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Motivation

* Heat waves (summer season) foster detrimental impacts on human health, agriculture,
water resources, and the energy sector
 Example: PNW 2021 heat wave (White et al., 2023, Rempel et al., 2022, Baker & Olmos,
2021, Philip et al., 2022)
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Motivation

HOW DOES TEMPERATURE INCREASE AFFECTS INSECT PESTS?
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Drivers of Extreme Heat

Atmospheric blocking is the main driver of heat
wave events (Dong et al., 2018, Neal et al., 2022)
Land-atmospheric interaction feedbacks
supplement extreme heat at the surface (Fischer
et al., 2007, Lee et al., 2016, Miralles et al., 2019)
Heat waves are predicted to increase in
frequency, duration, and intensity (Meehl &
Tebaldi, 2004, Smith et al. 2013, Shafiei Shiva et
al., 2019, Domeisen et al. 2023)

Brown et al. (2008) found a positive trend in the
location parameter ( i.e., center of the
distribution) of maximum daily temperatures in
North America during boreal winter
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Increasmg Wmter Warm SpeII Events

Frequency of Winter (NDJF) Warm Spells across the SGP from 1950-2021
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Key Question #1

What atmospheric and surface characteristics were drivers of these
extreme heat periods in the Southern Great Plains during December of
20217
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Data & Methods

Dataset: ERA-5 Reanalysis (0.5° spatial

resolution) o
. StudM domain- Southern Great Plaing 35°N
e Time St¢ Table 2. Severity Index (°C*day) for Winter Warm Spells across the SGP during winter 2021
Al . case study. Duration (# of days) value is the number of days representing the length of the
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Daily Maximum 2-m Temperature Anomalies

Winter Warm Spell Event #1 Winter Warm Spell Event #2

(a) November 21, 2021 - November 24, 2021 (b) November 25, 2021 - November 28, 207] (g) December 15, 2021 - December 17, 2021 (h) December 18, 2021 - December 21, 201

I(c) November 29, 2021 - December 2, 2021 I

I December 22, 2021 - December 26, 2021 I

s \\ 3 e 1
40°N — 40°N 40°N 1‘ 40°N
37.5°N 37.5°N 37.5°N P 37.5°N
35°N 35°N 35°N 35°N
32.5°N 132.5°N B2.5°N 32.5°N
30°N 30°N | 30°N ~. | 30°N |
L |
27.5°N 27.5°N D7.5°N |\ 27.5°N R’W
~ =]
25°N 25°N 25°N [T =1 AV a3 25°N [
107°W 102°W 97°W 92°W 107°W 102°W 97°W 92° 107°W 102°W 97°W 92°W 107°W 102°W 107°W 102°W 97°W 92° 107°W 102°W 97°W 92°W

(d) December 3, 2021 - December 6, 2021 (e) December 7, 2021 - December 10, 2021 (f) December 11, 2021 - December 14, 2021 (k) January 1, 2022 - January 4, 2022 (1) January 5, 2022 - January 8, 2022
o / . T o = ;L :
40°N 40°N —_— 40°N — X
I 37.5°N 37.5°N 37.5°N u
- : | h —
gl 2 =
35°N 35°N | 35°N
; 2 ~ L B A
- [325°N 32.5°N [ 2 k ~ {32.5°N S
oy | Uy X
o tbso| 30°N 30°N o psa | 30°N | T
= o
> 27.5°N — / 27.5°N 8 27.5°N
i Nl 2 4R \ o e \\ . |
{ i { & f ) Z {
¢ R | N A f / 25°N z\ \ Ve 25°N t\ Ao f e 3 25°N | Yo L
107°wW 102°w 97°W 92°W 107°wW 102°wW 97°W 92°W 107°w 102°w 97°W 92°W 107°wW 102°wW 97°W 92°W 107°W 102°wW 97°W 92°W 107°wW 102°wW 97°W 92°W
T T T T T T T T T T T T T

2-m Temperature Anomalies (°C)

Grace et al. (2024, in review)




Daily Minimum 2-m Temperature Anomalies
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Daily 500hPa Geopotential Heights
Winter Warm Spell Event #2
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850hPa Temperature Advection

wind vector = 10 m/s
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Daily Soil Moisture (0-7cm)
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Daily Sensible Heat Flux
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Piecing it all together...
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What atmospherlc and surface characteristics were drivers

Conclusions and Future Work |7« v

Key Findings: Future Work:
1.  Atmospheric blocking high (i.e., * Investigate atmospheric drivers of all winter warm spell
Alaskan Ridge) was not collocated events in SGP

with the impacted region (SGP) * Understand the similarities and differences between SGP

2.  Weak warm air advection across the winter warm spells and heat wave events
SGP : : :
* Investigate teleconnections to SGP winter warm spell
3. Below normal soil moisture events _ _
enhancing sensible heat flux near DRllyiS00 “"""L‘}?°"‘a"es""’ws
P —— s A I 2 e— s £
the surface across the eastern half FE g}zaz /w\ 7*@3 N O
of the SGP asm=co A S ™
4.  Above normal soil moisture
supporting latent heat flux at the A a5 /;f, === \/;“’“im%%‘“
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the SGP kY oV LY
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Research Goals

2. What are the characteristics and drivers of SGP winter warm spells
compared to SGP heat waves L] preliminary results




Preliminary Results (Part 2)
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Preliminary Results (Part 2)

Daily 500 hPa Anomalies-WWS
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Preliminary Results (Part 2)

(a) Pacific Trough: 25% (b) Pacific Ridge: 22%
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Conclusions Part 2

1. The location of the atmospheric blocking high is different compared
to SGP winter warm spells and heat wave events

2. The atmospheric blocking high shows a signal around 14+ days prior
to the onset of the winter warm spell event

3. Pacific Trough, Pacific Ridge, and Greenland High are important
weather regimes for SPG winter warm spells and heat wave events

Future Work
1. Investigate teleconnections

2. ldentify onset of surface characteristics
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