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Dynamics of MJO (DYNAMO) 
Initiation/Intensity of MJO convection ↔ Upper-ocean variability and air-sea flux 
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MJO3AIR-SEA INTERACTIONS FROM MJO WESTERLY WIND BURSTS  12 November 2013 
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Figure 6 - Structure of the near surface of the ocean as the leading wind burst of MJO2 836!
arrived at Revelle. a) Net surface heat flux. b) Surface wind stress. c) Ocean temperature 837!
at 2.0, 3.9 and 7.1 m (depths denoted by white dots in d). d) Image-color plot of 838!
temperature in the upper 8 m from sensors at depths indicated at left and sampling as they 839!
are profiling the water column with wave motion. 840!

Moum et al. 2014
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of the upper ocean noted in Fig. 6 was interrupted 
by shorter-duration episodes of warming. Prior to 
0800 UTC 24 November, net daytime surface heating 
created a warm layer in the upper several meters, 
with the heating rate being modulated by varia-
tions in solar radiation. This temperature structure 
is representative of the thin, near-surface diurnal 
warm layer of several degrees Celsius difference that 
dominates the high-frequency SST signal in Fig. 2d. 
Optical profiles of penetrating solar radiation made 
from Revelle (C. Ohlmann, University of California, 
Santa Barbara, 2013, personal communication) sug-
gest that 50% of solar heat was trapped in the upper 
1.5 m. Consequently, heating above 2 m was even 
more intense than at 2 m.

With the arrival of WWB1 on 24 November, the 
net surface heat flux changed sign and the daytime 
heating ended before 0900 UTC (sunset is roughly 
1200 UTC at Revelle’s location). An immediate result 
was the downward mixing of heat from the thin, diur-
nally warmed layer at the surface to the sensors at 2.0, 
3.9, and 7.1 m, which warmed during the first 15 min 
of the storm despite cooling from the atmosphere. 
Subsequent cooling of the upper 8 m was interrupted 
by a short heating event at 1000 UTC, associated with 
mixing of warm water from below, a consequence of 
the salt-stratified barrier layer (discussed below in 
reference to Fig. 7).

Shortly after 1000 UTC, temperature traces show 
a narrowband oscillation of alternating cool and 

warm f luid. The period, 
3–4 min, is consistent with 
velocity signals measured 
by Doppler sonar. This 
oscillatory motion suggests 
the presence of Langmuir 
circulations, which reach to 
the base of the mixed layer, 
entrain f luid from there, 
and bring it to the surface. 
Langmuir circulations are a 
unique sea surface cooling 
mechanism not directly 
included in our measure-
ments of subsurface tur-
bulent heat flux (discussed 
later).

At greater depths, the 
inf luence of temperature 
and salinity stratification 
on MJO-related SST modi-
fication is revealed by time 
series of velocity, tempera-

ture, salinity, and turbulence dissipation rate from 
the Chameleon turbulence profiler (Moum et al. 
1995; Figs. 7a–f). Before the arrival of WWB1, the 
upper 25 m of the water column was relatively warm 
and fresh and salinity dominated the stratification 
beneath the diurnal warm layer. At these salinities 
and temperatures, a 0.25-psu change in salinity con-
tributes an equivalent change in density as a 0.60°C 
change in temperature. This represents a classical 
example of barrier-layer structure wherein the addi-
tion of saline stratification to thermal stratification 
complicates the ocean’s response to surface forcing 
(McPhaden and Foltz 2013). Barrier layers may 
contribute to intensification of tropical cyclones by 
partially insulating the sea surface against cooling 
from below caused by subsurface mixing (Balaguru 
et al. 2012).

Details of the barrier-layer structure are shown 
in Figs. 7i,j, in which both isotherm and isohaline 
spacing represent equal contributions to density. 
It is evident that the halocline above 20-m depth 
dominated the stratification until about 1200 UTC. 
The warm layer centered around 20-m depth (Fig. 7i) 
was quickly mixed upward, contributing to the SST 
warming event evident around 1000 UTC (Fig. 6c). 
At the same time and despite heavy rainfall, sea 
surface salinity increased because of entrainment of 
salty water upward from the halocline. The halocline 
(and the mixed layer) deepened to the thermocline at 
50-m depth almost 24 h after the arrival of WWB1. 

FIG. 6. Structure of the near surface of the ocean as the leading wind burst 
of MJO2 arrived at Revelle. (a) Net surface heat flux. (b) Surface wind stress. 
(c) Ocean temperature at 2.0, 3.9, and 7.1 m [depths denoted by white dots 
in (d)]. (d) Image-color plot of temperature in the upper 8 m from sensors at 
depths indicated at left and sampling as they are profiling the water column 
with wave motion.
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• Diurnal warm layer 
thickness of ~1 to 5 m 

• >0.1℃ temperature 
difference across the diurnal 
warm layer

5 m & 0.1℃



 40km resolution tropical channel 
regional coupled model

What is the effect of SST diurnal cycle on MJO? 
Numerical model experiments: forcing frequency & vertical resolution (e.g. Bernie et al. 2005)
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Diurnal SST raises the time-mean SST prior to the deep convection

CF1

LST (hr)

6 9 12 15 18 21 24 3

31

30.5

30

29.5

29.75

30.25

39.75
Revelle 1.30℃

CF1 0.73℃
CF6 0.33℃

dSST

CF6

Upper ocean temperature evolution

CF1

CF6

CF24

SST 
29.8±0.6

SST 
29.7±0.3

SST 
29.7±0

diurnal SST amplitude prior to MJO2



Diurnal SST strengthens the diurnal moistening of the atmosphere

Mean 
LH dLH

CF1 104 30.2
CF3 99 24.6
CF6 98 21.1

CF24 97 30.2

qs (←SST) W10

LH=ρLCH(qs-qa)W10
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Diurnal qs plays a leading role in maximizing the moistening the troposphere
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Impact on MJO rainfall:  
Rainfall intensity proportional to pre-convection diurnal SST 

Rainfall time-series averaged over NSA

CF1 CF6 CF24TRMM 3B42

• MJO 2 on Nov. 24 with the eastward 
propagation ~5 ms-1. 

• Models: qualitatively consistent 
intraseasonal evolution of rainfall 

• Higher mean rainfall amount with 
stronger dSST.
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Column-integrated moist static energy (MSE) budget

Maloney 2009
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Diurnal moistening of the lower troposphere

drying by mean 
convective downdrafts

diurnal moistening

!ω !mp

ωmp = ωmp + !ω !mp

ωmp

• The daily mean advection dries the 
air column; not related to dSST

• Diurnal moistening is a source of MSE; 
proportional to dSST

prior to the convection

ωmp !ω !mp+



Summary and discussion

1. SCOAR regional coupled modeling for the MJO and diurnal SST 
- Tropical channel, high vertical resolution, air-sea coupling 

2. Diurnal SST variability prior to the deep convection 
- raises time-mean SST (and LH): via diurnal rectified effect 
- enhances diurnal moistening: via coincident peaks of LH & SST 

3. Precipitation amount scales quasi-linearly with pre-convection 
diurnal SST amplitude  
4. An improved representation of diurnal SST as a potential source of 
MJO predictability.
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