


Purpose and Outline

Purpose: To describe the development of a prototype real-

time observation and model forecast evaluation tool of
low-level water vapor flux as a key determinant of
orographic precipitation in extreme events.

QOutline

Scientific background

An integrated observing system

Comparison with mesoscale model forecast
Local Analysis and Prediction System (LAPS)
Conclusions




» Heavy cool-season rain & flood events along the U.S. West Coast are orographically
driven and occur most often when narrow warm-sector corridors of strong water-
vapor transport (i.e., atmospheric rivers — ARs) intersect the coastal mountains (e.g.,
Ralph et al. 2006 in GRL; Neiman et al. 2008 in JHM).
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Wintertime orographic forcing climatology
along northern California coast

Developed real-time monitoring of vapor transports to assess the orographic
forcing, based on published research using wind profilers,
as well as GPS receivers that measure WV
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* Flood-prone Russian River Basin
northwest of San Francisco: 2000/01,
2003/04, 2004/05, 2005/06, 2006/07,
2007/08, 2008/09

« Analyses for when the following observing
systems were simultaneously operating —
(a) Bodega Bay (BBY): GPS-IWV unit,
915-MHz wind profiler, rain gauge
(b) Cazadero (CZD): rain gaugeTotal
precip: CZD=6857 mm,

BBY=2761 mm (ratio 2.48:1)
« 18347 hourly data points

Neiman et al. (2002), Mon. Wea. Rev.

Neiman et al. (2008), Water Management
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Correlation coefficient:
Hourly averaged upslope flow at BBY vs. hourly rain rate at CZD
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Winters: 2001-2009
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Component of the flow in the orographic controlling layer directed from 230°,
i.e., orthogonal to the axis of the coastal mtns



Winters: 2001-2009
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Winters: 2001-2009
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Winters: 2001-2009

e all
* when raining CZD . Qoo
+ 5+ mm/h CZD

¢ 10+ mm/h CZD

Rain >10 mm/h:

....212.5mis;.>2.cm

Atmospheric river quadrant:
Strongest IWV fluxes yield
heaviest rains
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Hourly 850-1150m upslope flow from BBY (m/s)

*Nearly 2/3 of tropospheric water vapor is in the lowest 2 km MSL.
Hence, to first order, the IWV flux provides a close estimate
of the low-level water-vapor transport into the coastal mountains.




Prototype forecast tool tested at 3 CA couplets during NOAA’ s HMTs
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0030Z 5-Jan-08: Intense western U.S. storm
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Couplet Coast (profiler, GPS, rain gauge): Mountains (rain gauge):

North: Bodega Bay (BBY; 12 m MSL) Cazadero (CZD; 475 m MSL)
Central: Piedras Blancas (PPB; 11 m MSL) Three Peaks (TPK; 1021 m MSL)
South: Goleta (GLA; 3 m MSL) San Marcos Pass (SMC; 701 m MSL)




BBY & CZD

Northern couplet
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4 Jan 2008 1500 UTC

Hourly Rain (indhes)

Hourly Rain (inches)
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Time of max. IWV flux at BBY: 1500 UTC 4-Jan-08
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IWV flux tool expanded to the Pacific Northwest as part of the Howard Hanson
Dam rapid response effort — discussed in more detail later in this meeting
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complex terrain of western
Washington
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ESRL Physical Sciences Division
Coastal Atmospheric River Monitoring and Early Warning System
Model forecast provided by the ESRL Global Systems Division
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@ snow level

IWV (em)

Hourly Rain (inches)

Local Analysis and Prediction System (LAPS; ~10 km resolution):
Verifying against observations at Bodega Bay, CA by Seth Gutman
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Local Analysis and Prediction System (LAPS; ~10 km resolution):
East Coast rain event late Sept. 2010; provided by Seth Gutman

IWV (cm) IWV Flux (g xv) @ 1 km MSL
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Conclusions

Ongoing research has led to the creation of a real-time vapor-flux tool to monitor
orographic rainfall forcing at multiple coastal sites.

By combining observations and forecast model output, users can see how well a
forecast model represents land-falling ARs and their resulting impacts on

orographic rainfall enhancement.

In the cases shown, the WRF model reasonably captured parts of the orographic
forcing. However, the coastal and mountain rains were predicted poorly (due to
microphysics & terrain resolution?).

The three monitoring couplets deployed along the CA coast provided valuable
lead time to forecasters for conditions leading to extreme rainfall. This approach
has now also been implemented in the complex orography of western WA.

LAPS has promise to extend this capability onto a gridded domain, although
representativeness will be on ongoing issue.
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The top of three panels of the forecast tool
displays hourly wind profiles and snow levels

Model: Advanced Research WRF (ARW), 48-h duration
Grid configuration: 3 km horizontal, 30 vertical levels
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The middle panel displays the
upslope component of the flow and the IWV

Observed

Forecasted upslope flow

Forecasted IWV Observed IWV
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The IWV and upslope flow from the middle panel are
combined to produce a bulk IWV flux, which is
displayed in the bottom panel along with the
coastal and mountain hourly rainfall

Forecasted rainfall (T posts): Observed rainfall (bars):

Red = coastal site Red = coastal site
Green = mountain site Green = mountain site

Forecasted IWV flux Observed IWV flux
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The thin blue horizontal line gives the IWV flux threshold (25 cm x m s™1) determined

by multiplying the IWV and upslope flow thresholds defined in the middle panel
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Atmospheric River AR precedes

L
| I
CZD rain = 273.6 mm (94% of total) — cold frontal
/ passage

N W
|

GPS Integrated Water Vapor (cm)

| | | | | | | | | | | | | | | | | | |
1218 0 6 1218 0 6 1218 0 6 1218 0 6 1218 0 6 12
14Feb04 Time, UTC (h) 19Feb04




Compare observations with numerical model results to gauge

how well the model is performing with respect to the

orographic forcing and associated QPF.

Forecast Model Confiquration

Model type: Advanced Research WRF (ARW)

Grid Configuration:

- 3 km horizontal grid spacing
- 30 vertical layers

Forecast duration: 48 hour forecast
Model Physics:

- Ferrier microphysics

- RRTM long-wave radiation

- Dudhia short-wave scheme

- MRF surface layer scheme

- thermal diffusion land-surface scheme

- YSU boundary layer scheme

Initial and boundary conditions:
- NAM forecast

120w

model domain and

terrain elevation (m)




LLJ controls rain rate in coastal mountains — wind speed
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Major precipitation event includes forecast of >10 in. of rain/48 h
(many feet of snow above 7000 ft), with many NWS warnings

" NOAA/HPC

2-day QPF
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4 Jan 2008, 2100 UTC

21 .3IZ7Z
3.0/NA

2.3/15/34

12.1/2.7

2.9/12/34

6.4/243

2100 UTC 4 Jan 2008 Atmospheric river conditions

Site IWV Full wind* Upslope flux Mtn rain rate | SnL
(cm) | speed, dir. (cmms™ (mm h1) (km)

(m s, deg)
BBY 2.3 21/273 34 3 na
PPB 3.1 31/207 90 26 29
GLA 2.9 14/145 34 6 2.7

*hourly averaged over the “controlling layer” from 750-1250 m MSL




This new water vapor flux tool developed by ESRL scientists measures key
precursor conditions to mountain precipitation enhancement. In this case, the tool
provided valuable lead time for heavy rainfall occurring near the Canyon burn area.
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Debris Flow Project

2006 and 2007 Fire Seasons SMART-R radar
Major Burn Complex Boundaries
24 Hour Synoplic Precipiiation (Inches) Ending Sat Jan 05 2008 at 12 UTC
NOAA/ NWS / California Nevada River Forecast Center



IWV (em)

Hourly Rain (inches)

1.3
1.1
0.8
0.7
0.5
0.2

0.1

TN

Accumlated preciptation (inches)

&)

T T T T T S T T T T T T T T T T T T T T T T T T T _]
e B N

| ST S AN W NN TN NN TN (T TN (N SN NN SN N S N T N PR AN S NN RN NN T (NN TN B [ TN SN SN N | IR TR TR RN R T B

0 22 20 18 16 14 12 10 g8 [ 2 Q 22 20 18 16 14 12 10 8 6 q 2 Q0
06-JAN-08 05-JAN-08 04-JAN-08
Goleta,CA (GLB) San Marcos Pass,CA (SMC) Time (UIC)

3443N, 119.85W,3m  3451N, 11982 W,701 m

B Coastal rain (GLB)

Bl Mountain rain (SMC)

T T T T T T T T 1
- Circle X Ranch (CXR)

- 34.11 N, 118.94 W, 518 m

Upslope water vapor Atmos. River conditions |

w

N
|

! Malibu (MLB)

34.06 N, 118.64 W, 480 m

flux exceeds 25 flux (>2.0 cm integrated

units prior to 18:00
UTC at GLB;
giving 5+ hours of
lead time to start
of heavy precip

at CXR and MLB

water vapor)
begin at 11:00 UTC at ]
Goleta (GLB); giving -
9 hrs lead time to —
start of precip .
at CXR and MLB

K _

20 18 16 14 12 10 8

L1 1 |
6 4 2 O

<€—— Time (UTC)

22 20 18 16 14 12 10

L1 1
8 6 4 2 O

70
60
50
40
30
20
10

(syu1) adojsdn

(R/,"lll} (U ) .\'))’_.I ‘L!u



AND) I8 2 2 38 3 8 2 ¥ 8 8 8 8 2 2 o o
mw m @ < Upslope (m/s) IWV Flux (em)(m/s)
b d T
R QeunLeoFod-comron0vnN - F REEBE8BSw
LAY LI LI L L L L L LA L LY L LAY L LI BNLE BN LA LA L L LA L L N L
‘»‘x\:\:V//,
RIS
2 ‘.wu..m =
)
(2]
O
O
o
o]
Lo
©
C
[e]
12}
(-
.0
e
= o., > %, 3 I
o) > W /
w % NS 33222 222212222242 A ARAL gi FRMAPRTn
.W %/Wv:::::1, YIIIIIIIIY 7AAMAARAAI
(] > . Al
— \
N © 2227 SRS L sl
% w IIIDDY, \\vvv.v.vv,wvvv\w/vvvvv,v P
\ S
(i 0 & \va? ¢ A\.w/‘v
9O o Y T )
Cm 4\ ‘V\‘\\vz»:
nZ Py e \
— NN
sa [T :@ww&vwww? s FON i
S NN | e —
(&] - ) V%ﬁv \ PUNAANANAAAANANANANANAY IMHE B ! i
oy~ N\ \BAAA B S0 :
Sm VV§$ va«v,.v vv.v‘ IIPPPIIPIIPRRIPIIID :V/l 1 r { _|T|
YW SN L \ i |
= N H
1] 11 \ |
P v ,..vv\ — \
o L | do L B
= S - \
R ALY \ A 2] I I . i I __ H i
S ...»‘»\»\\»Vv V\?\\\\L P AN [ | N | I 7]
(1] 35 :\»»v»{\»\\\\\»:\ ﬁ \ r Ll 1 I i 1
\ \\ r
&& PP YY) \\,\\.\ JAMEE Y T " 1= .’. H
\ k
m \\\xv}y»t\» 199999999 -t | 4 L 1 H 4
VAN
e\\»\»\t»:\::» - ’. o | Y HA4
[ r H
_.m »\f\i 3 v 1 r .
33355 - T = | | HA
Y oo |
3335 et = I H
W I K 1 1 A K
g } z
33335 5 ol B 198 F R
V,. | L = a | _.. i
TP 1 1
.\\\fv&\\ ..Av [~ . ]M ~ ]
i F— |
*PFY PP -4 F B o I i
110 o
1A He ____ SCHS e
1141
AR AL r { 1 r — T
oy
V1 12 F L G |
ek [ A Lt P R os P Thearwa | 154 TSP (AN (1P 1 L R R 8 L
o « <] - o ~ (o)) < ] L 4 o « \m S wn e n S ] ™~ (7] L] i
n N « < L] 3 o™~ o~ - - o o ~ M N N A O < < < < <
|2A8| BuIZoa); == «=  |3AB| MOUS @ ﬁ msy bra ah.t”oM 5
. 1 b H adojsen u2) AMI (soyou) upwy Aanofy

Day 1
Forecast
verification
Northern
Dashed
lines and
T posts
represent
model
output
Solid lines
and filled
bars show
observed
data

18
00 hour
forecast

20

04-JAN-08
B Mountain rain (CZC)

10

12
T and — — = model forecast Upslope = 230 deg

B Coastal rain (BBY)

20 18 16 14
Time (UTC)

22

05-JAN-08
38.61N, 123.22W, 475 m

18 16 14 1z 10

48 hour
forecast

Bodega Bay,CA (BBY) Cazadero,CA (CZC)

3832N,123.07W,12m



Ivision

ESRL Physical Sciences D

Wind Profiling Radar

Speed

Upslope (m/s) IWV Flux (an)(m/s)

: 88888 I
LG N TR e . o . R [ O o B I LR I B B
. L _
, \ I |
2 2 ~ ]
N I |
Af& — —
W ,w« \\v L 4
o L _
(o] L 4
Lo
= L _
cC > L i
o]
- L _
(= L -
.2
prer) - -
o
0 o 1° - b
333 33 DYy L5 M B - -
A > [ TR RRRRE
v&\&\»@ \WWVVVWWVV&\V rvy 11 ﬂ,:.ﬂ e A S 1 i 7
\ A o 7 R MU &
P VW \.,,V »~ ) 2222007 i 4 i xi;%ﬁ,ﬁ.ﬁ? 1 B .
ww.yv\v yy&vf ﬁ«v%* YT - _.4 Afgﬂ, 1 I T
S S NI I I - .
A ‘;.\“xv\»»- v®~\‘ wesaea 1 r 1
y AR | B ]|
T ,v/:v,»,»,v,‘,v,v,t | ! : ]
SOOOOOOOOIOOOIID vv ‘/e\. -8 { - -
www/‘vv«/‘w«/J‘¢w¢«¢/‘ M I 1t 1
““\»v»‘¢¥ V/\VV»VV,VVVV lﬂl “.. -8 1
)3P0 ) )»VVVVVJVJ«J vf 4 . 1 F 1 r 1
SIPIP PP PP P »»»»‘»»‘»V,vvv/v/»vvvv,wvf.. , 1 .. —He + £ H
» > PP »\‘»“\»»‘V/VJ/VV,V\J,V/VVVWV‘Z; 1 r ...r — F ‘ L H
> 3 \ p P PP PP »/VV/V v/» /v /V/VVVV\V ¢ Y F .. % Ho Y F —
33 .‘\»‘\,‘»»\»\V\»\V VvV\VV\/vw\V.... 1 Eo AY T i // ! H ]|
") »» > »V,V/v%,va,vw,v IDPIPIILS % iy —= \ L
“ » » > > ) ‘/,VJVV > )2 R P ..4_ 1 7 z 1 T
m IDHD D ) > vVV,vwv...v \ 1° - ../ -1° \ 1
r—nw,‘.,» KV»»v/»/v,v. ' r ../_ q r \ H o
..v PPD P ) » \J/»/vv\» 22 - ) 1 \ S A
PADPD D > > > »V/V/v,\v \ __ r ._ N A r f A
.,,.v,..\ » > > > > \,VVV % - L qe F b1
V,\ .\,\;VV B ) \\ 7 B ‘\ 7
> PPPPL! o J 49 | _“ -
VA2 * I
330 r 1 7 1
\ | B _...— T pﬂT ]
- -“ - - - f -
; I AT T /l 7
e i 44 I 1 Aoo I i 1
344 ) ! u - o -
i RS T A B N i o AT B e PR
nm - oNOm - aNgn o g oo oo 9 oW @ oo oo o
M M M N N N N N ~ ™ = qlmo o“ o© o~ o~ ~ < < < < <
== 2% wous @ (sus) JYBLOY  sdojsdn ) ;
1 Yoo H I (w2) AMI (soyour) wwy &janoff

fication

Central

Forecast
veri

Day 1
couplet

20 18
00 hour
forecast

22

04-JAN-08

22 20 18 16 14 12 10
Time (UTC)

05-JAN-08

18 16 14 12 10

48 hour
forecast

@ Mountain rain (TPK)

T and — — = model forecast Upslope = 225 deg

B Coastal rain (PPB)

35.85N, 121.31 W, 1021 m

Pt. Piedras Blancas,CA (PPB) Three Peaks,CA (TPK)

35.66N, 121.29 W, 11 m



Day 1
Forecast
verification:
Southern
couplet

HeLght (msl) @ snow level == == freezing level

upslope
oyer

IWV (em)

Hourly Rain (indhes)

3.0
2.5
2.0
1.5
1.0

0.8

0.7

0.5

0.2

0.1

4
: . NS 8
ESRL Physical Sciences Division A
Wind Profiling Radar . 4
" o

[ € Forecast > | <— Observations and Forecast ————>{20 %%

—4 - - TN - N N N e - 19
AT T N N TN N N e N e i ;'8 e

% T B e T N N N N N T g O W ]

L s\ N N T N N N N N N N e N 3 —117 70
T TN N TN NI AT N NPT B TN N TP 16 65
T B Vo Ve Vg g B g T

T S Y e e 4 115 60

- s J14 W

W W ~
- v 13 0
> 12
45
40
10
9 35
8 30
7 25
6 20
5 15
4
= 10
| .
| A :
f,% = 1 o
1| =4 (kt)
2 \ \ (kft)

i Pl - N - — 40
- ,/- - T T 1 e D —30
-_ - ” — 20
- i
- —10
I~ P, L, iy T T [ _-
¢ TrmTh [ I Trlrll ] I I HTH [ .
Ll nflnfnfnloaoflaflaflnflnaflaoloalaflnflalnafalflad L 1]
18 16 14 12 10 & & 4 2 0o 22 20 18 16 14 12 10 8 4 2 0 22 20 18
48 hour 05-JAN-08 04-JAN-08 00 hour
forecast Time (UTC} forecast
Goleta,CA (GLB) San Marcos Pass,CA (SMC) B Coastalrain (GLB)  E Mountain rain (SMC)

3443 N, 119.85W,3m

3451N, 11982 W, 701 m

T and — — = model forecast Upslope = 195 deg

(spu) >sdojedn

(:/m () Xnjof AMT



Ivision

ESRL Physical Sciences D

Wind Profiling Radar

Upslope (m/s)

IWV Flux (em)(m/s)

R T S o S L L T e T et TR T8 L L 2R8888R_w
¥ T | L R L L | | LI I v L R LR A UT| VA VL LRV PP U T VLY LRV
do | s |
. =1
D VIR 1t * 1 1
VYR YRy BRRRRRIR Jo Lk dg .
:::»»»‘,v,.v/w\\v r 1 b
e 48 ./ -8 .
v Ll
ok FER ] -
) AON ¥ il lo do -
4 / A W _._ | |
o B ISR
—Alv - n gy o™ F i -~ -
e ] | 1 y
© N ] L —< Y —= —
m = i kL ) i .
» — L3 o - ! —w —
m ! R 1| I | i
..w ,V\ \ . N L o f — @ —
PN o / a i st L 7 | |
A e H
% S S22222222222; ARAARAL d.w.#ﬁ% AR YT v |Y W 1o LAf | 45 _
%/.\W‘»::::: 222222 y gﬂ.\:::: ARL ,_ + 4 4
P 7 ' s IQ -
V» PIIPID 1 T
ISPV PYY YV YYPY) 13 .
o |
-
> 20 1. i
A T IIIITFITIITI77 -
e |
o~
AN {11341 @
PIP)H PR VPp== -8 -
Ty TRRRRRIRIR Yy yss PPy =20 3 ] 1 -
- - v —He -
- 5 — z i
(3] »? . — 1 I ¥ i
m L ] da | H
A L —
i S 1t 11
o B a1+ n
C | H i | H |
o
(2] I~ 1% i
: . "1 1
prert =
[
9 - SENE ]
8 . i -
L 4y |
L = L |
b
L Jde L |
-
% I \ | I i
L Jdo L |
-
s Lo I | I - | | I | IR I
o < o N @ o Y S B HPFIKE G B 0§ g
) " o o~ - - \O. o £ © NN H H O o o o o o
i R : _Jako| ~ )
|98 buizeal; |2A8| mous @ Dmsy wdb«wm.ﬁ\ adojsan u2) AMI (soyou) uwy >\.~:0NN

ion

Days 1 & 2
Forecast
verificat

Northern
couplet

20 18
00 hour
forecast

22

04-JAN-08

22 20 18 16 14 12 10
Time (UTC)

05-JAN-08

18 16 14 12 10

48 hour
forecast

B Mountain rain (CZC)

T and — — = model forecast Upslope = 230 deg

B Coastal rain (BBY)

38.61N, 123.22W, 475 m

Bodega Bay,CA (BBY) Cazadero,CA (CZC)

38.32N,123.07 W, 12m



Days 1 & 2
Forecast
verification:
Central
couplet

ESRL Physical Sciences Division
Wind Profiling Radar

B 1
o -
8 a7 &<—— Observations and Forecast > | €—
b4 3 - N
5o ‘ L CUSh
237 " . . D,
$ L e AN
| 351 Ao el NN
o3 Fiow X i v N
¥ L 3 he TIIY
% 3.1 ' -y v D »
z Sy . Ag T N
T 29 S -~ - T
3 F .ei/ r.w Ve : '2: ~
c 27| g v A
5 2 L NS V. .‘®>. \('.»
® o5 v vV -
I > XYV Iy,
N 2.3 ot W N ~,
on 21 r » ~ D g \ v
: Y /
& A AN DN - - 4
1.8 NN v 4 EI

s . RS Ny v, ; —

2 170 > v, :9’ s~ 3 Y, . |

9 7 VN v v, <, ~, ~ ;:_1 A =) o | A 3 5 |

® 1.5+ :( e g 3?4 ~y ~ 5 _,H 4 ! q =
r ~ Y, v, L, - =] 3 -] B

= 1.3 > Y~ 5 4 3 N

* i - e ~, V, - g: 3 1 4 =1

as - ) - d g W) S E ] a |

o2 g % EE ps|

-] <= 38 3 3 |

Sl 0.9 ]:7 - | - S —:—3; -

0.7 | T w =
0.5 —— < B { ; 11 1
0.3 [ = 3 2 ; ‘
H : S 2 2 2 3 i ¥
0.1 - 1 é SN 3 ¥y
(km) [ L3 o [ il Ll
2 0 22 20 18 16 4 12 10 8 6 4 2 0 22 20 18
3.5 _: 35
I — 30
= 3.0 §

3 i —25
~ 25} —120
E 2.0F =h
B ozop =10

1.5 - g
[ I 1 I 1 l 1 I 1 I 1 I 1 l 1 I 1 [ 1 l 1 I 1 l 1 l 1 [ 1 l 1 l 1 l 1 1 I 1 l 1 l 1 I 1 l 1 I ]
18 16 14 12 10 6 4 2 0 22 20 18 16 14 12 10 8 6 4 2 0 22 20 18

w» 1.4FT T o5
A9 L -
o 0.8k {80
= B ] 65
~ 0.7} g
= r — 50
S 0.5 ]
[+ L —35
\“3. 0.2 =l
3 0.1p s
T | IPE NI TR B PR (U (U NN NI NNNUNN AN N N N NI I R P T U U U U

18 16 14 12 10 6 4 2 0 22 20 18 16 14 12 10 g 4 2 0 22 20 18
48 hour 05-JAN-08 04-JAN-08 00 hour
forecast Ii’”c (L’ZC) forecast

Pt. Piedras Blancas,CA (PPB) Three Peaks,CA (TPK)

35.66N, 121.29 W, 11 m

B Coastal rain (PPB)
3585N, 121.31 W, 1021 m

@ Mountain rain (TPK)

T and — — = model forecast Upslope = 225 deg

() sdoyedp

(spu) (w2 ) x0p AMT



ESRL Physical Sciences Division AL
. e 3
Wind Profiling Radar R 4
© L = . Speed
3 <—— Observations and Forecast Observations and Forecast ———— > |20
=a bl . 80
g S W W R L R g \‘.r\:k:w\..r—\k‘»— \LL\ b N W~ 19
Forecast P B ot g 1s 7
. . “l L Wy e b Wi W - gL 17 70
verification: 1o v e
Sothern vy N
3
couplet £
3.4 -\
o] O
9 [TTIPRTIPY
E 2.9 e un
3 [ g de
T gt i
o 146
Q.
oo r
8809 |
0.4 |-
(km) |
3.5
. 3.0 S
S 25F g
- L Q
Loozof S
SRR )
1.0 @
g 1.3:_I T | L LI T T LI T T I L LI T L T L L L T I__so §
G 1.1 _-50 ~
2 osf P
S 0.7 J30 :
% 0.5_— 20 g
< 02| —— J10 =
S oal mom 1 T [ Tor 1T 1 1 ToTsTTTTet Jo =
Sy N T I N R PN I I AN AT NTR NI NI (U N R N ST S R RN SR SR R R =
18 16 14 1z 10 & & 4 2 o 22 20 18 16 14 12 10 8 6 4 2 0 22 20 18
48 hour 05-JAN-08 04-JAN-08 00 hour
forecast Time ( UYC} forecast

Goleta,CA (GLB) San Marcos Pass,CA (SMC) B Coastal rain (GLB) B Mountain rain (SMC)
3443 N, 119.85W,3m 3451N, 11982 W,701 m T and — — = model forecast Upslope = 195 deg



Northern Couplet

» Coastal rainfall
overpredicted by more
than 100%

* Mountain rainfall
underpredicted by 3.5 in

Central Couplet

* Model reasonably
predicts coastal and
mountain rainfall

Southern Couplet

* Blocked flow delays
onset of coastal and
mountain rainfall

* Model misrepresents
blocked flow, thereby
overpredicting upslope
flow and corresponding
rainfall

Rainfall (inches)

Rainfall Comparison 18 UTC 3 Jan - 18 UTC 4 Jan 2008

Northern
Couplet

Central
Couplet

Observed Rainfall
B Coastal
I Mountain

NWP Rainfall (all sites)

:

I

Southern
Couplet




All Couplets

* Model underpredicts
rainfall during
atmospheric river
conditions, but then
misrepresents drying
and wind direction shift
following passage of
storm’ s trailing cold
front resulting in rainfall
overprediction. As a
result, compensating
errors produce forecast
improvement over Day
1

* Three Peaks gauge in

central couplet records
12.6 in of rain in 48 h.
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Rainfall (inches)
N

1

Rainfall Comparison 18 UTC 4 Jan - 18 UTC 5 Jan 2008

Observed Rainfall
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I Mountain

NWP Rainfall (all sites)
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Northern
Couplet
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Couplet

Southern
Couplet
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A tiered approach for new obs to help address CA’ s water resource issues

shore
recon.

Tier IlI:
Newer technology
Ex: Gap-filling radars,
Buoy-mounted WPs

Tier Il: Expand on well-defined
needs with proven technology
Ex: Wind profilers, Coastal
Atmospheric river observatory

Tier |: Address well-defined needs with
proven technology
Ex: Soil moisture sensors at CIMIS sites, GPS
receivers of opportunity, snow-level radars




