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Forecast Informed Reservoir Operations

SSMI Derived Total Integrated Water Vapor
- T

187 8 January . Lake ] .
B Mendocino 22

cF

1
on
=

1.8F

16 40
Trat
=

()
E1.2

Total Precipitable Water (mm)

0.8

0.E

0.4

0.z

-150 =140 -130 -1z0 -110
Longitude

Center for Western Weather
and Water Extremes

]
sy SCRIPPS INSTITUTION OF OCEANOGRAPHY

— California Extreme Precipitation Symposium— 11 July 2017




Importance of Atmospheric Rivers

A few large storms (or their absence)

account for a disproportionate amount of California’s precipitation variability

Total precipitation

All Other Days

LARGE STORM
CONTRIBUTION
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Unique Observational Network in CA

AROs ~25.0 km California Extreme
apart: a,l | impactful Precipitation Network
ARs hitting the

west coast will be
sampled with this
“picket fence”
approach

Hourly Obs: can
pinpoint start &
end times, peak

Ya-scale 449-MHz wind profiler with RASS

FM-CW snow-level
White et al. 2013 radar
(J. Atmos. Oceanic Tech.)

GPS receiver for
integrated water vapor

Soil Moisture and
Temperature Probes
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FIRO 2017 - Background

Updated from Ralph et al. 2013

Center for Western Weather
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FIRO 2017 Fieldwork Objectives

e Radiosondes

— What happens when the AR passes over the coastal ranges
and/or is channeled by local valleys?

— How do vertical variations in WV modulate AR transport?
e Surface microphysics and precipitation

— Support assessment of variance in BUF-PCP relationship
related to microphysics and aerosol

— Support West-WRF modeling

Center for Western Weather
and Water Extremes
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FIRO 2017 Field Campaign

Existing precipitation inla
profilers and surface
microphysics

CW3E radars and
surface microphysics

Radiosonde launch
sites

coastal —
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Water Year 2017 - Overview

Ralph/CW3E AR Strength Scale "
B Weak: IVT=250-500 kg m 5™t AR Strength | AR Count
Weak 18
Moderate: IVT=500-750 kg m~L s ea
Moderat 26
B Sstrong: IVT=750-1000 kg m-! 5% ocderate
Stron 14
B Extreme: IVT>1000 kg m~ s 8
Extreme 3

* Arrows indicate the
location of maximum IVT
at the coast

e 61(53) ARs impacted the
US west coast (CA)
through June 2017

*Radiosondes at Bodega Bay, CA
indicated the 10-11 Jan AR was
strong (noted as moderate based
on GFS analysis data) and 7-8 Feb
AR was extreme (noted as strong)

Center for Western Weather
- and Water Extremes
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Presenter
Presentation Notes
2016 – 49 total. 11 weak 17 mod 14 strong 7 extreme – very few hit CA. (~12 hitting SoCal, ~33 hitting far northern (affecting)).


FIRO 2017 - Summary

Field deployment 6 Jan — 30 Mar 2017

Launch frequency during AR
conditions: every 3 hours, increasing A
to every 1.5 hours during storm peak

164 balloons launched from Bodega A
Bay over 13 events

111 balloons launched from Ukiah
over 8 events

NRT radiosonde profiles provided to
NWS at WFOs Monterey and Eureka —
working with WCMs and SOQOs

Continuous data collection from
ground instruments as of mid-Jan -

present A

Outreach opportunities: SR Press
Democrat, Potter Valley Elementary

Center for Western Weather
and Water Extremes
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FIRO 2017 — Observed Events BBY(UKI) ‘

Start (UTC) | End (UTC) Duration Max IWV | Max IVT

(hrs)/# Sondes | (cm) (kg/m/s)
7 Jan 1900 9 Jan 0600 35/21 3.74 1101.9 56.9 125.5
10Jan 0000 11Jan0300 27 /17 2.99 788.6 41.1 153.7
18 Jan 0600 19Jan 0600 24/12 2.95 817.6 30.5 63.5
20Jan 0600 20Jan1400 8/4 2.18 416.1 18.8 25.4
22Jan 0300 22Jan 1200 9(0)/6 (6) 2.27 (1.87) 616 (444.8)  24.1 35.6
2 Feb 0600 4 Feb 0600 48 (15) /19 (17) 2.62(2.37) 489 (413.7) 60.7 76.7
8 Feb 0300 10 Feb 0000 45 (39)/19(18) 3.68(3.33) 902.4 (740) 55.4 73.7
15 Feb 2100 16Feb1200 15(15)/7(7)  3.2(3.2)  910.5(875.8) 22.1 43.2
17 Feb 1200 17 Feb 1800 8(6)/ 3 (3) 2.7 (2.0) 550.9 (310.5) 25.9 37.3
19 Feb 1500 21 Feb 0300 36(18)/17(16) 2.9(2.6) 706.1 (571.6) 34.3 99.3
20 Mar 1500 21 Mar 1300 22(18)/2(10) 2.93(2.7) 484.8(473.5) 10.7 47.2
24 Mar 0600 24 Mar 1800 12 (12)/14(13) 2.95(2.5) 664.3(561.6) 18.1 29.8

and Water Extremes
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ARs and Russian River Impacts

Start (UTC) | End (UTC) | Duration Max IWV | Max IVT RR MAP | Max GH (ft,
(hrs) (mm, 24 | 15min-GUEC1)

7 Jan 1900 9 Jan 0600 35 3.74 1101.9 140.3 37.45

10Jan 0000 11Jan 0300 27 2.99 788.6 114.93 40.13

18 Jan 0600 19Jan 0600 24 2.95 817.6 75.22 27.23

20Jan 0600 20Jan 1400 8 2.18 416.1 37.62

22Jan 0300 22Jan 1200 9(0) 2.27 (1.87) 616 (444.8) 48.21

2 Feb 0600 4Feb0600 48 (15cont.) 2.62(2.37) 489 (413.7) 66.34 20.49

6 Feb 0000
8 Feb 0300

8 Feb 0300
10 Feb 0000

51 (18 cont.)

45 (39 cont.)

3.79 (3.29)
3.68 (3.33)

1183.1 (997.8)
902.4 (740)

121.44
76.64

15 Feb 2100 16 Feb 1200 15 (15) 32(3.2)  910.5(875.8) 27.09 17.84
17 Feb 1200 17 Feb 1800 8 (6) 2.7(2.0)  550.9(310.5) 40.41 22.75
19 Feb 1500 21 Feb0300 36(18cont) 2.9(2.6)  706.1(571.6) 87.65

20 Mar 1500 21 Mar 1300 22 (18 cont)  2.93(2.7) 484.8(473.5) 45.65 10.2
24 Mar 0600 2.95(2.5) 664.3(561.6) 39.28 15.94

24 Mar 1800 12 (12)

1

o | T ol
- ATUC SANDIEGD

California Extreme Precipitation Symposium— 11 July 2017



Maximum Water Vapor Flux — BBY vs. UKI

Water Vapor Flux = Specific Humidity (g/kg) * Wind Speed (m/s)

N = 98  Maximum water vapor flux observed by
BBY radiosondes was on average 22%
higher than max flux observed by UKI
radiosondes Y UKI
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Maximum Water Vapor Flux — BBY vs. UKI

Water Vapor Flux = Specific Humidity (g/kg) * Wind Speed (m/s)

e The majority of BBY radiosondes
measured the height of maximum water N
vapor flux to be below the controlling
layer

 BBY
e Below CTL=52 (53%)
e InCTL=14 (14%)
e Above CTL = 32 (33%)
e UKI
e Below CTL=6 (6%)
e InCTL=12(12%)
 Above CTL = 80 (80%)

e Max WV flux was lower at BBY than UKI

in 83% of radiosondes

98

*Dashed lines represent the “controlling layer” (0.75-1.25 km agl)

Center for Western Weather
and Water Extremes
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IWV Flux — IVT Comparisons

Comparison of water vapor flux and integrated water vapor transport (IVT)
Drop and Radiosonde IWV-Flux vs IVT

- » Using CW3E dropsondes and radiosondes a

Number of Sondes = 602 * T ;
Umber ot sondes *~ | comparison between water vapor flux and IVT

--12 =0.99 ° .
can be made
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-« Ralph et al. 2013 catalog uses upslope flux
threshold of 15 cm(m/s)
e [WV-Flux =15 cm(m/s) ~ IVT = 190 kg m s
e [WV-Flux =20 cm(m/s) ~ IVT = 250 kg m* s

| — * IWV-Flux =25 cm(m/s) ~ IVT =270 kg m1s?
900 1200
Sonde IVT (kg/m/s)
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BBY Atmospheric River Observatory
Catalog

Foundational ARO catalog methodology from Ralph et al. 2013

e Based on dropsondes and radiosondes a threshold of 19.91 cm(m/s) of total
water vapor flux corresponds with IVT of 250 kg/m/s

 Many AR Detection Tools in the literature do not consider direction: what is the
effect on the ARO catalog using water vapor flux as opposed to upslope water
vapor flux?

e Several new catalogs were developed using an 8 hour minimum, with 1 hour
below threshold ending event. Criteria used (all > 2 cm Integrated Water Vapor):

e Water Vapor Flux > 15 cm(m/s) Number of ARs detected (Nov 2004 — May 2017)

* Water Vapor Flux 2 20 cm(m/s) Threshold/Variable WVF USF
e Water Vapor Flux = 25 cm(m/s) 15 em(m/s) 342 230
e Upslope Water Vapor Flux = 15 cm(m/s)

e Upslope Water Vapor Flux = 20 cm(m/s) A iy 267 158
e Upslope Water Vapor Flux = 25 cm(m/s) 25 cm(m/s) 207 110

Center for Western Weather
and Water Extremes
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7 -9 Jan BBY Observations

e Over 9 hours with >940 kg/m/s
IVT observed during this event

e 5radiosondes observed IVT
>1000 kg/m/s

e Strong AR core observed at BBY
~11-217Z 8 Jan

T, T A A S AR COre

--- 75% IVT Level --- Freezing Level

Center for Western Weather
- and Water Extremes
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6-8 February BBY/UKI Observations

Max WV |

--- 75% IVT Level --- Freezing Level

Center for Western Weather
- and Water Extremes
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Summary/Conclusions

FIRO 2017 —unique dataset of high resolution observations during historic year for CA
precipitation

— Valuable for NRT uses as well as advancing research goals

— Preliminary results show great promise for addressing relevant science questions

Center for Western Weather
- and Water Extremes
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Questions?
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