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Northeast US: largest increase

in extreme precip in the US
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(5th National Climate Assessment, Chapter 2, Fig. 2.8)
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A storm dumped up to two months' worth of rain in two days in Vermont and
* other parts of the Northeast.

NYC subway on September 151, 2021 Montpelier, Vermont on July 11, 2023
(The remnants of Hurricane |dQq) (extreme atmospheric rivers)
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GFDL SPEAR

(Seamless system for Prediction and EArth System Research)

SPEAR_LO SPEAR_MED SPEAR_HI

atmosphere/land 100km 50km 25km
ocean/seaice Approximately 1° (with tropical refinement)
ensemble members 30 30 10

AM4 + LM4 + MOM6 + SIS2
Historical runs with all radiative forcings (1921-2014)

SSP5-8.5 simulations (2015-2100)
Observation: NOAA CPC Unified Gauge-Based Analysis (1948-2020; 0.25° x 0.25°)

(Delworth et al., 2020, JAMES)



The Northeast US fall season exireme precipitation

in GFDL SPEAR models

‘| Effect of resolution in simulating extreme precip

2 Factors conftributing to the extreme precip trend
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99t percentile threshold

for Sep-Nov daily precipitation

(Based upon 1951-2020)

Observations

SPEAR_HI SPEAR_MED SPEAR_LO CESM1-LE

(Jong et al. 2023, npj Clim Atmos Sci)
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The Northeast US fall season exireme precipitation

in GFDL SPEAR models

1 Effect of resolution in simulating extreme precip
= 5km SPEAR_HI simulates extreme precip similar to the obs

2 Factors conftributing to the extreme precip trend




What process(es) has caused the increase in

extreme precipitation in the Northeast US?

Extreme Precipitation Days
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What process(es) has caused the increase in

extreme precipitation in the Northeast US?

Extreme Precipitation Days
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What process(es) has caused the increase in

extreme precipitation in the Northeast US?

Extreme Precipitation Days
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1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016

B Pure atmospheric river B Tropical cyclone-related Other

Observations
Precipitation: NOAA CPC Unified Gauge-Based Analysis (1948-2020; 0.25° x 0.25°)
AR & TC detections: JRA-55 (1958-2020; 1.25° x 1.25°)



are the

primary contribution in observations

" Pure-AR
m
> 10 / =
3 N I\IIO’rer I\Iearly ]2]
> 61
o
b Extreme precip days S 41
—_ 2_
wn (0]
> | I Pure AR o
@© 10 I TC-related h 0-
AP [ 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016
> m other
@) 6 1 -relat
g ¢ b TC-related
g 27 S gl I\IIO’rer I\Iearly 1.62
[t 0 - ~
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016 a 6 -
C
) i
g 4
Bl Pure AR ) 2]..' . i .I d 1
= 0 : . :

B TC-related 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016

i other



frequency (days)

are the

primary contribution in observations
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SPEAR HI vs observations

frequency (days)

12

10 -

Extreme Precipitation Days

I\llcfrer/l\leorly = 1.41%

o N ~ O

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016

observations

12

10 -

Extreme Precipitation Days

o N B~ O

Nigter/Noarty = 1.31% (0.98-1.71%)

|

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016

SPEAR_HI




frequency (days)

frequency (days)

SPEAR HI vs observations
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TC-related

Nlo’rer/NeorIy = 1.63* (097—287*)
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SPEAR_HI:
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Distribution of ETs is shifted
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The Northeast US fall season exireme precipitation

in GFDL SPEAR models

1 Effect of resolution in simulating extreme precip
= 5km SPEAR_HI simulates extreme precip similar to the obs

2 Factors contribute to the increase in extreme precip
= TC-related events are the primary conftribution




= SPEAR_HI simulates similar fo the obs. i

= TC-related events are the primary contri u’rion to the increasing exire ,e !
precipitation over the Northeast US sincelthe 1990s. |
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What process(es) has caused the increase in
extreme precipitation in the Northeast US¢
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2\ \Kf }\‘;& Atmospheric river (AR) detection

- Mundhenk et al., 2016 (JClim)

- Integrated water vapor tfransport (IVT)

| - Intensity criterion: 94% of the global domain in 1951-2020
- Geometry criterion: >1400km in length, aspect ratio > 1.4
- Within the Northeast US box
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What process(es) has caused the increase in
extreme precipitation in the Northeast US¢

60N

50N A

;:3 Tropical cyclone (TC) detection

- Murakami et al., 2015 (JClim) & Harris et al., 2016 (JClim)
- Based on 6-hourly snapshots of atmospheric condifions
- Using minimum SLP, T anomalies bt. 300 & 500hPa

- Within 1000km of the Northeast US region

- Impose upon JRA-55 and SPEAR simulations
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Both TC-related and AR-related extreme precip days
would increase in the future.

1961 1971 1981 1991 2001 2011 2021 2031 2041 2051 2061 2071 2081 2091

Extreme precip days, AR days, TCs:
Use the same thresholds based upon
1958-2020 climatology.

* SSP5-8.5 simulations (2014-2100)

(Jong et al., under review)
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Possibilities of the discrepancy:

= |ncreasing interaction between TCs and ARS
= Strengthening TC-related precipitation

= Enhancing TC intensity

= Change in TC tracks



Possibilities of the discrepancy:
Change in TC fracks, moving closer 1o the east coast of US

Differences: SPEAR _HI 2041-2100 minus 1961-2020
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(Jong et al., under review)



