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Predictability of a Succession of Three Extreme
Precipitation Regimes (EPRs) in eastern North America
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BACKGROUND AND OBJECTIVE
Background:

« Long-lived and widespread extreme precipitation periods often lead to flooding,
causing loss of life and property.

« Previous studies on extreme precipitation generally focus on a single storm or
events of duration no longer than 5 days.

Overview of 3 EPRs:
An unusual succession of 3 EPRs (4-8, 11-15, 20-25 February 2019) contributed to:

« Record wet winter and 2nd wettest February in the contiguous U.S.
- Major flooding in the Ohio and Mississippi Valleys

« Unusually snowy winter in upper Midwest U.S., ON, QC

« Large impacts also in western U.S.

Left: Flooding in Brentwood, Tennessee. Right: Snow in Negaunee Township, Michigan.
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U.S. Selected Significant Climate Anomalies and Events
for February and Winter 2019

Bering Sea ice extent - second lowest

on record. Record warm temperatures
@ along West Coast.

@ Record Feb snowfall and cold temperatures @ Ma inter st od
L% occurred from WA to WI. Eau Claire, WI, broke s hurj:i:::.:fmeo;:'n;':h e::;d

its record for all-time snowiest month (53.7 inches). snow and coastal flooding along
@ the Great Lakes and Northeast.

Heavy rains from an atmospheric-river event

¥ led to flooding along the Russian River, which On Feb 26, 12% of the contiguous U.S. was in

. crested atits highest level since 1995. Above- drought. This is down nearly 5% from the end

@ normal snowpack along Sierra Nevada Range of Jan. Drought conditions improved across the
and throughout much of the West. I West and intensified in TX and Puerto Rico.
Snowiest single day on record Record rainfall results in flooding
@ for Flagstaff, AZ - 35.9 inches. * along Mississippi River, Tennessee
& First measurable snowfall for Valley; mudslides in TN and NC.
Las Vegas in more than a decade. @ Wettest Feb and Winter for TN.

@ Potential all-time record cold temperature
value: Mauna Kea (9°F) on Feb 11. Intense

winter storm (“Kona Low") brought record
A winds, waves and snow to the islands.

The average U.S. temperature for February was 32.0°F, 1.8°F below average, ranking in the coldest Q Moderate drought expands, covering
third of the 125-year record. The U.S. precipitation average for February was 3.22 inches, 1.09 inches nearly 33% of Puerto Rico.
above average, ranking second wettest on record. The winter ge U.S. p was 33.4°F,
1.2°F above average. The winter precipitation total was 9.01 inches, 2.22 inch above average —
wettest on record.
Please Note: Material provided in this map was compiled from NORR: State of the Climate Reports. For ion please visit: http: de.noaa.gov/sote

The exceptionally wet period of February 2019 in eastern North America was not
predicted beyond an 10-day lead time.

Climate Prediction Center forecast
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Verification

Observed Temperature Anomalies Observed Precipitation Anomalies
14—-Days Ending 22Feb2019 14—-Days Ending 22Feb2019
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Obj ective: What synoptic-scale features in the North Pacific and North America
are important to accurately predict such wet periods?
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METHODOLOGY

Wet period is composed of a succession of three extreme precipitation regimes
(EPRs): 4-8 February, 11-15 February, and 20-25 February 2019.

Precipitation data:

« ECMWF Reanalysis-5 (ERAS) dataset (Hersbach et al. 2020): 0.25° x 0.25°
spatial resolution and 1-hour temporal resolution, DJF 1940-41 to 2021-22.

« Eastern North America: land area in 25-50°N, 95-50°W.

40N

20N

EPR definition:

Daily precipitation

« Normalized precipitation at each grid point =

80th percentile

« Extreme precipitation volume over entire region: >=70th percentile of areal sum
of normalized precipitation

« Persistence of extreme precipitation volume: >=5 consecutive days, except for 1-
day breaks if >=2/3 of days meet extreme threshold
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80th percentile of 1-day precip 1-day precip on 20 Feb 2018 1-day normalized precip on 20 Feb 2018
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« More details in Low et al. 2022.

Predictability:

Model data: Real-time forecasts from NCEP's Global Ensemble Forecast System
(GEFS) and ECMWF's Ensemble Prediction System (EPS), stored in The Interactive
Grand Global Ensemble (TIGGE) dataset (Bougeault et al. 2010).

« Spatial resolution: 0.5° x 0.5°

« Temporal resolution: every 24 hours

« Number of ensemble members: 20 for GEFS and 50 for EPS
o Initialization times: 19 January to 23 February 2019

« Forecast lead times: 0 to 16 days

« Skill measure: 500-hPa height spatial anomaly correlation

« Uncertainty measure: 500-hPa height standard deviation over North Pacific and
North America (blue area below).
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KEY FINDINGS

. The February 2019 EPR cluster was not well-predicted
beyond 10 days in advance.

Initialized: 0000 UTC 24 January
Forecast day 10

GEFS ensemble mean
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. Accurate simulation of western Pacific cyclogenesis and
ensuing trough/ridge development over western/central
North Pacific respectively prior to EPR cluster is critical.

- Models are better at predicting the persistence of the wet
pattern after it starts.
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RESULTS

« Both the GEFS and EPS did not skillfully predict beyond a 10-day lead time
the synoptic-scale pattern in the North Pacific and North America at start of EPR
cluster.

[VIDEO] https://res.cloudinary.com/amuze-interactive/video/upload/q_auto/v1705546218/ametsoc/SE-2A-DB-
B8-84-2A-93-C3-54-AB-19-D3-81-21-6F-DA/Video/Ensemble 1 hts550.mp4

[VIDEO] https://res.cloudinary.com/amuze-interactive/video/upload/q_auto/v1705546302/ametsoc/SE-2A-DB-
B8-84-2A-93-C3-54-AB-19-D3-81-21-6F-DA/Video/Ensemble 2 wqpf04.mp4

« Model forecasts initially did not simulate well the strong, compact storm near the
Kamchatka Peninsula with strong surface high pressure to southeast. The
ensuing strong southerly flow of warm, moist air into the North Pacific led to a
latent heat-induced positive feedback loop that is absent in model forecasts.

[VIDEOY] https://res.cloudinary.com/amuze-interactive/video/upload/q_auto/v1705546339/ametsoc/SE-2A-DB-
B8-84-2A-93-C3-54-AB-19-D3-81-21-6F-DA/Video/Ensemble 3 08mba6.mp4

[VIDEOY] https://res.cloudinary.com/amuze-interactive/video/upload/q_auto/v1705546358/ametsoc/SE-2A-DB-
B8-84-2A-93-C3-54-AB-19-D3-81-21-6F-DA/Video/Ensemble 4 ysxulp.mp4

« It is critical to accurately simulate the build up of the trough and ridge over
the Kamchatka Peninsula and central North Pacific respectively in the days prior
to the EPR cluster. Such upstream effects on predictability have been
documented in Sisco 2021

[VIDEOY] https://res.cloudinary.com/amuze-interactive/video/upload/q_auto/v1705546606/ametsoc/SE-2A-DB-
B8-84-2A-93-C3-54-AB-19-D3-81-21-6F-DA/Video/Ensemble_5_fnxvib.mp4
[VIDEOY] https://res.cloudinary.com/amuze-interactive/video/upload/q_auto/v1705546628/ametsoc/SE-2A-DB-
B8-84-2A-93-C3-54-AB-19-D3-81-21-6F-DA/Video/Ensemble_6_tifdwx.mp4
« Model predictability improved as the EPR cluster started and progressed.
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« Models show better skill at predicting the persistence of the wet synoptic-scale
pattern once it starts.

[VIDEOY] https://res.cloudinary.com/amuze-interactive/video/upload/q_auto/v1705547890/ametsoc/SE-2A-DB-
B8-84-2A-93-C3-54-AB-19-D3-81-21-6F-DA/Video/Ensemble 7 wwo6vs1l.mp4
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ABSTRACT

Long-lived and widespread extreme precipitation periods often lead to flooding, causing loss of life and property. Forecasting such periods is still
a significant challenge. As an example, a succession of three extreme precipitation regimes (EPRs) in eastern North America in February 2019
contributed to major flooding in the Ohio and Mississippi Valleys, a record wet winter in the contiguous United States, and unusually snowy
winter in Ontario and Quebec, especially north of the St. Lawrence River. This exceptionally wet period was not predicted by numerical weather
models or the Climate Prediction Center (CPC) beyond a two-week lead time. We assess the farthest lead time at which the numerical weather
models, specifically the NCEP Global Ensemble Forecast System (GEFS) and ECMWF Ensemble Prediction System (EPS), finally skillfully
predicted the wet period. From the model data, I hypothesize relevant synoptic-scale features in the North Pacific and/or North America that are
especially important to simulate to predict EPRs skillfully.
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