LSS A13A-0210. Aircraft observations of convective characteristics

B throughout a Madden-Julian Oscillation event
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A dominant component of intraseasonal (30-90 day) tropical variability 1s || A strong MJO event occurred in late November (Fig. 3) corresponding to a Whﬂle eonvictlon was present eacsh daly (F.lgc'l. 3')51 Vla riability ex1§(1iei11 .1n .ﬂllle < B ;. P AT
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the MJO (Madden and Julian 1971, 1972). An MJO event is characterized convectively active time period within the observed domain. Three separate b Otputh (3)[)0 c0 Vte.c VGhS}ISf > . fp ? Vh'uh fs 0 ﬂ? P boYl d'e bls gk 2. — S | NI ¢\ . 1 =l
by an castward-moving envelope of deep convection (initiated over the  mission flights took place (22, 24, an 30 November) during this time, U1 = =00 o e EAC O 0 ey, e PR T

equatorial Indian Ocean) and precipitation (usually comprised of multiple Corresponding to MJO onset, active MJO, and a degrading MJO, OL the larget propagaling convectve envelope ol the ' B o Linz =] g s =34k

mesoscale convective systems) coupled to large-scale atmospheric respectively. Two RCE were modules performed during each mission. Figure 5 helps summarize bulk distributions during the RCE modules 1n this o i - - £ B

circulations. The MJO has been shown to influence monsoon systems (e.g. Strong MCSs were targeted in each case to ensure optimal data for dual- study. While differences are observed in the distributions of horizontal : - B : =5
Asia, Africa, Australia), tropical cyclones in all cyclone basins, midlatitude Doppler analyses (kinematic structure). maximum reflectivity composites, similarities in organization (largely due to the BT N “"”‘é’}.”f'-i;;;;i;’””“'°W5° C e O
weather (e.g. rainfall and temperature variability), and other atmospheric lack of strong wind shear) are apparent. Despite those similarities, echo top R I ) e s
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and ocean phenomena (e.g. EI Nifio- Southern Oscillation, North Atlantic 225201 10 15 D 011 oy Fotr Prfcin height composites indicated greater variability in the horizontal. Broadening of . | i L , i Cefw X

Oscillation, Indian Ocean Dipole); described in Lau and Waliser (2005) and I 22Sep g — echo top height distributions phased with the MJO event evolution. This was 1k Nk ;| i

. Zhang (2005). Given the extensive impact of the MJO, it is important to influenced somewhat by the convective life cycle, where a larger population of L N | 1 R A
| correctly simulate the MJO in forecast and climate models. The = § " building and decaying convection were present, acting to broaden the o L
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Dynamics of the MJO (DYNAMO, 2011) field experiment obtained a ‘“ distribution. But besides heights were there differences in vertical structure iz =5 | s « {aBz = - 2 .
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large volume of data not typically available using in-situ and remote 2 : P ; B :
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(Fig. 1). Expanding our understanding of convective dynamic and = N)* B |
therm()dynamie structure 1n this region 1S important to improve 15.Des — L Figure 6. Each two panel plot displays CFAD diagrams of vertical velocity (top) and radar
deled MJO ch teristi d fi t [\ («" : reflectivity (bottom). Solid lines are mean profiles in all plots. Additionally, 10™, 50", and
modele Chardacteristes and 1orecast. o i el ~ ~ 90™ percentiles are shown for reflectivity distributions. Date increases from left to right
. - S-Jan P et e e s s o and time of day from top to bottom.
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| ,’r T e k Figure 3.0n the left is a Hovmoeller diagram of outgoing longwave radiation (OLR) anomalies B N heights s ] height T analyse vertical distributions of vertical Velgeity and radar reﬂeetivity.
. P =" . (shaded) averaged from 55—5N. Diagnosed wave events are noted with open contours and labeled in ©om ™ ™ distribution L , h f . he o
I . K ol | the bottom legend (image produced by Carl Schreck and available at http://monitor.cicsnc.org/mjo/ .. 4 p4I3011 0705.0743 LT Downward motion was. ebserved near the surface during the first mission
e dynamo_archive/2011-12-17/). Inlaid image shows an MJO phase diagram produced by the B vl h s ' (22 NOV), but was positive for 24 and 30 November where deep upward

Australian Bureau of Meteorology. Images on the right are infrared satellite retrievals for in the

vertical motion was found.  These deeper updrafts acted to loft
region of interest showing the extent of convective activity.

Figure 1. DYNAMO experiment location in reference toa world map. . . . o
| hydrometeors to a higher altitude, thus broadening the reflectivity

SR,

—— | ) ) distributions aloft. Below the melting level (~4.5 km), distributions
2. NOAA P-3 alrcraft platfo 'm 4. Convective environment structure e T narrowed and developed a modal value near 30 dBZ, indicating
The NOAA P-3 aircraft conducted 12 flights from 11 Nov — 13 Dec 2011. All events exhibited extensive stratiform precipitation and weakly organized oo, | COmSIStent strong, Wlelespread precipitation near the surface. The
This mobile platform offers a large number of measurements, including convection on the mesoscale. While many convective bands were observed, abundance of reflectivity values and upward vertical velocity values at
environmental state parameters (e.g. temperature, relative humidity), cloud a lesser degree of linearity was evident than previous oceanic field Jate e S high levels indicate the importance of ice microphysics during the
and precipitation information (weather radar, liquid water content, particle experiments, such as TOGA-COARE observations in the Western Pacific. Figure 5. Each three panel plot displays composites of maximum radar reflectivity and maximum initiation and peak phase of the MJO in this region.
probes), and sea surface temperature (via infrared retrieval). This study Distinct cold pools were evident near the convectively active portion during echo top height on top and a frequency distribution observed echo top height (frequency along
used data collected from a tail-mounted weather radar (characteristics the 22 and 24 November cases, with weak to no signal apparent on the 30 abscissa). Date increases from left to right and time of day from top to bottom.
shown in Table 1) and dropsondes (measuring vertical environmental November (see AI13A-0211 for more discussion). Generally increasing
thermodynamic profiles; time series shown in Fig. 4) to characterize relative humidity was observed as the MJO event progressed. Figure 4
mesoscale convective systems (MCSs). shows the horizontal extent and convective environmental characteristics 6- Su m mary

along the flight leg transecting convective cells.

7. Future work

* Comparison of these results and more to TOGA—COARE experiment
results. The TOGA—COARE experiment took place in the Western Pacific,
with many similar measurements for comparison.

» Airborne weather radar and dropsonde data were used to
compare characteristics of convective systems in the
Indian Ocean occurring during an MJO event.

4 [ Sounding/
NOAA P-3 aircraft amn | conmvective line
fransect

» Similar attributes of the convective environment were
observed during the MJO (e.g. cold pools, deep moisture
profiles), with varying strength.

» Calculate Z-R (radar reflectivity—rainfall) relationships for MJO and non-
MJO events through analysis of airborne drop size distribution probes.

" Analysis of microphysics via cloud and precipitation probe measurements.

= Coordination with the TOGA and SMART-R radars on the R/V Revelle,

which acquired data in coincident regions on the 22 and 24 Nov, 8 Dec,
respectively.

Figure 2. Flight pattern of the NOAA P-3 during radar convective element (RCE) ) R =
modules designed to collect data during a convective event (convective system shaded). * % s ~hammman e
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= Convective precipitation systems were found to display
similar peak radar reflectivity values while having varying
echo top heights.

» Echo top height distributions broadened as the MJO
strengthened, followed by a narrowing.

N cold pool

Weather Radar Data and Methodology

Table 1. NOAA P-3 Doppler weather
radar characteristics.
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wavelength 3.22 cm (X-band)

Fore/Aft scan technique allows =
PRF 3200/2400 s™! for vertical velocity calculation =

" Deep updrafts loft hydrometeors to high levels,
supporting the importance of ice microphysics in the

Unambiguous range 38 km
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Pulse width 0.25/0.375 us

convection may be important to properly forecast the onset
of an MJO.

Gate length 150 m

Antenna rotation 10 rpm (60° s!)
Sampling geometry of P-3 tail-mounted radar.
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