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Phase IlI: 1994-?

 Developing fully coupled ocean-atmosphere models.

« Understanding irregularity and predicability of ENSO.

So, what causes ENSO irregularity ?

A) Stochastic Processes (Barnett and Hasselmann, 1979, Battisit and Hirst, 1989,

Penland and Matrosova, 1994).

B) Interaction between seasonal cycle and ENSO (Jin et al.,1994, Tziperman et al,

1994, Chang et al., 1994).
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5.3.1. The turntable motor is so well regulated that its speed, once set with the control
knob, is unaffected by the load. The forcing oscillation is coupled to the clock pendutum

by a light spring. The stiffer the spring, the greater the effect of the driving oscillation on
the periodic motion of the clock pendulum, )
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An Intermediate Coupled Ocean-Atmosphere Model

Atmospheric Component: an Empirical Feedback Model:

1). Obtain leading Empirical-Orthogonal-Function (EOF) modes from
observed sea-surface-temperature (SST) and surface wind-stress
anomalies.

2). Form a matrix of regression coefficients relating the SST and wind-
stress in the EOF space.

3). Given an SST field at time t, project the SST onto the EOFs of the
observed SST and then compute empirically the corresponding pattern
of wind-stress.

Oceanic Component: a 1-1/2 Layer Reduced Gravity Model:

Linear Momentum Equations

ﬂ+kau--'w:+£+ Viu-qu (1)
EP =-g I o

Continuity Equation

[%)+Hv.u=_yh (2)

Temperature Equation

9T u vr=—2 xvzr-%l—w,ﬂ(w,)(r-r,) (3)

a t po Cp Hmi.x mix
Where Q and t are the seasonal heat flux and wind stress vector in the

mixed layer.

These equations are solved using a finite-difference method.
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Oceanmodel forced with
‘observed Winds
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Intermediate Coupled Model Experiments

I. ENSO chaos (Chang et al., 1995):

1) varying strength of the seasonal forcing with a fixed
coupling strength

2) varying coupling strengfh with a fixed seasonal forcing

I1. ENSO chaos vs. stochastic forcing:
1) chaotic oscillation + noise
2) regular oscillation + noise

3) no oscillation + noise

noise forcing = R(t) 2. En(X)an(t)
n=9,40
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Figure 1. Phase portraits (upper) and power spectra (lower) of the model SST in the eastern equatorial
Pacific (0°, 120‘\'7'3) for various values o[pt.he seasonal heal flux forcing amplitude A. The phase portraits
are reconstructed using the method of time delay. The delayed time is determined by auto—correlation
analysis. The power specira are shown in log-linear plots and the frequency is in units of months™.
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Power Spectra of CZ_CPT Model SST
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Annual to ENSO Frequency

Liapunov exponents ( x10> day™)
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ICM: Unstable case ($=1.99) in the absence of noise forcing
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POP OF ICM OUTPUT: UNSTABLE CASE WITHOUT NOISE

reol h' imoginary h'

20N

108

EQ

108

g -5!_9;:' ..:"."-.3,.
205 X . £ 3 » 205 : A 2% .
120E 140F 160E 180E 160W 1400 120W 100W BOW 120€ 140€ 160€ 1BOE 1BOW 140W 120W 100W BOW
imaginary SSTA
S SR '

108 N o
o] of —
- e
105
o
205 A [« 2s w4

120€ 140E 160E 180E 160W 1400 120W 100W BOW

0.,
108 < i 1081
LY N Ll . 0

208 , . ... \ S 208 . Ml

120E 140f 160E 1BOE 160W 140W 120W 100W BOW 120E 140E 160E {B6OE 1GOW 140W 120 1DOW 8O0W
20N[™ 2ON[~ T
5O 1ox e .

Eq Q- CRHRD
108 AN f Y. {5 -
208 N l"?\\ Yoam ’¢.= n[ 208 s
1Z0E 140F 160E 1BOE 160W 140W 120W 100W BOW 120E 140F 160E 1BGE 3100W 140W 120 100W BOW

Real and Imaginery Time Series
(POP Coefficients)

expl. var. =81% é = B2 months p = 53 monthe

Figure 6. POP analysis of ICM simulated thermocline depth anomaly, SSTA, zonal
and meridional wind-stress anomalies in the unstable case without noise. All the
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POP OF ICM OUTPUT: STABLE CASE WITH WIND NOISE
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Figure 7. Same as Figure 6 except for the stable case with wind noise.



POP OF ICM OUTPUT: UNCOUPLED CASE WITH WIND NOISE
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Model Intercomparisons

Intermediate Coupled Model:

A statistical atmosphere + a CZ type of Ocean
First 8 EOF modes for the statistical atmosphere
2°x1° for the CZ ocean

Forced by a seasonally varying surface heat flux
Producing both the seasonal cycle and ENSO cycle
1000-year simulations

Hybrid Coupled General Circulation Models:

1) The same statistical atmosphere + GFDL MOM
2°x1° and 20 vertical levels for MOM

Forced by a seasonally varying surface heat flux
Producing both the seasonal cycle and ENSO cycle
210-year simulation

2) Axanomalous statistical atmosphere + an OGCM
First 5 EOF modes for the statistical atmosphere
3°x0.5° and 13 vertical levels for the OGCM
Fixed seasonal cycle

1000-year simulations

(From Fliigel and Eckert)

Coupled GCMs:

1) A R-15 AGCM + A GFDL OGCM

75°x4.5" and 9 vertical level for the AGCM
3.75°x4.5° with 12 vertical level for the OGCM
Producing both the seasonal cycle and ENSO cycle
1000-year simulation

(From Manabe, Stouffer and Knutson)

2) A T21 ECHAM2 + A T42 OPYC
5.6°x2.8° and 19 vertical level for the AGCM

2.8°x1° and 8 isopycnal layers in vertical for the OGCM

Producing both the seasonal cycle and ENSO cycle

210-year simulation (Lunkeit, Sausen and Oberhuber)
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Observed SSTA ( averaged over 110°W — 130°W )
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Figure 1. SSTA time series and power ppectra from (a) the COADS observation, {b) the ICM simulstion

with coupling strength ¢ =1.99, (c) the HACM simulation with coupling strength §=1.82 and (d) the
GFDL CGCM simulation. The time weries are averaged over a 20°x8° area centered at (120W, 0°) for (a)
and (b) and at (150°W, 0%} for {c) and {d). '

e



0.5°0 9% F]9AIS}U} INOYUOD SYJ "WORN[NIF KD ‘14D T (P) PUT 2§ [=p WONVNUIE KIOH *} (°)
ADI °wy (4) (6861 ~ 0861) UOREAISqC FAVOD 1934—0¢ SU3 (W) Woaj PeANIP YLIEE Jo spow J0T Fuypwey (ady oqy

apm2uoy
M08 MOOT F0p1

MOTT  MOPT M09  AOBT 091

®

(NG EEET s

apnypduor]
dO8T HOPT  FOPI

(3oUBIIEA (€10} 95 ET) VLSS WO9) qamo 10 JOF 1514

MO8 MOOT MOITT MOPT  M091

(@

Vi

071
S0T
-1 801
b
-04a =
="
(1]
~ NOI
NoOZ
FOZT
S07
- so1
"
=
103 =
=9
[+ ]
I NOT
NOZ

?.a:s _53 Q\QE VISS DI IO 40 1541

M08

‘(D) 393 D480 pue (2) Y(q) ‘(v) 2}
‘86’ Tmp MM TSR ENUTS

'z santg
opryjBuo
MOOT  MOTT 3@3 3&: HO8T HOST HOPT HOTI
T T ¥ WGN
)
—S0T
Joa m
—~{ NOT
NOT
@u:m:? ~53 &gw& <Hmm SUOE uo J03H am.:.m
apnyj3uo
MO8 AMO00T 3cﬂ MOPT Bcwﬁ q08T AT  HOPT  HOUT
N I T 0T
L V
—1S01
[
-
103 g
Y
—NOI
NOT

A L LD . tep
(3uElIvA [B10} %87) VLSS PIAIS]O JO JOF 15114

72



Z statlstic

Z statistle

Z statistlc

10}’ .
s } ) o
=10 ~ - - - - - - ]
20 -
\\

\ - ‘\ - —
‘m o 1 ) 1 ] 1, L 1 1 1 1 1 7]

1 3 5 7 $ 11 13 15 17 19

Time Delay
Statistic for SST ( ICM: del = 1.99 with wind noise )

l. B T ¥ T Ll T ¥ T L] ¥ L4 _
3ok -
<40} -

©
-50 C 1 [ 1 1 1 A [ 1 1 1 7
i 3 5 7 % 11 13 15 17 19
Time Delay
Statistic for SST ( GFDL CGCM )

10 N L) T ¥ L) T T T 1] T L] ]
20 .
ek .
48~ _ -

(e
-50 L 1 3 1, 1 [} L 1 I L 1 7]
1 3 5 7 $ 11 13 15 17 1%
Time Delay

Statistic for SST (ICM: del=1.99)

Z statistic

Z statistic

Z statistlc

S0 2 1 1 n 1 1 ! : 1 L]
1 3 5 7 9% 11 13 15 17 18
Time Delay
Statistic for SST ( del=1.77 with heat flux noise )
lo ¥ L] L] L L] L] L] 1 T T B
0
-10
=20 4
30k .
40+ ~
@
—50 [~ ] 1. 1 1 1 1 1 1 .I 1 =
1 3 5 7 9% 11 13 15 17 1%
Time Delay
Statistic for SST ( Observation )
lo b ¥ L T Ll T (] L} L) T T ]

-40

-50

Statistic for SST ( P‘ICM )

®

r 3 5 7 % 11 13 15 17 1?9
Time Delay

Figure 12. zstatistic for SST time scrics taken from  (a) the ICM unstable run without noise, (b) the HGCM
run without nelse, (c) the ICM unstable run with wind nolse, (d) the ICM stable ren with hext-flax noise, (¢) the
GFDL CGCM run and (f) the 100-year COADS observation. Straight hortzonal Bwe ks 9% rejection fhreshold.

9.4



