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During the winter of 2016/2017, 34 atmospheric rivers (ARs)
hit California’s Russian River basin, many 1n quick succession
of one another. Successive ARs were then defined as AR
families based on their spatiotemporal characteristics.

This study aims to provide a
formal definition of AR families,
describe their characteristics, and £
begin to assess their predictability.

The increased risk of higher s ,; o >
1mp acts due to mUItlple AR events isible satite image 0 a atmospheri river over

further motivated this study. ngP:l;}f: r;);egg f;k:tnszggl [tjl}eCGOES 15 satellite

The Ralph et al., 2013 AR catalog at Bodega Bay, CA ARO was
updated through water year 2017 using the following criteria:
* & hours of continuous:

* Integrated Water Vapor > 2 cm
» Upslope Water Vapor Flux > 15 ¢cm (m s!)

The MERRA-2 dataset was used to create a 30-year, 21-day
running mean climatology (Grumm and Hart, 2001) from 1987-
2016 on these relevant variables: 500hPa heights, 850hPa
heights, 850hPa air temperature, 250hPa wind speed and
integrated water vapor.
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Above. Schematic of families algorithm. Connectivity periods begin at the end
of the first AR, counting all AR events that occur within the connectivity period.
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each bar 1s the average number of AR
events per family for each gap period.
Bottom right. The number of AR families
per water years 2005 — 2017 for each gap
period (12, 24, 36, 48, 72, 96 and 120
hours).
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Anomalous 500 hPa Heights & Climatology b)

™ C=— B ‘:_ 3 ‘.\, 4
60N - = 5300 - - 60N 4
40N 1 FE - 40N -:—»-j;‘_t___;___ =
20N - 20N
120E 150E 180 150W 120W 90w 60W 120E 150E 180 150W 120W 90w 60W
Anomalous Height (m) Anomalous wind speed (m/s)
I (LT T e — BT T [ [ [ [ [ T ee——
-400 -320 -240 -160 -80 O 80 160 240 320 400 32 -24  -16 -8 0 8 16 24 32
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Composites of all 120-hr AR families at BBY. a) Anomalous 500 hPa Heights (colored contour) and DJF
climatology (contour), b) Anomalous 250 hPa Wind Speed, c) Average 850 hPa Heights, d) Average IWV.

Low central pressure off the coast of BC at 500hPa and 850hPa
Enhanced jet streak centered around BBY, SW to NE tilt
Higher IWV values from north of HI to CA coast
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AR Families versus Single AR Events
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850 hPa Heights Difference & Anomalous DJF Climatology
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Pacific jet from Asia to CA

Long-duration AR Families versus Short-duration AR Families

500 hPa Heights Difference & Anomalous DJF Climatology

— R 7 —\f < el “**-:T“% 60N - i
s \ - 2 V. ™ 2 S |
b e ¢ - - N\ — X | \\. \\ ‘\‘ - T <
I NN G T oy K : 3
A T ( 577/ ) P 17T 1 Toer” >
) 0, —— - J 40N 7 -“ 9 T
A 0 L] 5 . [ B 9
- B Dt . g
- < — ... . RN " 2y q
T T i T ' T i T i T ! - I ) ’ T ’ 20N __I{}’ ‘-'— :-— i T T ' T I_‘ -—‘ T T T i T . ‘: T T ’ 4 _ ”‘I’\ =
120E 150E 180 150W 120W 90w 60W 120E 150E 180 150W 120W 90W 60W
Standardized Difference Height Standardized Difference Wind Speed
I [ [ [ ] BT T [ [T [ e

1 -08 -06 -04 -02 0

-1 -08 -06 -04 -02 0 02 04 06 08 1 02 04 06 08 1

60N -

40N {29

20N ¥

120E 150E 180 150W 120W 90W 60W 120E 150E 180 150W 120W 90W 60W
Standardized Difference Height Standardized Difference IWV
I [ [ [ ] [T T

-1 -08 -06 -04 02 0 02 04 06 08 1 -1 -08 -06 -04 02 0 02 04 06 08 1

. . 850 hPa Temperature Difference & Anomalous DJF Climatology
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over entire North Pacific Ocean

A total of 23 families hit California’s Russian River basin in

WY 2017 using the 120-hr connectivity period.
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a) 500 hPa Heights Difference & Anomalous DJF Climatology

250 hPa Wind Speed Difference & Anomalous DJF Climatology
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Composites of AR events during water year
2017 at BBY. a) Anomalous 500hPa Heights
(colored contour) and DJF climatology
(contour), b) Anomalous 250hPa Wind Speed, aov +%
¢) Anomalous 850hPa Heights, d) Anomalous 120E  150E
IWYV, e) Anomalous 850hPa Air Temperature
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February 2017 Oroville Event
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Left. Time evolution of February
2-8, 2017 AR events showing
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Below. The ratio of total family
time to the number of AR hours
within the AR family. Red dots

highlight WY 2017 events.
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Between Feb 2 — 10, five ARs hit the : | R
Northern CA, including the Russian ‘
River. The cumulative effect of these . . co
ARs worsened the problems caused s ;';.:;5.;..:{:.' ,
by infrastructure issues at Oroville = %! {5dic® 7 0
Dam in Northern CA. Va e e w0 i

* Compared to single AR events, AR families have zonally
extended low pressure areas and are influenced by the Pacific
high off of Baja CA, Mexico

* AR families exhibit multiple plumes of moisture across the
Pacific Ocean originating from the western Pacific to Baja

* What are the associated impacts (i.e., precipitation,
streamflow, soil moisture) of AR families?

* Are any parameters of families predictable? And if so, how
many days 1n advance can we spot these trends?

* How do Rossby wave breaking and wave number analysis
influence family development?
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Coastal SST seasonal variability

Transect A Mean SST Pattern (2002-2017)
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Multi-scale Ultra-High Resolution SST; NASA PO-DAAC

* Mean SST coastal variability dominated by summertime upwelling
* Large variance in SST during early cool season (> 1° C on average) especially during
spring/fall transition period
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Coastal SST variability
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West-WRF AR Composites

WY2017
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