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CW3E Advances in Atmospheric River Science,
Observations, and Tools

Visualizations, Monitoring and
Analysis: Monitoring and
Prediction Tools — strength and
location tracking; watershed scale
products; regular outlooks -
decision support

Forecasts: Example of significant
forecast error in 2018
Week 2 and 3 AR outlooks
West-WRF — performance
assessment relative to global
models

Observations: Atmospheric River
Reconnaissance 2018
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A few large storms (or their absence) account for a
disproportionate amount of California’s precipitation variability

a) Water-Year Precipitation, Delta Catchment

WHETHER A YEAR WILL BE WET OR DRY IN CALIFORNIA IS MOSTLY DETERMINED BY THE
NUMBER AND STRENGTH OF ATMOSPHERIC RIVERS STRIKING THE STATE.
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85% of interannual variability results from how wet the 5% wettest days are each year. Dettinger and Cayan Drought and the Delta—A Matter of

These days are mostly atmospheric river events Extremes
Yy Yy P . San Francisco Estuary and Watershed Science, April 2014




Distribution of Landfalling Atmospheric Rivers on the U.S. West Coast During Water
Year 2018 Through April

* 44 Atmospheric Rivers made landfall on the West Coast during
AR Strength AR Count the 2018 water year through April
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AR Strength by Month 2018

Ralph/CW3E AR Strength Scale
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WY 2018 Compared to WY 2017

* The record breaking WY 2017 experienced a total of 68 landfalling ARs over the U.S. West Coast

* 60 of the total 68 ARs occurred through April 2017, compared to 44 experienced this WY through April
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*  When compared to WY 2017, a larger proportion of landfalling ARs during WY 2018 made landfall over the Pacific Northwest
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Northern California Analysis

25 4o North Sierra Precipitation: 8-Station Index, April 29, 2018
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Atmospheric Rivers by Month

Cumulative AR Count by Month o AR Landfall During February 2018
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AR Forecasts at S2S Lead Times
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CW3E Partnership for Week 2-3 Outlooks

CW3E S2S Advisory Panel: Marty Ralph (PI; Chair), Dan Cayan, Duane
Waliser, Bruce Cornuelle, Art Miller, Elizabeth Barnes

For California

DWR’s AR Program

m CW3E-SIO Team: Aneesh Subramanian (Lead), Sasha
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V’ and Water Extremes
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Predictability of horizontal water vapor transport relative to precipitation: Enhancing

situational awareness for forecasting western U.S. extreme precipitation and flooding
David A. Lavers, Duane E. Waliser, F. Martin Ralph, Michael D. Dettinger, Geophys. Res. Lett. 2016
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Global Assessment of Atmospheric River Prediction Skill | o a) NPac/Western US
DeFlorio, Waliser, Guan, Lavers and Ralph (JHM 2018) = | s— L"A?j:gﬂ
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AR Landfall tool for week-1

CWSE Likelihood of AR Conditions at the Coast Tue 8 May 2018
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AR Landfall tool extended to week-2

Tue 8 May 2018

CW3E Likelihood of AR Conditions at the Coast
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AR Landfall tool extended to week-3

Tue 8 May 2018

CWS3E Likelihood of AR Condltlons at the Coast
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AR Landfall tool extended to week-3

CWSE Likelihood of AR Conditions at the Coast Tue 8 May 2018
Week 1 derived from 3-h NCEP GEFS IVT>250 kg/m/s | 00Z 20180508
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CW3E Likelihood of AR Conditions at the Coast | Anomaly

Week 1 derived from 3-h NCEP GEFS IVT>250 s | 00Z 20180508

Tue 8 May 2018
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AR Probability maps: week-2

**EXPERIMENTAL AR FORECAST***

April 9, 2018 forecast: probability of AR occurrence during week-"2
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AR Probability maps: week-3

*EXPERIMENTAL AR FORECAST***

April 9, 2018 forecast: probability of AR occurrence during week-3
(chance of an AR occurring at any time during week-3)
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Week-3 Integrated Vapor Transport

Env. Canada subseasonal forecast of IVT

- Week-3 Integrated IVT Forecast at 38° N, Initialized: 03/01/2018
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Week-3 AR Activity (6 hr periods)

Env. Canada subseasonal forecast of ARs

Lo . Week-3 AR events Forecast at 43° N, Initialized: 03/01/2018
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Mundhenk et al. (2018) introduced an empirical model for
predicting anomalous AR activity at S2S leads based on the phase
Of the MJO and QBO. c) British Columbia, EQBO d) Caﬁfornia, EQBO
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The empirical model has been modified to forecast anomalous
Wate I Va pO I tra NS pO rt. This model is also being modified to make precipitation forecasts.
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Odds of Reaching Water Year Normal

ODDS OF WY2018 REACHING 100% OF WATER-YEAR NORMAL PRECIPITATION TOTALS
[ based on PRISM monthlies; normal = average of WY1981-2010 ]

Evolution of the 2018
water year in terms of
the odds of reaching
100% of normal
precipitation by the end
of the water year (30
Sep, 2018)

f(,\ CW3E

QOdds, in percent of the 70 wyears from 1948-2017 V Center for Western Weather
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AR Monitoring and Prediction Tools

* CW3E maintains a growing el -
number of AR monitoring & = ==~y
prediction tools i) e R

o Heavy
to7 inches possible
High

8 resultin rain at high altitudes over
the Sierra Nevada leading to potential flooding

 Expanding to include more
decision support tools,

interactive analyses and M
forecast, watershed-scale =2 I i ) | |
tools, pre-event outlooks, e
and post-event analyses == -

* Not just ARs
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AR Monitoring and Prediction Tools

AR Outlook: 02 April 2018 For California DWR'’s AR Program m g:gtxaftc;rr\llzv;srteenrqr;;/veather

) SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

Odds of at least a WEAK AR making landfall Odds of Moderate AR making landfall
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* There is a high probability (95-100% ) of AR conditions (IVT>250 There is also a high probability (¥90%) of moderate strength AR
kg m? s) lasting between 24 and 36 over a majority of the U.S. conditions (IVT >500 kg m s) for coastal locations extending
West Coast from 34 to 39°N lasting 3 to 12 hours

Outlook by Hecht, Ralph, and Kawzenuk 2 April 2018

Center for Western Weather Provided by J. Cordeira and F.M. Ralph
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AR Monitoring and Prediction Tools

AR 0utlook: 03 April 2018 For California DWR’s AR Program ‘A gs;tﬁafgr?;ie&l;ﬁeather

) SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGD

There is high confidence that at least weak AR
conditions will occur over the San Francisco Bay 1250
area for over 24 hours. Most ensemble members
are suggesting this could be a strong AR with ,
several forecasting for extreme conditions 1000 — —

GFS Ensemble Init: 06Z Tue 04/03/18 LatLon: 37N;122.5W

Extreme

Strong

While the ensemble members have converged
over the past 24 hours the latest model run still
shows uncertaintyin the onset, duration, and
magnitude of this AR

750 —|emmmmbmmzed:

Moderate

The control member has increased by ~100 kg m™ 500 / i : ' ~NE | T

s71 at this location since yesterday’s update :
Magnitude of Potential AR 0
* Maximum predicted IVT  ~1200kg m™ s
* MeanlIVT ~800 kg m™ s7* : : ] : :
« Control IVT ~1050kg m st 0 | i | | |
062/03 062/05 062/06 062/07 06Z/08 062/09 062/10
Duration of AR conditions by strength Forecast time from 06Z Tue 04/03/18

+  \Weak: ~36 hours +/- 18 h

* Moderate: ~24 hours +/- 12 h
* Strong: ~18 hours +/— 12 h Outlook by Kawzenuk, Ralph, and Hecht 3 April 2018

* Extreme: ~6 hours +/— 6h

IVT Magnitude [kg/m/s]

Weak AR |

=
AN
Mot an AR

Center for Western Weather Provided by J. Cordeira and F.M. Ralph
and Water Extremes
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AR Monitoring and Prediction Tools

Return to CW3E Homepage [Return to CW3E Homepage

\ DIEGO

-
| Intro | California Obs | AR Forecasts | Watershed Precip | Watershed Freezing Level | S2S Outlook |

Selecting data icons on the map will display imagery below.
Most recent imagery for Saint Helena

10-day Precipitation for:

Center for Western Weather
and Water Extremes

Canter for Western Weather
and Water Extremes

e
| Upper Tuolumne
Initialized: 0000 UTC Mon 04/30/2018

Light Base !
10-d GFS Precip: 10 mm Upper Tuolumne Watershed

© Dark Base

00Z Mon 0430/18

@ NWS Radar

Multi-hazard Obs:
©@ ® CA Hydrographs
© I GPS WV

Snow Depth
@ A Snow-Level Radar
@ * Radar & Disdrometer
@ ¥ SFC Met and Soil
@ * ARO Flux Obs

Weather Obs:
@ B8 Temperature [°F]
Dewpoint [°F]
Wind Speed [kt]
Sea Lev Pres [mb)

3. Precip Averaged over Watershed [mm; gray]

=)
Cumulative Precip Averaged over Watershed (mm; red)

A S | N S

Precip (mm)
o1

Gauge Status.

® Major Flooding

1-2 ® Moderate Flooding

[OBSERVATION]

Major Floogirg

Total: 10 mm | 38491 Acre

Minor Flooding

Near Fiood

i
3

Moderate Fiooding et
Note that the total precipitation is averaged over the watershed and the

Minor Flooding 10-20 01 16 Rocovs volume in acrefeet is the amount/volume of precipitation expected to fall
Near Flood i Y over that watershed.
Food Catagory: Not Defiaed Snow-Level Plot provided by NOAA Earth Systems Research Laboratory from Bl 5°'° o observations Are Not Current

their website at https://www.esrl.noaa.gov/psd/data/obs/datadisplay/ @ Outof Service

"~

At or Below Low Water Threshold

| J. Cordeira, ©2017, Map data ©

Observations Are Not Current

Out of Service

Most recent AHPS Gauge O

Plot Information:

The shaded polygon layer illustrates the most recent 10-d forecast of precipitation from the NCEP GFS model that is averaged over each "HUC-8" watershed over California, whereas the color-
coded point data circles illustrate observations of the river stage from the NWS River Forecast Center hydrographs. These layers are fully interactive. If you click on a circle location, its respective
analysis/forecast hydrograph will appear at right. If you click on a watershed, a time series of 3-hourly precipitation will load at right. Hovering over a watershed will yield it's forecast amount
and watershed name.

Interactive 215t century California Observing Interactive watershed-by-watershed GFS

Network data portal (data provided by multiple precipitation forecasts and NWS/CNRFC hydrologic
sources, including NOAA) analvses

ti N
| J. Cordeira, © 2017, Map data © . Radar ©2012 IEM Nexrad, AHPS

Center for Western Weather Provided by J. Cordeira
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AR Rain-Snow Forecast Tool

0 0t 02 03 04 05 06 07 08 08 1
Fraction of GEFS Members' Freezing Level biw. Terraw, 0 = ram, 1 = snow

WPC 6-Houtty Precipitaton (men)

| Henn/Cordeira, © 2017, Map data ©

Y A e Ty
Terrain above
rain-snow level

Watershed-
averaged values
are calculated

Center for Western Weather
and Water Extremes

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

Provided by
Brian Henn




AR Rain-Snow Forecast Tool

Upper Tuolumne Forecast Initialized 12-Mar 122 a Forecasts by HUC-8 Watershed
7-day WPC Precipitation Total: 111.1 mm (4.37 in) - 40% Rain, 24% Rain or Snow, 36% Snow

3700 m (12139 ft) 1 3 1: Above Watershed
g, .
‘e \R .
2868 m (9410 ft) z«/ r 3 H GEFS rain-snow level {0.9_ Upper Tuolumne Hypsometry
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50 m (164 ft) |- 10.1 0 025 0.5 0.75 1
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0m (0 ft) 55050905 0.3  J0: BeMyy Watershed
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WPC 6-hourly precipitation Date [UTC, PST + 8]

Mean =+ GEFSWarmest <« GEFS Coolest JllllRain [ JRainorSnow [ |Snow ‘

amounts and rain-snow fractions

Freezing level height expressed
Center for Western Weather

and Water Extremes Provided by as fraction of watershed below

SCRIPPS INSTITUTION OF OCEANOGRAPHY 1
AT UC SAN DIEGO Brlan Henn

rain-snow level




April 6-7 Atmospheric River Forecast

Upper Tuclumne Forecast Initialized 04-Apr 00Z
7-day WPC Precipitation Total: 91.2 mm (3.59 in) - 84% Rain, 11% Rain or Snow, 4% Snow

. 3700 m (12139 ft — . Ao e » 9 1: Above Watershed
Forecast for warm AR with 4” ‘ 5 \ ! =N
. . . . . \ Ly g 7
precipitation in Sierra Nevada and 2868 m (9410 ft) w \ UMY N 09 o :’gg{;“”“'
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‘—-—- GEFS Mean + GEFSWarmest + GEFS Coolest JlRain [ JRainorSnow [ |Snow ‘

Center for Western Weather .
and Water Extremes Provided by

SCRIPPS INSTITUTION OF OCEANOGRAPHY 1
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April 6-7 Atmospheric River Forecast

Forecast for warm AR with 4”
precipitation in Sierra Nevada and

>12kft rain-snow level

Observed rain-snow level nearly
13kft at New Exchequer radar
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AR rain-snow level forecast verified; warm
temperatures associated with heavy precipitation,
snowmelt, and flooding in Sierra Nevada

Center for Western Weather
and Water Extremes

Provided by
Brian Henn
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Evaluation of Atmospheric River Predictions by the WRF Model Using
Aircraft and Regional Mesonet Observations of Orographic Precipitation
and Its Forcing

40°N — The AR depicted increased water year
precipitation to-date from 16% to 40%
of normal in < 4 days in key Northern

CA watersheds (Ralph et al., 2016)

35°N

30°N

25°N

20°N

Center for Western Weather
and Water Extremes

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO
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Andrew Martin, F Martin Ralph, Reuben Demirdjian, Laurel DeHaan, Rachel Weihs, John Helly, David
Reynolds, Sam lacobellis. Journal of Hydrometeorology, https://doi.org/10.1175/JHM-D-17-0098.1

(ww) AMI

15 aircraft transects of AR were
used to measure skill in West-WRF
and GFS forecasts.

The data, comprising 191
dropsondes in total, were provided
by the CalWater experiments of
2014-2015

(Ralph et al. 2016 Bull. Amer.
Meteor. Soc.)

Martin et al., 2018
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and Its Forcing

Evaluation of Atmospheric River Predictions by the WRF Model Using
Aircraft and Regional Mesonet Observations of Orographic Precipitation

a) GFS Skill vs. Climatology

1.0 =

14
th

Brier Skill Score
=)
o

Forecasts above 1
the line are skillful

=

wn
[

)
HE

b) West-WRF Skill vs. Climatology

Andrew Martin, F Martin Ralph, Reuben Demirdjian, Laurel DeHaan, Rachel Weihs, John Helly, David
Reynolds, Sam lacobellis. Journal of Hydrometeorology, https://doi.org/10.1175/JHM-D-17-0098.1

c)

West-WRF Skill vs. GFS

Model spin-up error

West-WRF adds value to GFS

compared to the H forecasts for key AR variables:
reference 500 hPa geopotential, IVT, IWV
10 N | for lead times up to 5 days
LLL e e e N R N NN A | |
24hr 48 hr 72hr 96 hr 120hr 144 hr 24hr 48 hr 72hr 96 hr 120 hr 144 hr 24hr 48 hr 72hr 96 hr 120 hr 144 hr

From 15 dropsonde cross sections offshore using 191
dropsondes from aircraft during CalWater -2014 and -2015

forecast lead time (hr)

Center for Western Weather
and Water Extremes

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

Martin et al., 2018
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Evaluation of Atmospheric River Predictions by the WRF Model Using
Aircraft and Regional Mesonet Observations of Orographic Precipitation

and Its Forcing

The simulated relationship
between AR upslope-directed
vapor flux and precipitation was
compared to the observed
relationship for 10 moderate AR
between 2014-2016. GFS and
West-WRF were evaluated.

This same evaluation has been
made for other high-res models
(e.g. NAM 3km and 12 km) for
select recent AR. West-WRF
consistently performs best at
preserving this first-order driver
of orographic precip.

Center for Western Weather
and Water Extremes

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

a)

Storm-Total Precipitation (mm)

West-WRF Forecasts are more skillful in orographic precipitation during landfalling AR

375 - b)
{ Data | ey 3-4 day lead
® WRF3km 2.253
300 - % GFSRe 4.530
| O Observ.
225 -
150 - O
< XK
75 /gzgg
K
e &y ¥
0 N I T T
0 500 1000 1500 2000 2500

Storm-Total Upslope Vapor Flux (¢cm m s™ hr)

Normalized Combined Error in Storm-
Total Precipitation and Upslope Flux

Lead Time
(daVS)

0.82 4.29
3-4 2.25 4.53
5-6 4.65 7.37

This, along with the previous finding,
demonstrate that West-WRF better
simulates AR properties offshore and
the orographic component of
precipitation onshore.

Martin et al.,

PAONRS)



West-WRF Performance in AR Landfalls

2) Forecast IVT b) Analysis IVT
Forecast IVT

Analysis IVT
] ] ; . S . A ] ;

40N =

30N =

- 9 o
-
T T T T T T T kg m_]_ S_]_ T T T T T T T T
160W 140W 120W 160W 140W 120W
0

100 200 300 400 500 600 700 800 900 1000 1100 0 100 200 300 400 500 600 700 800 900 1000 1100
CW3E has implemented NCAR’s MODE software to detect ARs as objects in NWP forecasts and
analyses. An example of paired AR objects from a GFS forecast and analysis is above.

Landfalling AR Forecast skill can then be measured and compared across models.
For select models and recent AR events, the results are displayed in near-real-time at cw3e.ucsd.edu

Center for Western Weather
— ‘) and Water Extremes

—
sy SCRIPPS INSTITUTION OF OCEANOGRAPHY

Martin et al., 2018



West-WRF Performance in AR Landfalls

By error in landfall position and intensity at landfall, West-WRF
outperforms the other models shown up to 7 days lead time.

Landfall Position Error Intensity Error Magnitude

500 250
450
400
350

200

300 Q 150
€ 250 E
=< )
200 7 100
150
100 50
50
0 0
24 hour 48 hour 72hour 96 hour 120 hour 144 hour 168 hour 24 hour 48 hour 72hour 96 hour 120 hour 144 hour 168 hour
e a» o \\/estWRF 2016-2017 ess\\/est\WWRF 2017-2018 e e o \\/estWRF 2016-2017 ess\\/est\WRF 2017-2018
e GFS 2017-2018 e NAM 2017-2018 s GFS 2017-2018 e NAM 2017-2018
e GEFS 2017-2018 esmss CMCENS 2017-2018 e GEFS 2017-2018 e CMCENS 2017-2018

¢  WeDERBRmabhoskd DR\ sadfatpdsaifedy ttyal Hatebdnarogh gotineas ndd fideasHst ekifé mureaitiseodmdBels during WY 2018.
* These results, though preliminary, suggest that object-based verification may alleviate the phase error penalty imposed
on high res. models by traditional point or grid-to-grid verification.

Center for Western Weather DeHaan and Martin, in prep
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Object-Based Precipitation Verification

West-WRF QPF (mm) Objects Stage-IV QPE (mm)

50°N < : 50°N ' 50°N ——E -

| All Fields Valid for the 24 hr | | Areas exceeding N |

ending 20180302 @ 12 UTC . | 50 mm 24 hr: L

N N West-WRIZ(shaded T N
40°N | 40°N 8 \ 40°N | "l e ,,,,i‘ ,,,,,,,

] 0 | .
35°N 35°N i 35°N |

1 Observed (contour f
30°N cm:“:;?’;:;"’:‘r":::“:?w : 30°N ""‘;,"‘J?,L"’.;,I"E;"':E",f‘l',?"" LI R — T — T 30°N “:;",,",’,\',i"’,;‘,‘;"';e",fl":,"‘" T I T i T

130°W 125°W 120°W 115°W 130°W 125°W 120°W 115°W 130°W 125°W 120°W 115°W

* CWa3E is also using MODE to evaluate NWP precipitation forecasts during high-impact AR events.

* The above example shows the spatial relationship between 50 mm 24 hr! precipitation forecasted by West-WRF and
analyzed by WPC Stage-IV.

* Similar analysis for recent events and for other NWP models can be found at cw3e.ucsd.edu

Center for Western Weather Provided by A. Martin
and Water Extremes
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AR Forecast Challenges at Short Lead Times

Center for Western Weather

and Water Extremes




Global Assessment of Atmospheric River Prediction Skill

DeFlorio, Waliser, Guan, Lavers and Ralph (JHM 2018)

Uses ECMWEF forecasts and Guana and Waliser (2015) AR Catalog

Method of determining if a predicted atmospheric river (AR)
is a “hit” or a “miss” relative to an observed AR

Observed

/ AR
o'

Distance threshold - “DT”
e.g., 250, 500 or 1000 km

Predicted AR,

D, <DT
a"hit Centroid* of
observed AR

Predicted AR,
D, >DT
a “miss”

Distance (D) between
predicted AR and
observed AR
Centroid* of predicted AR at

North same time as the observed AR

| East

*Centroid is the IVT-weighted center of the AR, based on Guan and Waliser (2015)

RIPPS IN UTI0
AT UC SAN DIEGO

o a) NPac/Western US

o= = NDJFM
— MJJAS
= 1000km

0 _ - = 500km

P~ « + « 250Kkm

©°O_ 50% chance of AR forecast to
°T 0 be within 250 km of observed
at 2 days lead time
ER ‘\
i i, "L L
No Skill ~—— >
1000 km % w N
No Skill — e e
500 km ' I B e L e e R R R S R LI L
| | | | | | | |
O 2 4 6 8 10 12 14

Lead (days)

In Cool Season there is some AR forecast skill
for 500 km distance threshold out to 10 days
for 1000 km distance threshold out to 12 days




NCEP GEFS dProg/dt Example from February 2017 — “Oroville Case” (dam spillway issue)

1950 GFS Ensemble Init: 12Z Sun 02/05/17 LatLon: 38N;123W GFS Ensemble Init: 12Z Mon 02/06/17 LatLon: 38N;123W 1250 GFS Ensemble Init: 12Z Tue 02/0717 LatLon: 38N;123W
« “E I ) o
xtreme” | &
1000 N 1000 T (I o L SRS SRR R N
) ) )
E E E . ! . ‘ !
2 750 750 B 70 4N i i) ... (SRS SR R N
[} [} [} : ; : ; ;
© © ©
= : = = : : | : ; |
% 500 —---48--.-- - % 500 — % 500 —-\\ N -0 Y- S ey -
= ; = = i : : : : :
250 - L - T S
0 i i f i i ! 0 i i f i j ; 0 i i f i | \
12Z/05 12Z/06 12Z/07 12Z/08 12Z/09 12Z10 12Z11 12ZH2 12Z/06 12Z/07 12Z/08 12Z/09 12210 12Z11 12ZA12 12ZH13 12Z/07 12Z/08 12Z/09 12Z10 12ZM11 12212 12Z13 12ZH14
. . Forecast time from 12Z Sun 02/05/17 Forecast time from 12Z Mon 02/06/17 Forecast time from 12Z Tue 02/07/17
Oroville Dam Spillway _ _ _
Init: 12Z/5 Feb Init: 12Z/6 Feb Init: 12Z/7 Feb

Damaged

Image Description: 7-day forecasts of the NCEP GEFS IVT [kg mt s71] at 38N, 123W. The following is
indicated at each forecast time: ensemble member maximum (red), ensemble member minimum (blue),
ensemble mean (green), ensemble control (black), ensemble standard deviation (white shading), and
each individual member (thin gray). Time advances from left to right.

Key: Variability in north-south shift of ARs result in increases or decreases in IVT magnitude at the
coast. In this case the ARs ultimately ended up stronger.

Center for Western Weather
and Water Extremes
SCRIPPS INSTITUTION OF OCEANOGRAPHY
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AR Outlook: 22 March 2018
e WEATHER-READY NATION
CNRFC 24-hr QPF issued 20 March valid 5 AM PDT CNRFC 24-hr QPE valid 5 AM PDT 21 to 5 AM 22 CNRFC 24-hr Verification (QPF—QPE)
21 to 5 AM 22 March 2018 March 2018 Valid 5 AM PDT 21 to 22 March 2018
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The 24-hr accumulated The 24-hr quantitative The QPE accumulations resulted in a
precipitation forecast for the period precipitation estimate (QPE) over forecast of ~3 in. over the
ending at 5 am PDT 22 March had a indicated that ~6 inches fell along Santa Ynez Mts. and an under

| maximum accumulation of the Coastal Mts. and ~2 inches fell forecast of ~3 in. over Big Sur
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AR Outlook: 22 March 2018

UC SAN DIEGO

WEATHER-READY NATION
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The errors in the precipitation forecasts were partly driven by errors in weather model forecast of AR landfall location

The forecast issued at 5 PM PT on Mon. 19 March predicted that the core of the AR 2 days later would be located just west of Santa
Barbara at 5 PM PT Wed. 21 March, and would have produced up to 10 inches of rain in the mountains above Santa Barbara
However, the observations (GFA analysis) showed that the core of the AR was instead over Big Sur (~200-250 km from the predicted
position). Big Sur did receive up to 9-10 inches of rain, while mountains above Santa Barbara 4-5 inches
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AR Forecast Evaluation: 22 March 2018

L 7 N/ € vwwc P |
4 //"' Big Sur ~  200-250 km

W / Observed landfall position |-

Vd Max AR rainfall forecast error

AR rainfall

— T
Vi o |
o, :
Santa Barbara I© -~ 2

Center for Western Weather
and Water Extremes

SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

Predicted Max ,/'-—-—’/ {

Precipitation forecast error
pattern was a dipole,
representing mostly a

position error in the location
of the heavy precipitation
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GFS 0-hr Analysis (Top: IVT, bottom: IWV)

F. M. Ralph, C. Hecht

12UTC 21 Mar 18UTC 21 Mar 00UTC 22 Mar 06 UTC 22 Mar 12 UTC 22 Mar 18UTC 22 Mar
| X » =R ) v — L AR core landfall north 3 i aks )
v of Santa Barbara N4

ON

- //. ' .
W Sorpps, <;y“"p~;~n Famsera M S CWX Sorppa UC Sar

"o Wo'w 13w ow oW 120'Ww ne'w "o Wo'w m'w o'w W 120w "ne'w "o Wo'w 15w 10w =W 120w "ny'w "o

Around 00 UTC 22 March a wave occurred in the AR which changed the TSR WSSR e S SNEL] forscami o anet [Bsulingin the AL cors meaking

. . landfall about 200-250 km further north than expected. This most likely
orientation to be more southerly and propagated the IWV and IVT further oo :

lead to the precipitation forecast errors over Santa Barbara and Big Sur
north than expected.

\ shown in yesterday’s update.

: Mesoscale Frontal Wave was key source of AR Iandfall p05|t|on error
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Atmospheric River Reconnaissance
FM Ralph (Scripps/CW3E), V Tallapragada (NWS/NCEP), J Doyle (NRL)

Water managers, transportation sector, agriculture, etc...
require improved atmospheric river (AR) predictions

AR Forecast skill assessment establishes a performance baseline

(\l ed - |

s€ ,
o° f':':ﬂie rror

RMS Error (km)

10007

a00

600

200 |

400

i -
400 km AR Landfall i
" position forecast error Ve ﬂ/
at 3-day lead time =~ &
B > ECMWE < ||
= LKMO
B JMA - |-
) ; CMC - |
e NCEP ||
1 1 “: 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10

Forecast Lead Time (days)

Wick, G.A., P.J. Neiman, F.M. Ralph, and T.M. Hamill, 2013: Evaluation of forecasts of the water vapor
signature of atmospheric rivers in operational numerical weather prediction models. Wea.
Forecasting, 28, 1337-1352.

New Adjoint includes moisture -

and finds AR is prime target
36-h Sensitivity (Analysis) 00Z 13 February
(Final Time 12Z 14 February 2014)

J. Doyle, C. Reynolds, C. Amerault, F.M. Ralph
(International Atmospheric Rivers Conference 2016)

Color contours show the forecast sensitivity to 850 mb water
vapor (grey shading) uncertainty at analysis time 00Z 13 Feb
2014 for a 36-h forecast over NorCal valid 12Z 14 Feb
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O
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_____________
________________________________________

----

-----
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.........
......

...........
..............

* Moisture sensitivity is strongest along AR
axis; located > 2000 km upstream

* Moisture sensitivity substantially
larger than temp. or wind sensitivity.




NCEP GFS IVT (kg/m/s; shaded), IVT Vector, and SLP (hPa; co
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Atmospheric River Reconnaissance
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Example of a target
for the NOAA G-IV

Example of
Atmospheric River
target for AF C-130s
(color fill: IVT)

..........

Upper-level

i v 2018

O h Sea\t:cle (black numbers) ey

trough/PV anomaly

R tirom Atmospheric River Reconnaissance

ggggg

e. Flight Strategies

Center time: 0000 UTC
Dropsonde deployment window:
2100 - 0300 UTC

AF C-130

o
i 211CiSCO

AFC-130 ™

NOAA G-IV
3 stormsin 2018

Each aircraft has a range of about 3500 nm

F.M. Ralph (AR Recon PI) and AR Recon Team



AR Recon - 2018 Flight Operations Planning and Execution

NWS Co-PI AR Recon Pl and Mission Director Flight Execution C-130
V. Tallapragada (NCEP) — Co-P| | <> F.M. Ralph (SIO/CIMEC & CW3E) ——— Major A. Lundry (AF C-130s) P> & G-IV
A. Edman (NWS WR) — Co-PI J. Doyle (NRL) — Alternate J. Parrish (NOAA G-1V) Crews;
Coordinators: A. Wilson, J. Kalansky, F. Cannon (CW3E) “Flight Directors” CARCAH
Flight Track Assessment \
AR Core Target Planning Air Force Navigator Secondary Target Planning
Two C-130s <4 — — — =P | NOAA(Parrish/Cowan) [@= = = = =P NOAA G-IV
J. Rutz (NWS WR) — Primary iterate Coordinator: F. Cannon (CW3E) iterate C. Davis (NCAR) — Primary
J. Cordeira (Plym. St.)— Alternate T. Galarneau (U.AZ) — Alternate
AR Core Target - Advisors Secondary Target - Advisors
C. Reynolds (NRL) - backup Daily Forecasts, J. Doyle (NRL)
C. Smallcomb (NWS) Flight Summaries and L. Bosart (SUNY Albany)
D. Lavers (ECMWEF) . % R. Demirdjian (SIO/CW3E)
R. Demirdjian (SI0/CW3E) L Planning 800 AM PT TBD
Meetings led by
either Cordeira, Rutz, *Attended by “primary” and “alternate” from
Lavers, or alternate ? each group (not by all members of each group) Key dates

Moist Adjoint Team
C. Reynolds (NRL) — Primary
J. Doyle (NRL) — Alternate
R. Demirdjian (SI0/CW3E) - Support

AR Recon Forecasting Team
J. Cordeira (Plymouth St.) — Primary
D. Lavers (ECMWEF) — Alternate
J. J. Rutz (NWS WR) — Alternate

C. Hecht (SIO/CW3E) - Alternate

Flight Summaries
TBD - (SIO/CW3E) — PDocs/GrStud

Flight Summaries

B. Kawzenuk (SIO/CW3E)

K. Howard (NCEP), Other TBD

Modeling and Data Assimilation Team
A. Subramanian (SIO/CW3E) — Primary
V. Tallapragada (NCEP) — Alternate
J. Doyle (NRL), TBD (ECMWE),

C. Davis (NCAR), N. Baker (NAVGEM)
Zheng, Murphy, Haase, Co (SIO/CW3E)
Chen (UC Davis), Galarneau (UA)

19 January: commit where
to deploy the 2nd C-130

25 Jan - 10 Feb: G-IV is
available for 3 storm
flights from Seattle

25 Jan - 27 Feb: two C-
130s available for 6 storm
flts from Hawaii, Seattle,
Travis AFB or San Diego

Planning Data and




Center for Western Weather

\(y ond Water Extromes AR Recon —2018: IOP 1 on 26-27 Jan 2018

AT UC SAN DIEGO

Key sponsors include US Army Corps of Engineers, NOAA and California Dept. of Water Resources
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Center time for dropsondes: 0000 UTC 27 Jan 2018 NCEP GFS IVT (kg m” s™'; shaded), IVT Vector, and SLP (hPa; contours)

Number of dropsondes planned: 27, 26, 36 (C-130 H, C-130 C, G-IV) o NS AR Rakon 2018108 .
* Mission Director: F. Martin Ralph (PI; Scripps/CW3E) 000
* Co-Pls: Vijay Tallapragada (NWS/NCEP), Andy Edman (NWS/Western Region) 1400
* (C-130 Flight Planning lead: Jon Rutz (NWS) 1200
* G-IV Flight Planning Lead: Chris Davis (NCAR) 100
* Forecasting Lead: Jay Cordeira (Plymouth St. Univ.) oo
* Moist Adjoint Lead: Jim Doyle/Carolyn Reynolds (NRL) 700
* GPS sensor lead: Jennifer Haase (Scripps/IGPP and CW3E) : j& ﬁ‘i F 600
* AR Recon Coordinator: Anna Wilson (Scripps/CW3E) ! _']1& —— 500
* Flight Track Coordinator: Forest Cannon (Scripps/CW3E) o i::“iﬁmw i ) 400
* Air Force C-130 Flight Director: Ashley Lundry (AF/53™ Weather Recon) %%%“%ﬁ'é%f}fﬁfgﬁi%fg’;“ i —— 300
* NOAA G-IV Flight Director: Jack Parrish (NOAA/AOC) Modeling Partners = , | A - . S I
NWS/NCEP US NAVY [ 7
ECMWF NCAR 180° 170°W  160°W  150°W  140°W  130°W  120°W
I Y T
Forecaster Chad Hecht (Scripps/CW3E) Moist Adjoint support Reuben Demirdjian (CW3E)
Forecaster David Lavers (ECMWF) Flight Planning (“alternate”) Tom Galarneau (Univ. AZ)
Forecaster Philippe Papin (NRL) Onboard Scientist Jon Rutz (NWS)
Forecaster Aneesh Subramanian (Scripps/CW3E) Onboard Scientist Reuben Demirdjian (CW3E)

NOAA G-IV g 2 : Onboard Scientist (GPS) Bing Cao (Scripps/IGPP)
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C-130 CA Lon NCEP GFS IVT (kg m” s™'; shaded), IVT Vector, and SLP (hPa; contours)
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C-130 CA Lon provided by
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ECMWEF Soundings Assimilated from AR Recon 2018 IOP 1 centered on 0000 UTC 27 Jan 2018
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Integrated Vapor Transport (kg st m)
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Contacts:

2016

F.M. Ralph (mralph@ucsd.edu)
V. Tallapragada (NCEP)

J. Doyle (NRL)

C. Davis (NCAR)

F. Pappenberger (ECMWF)
A. Subramanian (UCSD)

2018

2018
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AR Recon — 2019: Requesting 3 Aircraft to Sample 9 Storms

Two Air Force C-130s and NOAA’s G-IV

v' Feb 2016: 3 Storms (2 aircraft per storm)

v Jan-Feb 2018: 6 Storms (3 aircraft per storm in 3 storms; 2 aircraft in 1 storm; 1 aircraft in 2 storms)

o Jan-Mar 2019 (Requested): 9 storms (3 aircraft per storm)

o Target total number of cases: 18 storms, with 1, 2 or 3 aircraft sampling each storm

v’ Interagency, International Steering Committee in place
* (Carry out assessments

Refine data assimilation methods
Create appropriate evaluation metrics

Contacts
F. M. Ralph (mralph@ucsd.edu)

V. Tallapragada (vijay.tallapragada@noaa.gov)
Provide impact results in peer-reviewed publications

Center for Western Weather
— " and Water Extremes

—
sy SCRIPPS INSTITUTION OF OCEANOGRAPHY
— s AT UC SAN DIEGO
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Observations Forecasts News & Publications CW3E North

The mission of CW3E is to provide
3 21st Century water cycle science,

M technology and outreach to support
effective policies and practices that
address the impacts of extreme
weather and water events on the
environment, people and the
economy of Western North America.

‘ ‘ ‘ Center for Western Weathe

) and Water Extremes

ce e e 00|

. Atmospheric River Forecasts
AR Observations 7S Ensmo Prbasy o VT>250 /)
2 SON
; 45N
Precipitation Observations .
s 3N
% 30N
Model Forecasts -
6 15 1413 12 1 10 9 8 7 6 5 4 3 2 1 0 CW3E AR Update: 16 March Outlook
< Forocast Day rom 00Z on Fri 31 Mar 2017 h
O \Y
02 03 045 055 085 075 08 095
West-WRF Forecasts
CW3E News
sy T e | Mar. 16: CW3E AR Update: 16 March 2017 Outlook
| H & Mar.9: Weather on Steroids: The Art of Climate Change Science

on |

Mar. 8: CW3E Launches New Website
0dds of Reaching 100% Water Year Precipitation — Mar Update

Director of CW3E to Present at Birch Aquarium

Current Winter Setting a New California-Wide Record Precipitation
Accumulation

CW3E AR Update: 16 March 2017 Outlook

AR Forecast Tools
Extreme Event Summaries
Unique Observations

Are available at

CW3E.UCSD.EDU




AR probability maps (DeFlorio & Waliser)

Mar 20, 2018 to Mar 26, 2018, Forecast 15-day to 21-day lead 50% k
o
Higher than
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Scripps Institution of Oceanography: F.M. Ralph (PI), A. Subramanian
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NCEP GFS IWV (mm; shaded), 850-hPa Wind (vectors), and SLP (hPa; contours)
Analysis Valid: 0000 UTC 01/27/2018 )
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