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1. INTRODUCTION

Several important mechanisms of air-ocean inter-
action for the El Nino and Southern Oscillation (ENSO)
phenomenon have been developed in the past decade:
ocean wave propagation, delay-oscillator, two eyuilib-
rium states, and air-ocean coupled instabilities. Due to
crude parameterization of thermodsnamical processes in
both atmosphere and ocean, these theories either cannaol
explain the transition between EI Nino and La Nina
{c.g., coupled instability theories). or need an artificially
setting-up criterion to make such a transition (e.g., slowly

gating oceanic Rossby wave theory). The irncg-
ularity of ENSO implies that the ENSO events cannot
be explained as a pure wave propagation. More detailed
research on thermodynamics in both ocean and ntmos-
phere Is needed before we run the occanic and atmo-
spheric GCMs.

2. RELATIONSHIP BETWEEN PERTURBATIONS
OF 88T AND OML DEPTH

The thermadynamics of upper ocean, commonly
used In the coupled models, can be summarized by
(Hirst, 1986)
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where T°,, &', K, are perlurbations of SST, zonal cur-
rents, and OML thickness. @7 /dx & the mean zonal 85T
gradieni. x and o arc two parameters. 1T x is large,
Eg.f1) becomes
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The expressions show that the increase of the OML
thickness (W', >0) leads to the increase of SS8T |
éT Jét =0, or T, > 0). Is this type of
thermodynamics correct 7 Not really. 1t is correct only
for a cooling OML, where the outgoing heat fux is
greater than incoming heat fiux. The thicker the layer,
the less cooler of the layer. Thas, the relationship be-

tween perturbations of SST and OML thickness is piven
by
ar,
ar

For a warming OML, on the contrary, the thinner the
laver, the hotter the layer. Therefore, the relationship
between perturbations of SST and OML. thickness |s
written by
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The fact that only (3a) is chosen as a thermodynamical
component for the ocean part in coupled air-ocean mod-
¢ls makes the curreat ENSO theories quite incomplete.

3. AN OML SWITCHER

Arguments are cast in terms of simple mised layer
models (Chu et al., 1990; and Chu and Garwood, 1991),
where it is assumed that the temperature and velocity are
uniform over some depth, k.. called OML depth, and
that the penetration depth of solar radiation is much
smaller than . With these assumptions, one can write
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where 7, is the SST; #, is the horizontnl velocity: p., is
the characteristic sea water density; g, Is the sen water
specific heat under constant pressure; ¢4 is the net sur-
face heat Mux, downward positive; 2 is the entrainment.
heat fiux at the base of the OML computed by

- 41 e .
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where w, and 7, are the entrainment velocity and the
temperature at the base of the OML. )

Entrainment velocity can alo be parameterized in
terms of OML TKE balance. I salinity cffect is not
considered at present. sources and sinks of TKE at ocean
surface are wind work (proportional 1o wind speed
cubed) and buoyant damping (o forcing) due to surface
warming (o1 cooling).

(Crage — Coagh 0ol Pt pe)
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where C, and C; are toning coclficients, and w, is the
waler surface friction velocity, which is propuriional to
the air surface friction velocity w,.

A s the Heaviside function of
(Cul. — Cagh Ofpoc) - AL I8 an OML  switcher:
whose value equaks | for the entrainment regime, usually
associated with strong surface wind forcing: and equals
0 for the shallowing repime (the OML thickness taken
the Monin-Obukhov length scale), usually associnted
with weak surface wind forcing.

(4]

4. AIR-OCEAN FEEDBACK MECHANISM

The tropical oceon surface generally receives heat,
i, = 0 . The tropical subcloud layer is usually domi-
nited by the mean easterlies, and the stmospheric deep
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convection is usually located at the upward branch of the
zonal circolation.  In the cast (or west) of the deep
comvective region, ihe surface wind speed is enhanced (or
reduced), and therefore the OML depth is increased (or
decreased),  Under weak wind forcing, the decrease of
OML depth (&', < 0) leads 10 the sugmentation of SST
perturbation (7 T" /ér > 0) and in turn 1o & production of
the atmospheric convection 1o the west of the deep-
convective region (Fig.1a). However, under strong wind
forcing. the increase of OML depth (4, = 0} leads to the
angmentation of 88T perturbation (A7 /2> 0) and in
turn 1o o produciion of the atmospheric convection to the
east of the deep-convective region (Flg. 1 by,
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Fig. L. Atmospheric onvection gencrated by air-ocean
feedback under (3) weak wind forcing. and (b) the strong
wind forcing.

5. AOSHE MODEL

The AOSHE model (Fig.2) is 2 coupled system con-
sisting of the Wind-Ilnduced Surfaoce Heal Exchange
(WISHE) model (Yano and Emanuel, 1991) and the
Ocean Mixed Layer (OML) model (Chy and Garwond,
1991}, Above the air-ocean interface, it reduoces to the
ordinary WISHE model (Yano and Emanwvel, 1991) if
the SST perturbation vanpishes. Below the air-ocean
interface, it 5 the ordinary OML model (Chu and
Garwood. [991). The AOSHE model & solved analvt-
ically as an cigenvalue problem (Chu, 1991ab) for two
different surface conditions: strong and weak surface
wind forcing. For stroeg wind forcing, there are two im-
portant paramelers: y ~ awr-ocean <urface coupling coef-
ficienl. and y, ~ entrainment parometer. For weak wind
forcing, there is only one parameter, 1. When the surface
wind stress is strong,
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the AOSHE model predicts the generstion of unstsble
easiward propagating mode with phase speed (0.5-1.5
ms) and the maximum growth rate (1.8/¥r) appearing
at 34 zonal wavenumbers (Fiz3). where the reasonahbic
values of the model parameters for the entrainment re-
gime of OML are: y = 0.02, 5 =075,
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When the ocean surface is under weak surface wind
forcing (equivalent to strong surface warming),

32
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the AOSHE model predicts the gencration of unstable

westward propagating mode with phase speed (0.4 mjs) .

and the maximum growth rate (3.5/yr) appearing at the
lowest zonal wavenumber {Fig.4), where the reasonable
value of the model parameters for the shallowing regime
of OML is: y = 0.03,

This implies that there is an inherent switcher in the
OML. Shifting the OML from onc regime to the other

regime only depends on the model variables: w, w, h
etc.
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Fig. 4. Dependence of the AOSHE mode (under weak
wind forcing) on the parameter 1= (a) growth rate
and (b} phase speed (m ')
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6. EL NINO/LA NINA CYCLE

Based on the AOSHE model results, I offer a new
theory for the La Nina/El Nino transition depicled as
follows.

(a) La Nina Conditions Prevailed Stage

Starting from the typical La Nina conditions, atmo-
spheric deep convection (denoted by "Convection A is
developed in the western Pacific (Fig.5a). The surface
winds in the central and eastern Pacific are enhanced
due to the same direction of the mean easterlies and the
easterlies associated with the zonal circulation induced
by Convection A. The OML is under strong surface
wind forcing. The unstable convective disturbances (de-
noted by "Convection B”) are penerated in the east of
Convection A and propagating eastward (Fig.5b) with
phase speeds 0.5-1.5 m/s, and maximum growth rate (~
1.8 /vear) appearing at the 3-4 zonal wavenumber,

(b) Mature of La Nina

As Convection B continuously propagates (toward
east), grows, and reaches the eastern Pacific, the La Nina
enters its mature and transition stage (Fig.5c). During
this stage, the strong surface wind stress is over the con-
tinent. Convection A and Convection B competes cach
other by reducing each other's low-level convergence and
high-level divergence. The possibility of disturbance
generation between Convection A and Convection B is
greatly reduced due to this competition. Because Con-
vection B is flowing over a relatively cool ocean surface
(La Mina) with not too large growth rate (~ 1.8 vear),

two outcomes are expected: (1) Convection A survives,
Convection B weakens and disappear; the system goes
back to La Nina (Fig.5a). (2) Convection B survives,
Convection A weakens and disappear; El Nino will take
place (Fig.5d). This uncertainty makes La Nina cycle
very irregular,
(c) Onset of El Nino

As Convection B survives (Fig.5d), the surface
westerlics are prevailing over the tropical Pacific. They
counterbalance the surface mean winds (easterlies) and
make the total surface winds very weak, This will shift
the OML to another regime (ic., shallowing regime).
The unstable convective disturbances (denoted by "Con-
vection C") are generated in the west of Convection B
and propagating westward (Fig.5e) with phase speeds
~ 0.4 m/s, and maximum growth rate {~ 3.5/vear) ap-
pearing at the lowest wavenumber. Convection C is o
fast growing mode.

(d) Mature of El Nino

As Convection C continuously moves toward west,
grows, and reaches the eastern Pacific, the El Nino enters
its mature stage {Fig.50. During this stage, Convection
C hecomes very strong, and Conveclion B hecomes very
weak and disappears (Fig.5a) due to the high growth
rate of Convection C and the warm 55T, The certainty
of disappearance of Convection B makes El Nino cycle
relatively repular. The strong surface easterlies (from
both the mean winds and Convection C) switch the
OML back to the strong surface wind forcing regime;
and La Nina starts again,

—_— e —_—
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Fig. 5. El Nino and La Ning cycle,

T SUMMARY

This study shows that a realistic thermodynamics
for both atmosphere and ocean is needed in the ENSG
theories. As the ocean surface is under weak wind fore-
ing, the time rate change of SST perturbation is nega-
tively correlated to the perturbation of the ocean mixed
layer (OML) depth, — &, However, as the ocean surface
is under strong wind forcing, the time rate change of 88T
perturbation is positively correlated to the perturbation
of the OML depth, £',. Such a difference leads to the
generation of two different low frequency (internnnual)
modes propagating eastward (strong surface wind lore-
ing} or westward (weak surface wind forcing). A new
hypathetical theory about La Nina ; El Nino cyele is
presented.
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