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and-Numerical Modeling Method
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Where we started off...



Flooding in Oregon (“Thousand Year Flood” of 1964)
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Atmospheric Rivers
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Atmospheric Rivers (Continued)

ATMOSPHERIC RIVER

HEAVY RAIN AND SNOWFALL

MELTING LAYER

Source: NASA Center for Climate Simulation
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Main Cause of Flood Damages

= Atmospheric Rivers (AR)
cause
the big Oregon floods.

0 >98% of insured losses.
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Dams in Oregon

Oregon has:

>700 State regulated dams (96
High-Hazard Potential Dams)

>170 Federal regulated dams

Provide guidance for small and
large dam owners
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Spillway Design

Precipitation
(PMP)

Flooding
(PMF)
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Source: Association of State Dam Safety Officials



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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PMP in US: Hydrometeorological Report

HMR-57
(Published: 1994)

HMR 58, 59 _'-' A

Statewide PMP updates:
NE, CO, NM, WY, OH, AZ, VA,
PA, MD, HI, NC, TX, and NJ
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Phase 1 (Completed June 2023)

* Evaluated HMR’s .

assumptions
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https://cw3e.ucsd.edu/Projects/Oregon/ARCatalog/
https://cw3e.ucsd.edu/Projects/Oregon/ARCatalog/
https://cw3e.ucsd.edu/Projects/Oregon/ARCatalog/

Atmospheric Rivers (AR)

What “ingredients”
cause extreme AR-
driven rainfall?
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Characteristics of Extreme AR Events
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Multiple-Pulse AR Events
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Orographic Interaction
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Where we’'re going...
Improved-HMR Methodology



A deeper look at the HMR methodology

Maximize Adjust to sea level Transpose
P = f(MPW)
Repeat for many storms to get maximum for each location /
Add back ‘
orography

Lack of data + Subjectivity =

lots of assumptions and uncertainties

National Dam Safety Program Technical Seminar



Project Report

Developing AR-Based PMP

Project entitled:

Atmospheric Modeling to Predict Risks to Dams from Extreme Rainfall Events at
Columbia River Basin

; Journal of Hydrology g;
C0|0I'ad0 o New Mexi(o FISEVIF }; Joumnal homepage: www.lsevier comvlocate/jhydrol
Regional Extreme Precipitation Study Research papers ®

Estimation of Long-duration Maximum Precipitation during a winter season |55
for large basins dominated by Atmospheric Rivers using a Numerical

Summary Report Weather Model

V I ” Yusuke Hiraga™, Yoshihiko Iseri®, Michael D. Warner®, Chris D. Frans®, Angela M. Duren®,
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Precipitation Estimation
M. Levent Kavvas
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November 30, 2018 -~ * shihiko Iseri. Yusuke Hiraga, Kinya Toride
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U b, Ancae Bt et - : .
_— several studies have estimated the PMP for a single storm duration, lite atienon has been given o the PP Hydrologic Research Laboratory
ot cstimaion for long daraions oa the onder of several monthe. Ths o bew framework uing 8 = . _
o prinic  weather model (OWHE) k- sty o tment of Civil & Environmental Engineering

i season, which i the st part of a fwo-part effort 1o develo the PMP during the winter and sprng seasons. As 8 University of California, Davis
Integrated water vapor wasport (VD) of Boaneville Dam (621,600 kan) and Libby Dam (23,270 ki) in the Columbia River byat
Pt s (W) mospheric rivers (ARS). In the proposed frameork, the hiorcal AR events are dencifed based on th ine
CounbiaRiver Bk (CR8) rated vater vapar transport hresholds used in the AR category scal, The peeciptation depths during the

{acnnified AR cves are then masimized by simalmneoudy opamiring the AR position and 15 stmospheric

moisure. Fnaly, - AR cvent with the

ftong duration AP, :

winter period accumlated basin average precipitation depths long.duration MP, for the drainage areas of
‘Bonneville Dam and Libby Dam, are estmated to be 961.0 mm and 1101.7 mm, respectively. To the authors”

Incwrledgs,
large basins (above 100,000 k) by using the NWM based approach.

Numerical Weather Model-
Based Methods
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Moisture Maximization

HMR 57 Numerical methods

= Scale historical storm’s precipitation " |ncrease moisture directly using model
by the ratio: boundary conditions

= Example from UC Davis’s PMP study
PWeiimatological max (2019) on the Willamette:

PWhistorical storm

~ 1200 UTC 09 Feb 1996
; _CTL RHP130-IVT
e ‘ ;

|
—_—

Maximized Storm Moisture

RT,
outhRlr

%_}%9 FEM A .i)riginal Storm Moistureﬂ

K2 &
8, N
LAND 5%C

/7

National Dam Safety Program Technical Seminar 20



Storm Transposition

HMR Method

= Separate storms into “orographic” and
“non-orographic” components

= Apply horizontal and vertical scaling
factors (based on pre-1994 data)

& FEMA

Numerical Methods

e Shift boundary conditions north or south
(Example from UC Davis Willamette PMP
study, 2019)

a) CTL b))  1.2°South
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National Dam Safety Program Technical Seminar 21



Improved-HMR (“I-HMR”) Method

Updating Selecting Extreme AR- Using Numerical Evaluate Climate * Provide PMP *
climatology rainfall Events Modeling = refine Change Impacts .
dataits ; Event Maximum Total Rain Locations HMR 57’8 Storm On PMP eSt'mateS for
: \\ shifting/moisture Oregon
LN maximization Evaluate
T relationshi '
g | ipS Uncertainty

v as projected by NOAA/GFDL CM2.1

*= Receive feedback from External Review Board
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Phase 2: Developing PMP Started October 2023

+ Task 1: Develop a database of extreme storms and climatologies
+ Task 2: Develop AR-based PMP

+ Task 3: Guidance for the generation of PMF

+ Task 4: External Review Board

+ Task 5: Coordination with Precipitation Frequency Analysis team

Concurrent Study: Updating Precipitation Frequency Estimates in Oregon
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Concurrent Study: Updating Precipitation

Frequency Estimates

= Update Precipitation
Frequency Estimates
using Max-stable
method

= Web tool with
precipitation frequency
estimates and PMP
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NOAA: Modernize PMP Estimation

NOAA: under BIL and PRECIP Act
Modernizing PMP estimation

o October 2022 - October 2024 National Academies Study, NOAA prototyping
research

o 2024 -2026 NOAA responds to, implements study recommendations
o By 2030: New PMP estimates produced, publicly available
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Contacts

Caileen Yu
WEST, Staff Engineer
cyu@westconsultants.com

Luciana Kindl Da Cunha
WEST, Vice President
lcunha@westconsultants.com

David Curtis
WEST, Senior Technical Advisor
dcurtis@westconsultants.com

Tony Janicek
OWRD, Oregon State Engineer
Tony.M.JANICEK@water.oregon.gov

Jay Cordeira

CW3E Atmospheric Science and
Applications Manager
jcordeira@ucsd.edu
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