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Direct link to increasing water vapor capacity
in global warming less likely the reason

The theoretical increase in vapor content is 7% per °C. For
the past 13 years (after 2004) the percentage would be on
the order of 1%. The observed percentage increase in
Taiwan typhoon rainfall over the same period is more than
one order larger.

Not due to dynamic feedback because the nhumber of strong
storms (Categories 4 and 5) has decreased over the study
period.

Terrain effect control the rain intensity and increase the
duration time. (PR and OL)

Monsoon flux (the wind) increase the rain intensity,
monsoon-typhoon interaction prolong duration time. (EX)



A global slowdown of tropical-cyclone
translation speed

James Kossin ﬁ
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https://www.nature.com/articles/s41586-018-0158-3/figures/1

Tragedy in the Caribbean (Sep. 2019)

Slow-moving Category 5 Hurricane Dorian
devastates the northern Bahamas




Slowdown of typhoon motion in Taiwan

Mountain slope phased-locked rainfall
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Length ~200 miles
Width ~60 miles
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3to 4 typhoons each year
No long term trend in one hundred years
Large Annual and Decadal Variation
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1 960_201 6, 21 rain stations, hourly rainfall

1. Total Rainfall %, =& &

2. Rainfall Intensity

( Rainfall ) =R B

— Duration time

Rainfall = Rain Intensity * Time



» Three phases of typhoon track: PR (Pre-landing)

saN | OL|(Overland)
EX|(Exit)
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(Chien and Kuo 2011; Su et al. 2012; Chang et al. 2013) 10



» Typhoon rainfall increases in the recent decade.
- 10 of the Top 15 (67%) happens after 2004.

Typhoon

Total Rainfall

Main Rainfall

Rank Year Name finir] Phase Track Type
1 2009 Morakot 8996 EX CWB 3 (C)
2 2001 Nari 8108 oL CWB Special
3 2008  Sinlaku 8105 EX CWB 2 (N)
4 2005 Haitang 5589 PR CWB 3 (C)
5 1996 Herb 4836 oL CWB 2 (N)
6 1989 Sarah 4655 oL CWB 3 (C)
7 1960 Shirley 4637 EX CWB 2 (N)
8 2012 Saola 4579 oL CWB 2 (N)
9 2007 Krosa 3936 PR CWB 2 (N)
10 2004 Mindulle 3856 oL CWB 6
11 2008 Jangmi 3800 oL CWB 2 (N)
12 2008 Kalmaegi 3763 oL CWB 2 (N)
13 2005 Talim 3526 oL CWB 3 (C)
14 1992 Polly 3451 PR CWB 3 (C)
15 2015 Soudelor 3440 EX CWB 3 (C)

10=4 3

(Chang et al. 2013) 14
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Decadal variation: (1960-1989) (1987-2016)

Total Rainfall
(mm)

Rainfall Intensity
(mm hr?)

PR
(pre-landing)

Increase ™M 37%

Duration dominate (looping track)

Less Variation 8%

May constrained by terrain effect

OL Increase ™M 61% Less Variation 5%
(overland) Duration dominate (terrain effect)
EX Increase ™1 64% Increase P 31%
(exit) Duration & Southwest monsoon flow Southwest monsoon flow

EX
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The PR phase

Decadal Rainfall increase 37%,
Not much rainfall intensity increase
Terrain effect with looping track



» Looping track in PR phase:
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1. Channel effect
(Jian and Wu 2008; Huang et al. 2011; Wu et al. 2015)
2. Topographic Rossby effect (kuo et al. 2001)
3. 2"d vortex center (veh et al. 2012)

4. Diabatic effect (Hsu et al. 2013; 2018)
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F1G. 1. (a) Determination of the deflection angle a for Typhoon Toraji (2001). The deflection point was defined as
the location at which the TC had the longest interval of linear motion within the 12-h period before landfall. The
included angle of those two vectors is defined as a. (b) Examples of DT typhoons with DA greater than 20°. The
positions of deflection points are marked as red dots. (c) Tracks for seven LT typhoons.

Hsu et al. 2018 MWR
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FiG. 6. The hourly tracks of the U3N and U3S experiments
(black) and OC experiment (gray), annotated with hours prior to
landfall (L) expressed as negative numbers. The PV tendency
contributions of HA, VA, and DH are plotted as vectors in blue,
green, and red, respectively. The track of U38’s OC counterpart
parallels that of the U3N case and thus is omitted for clarity.
The DH and VA vectors of the OC case are not shown, as the
magnitudes are too small.



The OL phase

Decadal Rainfall increase 61%,
Not much rainfall intensity increase
Terrain with phase-locked convections
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Translation speed (m s 1)

12

3-hourly mean translation speed variations

-3m/s

Slowdown of typhoon motion
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Hsu et al. 2013 JAS
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ase-locked with topography
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Potential Vorticity (PV) tendency diagnosis
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Wavenumber 1 & motion

wavenumber 1

WN1 PV tendency produced by TC motion

TC motion caused by WN1 PV tendencv
Landfall



b

26N

locked convection (1

21N

Positive feedback of
slow N track; slow TC
with more rain and more
rain further slowdown
TC motion
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The EX phase

Decadal Rainfall Increase (~60%)
twice larger than rainfall intensity
increase (~30%)

Southwest Monsoon typhoon interaction
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» Southwest Monsoon Water Vapor Flux (SWF): (pan et al. 2013)
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24-hour backward trajectories of
boundary layer air #u§" & 4 5

Typhoon Morakeot 2009080812 UTC
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SWF : Southwest Monsoon Water Vapor Flux

TSWF: Total Southwest Monsoon Water Vapor Flux

SWF << ---->> Rainfall Intensity (mm/hr)

TSWF <<---->>> Total rainfall (mm)

Track C SWF ~ 20% larger than Track N

32



» Decadal Typhoon numbers:

27N

26N -

25N A

24N 1

23N A

22N -

21N

P1 (1960-1989) | P2 (1987-2016)
Track N | 13 (62%) 8(29%) §
Track C 2 (9%) 15 (54%) 1
Track S 6 (29%) 5(17%)
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More Track C CE&Z%

Less Track N

N/D

(Chen et al. 2017)
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EX (exit)
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» Typhoon circulation enhances the SWF ..
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» Typhoon Morakot (2009):

 Record-breaking rainfall, Heaviest in the EX phase

e Strong southwest monsoon flow

* Asymmetric convective structure

 Slowdown in the EX phase

» CReSS Model Experimental Design:
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» Typhoon Speed:

Typhoon Morakot (2009)
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> Convective structure:
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PV tendency diagnosis
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Summary on over-land phase

»Decadal increases of rainfall (~61%)
but less than ~5% increase of rainfall
intensity in the OL phase.

»Duration time increase after the
landfall for slow N and C tracks.

»Terrain phase locked convection and
PV generation dynamics.

> Terrain controlled
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Summary on EXIT phase

»Decadal increases of rainfall (~60%) and
rainfall intensity (~¥30%) in the EX phase.

»Decadal increase of Track-C typhoons
and SWF, which lead to increase of
rainfall intensity.

»Increase of SWF and typhoon duration
time lead to increase of rainfall.

» Typhoon-monsoon interaction lead to
increase of the duration time.
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» Other typhoon cases:
Similar asymmetric convective structure & Slowdown in EX phase

(a) (b) Kaemi 2006072419;00 utc (c)
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. o Track C the best
» Correlation Coefficient (R) -
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» Rainfall intensity has a relatively large increase in EX (exit) phase.
» The effect of wind-terrain interaction may constrain the potential influence of

climate change on typhoon rainfall intensity in PR and OL.
& . y (Chang et al. 2013) 44



2016

» The decadal rainfall increase is twice as large as the
rainfall intensity increase in EX phase.

1960-1989 (P1) 1987-2016 (P2)
mmTY! |mmyrl| mmh?l| mmTY? | mmyr!| mmh’l
801.1 | 1335.2] 119.2
PR | 583.3 894.3 110.9 (37%) (49%) (8%)
Total 1119.2| 1865.3| 135.4
(46/50) OL | 693.6 1063.6 128.3 (61%) (75%) (5%)
8125 | 1354.1| 98.4
EX | 496.4 761.1 75.1 (64%) (78%) (31%)

EX \/

2 twice
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» Modeling Typhoon Rainfall:

Q50
Period Rainfall Rainfall intensity
(h) (mm) (mm h)
PR | 080706-080715 (9h) 59.6 (-7%) 6.6 (-8%)
OL | 080715-080800 (9h) | 51.2 (-40%) 5.7 (-20%)
EX | 080803-080812 (9h) | 28.5(-89%) 3.2 (-77%)

|

Significant decreases of rainfall
in EX phase
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