Relating Extreme Weather Events to Large-Scale
Meteorological Patterns: Is the Glass half full or half empty?
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Upper-air Circulation Anomalies during Extreme Weather (Chicago)

High-Amplitude Wave Patterns
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Chicago’s 10 Coldest Days

500 hPa Anomalies (m)
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Chicago’s 10 Coldest Days

500 hPa Anomalies (m)

NOA4/ESRL Physleal Sclences Divlslon

“Seow

1500t 1400 150 1200 1o 1004 ao BN 700
500mb Geopotentlal Helght {m} Composlte Anomaly {1981-2010 Climatology)
1/;.0/55

NOAS/ESRL Physleal Sclences Divlslon:

Ol

1500 1400 1300 1200 1How 1008 Ao BIW 70
500mb Geopotentlal Helght {m} Composite Anomaly {(1981-2010 Climatalogy)
1%9;’55

NOA4/ESRL Physleal Sclences Divislon

Olow

Composite Mean
—

EON
SN
SAN
51N
48N

NOAS/ESRL Physleal Sclences Divislen

420

R 1500 1400 1300 1200 1o 1000 ao BAW 700 A%

0Omb Geopotentlal Helght {m} Composlte Anomaly (1981-2010 Climatology)
|/1B/94 1,’20,’55 1/18/85 1/10/82 12/23/83 1/16/8Z 12/24/B3 1/17/82 1/20/B4 1/%

NCEP/NCAR Raonalysia

| | 1 1
=100 0 100

NOAS/ESRL Physleal Sclences Divlslon

1
200 300

NOAL/ESRL Physleal ces Dlvlslon

o

150 1400 1S 1200 oW 100w Ao G 700
500mb Geopotentlal Helght {m} Comﬁcs’l}e Anomaly (1981-2010 Climatology)
1/21/B4

1500 1000 Al BIW 700 -7
500mb Geopotentlal Helght {m} Composlte Anomaly {1981-2010 Climatology)
1/%0/52

NOAS/ESRL Physleal Sclences Divislon

-

I3N

1500 140 1300 2o 1o oo am

B
500mb Geopotentlal Helght {m} Canyoslte Anomaly {1981-2010 Climatology)

o

Cmrn flimsn o

NOAS/ESRL Physical Sclences Divlslon

30
1500 14o 1300 12ow 1o foow o “GW

500mb Geopotentlal Helght {m} Cery:cslte Anomaly {1981-2010 Climatology)
1/16/394

150 1400 1som 120 [T T B 700
500mb Geopotentlal Helght {m} %myosl}e Anomaly (1981 —-2010 Climatology)

W

NOAS/ESRL Physleal Sclences Divislon NOAS/ESRL Physleal Sclences Dlvlslon

oz
8

1500 1400 1S 1200 o oo aom BN 700
500mb Geopotentlal Helght {m} Corryoslte Anomaly (1981-2010 Climatology)
1/16/B2

150 1400 1300 1200 150w

500mb Geopotentlal Helght {m} Composlte Anomaly (1981-2010 Climatology)
1/;0/54

1300 1200

oW
500mb Geopotentlal Helght {m) Composlte dnomaly (1981-2010 Climatology)
12/24/B3

1oow am W o



Composite Mean
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Chicago’s 10 Wettest Days
500 hPa Anomalies (m)
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SLP and Precipitation on wettest 1% of days in Madison, WI
North American Regional Reanalysis 1981-2000
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Simulated SLP and Precipitation on wettest 1% of days in Madison, WI: 20t Century
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FIGURE 3.13: Late twentieth century (1981-2000) spatial composites of daily precipitation J. Hydromet., 2012
(mm/day) and sea-level pressure (hPa, contoured every 2hPa) during the wettest 1% of days for - Ay i



Simulated SLP and Precipitation on wettest 1% of days in Madison, WI: 215t Century
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FIGURE 3.14: Same as Fig 3.13 except for the late twenty-first century (2081-2100).



Synoptic Pattern related to Projected Climate Change
Springtime PreC|p|tat|on (mid-21st Century, A1B)
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Relationship between Changes in Mean and
Extreme Precipitation (Chicago, late 215t Century)
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Back to the present day climate. . ..



U. S. Climate Extremes Index

Summer Daily Maximum Temperature (Southwestern U. S.)
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Summer Circulation Change since mid-1990s

500 hPa anomaly (post-1994 minus pre-1994)
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Synoptic Evolution of Extreme Cold-Air Outbreaks (CAOs)

Midwestern CAOs
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CSM Simulation of a CAO (February 24 - March 8)
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Day 2 SLP Day 2 Temperature Day 2 500 hPa Wind
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Day & SLP Day 3 Temperature Day 3 500 hPa Wind
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Day 5 SLP Day 5 Temperature
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Day 6 SLP Day 6 Temperature Day 6 500 hPa Wind
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Day 7 SLP Day 7 Temperature Day 7 500 hPa Wind
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Day 8 SLP Day 8 Temperature Day 8 500 hPa Wind

i -

990 1000 1010 1020 1030 1040 1050 —50-40-30—-20—-10 0 10 20 30 40 50




Day 9 SLP Day 9 Temperature Day 9 500 hPa Wind
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Day 10 SLP Day 10 Temperature Day 10 500 hPa Wind

[ F /”‘
f fade ¥
77

¢ ﬂ ‘

\ -y

¢ i ry.:

\ Y P&

b 4 f \ r

PARERN

v oly X o
“ht PN
N T

\*;‘ ) S

\Iﬁ\\ e

>\, ‘\fl

r\aﬂ*\IX

r*”"\ A

r-b",‘\ o

L
990 1000 1010 1020 1030 1040 1050 —50-40-30-20—10 0 10 20 30 40 50



Day 11 SLP Day 11 Temperature Day 11 500 hPa Wind
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Day 12 SLP Day 12 Temperature Day 12 500 hPa Wind
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Role of the Arctic Oscillation in Extreme Cold-air Outbreaks
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Thompson and Wallace
Science, 2002



Role of the Arctic Oscillation in Extreme Cold-air Outbreaks
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Arctic Oscillation Effect on Winter Temperature

Mean Surface
Temperatures
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Arctic Oscillation Effect on Winter Temperature
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AO Index

Arctic Oscillation Index
Oct 2012 - Apr 2013

Record low March
AO index (-3.2)



March 2013 Surface Temperature Anomalies

NCEP/NCAR Raonalyeis
Surfoca air (C) Compceita Ancmaly 1981 -2310 climo
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March AO Correlations with Tsfc, 500mb U, 500mb V
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March AO Correlations with Tsfc, 500mb U, 500mb V
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Projected Winter Changes resemble Negative Phase of AO

Future Height Changes Aloft Present-day AO Relationship
(500 hPa Heights)

Change in 500 hPa Heights DJF 4xCO2
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Should we expect slower and more meandering (AO-like) circulation pattern in future?



Upper-air Circulation Response in CCSM4’s 4xCO, Simulation

500 hPa Heights by Season
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Upper-air Circulation Response in CCSM4’s 4xCO, Simulation

500 hPa Height Changes by Season 500 hPa Zonal Wind Changes by Season
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Large-Scale Meteorological Patterns (LSMPs) are clearly important for
regulating extreme weather, but they aren’t the only show in town.

We need to also recognize the strong thermodynamic role played by
surface boundary conditions, such as snow cover and soil moisture. . ..



Role of Snow Cover in Extreme Cold-Air Outbreaks (CAOs)
CCSM3 Simulation with terrestrial snow cover suppressed
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Role of Snow Cover in Extreme Cold-Air Outbreaks (CAOs)
CCSM3 Simulation with terrestrial snow cover suppressed
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Role of Soil Moisture in Extreme Heat Wave: Europe 2003
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Role of Soil Moisture in Extreme Heat Wave: Europe 2003
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Relating Extreme Weather Events to LSMPs:
Is the Glass half full or half empty?

1. We can identify the typical LSMPs associated with extreme weather, which provides useful
knowledge for diagnosing the events.

e Half full if only a few patterns are associated with particular types of extreme events

e Half full if we can understand the causes of the overriding LSMPs (otherwise half empty)
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Relating Extreme Weather Events to LSMPs:
Is the Glass half full or half empty?

1. We can identify the typical LSMPs associated with extreme weather, which provides useful
knowledge for diagnosing the events.

e Half full if only a few patterns are associated with particular types of extreme events

e Half full if we can understand the causes of the overriding LSMPs (otherwise half empty)

2. Climate models can reasonably simulate these LSMPs in the current climate and suggest that
patterns won’t fundamentally change in the future.

e Half full on both counts: models elucidate physical processes and may promote
understanding of future extremes through a better understanding of present-day events

3. Mean states and extreme events are related, so explaining causes of extreme weather may

be facilitated by better understanding of means and modes of variability.

e Half full to the extent that this is true (e.g., negative AO winters promoting colder mean
states and CAOs)

e Half empty, in that short-lived but high-impact extreme events and circulation anomalies are
sometimes masked in monthly or seasonal averages

4. Other (non-dynamical) factors, such as local snow cover and soil moisture anomalies can also

shape weather extremes.

e Half empty, except that LSMPs influence the formation and persistence of these surface-
based anomalies and can in turn be significantly affected by them
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U. S. Climate Extremes Index

Summer Daily Maximum Temperature (Continental U. S.)
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Role of Snow Cover in Extreme Cold-Air Outbreaks (CAOs)
CCSM3 Simulation with terrestrial snow cover suppressed
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Synoptic Evolution of Extreme Cold-Air Outbreaks (CAOs)
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