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Introduction

eJou et al. (2016) performed the observation study of this afternoon
thunderstorm (TS,) event => (1) the merge of several convective cells; (2)
enhanced low-level convergence produced by the sea-breeze circulation
and thunderstorm coldair outflow

e The proposed mechanisms for cloud merging may be due to:

(i) low-level convergence (Tao and Simpson 1989)

(ii) cold pool interaction (Tao and Simpson 1989)

(iii) different propagation speeds of two cells (Lin and Joyce 2001)
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No significant synoptic forcing
for this afternoon thunderstorm
(TS,) event!
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PPI Map of Radar Reflectivity at 0.5 degree elevation angle
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Vertical Cross Section of Radar Reflectivity along WNW-ESE direction
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Time series of rainfall rate
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=> Both observation and model simulation show that
rainfall rate increases significantly after cell merger!



Testing Hypotheses

Hypotheses:

1) Cold pool height was elevated after the cell collision

and merger.

2) Latent cooling from evaporation and melting has a
significant impact on the propagation and strength of

coldair outflows.

3) Mixed-phase microphysical processes were critical
for the development of thunderstorm outflows and the
associated intense rainfall.

Intrieri et al. (1990)
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Model Configuration

Version 3.4 of WRF ARW
two-way nested grid with four domains: 13.5,4.5, 1.5, 0.5 km
55 vertical levels (8 layers within PBL)

WDM6 microphysics scheme

35°N —

Kain-Fritsch cumulus (only D1)
Dudhia shortwave radiation

RRTM longwave radiation b

Noah land surface model —
YSU PBL
MODIS landuse data 2N

ECMWF ERA-Interim 0.75°x0.75°

initial time: 6/13 12UTC T

forcast hour: 24hr ( K att=15hr)
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Radar Reflectivity Horizontal Map: OBS vs. CNTL
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Radar Reflectivity Horizontal Map: OBS vs. CNTL
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Radar Reflectivity
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25-min forward trajectory analysis for 80 air parcels near Cell A & Cell B
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=> Rear-end collision due to different speeds of Cell A and Cell B
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Contour: vertical velocity, Color: radar reflectivity
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Contour: Mixing ratios of cloud water (orange), rain water (red), cloud ice
(pink), snow (green), and graupel (blue)

19



Height (km)

Height (km)
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=> Cold pool head is elevated after cell merger between Cell A+B and Cell C 20
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36-min forward trajectory analysis for 62 air parcels near Cell A+B & Cell C
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— Head-on collision due to opposite directions of cold pool propagation

Between Cell A+B and Cell C
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Low-level thunderstorm features after the merger of Cell A+B and Cell C
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Convergence between sea breeze and thunderstorm coldair ourflow
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(c)

(mb)
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PRESSURE

STATION
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L.C.L.= 939 hPa (0.638 km)
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=> The inversion near 700hPa
stops the CAPE calculation!
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Water vapor mixing ratio (kg kg-1)
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Time series of maximum vertical velocity within the Taipei Basin
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Basin-mean Time Series

ka/s  rain rate & horizontal flux convergence
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Basin-mean Time Series

liquid water path & ice water path kyw’
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Numerical Experiments

Experiment Comments
CNTL full physics
NEVPR no evaporation cooling of rainwater
NMLTG no melting cooling of graupel

SIMPICE simple ice (no mixed phase, no graupel)




Coldpool Characteristics by the Basin-mean Time Series
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Coldpool Characteristics by the Basin-mean Time Series

Cold pool height
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Coldpool Characteristics by the Basin-mean Time Series

Cold pool propagation speed
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Conclusions

e Enhanced low-level convergence produced by sea breeze
with abundant moisture triggered the development of this
afternoon thunderstorm event.

e \Water vapor horizontal flux convergence peak occurred
earlier than surface rainrate peak by 20 minutes.

e Graupel amount was increased considerably after cell
merger. Cold pool height was elevated significantly at the
intersecting cold pool boundaries.

e Evaporation cooling played a major role in the propagation
and intensification of cold outflow, while melting cooling
played a minor role. However, mixed-phase microphysics
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was still important.



Thank you for listening
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