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Environmental conditions on the selection of MJO and moist Kelvin waves
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1 Introduction

Natural variabilities of precipitation microstructure (e.g., DSD) substantially limit the accuracy of some DSD applications such
as radar-derived rainfall. The aim of the present study is to investigate the intraseasonal variation of precipitation microstructur
at Kototabang, west Sumatra, from long term precipitation data record.

2 Data and Methodology

The DSD observation was from a 2D-Video Disdrometer (2DVD), about eight years (end of 2002?2010). The vertical profile
of DSD was from 24 GHz Micro Rain Radar (MRR). 1.3 GHz wind profiler data were used to determine the precipitating cloud
type. Horizontal distribution of precipitation around 2DVD was observed by using 9 GHz X-band weather radar. Precipitation
data were classified into three categories of MJO phase, i.e., (i) active, (ii) inactive/suppressed and (iii) weak MJO. Active anc
suppressed MJO are strong MJO phase in which the amplitude of MJO is greater than unity. For Kototabang, active convectio
was assumed when the MJO is during phases 2, 3, 4, and 5, and inactive/suppressed convection was assumed during phases
and 1. All cases with the amplitude of MJO being less than unity are assumed as weak MJO phase.

3 Results

During light rain, a slight difference in the DSD could be seen in which the DSD during inactive phase had more large drops
than during active phase. The evidence of intraseasonal variation of DSD become more obvious during heavy rain in which th
DSDs were much broader during inactive than active MJO phases, consistent with the previous study [1, 2]. Figure shows diurne
variation of percentage of rainfall contribution for several rain types during active and inactive MJO phases. During active MJO
phase, shallow convective rain was dominant while deep convective rain was dominant during inactive phase. Detailed analys
regarding the intraseasonal variation of precipitation microstructure over Sumatra will be presented in the meeting.
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Variability of surface meteorology and air-sea fluxes during CINDY2011
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As a part of the CINDY2011/DYNAMO observation campaign, Research Vessel (R/V) Mirai was deployed at 8S, 80.5E in
October and November of 2011. In this study, we investigate variability of surface meteorological variables and air-sea fluxes
caused by atmospheric cumulus convective activity. Characteristics of convective systems observed by R/V Mirai in first half of
October were quite different from those in second half of October and November.

In the former period, four mesoscale convective systems (MCSs) produced most of precipitation around R/V Mirai, associatec
with large-scale lower-tropospheric cyclonic circulation anomalies. Composite of the four events show that sensible heat flux wa
increased by approximately 20 Wrhonly during the passage of the MCS due to both increase in air-sea temperature difference
and increase in surface wind speed. On the other hand, latent heat flux started to increase when the MCS reached the R/V Mir
and continued to increase even after the passage of the MCS due solely to the increase in the surface wind speed. A difference
latent heat fluxes before and after the MCS events was approximately 70Amaverage.

In the latter period, most of the observed convective events were sporadic sub-MCS-scale ones. By detecting sharp drop
surface temperature and its subsequent recovery period, we identify 22 events. Among them, 13 events consisted of only ot
temperature drop, while the other 9 events consisted of two times of temperature drops. We examine composite behavior of the
two groups, as well as individual cases. We compare surface meteorological variables and radar reflectivity data, and find thz
minimum temperature is well correlated with maximum surface wind and ratio of radar echo area around R/V Mirai. Sensible
and latent heat increases averaged for all the events were approximately 15 and 5 k/spectively.
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Atmospheric forcing from Madden-Julian Oscillation (MJO) produces sea surface temperature (SST) variation on intrasea:
sonal timescales in the tropical Indian Ocean. In this study, we investigate the ocean mixed layer temperature variation in th
eastern Indian Ocean to clarify the processes that produced the intraseasonal SST variation. We used mooring buoy data frc
the Research Moored Array for African-Asian-Australian Monsoon Analysis and Prediction (RAMA) in the Indian Ocean, par-
ticularly on an eastern site at 1.5S, 90E. We focused on intraseasonal SST cooling events as an indicator of the intraseasol
variation. The buoy observation captured 14 MJO events in the Indian Ocean from November to May during 2002-2007. In
general, the events accompany by large-scale SST decreases in the central and eastern Indian Ocean with the onset of atmospt
convection and westerly winds. Mixed layer temperature balance analysis demonstrated that the intraseasonal SST variation w
mainly produced by surface heat fluxes, in which suppressed shortwave radiation and enhanced latent heat loss had major rol
Horizontal heat advection also acted to cool mixed layer temperature during the period, though the contribution was less tha
one third of the net surface heat flux. Deepening of mixed layer and low salinity signal were also observed during the events
Possible impacts of the ocean variability on the mixed layer heat content are discussed.
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In this paper we use sea surface height (SSH) derived from satellite altimetry and an analytical linear equatorial wave mode
to interpret the evolution of the Indian Ocean Dipole (IOD) in the framework of recharge oscillator theory. The specific question
we address is whether heat content in the equatorial band, for which SSH is a proxy, is a predictor of IOD development as it i
for EI Nino and the Southern Oscillation (ENSO) in the Pacific. We find that, as in the Pacific, there are zonally coherent change:
in heat content along the equator prior to the onset of IOD events. These changes in heat content are modulated by wind-force
westward propagating Rossby waves in the latitude band 5-10S, which at the western boundary reflect into Kelvin waves trappe
to the equator. The biennial character of the IOD is affected by this cycling of wave energy between the equator and 5-10S. He:s
content changes are a weaker leading indicator of IOD sea surface temperature anomaly development than is the case for EN:!
in the Pacific though because other factors are at work in generating 10D variability, one of which is ENSO forcing itself through
changes in the Walker Circulation.
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Simulation of tropical-temperate troughs over southern Africa: Impacts of convection

schemes
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Southern African summer rainfall simulated in three versions of an atmospheric general circulation model differing only in the
convection scheme is examined with a special focus on tropical temperate troughs (TTTs). All three versions provide satisfactor
simulations of key aspects of the summer (November-February) rainfall, such as the spatial distribution of total rainfall and the
percentage of rainfall associated with TTTs. However, one version has a large bias in the onset of the rainy season. Resul
from self-organizing map (SOM) analysis on daily precipitation data revealed that this is because the occurrence of TTTSs is
underestimated in November. This model bias is not related to westerly wind shear that provides favorable condition for the
development of TTTs. Rather, itis related to excessive upper level convergence and associated subsidence over southern Afri
which is forced by strong convection in the far western tropical Pacific.

Furthermore, the models are shown to be successful in capturing drier (wetter) conditions over the southern African regior
in El Nino (La Nina) years. The SOM analysis reveals that nodes associated with TTTs in the southern (northern) part of the
domain are observed less (more) often during El Nino years, while nodes associated with TTTs occur more frequently during Lz
Nina years. Also, nodes with dry condition over southern Africa are more (less) frequently observed during El Nino (La Nina)
years. The models tend to perform better for La Nina, because they are more successful in capturing the frequency of differer
synoptic patterns.
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We explore causes of less skills in hindcasting recent decadal climate changes, such as the Pacific decadal variability and t
so-called hiatus of global warming tendency in the 2000s. As the hiatus forms a negative Pacific Decadal Oscillation (PDO)-
like spatial pattern, together with the warming tendency in the extratropical North Atlantic relating to the Atlantic Multidecadal
Oscillation and the strong temperature rising in the Indian Ocean, here we focus on the sea surface temperature (SST) tender
in the Pacific and on possible remote influences from other oceans. The Pacific decadal variability is generally regarded as ¢
internal fluctuation in the climate system and, when statistically analyzing sets of initialized decadal hindcasts for recent decade:
errors in initial state of the tropical Pacific SST can control skills in predicting extratropical SST variability relating to the PDO.
By performing some sensitivity experiments using global climate models, in addition, we also find small but significant impacts
of the other oceans on some stages of the Pacific decadal variability. While our ability to predict decadal variations in each ocea
is limited at this stage, except for the high latitude of the North Atlantic, further understanding of these remote influences in
addition to the inherent decadal fluctuations over the Pacific Ocean can help us to enhance the predictability of decadal climat
changes.
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Temporal variations of monthly sea surface temperature (SST) anomalies from 1951 to 2012 are investigated using observ:
tional dataset (ERSST: Smith et al., 2008). To explore large-scale SST patterns, we perform an empirical orthogonal functiot
(EOF) analysis in the South Indian Ocean [20E-120E, 55S-Equator]. The first EOF mode (35%) represents an increasing ter
dency and the second EOF mode (13%) presents the Indian Ocean subtropical dipole (IOSD) pattern, as shown by Behera a
Yamagata (2003). The third EOF mode (9%) has an east-west seesaw pattern, whose boundary lies at 90E: the centers of act
are located around [70E, 30S] in the positive area and [110E, 30S] in the negative area. The time coefficient tends to have low
frequency variations: positive phases in the 1970s and 2000s, and negative phases in the 1960s and 1990s.

We specifically focus on the third EOF mode. We propose an zonal dipole index (ZDI) showing an activity of the third EOF
mode based on the SST anomalies: the ZDI is defined as the SST anomalies averaged within the central South Indian Oce
[65E-75E, 35S-25S] minus SST anomalies averaged within the eastern side of the basin [110E-120E, 35S-25S], and then tt
ZDl is normalized using a standard deviation. Because the correlation coefficient between the ZDI and the time coefficient of the
third EOF mode is 0.80, results obtained using the ZDI are not substantially different. We investigate temporal feature of the ZDI
by applying a power spectral analysis. Result shows that the dipole SST pattern has a low-frequency variation on decadal (abo
15 years) timescale. In addition, we investigate monthly dependence of the zonal SST pattern using the root mean square. Res
shows that the SST pattern is dominant during austral summer (January to March).

We investigate causes of the zonal dipole SST pattern by applying a correlation analysis for various variables such as SST, s
level pressure (SLP), sea surface wind, and vertical velocity through the troposphere. Here, we use the JFM mean values. T
correlation analysis with the ZDI shows existence of positive SLP anomaly with the downward anomaly located around [90E,
20S]. Therefore, we can point out that the zonal dipole SST pattern results from changes in surface wind related to the SLI
variations. Interestingly, the ZDI shows significant correlations in the western equatorial Pacific: positive SST pattern, negative
SLP pattern, and upward anomaly throughout the troposphere. The SST spatial structure resembles the EI-Nino Modoki: a
obtained coefficient between the ZDI and the Modoki index is 0.30 (0.54 of 1981-2012). Therefore, we expect that changes ir
zonal atmospheric circulation, that is, Walker circulation, associated with the western equatorial Pacific SST variations can forn
the zonal dipole SST pattern in the South Indian Ocean.
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