

Last Week

ey 3579 | 6421 | 4355 [ 2983 | 18.06 | 874

3 Months Ago 1350
12-28-2020 :

Start of
Calendar Year | 33.59 | 66.41 | 4899 | 3422 | 2221 | 989
12-29-2020
Start of
Water Year 38056195 |4259 | 27.37 | 1463 | 1.20
09-29-2020

6641 | 48.99 | 3422 | 2221 | 989

One Year Ago
poogsis 7479|2521 | 1454 | 304 | 048 | 003

Intensity:
|:| None :! D2 Severe Drought

: DO Abnormally Dry - D3 Extreme Drought
[ 1D1Moderate Drought [JJlj D4 Exceptional Drought




February 2021:
U.S. Winter Weather




Winter Weather: The Record February 2021 U.S. Event
‘;F.,f Minimum Temperature (°F)

February 12-19

| <30
H -29 to-20
M -19to-10
7 -9to0
Tto10
©11to 20
M 21 to 30
31 to 32
N =33

Data: NOAA
Graphic: Impact Forecasting
(Cat Insight)
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Winter Weather: The Record February 2021 U.S. Event

Texas Average Daily Temperatures (°F)
February 13-19 (12AM-11PM CST)

Data: NOAA/URMA
Graphic: Impact Forecasting (Cat Insight)
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Winter Weather: The Record February 2021 U.S. Event
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Not the Coldest Event in Texas; More People Felt Cold Impacts in 2021

City (Data Start) Min High Min Low Min Daily Avg 1899 Pop 1989 Pop 2011 Pop 2020 Pop

Abilene (1885) 7°F -9°F 1°F 3,389 105,820 117,566 124,710
Jan 15, 1888 Jan 4, 1947 Jan 15, 1888

Amarillo (1892) -2°F -16°F -6°F 1,346 156,737 189,132 199,747
Feb 12, 1905 Feb 12, 1899 Feb 11, 1899

Austin (1897) 20°F -2°F 10°F 21,490 453,649 782,149 1,011,790
Feb 12, 1899 Jan 31, 1949 Feb 12, 1899

Corpus Christi (1887) 26°F 11°F 19°F 4,671 254,737 302,113 327,144
Jan 16, 1888 Feb 12, 1899 Feb 12, 1899

Dallas / Fort Worth (1898) 12°F -8°F 2°F 68,508 3,794,354 6,426,214 7,573,136
Feb 12,1899 Feb 12, 1899 Feb 12, 1899

Houston (1888) 20°F 5°F 13°F 42,925 1,627,012 2,089,000 2,320,268
Feb 13, 1899 Jan 18, 1930 Feb 13, 1899

San Antonio (1885) 23°F 0°F 15°F 51,756 920,934 1,313,000 1,547,253
Jan 30, 1951 Jan 31, 1949 Feb 12, 1899

Data: NOAA & U.S. Census Bureau | Graphic: Impact Forecasting (Cat Insight)
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Highest U.S. (Lower 48) Snow Cover in Decades

Snow Cover

100%-
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Daily U.S. Snow Cover (Lower 48)
Data: NOAA NOHRSC (Sep 2003-Present)
Graphic: Impact Forecasting (Catastrophe Insight)

1%
Jan. 12, 2011

2003 2005 2007 2009 2011

2013

73%
Feb. 16, 2021

2015 2017 2019 2021

2021

Feb 14: 56.6%
Feb 15: 70.4%
Feb 16: 73.2%
Feb 17: 71.3%
Feb 18: 70.6%
Feb 19: 72.6%
Feb 20: 66.3%
Feb 21: 57.9%
Feb 22: 47.0%
Feb 23:35.1%
Feb 24: 32.5%

Feb 1
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2021 Atlantic Hurricane
Season Forecast




In Memory of Bill Gray (1929-2016)




Relevant Quotes from the Legendary Yogi Berra

“It's tough to make predictions, especially
about the future”

HOWEVER...

“You can see a lot by looking”



Active vs. Inactive Atlantic Hurricane Seasons (August-October SSTs)

NOAA Extended SST V4 (ERSST)

Surface SST (C) Composite Anomaly 1981-2010 clima
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2021 Atlantic Basin Seasonal Hurricane Forecast

Forecast Parameter CSU Forecast 1981-2010 Average
Named Storms (NS) 17 12.1
Named Storm Days (NSD) 80 59.4
Hurricanes (H) 8 6.4
Hurricane Days (HD) 35 24.2
Major Hurricanes (MH) 4 2.7
Major Hurricane Days (MHD) 9 6.2
Accumulated Cyclone Energy (ACE) 150 106
Net Tropical Cyclone Activity (NTC) 160 116



April Statistical Model Predictors

A

Feb-Mar
SST
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April Statistical Model Cross-Validated Hindcast Skill (1982-2020)
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April Statistical Model Output for 2021 Atlantic Hurricane Season

Statistical

1981-2010
Forecast Parameter | Model Forecast Average

Named Storms (NS) 15.5 12.1
Named Storm Days (NSD) 77.1 59.4
Hurricanes (H) 8.0 6.4
Hurricane Days (HD) 31.1 24.2
Major Hurricanes (MH) 3.7 2.7
Major Hurricane Days (MHD) 8.9 6.2
Accumulated Cyclone Energy (ACE) 141 106
Net Tropical Cyclone Activity (NTC) 153 116



Statistical/Dynamical Hybrid Model Forecast Predictors

Equator




April Forecast Model Cross-Validated Hindcast Skill (1982-2020)
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ECMWEF-Based SEASS Statistical-Dynamical Model Forecast

SEASS Model

1981-2010
Forecast Parameter Forecast Average

Named Storms (NS) 16.9 12.1
Named Storm Days (NSD) 92.0 59.4
Hurricanes (H) 9.6 6.4
Hurricane Days (HD) 41.0 24.2
Major Hurricanes (MH) 4.6 2.7
Major Hurricane Days (MHD) 12.2 6.2
Accumulated Cyclone Energy (ACE) 180 106
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Combined Statistical and Statistical/Dynamical Model Skill
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Analog Years for 2021 Atlantic Hurricane Season

NS NSD H HD MH MHD ACE NTC
1996 13 7900 9 4500 6 13.00 166 192
2001 15 6875 9 2550 4 425 110 135
2008 16 8825 8 3050 5 750 146 162
2011 19 8975 7 2600 4 450 126 145
2017 17 93.00 10 5175 6 19.25 225 232

MEAN |16.0 838 86 358 50 9.7 155 173

Fozr(ﬁ:st 17 80 8 35 4 9 150 160




Probability of Exceedance Curve for Accumulated Cyclone Energy

ACE Probability of Exceedance (2021 vs. 1950-2020 Climatology)

—1950-2020 Climatolo,
100% gy

—Forecast for 2021
90%
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CSU Atlantic Seasonal Hurricane Forecast Uncertainty

2021 Uncertainty Range (~70% of
Forecast Parameter| Forecast | Forecasts Fall within Range)
Named Storms (NS) 17 14-20
Named Storm Days (NSD) 80 57-104
Hurricanes (H) 8 6-10
Hurricane Days (HD) 35 22-50
Major Hurricanes (MH) 4 2-6
Major Hurricane Days (MHD) 9 6-14
Accumulated Cyclone Energy (ACE) 150 97-200
Net Tropical Cyclone Activity (NTC) 160 108-217




Current Global Sea Surface Temperature Anomalies

0.25° NCEP OISST Sea Surface Temperature Anomaly [SST, °C] weathermodels.com
28-Day Average 09MAR2021 --> 05APR2021 30-year Climatology 1990-2019
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Pacific Ocean Sea Surface Temperature Anomalies

MNOAA Coral Reef Watch Daily Skm SST Anomalies (Version 3.1) & Apr 2021
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What do Models Say about the Future of EI Nino?

Nino3.4 SST Anomaly (°C

Model Predictions of ENSO from Mar 2021
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Official Forecast of ENSO from NOAA

Probability (%)
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Early-March 2021 CPC/IRI Official Probabilistic ENSO Forecasts

ENSO state based on NINO3.4 SST Anomaly
Neutral ENSO: -0.5 °C to 0.5 °C

La Nina Forecast Probability
Neutral Forecast Probability
El Nifio Forecast Probability

La Nifia Climatology
Neutral Climatology
El Nifio Climatology
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North Atlantic Sea Surface Temperature Anomalies

0.25° NCEP OISST Sea Surface Temperature Anomaly [SST, °C]
sozr?—Day Average 10MAR2021 --> 06APR2021 30-year Climatology 1990-2019
-‘ . ™ S -

weathermodels.com
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Atlantic Ocean Sea Surface Temperature Correlations with ACE

rank corr Mar Atlantic ACE index
with Mar NCEP Olv2 1/4 SST 1982:2020 p<30%

70N
65N
60N
" 0.5
55N |
0.4
50N
0.3
45N 4
0.2
40N
o1
350
L -0.1
30N 4
- 0.2
25N 1!
-0.3
20N
-0.4
15N
-0.5
10N
5N
"W sow

L% D AON



ECMWF Seasonal Forecast for Sea Surface Temperatures

ECMWF Seasonal Forecast System 5

Prob(most likely category of forecast SST) ASO 2021
Forecast start is 01/04/21, climate period is 1993-2016
Ensemble size = 51, climate size = 600

<---- Prob(below lower tercile) Prob(above upper tercile) ---->
Il 70..100% [l60.70% [[1]50..60% [ 140.50% [ Jother [J40.50% []50..60% [M60..70% [l 70..100%
180°E 150°W 120°W 90°W 60°W 30°W 0°E 30°E 60°E 90°E 120°E 150°E

180°E 150°W 120°W 90°W 60°W 30°W 0°E 30°E 60°E 90°E 120°E 150°E
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ECMWEF Forecast for Hurricanes (May — October)

ECMWF Seasonal Forecast SEASS
Hurricane or typhoon Frequency MJJASO 2021
Forecast start reference is 01/04/2021 Climate (initial dates) =1993-2020
Ensemble size =51,climate size =700

[ climate mean

[ Forecast mean = Standard deviation

20 40°E 60°E 80'E 100 120°E 140°E 160°E IS0 160°W  140°W 120W 100°W BOW BO"W 40w 20°W

-

0w

140°€ 160°E 180°E 160°W 140°W 120'W 100°W BO*W B0'W Arw

N N

Not Significant Significant at 5%

20°E 40°E 60°E BO'E 100 120
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2021 Landfall Probabilities (20t Century Probabilities in Parentheses)

1. Entire U.S. Coastline: 69% (52%)
2. U.S. East Coast including Peninsula FL: 45% (31%)
3. Gulf Coast from FL Panhandle west to Brownsuville: 44% (30%)

4. Caribbean Basin: 58% (42%)



Named Storms, Cat. 1+, and Cat. 3+ within 50 miles of Each County

Example: All Hurricanes within 50 Miles of Plymouth County, MA

@ HISTORICAL .
V HURRICANE TRACKS Q. Plymouth County, Massachusetts, USA x Q -
MATCH s SORTED BY m PRESSURE v YEAR v m nnnnn v
14 Year (Newest)

HHHHHHH
uuuuuuuuu
RRRRRRR
RRRRRRR

ananananan

https://coast.noaa.gov/hurricanes ) o Aw




2021 Probabilities (1851-2019 Probabilities in Parentheses)

State >=] Hurricane Within 50 >=] Major Hurricane
Miles Within 50 Miles

Florida 75% (58%) 41% (28%)
Louisiana 53% (37%) 23% (15%)
Massachusetts 23% (15%) 6% (3%)
Mississippi 39% (26%) 12% (8%))

New York 15% (10%) 4% (2%)
North Carolina 52% (37%) 11% (7%)
Texas 49% (35%) 21% (14%)
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2021 CSU Atlantic Seasonal Hurricane Forecast Schedule

Date April | June |July| Aug

Seasonal
Forecast

. % G AAON



Contributing Groups to Atlantic Seasonal Hurricane Forecast Compilation
Website: https.//seasonalhurricanepredictions.org
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Seasonal Hurricane Forecast Compilation Website — Forecasts from
August 2020 for 2020 Atlantic Hurricane Season




Arago’s Admonition

“Never, no matter what may be
the progress of science, will
honest scientific men who have
regard for their reputations
venture to predict the weather.”
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Final Thoughts
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Key Takeaways

Tropical
Cyclones

= 2020 was one of most .
active years in the
Atlantic Basin dating to
1851

= |t could have been much
worsel!

= 2020 season has no
bearing on 2021 Atlantic =
activity

(2)

Severe Convective

Storms (SCS)

2020 was the costliest year
on record for SCS events in
the U.S.

Midwest Derecho was the
single costliest
thunderstorm complex ever
recorded

SCS: Greater annual
consistency vs TC risk

= 2020 featured five billion-

» Western U.S. fire seasons

OO

Western U.S. What to expect
Wildfires in 2021?

= Conditions favorable for
above-average Atlantic
TC activity

dollar wildfires

California: Most acres
burned in the modern
record

= Focus less on event
frequency; more on event
intensity & location

getting longer as summer- = Prepare now!

like conditions persist
@ A
=
60 N &' (7 w



Contact Information

Steve Bowen Dr. Phil Klotzbach
Managing Director Colorado State University
Head of Catastrophe Insight
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