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Convection aggregation in radiative convective equilibrium experiments:

open ocean
TimeStep: 1 hr

512km

white iso-surface: cloud condensate
Color shading: precipitation



In the Real World: Aggregated Convection Contributes to Extreme Precipitat

over Tropical Coastal Oceans
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A [Hamada et al., 2014, J Climatéxtremerainfall over tropical coastal oceans
contributed by W W A y @an@etanSiveQstems likely associated with tropicalyclones
(<60%)and convective systems associated with the establishment of monsoons.

A Coastal circulations, generated by lasel thermal contrast and orography, control the
Initiation and organization of convection systems

A Often exhibits strong diurnalycle; sensitivéo largescale condition



Coastal convection systems are focused In the Year of Maritime
Continent (YMC, 2012019) campaligns

Diurnal Cycle of Cloud Cluster (> 100%m

5

AYMC Scientific Themecl
Atmospheric Convection:

AToadvance understanding of
physicalprocesses governing
diurnal, synoptic, intraseasone
and seasonal variability of
atmospheric convectioand
their interaction under the
iInfluence of the compleland
sea distributiorand S ST TR S R T T el

to pog rap hy Figure 2.2 Diurnal cycle of cloud clusters defined as cloud top brightness temperature < 208 K. Sizes of
each circle is proportional to the cluster sizes (> 100 km?). Courtesy of Shuyi Chen and Brandon Kerns.




Convection aggregation in radiative convective
equilibrium experiments.coastal areas

AObjective: to understand convection aggregation under the
forcing of oceadand-orography configuration

AWith solar forcing to generate diurnal cycle
ASensitivity to background wind shear



Model and experimental set up T
nital Froties

3D cloudresolving model VVM theta (K) Qv (g/k9)

( Jung and Arakawa 2008, Wu and Arakawa 20Chienand Wu 2016 ) b Th R q
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CRM simulation (1): ocean + land with mountain + no shear

All time averageCF (shading) and moisture (contour) over open ocean
Non—shear diurnal averaged Non—shear subsidence (mb/hr)
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A Strongland-ocean gradient of cloud fraction and moisture

A Dry and strong subsidence over open ocean; convection over land ando&stal areas
A Local circulation built up by ocedand configuration



CRM simulation (1): ocean + land with mountain + no shear

CF (shading); moisture (contour); u below 1000 m (white arrows); w > 1 m/s (black arrows)
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At midnight: At noon time
A Coastal systems initiate A Land convection initiates

A Dissipating thick anvil on top afountains A Dissipating anvil in coastal region



CRM simulation (1): ocean + land with mountain + no shear

Non—shear precipitation (mm/day)
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A Hovmollerof zonal
precipitationover
ocean

A Propagation within
~150 km of coast, in
a phase speed of ~
1.53.5m/s
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512

CRM simulation (2):
ocean + 2511
land with mountain +
vertical shear
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CRM simulation (2): ocean + land with mountain + vertical shear

All time averageCF (shading) and moisture (contour) over open ocean
Shear diurnal averaged Shear subsidence (mb/hr)
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A Convectioroverland, organized convection over windward coast propagates to open ocean
A Moisture mode instability over ocean associated with coastal organized convection



CRM simulation (2): ocean + land with mountain + vertical shear

CF (shading); moisture (contour); u below 1000 m (white arrows); w > 1 m/s (black arrows)
A

\ X4
Shear 1:00 AM ( Shear 1:00 PM 4":
16000 - 16000 - v
14000 - 14000 1
12000 12000 ¥
10000 10000 :
£ 3
8000 8000 t
t
6000 - 6000 - :
4000 - 4000
2000 1_—1a—— _ 2000
m ._ ‘ “"!' " -.11_:‘_—4” . E
0 S T : 0=
0 256 512
km =
At midnight: At noon time
A Coastabystems initiate and organize/propagate A Land convectiomitiates

A Dissipating anvil on top of mountains A Dissipating anvil in coastal and oceagion



CRM simulation (2): ocean + land with mountain + vertical shear
Shear precipitation (mm/day)
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In the real world: Examples from South China Sea Monsoon Onse!

AQuantify thediurnal characteristics of organized convection a8euth China
Sea (SCS) befoaad after the summer monsoon onset identified from
satellite observations

ATRMM 3B42 Precipitation Rate (192815)

A02%Y o K2dzNI & o0nnX noX ncXHM ! ¢/ (

ACloudSat GEOPRd&ar Cloud mask (2062010)

Avertical cloud mask based on CloudSat CPR reflectivity and CAH#?SO
backscatter

ADx= 1 kmDz= 125 m (curtain), twice per day ~1:30pm/1:30am)




Dramatic change in large scale circulation and precipitation withir
+ 20 days of SCS summer monsoon onset
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Day-night Contrast of Vertical Cloud Frequency over Ocean

Noon time Overpass Midnight Overpass

A CloudSat (~1:300m) _ (~1:30am)
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Quantify the size of connected precipitating area

A Identifying contiguous convective precipitatipixels(> 1 mmhr) using fourway
connection segmentation method\ielickiand Welch, 1986yVielickiand Parker, 1992;
Tsal and WuW2016]

A The number of connected pixels determirtbs areaof precipitatingarea

A Horizontal size scalev® 1T Q &®
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Evolution during onset:
sharp increase In
precipitation intensity and
convective system size

TRMM 199&015
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TRMM Precipitating Size Evolution, North SCS, 1998-2015
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Frequency of occurrence by size category: TRMM 1998015
S (<100km), M(10300km)and L(>300km)
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PostOnset Diurnal Cycle 0~+20d composite TRMM 3B42 198@15

3-hrly Precipitation Frequencyof L system(> 300 km)
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Summary

AConvection organization and diurnal cycle under the influence of land, oce
and topography, and it response to large scale forcing is studied by idealiz
cloud resolving simulations, and satellite analysis over SCS monsoon ons

ACurrent results support the YMC hypotheses regarding DC convection:

V Thecontrasts between convection over land and water come mainly fronrdles
played bythe Triggering, PropagatioandUpscale Growth ¢P-G)of convection

V Largescale variabilitynodulatethe DChy affecting thetiming/location/vigorof TPG.

V TProcessesver land and wateare modulated differentlyto large-scaleforcing,
leading to different responses of DC.

ANeed tosystematicallyexamine the influences of topographical scales (oces
oFAaAY GAROKE Y2dzydlr Ay KSAIKIZXO0 |



Next: Detailed case study using high resolution satellite observations

2016 South China Sea Summer Monsoon Onset (Mag2@3
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Next: The YMC, SCSTIMX (Taiwan), PISTON (US) Field Campaigns
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YMC Implementation Plan
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In real world,coastlineslarge organized convection

A Coastal circulationsb) &
40°N .
generated by land -
20°N
sea thermal contrast .
"
and orography,
. a, . 2
control the initiation
and organization of  Mean coastal rainfall (JJA) L
convection systems ... 40°E G0°E 00° 100°C 120°€ 100°E 160°E 100°160°W 140°W 130°W 100°W 00°W 60°W 40°W 30°W
" d) . - -~ - SN .
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Contributionto precipitation from size category

Pre-onset 1998-2015
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A Over land contribution mainly from medium systems (-6806)

A Postonset contribution from extreme large systems is dominant (>60%) over the ocean
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Pre-onset Diurnal Cycle

20-day Preonset

15H

precipitation (mm/day)
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A Preonset diurnal cycle mainly over land, peak in the evening
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20-day Postonset
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A Postonset diurnal cycle over both land (peak in evening) and ocean (peak in afternoon)



Diurnal cycle of precipitating systen8 €100 km)

Pre-onset Postonset

A Precipitating systems are almost located over land and occur during the evening
A No significant difference between prnset and posbnset

TRMM 1998015



Diurnalcycle of precipitating systemyv(100~300 km)

Pre-onset Postonset

08:00LT

A Diurnal cycle peak in the morning (5~14LT) over the ocean , in the evening (17~2LT) over land
A Preonset mainly over Borneo; post onset over most land areas

TRMM 1998015



Quantifying the Size of Connected Cloud Object

A Contiguousloudy pixelsare e
identified asa cloudobject (%
Z Cross section) using the 4
way connection method.

A Countandsort convective
cloud objectdy theirsizes §

Original cloud mask
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Year of Maritime Continent (YMC, 2042019)¢
Scientific Theme 1: Diurnal Cycle of MC Convection

ATo advance understanding of physical
processes governing the mu#cale
Interactions of convection over the MC under
the influence of the completand-sea
distributionandtopograph
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The role of mixed layer gravity waves on offshore convection
propagation

A [Mapeset al., 2003, MWR]:
Propagation of offshore
convection is related to the
destabilization by the
gravity waves generated by
the diurnally elevated
mixed layer over coastal
mountain terrain.



