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Introduction
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Introduction

1 Three
ifficulti POM : a time-dependent, primitive equation model rendered
Difficulties on a three-dimensional grid that includes realistic
1 JES topography and a free surface.
Geography &
bottom

topography 91 grid points

' Y

1 Princeton e
Ocean Model 10 (11-15 Km)

— General | ‘\ 23
—T_ 10’ (18 Km) levels

information
c=-1

— Surface &
lateral
boundary
forcing

— Two step
initialization

100 grid points




Introduction

1 Three
DI TES * Wind stress at each time step is interpolated

=S from monthly mean climatological wind stress
from COADS (1945-1989).

Geography &

bottom * Volume transports at open boundaries are
topography specified from historical data.

1 Princeton
Ocean Model Month Feb | Apr | Jun. | Aug

- .Generaj. Tafta;lstrait 0.05 . 0.05
information (inflow)

Soya strait
— Surface & (o)lljtfl o)
lateral Tsugaru strait
boundary (outflow) 0251 -0.35 0851 -1.45
forcmg Tsushima strait
— Two step (inflow)
initialization Unit: Sv, 1 Sv = 105 m3s™!

-0.1 | -O. -0.4 | -0.6

1.2 2.0 2.2 1.4
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Introduction

The first step: Diagnostic Run

*From zero velocity and Tc¢
and Sc fields (Levitus).

*Wind stress from COADS
data & without flux forcing.

JD-360/JD-1

The final states are
taken as initial
conditions for the
second step

The second step: Prognostic Run

*From the final states of the
first step.

*Wind stress from COADS
data & with flux forcing.

JD-360/JD-1

The final states are taken
as standard initial
conditions (V,,T,,S,) for
the experiments.




Temporal Variation of the Kinetic
Energy During the First Stage




Experimental Design

Experimen

X Property

Control run

Uncertain velocity initialization
processes

Uncertain wind stress

Uncertain lateral boundary transport
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Experimental Design

Control Run

Uncertain
Initial
Conditions
Uncertain
Wind
Forcing
Uncertain

Lateral
Transport

Combined
Uncertainty

*From the standard initial conditions

(Vo = Vip1go » To = Tipgo » So = Sypago) -
Lateral transport from historical data and Wind
stress from COADS data & with flux forcing.

_ T

JM

The simulated temperature and salinity fields
and circulation pattern are consistent with
observational studies (Chu et al. 2003).




Experimental Design

Control Run

Uncertain
Initial
Conditions
Uncertain
Wind
Forcing
Uncertain

Lateral
Transport

Combined
Uncertainty

Experime
nt

Initial
Conditions

wind
Forcing

Lateral
Boundary
Conditions

0 JD180?
0 JD180

Same as Run-0

Same as Run-0

S
0~ JD180'
So= S

0 JD180

Same as Run-0

Same as Run-0

— v(Diag)

o~ "Jipisor
So = Sipiso

Same as Run-0

Same as Run-0

< _ v(Diag) >
VO - V9OD >
o — lip1so

So = Sipiso

Same as Run-0

Same as Run-0
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Control Run

Uncertain
Initial
Conditions
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Forcing
Uncertain
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Combined
Uncertainty

Experime
nt

Initial
Conditions

Wind Forcing

Lateral
Boundary
Conditions

Same as
Run-0

Adding Gaussian
random noise
with zero mean
and 0.5 m/s noise
intensity

Same as
Run-0

Adding Gaussian
random noise
with zero mean
and 1.0 m/s noise
intensity




Experimental Design

Control Run

Uncertain
Initial
Conditions
Uncertain
Wind
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Experime
nt

Initial
Conditions

wind
Forcing

Lateral Boundary
Conditions

Same as
Run-0

Same as
Run-0

Adding Gaussian
random noise with
the zero mean and
noise intensity
being 5% of the
transport (control
run)

Same as
Run-0

Same as
Run-0

Adding Gaussian
random noise with
the zero mean and
noise intensity
being 10% of the
transport (control
run)




Experimental Design

Control Run

Uncertain
Initial
Conditions
Uncertain
Wind
Forcing
Uncertain

Lateral
Transport

Combined
Uncertainty

Experime

Initial

Lateral Boundary

nt conditions Wind forcing Conditions
Dia Adding
Vo = Vi, Gaussian
9 To = Tip1go» | random noise Same as Run-0
So= Sjpiso with 1.0 m/s
noise intensity
V, = V{9, Adding Gaussian
random noise with
10 To=Tip1s0: | Same as Run-0 | noise intensity being
So=S;p1s0 10% of the transport
N (control run)
Yo = Va0 Adding Adding Gaussian
Gaussian random noise with
11 To=Tip1sor | random noise | noise intensity being
S0=Sp180 with 1.0 m/s | 10% of the transport

noise intensity

(control run)




Statistical Analysis Methods

Model Error : Ay (X, Y,2,1) = we(X,Y,2,t) — we(X,Y,2z,1)

Root Mean

Square Error RMSE(z,t) :\/
(RMSE) .

1 My Mx
MyxMx;Z_:‘[AW(X Vi 2, + Ay, (X, Y3, 2,)° |

Relative Root \/
Mean Square RRMSE(z,t) =
Error (RRMSE) : \/




Model Errors Due To
Initial Conditions

The 5 Day The 180" Day

1 Model Error — ———— ——
DIStrIbutlon (a) iMax:ﬂ.USSBSBé | (b) ;M'ax:o.MaMSE (a) m:_”ﬂ”;;:j:z - (b) :Ia: -0000355311:35

Min : -0.090132 : f Min : -0.057586 - .
! : Mean : 0.001112: - Mean : -2.7768e7005

Horizontal : _51d:[l.[l13517 $1d:0.005071
distributio : T4 : r : : ;

Model error is , : :
decreasing with time. [« SRV A f/

e

_ B Difference among the | Difference among 5 .| Difference among each
each run is < 0.3 cm/s run is <0.15 cm/s

four runs is not

Slgnlﬁcant' (c) EMax:0.0za323 Max : 0.025082
Min : -0.031532 | - : -0.033286 -
EMean:-2.334e-. 5 Mean -11551e7005
Std: 0.004324 ! : sm 0.004373 !

Max : 0.0708 :
Min : -0.072591 - MiM: -0.081682 -
Mean : 0.001216: Mean : 0.0012111
Std: 0.015652 : : Std: 0.015997

JD180?
SJ D180

s
(4,1
=

Canuue

y/(Diag)
30D >

Vo

T

S

v,

T JD180"
S JD180
v,

T

S

V, =

Diag)
oD >

D180’ N s ) e o i = L i =
S 3 30 35 140" . 135 0 13 135
JD180 ‘ Longitude Longitude Longitude

(Diag)
V90D b
S Wi | .

= -0.02
S0 - SJD180




Model Errors Due To

Initial Conditions

% 10" 180" Day

1 Model Error
Distribution

Horizontal
distributio
n

Histogram

1 Relative

Root Mean
Square

Model error is
decreasing with time.

Difference among the
four runs is not
significant.

NUMmper o1 occurrences

Number of occurrences Number of occurrences

Number of occurrences

FSTD : 0.023845

0
A
x 10?

(b}
Total sample : 81730
| 42751 samples = 0
38830 samples < 0
STD : 0.021206

0
A -0.05
x 10*

3

(a)
Total sample : 81730
EE s >0
1804 samples ™
FSTD : 0.0084934

0
A -0.05
x 10°

8

(c)
Total sample : 81730
| 43102 samples =0
38489 samples
STD : 0.022522

0
A -0.05
x 10*

3

Difference
among each
run is < 0.2
cm/s

(d)
Total sample : 81740
| 43123 samples
38481 samples

STD : 0.022776

0
-0.1 —-0.05

0

0.05

Model Error ( m/s )

(b)
| Total sample : 81730
39886 samples = 0
40616 samples < 0
FSTD : 0.0082633

A1 -0.05

x 10

(c)
| Total sample : 81730
39617 samples =
40849 samples <
FSTD : 0.0074255

0
A -0.05
x 10

8

Difference
among each
run is < 0.1
cm/s

(d)
| Total sample : 8173
39979 samples =
40512 samples <

FSTD : 0.0074409

-0.05

0

0.05

Model Error { m/s )




Model Errors Due To
Initial Conditions

1 Model Error
Distribution

1 Relative
Root Mean
Square
Error
(RRMSE)

— Vertical
Variation

— Temporal

Effects to the horizontal
velocity prediction are
quite significant.

No obvious difference
among these four runs.

Sigma Depth (level)

The 5" Day

The 180" Day

26%
In Run 2

Sigma Depth (level)

0.5
RRMSE of W

RRMSE of V

100 120
Time after model integration (Days)




Model Errors Due To
Wind Forcinc

5™ Day 180" Day

1 Model Error _ _ _ _ _
e
— Horizontal Std:0083sss =

distributio

Larger model error
in Run 6.

Latitude

Max : 0.044023 -
Min : —0.030114 *
Mean : 0.00057764
Std : 0.0073368 !

Max : 0.042123 -
Min : —~0.038718 *
. Mean : 0.0003849
Experime Std : 0.0062038 :

I Wind Forcing

Latitude

Adding Gaussian
random noise with
zero mean and
0.5 m/s noise
intensity

Adding Gaussian 2 o 214 :
135°E 135°E

random noise with Longitude Lot

zero mean and
1.0 m/s noise
intensity




Model Errors Due To
Wind Forcinc

1 Model Error

Distribution

— Horizontal
distributio
n

— Histogram

1 Relative

Root Mean
Square

Larger model error
in Run 6.

Model error is
increasing with time.

NUMper or occurrences

Mumber of occurrences

y th
X 104 5 Day

(a)
| Total sample : 81730
39400 samples > 0
39659 samples < 0
- STD : 0.0092304

0
-0.02

-0.01

x 10"

0.02

(b)
- Total sample : 81730
39963 samples = 0
539819 samples <

STD: 0.015481

0
-0.02

-0.01 0 0.01
Model Error ( m/s )

0.02

(a)
Total sample : 81730
| 39561 samples = 0
41223 samples = 0
STD: 0.01041

0
-0.02

-0.01

10000
8000

6{}0§
400

2000

(b)
- Total sample : 81730
30850 samples = 0
1225 samples 2
STD: 0.016544

0
-0.02

-0.01 0 0.01
Model Error ( m/s )




Model Errors Due To
Wind Forcinc

The 180" Day_|

1 Model Error
Distribution

1 Relative
Root Mean
Square
Error
(RRMSE)

— Vertical
Variation

— Temporal

Larger model error in
Run 6.

76%
In Run 6

Sigma Depth (level)

=
.

=
(%)

RRMSE of V

Effects to the horizontal
velocity prediction are

i ioni 80 100 120 140
qulte Slgnlﬁcant' Time after model integration (Days)




Model Errors Due To
Open Boundar

1 Model Error
Distribution

— Horizontal
distributio

Larger model error

in Run 8.

1 Re Model error is
®40] increasing with time.
C\ ~n i

Experime
nt

Lateral Boundary
Conditions

Conditions

Adding Gaussian
random noise with
the zero mean and
noise intensity
being 5% of the
transport (control
run)

Adding Gaussian
random noise with
the zero mean and
noise intensity
being 10% of the
transport (control

Latitude

Latitude

Slll DJ_\

180" Day

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

(a) Max : 0.060918 -
Min : —0.031223 :
Mean : 2.7226e-005
Std : 0.0030745 :

R M

Max : 0.061118 -
Min : —0.06985 :
Mean : 0.00018188
Stdl : 0.0038055 !

Max : 0.11106

Min : —0.048468 :
Mean : 1.3704e-005
Std ; 0.0055189 !

Max : 0.11589

Min : —0.12047 :
Mean : 0.00035469
Std ; 0.0064776 !

135°E
Longitude

135°E
Longitude

0.02 0.03




Model Errors Due To
Conditions

Open Boundar

1 Model Error
Distribution

— Horizontal
distributio
n

— Histogram
1 Relative

Root Mean
Square

Larger model error
in Run 8.

Model error is
increasing with time.

x 10

(a)

- | Total sample : 81730
37568 samples = 0
41364 samples = 0

- STD @ 0.0034595

NMumber of occurrences

0
-0.01  -0.005 0

x 10

(b)

- Total sample @ 81730
37758 samples = 0
158 samples™

STD : 0.0059358

0
-0.01  -0.005 0 0.005

Maodel Error ( m/s )

0.01

10" 180" Day

(a)
Total sample : 81730

[ 42352 samples = 0

38146 samples < 0
- STD - 0.0051364

0
-0.01

15000

-0.005 0 0.005

0.01

10000

(

5000¢

(b)
Total sample : 81730
| 42759 samples = 0
935 samples™=
STD : 0.0075832

0
-0.01

-0.005 0 0.005
Model Error ( m/s )

0.01




Model Errors Due To
Open Boundary Conditions

1 Model Error T“ef‘“f’ay. Theler!:‘hoay!
Distribution r : .

1 Relative
Root Mean
Square
Error
(RRMSE)

— Vertical
Variation

— Temporal

Larger model error in
Run 8.

L3l 23%
5| InRun8

T
@
=
=
T
(=]
@
=
=]
@

=)
.

=)
(%)

RRMSE of V
=}
= L

Effects to the horizontal
velocity prediction are

= G 80 100 120 140
qulte Slglllﬁcallt. Time after model integration (Days)

(=]
—




Model Errors Due To

Combined Uncertaint

1 Model Error
Distribution

Horizontal
distributio

Expe

8l Larger model error
in Run 11.

1 Rel y Model error is
decreasing with time.

. IN1thes o SNy
nﬂen conditions | forcing Condition
'VY ‘vvll‘)ign E
¢ with 1.0
_ m/s Same as
2 go _ 20130' noise Run-0
0= 2Ip180 | i -
‘V7 — tvr(DiQU) IntenSIty
! e with noise
Same as intensity
10 = e RUN-0 being 10%
So=S;p180 of the
V, = Vo), transport
with 1.0 | Vith noise
_ v e intensity
11 TO__TJDlSO’ noise being 10%
SO_SJDlSO ' of the

o~ o~

50°M

Latitude
F=s
o
Z

50°N

45N

Latitude

40°N 5

50°M

45°N

Latitude

40°N |+

Slll Drll\

(a) ‘Max : 0.054277
‘Min : —0.062264
‘Mean : 0.0014517
'Std : 0.01508

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

(b) ‘Max : 0.10902
‘Min : —0.058005
‘Mean : 0.0011283 :
'Std : 0.014891 F oy

‘Max : 0.10593
‘Min : —0.062864
‘Mean : 0.0014561
Std : 0.015937

130°E 135°E
Longitude

180" Day

(a) Max : 0.042664

Min : —0.037759
Mean : 0.00060193
Std : 0.0080028

(b)Max 0.11536
Min : —0.12089
Mean : 0.00037441
Std : 0.00777:15

Max : 0.12156
Min : —0.10495
Mean : 0.00098473
Std : 0.010026

130°E 135°E 140°E
Longitude

-0.04 -0.03 -0.02 -0.01

0.01 0.02 0.03 0.04




Model Errors Due To
Combined Uncertaint

1 Model Error
Distribution

Horizontal
distributio
n

Histogram

1 Relative
Root Mean
Square

(

Larger model error
in Run 11.

Model error is
decreasing with time.

NUmper or OCCUITences NUmper or occurrences

NUMDET OI OCCUITENCES

h
X 104 5t Day

(a)
F Total sample : 81730
42325 samples = 0
F 39248 samples < 0
STD : 0.025789

1

x 10

x 10

(a)
F Total sample 1 81730
39918 samples = 0
F 41255 samples < 0
STD : 0.017364

A

(b)
Total sample : 81730
-42451 samples = 0
39153 samples < 0
FSTD @ 0.021884

4

x 10*

| (1)
Total sample : 81730
| 43440 samples > 0
37521 samples < 0
FSTD @ 0.010135

(c)
Total sample : 81730
J =0
39383 samples <
FSTD @ 0.026311

-0.05 0] 0.05
Model Error ( m/s )

x 10*

(c)
F Total sample : 81730
= 0
F 39061 samples <
STD : 0.01849

-0.05 0 0.05
Model Error { mis )




Model Errors Due To
Combined Uncertaint

1 Model Error The 5™ Day The mot.h o
Distribution : =

Relative
Root Mean
Square
Error
(RRMSE)

— Vertical - 5 IR
Varlatlon REMSE of V
— Temporal

Larger model error in B 5 5 5 ' 55%; Ruh 11 ' RUN
Run 11. X, - : | : : . :

Sigma Depth (level)

=
ji=t)
=
=
=
=1
@
=
=
@

RRMSE of V

Effects to the horizontal
velocity prediction are

quite significant. | 10 1200 140
Time after model integration (Days)




Conclusions

For uncertain velocity initial conditions :
The model errors decreases with time.

The model errors with and without diagnostic
initialization are quite comparable and significant.

The magnitude of model errors is less dependent
on the diagnostic initialization period no matter it is

30 day,60 day or 90 day.

Vertically

_ averaged Max. RRMSE
Experiment RRMSE

5th Day 180t Day

For uncertain

velocity initial
conditions

70% near the | 25% near the
surface surface




Conclusions

For uncertain wind forcing :
I The model error increases with time and noise
intensity.

Vertically

‘ averaged Max. RRMSE
Experiment RRMSE

Min. . 5th Day 180t Day

For 0.5 m/s
noise 8%
intensity

For 1.0 m/s
noise
intensity

35% near the | 50% near the
surface surface

60% near the | 80% near the
surface surface




Conclusions

For uncertain lateral boundary transport :
P The model error increases with time and noise

intensity.

Experiment

Vertically
averaged
RRMSE

Max. RRMSE

Min.

Max.

5th Day

180t Day

For noise
intensity as 5%
of transport

%

20%

14% near the

18% near the

bottom

bottom

For noise
intensity as
10% of
transport

24% near the

28% near the

bottom

bottom




For combined uncertainty :

Vertically
: averaged Max. RRMSE
Experiment RRMSE
Min. Max. 5th Day | 180t Day
For uncertain initial 70% near | 77% near
condition and 20% 52% the the
wind forcing surface surface
For uncertain initial
o T 65% near | 35% near
condition and 27% 50% ~ h
lateral boundary === _ e ne
bottom bottom
transport = -
For uncertain initial
condition, wind 73% near | 78% nhear
forcing and lateral | 30% 55% the the
boundary surface surface
transnort




