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The Limits of the Deluge
How Extreme Can Atmospheric Rivers Get? \
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Atmospheric Rivers (ARs)

Proportion of insured losses due to ARs
December 19-26, 1964

501
WRF 9km IVT (kg m' s™'; shaded and vectors) and SLP (hPa; contours)
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What is Probable Maximum Precipitation (PMP)?

Theoretically: “the greatest depth of precipitation for
a certain duration meteorologically possible for a given
size storm area at a specific time of year” (WMO, 2009)
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Designing for probable maximum flood (PMF)

Precipitation
(PMP)

Flooding
(PMF)
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PMP in US: Hydrometeorological Reports

HMR: 1961-1999

HMR-57
Published in 1994

! e

Data and assumptions made in HMRs
are outdated—need to be updated

Statewide PMP updates:

NE, CO, NM, WY, OH, AZ, VA,
PA, MD, HI, NC, TX, and NJ -2 W ; b
Site specific PMPs i N -

Source: National Weather Service
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What is the current understanding of extreme ARs?
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What is the current understanding of extreme ARs?

Process #1 Process #2 Process #3

Upslope/Orographic Back-to-Back Storms Short-duration, high-intensity
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Developing an AR-Based PMP

' Colorado - New Mexico
Regional Extreme Precipitation Study

Summary Report

Volume Il

Deterministic Regional Probable Maximum
Precipitation Estimation

November 30,2018

methods

Contenzs lises wvailable 3¢ ScienceDirect

Journal of Hydrology

FISEVIFR joumnal homepsge: www.slsevier.comilocstefjhydral

Rescarch papers

Estimation of Long-duration Maximum Precipitation during a winter season | #8
for large basins dominated by Atmospheric Rivers using a Numerical

Weather Model

Yusuke Hiraga™ ", Yoshihiko Iseri*, Michael D. Warner °, Chris D. Frans"®, Angela M. Duren®,
John F. England “, M. Levent Favvas *

* Dt of Ol anel Eirantal Enginacing, Universty of Calforni, Duvt, D, CA, Uit Stats
* St D, U5, Arsy Corgs of Engineer, Sesil, Wo, Uit States

rrrrrrrr

NATIONAL
ACADEMIES

Engineering
Medicine

Framework for the next 10-15 years of PMP

Modernizing Probable Maximum
Precipitation Estimation

NATIONAL
ACADEMIES
PRESS

Washington, DC
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Developing an AR-Based PMP for Oregon

e R
Our study area (Oregon): "N ot} ’“:‘F““?‘
> 700 State regulated dams (96 high-hazard) = .’ ’“"‘Eiw /‘,k
> 170 Federal regulated dams by | f%

e OREGON
b . WATER

RESOURCES
DEPARTMENT
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Project workflow to improve HMR PMP estimates

Select Main Events

Reconstruct WRF
/ Precipitation

How much bigger storms could be?

Gather feedback from
a panel of external
reviewers throughout
the process to improve
our methodologies

7 N 5
Moisture Storm o o0,
Maximization Transposition o
T Baseline PMP —
|
Validation WRF
l

Climate Change | WRF
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How are we approaching this problem?
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Numerical Weather Prediction (modelling)

* Using the Weather Research and
Forecasting (WRF) model

* Mountain-resolving simulations with
physically-driven processes

36 events identified and analyzed

following improved HMR, 8 modelled
in WRF (so far)

Center for Western Weather
and Water Extremes

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO
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Are the ARs we consider maximized already?

Two factors: Dynamics and Thermodynamics
As air temperature T so does moisture T
Moisture increases by ~12-26% in storms we modelled

WRF 9km IVT (kg m" s'; shaded and vectors) and SLP (hPa; contours) I ‘ ‘ ‘ I
ERAS Init: 0000 UTC 12/18/1964 F-24: Valid: 0000 UTC 12/19/1964 .
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Precipitation change when maximizing moisture

Control

3-Day Max

Precipitation Ration — Precipitation Change

inches

ratio

- 1.2

- 1.0

inches
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Storm Transposition Schematic

WRF

Control WRF Transposed 5°N

WRF 9km IVT (kg m™ s™'; shaded and vectors) and SLP (hPa; col WRF 9km IVT (kg m" s™'; shaded and vectors) and SLP (hPa; contours)
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AT =2.2°C

3-day rainfall
Grids 1935-Jan-21 - 1935-Jan-23 Inclusive
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Maximizing extreme ARs for Oregon

Grids 1950-Oct-27 - 1950-Oct-29 Inclusive [gridsource: Livneh]
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Grids 1962-Oct-12 - 1962-Oct-14 Inclusive [gridsource: Livneh]
52

1. Maximize moisture

2. Transpose the storm
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3-Day Max
Precipitation

Moisture Maximized & Transposed

Moisture Maximization and Storm Transposition
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Concluding Remarks

3-Day Max
Precipitation Moisture Maximized &
Control . Moisture Maximized Transposed
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EXTRA SLIDES
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Model configuration—tested and implemented

Tested

Option __________Jvariants______

Domain Large domain, coast-
aligned, and small domain

Vertical Resolution 100- vs. 45-levels

Nudging Off, Grid-scale, or Spectral

One-way, Two-way (3
variants)

Nesting

Parameterizations not tested—used what has been used
most frequently for the Pacific Northwest (e.g., West-
WRF, WRF-UW operational forecasting, HRRR, etc.)
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Storm Reconstruction of Shortlist

Input data
Horizontal resolution
Vertical levels
Temporal Resolution
Spin-up
Microphysics

PBL

Shortwave & Longwave
Land surface
Surface layer
Cumulus

Nudging

One-way Nesting

ECMWEF reanalysis data (ERA5)
9 km / 3 km km

106 45

30min 1h

24h

Thompson

YSU

RRTMG

Noah-MP
Monin-Obukhov Similarity
Grell-Freitas

3-hrly Spectral (~1,000 km scale)
Winds, Temperature, and Moisture



Reconstruction of extreme ARs with WRF

WREF - Livheh
AFI{IFEvents Bebwesn 1R%goluzt%18|fference Percent anference
36 storms modelled with WREF: m el
""* *\ ;'; ;
Total precipitation during the events in ‘ <« g
WRF has a dry bias along the coastal ~'a ok
ranges relative to Livneh (Obs. Product)
but a wet bias in the Oregon Cascades ¥ <k
£
Validation — focused on gauge rather than g A
interpolated datasets b
0 5 10 15 20 -5.0 =25 00 25 50 =50 -25 O 25 50
inches inches %
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December 1964 AR along CA/OR border

1964-12-18 Event: Maximum 72-hour Precip (mm)

WRF

1964-12-21 08:00 - 1964-12-24 08:00

—-132 -128 -124
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December 1964 AR along CA/OR border

Precipitation in WRF penetrates
more inland at the expense of lower
coastal precipitation totals

Across the area of the storm, the
depth-area curve for 3-day
precipitation is higher in WRF than in
the observations product (Livneh)
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Max 27km? value 3D Depth-Area Curve

WRF - Livneh
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Climatology of extreme ARs along the West Coast

WRF 9km IVT (kg m" s'; shaded and vectors) and SL WRF 9km IVT (kg m"' s”'; shaded and vectors) and SLP (hPa; contours)
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How has moisture maximization been done in WRF

Moisture modification methods:

1. Moisture maximization (RHM), original approach to
moisture modification

2. Moisture perturbation (RHP):

1. Range of uniform increase to RH (e.g., 1.1x, 1.2x, etc.)

2. RH perturbation based on climatological ratios of water vapor

Avoids supersaturation and uses an IVT envelope (e.g., >250 kg/m/s)

3. Moisture scaling by climatological temperature

=% WEST
and® CONSULTANTS

WWWWW | ENVIRONMENTAL | SEDIMENTATION | TECHNOLOGY

(a) Ohara et al. (2011), Ishida et al. (201Sa b)

4—» :

Storm T T TT

Strong AR events  transposition Moisture maximization

(b) Toride et al. (2019), Tarouilly et al. (2024)
1. Identification of high potential storms
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Historical Storm
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2. Storm maximization

__________ Simultaneous optimization ,
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