California Storm of 10-12 December 2014:
A Synopsis Including Landfalling Atmospheric
River Conditions

Prepared by Marty Ralph and Brian Kawzenuk, CW3E at UC San Diego/Scripps Institution of Oceanography



NEXRAD Composite (1200 UTC 10 Dec_0000 UTC 13 Dec)




72-hr Accumulated Precipitation (mm)

Precipitation — 72-hour accumulated ., Endng 122 12122014

* Maximum 3-day precipitation totals reached
over 350 mm (~14 inches) in northern California

and northwest Washington 45N -

* Up to 300 mm of precipitation fell over Sonoma
County

* Nearly all of central and northern California 40N -
recelved over 50 mm of precipitation ‘
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NCEP Stage IV Precipitation data




Preci pitation — 24-hour accumulated
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Precipitation — Percentage of water year to date (Oct 14 — May 15)

Percentage of Water Year to Date Precipitation
1200 UTC 10-12 December 2014

50N

e 72-h precipitation from this event
represented up to 45% of total water year |
to date (Oct — May) precipitation 45N -

* A majority of central Ca received at least
20% of water year to date precipitation 40N

* The Russian River Watershed received up

35N
to 30% of water year to date precipitation :
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NCEP Stage IV Precipitation data
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Precipitation — Ratio of Cazadero to Bodega Bay

e Climatologically, the ratio of

precipitation at Cazadero to Bodega Bay

is 2.2

* During this event, this ratio was only
met or exceeded during 9 of 48 hours

* On 12 Dec, hourly precipitation was
higher at Bodega Bay during 12 of the
14 hours when precipitation occurred

Hourly Precipitation Ratio

Ratio of Cazadero to Bodega Bay Precipitation
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Streamflow

Many rivers and streams experienced flood
conditions in northern California. The Russian
River area was hit especially hard. For
example:

e Austin Creek set a new record of 21,600 cfs
(z%rggl)ious record was 17,700 CFS on 31 Dec

e The Russian River at Guerneville reached
36.10 feet, 4 feet above flood level

* Sonoma County declared a state of
emergency

* Schools were closed
* Many roads were closed



Lake Mendocino Water Supply Storage
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While the storm produced damaging flooding,

Water Supply

it also provided beneficial water supply.

15,000 acre feet of water flowed into Lake
Mendocino, a key water supply reservoir in
Sonoma County.

The reservoir in winter normally holds
60,000 acre feet, which leaves over 50,000
acre feet of empty space to provide flood
control.

This storm raised the water level to about
45,000 acre feet, filling roughly half the
space available for water supply.

The Indian Valley Reservoir gained about
12,000 acre feet of water.
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Reservoir Inflow

Data as of Midnight: 12-Apr-2015
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Storage prior to AR

Reservoir (AF)
Lake Shasta 1170769
Trinity Lake 623105
Lake Oroville 1033796
New Melones 522648
Folsom Lake 326481
Don Pedro 768472
Millerton Lake 177481
Pine Flat 122245
TOTAL 5477132

Normal

storage (AF)

2740541
1692818
2148386
1362621
470337
1325280
234476
381695

11981815

Inflow during AR
(12/10-14) (AF)
286038
89076
117156
9610
47665
8102
3790
3725
565162

Inflow percent of
deficit
18.2
8.3
10.5
1.1
33.1
1.5
6.7
1.4
8.7

While many major reservoirs received high amounts of inflow,

the percentage of drought relief was small for most

during the AR

e California’s major reservoirs received ~565000 AF of inflow

* The inflow represented 9% of the storage deficit due to the

drought

Data from Ca Department of Water Resources



Reservoir Storage

Reservoir Percent of normal Percent of normal Change in storage (AF) Percent of storage Percent of WYTD (Oct-Apr) storage change

storage prior to AR storage after AR during AR deficit during 12/10 AR

Lake Shasta 42.7 51.6 255795 16.3 16.3
Trinity Lake 36.8 43.6 79971 7.5 13.4
Lake Oroville 48.1 53.0 109399 9.8 15.0
New Melones 38.4 38.7 7086 0.8 52.2
Folsom Lake 69.4 77.6 39860 27.7 17.3
San Luis 45.9 49.8 65934 9.6 7.6

Don Pedro 58.0 58.5 6361 1.1 7.2

Millerton Lake 75.7 73.4 1931 3.4 11.5
Lake Perris 43.9 47.7 4052 7.0 -96.0
Castaic Lake 41.3 44.7 9463 6.4 -71.9
Pine Flat 32.0 31.9 1932 0.7 2.4

TOTAL 45.7 50.5 581784 8.9 14.0

* Total reservoir storage increased ~582000 AF, representing a 5% increase in normal
storage percentage and 9% of the total storage deficit

* The storage increase that occurred during this event represents 14% of the total water
year to date (WYTD; Oct 2014—Apr 2015) storage increase

Data from Ca Department of Water Resources



A Strong Atmospheric River made landfall
associated with the heavy preupltatlon

Integrated Water Yapor from GFS valid De




NCEP GFS Analysis — Valid 0000 UTC 10 Dec 2014

IWV (mm; shaded), 850-hPa Wind (vectors), and SLP (hPa; contours)
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AR made landfall over
Oregon Coast

Associated low pressure
system was located in the
exit region of a 90-100 m
s jet streak



NCEP GFS Analysis — Valid 1200 UTC 10 Dec 2014

NCEP GFS IVT (kg/m/s; shaded), IVT Vector, and SLP (hPa; contours)

60°N 12Z 12/10/2014 0-hr Analysis
| | —
] | NN—— 500
| | X t —
| _I ) Ir__ — )
| ! [kg/m/s)
50°N e -t =
| ——
aph
40°N —— - 1. AN _'; -
\@0 H
R —
s = NS
! : | = 1 1 } : \% |
S T ST T U
> I ey ! I I I I j
N . | S | __|+__\ ___‘_mml __T___+ -
= e | i - 1 P
= - = - et S S S A —
| |
*| o?z“é M
10°N —
180° 165°W 150°W 135°W 120°W 105°W
250-hPa winds (m/s; shaded and vectors) and IWV (mm; contours) )
60°N 12Z 12/10/2014 0-hr Analysis

» »l

50°N

40°N

30°N

20°N

1600
1400
1200
1000
800
700
600
500
400
300
250

150
140
130
120
110
100
90
80
70
60
50

IWV (mm; shaded), 850-hPa Wind (vectors), and SLP (hPa; contours)

60
56
52
48
44
40
36
32
28
24
20

28

24

20

60°N 12Z 12/10/2014 0-hr Analysis
N A (v 3 \ .‘I | f — .Z—1 20
% AT v ==
L ! v = [m/s)
50°N = 3 C =
> TS ~
N P diNe
40°N = - L[Sk
-_'d_'m
7 1 )
30°N AN = ALe" e
I v A
o 7&4
L
20°N :}‘wﬁ
I
= PY )
’ 'I‘\O?‘ |
10°N
180° 165°W 150°W 135°W 120°W 105°W
500-hPa Abs. Vort. (x107-5 s-1; shaded), Height (dam: contours) and Wind (vectors)
12Z 12/10/2014 0-hr Analysis
60°N |
Q. & ¢ 50
— y « - —TI-~ i e - - —
o | (vl = [m/s]
50°N <7 . .t -
» - Ty
-,
|
o
40°N — k—‘* =+ -
|
: ]
30°N - |1__["—_ ._ v
v ‘ 4
v
" eI\
L :
20°N — i i e e i e
} > u‘b
LA a& ] ,
] :' 4
10°N T |
180° 120°W 105°W

High values of IWV (~30
mm) and IVT (>700 kg m!
s'1) moved inland over
the Pacific Northwest and
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increased



NCEP GFS Analysis — Valid 0000 UTC 11 Dec 2014

NCEP GFS IVT (kg/m/s; shaded), IVT Vector, and SLP (hPa; contours)
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NCEP GFS Analysis —Valid 1200 UTC 11 Dec 2014

NCEP GFS IVT (kg/m/s; shaded), IVT Vector, and SLP (hPa; contours)
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strong IWV/IVT made
landfall over northern Ca
associated with a
mesoscale frontal wave



NCEP GFS Analysis — Valid 0000 UTC 12 Dec 2014

NCEP GFS IVT (kg/m/s; shaded), IVT Vector, and SLP (hPa; contours)
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* High IWV/IVT values
moved inland to the
Sierra Nevada, producing
precipitation throughout
central and northern Ca



NCEP GFS Analysis — Valid 1200 UTC 12 Dec 2014

IWV (mm; shaded), 850-hPa Wind (vectors), and SLP (hPa; contours)
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4 AM PT 11 Dec
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GPS-Met and SSMIS Derived IWV

0500 UTC 10 Dec 2014 1900 UTC 10 Dec 2014
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Strong gradient in IWV values associated with strong gradient in
precipitation amount and streamflow at 1430 UTC 11 Dec 2014
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GPS-Met IWV

IWV (cm)

Date (m/d UTC)

Bodega Bay, Ca
Petaluma, Ca

Point Arena, Ca
Middletown, Ca

Redwood City, Ca

AR made landfall over CA at ~1900 UTC 10 Dec 2014 and AR conditions persisted

over land for ~25 hours

(sayoaut) AMI



Height (msl) @ snow level

wind speed

Hourly Rain (inches)

ESRL Physical Sciences Division

Coastal Atmospheric River Monitoring and Early Warning System

T3y PAREY i Bodega Bay Observations:
v ¥ 3 =) < VN VAVEVE A 4 .
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A * Mesoscale feature caused Low
wind speeds during 0000—-0500
UTC, causing low upslope IWV flux
and a ‘break’ in precipitation
AR conditions started at 1900 UTC 10 Dec
——— °% 2014
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ESRL Physical Sciences Division
Coastal Atmospheric River Monitoring and Early Warning System
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Chico,CA (CCO)
39.6999 N, 121.9075 W, 42 m

1 2
Time (UTC) 10-DEC-14
48-hr precip: 3.52 in

Chico Observations:

e Mesoscale feature observed at

BBY, observed at the upper levels
at Chico, CA

* Winds above ~1.5 km decrease
and turn slightly SW decreasing
upslope WV flux and precipitation

* Mesoscale feature appears to be
located above Sierra Barrier Jet

AR conditions started at 2100 UTC 10 Dec
2014

AR conditions ended at 0000 UTC 12 Dec 2014
- Duration 27 hours



Impact on drought — United States Drought

Monitor
9 December 2014 16 December 2014 Change in USDM

I 5 Class Degradstion
- 4 Class Degradation
:] 3 Class Degradation
|:| 2 Class Degradation
:] 1 Class Degradation
|:| No Change

|:] 1 Class Improvement
[ | 2cClassImprovement
- 3 Class Improvement
- 4 Class Improvement
- 5 Class Improvement

Intensity:
DO Abnomally Dry - D3 Extreme Drought

D1 Moderate Drought - D4 E xceptional Drought

D2 Severe Drought Improved most of northern California
The Drought Monitor focuses on broad-scale condgions. from EXCGpﬁOn al tO Extrem e drought

Locaf conditions may vary. See accompanying text summary
for forec ast staterments.



Summary of event

* AR lifetime over land: 1200 UTC 10 Dec 2014-1200 UTC 12 Dec 2014
* Maximum 48-h precipitation: >350 mm over northern California

* Provided significant water supply to many drought-stricken California
reservoirs

* Improved drought conditions throughout northern California

* High amounts of flooding and wind damage across the entire U.S. West
Coast



