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* Extreme rainfall can quickly lead to dangerous flash floods, yet our - 60
anerstandlng of its formation, and hence our forecasting skill are . — 4 o ——
During the spring and summer, Taiwan experiences heavy rainfall from o Bl s , e I
the Mei-Yu front = a nearly stationary front that forms where warm, : A i | b
southwesterly air meets cool, dry northeasterly air. [ | B i
Prediction of Rainfall Extremes Campaign in the Pacific (PRECIP) B
sought to understand the kinematic, thermodynamic, and microphysical
properties of extreme precipitation in a moisture rich region.

Past studies have found mixed results on the importance of warm rain
and 1ce phase processes 1n extreme rainfall (Yang et al., 2011;

Zagrodnik et al., 2018).
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Collision-coalescence and accretion processes are e 7 . owde

smnortant in hich intensitv precipitation while vapor Figure 4. Vertical cross-section (SAMURAI) of xR g o ™ b Figure 6 (above). Same as Figure 4 but for the
P - g yp P . . P the stratiform region with plots of (a) reflectivity | - anie 11 ol | convective region. WA e ™ 1

deposition and 1ce aggregation are important in low and wind direction, (b) vertical velocity, and (c) T S B e _ . | T e % % we i

. . . . . divergence Wlth Vorticity COHtOurS Where SOlid Distance from radar (km) Flgure 7 (rlght). Same as Flgure 5 but for the Distance from radar (km)

intensity precipitation. . i . . | | |

lines are positive and dashed lines are negative.  Figure 5. RHI scan (SPOL) of stratiform region featuring

Cross-section was taken from the orange line reflectivity, differential reflectivity, correlation coefficient, D " "

shown 1n Figure 3. specific differential phase, and particle identification. I S C u S S I O n

convective region.

d. 6 Hour Averaged Low Rain Rate Polarimetric C. 6 Hour Low Rain Rate PID Convectlve Reglon
Figure 2. The 12 10 - cld-drops * Rain intensifies primarily through collision-coalescence

. drizzle
SPOL radar in L . t-rain  Below 5 km, Z, ZDR, and KDP increase down to the surface
use during the jt
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hvy-rain Strong updrafts around melting layer (ML) produce supercooled water droplets above

hail

rain/hail ML, causing accretion

sm-hail .
ar/rain * Increase in Z down to the ML

(- (- _ dry-snow

AN D Y. wet-snow PID confirms accretion process through presence of hail/graupel categories
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. . 204060 0 1 2 0.5 099 —0.5 00 05 012345 ireg-ice * Ice aggregation may also be a factor (but a minor one)
Figure 1. The Mei-Yu front located north of 7(dBZ)  ZDR (dB) ce KDP  RATE HYBRID slw

Taiwan on June 6, 2022. Source: NASA Worldview (1 . (deg/km)  (mmvhr) ' ' 04 06 ' ' insects Stratiform Region

Frequency 2nd-trip

b. 6 Hour Averaged Low Rain Rate Kinematics clutter * Less intense rain formed primarily by melting snow that breaks up below ML
1 Figure 8. Low rain rate plots include all the  Z remains constant, ZDR and KDP decrease down to the surface

points found at 1.5 km altitude during the 6- * Low vertical velocity provides weak support for low-level cloud water production

hour period where RATE_HYBRID was less * Z increases, ZDR decreases above ML due to ice aggregation and melting
than 5 mm/hr. (a) Averaged vertical profiles of

o

e Data Period: 06-12 UTC on 6/6/2022

* 3-D gridded kinematic, polarimetric the polarimetric variables listed, (b) averaged . . o o . .
fields created from S-Pol and 5 . Al vertical profiles of the kinematic variables In this mei-yu front, convection 1s embedded within stratiform rain, they are not
25.25°N

PRECIP radars using SAMURALI ik % s -+ il listed, and (c) a frequency histogram of the entirely separate
i T L oy Po? B e GPT A 24 1 1 1 - particle identification (NCAR PID) categories.

(Bell et al., 2012; Cha and Bell, SRR T Ry a0 o0 1 8 4 1% 5 1% —200 S '
2023) and Radx2Grid (DeHart et al., 2675 |-~~~ T s il D Z@mD wWims) VORT(0~551) DV D) COnCI USIONS

2024) Jaon bt S/ i ] 4. 6 Hour Averaged High Rain Rate Polarimetric | 6 Hour High Rain Rate PID Precipitation processes are complex, and many can occur at once, but collision-
cld-drops
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Case Studies: subjectively identified s | | | A% . e coalescence 1s critical for heavy rainfall in the mei-yu front.
o updraft and convergence enhances collision-coalescence 1n convective, and a lack of
rain/hail

heavy and light rainfall regions e e T e Microphysical processes show a relationship with the dynamics, where a slanted
ho dynamical support 1n stratiform allows i1ce-phase microphysics to control precipitation.

based on radar structure, created T
%_' gr/rain

gridded kinematic cross-sections and »>7>™
selected nearby S-Pol RHIs 25.5°N :; ry-anow More regions will need to be evaluated 1n the future to understand the complexity of

Selected grid points from the 6-hour asasen| ¥ il S o oaeeee 2] L | Ay S
. . e . e - 0 204060 0 1 2 0.95 099 0 1 2 0 2040 60 irreg-i
period at 1.5 km altitude (land and | T T e 7 (dBZ)  ZDR (dB) cc KDP  RATE HYBRID o

unrealistic data removed), sorted W i egfimy - {mm/hn) S 8 10|mmm insects Refe rences

Frequency 2nd-trip

] . . 24.75°N -4 : sl iy, . - - 4 daicia sall b. 6 Hour Averaged High Rain Rate Kinematics clutter : : : : -
them into IOW an d hlgh rain rate e . - Bell, M. M., M. T. Montgomery, and K. A. Emanuel, 2012: Air-sea enthalpy and momentum exchange at major hurricane wind speeds observed during

. 24.5°N | 1 L S| 4 ' ' ' S\ ' ' Fioure 9. Sam Fiour for hich rain CBLAST. J. Atmos. Sci., 69, 3197-3222, do1:10.1175/JAS-D-11-0276.1.
cate gories, and Calculated mean AP % T sure 9. Same as gurc 8, but fo ghtd Cha, T.-Y., and Bell, M. M. (2023): Three-Dimensional Variational Multi-Doppler Wind Retrieval over complex terrain. Journal of Atmospheric and Oceanic
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these intensity-microphysical relationships.
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, , , 45N rate grid points (i.e., grid points where Technology, 10.1175/JTECH-D-23-0019.1.
Vertlcal pr()ﬁles Of pOlarlmetI'lC and RATE HYBRID was 50 mm/hr or higher). DeHart, J., Dixon, M., Javornik, B., Bell, M., Cha, T.-Y., DesRosiers, A., & Lee, W.-C. (2024). nsf-lrose/lrose-releases: lrose-jade-20230814 (Irose-jade-
kinematic variables
Figure 3. Stratiform (top) and convective

. - 20230814). Zenodo. https://doi.org/10.5281/zenodo. 11479603
Yang, M.-J., S. A. Braun, and D.-S. Chen, 2011: Water budget of Typhoon Nari (2001). Mon. Wea. Rev., 139, 3809—-3828.
Polarimetric and kinematic variables . .
, , , (bottom) regions selected for analysis. Black
enable 1dentification of line indicates the RHI scan and the

Zagrodnik, J. P, L. A. McMurdie, and R. A. Houze, 2018: Stratiform precipitation processes in cyclones passing over a coastal mountain range. J. Atmos.
microphysical processes and intersection of orange and blue lines indicates - 1 1 1 A C k n OWI e d O e I I I e n tS
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