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Introduction

= (%) Typhoon-induced heaviest rainfall in

L Taiwan has been concentrated over

o the mountainous region.

ks (Wu et al. 2002; Lee et al. 2008;

1600 Yang et al. 2008)

°: @ Hot spots: Mt. Da-Tun

o Snow Mountain Range

% Central Mountain Range
vl @ A local rainfall max over Mt.Da-Tun

Fig. The horizontal distribution of the maximum
rainfall accumulation (contours; mm) from rain
gauges associated with typhoons influencing
Taiwan from 1897 to 1996. (Yu and Cheng 2014)



Introduction

@ Previous studies demonstrated a crucial role of orographic lifting m/ W

contributing to precipitation enhancement over windward side of [ A

the mountains.
(Lin et al. 2002; Wu et al. 2002; Yu and Cheng 2008; Huang et al. 2014)

@ Precipitation enhancement in the typhoon environment was also

related to the seeder—feeder mechanism.
(Smith et al. 2009b; Yu and Cheng 2013; Yu and Cheng 2014)

@ Seeder—feeder mechanism :

» First proposed by Bergeron
in 1965

» Microphysical interaction
between typhoon
background precipitation/
rainbands and the
precipitation produced by
orographic lifting. large Fr, convectively J

horizontal wind

] (<] o

neutral oncoming flow

- .




(*) In the typhoon environment, upslope lifting is
inadequate to explain the distribution and intensity
of precipitation over mountains, limited studies had
qguantified the orographic enhancement.

(%) Using observational data, this study attempts
to explore the possible physical mechanisms
of rainfall enhancement and to quantify it.
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Methods
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Case study-

Overview
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Case study- Hovmoller Diagram
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® Embedded-cell stage: convective cells passed by
Stratiform stage: background precipitation is more stratiform

(*) Radar reflectivity max @ near and downstream of the crest

(*) Stronger enhanced rainfall over mountain while cross barrier
flow getting stronger




Case study -
Upstream

conditions

LCL: 172m

Banciao Sounding (0625002) CAPE: 1.4 m2s2

Data below 1km was replaced by Damsui station.
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Saturated Brunt-Vaisala frequency N_ = 4.6 x 1073
Wind speed at 1 km (dual-Doppler): 20~23m/s
Fr number (U/N_H)= 4.3-5

Large Fr flow regime
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Case study -
Quantitatively
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estimation
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Backtrack hydrometeors :

Using horizontal/vertical wind and terminal
velocity(computed from reflectivity) to track
hydrometeors from Mt. Da-Tun(sea) at 1km
to represent orographically enhanced
precipitation, Rpr(background

precipitation, R, ).

Backtrack interval : 30s
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Case study -

Quantitatively
estimation

Mean Rpr, R}, and AR inthe

period of analysis time
Shading highlights the range of + one standard deviation

05 | | | | |
0 10 20 30 40 50 60

Rainfall rate (mm/h)

10



Case study -
Quantitatively

estimation

Rpy vS Rpr Rpg vs AR

Correlation coefficient: 0.78 Cor‘relatipn coeffiqient: 0.53
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Enhanced rainfall is 2-3
times greater than the
background rainfall

Greater background rainfall
-> Stronger enhancement
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Case study -

Quantitatively
estimation

Diagnostic model of orographic precipitation /
(Sinclair 1994; Cheng 2015) /
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Case study -

Quantitatively
estimation

Diagnostic model of orographic precipitation
(Sinclair 1994; Cheng 2015)

@ Model setting :
@® Domain: 60x60 km?

@ Horizontal resolution: 1km
® Vertical resolution: 100 m
@ Time step : 10s

Input data:
@® Sounding : Interpolate Banciao sounding into hourly data
@ Upstream wind : mean dual- Doppler derived wind

@ Model output :
@ Rainfall rate (mm/hr)

@ Liquid water content M (g/kg)
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Case study -
Quantitatively

estimation

Observation
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Case study -

Quantitatively
estimation

Liquid water
content
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02 04 06 08 10 12 14 16 18 20 22 24 26

liquid water content (g/kg) 1.00 km
- A e e

30—

20

—30

Height (km)

T T T T

- Terrain
_|Height(m)

-20 —10 0 10 20 30

X (km)  0g/25 00:00UTC

02 04 06 08 1.0 1.2 1.4 16 1B 20 22 24 26
liquid water content (g/kg)

10 20 30
X (km) gg/25 00:00UTC

Revised

02 04 06 08 1.0 1.2 1.4 16 1.8 20 22 24 26
liquid water content (g/kg) 1.00 km
B T e e L S R

30—

Y (km)

-10

-20

Height (km)
T

- Terrain
| Height(m)

A
-10 0 10 20 30

X (km) 0g/25 00:00UTC

-20

02 04 06 08 10 12 14 16 18 20 22 24 26
liquid water content (g/kg)

10 20 30
X (km)  pg/25 00:00 UTC

15



Case study -

Quantitatively
estimation

Particles remove cloud droplets by accretion at a rate :
(Passarelli and Boehme 1983; Yu and Cheng 2013)

D: diameter (mm)

dR T D 2 Vt N Mf V;: terminal velocity(m/s)

dz_4

N : number concentration

RTO 3
seeder feeder Mg liquid water content (g/m~)
Rainfall rate (Rpy): — D3V, N FE—
ainfall rate (Rp): - £V Py ssumption:
@® Background
D= 9.6578947*10_2Rl,g0'14 R on and- S ivastava 1071 precipitation is

monodisperse with
perfect collection

dR 3Rbg Mf @ Diameter and terminal

— velocity of the feeder

dZ 2 pWD cloud droplets are

neglected
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Case study -
Quantitatively

estimation
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Case study -
Quantitatively

estimation

Compare between AR, ~ AR
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Embedded-cell 14.6 10.1
stage
Stratiform stage 9.4 6.8
Total 12.4 8.7
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Case study -

Convective cell
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Case study -

Convective cell

Ce" 1 Contour : vertical velocity
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Case study -

Convective cell

Contour : vertical velocity
Ce" 1 (interval : 0.5 m/s) 4
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Case study -
Convective cell
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deepened and widened
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Summary &8

The layer of orographic enhancement of precipitation was

primarily confined to the lowest 3 km, with most pronounced
enhancement below 2 km.

The orographic enhanced rainfall is 2-3 times greater than the
background rainfall, which is comparable to previous studies.

0 Theoretical calculation of seeder-feeder process can better quantify

the rainfall enhancement than upslope lifting.

In the embedded-cell stage, the error of seeder-feeder calculation
is larger than the stratiform stage.

When convective cells moved into Mt. Da-Tun, the strong
echo region deepened and widened. The rainfall

enhancement of convective cells cannot be simply explained
by seeder-feeder process.
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