Observing and Detecting ARs in California —
Water Management Opportunities



Overview

A Brief History
Observations, and Current Capabilities

Opportunities in Integrated Water Management

Next Steps



History

e Sustained engagement with federal research partners: Callet,
HMT West, Calwater | and II...

* Post HMT-West investment in AR Observing Network for

California to improve Flood Emergency Response and
Preparedness

 Expanded engagement with academic research community on
atmospheric rivers and water management applications



California’s precipitation is uniquely variable

a) COEFFICENTS OF VARIATION OF
TOTAL PRECIPITATION, WY 1951-2008

c) AVERAGE NUMBER OF DAYS/YR TO OBTAIN HALF
OF TOTAL PRECIPITATION, WY 1951-2008

From Dettinger et al, 2011
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Decadal scale precipitation variability tied to Atmospheric
River landfall variability

Source: Dettinger and Cayan (2014)
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[with contributions from days - ]

; 50 ]' T T Ll ]' Ll T L] T ILE ]’ L
_f')- b —
< 40} ]
= 30 ~
= |- .
S 20| | =
i e —d
O l 4 l 1 l | l | l 1 l |

1900 1920 1940 1960 1980 2000 2020

b) Pineapple Express Storms making California Landfall
10 I L4 ‘l L] ‘[ L ‘I’ Ll ]’ L] ‘l L

| g ] : 1 M

1900 1920 1940 1960 1980 2000 2020

IIIIIIT]T
lllllllll

Number / year
ON&O®



Levee Breaks (81%)

echarge Events (67%) Drought Endings (41%)

All Calendar Days (4%) . .

Florsheim & Dettinger, book chapter, > Southwest Climate
2014; Dettinger, JHM, 2013 < Science Center




Atmospheric River Timing

8 Station Precipitation Index
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Pineapple Express (AR subset) catalog from Mike Dettinger




CMIP5 (2013-vintage) projections of atmoSpPREHENIVET

Percentage of
historical-avg AR counts
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Red = RCP8.5 (approx A2) .
Blue = RCP4.5 (approx B1) -
5-model ensemble of projections
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Early results: Model-ensemble averages range from 150%
to 300% of historical storms rising to AR levels in SW
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NB: Lavers et al., ERL, 2013, find an approximate doubling of ARs reaching the UK in similar projections.

Update to Dettinger, JAWRA, 2011, to
reflect new CMIP5 projections
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Future floods: California

Distributions of projected “50-yr flood” changes,
from ensemble of 16 GCMs (Das et al., 2013)
These changes are due to

Southern Sierra Nevada i i
combinations of:

=R Median of A2 emissions ,——~__

Median of B1 emissiops’ * Increases in heavy-storm

precipitation amounts
* |Increases in storm frequencies
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Wet Snow
NB: Raff et akf., 2009, ensemble-simulated increases
in 100-yr floods of +48% for San Joagquin R and +8%
for Gunnison R. Flood

Southwest Climate

Das et al., Clim. Chg., 2011; Das et al., ('\)
(\) Science Center

J. Hydrol., 2013; Raff et al., HESS, 2009




Key Phenomena Affecting California
Water Supply/Flooding:

Polar Processes

Flooding &
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The size, number, and characteristics of atmospheric
river events (ARs) result from the alignment of key
processes operating on different space/time scales



Latitude

http://woodland.ucsd.edu/images/ssmi/download/images/Global/GlobalAnim.gif

Satellite Data of Water Vapor

MMorphed composite: 2015-11-16 15:00:00 UTC
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http://woodland.ucsd.edu/images/ssmi/download/images/Global/GlobalAnim.gif
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Atmospheric Rivers and Precipitation Accumulation
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Northern Sierra Precipitation: 8-Station Index, September 04, 2015
S MSC - Mount Shasta City Percent of Average for this Date: 75%

e SHA - Shasta Dam
/MNR - Mineral
2 /QRD - Quincy
- BCM - Brush Creek
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http://cdec.water.ca.gov/cgi-progs/products/PLOT_ESI.pdf
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ESRL Physical Sciences Division
FMCW S-band Snow Level Radar

ESRL Physical Sciences Division
FMCW S-band Snow Level Radar

F f n T -
5.6 [~ L — 18
L | . ) - -
- 5.2 = 17
ERp | ]
F 16 = — 16 5
a7 B
a6 - 15 L = 7
-
14 az - — 1a
4 1
13 s Y s
37 -
= 36 = = = -
= - g H 1
L 1 — 1
& e 1 )
RS B s e
- 10
3 3
%.. s L. gl 1o L.
= 5 F — 8
E 2
2.1 - 2 2.2 [~ 7
F 5 | — & -
el 1.7 ]
5 L — s
L . o o
Tl 1.z 1+
L 5 L, H - -
p 0.7 1
0.6 z 2 ~
- . o mss)
ey N (ary (7S (k) — ey
18 16 20 18 B 2
30—JAN—14 Time (UTC) 2EJAN Time (UTC) .5 Level ’
Shasta Dam,CA (STD) * Snow Level New Exchequer Dam,CA (NER) now Level
40.72 N, 12243 W, 183 m 37.60 N, 120.28 W, 274 m
Time (UTC) 1800 1700] 1600] 1500| 1400] 1300] 1200] 1100] 1000] 0S0O| 0800| 0700 0s00| 0500 0300] 0200] 0100| 0o 0| 2300] 2zo0| 2100 2o00| 1800 [Time (uTC) | 1800] 1700| 1600| 1500| 1400[ 1300| 1200] 1100] 1000] ©900| 0s00| 0700| 0600| 0500| 0400 o300| 0200] 0100| 00 0 2300 2200 21c0| 2000] 1900
5,,.,., Level (m) none | nome | mone | none | mone| mone| none| nene| nome| none | none | none| mone| none none | nore| none rone | 2215| 2635 2560 |Snow Level (m) | 1938 2127 | 2214| 2339| 2463 | 2474 | 2576| 2664 2674 ronc| nons | none | noene| nene| none| none| nene| nene | nons | none | none | none| none| none
5,,.,., Level (ft) | none| nome | none | none | mone| rmone| none| none| none| none | none | none| mone| none none | nore| none rone | 7266| 8644| B396 |Snow Level (ft) | 6356 6978 | 7261| 7673| 8078 8114 | 8450| 8737 | 8770 none| noms | none | noene | nene | none| none| nene| none | none | none | none | none| none| none
ISte Temp (C) | 10.11| 878 | 7.33| 7.34| 7.00| 807 | 827 | 8.45 888 | 023 | 928 | 9.12| B.97| 8EE 9.60 | 10.22 | 10.96 11.12 [ 10.76 | 10.40| 10.04 Sfc Temp {(C)
[Time (UTE) 1800 1700] 1600] 1500 1400| 1300| 1200| 1100] 1000] 0900 | 0800 | 0700| 0600| 0500| 0400| 0300 0z00| 0100| 00 0| 2300] 2200| 2100 2000| 1800 [Time (UTC) | 1800] 1700| 1600| 1500| 1400| 1300| 1200| 1100] 1000| 0500 0800| 0700| 0600| 0500| 0400| 0306| 0200 0100 | 00 0| 2300| 2200 2100| 2000| 1500
[Enow Lavel () | 2711 2845 2843 none | rome | none | nons | wone | none | none | mene | none | none | nons| nens | none| none| none | nens | none| none| rone | nens| none |Snow Level (m) | nonc | none | none | neme | none | none | none | none | none| none | nome | none | none| none | nene| none| none| nome | none | nanc| none | none | none| none
[Snow Lavei (1 | 8603 8331 5853 none | nome| none| nons | mone| none| none | mene | none| none | none| nens | none| none| nons | nene | none| none] none | nens| none |Snow Level (1) | none | none | none | nome | none | none| none| none | none| none| nome| none | none| none| none| none| none| nome | none | nane| none| none| none| none
s|= Temp (C) 9.95 10.28[11.23 | 11.42 | 11.58 [ 11.67 | 11.98 | 12,42 12.67 12.99 | 13.05 | 13.16 [ 13.29 | 13.73 | 14.15[ 14.69 15.90 17.36 [ 17.93 | 17.32 | 17.31 | 16.45 | 15.72 | 14.64 |Sfe Temp (C)
ESRL Physical Sciences Division
FMCW S-band Snow Level Radar . . . PR
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—JAN—1 4 Timne (UTC) 2B—JAN—14 e Ty
Colfax,CA (GFF) ® Snow Level ¢ b Pt L
39.08 N, 120.94 W, 644 m Time (UTC) 14
. . . . . i -
[Time (UTE) 1800] 1700| 1600| 1500] 1400| 1300[ 1200[ 1100] 1000 0200 | 0800 | 0700 0600| 0500| 0400| 0300] 0200] 0100| oo 0| 2300| 2200] 2100| 2000| 1800 Pine Flat Dam,CA (PFD) Snow Level
|Snow Leve (m) | nene | rene | none | none | none | none | none| 1549 1643 1683 | 1785| 1871 | 2392| 2480| 2472| 2480 none| none | 2640 | 2606 | 2666 | 2745 | 3880| 2992 36.83 N, 118.31 W, 184 m
|Snow Level (1) | nene | nene | none | none | none | none | none| 5082 5385| 5549 | 5854 | 6136 | 7845| 8136| 8108| 8136| nonc| nonc | 8660 | 8547 | 8744 | 9003| 9445| 9813 [Time (070 1800] 1700 1800] 1500] 1a00] 1300| T200| 1100] Tooe] Geoo| osoo| o700 osoo| osoo| 0soo| 030o] cacol oioo| oo o] 2300| 2200| 2100] 2Zooo| 1900
[sre Teme () 1 1 |Snow Level (m) | 2533 2513 | 2340| 2456 2365| 2496| none| none| none| none | none | none | none | none| none| nene | nore| none | none | none | none| none| none| none
e (0TC) Ta00] 1700| 1600] 1500] 1300 1300] 1200] T100] 1000] ceco| osoc| o700 ©s00| os00| o4oo] 0300l ozoe| o100| G0 o] 2300 2200] 2100| 2000| 1900 Snow Level (ft) | 5303 | B242| 7675| 8057 | 775B| 8186| none| none| nome | none | none | none | nane | nene | none| nene | nome| none | nome | none | nome| none | none| none
T T T T Sfe Temp (C) | 11.17 [12.76 | 13.72 | 13.93 | 12.44 | 12.69 | 12,91 | 13.14 | 12,89 | 13.11 | 13.63 | 14.04 | 14.69 | 14.53 | 14.39 | 14.63 | 15.15 | 17.97 | 20.41 | 21.04 | 20.32 [ 19.67 | 19.03 | 15.24
|Snow Level (m) | none | nene | none | none | none | none | none| nene| nome| none | none | none | none| none| none| none| none| nome | nome | mome | none | none | nane| nene L 1 1 1 1 1 1
|Snow Level (1) | nene | nene | none | none| mone| none | nene| nene| nome| none | nens | nons| none| none| none| none| nene| nonme | rome| mome| nonme | none| nene| nene T 7S Ts00] 700 ssa0] 1500 3 1305 1300|1100 io00 | cese | easo| 5706 asea| osoo| 6seo] o3ce| cscol oioe| o ol 2350 3300] 165 | 3500] 1560
Stc T c I UTC: ! ! 400 ! ! ! |
[Ste Teme (G) 1 L Snow Level (m) | none | none | none | nane | none | none | none| nene| none| nene | nome | none| none | nene| mene| nene | nenme| nene | nome | none | rone | none| none| none
Snow Level (ft) | none | none | none | none| none | nene| nome| nene| nome | nene | none | nene | nane | nene| none| nene | neme| nene | none | mene | none| mene | nene| none
|Stc Temp (C) | 12.18| 9.88 | 877 | 8.36| 7.71| 8.54| 9.70| 8.58 | 9.04 | 9.76 11.17 | 11.88 | 11.77 | 11.62 | 11.38 | 12.64 | 14.62 | 16.94 | 19.32 | 20.14 | 19.64 | 19.85 | 18.99 | 15.84



Height (msl)

Height (msl)

ESRL Physical Sciences Division
FMCW S-band Snow Level Radar
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Shasta Dam,CA (STD) * Snow Level
40.7158 N, 122.4293 W, 202 m
Time (UTC) 0015 2315| 2215| 2115| 2015| 1815| 1815| 1715 1615 1515| 1415| 1315| 1215| 1115( 1015 0915' 0815 0715| 0615| 0515| 0415| 0315 ﬂ2|5‘ 0115
Srow Level (m) 1716| none | none | none | none 965 | 2260| 2365 | 2446 2469 | 2445 | none | rone | 2679| 2485| 2492 2341 2269 | 2316 | 2379 2291 | 2257| 2252| 2123
Snow Level (ft) | 5628| none | none | nons | none| 3165| 7412| 7757| B022| BOSE| 8019 | none | none | B453| 8150| 8175 7678 7442 | 7596 7804 | 7514 | 7404| 7388| 6965
Sfc Temp (C) | [
Time (UTC) 0015 2315| 2215 2115| 2015| 1915| 1815] 1715] 1615 1515 1415] 1315] 1215| 1115] 1015| 0915 0815 0715[ 0615| 0515 0415] 0315| 0215 0115
Srow Level (m) 2478 2444 | 2463 2376 ronc 827 777 | none| nene| none | none | none| none| none| none| none| nene| none| none | none| none| none| none| none
Snow Level (ft) | 8129 B016| BO78| 7793 | mone| 2714| 2548| none| none| none| none | none | mone| none| nene| nene| nenme| none | none | none | mone | none| nene| neme
Sfc Temp (C) e
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\E—DEC—M ﬁme (UTC) 11-DEC—14
Colfax,CA (CFF) * Snow Level
39.0800 N, 120.9400 W, 644 m
Time (UTC) 2330 2230| 2130| 2030| 1830| 1830| 1730| 1630 1530 1430 | 1330| 1230| 1130| 1030 0930| 0830 0730 0630| 0530| 0430| 0330 0230| 0130| 0030
Snow Level (m) | none | none | 1512| rone | none | none| none| 1337 1266 1177 | 1105| 1153 | 1250| 1345| 1361 1460 1792 1902| 1694 1B03| 1809 | 1799 1889 1669
Snow Lewvel (ft) none | none | 4959 | none | none| none| none| 4385| 4154 | 3860 | 3624 | 3781 | 4100 4411 4485| 4790 | 5879 6240 | 5557 | 5915 5935| 5902| 6197 | 5474
Sfc Temp (€)
Time (UTC) 2330 2230| 2130| 2030| 1830| 1830| 1730| 1630 1530 1430 | 1330| 1230| 1130| 1030 0930| 0830 0730 0630 0530| 0430| 0330 0230| 0130| 0030
Snow Level (m) 1740 1857 | 2115| 2267 | 23864 2516| 2085 2100 2145 21983| 2213| none | none | rone | 2387| 2421 none| none | 2710 none | 250B| none| none| none
Snow Level (ft) | 5707 | 6420 | 6937 7437 | 7753| 8252 | 6B38| 6889 | 7035| 7194 | 7258 none | none | rone | 7829 7940| none| none | 8888 | none | B226| none| nene| none
Sfc Temp (C)

Height (mst)

ESRL Physical Sciences Division
FMCW S-band Snow Level Radar
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New Exchequer Dam,CA (NEH)
87.5972 N, 120.2775 W, 259

z o 22
Timne (UTC)

* Snow Level

Time (UTC) 2330] 2230 2130| 2030 1830 1830 1730 1630] 1530] 1430] 1330[ 1230] 1130| 1030] os30| os30| o7zo 0530 0430 o330 0z30| 0130| co3o
Snow Level (m) | ncre| 1504| 1626| 1634| 1615| ronc| 1550| 1460 1425 1478 | 1534| 1584 1650| 1841 9| 2111 2152 2220 2311 none | rene| nane| nene| none
Snow Level (ft) | none| 5228 | 5334 | 5359 | 5298 | none | 5084| 4790 4674 4847 | 5033 | 5195| 5413| 6038| 6722| 6925 7058 7311 | 7580 none | rone| nane | none| none
Sfe Termp (C)
Time (UTC) 2330 2230 | 2130 | 2030 | 1930| 1830 1730 1630 1530 1430 | 1330| 1230 | 1130| 1030| 0930 0830 0730 0630| 0530 0430 | 0330| 0230 0130 0030
Snow Level (m) | ncre| nene | none | nons | none | none| neme| none | nome | nene | none | nene | nane | none | none| nene| nome | rene | none | none | rene | nane| nene| none
ow Level (ft) | nore| none | nome | nene | none | none | none| none | nene| nene | mene | none | mene | none| none| none| nome | nens| none| none| mone| none| none| none
|sfe Temp (©

ESRL Physical Sciences Division
FMCW S-band Snow Level Radar
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13-DEC—14 Time (UTC) 11-DEC—14
Pine Flat Dam,CA (PFD) * Snow Level
38.8301 N, 119.3324 W, 184 m
Time (UTC) 2330 2230 | 2130| 2030 | 1930| 1830 | 1730| 1630 1530 1430 1330| 1230| 1130| 1030| 0930| 0830 0730 0630 0530| 0430 | 0330| 0230| 0130| 0030
Snow Level (m) 1574 1513 | 1566 | 1575| 1569 1567 | 1626| 1554 | 1432 1417 | 1502 1611 | 1793 | 1878 2364| 2333 none | none | none | none | none| none| none| none
Snow Level (ft) 5164 | 4962 | 5136| 5166 | S147| 5139 | 5333| 5097 | 4696| 4649 | 4928 | 5285| S5881| 6159 | 7755| 7652 | none | none | none | none | none| none| none| none
Sfe Temp (C) 9.18 9.27 | 9.53 | 9.32| 9.00| 893 9.11 8.77 | 892 9.21 9.52 | 10.35 | 11.05 | 11.13 | 11.77 | 15.09  16.55 18.26 | 18.73 | 17.91 | 19.05 | 18.47 | 14.52 | 14.22
Time (UTC) 2330 2230 | 2130| 2030 1930| 1830 1730| 1630 1530 1430 | 1330| 1230 1130| 1030 0830| 0830 0730 0630 | 0530| 0430 0330| 0230 0130 0030
Snow Level (m) | none| none | none | nene | nonme | nene| none| nene| nome| nene | none | nens | none| none| nene| nene| none | nens | nene | none | none| none| none| none
Snow Level (ft) | none| none | none | nene | none| nene| nene| nene| none| none | none| none | rone| nene| none| nene| nome| none | none| none| mone| nene| none| Aene
Sfe Temp (C) 14.30 14.21 | 13.89 [ 13.42 | 12.27 | 13.38 | 13.34 | 13.42 | 13.35 12.88 | 12.28 (12.80 | 12.85| 12.59 | 12.03 | 12.06 | 13.81 | 12.72 | 10.96 | 10.86 | 10.82 | 10.80 | 11.72 | 14.00
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Cumulative Daily/Monthly Precipitation (inches)
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North Sierra Precipitation: 8-Station Index, May 25, 2016

e : MSC - Mount Shasta City Percent of Average for this Date: 120%
 _«— ___SHA - Shasta Dam
KT AP /MNR - Mineral
R 4 QRD - Quincy
: . / BCM - Brush Creek 1982-1983 (wettest) Gt &
E ‘://snn - Sierraville RS :
- BYM - Blue Canyon
A 1997-1998
oy ,«——PCF - Pacific House _______— 824
% .
Ty g
N : 3/3/16-3/15/16 3ARs
X \ 24.7% of water year precip

12/2/14 - 12/18/14
34% of WY Precip
481 taf gain Shasta
273 taf gain Oroville
60% of northern
region SWE (3”)
Flood Stages

1MAF gain Shasta
Current Daily Precig}s.? 818taf gain Oroville

2014-2015 Daily Precip

37.2

1976-1977(2nd driest & driest thru Aug) 19.0

g IR

Oct1 Nov1l Deci1 Jan1 Feb1 Mar1 Apr1 May1 Juni1 Juli Augl Sep1 Oct1

Water Year (October 1 - September 30)

Total Water Year Precipitation


http://cdec.water.ca.gov/cgi-progs/products/PLOT_ESI.pdf

Reservoir Conditions - San Luis

San Luis Levels: Various Past Water Years and Current Water Year, Ending At Midnight June 16, 2016

2 100, 00
2,000,000 - Total Reservoir Capacity: 2,041 000 AF
1,900, 00
1,800, 00
A, T00, 000 -
A, 600, 000 -
A, 500, 000 -
A, A0, 000 -
1,300, 000
4,200, 000
A, 100, 000
A, 000, D =
Q00,000
S00,000 -
FO0,000 -
4.000 600,000 -
500,000 - 500,351 AF
400,000 -
300,000 -
200,000 -
100,000 -

- Dt 1 Miow 1 Dec 1 Jam 1 Felb 1 Mar 1 Apri May 1 Jun 1 Jul 1 Aug 1 Sep 1
Water Year (October 1 - September 30)

San Luis

San Luis
Conditions

{as of Midnight - June 16, 2018)

San LueReservoir Level (AF)

3,000

2,000

1.000 -

Resrevair Capacity (TAF)

o
Current Lewel: 500,351 AF - - - - -
P58, I 359 Historical Average —— Total Reservoir Capacity —8— 193761977 (Driest) —k— 19771978 —— 19821283 (Wettest) —— 20M4-2015

(Total Capwcity)

(Historical Awg. | — Cument: 20135-2016

Data Updated SMATR2018 11:15 AM



WY 2016 Storm Summary: Top-10 Wettest Events - Northern Sierra 8-Station Index
Dates, Landfall Locations, Storm Orientations — All Were Atmospheric Rivers

N 5 E . T Vater Year 2016 Each of the top-10 wettest events of WY 2016 were
° o HEEEN T identified and examined in terms of their strength and
- 0 : . ke nature of the storms that produced them
i ? :';2" * The 10 events produced 54% of WY16 precip.
44N — W e All 10 were atmospheric river (AR) events*
. 0 e All 10 had winds from west or southwest
_ / 5-6Jane e All struck NorCal or OR coast and forced water vapor into the
0 ':f::r;“ ‘ northern Sierra/Shasta area

Station Index 4 {

14.cm (Nsssl), « | |

40°N — 1300kg m's'

c?,‘.’smlér;‘i“e”d Lo At Precipfta}y'c;r}‘ } ﬁl: Each dot represents the central landfall location of the
NN W R S 7 associated atmospheric river
o —*2-14 Mar o * Dot’s color represents the maximum AR strength (i.e., its water
| o vapor transport — IVT)
N - 706 _74-6 Mar e
55°!4 ° Dates and AR orientations are shown

— 400 g 2

* Arrow’s color represents total precip. measured by the 8-Station
Index in that event (over 48,72, or 96 hours)

250 == 0

CW3E at UCSD Scripps; B. Kawzenuk/M. Ralph
32°N
| | | | | | |

138°W 134°W 130°W 126°W 122°W 118°W 114°W



AR conditions are defined as IWV >20 mm and IVT >250 kg m s -1, Data from the GFS 0.5° analysis

Latitude

Location of AR Conditions

50°N
48°N
46°N
44°N
42°N
40°N
38°N
36°N
34°N
32°N

30°N

AR Landfall Locations during Water Year 2016

e ot e Each line indicates where AR -
e 1.5° nland conditions were met during each BN

" nland event

50°N

AR conditions indicated
along line with
corresponding color

46°N

42°N

Black lines are coastal and red N
and blue indicate inland
penetration of AR conditions SN T T

130°W 126°W 122°W 118°W 114°W

8-Station
Index

5-Station
Index

AR conditions made inland penetration near 39°N during nine
events
- ARs most likely made penetration through the Petaluma
gap to the northern Central Valley and Sierra Nevada

The majority of the CA coast experienced AR conditions in
nine of the ten cases



Forecast of AR Landfall Probability using GFS Forecast Data

(http://vortex.plymouth.edu/~j cordeira/ARPortal/Current/Ensemble/LandfallTool/Ensemble Landfall IVT250.html)

AR Landfall Tool

Developed in partnership baetween the Cernrer for Wesrern Weather and Warer Extremes at UCSD Scripps and Plymouth State University

There are three itnages available, all are Latitude versus time:
(1) Ensemble Control TWT, (2) Ensemble Probability of ITWT=250 kg/m/s. and (3) Ensemble Probability of INT=500 kg/'m/s

GFS Ensemble Probability of IVT=250 kg/m/s Model Run: 06Z Thu 19 Nov 2015 o
48.0 e 48°N
& T L T T L T O O O O G e T T T T T T T ] .
= 1 WEMEEE IEE IE BE BE DO EEE e EEEE S EEEEEE ' I EEE N 454N
> a5.0 { JSRpSeSaEER LBt . ISEEEEEEEEEEEEEEEEFSL INEEEEEEEREEEEEEE
B B R 24°N
w5 42.0 —_—tt -+ az°N
3 - = - -
? 40°M
S 39.0
:E_ 38°N
g .....................
= 36.0 36°M
g
347N
33.0 e T ot st ) P i e e s e D R D e e e £ U R e e o B R B e i
22N

130°W 128%W  126°W 124%W 122°W 120"W  118%W  116°W

+16 +15 +14 +13 +12 +11 +10 +9 +8 +7 +B6 +5 +4 +3 +2 +1 MNow
<mmmmmmee Forecast Day from 062 on Thu 19 Nov 2015 --------

Q 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1



http://vortex.plymouth.edu/~j_cordeira/ARPortal/Current/Ensemble/LandfallTool/Ensemble_Landfall_IVT250.html

Next Steps

Continued development of data visualization and archiving
capabilities that depict strength and temporal evolution of
events including animation of data for past events

Observational gap analysis and link to water management
Extreme thresholds and further early warning applications

Research into seasonal and annual forecasts of AR activity
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