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2013/14:  CW3E Launched

Strategic Priority Areas

• Atmospheric Rivers and 
Extreme Precipitation 
Research, Prediction and 
Applications

• FIRO: Resilient Water 
Management

• Novel Observations

• Advanced Precipitation and 
Streamflow Prediction

Center for Western Weather and Water Extremes (CW3E): Overview

CW3E Director:    Dr. F. Martin Ralph

CW3E Director of Research:  Dr. Luca Delle Monache

CW3E Deputy Director of Operations: Dr. Julie Kalansky

https://cw3e.ucsd.edu/wp-content/uploads/CW3E_Strategic_Plan_2025.pdf

2023-2024: Development of CW3E’s 

2nd Five-Year Strategic Plan 

2025: Strategic Plan Launched on 

CW3E Website



daily to weekly subseasonal seasonal annual to interannual decadal to century 
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• Identify Vulnerabilities

• Develop Adaptation 

Strategies
• Prioritize Implementation

• Extremes Response

• Program Funding

• Situational Awareness 
for Governance

• Extremes Response

• Resource Planning

• Situational Awareness

• Resource Positioning

• Advance Planning

• Extremes Response

• Reservoir Management
• Flood Emergency 

Response
• Situational Awareness

P
h

y
s

ic
a
l 
P

ro
c
e
s

s
e
s

 

Im
p

a
c
ti

n
g

 P
re

d
ic

ta
b

il
it

y

El Niño-Southern Oscillation (ENSO) Climate Change

Madden-Julian Oscillation 

(MJO), Quasi-Biennial 

Oscillation (QBO)

Atmospheric Rivers, 

Transient Eddies

Forecast Lead Time

From Days to Decades: Lead-Dependent Water Management Decisions Impacted by Multi-Scale Weather and 

Climate Variability

Adapted from Merryfield et al. 2020 (Fig 1).
Image credits:   Ralph et al. 2019; 

NOAA; NOAA; Josef Friedhuber

Lake Oroville, 2014 (top) vs. 2017 (bottom). 

Image credit: Justin Sullivan

“Weather” “Climate”“S2S”

DeFlorio, M. J., F. M. Ralph, D. E. Waliser, J. Jones, and M. L. Anderson (2021): Emerging methods supporting water management at 

subseasonal-to-seasonal (S2S) lead times. EOS, 102, https://doi.org/10.1029/2021EO159749.

Western U.S. water managers need better S&S forecasts of precipitation
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El Niño-Southern Oscillation (ENSO) Climate Change

Madden-Julian Oscillation 

(MJO), Quasi-Biennial 

Oscillation (QBO)

Atmospheric Rivers, 

Transient Eddies

Forecast Lead Time

From Days to Decades: Lead-Dependent Water Management Decisions Impacted by Multi-Scale Weather and 

Climate Variability
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NOAA; NOAA; Josef Friedhuber

Lake Oroville, 2014 (top) vs. 2017 (bottom). 
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“Weather” “Climate”“S2S”

DeFlorio, M. J., F. M. Ralph, D. E. Waliser, J. Jones, and M. L. Anderson (2021): Emerging methods supporting water management at 

subseasonal-to-seasonal (S2S) lead times. EOS, 102, https://doi.org/10.1029/2021EO159749.

Western U.S. water managers need better S&S forecasts of precipitation
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Overview of CW3E Subseasonal Research and Experimental Forecast Products

Forecast Product Lead(s) Predictands Lead Times Development stage
Associated 

Publication(s)

Weeks 2-4 AR activity 

outlooks
Mike DeFlorio1 AR frequency Subseasonal Public

DeFlorio et al. 2019a,b 

(Cli. Dyn., JGR-A)

Weeks 1-6 ridging outlooks Peter Gibson5 Z500/ridge types Subseasonal Public
Gibson et al. 2020a,b (J. 

Clim., JGR-A)

Weeks 2-4 AR intensity 

outlooks
Zhenhai Zhang1 AR intensity Subseasonal Public Zhang et al. 2023 (JGR-A)

Weeks 1-6 AR/IVT anomaly 

outlooks
Chris Castellano1 Total IVT and AR 

frequency
Subseasonal Public

Castellano et al. 2023 

(JGR-A); Wang et al. 2023 

(JHM)

Weeks 1-6 weather regime 

outlooks

Andy Robertson3, Juan 

Ying3, Bohar Singh3, 

Ángel Muñoz3

Circulation regimes Subseasonal Public
Robertson et al. 2020 

(MWR)

Weeks 2-4 AR cluster 

outlooks

Zhiqi Yang1, Mike 

DeFlorio1 Unique AR clusters Subseasonal Internal
Yang et al. 2024 (Nat. 

Comm.)

1 CW3E/SIO-UCSD; 2 NASA JPL; 3 IRI; 4 University of Arizona; 5NIWA

Green = subseasonal lead times



CW3E S&S Advisory Panel: 2023-2026 Members

F. Martin Ralph

(Chair; Director, CW3E)

Kristen Guirguis

(SIO/CW3E)

Andrew W. Roberston

(IRI)

Cristiana Stan

(GMU)

Xubin Zeng

(U. Arizona)

• Recruitment of new S&S 

Advisory Panel focused on 

expanding diversity 

(including gender, 

institution, career stage, 

expertise)

• A key objective in recruiting 

a 2nd Advisory Panel team: 

continue to foster CW3E’s 

role within the S&S 

Community as a magnet 

for collaboration, 

inclusivity, innovation, 

and connecting research 

to stakeholder needs



CW3E Subseasonal & Seasonal Outlooks: A Collaboration between CW3E and DWR

CW3E-DWR Subseasonal and Seasonal 

Outlook Team

Chris Castellano, Jiabao Wang, Zhiqi Yang 

(Leads)

Julie Kalansky, Mike DeFlorio, Marty Ralph, 

Lauren Alkire (DWR), Anthony Burdock (DWR), 

Mike Anderson (DWR), Angelique Fabbiani-

Leon (DWR), Ramesh Guatam (DWR), Dave 

Rizzardo (DWR)
8



CW3E increased Subseasonal and Seasonal Outlook frequency and breadth of 

content during WY25

• CW3E produced 19 Subseasonal 

and 2 Seasonal Outlooks during 

WY25 
(https://cw3e.ucsd.edu/cw3e_s2s_outlook_archive/)

• These outlooks summarize and 

consolidate subseasonal (2-6 

week lead) and seasonal (1-3 

month lead) forecast information 

from multiple models and 

institutions, and also provide 

Water Year to Date observations 

of precipitation and snowpack 

across the western U.S.

• Each spring/summer, CW3E 

collaborates directly with DWR 

end users to modify and improve 

the outlooks

“Lower confidence” dry “Higher confidence” dry

DeFlorio et al. 2024 (BAMS)

https://cw3e.ucsd.edu/cw3e_s2s_outlook_archive/


Applications of Subseasonal Research and Experimental Forecasting Products in Recent WYs



Applications of Subseasonal Research and Experimental Forecasting Products to Winter 2022-2023

DeFlorio et al. 2024 (BAMS)



California Drought Conditions: before and after Winter 2022-2023

• Entering Winter 2022-2023, 

94% of California was 

experiencing at least Severe 

drought conditions according 

to the U.S. Drought Monitor, 

and 41% of California was 

experiencing Extreme or 

Exceptional drought

• By the end of the winter, less 

than 10% of the state of 

California was experiencing 

Severe drought conditions, and 

the Extreme and Exceptional 

drought that had evolved over 

years prior had been 

eliminated

DeFlorio et al. 2024 (BAMS)



Drought-Mitigating California AR Landfalls: 26 December 2022 – 17 January 2023

DeFlorio et al. 2024 (BAMS)

• Nine ARs made landfall along 

the California coastline during 

the three-week period 

spanning from 26 December 

2022 – 17 January 2023

• This family of landfalling ARs 

alleviated multiyear drought 

and replenished reservoirs 

across the state



DeFlorio et al. 2024 (BAMS)

Water-Years worth of missing or extra precipitation: before and after December 2022 – 

January 2023 regime shift into strong AR conditions that alleviated state-wide drought

Oct 2019 – Nov 2022 Dec 2022 – Jan 2023 Oct 2019 – Jan 2023

Data: PRISM 4km precipitation

c) minus a)



CW3E Subseasonal AR Activity Forecasts: December 2022 – January 2023

Blue = above normal AR activity

Red = below normal AR activity

• AR activity outlooks from early December skillfully predicted a large signal of AR activity impacting the western U.S. coastline at 

week-3 lead, but there were errors in the timing and landfall location of ARs

• AR activity outlooks from late December skillfully predicted impactful AR activity along the entire western U.S. coastline at week-3 

lead, but there was an underestimation of inland-penetrating AR activity

• ECCC and ECMWF week-3 forecasts captured return to below normal AR activity in late January 2023 DeFlorio et al. 2024 (BAMS)



CW3E Subseasonal AR Activity Forecasts: December 2022 – January 2023

DeFlorio et al. 2024 (BAMS)



Case studies from WY25



Southern California Wildfires: January 2025

Image credit: AP Image credit: AP

• 14 destructive wildfires impacted Los Angeles and San Diego counties between 

January 7, 2025 – January 31, 2025

• Estimated damages range from $10-$20 billion for insurance claims (source: Moody’s)

• Likely an order of magnitude higher for total damage (including property)



CW3E Subseasonal Synthesis Product: 26 December 2024 – 15 January 2025

• Multi-model subseasonal 

synthesis forecasts for 

January 2-8 (week-3) and 

January 9-15 (week-4) 

tilted odds towards 

drier than normal 

conditions across the 

western U.S. coastline



CW3E Subseasonal Synthesis Product: 26 December 2024 – 15 January 2025



CW3E Subseasonal Synthesis Product: 26 December 2024 – 15 January 2025



Subsequent AR/precipitation period: early February 2025



NDJ and JFM Seasonal Forecasts: WY25



CW3E Seasonal Machine Learning Forecasts: NDJ 24-25

OBS (NDJ) FORECAST (NDJ)

• 62% of ensemble members (CW3E ML models + NMME) tilted odds towards wetter than normal 

conditions over Pac NW / NorCal and drier than normal conditions over SoCal/desert SW



CW3E Seasonal Machine Learning Forecasts: JFM 24-25

OBS (JFM) FORECAST (JFM)

• All ensemble members (CW3E ML models + NMME) tilted odds towards wetter than normal 

conditions over Pac NW / NorCal and drier than normal conditions over SoCal/desert SW



Future Directions

• Quantitative verification of Subseasonal and Seasonal WY25 products is ongoing 

(3RD Annual DWR/CW3E S&S Verification Workshop: 26 Aug 2025, SIO/Virtual)

• Exploring use of data-driven models to improve fidelity of subseasonal forecasts of 

ARs over California (Z. Yang, J. Wang, A. Sengupta and others)

• Introducing hybrid dynamical-statistical subseasonal prediction system for ARs, 

temperature, Santa Ana Winds, and other relevant impacts over California (Guirguis 

et al. 2023, Guirguis et al. 2020)

• Plan to launch this on CW3E S&S Website at start of WY26

• New seasonal prediction system for western U.S. precipitation based on evolving sea 

surface temperature information will be launch on CW3E S&S website in November 

2025 (Sengupta et al. 2025)



Thank you!

mdeflorio@ucsd.edu 
cw3e.ucsd.edu/s_and_s_forecasts

Rancho Mission Viejo/Santa Ana Mountains

Photo credit: M. DeFlorio, 2024
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