
4. Convective characteristics frequency distributions 
 
Convective systems displayed similar organization (Fig. 5; largely due to weak vertical wind shear 
and cold pools).  
 
 
 
 
 
 
 
 
 
 
 
Convective life cycle also influenced echo top distributions, where a larger population of 
building and decaying convection was present during the active phase, acting to broaden the 
reflectivity distribution.  The classic brightband signature was more evident during the onset 
and active phases, and vertical velocity profiles show variability in observations. 

2. Large-scale case synopsis  
 
Three mission flights occurred on convectively active days during the late November MJO 
(Fig. 4).  In context of space-time filtered OLR anomaly indices (Fig. 4), the flights could be 
related to onset, active, and decaying phases of the MJO event.  A total of five RCE modules 
were conducted during the missions.  Strong MCSs were targeted in each case to ensure 
optimal data for dual-Doppler analyses.   
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1. Introduction!
 
During DYNAMO, the NOAA P-3 aircraft conducted 12 flights (11 Nov – 
13 Dec 2011).  This mobile platform offers the ability to collect in-situ data 
from a target of interest, with a flight pattern designed to attain the 3D 
structure of a convective element. 
 
 
 
 
 
 
 
 
Data from the tail-mounted weather radar (characteristics shown in Table 1) 
and dropsondes were used to characterize mesoscale convective systems 
(MCSs).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Expanding our understanding of convective dynamic and thermodynamic 
structure in this region is important to improve modeled MJO 
characteristics and forecasts. The DYNAMO field project provided an 
unprecedented quantity of small-scale observations in the climatological 
MJO initiation region, allowing study of individual convective systems as 
well as the convective envelope.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These observations provided measurements to test conceptual models 
largely developed from satellite observations and simulations.  One such 
example is the  verification of the cloud types within phases of the MJO on 
the mesoscale and improved understanding of the cause of the observed 
convective characteristics. 
 
 
 
 
 
 
 
 
1.  Do small-scale observations agree with current conceptual models of 

precipitating cloud systems in the MJO? 
2.  Are there any unique kinematic, and therefore microphysical structure, 

apparent in this region and between MJO stages? 

5. Summary!
 
Airborne weather radar data were used to compare characteristics of convective 
systems in the Indian Ocean occurring during “onset”, “active”, and “decay” stages of 
an MJO event.  
 
1.  Do small-scale observations agree with current conceptual models of precipitating 

cloud systems in the MJO? 
1.  Horizontal composites of radar reflectivity indicated greater stratiform 

precipitation during the active stage, though a great deal of anvil cloud was 
observed especially during the decay stage.  

2.  Convective precipitation systems were found to display similar peak radar 
reflectivity values while having varying echo top heights. 

3.  Echo top height distributions broadened as the MJO strengthened, followed by a 
narrowing, consistent with a larger population of systems of varying heights and 
supportive of the “building-block hypothesis”. 

2.  Are there any unique kinematic, and therefore microphysical, structures apparent in 
this region and between MJO stages? 
1.  Deep updrafts loft hydrometeors to high levels, supporting the importance of ice 

microphysics in the maintenance of convection during the peak MJO. 
2.  Changing stratiform fraction indicate likely changes in drop size distributions 
3.  Lack of organized mesoscale in- and out-flows imply weaker horizontal 

momentum transfer. 
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Figure 4. Hovmoeller diagram of outgoing longwave radiation (OLR) anomalies (shaded) averaged 
from 10S–10N (Gottschalk et al. 2013).  Vertical dashed lines near 70-80E represent the DYNAMO 
observational domain.  To the right are infrared images at a representative time for each RCE 
presented.  The DYNAMO quadrilateral domain is indicated by the white box.  The arrow indicates 
the convective system sampled and the time period of observations on the OLR anomaly map. 

Figure 2. The DYNAMO quadrilateral 
observational domain, indicated by the solid 
star on the inlaid map.  Symbols correspond 
to the geographic location of each RCE 
module presented and are color-coded by 
date as in legend. 
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3. Convective structure!
 
All events exhibited extensive stratiform precipitation and weakly organized convection on 
the mesoscale.  While many convective bands were observed, a less linear organization was 
evident than previous oceanic field experiments (e.g. TOGA-COARE in the Western Pacific). 
Weak cold pools were present near the convectively active portion during the 22 and 24 
November cases, with little signal apparent on the 30 November (not shown).  Generally 
increasing relative humidity was observed as the MJO event progressed.  Figure 5 shows the 
horizontal and vertical extent of convective systems observed during an RCE flight from the 
onset, peak, and decaying stages. 

Figure 5.  Top panels show radar reflectivity Constant Altitude Plan Position Indicator (CAPPI), overlaid with the 
quasi- dual-Doppler derived horizontal wind field and NOAA P-3 flight track (black arrows and line, respectively).  
Bottom panels shows the vertical cross-section indicated by the A-B red-white line in the top panel. 

wavelength	   3.22 cm (X-band)	  

PRF	   3200/2400 s-1	  

Unambiguous 
range	  

38 km	  

Nyquist velocity	   ±51 m s-1	  

H beamwidth	   1.35°	  

V beamwidth	   1.90° 

Pulse	  width	   0.25/0.375 µs 

Gate	  length	   150 m 

Antenna	  rota3on	   10 rpm (60° s-1) 

Table 1. NOAA P-3 Doppler weather 
radar characteristics. 

Figure 1. Radar convective 
element (RCE) flight 
pattern. 
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Figure 7. Contoured frequency-by-altitude diagrams (CFADs).  Solid lines are mean profiles in all plots.  
Additionally, 10th, 50th, and 90th percentiles are shown for reflectivity distributions.   
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Fig. 14. Conceptual model of an MJO life cycle in terms of rain and rain-related variables. Vertical solid lines represent
convective rainfall and vertical dashed lines represent stratiform rainfall. Since it is assumed that the system moves
eastward without drastically changing the structure in this analysis area, the abscissa represents longitudes as well as time.
And time proceeds from right to left. The three curves in the bottom schematically represent anomalies of the inverse of
OLR, the convective rain amount, and the stratiform rain amount, from top to bottom.

This study also has exhibited the evolution of latent heating distribution with the MJO using
the SLH-derived latent heating data (Shige et al., 2004) from TRMM PR observation. It is an
important information in considering the propagation of the MJO from a dynamical viewpoint. To
examine the propagation characteristics of the MJO using the observed latent heating distribution
is also left for future studies.

A schematic model of the rainfall characteristics of the MJO is given. However, since we
utilized composite analyses to overcome the insufficient sampling of TRMM PR, the life cycle of
individual mesoscale rainfall system which is embedded in the MJO could not be precisely studied.
Future global precipitation measurement (GPM) with finer temporal samplings may enable us
to study life cycles of mesoscale rainfall systems associated with the MJO. With such studies,
further understandings of the role of mesoscale convective systems embedded in the MJO will be
expected.
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Figure 3. Conceptual model of precipitating 
clouds characterized by TRMM satellite 
observations (from Morita et al. 2006). 
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Figure 6. (a) Number and (b) percent frequency distribution of 
echo top heights (0 dBZ) determined from tail-radar observations. 

date 

W 

dBZ 

W 

dBZ 

W 

dBZ 

Brightband 

Decreasing 
diagonalization 

Downward motion at 
low-levels switching 

to upward motion 

Brightband 

Modal Modal Modal 

Broadening aloft 

Narrowing at surface 

Broadening 
distribution 

Distribution narrows 

Weak low-
level flow 

Deep 
updrafts 

Weak low-
level flow 

Figure 13: Time-longitude of OLR averaged 10°S–10°N. Unfiltered 
anomalies are shaded, and filtered anomalies are shaded with the MJO 
in black, ER waves in magenta, and Kelvin waves in green. Contours are 
drawn every 10 W m−2 with the zero contour omitted and positive values 
dashed. Vertical dashed lines identify the DYNAMO array.  
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