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

2013/14: CW3E Launched

reat Plains Convection
in g and summer)

Water Prediction

Education

2023-2024: Development of CW3E
2nd Five-Year Strategic Plan
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2025-2029
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Research, Prediction and
Applications

* FIRO: Resilient Water
Management

* Novel Observations

» Advanced Precipitation and
Streamflow Prediction
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https://cw3e.ucsd.edu/wp-content/uploads/CW3E_Strategic_Plan_2025.pdf



Western U.S. water managers need better S&S forecasts of precipitation

From Days to Decades: Lead-Dependent Water Management Decisions Impacted by Multi-Scale Weather and
Climate Variability
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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/10.1029/2021E0159749.



Western U.S. water managers need better S&S forecasts of precipitation

From Days to iI-Scale Weather and
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Lake Oroville, 2014 (top) vs. 2017 (bottom).
Image credit: Justin Sullivan
Atmospheri _
Transient Better Subseasonal-to-Seasonal Forecasts for Water Climate Change
Management
“Wea nate” |
. Emerging methods that improve precipitation forecasting over weeks to months could support more informed
daily to w smg pravegrectiiiation] &2 PP f decadal to century
resource management and increase lead times for responding to droughts and floods.
. . . . . . Image credits: Ralph et al. 2019;
Adapted from Merryfield | By Michael J. DeFlorio, F. Martin Ralph, Duane E. Waliser, Jeanine Jones, and Michael L. Anderson NOAA: NOAA: Josef Friedhuber

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/10.1029/2021E0159749.



Overview of CW3E Subseasonal Research and Experimental Forecast Products

Forecast Product Lead(s) Predictands Lead Times Development stage Ass.om.ated
Publication(s)
Weeks 2-4 AR activity : - : DeFlorio et al. 2019a,b
outlooks Mike DeFlorio AR frequency Subseasonal Public (Cli. Dyn., JGR-A)
Weeks 1-6 ridging outlooks Peter Gibson® Z500/ridge types Subseasonal Public Ellzsrel _et el A020% 0 (Gl
Clim., JGR-A)
hieele gﬁlg\(lj'\;(;ntensny Zhenhai Zhang? AR intensity Subseasonal Public Zhang et al. 2023 (JGR-A)
Castellano et al. 2023
WS LoD YN Elelitzl)) Chris Castellano? USLEUIATETIE AR Subseasonal Public (JGR-A); Wang et al. 2023
outlooks frequency
(JHM)
: Andy Robertson3, Juan
UEELS L0 THEEUIEIF (RS me Ying3, Bohar Singh3, | Circulation regimes Subseasonal Public REEIEEEIE, AU
outlooks 2 S (MWR)
Angel Mufioz
) - 1 g
Weeks 2-4 AR cluster Zhiqgi Yang?, Mike Unigue AR clusters Subseasonal Internal Yang et al. 2024 (Nat.

outlooks

DeFlorio?

Comm.)

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

Center for Western Weather
and Water Extremes

(’ SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

= subseasonal lead times
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F. Martin Ralph
(Chair; Director, CW3E)

Kristen Guirguis Andrew W. Roberston Cristiana Stan

(SIO/CW3E) (IRI) (GMU)

\ Center for Western Weather
2 and Water Extremes
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L /
Xubin Zeng
(U. Arizona)

CW3E S&S Advisory Panel: 2023-2026 Members

Recruitment of new S&S
Advisory Panel focused on
expanding diversity
(including gender,
Institution, career stage,
expertise)

A key objective in recruiting
a 2"d 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

Observations AR Reconnaissance Forecasts News & Publications CW3E North

CW3E Subseasonal and Seasonal (S&S) Outlook Archive

CW3E produces S&S outlooks weekly/biweekly during the October — March wet season. These outlooks include multi model forecast tools developed at
CW3E focused on precipitation, atmospheric rivers, and ridging over the Northeast Pacific and Western U.S. with input and interpretation from CW3E
personnel alongside these forecast tools. The first outlook of each month will include monthly updating seasonal forecasts out to several months, and
both monthly outlooks will include subseasonal forecast tools with lead times up to six weeks.

| T Il CW3E Subseasonal Outlook: 25 March 2025

CW3E Subseasonal Outlook: 18 March 2025

CW3E Subseasonal Outlook: 11 March 2025

- cusmsbsesonal udon: 4 e 5z CW3E-DWR Subseasonal and Seasonal

Outlook Team

Chris Castellano, Jiabao Wang, Zhiqgi Yang
(Leads)

=— CW3E Subseasonal Outlook: 25 February 2025

CW3E Subseasonal Outlook: 18 February 2025

LT AT Julie Kalansky, Mike DeFlorio, Marty Ralph,

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

Mike Anderson (DWR), Angelique Fabbiani-

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

Center for Western Weather
and Water Extremes

é SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO
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CWa3E increased Subseasonal and Seasonal Outlook frequency and breadth of

content during WY25

« CWB3E produced 19 Subseasonal
and 2 Seasonal Outlooks during
WY25

(https://cw3e.ucsd.edu/cw3e s2s outlook archive/)

Summary: Subseasonal Precipitation Outlook by Model

‘ This slide shows the CW3E synthesis of subseasonal products by model ‘

« 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

Forecasts Initialized 2 Nov 2023

Week 2 (10-16 Nov) Week 3 (17-23 Nov) Week 4 (24-30 Nov)

NCEP'23| ECCC' |[ECMWF"2|Multi-Model| NCEP'22 | ECCC' |ECMWF'2|Multi-Model| NCEP23 | ECMWF?2 | Multi-Model
F t Forecast Forecast

WA/OR

Northern CA
Central CA
Southern CA

Higher Confidence| Lower Confidghce

Models agree on below-noYmal precipitation over Central and
Southern CA during Week ¥; less agreement over Northern CA

* Models agree on below-norinal precipitation over Northern CA during

Week 3; less agreement ovgr Southern and Central CA

Week 4 forecasts are uncertdin

? Uncertain/lack of skj

Subseasonal products included [n this Outlook:
1CW3ENPL Atmospheric River Adivity Forecasts (DeFlorio et al. 2019)
2CW3E/JPL Ridging Forecasts (Gbson et al. 2020)
3IRI North American Weather Regime Forecasts (Robertson et al. 2020)

“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

BAMS

Article

From California’s Extreme Drought
to Major Flooding

Evaluating and Synthesizing Experimental Seasonal and Subseasonal Forecasts of
Landfalling Atmospheric Rivers and Extreme Precipitation during Winter 2022/23

Michael J. DeFlorio, Agniv Sengupta, Christopher M. Castellano, Jiabao Wang,
Zhenhai Zhang, Alexander Gershunov, Kristen Guirguis, Rosa Luna Nifio,
Rachel E. S. Clemesha, Ming Pan, Mu Xiao, Brian Kawzenuk, Peter B. Gibson,
William Scheftic, Patrick D. Broxton, Matthew B. Switanek, Jing Yuan,

Michael D. Dettinger, Chad W. Hecht, Daniel R. Cayan, Bruce D. Cornuelle,
Arthur J. Miller, Julie Kalansky, Luca Delle Monache, F. Martin Ralph,

Duane E. Waliser, Andrew W. Robertson, Xubin Zeng, David G. DeWitt,
Jeanine Jones, and Michael L. Anderson

n Center for Western Weather :
" and Water Extremes ’ JPL 5
V i?zlzpsi OOOOOOOOOOOOOOOOOOOOOOOOO Taihoro Nukurangi UNI

GRAZ

DeFlorio et al. 2024 (BAMS)



California Drought Conditions: before and after Winter 2022-2023

« Entering Winter 2022-2023,
California Drought Conditions: Late September 2022 vs. Late March 2023 94% of California was
experiencing at least Severe
drought conditions according
to the U.S. Drought Monitor,

Drougnt Conditions (Percent Area)

September 27, 2022 March 28, 2023 ore 000 o1 0/ [ T

Curment 5534 | 4465|2811 | 195 | 000 | 00O

(s O Lost Wook | 4951 | 5149 | 3508 | 849 | 00 | 00

i reeeeyeey P O P oy B and 41% of California was

camngayo | 00 [0000{ 993 | 714 2110 | o0 experiencing Extreme or

Vg |6 |l s s | o Exceptional drought
{——{i o2 s Dt » By the end of the winter, less
[ 01 e rough 04 Excoptons Do than 10% of the state of

s S, California was experiencing
abor Severe drought conditions, and
B the Extreme and Exceptional
= N/ drought that had evolved over
droughtmonitor.unl.edu years prior had been
eliminated

DeFlorio et al. 2024 (BAMS)
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Drought-Mitigating California AR Landfalls: 26 December 2022 — 17 January 2023

—4 Center for Western Weather

©

and Water Extremes

Dec. 31

Dec. 27

Ralph/CW3E AR Strength Scale
B Weak: IVT250-500 kg mi ¢4

— Jan. 9

B Moderate: IVT»S00-750 kg m ! 5!
B Strong: IVT#750-1000 kg m** 3!
B Extreme: IVT=1000-1250 kg m** 3¢
B Exceptional: VT>1250 kg m ' ¢°F

2 e L
. WY2023

Dec 26 through Jan 17
. -

| I

145°W 140°W 135°W

I
130°W

l
125°W

I
120°W

115°W

.
- -

110°W

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
B, » -
: -
\‘
\'
a) ‘ |
L I II ] . ! | B [ ] I
30 25 20 -15 -10 -05 00 1.0 -0.25 0.0 025 050 075 1.00 1.25 -30 25 -20 15 -10 -05 00 1.0
Normal Water-Years Worth of Missing or Extra Precip Normal Water-Years Worth of Precipitation Normal Water-Years Worth of Missing or Extra Precip

(normal = WY1981-2010) Data: PRISM 4km precipitation

C) minus a) DeFlorio et al. 2024 (BAMS)



CW3E Subseasonal AR Activity Forecasts: December 2022 — January 2023

Forecasts Initialized 22 Dec 2022; Valid 6-12 Jan 2023
NCEP ECCC ECMWF ERA5

Number of AR Days Forecast Anomaly Number of AR Days Forecast Anomaly Number of AR Days Forecast Anomaly Observed Number of AR Days Anomaly
Jan 06 to Jan 12, Forecast da day lead 70enJ2n 06 to Jan 12, Forecast lo21-daylead . _ . Jan 06 toJan 12, Forecast 15_day to 21-day lead 7o Valid: Jan 6 2023 - Jan 12 2023 e g 10
BO°NF < H
! AR 05
F— X*
50°Nf- |
L 0.0
40°N ]
= 30°N : uo.s
ool e g Y IEHRIDR RN [,  ooey SEa g oy e W | b e 0 o NI Y - T : : Nz,
170°W  160°W  150°W  140°W  130°W  120°W  110°W 170°W  160°W  150°W  140°W  130°W  120°W 110°W 170°W  160°W  150°W  140°W  130°W  120°W  110°W oW TeeW 150W 140w 130°W 120°W  T10°W :

Forecasts Initialized 5 Jan 2023; Valid 20-26 Jan 2023 Blue = above normal AR activity
NCEP ECCC ECMWEF ERABRed = below normal AR activity

Number of AR Days Forecast Anomaly Number of AR Days Forecast Anomaly Number of AR Days Forecast Anomaly Observed Number of AR Days Anomaly
700N Jan 20 to Jan 26, Forecast 15-day to 21-day lead 1 70°N"8n 20 to Jan 26, Forecast —day to 21-day lead 1 70’NJa" 20 to Jan 26, Forecast 15-day to 21-day lead 1 y Valid: Jan 20 2023 - Jan 223 —— 1.0
B60°Np = 60°Nf = H
0.5 = +40.5 I 2 0.5 05
[ X [ x
50°N 50°N ¢
0 ¥ o 0 - 40 0.0
40°N [~ 40°NF B
-0.5 : 1-0.5 I : L ;
" g ) — : i 0.5 } u 0.5
20°N A e 1 20°N oSN A A P~ $ 552 TR S 2 i—l 20°N T gy iy R T T g T ot i S e “_1 Somil . 8 . ;' 2 10
170°W  160°W  150°W  140°W  130°W  120°W  110°W 170°W  160°W  150°W  140°W  130°W  120°W  110°W 170°W  160°W  150°W  140°W  130°W  120°W  110°W Now Te0wW 150W 140w 130°W 120" A :

* 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)



December 2022 — January 2023
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Case studies from WY25



Southern California Wildfires: January 2025

s, e ik
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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

Summary: Subseasonal Precipitation Outlook by Model

This slide shows the CW3E synthesis of subseasonal products by model

Forecasts Initialized 19 Dec 2024

Region Week 2 (26 Dec—1 Jan) Week 3 (2-8 Jan) Week 4 (9-15 Jan)
WAOR W - ; N NMN\\\

Higher Confidence | Lower Confidence

MMM
227

? Uncertain/lack of skill

* High degree of uncertainty in precipitation over all of CA during Week 2

* Models lean towards below-normal precipitation over all of CA (with low
confidence) during Weeks 3—4

Subseasonal products included in this Outlook:
'CW3E/JPL Atmospheric River Activity Forecasts (DeFlorio et al. 2019, Zhang et al. 2023)
2CW3E/JPL Ridging Forecasts (Gibson et al. 2020)

3IRI North American Weather Regime Forecasts (Robertson et al. 2020)

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT

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



Ridging Forecasts: Weeks 3—4 (NCEP vs. ECMWF)
NCEP ECMWF Forecasts Initialized 19 Dec 2024

CW3E Subseasonal Ridging Forecast CW3E Subseasonal Ridging Forecast
(Uses NCEP CFSv2 model) (Uses ECMWF model)

North-ridge type (lead time: weeks 3 & 4) North-ridge type (lead time: weeks 3 & 4) * N C E P IS forecaStl ng d h Igh

E w0 Genaerated: December 19 2024 Valid: January 02 -1o- January 16 %— ] Generated: Decemnber 19 2024 Walid: January 02 —to- January 16 Iik.el i h ood (8 1 % en Se m ble

E . N ;e N agreement) of above-normal

=] 0, E o, . . .

i. - ﬁ I L) 2% North-ridge activity during

g UL LIVl §. Weeks 3—4 (2—-16 Jan)
mmmmmmmmmmmmmmmm @ dry conditions @ dry conditions

- - ERAS dimatology NCEP ensemble member B wet conditions ) ECMWF ensemble member B wel conditions

- - ERAS climatology

South-ridge type (Lead time: weeks 3 & 4) South-ridge type (Lead time: weeks 3 & 4) * ECMWF IS also forecaStlng
e — i ——— above-normal North-ridge
activity with moderate
likelihood (58% ensemble
agreement)

Generated: December 19 2024 Walid: January 02 -1o- January 16
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weak south-ridge signal, <50% agreemen weak south—ri ianal, <50% agreement]
NCEP ensemble membar L ge signal, <3 = ] ECMWF ensemble member [weak south-ridge signal, <50% agreemsant]

West-ridge type (Lead time: weeks 3 & 4) West-ridge type (Lead time: weeks 3 & 4) * Both models are forecastin g
Generated: December 192024 | Valid: January 02 -1o- January 16 near_normal South_ridge
activity

Generated: December 19 2024 Yalid: January 02 —lo- January 16
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Models agree on moderate-to-high likelihood of above-normal ridging activity Center for Western Weather
over the Pacific Northwest during Weeks 3—4 (2—16 Jan) {y B o Vater Exremes
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IRI North American Weather Regime Forecasts

CFSv2 daily winter WRs max probability forecast (%) 48 members from Oct 1 to Dec 19 2024

1O,
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Pacific Ridge
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Verification date (days)

This graphic shows the which of the four North American weather regimes (different colors) is
most likely to occur over the next 45 days. Darker (lighter) shading denotes higher (lower)
probability of a particular regime. See the next slide for temperature/precipitation implications.

Forecast Initialized 19 Dec 2024

Daily forecast out to 45-day lead time
based on NCEP CFSv2 ensemble

High likelihood (> 75% ensemble
agreement) of regime transition from
Pacific Trough to Greenland High
during Week 2 (26 Dec — 1 Jan)

Moderate likelihood (50-75%
ensemble agreement) of regime
transition from Greenland High to West
Coast Ridge during Week 3 (2—-8 Jan)

Moderate likelihood (50-75%
ensemble agreement) of West Coast
Ridge persisting to Week 4 (9-15 Jan)

For more information about the forecast product: https://wiki.iri.columbia.edu/index.php?n=Climate.S2S-WRs




Subsequent AR/precipitation period: early February 2025

Forecasts Initialized 20 Jan 2025; Valid: 3-9 Feb 2025

NCEP Forecasted AR Activity [AR Days per Week] ECCC Forecasted AR Activity [AR Days per Week] ECMWF Forecasted AR Activity [AR Days per Week]
70N Initialized: 2025-01-20 Valid: 2025-02-03 to 2025-02-09 70N Initialized: 2025-01-20 Valid: 2025-02-03 to 2025-02-09 70N Initialized: 2025-01-20 Valid: 2025-02-03 to 2025-02-09
5 (68 =
30 30 30
80°N 25 80°N 25 60N 25
20 20 20
S0°N 50°N 50°N
15 15 15
10 10 } 10
40N 40°N 40°N
075 0.75 075
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NCEP Forecasted AR Activity Anomaly [AR Days per Week] ECCC Forecasted AR Activity Anomaly [AR Days per Week] ECMWF Fi AR Activity A y [AR Days per Week]
720N Initialized: 2025-01-20 Valid: 2025-02-03 to 2025-02-09 Initialized: 2025-01-20 Valid: 2025-02-03 to 2025-02-09 = Initialized: 2025-01-20 Valid: 2025 02-03 to 2025-02-09
i~ 0N g - 5 70°N -
G 2 30
- 20
60N 80N 60N 15
1.0
0.75
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30°N

=l
. .

4

a
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b 075
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20°N
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Shading: Fractional # of AR days forecast over a 7-day period (top) and forecast minus model
climatology (bottom; green/blue = higher than climatology; brown = lower than climatology)

« NCEP and ECCC correctly predicted the AR activity over Northern CA and OR, although with
underestimation of the magnitude; ECCC predicted the center of AR activity too far north compared to
what was observed; ECMWF predicted too little AR activity over the western US

 NCEP and ECMWEF underestimated the inland penetration of AR activity over the interior western US

+ A few ARs produced heavy precipitation (5-13 inches) over Northern CA, Sierra Nevada, and coastal CA
during 3-5 Feb and 7 Feb

- Valid: Feb 3 2025 - Feb 9 2025

20°N + T T T T T T
170°W  160°W 150°W 140°W 130°W 120°W 110°W

Observed (GFS Analysis)
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NDJ and JFM Seasonal Forecasts: WY25



CW3E Seasonal Machine Learning Forecasts: NDJ 24-25

OBS (NDJ)

PRISM Precipitation Anomaly (%)
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FORECAST (NDJ)

62% chance of a wet north and dry south in the Western U.S.
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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)

PRISM Precipitation Anomaly (%)
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FORECAST (JFM)

All models favor a wet north/dry south
pattern in the Western US

Possible Precipitation Pattern 4
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« 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
(3RP 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)



Center for Western Weather
and Water Extremes




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

