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Motivation: Uncertain large-scale circulation changes

a) Change in heavy precipitation b) Change in annual mean precipitation
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There is high uncertainty in long-term changes in the large-scale circulation and
the surface response: lack of understanding and model-observation discrepancies.
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Introduction: Weather regimes

GFS 500mb Geopotential Height & Anomaly (dam) (based on CFSR 1981-2010 Climatology)
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Large-scale atmospheric flow configurations i \ _____ —
that are persistent (last around 5 days) and N <

recurrent.

e A way to “simplify” the representation of

large-scale dynamics
e Significant impacts on the surface

How are weather regime characteristics changing long-term?
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Introduction: Weather regimes

ERAS - Weather Regimes
Polar High Pacific Trough

Steps for daily classification:

-:;‘;_ -
120°W 60°W 120°W 60°W

e Computing 500 hPa geopotential
height anomalies, detrending
(regionally) and standardizing

® Extracting principal components

e k-means clustering (unsupervised ML)
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Introduction: Weather regimes

ERAS -

Polar High

Steps for daily classification:
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Weather Regimes

Pacific Trough
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e Computing 500 hPa geopotential
height anomalies, detrending
(regionally) and standardizing
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® Extracting principal components
e k-means clustering (unsupervised ML)
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Results: Changes during winter-spring

b) WR Frequency: Past vs. Present
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Results: Pacific Trough characteristics

a) 500hPa Geop. Height: e) Max, Temperature Anomalies: i) Precipitation Anomalies:

PT Composite PT Composite ’ PT Composite ReSU|tS for Winte r-
spring
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Results: Pacific Trough characteristics

a) 500hPa Geop. Height: e) Max. Temperature Anomalies: i) Precipitation Anomalies:

B Composie FrComposte PT Compostie ™ Results for winter-
spring
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Results: Pacific Trough increase

Impact on extremes

c) Change in Extremely Hot Days d) Change in Extremely Warm Spells
during PT: Present-Past during PT: Present-Past
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Results: Pacific Trough increase
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a) Time Evolution of PT Frequency
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=> How well is this change represented by ESMs?
=> Could the changes be explained by internal variability or

some specific forcing?
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Results: Changes in ESMs

30.0 a) 30-year-averaged PT Frequency d) Models difference: Pre-Industrial
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Results: Changes in ESMs - Single forcing experiments

The observed Pacific Trough increase is only possible in models due to increasing
GHGs. Aerosols forcing produces the opposite increasing trend.

e) Greenhouse gas forcmg f) Aerosols fﬂr[inf_]
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Under largely increased CO2 conditions, the PT frequency increase, as well as the
associated surface response, are of similar magnitude to observations.
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a) Time Evolution of PT Frequency
30

Results: Physical drivers //%
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a) SST Correlation with PT frequency
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Pacific SSTs control a large part of the variability in
PT frequency
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Results: Physical drivers - SST-forced experiments
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a) GOGA Experiments

b) TOGA Experiments
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Even with forced SSTs, the observed changes do
not fit within the ensembles
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Conclusions jhayron@umd.edu

=> The Pacific Trough frequency has increased (likely outside internal variability)
likely due to GHGs and is modulated by Pacific SSTs variability, with relevant
impacts for surface hot extremes

=> Since the recent decrease in Pacific Trough frequency seems to be related to
the La Nina-like warming trend, future increases depend on the potential
onset of the El Nifo-like response to GHGs

=> More research is needed on the role of aerosols

? Do high-resolution (MESACLIP) simulations improve the trends

representation?

=5
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o b) WR Frequency: Past vs. Present

a) 500hPa Geop. Height: c) Extremely Hot Days Occurrence d) Extremely Hot Days Occurrence
PT Composite
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b) Significance of PT Frequency

a) Time Evolution of PT Frequency Difference c) Change in Extremely Hot Days d) Change in Extremely Warm Spells
during PT: Present-Past during PT: Present-Past
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a) PT Frequency:
Future and Present (CESM2-LE)
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c) 500hPa Geop. Height Diff.:
Future-Present (CESM2-LE)
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g) Seasonal Change in Extremely
Warm Spells: Future-Present (CESM2-LE)
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d) 500hPa Geop. Height Diff.:
4xCO2-Pre-Industrial (CESM2)

h) Extremely Warm Spells Corr.
with PT Occurrence (CESM2-LE)
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b) PT Freq., PDO and ENSO c) SST Trend: Pre-1990 d) SST Trend: Post-1990
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Reproducibility Index
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a) ERSSTV5: SST and PT frequency b) CESM2-LE: SST and PT frequency c) GOGA: SST and PT frequency
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c) AOD-Dust Corr. with PT Freq.

a) SST Correlation with PT frequency b) AOD-Black Carbon Corr. with PT Fr
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Evolution of the 30-year averaged PT frequency
in the 4xC0O2 CESM2 run
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Table 1.

ing in mind that the exact periods don’t alter resultant conclusions, the windows were adjusted

Summary of data products used in this analysis. To use consistent periods, and bear-

based on data availability.

Product Past Present Future
ERAS 1948-1977 1994-2023 N/A
JRA-3Q 1948-1977 1994-2023 N/A
NCEP/NCAR Reanalysis 1  1948-1977 1994-2023 N/A
CESM2-LE 1948-1977 1994-2023 2040-2069; 2071-2100
E3SM2-LE 1948-1977 1994-2023 2040-2069
CESM2-SF 1948-1977 1994-2023; 1985-2004 2021-2050
E3SM2-SF 1939-1968 1985-2014 N/A
GOGA and TOGA 1944-1973 1990-2019 N/A
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Results: Pacific Trough increase

c) Change in Extremely Hot Days d) Change in Extremely Warm Spells
during PT: Present-Past during PT: Present-Past

7‘10 7’5 (‘) 5 1‘0 70‘.7070‘.35 O.E)O O.‘35 0.’70

[count/winter-spring] [count/winter-spring]
g) Winter-Spring Change in Extremely h) Winter-Spring Change in Extremely
Hot Days: Present-Past Warm Spells: Present-Past
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Results: Physical drivers ﬁ
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The reason behind Pacific SST trends is still an open question:
If the current La Nina-like response to anthropogenic forcing stops
and we go to an El Nino-like state, PT frequency would increase
again.
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Results: Changes in ESMs - Increased CO?2

a) PT Frequency: b) PT Frequency:
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Under largely increased CO2 conditions, the PT frequency increase, as well as the
associated surface response, are of similar magnitude to observations.
Uit PARETO
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