Empirical Prediction of Atmospheric
Rivers on Subseasonal Timescales

I NN O WI M



Background: What are Atmospheric Rivers (ARs)e

Integrated Water Vapor GFS Analysis Feb 05, 2014 18 UTC
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Detection of Atmospheric Rivers (ARS)

Two key criteria
1. Intensity threshold:

. \é%rﬁcolly integrated water vapor transport (IVT)

» Integrated water vapor (IWV)

2. Geometry (plume-like):

» fotal area
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vertically integrated vapor transport (IVT) anomaly

Atmospheric  Rivers (black outlines) that
impacted the US west coast in Dec 2016.
Source: Barnes et al 2018 CTB proposal




Pacific Northwest
a easterly QBO

Predicting ARs: Large-Scale Influences
Baggett et al (2017) i

......

MJO phase

« Modulafion of Madden Julian Oscillation (MJO) by
the Quasibiennial Oscillation (QBO; Yoo and Son
2016; Son et al 2017)

« Easterly (gw,es’rerly) QBO—-> stronger (weaker) MJO
amplitude in boreal winter

b westerly QBO

* AR activity linked to MJO-QBO

« Anomalous AR activity 4 weeks ahead due to MJO
propagation

. Si%n of anomalous AR activity seems to be a function of

QBO phase

MJO phase
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ERA-Interim composites of anomalous AR
occurrences peak week following days
when MJO was in a particular phase [ | .
during easterly and westerly QBOs TowR ae Ga w8 9 0



Empirical AR model
Mundhenk et al 2018

o Similar me’rhodology to CPC Phase Model
(Johnson et al 2014

* Predictors:
« QBO: westerly vs easterly
« MJO: 8 active phases and 1 inactive phase

180° 165°W 150°W 135°W 120°W
Location of the Alaska (purple), British Columbia
(BC; blue), Washington/Oregon (green), and
California (CA; red) landfall boundaries overlaying
the daily mean integrated water vapor tfransport
(IVT; shaded) from 20 February 2017. The black IVT
vectors highlight an AR that impacted the CA
boundary on that date . Source: Mundhenk et al

(2018)



Objective: Implementing AR guidance at CPC

. : Percentage of Days with an AR Occurence:
» Climate Testbed Proposal (Pl: Libby November=March 1979-2019

Barnes) RS
* Transition the empirical model from = I
) =

Mundhenk et al (2018) to CPC
operations

B
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CPC Empirical AR Forecast Guidance Tool

Example of Day 8-14 AR Forecast

» Product: Daily probabilistic AR forecast to
support CPC precipitation forecasts
* Days 8-14
« Weeks 3-4

8—14 Day

* Training Period: 1979-2014 (also period for
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Observed AR Detection: 2019-2020 Season

# of AR occurrences each month
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Day 8-14 Outlooks: 2019-2020 Verification Summary

Skill of Day 8-14 AR Forecasts

QBO easterly

HSS (all categories) =-1.23
HSS (above)=-6.8
HSS (below)= 8.06

HSS
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HSS Breakdown as a Function of MJO




Day 8-14 Outlook: Forecasting an AR event

 May 16-19 2020--> Two events

« West Coast(AR1 conditions SN
Source: CW3E)

« But also across the Midwest,
coming up from the Gulf and SN
causing massive flooding in
Michigan (7in + in Midland, Ml)

SADQ JO #
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Midland Co, MI. Various
flooding damage photos
as a result of the Edenville
and Sanford dam failures.
Credit: WDIV. Source: NWS




Day 8-14 Outlook Issued May 8 2020
Valid for May 16 — 22 2020

What was forecasted? What was observed?

AR anomallies over 8-14 day period
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Valid

Verification Category What did we get right?
| Hits [elgle] Misse JjfeXelel[elgN)

HSS: 9.66
MJO Phase:
inactive

 Model captures ARs
on west coast and
Midwest

* Overall CONUS
pattern is reasonab

captured (but
shifted)

QBO: easterly



Week 3-4 Qutlook: 2019-2020 Verification Summary

Skill of Week 3-4 AR Forecasts

HSS (all categories): 8.55
HSS (above): 10.77
HSS (below): 3.72

~40 y— Daily Forecasts
* "Official' Friday Forecasts
-60 [ |
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HSS Breakdown as a Function of MJO Percentage of Hits at each Gridpoint




Week 3-4 Outlook: Forecasting an AR Event

Number of US AR Occurrence Days: Jan 25 - Feb 07 20

« West coast AR event: Jan 26- Feb 2
2020 o

« WA/OR: AR 3 conditions
(moderate; Source CW3E)

« /-day precip totals ~7in

SADQ JO #

40°N

Street Flooding on SR-9 in Sumas, WA
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© WSDOT

* The border crossing in Sumas, WA, was closed for more than 24 hours due to flooding along Johnson Creek
* A landslide south of Bellingham, WA, resulted in the closure of the northbound lanes on Interstate 5



Week 3-4 Outlook Issued Jan 10 2020
Valid for Jan 25 - Feb 7 2020

What was forecasted? What was observed?

AR anomalies over 8-14 day period
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WK 3—4 Forecast of Anomalous AR Probabilities
Issued on CO0Z10JAN2020

« Captures ARs In
Pacific NW but not
INn the Southeast

What did we get righte

and (to calc HSS)

1

HSS: 41.32
MJO Phase: 4
QBO: westerly



Summary

* One year of results so not much to “conclude”

« Day 8-14: not adding much skill
« Was able to capture the Michigan flooding event May 2020

« Week 3-4: more skillful west coast and southeast




