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Motivation — Hazards

Incredibly wet and snowy year for the western U.S.
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Motivation — Hazards

Mammoth Mountain Resort, CA (Jan 2017)

Big Sur, CA (May 2017)

Oroville Dam Spillway, CA (Feb 2017)
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Motivation — Benefits

September 27, 2016

(Released Thursday, Sep. 29, 2016)

Valid 8 a.m. EDT

Drougit Conditions (Fercent Area)

2016/17 Cool Season

Mone |DO-D4 [D1-D4
Cument 5360 | 46.40 | 18.96
Last Week
A e 5487 | 4503 |1882 | 776 | 284 | 111
IMONths A0 | oy | 4339 (1618 | 543 | 236 | 111
BEE201E
Start of
Calendar vear | 8.99 | 33.01 (1874 1156 | 628 | 270
1222015
Start of
ater Year | 44.91 | 55.00 3136 | 2000 | 1145 | 200
2292015
OneYearAgo | 44 o1 | 5508 |31.36 | 2009 | 11.45 | 2.00
ER2015
Intensity:

D0 Abnommally Dy
01 Moderate Drought
02 Severs Drought

The Drought Monifor focuses on broad-scale condgions.

- D3 Extrem e Drought

I s ptional Drought

Local conditions may vary, See sccompanying text summany
for foroc ast staloments.

U.S. Drought Monitor Class Change - CONUS
Start of Water Year

May 2, 2017
compared to
September 27, 2016

[] 2 crass Degraciaton
] 1 Ciass Degradaton

[ Ho change

11 Ciansa improvemant

[ 2 cinss improvemant

[ L r———

I : ciass Improvement

B 5 ciass improenent

May 2, 2017
(Released Thursday, May. 4, 2017)
Valid 8 a.m. EDT

Drought Conditions (Percent Area)

Mone | D0-D4 [D1-D4 [ D2-D4 4
cument | 8569|1431 | 408 | 130 | 013 | 0.00
Last Week
astVeek 733 | 2167 | an | 107 | 003 | 000
SMonthsAQO | 53 05 | 31 g 1455 | 383 | 041 | 0.00
01-31-2047
Start of
Calendar Year | 53.30 | 4611 | 2253 | 8.63 | 215 | 0.96
01-03-2017
Start of
Viater Year | 53.60 | 46.40 |18.96 | 810 | 320 | 1.6
08-27-2016
One YearAgo | g5 49 | 3380 | 1456 | 546 | 244 | 1.1
05-03-2016
Intensity:

D0 Abnormally Dry
D1 Moderate Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements

- D3 Extreme Drought
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Atmospheric Rivers — What Are They?

« Atmospheric rivers (ARs): elongated regions of intense
vertically integrated water vapor transport (IVT). They are...
— Long (> 2000 km)
— Narrow (< 1000 km)
— Large IVT (> 250 kg m1 s1)

Length/Width > 2/1

Precipitable Water (in)
138-h forecast valid 18:00 UTC Tue 08 Dec 2015

Integrated Water Vapor Transport (kg m~ ! s~ ')
138-h forecast valid 18:00 UTC Tue 08 Dec 2015 Ralph etal. 2004’ MWR




Atmospheric Rivers — Why Do We Care?

Observed impacts of duration and seasonality of atmospheric-river landfalls on soil
moisture and runoff in coastal northern California
Ralph, F. M., T. Coleman, P. J. Neiman, R. Zamora, and M. D. Dettinger, J. Hydrometeorology, 2013

Other factors involved 4
(e.g., frontal circulations,
aerosols, etc.)

The greater the AR strength and duration
—

The greater the precipitation



Atmospheric Rivers — Why Do We Care?

Climatological characteristics of atmospheric rivers
and their inland penetration over the
western United States
Rutz, J. J., W. J. Steenburgh, and F. M. Ralph, Mon. Wea. Rev., 2014

Atmospheric rivers, floods, and the water

resources of California
Dettinger, M. D., F. M. Ralph, T. Das, P. J. Neiman,
and D. R. Cayan, Water, 2011

Fraction of cool-season (Nov — Apr) precipitation attributable
to ARs based on (left) CPC analysis and (right) SNOTEL data

Coefficient of variation for annual precipitation




Key Science Questions for 2016/17

« How was 2016/17 different from average?
— Were there simply more AR events?
— Were they longer-lived AR events?
— Were they more intense AR events?
— Or maybe all 3?

 What was the relationship between ARs and
precipitation during the 2016/17 cool season?

« Why was 2016/17 different from average?
— More on this at the end
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Data and Analysis

MERRA v2 Reanalysis used [123.125°W, 38.5°N
to calculate IVT and ARs Py ST SR e AR AR drener
from Jan 1980 — Apr 2017
— 0.5°x0.625° horizontal grid
— 25 hPa from 1000-700 hPa
— 50 hPa from 500-200 hPa
— 3-hour time steps
— Most of CONUS and AK
— example shown at right

Data Available at: http://www.inscc.utah.edu/~rutz/ar catalogs/
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http://www.inscc.utah.edu/~rutz/ar_catalogs/

2016/17 Cool Season ARs

Ralph/CW3E AR Strength Scale
B Weak: IVT=250-500 kg m™* s7*

Moderate: IVT=500-750 kg m™1 s!
B Strong: IVT=750-1000 kg m~t 51

Extreme: IVT>1000 kg m™t s71

AR Strength AR Count*
Weak 15
Moderate 23
Strong 13
Extreme 3

F.M. Ralph, B. Kawzenuk, C. Hecht, J. Kalansky

Water year 2017
AR landfall
locations through
April 2017

Location of landfall represents
position where AR was strongest
at landfall . Many ARs move
down the coast over time. This
map does not show these areas.

*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)

» 54 ARs have made landfall on the West Coast thus far
during the 2017 water year (1 Oct. — 1 May 2017)

e This is much greater than normal

« 1/3 of the landfalling ARs have been “strong” or “extreme”
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Integrated Water Vapor Transport (IVT)

kgmts? kgmlst

2016/17 Cool Season 1980-2017 Cool Season Mean

kgmtst %

Difference (2016/17 — Mean) Percentage (2016/17 +~ Mean)

CW3E

2017 California Extreme Precipitation Symposium
UC Davis, Davis, CA - July 11th, 2017



Atmospheric River Events (IVT 2 250)

count count

2016/17 Cool Season 1980-2017 Cool Season Mean

count %

Difference (2016/17 — Mean) Percentage (2016/17 +~ Mean)
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Atmospheric River Mean Duration

hours hours

2016/17 Cool Season 1980-2017 Cool Season Mean

hours %

Difference (2016/17 — Mean) Percentage (2016/17 +~ Mean)
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ARs and Precipitation

///‘
-
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ARs and Precipitation

Transport within ARs is much more poleward than parallel
to the AR, especially at lower levels where greater moisture
IS present.

Rutz et al., 2015; MWR
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ARs and Precipitation
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And Now For A Closer Look...

e Using MERRA v2 Catalogs

e Compare AR climatology of
2016-2017 cool season to the
1980-2017 mean

— 2 locations along CA coast
— 2 location at CA/NV border

| can quickly provide data
and graphics for other
locations

Qe 115.625°W
N 36.0°N

“v -

118.75° WA
34.0°N

00 KM 100 Miles
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AR Timeseries 1980-2017

Figure Description: Number of AR events (grey) and mean annual duration (black).
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AR Timeseries 1980-2017

Figure Description: AR Observations as a function of IVT (solid fill).
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AR Intensity by Month

Figure Description: 2016/17 AR Observations as a function of IVT (solid fill) and 1980-2017 mean (cross hatched).
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Inland Impacts — Feb/Mar 2017

Marsh Creek near Inkom, ID (16 Feb 2017)

Southern ID (11 Feb 2017)

Cottonwood, ID (3 Mar 2017)

2017 California Extreme Precipitation Symposium

CW3E

UC Davis, Davis, CA - July 11th, 2017




Summary

e The 2016/17 cool season saw widespread impacts — both
hazardous and beneficial — across the western U.S.
— Landslides, flooding, emergency dam releases, drought reduction

 During this time, atmospheric rivers (ARs) were more
frequent, longer-lived, and more intense than the 1980-2017
average

— Although other years can compete on one or two of these metrics, none
can compete on all three

— These ARs and their impacts were not limited to coastal regions, but
extended (and were actually most anomalous) further inland
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Ongoing Work

« Why were the climatological characteristics of ARs so extreme
during 2016/177

— Corresponding w/ group at ESRL
working to answer this question

« Can forecast skill be improved
at various lead times?

« Did the greater frequency, duration,
and intensity of ARs during the
2016/17 cool season actually alter
the relative contribution of ARs to
precipitation?

Rutz et al. 2014, MWR
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Questions or comments?
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