(Quantlying how observations
inform our models

Brian Powell
University of Hawaii

Colette Kerry (UH), Bruce Cornuelle (SIO)



http://myroms.org/includes/abs.php?w_id=ROMS2012&p_id=103a
http://myroms.org/includes/abs.php?w_id=ROMS2012&p_id=103a
http://myroms.org/includes/abs.php?w_id=ROMS2012&p_id=103a
http://myroms.org/includes/abs.php?w_id=ROMS2012&p_id=103a

ARGO



IN THE SCHOOL OF OCEAN AND EARTH SCIENCE AND TECHNOLOGY AT THE UNIVERSITY OF HAWAI'lI AT MANOA

Japan

17 Commonwealth of
the Northermn
Mariana islands

Hawaii

Johnstov‘

Baker

. . Jarvis Equator

F.dont.dS(al“ RN P Howland and 'Palmyra

American

. ‘ Samoa
Australia ) -




60°N

50°N

40°N

%

I
120°E 140°E

I I [
120°W 100°W 80°W

—— ————(—
o s e o3 o MR G NSRRI S o i 4 2 el

| | | |
160°E 180° 160°W 140°W

B. Qiu and S. Chen. Interannual Variability of the North Pacific Subtropical Countercurrent and Its Associated Mesoscale Eddy Field. J. Phys. Oceanogr.,
40:213-225, 2010.



NSNN———
LV UG,
N NSNS

R

. s

EPad
N -

~
-

Tadbd L

.
e aNymd e

~
.o ML

g e~
AASE

i

1N
U R

-1

SANC AN Smme

w

2

180

20

15

10

-10

-15

-20

Rate (mW m'2)

Conversion

H. L. Simmons, R. W. Hallberg, and B. K. Arbic. Internal wave generation in a global baroclinic tide model. Deep-Sea Res. 1, June 2004.



Depth (km)



5 » e s L} . f»ﬁa 2 2 4 0w w e o 6 @ @ w @ « e o » 4 = °
& B 8 v % v e s+ & s e w @ ’,’—- TSR PR I Y » . e @& @ o . ' . o -
“© o o 3 ® e S e ¢ = LR " T B 550 MR O S [ T « . . T - 40
o ,J\ B O N0 e g”l o il . o o ~ A Do O e s . e . . « .
24 /.. » o mp P P b s P g P P, L . s o B ol s O - v o o * 2 e . Lo iRE -
l--. . ® > P T e Py P oy = P = llomnatitel . R T . ® & 4 ® 1« s e ® ®» =
i’ s ., ) [/ IRl R Sl A G I DR A i A LS - I T T T T 35
/--.. e —v‘—-——,ﬂ—'—’\_-, PP P s g 4 P AP A me ™ m P o meom g s ®” m > » ¢, 5 ® 4 mwm om W w5 ~—~
‘;__\._///'/—'—-—-—-w—vlf\\..‘. L e S L .ﬂ—g P e = omom o oo oy E
° 4‘.—'/4--.“—-.. -~ m = P L e mm o m s e P s ® o memmag s+ —l_ﬁ-&-—-—a-.ﬁ -~
22 -— ,’—.\\“ N A L D I L B A S PSP S TSNS w»Om ® » ®» = 4 a2 o 30 B
_-_..(V-—kﬂ-..\_\\‘-—4'\/_.\\\-—’—-—-—--.-.‘-~ e e mmat s e e e, s s ‘.(:5 s e e e ‘M
«\_-.. - - ”\\\_.-I ~ <8 \_.‘-.—.—. LA PO P . T I N S e R S N T S T . T S SN L TP S S ) Nz
—A“—Ns—-’ - —— " P iy s oy, mma, ' 4 PP A ™ N+ ® m mm®m e s s s A~ e v 4 o o(‘\ LI T SRS ><
o s = e R 7 e (= A \n"'"-s~\~s--'-s\~-"'\~\"'~--~B. A 25 =
20 \\”‘""’"‘W\"\ \W"" D N T T Y TR R O A S R R S A L T B I U T S S S @ PP —
%—.—’-“\\ NSRS -un\\\~-—’~\\\ . PP m P a N " S ™ B a4t sy e . m
- o g o ~-’\-\—-\-~~ s\\\\~ L . "L Y P m oy ™oy = EpEa= “ n\‘-.-"-\\gﬂ-.\ s e e 2 4 e 4 ¢ >\.
. e o o LR N IR T YR R ) \\\“ . - -‘-\\~ LA IR . Y Y RO Y SR i VO O N NN .Q. 0 O O B 2() OD
s e ¢ P FRRY L . LR \\\-fl O ANNS e O S DR QD o G CYRN. ORI O 10 P2 ¢ sT° s v 4 o —
o ¢ ¢ & o - UBRE [y I U N\\‘\' o b O Oy © OELANC IR AL LS Y O) S =EsEs C e e e - AN SHY e e Q)
18 0 P 2 2 4 - o 6 3 e AN NS\ A DG O KRN S DL O (s (W0 gy, (Y [ Waks ~ 7 oO ol « 4 = :
o & 0 0 0 G CERC R R ) <Y L0 S NN"" LI N I I I 2 O 0 CHELENCET © AN AP AN SR A S m
o o o o . L PR = 0 \\“ DI R R N T . T I N 1 e o= =l VAV VA B0 ] 15 >
L A A . Y O O O ] (S O O e 0 o to""‘—"‘—/—m—d—/”’/— - o = 4, o p—
o e o LI . P C 2 0 BEC CuA) ( \,-a——n—n——p"——-—-h—m—-—"‘-"‘ﬂ--———-—° = 2 a
. « & - 1 SEe 4T . g ¢ = ZNNe ,,o,oa—a—-—“—- -"—,”’/10———.—'-,—\‘ -« o = o - ::
16 00 OO0 L N e SHelly o LNIEe e s ¢ W= D OF»"C V) 2 2 RGO L LR A P I | - ] 10 Q
. . -« o o o » N * o ,/' - 4 - I ' vy " L4 —."' P = 4 - e A - Y. - S « e . o ./_ 8
¢ o g = > R e - , QERC CHER ;RS D O PP I R B Y A PO R T . / C3
3 s ' b SNZRe sle ouZWe ¢ Yle SWgE e sl - Jle e el sNENEl s ¢ s o W0 v e e o oW -/' m
o] . - v e & 6 @& @ '—// LAY AR . '\. 0 (e s A TR N ] » . = kY * &4 & ° = * & .‘ ' __5
14 [ - N w™ , @y e e s o P ,I ¢ %l - . ¢« w . ' P ' o 4 ® m ® e - S NN » - « ® » ® 5 v /I,./' 3
. * e 4+ e = - - 4 o T R R R R R R S B I B A . o « - .(/ .
. e o o g e ¢ @ g & = 4, o \ LR L T~ N | v e . » L YT GRS “ & o o o ‘/ £ L I 4
. e s o . [ [ S O ® e e ¢ g a4 = 0 . U b LR N S (SR L) LI (SR 12 Se « & _0
o ¢ = S g N CRSCEELRSCE N0 o) B © > R AR ] . ¢ e < * = 2NN N Da * *=EENEs » s8¢ Tl
¢ & o 0 - Sl C) O ‘l s o & 3 L 1 . ql. ~ & * . |. « &4 & & ¢« ™ m » = |l « ®» =

C. G. Kerry, B. S. Powell, and G. S. Carter. Effects of remote generation sites on model estimates of M2 internal tides in the Philippine Sea. J. Phys. Oceanogr.,
in press, 2012.



................................

130 135

0.4 0.6 0.8
M2 Elevation Amplitude (m)



Mode-1
Mode-2
- = = Mode-3

Baroclinic energy flux (GW)

Mode-1
Mode-2
- — = Mode-3

Baroclinic energy flux (GW)

o

R G s O PR S AR B S e R ) B A

C. G. Kerry, B. S. Powell, and G. S. Carter. Effects of remote generation sites on model estimates of M2 internal tides in the Philippine Sea. J. Phys. Oceanogr.,
in press, 2012.



Conversion difference (GW)

| |

| |

=35 | . ‘ |

', Mode-1 Mode-1 has Mode-3 . Mode-2 has |

—4 | arrives | crossed twice | arrives ., crossed twice | |
0 10 20 30 40 50 -

Days of simulation

C. G. Kerry, B. S. Powell, and G. S. Carter. Effects of remote generation sites on model estimates of M2 internal tides in the Philippine Sea. J. Phys. Oceanogr.,
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B. S. Powell, B. D. Cornuelle, and C. Kerry. Using a numerical model to understand the connection between the ocean and acoustic travel-time measurements.
J. Acoust. Soc. Am., revision in review, 2012.



Depth (m)

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500
0

Temperature standard deviation profiles

I

|

I

|

I

I I

—— DVLA

ROMS meso
ROMS meso + all tides

I

I I

0.2

0.4

0.6

0.8

1 1.2

Temperature standard deviation  C)

1.4



Spectral density (° C%/(1/day))

10

N

—_
o

—_
(@]

—_
o

—_
o

—_
o

—_
o

—_
o

10

o

|
N

|
IN

|
[e2]

|
©

L
o

-12

Temperature variation spectra —245 m

ROMS meso
— ROMS meso + all tides

—— DVLA measured

Cycles per day



[ [ &

S - - -y W S A S . = - ’

. --—.‘l“-’-.-’,’_

Jb\ "~".<"-‘-‘~~‘ “,“sﬂgﬂ-_‘- 40

"o,.\~"d——'d...—- ""“S"""*’

23 » - O o e - ” //’\—.—' - -—--—'\_. - e o .« w f : . =
- ’//'/'—' — - A . \ S . L B S - 35 —_
> | = —~~=~ " 7~ ——————- 030 2
- ~—"
o 4 P s ) B
200 —.’—-\m\.\ - \ ~—~—a .~ 20 GCJ
e ‘\\\\ ~ ~ ~ ﬁ\* . ~ ~ LIJ
O
P = =~ N NSty s s—=y 15 ¢
19 — * * [ 4 » LS - ' ay 1§ * . - \ _‘\ ~ . e - o *-‘ g
¢ ¢ e 1o v s - 2t s~ SO # 1 4 < B 10 E
0 LT ) e SRR R R R m
18 b ,‘ 4 24 L4 +.& - L d . 1 * ‘ - ’ T3' x \ \ \ N ¢ y fam §N
s ' 4 * * " g b = - . . ~ & " + LY \ \ - _-5
o p e . ~ » P - 2 ~ - + . B - = ’ ’ - \ \ . .
17 V. . - * - - . -~ ~ ’ . - - - ey ¢ ¥ I l -~ T+ . _O
yd * ~ . . . » . - | A - . 1 L] - P . X 1 ‘
° 1 - SR S S S SR A S S ') B S S |
16
118 120 122 124 126 128 130 132

B. S. Powell, B. D. Cornuelle, and C. Kerry. Using a numerical model to understand the connection between the ocean and acoustic travel-time measurements.
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Observation Count Percent

HOT Temperature 4982 0.02%
e et 4,982 0.02%
Argo Temp 15,212 0.06%
Argo Salt 15,212 0.06%
Seaglider Temperature 220,266 0.83%
Seaglider Salt 220,266 0.83%
SST 25 20185119 94.50%
Sl U853l 3.70%

Total 26,668,170
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Recall,
X, = Xp + K (y — Hxp)
We have some measure of the ocean, Q (X)

Between the analysis and background, we have:

AQ = Q(x, + K(y — Hxp)) — Q (xp)



Following Langland and Baker (2004), Errico (2007),

second-order Taylor Expansion:

0 0
AQ == 2(y =on HXb)T KT (Mgaf | Mgai>

How is the analysis sensitive to the observations/

background?
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Obs— Model Covariance

* Recall from the data assimilation,
T T B
x, — X, = BG (GBG +R> d

+ The covariance between the observation and the ocean

is propagted by the dynamics via:

(GBGT P R) 5
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BAD WEATHER’
THEN SUE THE WEATHERMAN!

PART [: LEGAL LIABILITY FOR PUBLIC SECTOR FORECASTS

By RoBerTA KLEIN AND ROGER A. PIELKE R.

How liable is the federal or state government for inaccurate or inadequate weather forecasts?
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