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Typhoon Morakot (2009)

after before
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Over all in Taiwan: more than 25,000 persons were evacuated before heavy
1/15 rainfall associated with TY Morakot. However, the life losses close to 700.



MORAKOT
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Dual-pol & Doppler radar
- Full PPI scans

Dual-pol & Doppler radar
- Sector scans
- - RHI scans




Fig.1: 2008/5/1, Training at NCU

Fig 3 :2008/5/28 at Golden Beach °

Fig.2: 2008/5/10-29, at Hsin-Yuan Levee with
S-POL
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Fig. 4:2008 5/30-6/28 at Jou-Ru Levee



Averaged rainfall

Rainfall statistics of May 15-June 15,
1992-2004.

Frequency >50mm/day

Frequency >130mm/day
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Set up the stage

Weak steering

flow

e Large circulation

Size

weak core

convective

principal rain
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Stage 1: Aug. 7, 00-12 LST
TC approaching

Stage 2: Aug. 7,12 -24 LST
TC very slowly
approaching

Stage 3: Aug. 8, 00-12 LST
TC landing and
across the island

Stage 4: Aug. 7,12 - 24 LST
TC in the Taiwan

strait

Stage 5: TC approaching
FuJdeng




Multiscale interaction and movement
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Region C

Rain band along the convergence zone between Typhoon circulation
and Southwesterly. (Thermodynamic characteristics?)
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Stage 4: Aug.8 12-23 LST
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The heaviest rain period

Rain band D3 oscillate
between 22.5 to 23.5N

Very high hot towers were
observed within the rain band

Line echo wave pattern

5@[8(61) [Fi ﬂ%ﬁ'?guflb' » 878 E112LST~23LSTEJ* HEE Y50 2 AR ] =l ,ufu[ﬁlﬂjré -
D3I 515’*(’3! 2010) D3Pl Jﬁ?‘j

8P PF'



Aug.8 2101~2331 LST
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Kinematic structure of the rain band
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.. Median diameter
s 1.51.8mm

- Liquid water
content 10g/kg

Mixing phases




Some thoughts from radar observation

The jet enhanced by the convections along the
rain band impinging the high mountain.

The oscillation movement of the rain band
caused long period influence to the mountain
area.

Beside the kinematic analysis , thermodynamic
retrieval and model studies are necessary to
understand the movement of rain band.

The roles of the hot towers need to be further
studied through the polarimetric variables
analyses.



NCEP Global Forecast System (GFS)
1.0 deg in GRIB2 format

_____________
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-------
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Radiation Schemes cloud(D01)
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High-resolution WRF Experiments

e Performed high-resolution (WRF experiments with
NCEP FENL initial conditions at 0000 UTC, 0600 UTC

e WRF experiments with either experiments under-
predicted rainfall after landfall.

e Clear more improvements are needed on better

modeling and prediction of orographic precipitation
associated with typhoon interacting with the island of

Taiwan



e We need more data over the ocean —

COSMIC-II will be very helpful. But, that is not
enough:

e We still need to:

— Continued improvement in data assimilation
systems (ECMWF has an edge over NCEP because
of the use of more advanced data assimilation)

— Continued improvement in the modeling the
typhoon-mountain interaction

— Continued improvement in model physics



Factors influenced the heavy precipitation for Morakot
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Improved Performance of the GCE Bulk Microphysics

LBA Feb 23, 1999
Reflectivity (dbz)

100[

200[

300

1400

500
600
700

800
900

CIENTITT T T T ]
=10 0 10 20 30 40 50 60

0

1 L L !
120 180 240

100[

200[

300

400[
500[
800k
700k

800
900[

LBA Feb 23, 1999

Reflectivity (dbz)
L L L L) L

CIET T T T T ]
=10 0 10 20 30 40 50 60

1 L L
120 180 240

Lang, Tao, Zeng and Matsui (2010, MWR)

Climatologically, penetrations of 40-dBZ radar
echoes above 10 km are rare even over land
(Zipser et al. 2006; Liu et al. 2008)

Through a series of improvements to the ice
processes in the GCE model’s bulk microphysics
scheme, the bias in the penetration of excessively
high reflectivity values to upper levels due to
overly large amounts of precipitation ice particles
was significantly reduced (see below).
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Time-height cross sections of maximum radar reflectivity obtained from 3D simulations of the 23 February 1999 easterly
regime event observed during TRMM LBA (Large Scale Biosphere-Atmosphere Experiment in Amazonia) using the
original Rutledge and Hobbs (1984) based bulk microphysics formulation (top panel) and an improved version (bottom
panel). Ground-based radar data for this case indicated 40-dBZ echoes reached to approximately 8 km.



Z (km)

Improving Bulk Microphysics in GCE Using Bin Spectral Scheme
(Li, Tao et al., JAS, 2009)

By assur;']ing exp. rain i
DSD, bulk scheme |
artificially increases #s
of small drops
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0 d-.;l a_vf’-.' s 14“

391x322, 475x427, and 538x439
18, 6 and 2 km

61 vertical layers

Initial condition: NCEP GFS 1° global
analysis

72 h integration starting at 00Z August 7 -
00Z August 10 2009

8

Physics:

Cu parameterization: Grell-Devenyi scheme
(for the outer grid only)

Cloud microphysics:

Goddard microphysics 3ice-Graupel
Radiation:

Shortwave: New Goddard

Longwave: New Goddard

PBL parameterization:
Mellor-Yamada-Janjic TKE scheme
Surface Layer: Monin-Obukhov (Janic)

Land Surface Model: Noah land-surface

Goddard 3leeail (nav Eva, Li etal. 2009)

Goddard 8e-graupék (Langet d. 2007)

Goddard 8e-graupé (Langet d. 2010

AWIN|F-

Goddard Waronly

Red: Not in NCAR WRF 3.1 yet
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Improved graupel - Original

7 Improved evap - Original

(L= b
5.0 ‘ 35,01 ‘
24.0 ::z: 2401 :300
o — 100 o e
23 — —100 33.01 ::;:z
' - 2.0 ' -
22.0
. ‘ ‘ 120.0 1271.0 122.0
1200 121.0 1420 Accumulated Rainfa Il
over S. Taiwan
5 3-1CE wit h grau pel (conrol) 739.514
Warm Rain - 3ICE ) Improved 3-1CE with 771.269
— —— 9 graupel
i Improved 3-1CE with Hail 756.735
Warm rain only 462.102
25.01 ‘
pio) - Improved microphysics (reduced 40 dBZ aloft and amount
- graupel) could reduce (increase) the amount of precipitation
> - over the plain and low terrain region (high terrain and east side)
- of S. Taiwan.
23.01 e
| The ice processes are important for heavy precipitation over S.
' Taiwan (accounting about 36%).
22.0

120.0 121.0 122.0



Summary

Microphysical processes cannot determine the location of heavy
precipitation, but it can affect the intensity and total amount of rainfall.

Improved microphysics (reduced 40 dBZ aloft and amount graupel)
could reduce (increase) the amount of precipitation over the plain and
low terrain region (high terrain and east side) of S. Taiwan.

The ice processes are important for heavy precipitation over S. Taiwan
(accounting about 36%). Note that cloud tops are not very tall.

Sea surface temperatures (SSTs) cannot determine the location of heavy
precipitation, but they too can affect the total amount of rainfall. SSTs
on the south-west side of Taiwan have more impact on the rainfall over
southern Taiwan than those east of the island.

A 2 degree increase (decrease) in SST can increase (decrease) rainfall
over southern Taiwan by 16-20% (6-16%).

Terrain height can also affect the amount of rainfall over southern
Taiwan. Reducing the terrain height by 25, 50, and 75% reduces the
amount of heavy rainfall by 16, 27 and 39%, respectively. Topographic
areas seem to be affected more by reductions in the terrain height. .
Surface Rainfall
Both (eastern and western) coastal regions generally have more rainfall

when the terrain height is reduced.

The typhoon-induced circulation and Taiwan's unique terrain
determined the location of heavy precipitation

Website for Goddard Mesoscale Modeling Group and Cloud Library
http://portal.nccs.nasa.gov/cloudlibrary/index2.html
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