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Sierra Snows: WY2023 was a big snow year out West

Snow Water Equivalent at Poison Flat
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Sierra Snows: WY2023 was a big snow year out West

Snow Water Equivalent at Poison Flat
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Sierra Snows: WY2023 was a big snow year out West

Snow Water Equivalent at Poison Flat
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Sierra Snows: WY2023 was a big snow year out West

Summary of snowfall: { §gg;msnow orss Shasta- WY 2023,vs WY 1383
« Ranked peak SWE from snow = Northemy
courses (~200) from 1930’s Sierra
through 2023 P ke evace
« Big years: 1952, 1969, 1983, Sierra | . Tahoe |
2017 and 2023 Central
- Northern, central and southern Naera
shifts observed Carson- |
. WY2023 was particularly e
“large” in the southern and Sierra - [Redian
central Sierra Nevada Lg% Nevada I
o £40° Mono- |
L. | S MY 1.5 2.5
SES g e © SWE(m)

Record-setting water year at snow courses
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WY2023 SWE
in San Juan Basin
(16 SNOTEL Sites)

WY2023 was a big snow year out West

Peak in WY 2023:
+ 30.8 inches SWE

* 152% of normal SWE peak in
San Juan

(normal SWE peak: annual
median SWE peak during WY
1991-2022, 20.3 in.)

The Min., Max., median, 25t
and 75 percentile of SWE are
based on the data during
WY1991-WY2022.

Center for Western Weather
and Water Extremes

Snow Water Equivalent [inch]

Slide courtesy Zhenhai Zhang
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WY2023 was a big snow year out West

Snow Water Equivalent _ Upper San Juan

WY2023 SWE 35
in San Juan Basin MIN MAX
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Upper Colorado Snows: Contribution of ARs

Landfalling ARs '
over the Southern—Baja
California penetrating into the
Southwest U.S.
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California Water: WY2023 was a big year for water resources
Daily Streamflow (HUCS8)

Tuesday, Decenber 27, 2022
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USGS 11335000 COSUMNES R A MICHIGAN BAR CA
(Drainage area: 536 square miles, No. of years of record: 115 - 116 years)
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WY2023 was a big year for water resources

Lake Oroville:
22 July 2021

*

Lake Oroville: Rl w
15 June 2023 i
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WY2023 was a big year for water resources B

Lake Oroville: Lake Oroville: o= o
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WY2023 was a big year for water resources

Water Stored in 28 Western Sierra Reservoirs plus Snowpack
1 Compared to 2000-15I Normals (shading) /1_*:;}\_“'_ \_\\3:_\
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ARs: Late December into Early January Featured several landfalling ARs

U.S. Selected Significant Climate Anomalies and Events
for January 2023

© ATMOSp,
83> 3

On Jan 31, about 42.7% of the contiguous U.S. was in drought, down about 3.6% from

Jan was warmer than average foi the beginning of Jan. Drought conditions expanded or intensified across portions of

the state of AK. l.\nchorage was 7°F the southern Plains, the FL Peninsula and parts of the Rockies, Pacific Northwest,

apove normal —its warmest Jan Midwest and HI. Drought contracted or was eliminated across large parts of the West i Dt
since 2006. and Midwest, and portions of the Plains, Southeast, Northeast and PR. o

Atornado outbreak occurred in IL with
On Jan 16, two tornadoes were nine confirmed tornadoes on Jan 3 —
confirmed by the National Weather  the highest number of tornadoes in Jan,

Service in IA - the state’s first Jan  for the state, since 1989.
tornadoes in more than 50 years.
Much of the Northeast saw record
warmth in Jan. ME, CT, MA, NH,
NJ, Rl'and VT had their warmest

Jan on record.

From Dec 26 to Jan 17, a series of nine
atmospheric river events caused significant
flooding, power outages and mudslides in
CA that resulted in at least 21 deaths, 1,400
rescues and 700 landslides.

NYC remained snowless through the
end of Jan, setting a new latest first
measurable snowfall record that was
previously set on Jan 29, 1973.

wind-toppled trees to portions of HI. weather alerts in late Jan as a slow-moving
Islands of Maui and Molokai reported storm brought freezing rain and accumulating

20-31in. of rainfall over a five-day period. ice to parts of the southern Plains.

During late Jan, a strong low pressure
system brought flooding, landslides and j b About 50 million people were under winter

The average U.S. temperature for Jan was 35.2°F, 5.1°F above average, ranking sixth warmest in the
129-year record. The U.S. precipitation average for Jan was 2.85 in., 0.54 in. above average, ranking

0 in the wettest third of the record.

Please Note: Material provided in this map was compiled from NOAA’s State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/monthly-report/
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*AR conditions over
the coast did not end
between the 31
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* The Atmospheric River Scale is based on
Duration and max Intensity (IVT) at a
specific location

* The AR Scale communicates the potential
benefits and hazards associated with ARs

B AR 5 - Primarily hazardous IMPACTS
] AR4 - Mostly hazardous, also beneficial

[] AR 3 - Balance of beneficial and hazardous

D AR 2 — Mostly beneficial, also hazardous

AR 1 - Primarily beneficial

Ralph etal., BAMS, 2018.
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ERAS IVT (kg m71571, shaded), IVT Vector (arrows), & SLP (hPa; contours)
50°N Valid: 06Z 27 Dec 2022 T
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Nine ARs at their time of maximum coastal IVT magnitude

ERAS IVT (kg m’1 571, shaded), IVT Vector (arrows), & SLP (hPa; contours)
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Integrated water vapor transport (IVT) magnitude (kg/ms; shaded according to scale) and direction (vectors according to
reference; top right) with sea-level pressure (hPa; contours) at time of maximum IVT magnitude over coastal California for each of
nine landfalling ARs on 27 December 2022 through 16 January 2023. Data source is ECMWF ERAS.
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Climatological Perspective: Time-Integrated IVT

Rank of time-integrated IVT for 21-day period ending 0000 UTC 16 Jan 2023 ERAS5, 1959-2022
| e =

Percentile rank (shading) of 21-
day time-integrated IVT ending
at 0000 UTC 16 January 2023
from ECMWF ERAS reanalysis
with respect to distribution for
all 21-day periods between 1
January 1959 and 30
November 2022. The time-
integrated IVT for the 21-day
period (vectors plotted for
magnitudes >2.5 x 108 kg m-1;
magnitude contoured every 2 x
108 kg m-1) is overlaid.

Image: Ben Moore (NOAA)
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Climatological Perspective: Time-Integrated IVT

Duration and IVT Magnitude of AR Families 23-day TIVT Along Coast (ERA5)
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Three-Week Rainfall and Snowfall Totals

NWS Stage IV QPE NWS Snowfall Analysis
Valid 4 AM PT 26 Dec 2022- 4 AM PT 18 Jan 2023 Valid: 4 AM PT 26 Dec 2022 - 4 AM PT 18 Jan 2023
b LB adimd™. PR ORI TR o1
' | 240 / =l
120
96
72
15
10 48
8 36
6 24
4
5 18
1 12
6
Honeydew 3.2 SSE Mammoth Mountain
47.74 inches 1 240 inches

Data Courtesy: NOAA NWS Advanced Hydrologic Prediction Service [|n] Data Courtesy: NOAA NWS National Operational Hydrologic Remote Sensing Center
https://water.weather.gov https://www.nohrsc.noaa.gov/
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Impacts: Precipitation Contributions of Period to Water Year
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Valid 4 AM PT 26 Dec 2022 - 4 AM PT 18 Jan 2023

IO |

Data Courtesy: NOAA NWS Advanced Hydrologic Prediction Service, https://water.weather.gov
PRISM Climate Group, Oregon State University, https://prism.oregonstate.edu/

Center for Western Weather
and Water Extremes

Station 23-day Normal WY % of Normal
Precip (in) Precip (in) WY Precip
Oakland 18.33 22.61 81
Stockton 10.79 13.45 80
UCLA 14.03 17.73 79
San Francisco Apt 15.28 19.64 78
San Francisco City | 17.64 22.89 77
Lompoc 11.72 15.41 76
Paso Robles 11.57 15.26 76
Santa Maria 9.98 13.32 75

UCSan Diego
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Impacts: Daily Local Storm Reports

. . . . M, T I [ [ i i}
Daily Local Storm Reports in California (Local)
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Impacts: Landslides

Siskiyou | Modoc

California Reported Landslides
| January 2023 Atmospheric River
Emergency Response
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California State Parks, Esri, HERE, Garmin, FAO, NOAA, USGS, EPA
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Shallow landslide in Belmont, San Mateo
County (Belmont Public Works Department)

Landslide on Hwy 1 near M|II Creek in
Monterey County (Caltrans)

a Ysidro CreeDeris Basin in Santa
Barbara County (KEYT News)
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https://www.smdailyjournal.com/news/local/belmont-slide-causes-further-road-closures/article_605a4a84-96f0-11ed-abc7-b362781121bc.html
https://blogbigsur.wordpress.com/
https://www.youtube.com/watch?v=TN81nvuRja0
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AR Recon: What is it?

Offshore Sampling

1

G-IV cruising altitude
12

C-130 cruising altitude

Dropsondes
Airborne Radio Occultation
Drifting Balloon

ALTITUDE (km)

GPS SATELLITE /J

DROPSGNDE

Center for Western Weather
and Water Extremes
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AR Recon Leads:
F. Martin Ralph (UCSD/SIO/CW3E) — PI
Vijay Tallapragada (NWS/NCEP) - Co-PI

Atmospheric River Reconnaissance
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AR
Targeting ARs, Essential Structures, and Sensitivity ;%R;g,j

Research And Operations Partnership

AR Recon: AR Recon 2023 Dropsonde Locations
Essential 60°N

Atmospheric
Structures*

IOPs 1-39 (3 Nov 2022 - 14 Mar 2023)
T

<

Key:

WCB 4'

250Wind

500PV @

2500 s ="
WV ~_ __—

IVT (kgm-'s1)

250-500 | |
500-750 [
>750 -

50°N

40°N

30°N

20°N

| | |

o 39 IOPs; 48 flights; 1228 dropsondes |
| | | |

|

*fronts and WCB are

representative of precip. ‘ | | | S v &€
§ diabatiz': heating not e [ | [
eludedin SSREMALE . sehemat Loac: . Corda ‘ — 180°  170°W  160°W  150°W  140°W  130°W  120°W  110°W

How do we determine where to fly and where to drop?
Fundamental physics knowledge, Adjoint model sensitivity (NRL), Ensemble sensitivity (U Albany, NCEP)

Wilson, A. M., Cobb, A., Ralph, F. M., Tallapragada, V., Davis, C., Doyle, J., Delle Monache, L., Pappenberger, F., Reynolds, C., Subramanian, A., Cannon, F., Cordeira, J., Haase, J., Hecht, C., Lavers, D., Rutz, J. J., & Zheng, M.
(2022). Atmospheric River Reconnaissance Workshop Promotes Research and Operations Partnership, Bulletin of the American Meteorological Society, 103, E810-E816. https://doi.org/10.1175/BAMS-D-21-0259.1

Center for Western Weather AR Recon Leads:

and Water Extremes F. Martin Ralph (UCSD/S|0/CW3E) — Pl UC San Diego Q SCRIPPS INSTITUTION OF

ATUCSANDIEGD o OGRAPHY Vijay Tallapragada (NWS/NCEP) - Co-PI
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https://doi.org/10.1175/BAMS-D-21-0259.1

AR
AR Recon: Collaborations and Partnerships /’RECON

Research And Operations Partnership

Average AR Days Per Year (shaded)

OU™N ARO Profil 60°N — - _ January - February; 1980-2020
GIV (gel"g)l e WC130s -| Figure courtesy Brian-Kawzenuk $FO ’ : :::s:,:hn:z:;m
WC-130s (279) HENLEEE o O

SOON ] 5 AR Recon 2022 SVP-B (25)
45°N - -
40°N
30°N - N 30°N
20°N —
G-IV Honolulu, Hl Figure courtesy B. Cao - '
15°N . . . . w ] o ° )
165°E 180° 165°W 150°W 135°W 120°W 105°W . =
10°N — s oo
. . . y *Buoy positions valid 00 UTC 1 May 2023 X
Drlfters NOAA-funded GIObaI Drlfter Prog ram at Scrlpps _Qﬁtgazztgos%u?g: é::l;aizgrtf?e):rcgtrég’rgar?\n Igiggﬁg?aﬁ%ffgrnl?:go?;t:)?yNScnppg Institution of Oceanography @t:ggngggewm
Lagrangian Drifter Laboratory (PI, Dr L Centurioni). Up to 64 T S T T T T T
drifters deployed each year — goal to ramp up to 128 170°E  180°  170°W  160°W  150°W  140°W  130°W  120°W  110°W
. . . . Number of AR D
Airborne Radio Occultation (P1, Dr J Haase, Scripps). ’ h
WY2024 — equipment on NOAA and 2 Air Force aircraft,
ramping up to 2 NOAA and 10 Air Force aircraft. 10 15 20 25 30 35 40 45

enter ror western weather AR R L d .
and Water Extromes. F. Martin (:falzh (UCSD/SIO/CW3E) — P UCSan Dlego 4 (S)(C:Iég)ﬁ%gﬁx} 012&

ATUCSANDIEGD o OGRAPHY Vijay Tallapragada (NWS/NCEP) - Co-PI




AR Recon: Better observations - Improved Forecast Skill (WY23)

Case Study: IOP 14 (00Z Jan 14)
72-hour forecast, verify at 00Z Jan 17

Presentation
by V. Tallapragada

ST4 24h Total Precipitation (inches) GFSv16 24h Total Precipitation Ctrl (inches) GFSv16 24h Total Precipitation Deny (inches)
aIid: 2023011700 Initializd: 2023011400 Valid: 2023011700 (f072) Initialized: 2023011400 Valid: 2023011700 (f072)

AR Recon Workshop
June 2023
@ECMWEF

GFS model forecast
with assimilated
dropsondes is far
more skillful than
model assimilated

: b b N : Forecast ...... _____ ol : Forecast ....... .....
without dropsondes Observed p,-ec i : ; Drops: eg\ WITHOUT Drop : oﬁa?gs
\$ NATIONAL WEATHER SERVICE Building a Weather-Ready Nation // 15

enter ror western weather AR R L d )
and Water Extromes. F. Martin Ralph (UCSD/SIO/ICW3E) — PI UCSan Dlego (S)%IEEI{T)(S)EEXI; OIiI%;

ATUC SANDIEGD o OoRATHY Vijay Tallapragada (NWS/NCEP) - Co-PI




AR Recon: Better observations - Improved Forecast Skill (WY23)

AR Recon 2022-23 Impact on Precipitation Forecasts
72-hr Forecast Improvement Ctrl vs. Deny

@ o1 @ o5 1" B 25"

Presentation

by V. Tallapragada Largest 12

improvements
over the 10

AR Recon Workshop &4  california Domain
June 2023 for the heavier 8
@ECMWF precipitation

amounts

Not only is skKkill
improved over West
Coast, but also over &

western U.S. and
CONUS! Regionally

upwards of 12%

improvement!

On average, 12%
improvement
equates to skill
expected 8 years
in the future.

% Improvement
AN

West SCAN PNNC CAO06 CONUS

\$ NATIONAL WEATHER SERVICE Building a Weather-Ready Nation // 14

AR Recon Leads:

Center for Western Weather o
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AR Recon: Better observations < Improved Forecast SkKill s ECMWEF NCEP,

&

Stage IV Observed Precipitation Error Difference
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DeHaan, L., A.M. Wilson, B. Kawzenuk, M. Zheng, L. Delle Monache, X. Wu, D.A. Lavers, B. Ingleby, V. Tallapragada, F. Pappenberger, and F.M. Ralph,
2023: Impacts of Dropsonde Observations on Forecasts of Atmospheric Rivers and Associated Precipitation in the NCEP GFS and ECMWF IFS Models.

-
Center for Western Weather AR Recon Leads: ’ c
and Water Extremes F. Martin Ralph (UCSD/SIO/CW3E) — P %EC@N UCSan Dlego SCRIPPS istirurion o
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Better observations - Improved Forecast Skill

Major findings: Impact of spatial sampling & aircraft

1. Dropsondes improve the

S
%

representation of ARs in the model T T T T

analyses, especially near sharp T

gradients. 5T IS 1 ® 1op4 10P5 10P6  IOP7

2. Reduced mission frequency and Z\T Ak e
reduced dropsonde horizontal g J_ | sl {
spacing both degrade forecast skKill. %O_SS J_ J- | ERT

3. The inclusion of two types of 2 Goss |

aircraft (G-1V & C-130s), sampling 0s b
different regions, is an effective 075 | v ——@— Coura

strategy to enable the benefits of ors | (@) - - : o e
consecutive missions.

Control SS3 SS5  SS-C130  SS-G4
Experiment

Zheng, M., R. Torn, L. Delle Monache, J. Doyle, F.M. Ralph, V.S. Tallapragada, C. Davis, D. Steinhoff, X. Wu, A. Wilson, et al. 2024: An Assessment of
Dropsonde Sampling Strategies for Atmospheric River Reconnaissance. Mon. Wea. Rev., in press.

Center for Western Weather AR Recon Leads: - o SCRIPPS
and Water Extremes F. Martin Ralph (UCSD/SIO/CW3E) - P UCSan Dlego & INSTITUTION OF
| -~ O OCEANOGRAPHY
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CW3E In-situ Observations: Research and Operations

35.0
40.5 | 246 NorCal launches 2022-23 154 SoCal launches 2022-23 Mar 2023
34.5 - USSOD = 76 Z4
40.0 A launch 77
USYUB = 133 aunches ,,/;{é,;/
395 launches 34.0 - ~
39.07 33.5 -
38.5 - USCAT= 46
> 33.0 - launches
USBOD =113 '
38.0 - USSIO= 32
launches £\ o 7\
1) aunches 1)
375 Image by E. Knappe V 32.5 A V Nov 2022
~124 -123 -122 -121 -120 -119 ~119 ~118 ~117 ~116
USACE-funded FIRO enables CW3E to conduct storm sampling campaigns using radiosondes from 4 (of 5)
locations in CA simultaneously during storms, at least every 3 hours throughout landfalling ARs
New locations in Washington, with USACE and Tacoma Water, planned for 2023-24

Improved understanding of landfalling AR, increased obs for model assim., verification, & improvement

Center for Western Weather AR Recon Leads: c
and Water Extremes F. Martin Ralph (UCSD/SIO/CW3E) — P! UCSan Dlego (S)(C:IE{}ASE%EK&TI; 011&

Vijay Tallapragada (NWS/NCEP) - Co-PI




Quick Look at Water Year 2024

AR Recon 2024 Dropsonde Locations IOPs 1-34 (15 Nov - 15 Feb)

g
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Expansion to Guam:
drifter deployment;
aircraft missions
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site added
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on G
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CW3E In-situ Observations: Building on a Foundational Network

155 o N
Atmospheric River Observatories ~250km 41 * »5;, "ﬂm A" califomia Extreme | 7
. ey i gL Precipitation 1
apart: all impactful ARs hitting the west coast will : & ERE v Network
'n; ) \

be sampled with this “picket fence” approach

*‘%

39
Vertically pointing radars throughout the _
Sierra foothills — will watersheds receive snow or §’ 38
rain? Py
— 3 37 White et al. 2013
._E (J. Atmos. Oceanic |
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CWS3E In-situ Observations: Network Enhancements

Leveraging CA’s foundational statewide “storm- ) e
scale” observation network (e.g., AR [ Green/
Observatories, Sierra foothills vertically pointing | Duwamish
radars)

© Station
[_] Monitoring watershed

CWa3E operates >70 sites in 10 watersheds in
CA, WA, CO

* QObservations: stream sampling, soil moisture,
vertically pointing radars, & wind

profilers/radiosondes Y | Upper Yuba/ \
el | 7 Feather A1 ‘
+ Used for model verification, awareness of ATl B RIS (3 v
ogr J M ) ampa
antecedent watershed conditions, and \ | / ' ———
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.@ Merced ' , 1 3N
)“\ 2 : { v
s y, -

improvement of process-based understanding Russian
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Map by A. Cooper

0 150 300 km A
] Basemap: ESRI topo

\ oo o e esther UCSanDiego | ¢, SCRIPPSumsriminon o

SCRIPPS INSTITUTION OF OCEANOGRAPHY ————————————————————————————— ) OCEANOGRAPHY
AT UC SAN DIEGO



Center for Western Weather
and Water Extremes

—— ——
L\ —
— 4 '  SCRIPPS INSTITUTION OF OCEANOGRAPHY

2

Thank You.

Questions, Comments, and Feedback always welcome.

jeordeira@ucsd.edu | anna-m-wilson@ucsd.edu
https://cw3e.ucsd.edu
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