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Madden-Julian Oscillation

http://envam1.env.uea.ac.uk/mjo.html

• Planetary-scale (k=1~3), eastward-propagating (~5ms-1), equatorially-trapped,
baroclinic oscillations
- Active: deep convection, heavy precipitation, westerly wind, cool SST, weak diurnal SST
- Suppressed: weak convection, strong insolation, easterly wind, warm SST, strong diurnal SST

• Many aspects of the MJOs remain poorly simulated and predicted:
- Initiation and intensity of MJO convection in the equatorial Indian Ocean
- Role of the upper-ocean variability and air-sea interactions

DYNAMO (Dynamics of MJO): Multi-national field experiment
DYNAMO Field Experiment (October 2011 – March 2012)!
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My contribution to the DYNAMO project

Process modeling: the role of “oceanic process” in the initiation and
maintenance of MJO convection
Oceanic process, barrier layer, shear driven mixing, diurnal variation in
the upper ocean stratification, and mixing-layer entrainment,
controls the upper ocean heat content, SST and thus air-sea flux and
the MJO convection.
*Focus of this study:
Diurnal cycle of the upper ocean temperature
Why diurnal cycle?

Diurnal cycle enhances the daily mean and intraseasonal SST
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How does it impact the MJO convection?
Stronger and more coherent MJO

A coupled GCM study (Bernie et al. 2008)
Daily coupled
Lagged composites
of convective
precipitation

3-h coupled

No studies exist that examined “physical process”
Fig. 9 Composites precipitation from MJO events identified from
times of ±30 days
for the diurnal SST cycle —MJO connection.
10!N to 10!S mean 20–100 day band pass filtered precipitation
top to bottom) to

Regional coupled modeling study: SCOAR model
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•SCOAR1: RSM-ROMS
- Seo et al. 2007

MITgcm
(in progress)

•SCOAR2: WRF-ROMS
- Seo et al. 2014

daily HYCOM

•An input-output based coupler;
- portable, flexible,
expandable

SST &
sfc. current
6-h ERA-Interim

• Circum-equatorial tropical
disturbances are allowed
to interact with highresolution oceanic process
•40 km O-A resolutions &
matching mask
•Deep & shallow convection
and PBL schemes for MJO
simulation

MJO diagnostics from the 5-yr baseline SCOAR simulation
Wavenumber-frequency spectra of symmetric component of OLR and U10m
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• SCOAR reproduces reasonably the observed level of power at MJO κ-ѡ band.
• Interactive SST acts to straighten the MJO.
• Have some trust in model and its credibility for MJO simulation!
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• Diurnal warm layer thickness of ~1 to 5 m
Figure 6 - Structure of the near surface of the ocean as the leading wind burst of MJO2
• >0.1℃
temperature
diurnal
warm
layer
arrived
at Revelle.
a) Net difference
surface heatacross
flux. b)the
Surface
wind
stress.
c) Ocean temperature

36!
37!
38!
at 2.0, 3.9 and 7.1 m (depths denoted by white dots in d). d) Image-color plot of
5!
39! temperature in the upper 8 m from sensors at depths indicated at left and sampling as the
40!
are profiling
the water
column
wave
6! Figure
6 - Structure
of the
near with
surface
of motion.
the ocean as the leading wind burst of MJO2
7! arrived at Revelle. a) Net surface heat flux. b) Surface wind stress. c) Ocean temperature

SCOAR model configuration
to better capture this observed thin diurnal warm layer
temperature 6 hourly
composite anomalies
Top 1m

• Need extremely high vertical
resolution
• Total 55 levels;
• 5 levels in the upper 1-m (dz=20cm)
• 15 levels in the upper 15 m (dz=1m)

• Experimental configuration:
• 5 Coupled 1-month-long runs with
various coupling frequency (CF):
• CF1, CF3, CF6, CF24
[℃]

diurnal SST amplitude (dSST) prior to the MJO2 convection
Fig. 1 Schematic showing an
idealized diurnal cycle of the
upper ocean in terms of
short wave fluxes (SWF),
turbulent boundary layer depth
and sea surface temperature
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beneath due to the penetration of short wave fluxes (SWF)
through the TBL. The strength of the warming of the
TBL depends mainly on the meteorological conditions at
the time with larger SWF and lower winds leading to
thinner and warmer TBLs, though this may be somewhat
compensated by an increase in latent heat fluxes at the
surface due to the increased SST. As the day progresses
through the afternoon and the sun begins to dip the stabilizing effects of absorption of SWF are reduced causing
the TBL to become increasingly dominated by turbulence
and deepen. As it does the heat that has accumulated in
the TBL during the day is mixed over a greater depth
leading to a rapid decrease in temperature (and SST).
During the night, the strong surface driven cooling often
leads to strong mixing and drives the TBL to its greatest
depth. By the following morning, the stratification that
had built up below the shallow TBL during the previous
day, due to the penetration of SWF, has been removed
from above the maximum depth of the nocturnal TBL.
This removal of stratification by strong nocturnal mixing
leaves a ’clean slate’ for the next days diurnal cycle of
TBL depth. The stratification below the nocturnal maximum of the TBL, however, remains unaffected. Whether
this SWF penetration is significant will depend upon the
absorption profile of the SWF and the maximum depth of
the nocturnal TBL.
The size of Dsst is therefore dependent not only upon
the surface heat fluxes but is also largely determined by the
amount of vertical mixing in the upper ocean. Strong
mixing from high wind stress results in a decreased Dsst
when all other factors are equal.

Tmin+1

dSST = Tmax 1/2*(Tmin-1+ Tmin+1)

In addition to the temperature variability, the diurnal
variations in the depth of the TBL also have a profound
effect upon the diurnal cycle of near surface currents
which are somewhat similar to that of the temperature.
When the TBL starts to shoal after dawn, surface fluxes
of momentum from windstress are contained in a thin
layer which accelerates downwind and rotates due to the
Coriolis force. As the sun drops and the TBL deepens, the
momentum of the TBL is redistributed over a greater
depth and the speed of the current decreases as it continues to rotate. By the following morning there is a
‘clean slate’ for the next day’s diurnal cycle. This diurnal
cycling of near surface currents has been often observed
(e.g., Stommel et al. 1969; Price et al. 1986; Wijffels
et al. 1994) and the term ‘diurnal jet’ is often used to
describe this process.
The left hand panels of Fig. 4 show a week long composite of upper ocean currents through the diurnal cycle
from the Long Term Upper Ocean Study (LOTUS)
mooring (Briscoe and Weller 1984) in a similar fashion to
Fig. 9 of Price and Sundermeyer (1999) (PS99 from
herein). The data have had the currents at a depth of 50 m
removed to account for the geostrophic component.
Overlaid as black arrows is the mean current at each depth
in which the classical Ekman spiral is evident. The study of
PS99 found that the inclusion of the diurnal cycle in various formulations of 1D mixed layer models leads to a
flattened mean Ekman spiral which decays faster than it
rotates compared to experiments with no diurnal cycle.
This resulted in a more realistic mean current profile in
their experiment compared to classical Ekman theory.

• Enhanced dSST (>1
℃) in regions of weak
wind speed (<4ms-1)

• CF1 represents about
56% of the observed
dSST.

• Higher CF leads to 123
greater dSST

Warmer upper ocean temperature before convection
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• Stronger diurnal
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variation helps achieve
higher (>0.1℃) SST on
a diurnal basis.

The higher diurnal SST, the stronger moistening of the atmosphere
positive: ocean heating
the atmosphere
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Stronger moistening of the
atmosphere with diurnal SST.

Diurnal moistening is maximized by the diurnal SST
Hourly composites of
2pm

LH

LH=ρLCHW10(qs-qa)
W10

• Without diurnal SST

9am

qs (←SST)

qa

peak in the afternoon,
LH peaks in the
morning following
W10.
• qs (SST) plays a
leading role in
maximizing the
moistening effect of
the troposphere.

What is the
consequence
on the MJO
convection?

Precipitation intensity response to diurnal SST
10S-10N mean precipitation rates

• MJO2 rainfall event

on Nov. 24 with the
eastward propagation
at 5 ms-1.
Rainfall time-series averaged over NSA

average of 73-80.5°E, 0.7°S-17°N

• Models: qualitatively
consistent
intraseasonal
evolution of rainfall.

• Higher dSST and

dLH leads to higher
rainfall!

Why does it rain more with the stronger diurnal SST?

Column-integrated moist static energy (MSE) budget
mt = − vh ⋅ ∇m − ω m p + ( LH + SH ) + LW + SW
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Diurnal moistening of the lower troposphere
−ω m p = −( ω m p + ω "m"p )

drying by mean
convective downdrafts
moistening
by diurnal
vertical motion
(~diurnal
congestus)

• The daily mean advection
- Exports MSE by the mean

convective downdrafts
- No obvious proportionality to dSST

• Diurnal moistening
- A source of MSE
- A clear proportionality to
dSST

Summary (1)
1. SCOAR regional coupled modeling for the MJO
- EW channel configuration
- Specific combination of WRF deep & shallow convection and PBL
schemes for MJO simulation
- Modified ZM deep and UW shallow convection & PBL schemes
- Higher (especially in the ocean) horizontal resolution: 40 km
- High vertical resolution (~1m in the top 15 m)
- Hourly model coupling
2. SCOAR2 supports significant eastward propagating convectively coupled
disturbances in the MJO κ-ѡ band
- True regardless of coupling
- Coupling enhances the intraseasonal power and coherence

Summary (2)

3. Diurnal SST variability prior to the deep convection
- raises the time-mean SST and LH: via diurnal rectified effect
- enhances the diurnal moistening: via coincident diurnal peaks of LH & SST
4. Further sensitivity experiments (not really discussed today) suggest
- the first mechanism dominates and more efficiently expedites the
recharge of the MSE.
- But the diurnal moistening is a non-negligible process
- cancel out the drying effect by the convective downdrafts.

Summary (3)

rainfall amount [mmday-1]

5. Precipitation amount scales quasi-linearly with pre-convection diurnal SST

- LH+SH feedback over higher

SST instrumental in stronger
convection intensity (Arnold et
al. 2013)

- Consistent with previous
Ensemble averages
• Individual members

Pre-convection SST [°C]

studies: an improved
representation of diurnally
evolving SST as a potential
predictability source of MJO.

Thanks for listening,
and
九州大 に私を招待していただきありがとうございます!
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