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“Climate is what you expect, weather is what
you get”

- Attributed to Robert Heinlein and Mark Twain
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Coriolis Force

Non-inertial Frame
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Conservation of Circulation along a vortex filament.
A vortex filament can not end in a fluid, it must extend to the boundaries
Fig

or form a closed path.




ke Turbulence

A British Airways Boeing 777-200 aircraft is approaching to land at
Gatwick Airport traveling at 170 kts at approximately 1800 ft. The cloud base
Is 2200 ft, RH = 83%, T = 16.8, Td = 14.5, p = 1022.2 hPa, wind = 6.4 km/h.

The Great Red Spot
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Fig.1: Daily TOMS images of total ozone
in the Southern Hemisphere for six
consecutive days in October 1983.
Latitude circles are drawn at 40°,60°,
and 80 'S. The outermost latitude is
20°S.
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Stirring Mixing

Theory points to three main mechanisms: mixing the ocean's surface layers (up
to a few hundred metres) by wind; mixing of deeper layers by ocean currents; and
eddies, swirls created when warm ocean currents meet cold ones, blending large
swathes of the ocean 10-100km across.

Dr Salée and colleagues report in in Nature Geoscience, eddies suck up as much
carbon as the other two mechanisms do, something most current climate models
fail to account for.

Economist, 12/08/2012




Joseph Fourier (1827) — Greenhouse Effect

What Gases Contribute to the Greenhouse Effect?

Other including:
Oxygen  Argon —0.9%
CO, - 0.037%

2

| Nitrogen

7Kﬁ$ﬂ:§1tﬁﬁ%%§%;ﬁ§%§% \ter Vapor

and Carbon Dioxide were most important!

CO, and Temperature over the 20t Century
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Our planet is warmer than radiative theory would predict owing
to our atmosphere

The Greenhouse Effect
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Geenhouse Effect Adds 32°C warming to Earth!

Decadal Surface Temperature Anomalies (°C)
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Decadal Surface Temperature Anomalies relative to 1951 — 1980 base period

Hansen et al. (2010)
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The 1970s cooling scare

January, 1977 April, 2006

SPECIAL REPORT GLOBAL WARMING |

EPORT CLOBAL IRARMING
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FORECASTERS IN THE UNITED KINGDOM ARE SAYING THAT UPCOMING WINTER COULD BE
THE MOST SEVERE THE NATION HAS EXPERIENCED SINCE CHARLES Il WAS KING: (1683/84).
LonDON, DEcemBER 30, 2010

L~
Zi
L

w8 LY RN P

A RI00ZFARFLZHILK

#£1683-844 k1% » 2011-12

2012-2013 Winter Extreme Blizzard Conditions

j[:flﬁﬁk}%ﬁ% %@mﬁ%zoo)\ Mid-West Dec. 2012




Global Temperatures
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Global warming HE“S}JW%E?

I Falling off the scale (1] t_l e later
Change in global mean temperature, °C 1ing more slowly
— Actual Computer models
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Falling off the scale Upper —ocean heat content

U.S. Record High Temperatures to Record Low Temperatur

1950s 1960s 1970s 1980s. 1990s 2000s

Record
highs

Record

lows

Ratios 1.09:1 '077:1 0781 1141 1251 2.04:1

A shift from ~1:1to ~2:1

Meehl et al. (2009)
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~ half owing to thermal expansion Nerem et al. (2010)

Moore tornado
23 deaths
~400 injuries
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U.S. Annual Count of EF1+ Tornadoes 1954-2012
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No trend in total number of tornadoes
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U.S. Annual Count of Strong to Violent Tornadoes (F3+), 1954 through 2012
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Taiwan Floods 2008 SOWMEX/TiMREX

Colorado 2013 September

Typhoon Morakot

o 2009 08/05-08/10
© Most devastating typhoon to hit Taiwan during the past 50 years.
(total damage about NT$110 billion)

Shiao-Lin village buried by catastrophic
mudslide, causing nearly 700 deaths

———

Collapse of a 6-story hotel in Taitung
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Rank  Year Tm\l—;ggn R(?Ti;:?l
1 2009 Morakot 8996
2 2001 Nari 8108
3 2008 Sinlaku 8105
4 2005 Haitang 5589
5 1996 Herb 4836
6 1989 Sarah 4655
7 1960 Shirley 4637
8 2007 Krosa 3936
9 2004  Mindulle 3856
10 2008 Jangmi 3800
11 2008 Kalmaegi 3763
12 2005 Talim 3526

Table 1: The twelve typhoons in 1960-2011 with total rainfall /E\ﬁk H;éﬂ:' 5‘%'151% ; 7J<;ﬁ§z£% E@@%gﬁ B%Eﬁé‘%%

over Taiwan exceeding 3500 mm during the three phases. The
eight since 2004 are highlighted in boldface.
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Source: Elsner et al., Nature, 2008.




Open Atlantic
/[ Ocean Differences
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US Hurricane Landfalls: 1900-2012
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The trend does not suggest an increase in landfalls

Ecs, Vol. 88, No. 18, 1 May 2007
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Global Tropical Cyclone Landfalls: 1970-2012
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Temperature { °C)
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Decadal Variations
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Liu and Chan 2008
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(Wang and Chan 2002, J. Climate)
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Tropical Cyclone Track Density
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Two future projections of Atlantic tropical cyclone power dissipation

Projection 1:

Tropical

Atlantic SST |
Some worrisome

time series...

Some alternative
perspectives...

BEHEHEBR
Projection 2:
Tropical Atlantic

[ SST Relative
i | to Tropical
I Mean SST
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Source: Vecchi et al. Science (2008) 20% s fe 53 'iE. 475\' JUTN

It is premature to conclude that human activity--and particularly
greenhouse warming-has already had a discernible impact on Atlantic
hurricane activity. 2009

{a) Anlanitic HURDAT Storms (Adyusted for Estimated Missing Storms) 1878-2006

+1.60 storms/century (1878-2006)
+4.39 storms/century

Hurricanes, Tropical, and Subtropical Storms

BEEESE BAmAEENE AN

o Trend from 1878-2006: Not significant (p=0.05, 2-sided tests, computed p-val ~0.2)
Decadal Variation Trend from 1900-2006: Is significant at p=0.05 level

Source: Vecchi and Knutson, J. Climate, 2008
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Typhoon Morakot

o The propagation direction of submonthly wave pattern is from the southeast
toward the northwest across WNP in early August.

© Morakot was subjected to an easterly
background flow when it approached
Taiwan on 5 Aug but relatively weak
ambient flow near and shortly after its
landfall in Taiwan on 8 Aug.

e e e (Hong et al. 2010)

Highly Asymmetric Rainfall Pattern
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Typhoon Morakot is not a special case.

2008 Jangmi 2005 Haitang
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e Fh ok ES
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SW monsoon “f

2008-Jangmi

2004-Mindulle |

Typhoon rainfall in Taiwan

Typhoon translation speed  Typhoon Morakot (2009)

- Interaction with southwest monsoon flow
Typhoon interaction with {a 2000 Typhosn Mosaket (.
Monsoon flow

Rainfall phase locked with
topography
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Interaction of NE monsoon with Typhoon

Northeast Monsoon surg

Typhoon Lynn (1987)

- 120 Flood in Taipei city

' Typhoon Megi (2010)

Courtesy of Dr. S.S. Chi
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TC rainfall climatology over Taiwan
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Chang et a’1993)
82 typhoons, 22 surface stations

62 typhoons, 371 rain gauges

Maximum in windward side and
central mountain area

TAIWAN TYPHOON RAIN INTENSITY

0 21 hourly stations 1960- 26Nt . . i
2011 " 3000
25N+ o
0 84 landfalling typhoons e
(all seasons) Saiid | {1000
0
o Rainfall affected by o L
Interaction with Terrain
Interaction with Monsoon
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Topography R
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1960-2010 95% Extreme Rainfall (9mm/hr)

H T, T TC rainfall

g v increase in the
£ last decade
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1960-1976: 1977-1993: 1994-2010:
38hr/yr 28hr/yr 40hr/yr

Number
Duration 120

Duration Time (hr)
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= 4 hrs longer
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Large annual variation + Decadal change
Su et al. 2012




Why most of the top rain storms
occurred in the last decade ?

Rank  Year Typhcon PR oL EX Kl Track type
Hame {h) (mmy)

1 2009 Morakot 12 15 18 45 8996 CWE 3(C)
2 2001 Hari 10 51 14 75 8108 CWB Special
3 2008 Sinlaku 16 10 22 48 B105 CWE 2 [N)
4 2005 Haitang " 9 12 32 5588 CWE 3 (C)
5 1996 Herb 5 i 4 16 4836 CWB2(N)
] 1989 Sarah 5 20 13 38 4855 CWE 3(C)
7 1960 Shirley 3 1" 10 24 4637 CWB 2 (N)
B 2007 Krosa 12 1 10 23 3938 CWE 2 (N)
9 2004 Mindulle 16 18 T 41 3856 CWE &
10 2008 Jangmi 4 13 8 25 3800 CWE 2 (N)
11 2008 Kalmaegi B 10 5 23 3763 CWE 2 (N)
12 2005 Talim 4 8 4 17 3526 CWE 3(C)

Chang et al. 2013

1960-2010 90%+ Rainfall Events (Landfall Period)
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Slow Landfall translation speed V, (ms)

Fast
Su et al. 2012

Slow storms are with heavy rainfall amount

™ 51 years data 1960-2010
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Tendency to turn towards island on approach.
Current explanations involve mainly physical

impacts of topography
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Top rain storms Subset of slow northern landfalling
storms
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Chang et al. (2013)

Asymmetric distribution of typhoon
translation speed overland

T—Fam

= Slowest group at north
Slow I Fastest group at south

Speed criteria :

61 continuous track
typhoons mean translation
speed (6.2 m/s)t 1 std. (2.9

- Emmnﬁéﬂuff;fl,
T BRI EEE || o

northern Taiwan (10/13).

f \- Fast

¢ 60 % of fast cases making
landfall on southern
Taiwan (6/10).

Hsu et al. 2013 JAS




Speed reduction of 3m/s for slow TCs after landfall

TRV R SR BGE 1% 3m/s!
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Fast cases
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Large rainfall cases

Slow cases

i B

d U
Tima {h)
o Slow cases and large rainfall cases slow down after landfall.

o Fast cases speed up after landfall.

Hsu et al. 2013 JAS
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Wavenumber 1 & motion

wavenumber 1

WN1 PV tendency produced by TC motion
TC motion caused by WN1 PV tendency

WRF model simulation

Rain difference(green)|

T T ¥ 1
118E 120E 121E

small part of domain

T
122E

T T
123 124E

o

o 5 km horizontal resolution, 35
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o Water Crafted Mountain

Modified WRF Ver. 3.1.1
(Fovell and Su, 2007; Fovell et
al., 2009,2010; Cao et al., 2011)

1500 km x 1500 km domain

vertical levels
Uniform 3 m/s easterly flow
Lin et al. microphysics scheme

Jordan’s (1958) Caribbean
hurricane season sounding with
fixed SST=29°C

Bogused Rankine Vortex to SE of
Island

Taiwan topography (land free)




PV tendency analysis on TC motion
PV tendency diagnosis for baroclinic vortex motion - DH component along track
i : g c i —:»-oc + PV DH term
d over 3 h
oP = oP |+Ta~| A,
el :@ ~V,-VP-wS— +DH+R .l and z=1-11 km
ot 0z —
Wavenumber 1 (WN1) HA VA |
OC run
1 oQ ou  Ow, 0Q ow v 0Q ’ )
DH=— |+ 5+ (G- )5 + (o — 505 24N ; LaSh_____
p 0z 0z Oz’ dy dy 0z’ Ox ; ;
Vertical average of WN1 PV tendency B 0Oh
. |
Symmetric PV advection oP oP, OP, 23N1 %E *S\"
driven by vertical WN1 PV E =-C-VP, = _Cxa_Cyi
tendency ay
By least square method DH .E p -
;i DH small because
(Wu and Wang 2000; Cao et al. 2011; Hsu et al. 2013) e T 1ac aE | g |octing not asymmetric
PV tendency analysis on TC motion PV tendency analysis on TC motion
: - DH component along track : - DH component along track
|‘°'OC I PV DH term F4n |'°'OC I PV DH term
—o—T3Njlaveraged over 3 h —o=T3NJlaveraged over 3 h
25N+ [ and z=1-11 km 25N " - [ and z=1-11 km
- - l; e
24N - 24N = | kﬁi\* L
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T3N run o
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PV tendency analysis on TC motion (a)
- DH component along track FAST N Exp. =
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25N - -1-
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1‘““ Summer — Winter ppn > 2mm/day
I Summer ppn .55% of Annual ppn
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Wang et al. 2012
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Walker, Hadley Circulations enhanced

Wet-get-wetter and dry-gets-drier by monsoon-desert coupling
Not the same as the global warming signal Walker Circulation
weaken by water vapor increase

(b) Monsoon precipitation trend

158

)
(1979-2008) Wang et al. 2012

SOUTH-FLOOD NORTH-DROUGHT (SFND)

LAST 60-Years Trend (1951-2009)

CRU TS3.1
Observations

Nigam and Zhou
(2012)

NTU International
Science Conference
on Climate Change

SST-based
Reconstruction

Expansion of Sub-High
Slowing down of steering *
near Taiwan ’
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Have steering flows in the western
North Pacific and the South

China Sea changed over the last 50
years?
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Morakot (~5km/h) clearly moved slower

Full (half) barbs are 2 (1) m s than the mea*n flow(=10km/h).
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Sensitivity tests b PV tendency diagnosis for baroclinic vortex motion
o Comparison of TC tracks in a/8 12 o 0000-1200 UTC 8/8 (12h)
. . . - = N e
tests using different terrain . b o Radius : 330 km
height and moisture cont( Moisture reduced _f4stg--J SW monsoon water vapor o Depth: 3; :3-55) km)
10 km/h: RN i —250 o : mean motion vector
s m/hr l' ‘ \‘l reduction (qV 25 AJ) with 100% water vapor
# 1
! ,8/10 00 \ A © 25%: mean motion vector
= . CTL 5 km/hr £ 4/ 8800 with 25% water vapor
mean speed © DH1: diabatic heating with
@ 4.92 (km/h) # 100% water vapor
4 8.14 (km/h) w E o DHs : diabatic heating with
@ 9.48 (km/h) 25% water vapor
9.75 (kmih) o
¢ 561 () | EH effect | g DHbo
1 Runs with 100% Taiwan terrain: Differential vector between R01 and Ro3 - Differential vector between DH1and DH3
L ©  Stronger SW water vapor transport
INEIE KK Slow down the TC motion by DH effect
0%
EC-YOTC et T ® 5 8
- - Wang et al. 2012 Y. H. Chen Master thesis 2013
Pre-landfall dominate Pre-landfall dominate
1977-2010 Westward Landing Typhoon cases in Taiwan
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St 7 26N~
© categorya -
o = Categoryd /,'
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Pre-landfall rainfall > 1.5 (Land rainfall)

Typhoon Megi (2010)

Post-landfall dominate
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Dietaia flow and flooding triggeved by Typboon Morolat and theis splicanicn.
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Mean Diurnal Signal Strength (1998-2007)
[Evening Rain (12-23 LT) - Morning Rain (00-11 LT)] / Annual Rain
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o Maximum rainfall over land e i Ve e .y
during the afternoon/evening in )
response to solar heating of the [
surface and a morning maximum
over the oceans.

o Exceptions over land and ocean.

o Downstream of the Rocky e L S e L S L
Mountains, the Andes, and the Figure 3. Time of maximum rainfall (LT) forten years (1998-2007) using TRMM 3B42 data
Tibetan Plateau.

MJ Mgan Accumulason (1098-2007)
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o Coastal rainfall maxima occur in the presence of strong southwesterly monsoon flow.

Signal Srangeh |1184-5007)
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The diurnal cycle appears to play some role in the heavy rainfall off the west coasts of India
and Myanmar. However, there are some notable exceptions over Bay of Bengal and South

China Sea.
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Figure 11. Regions where low-level jets are known or suspected to occur with some regularity (shaded) and where
mesoscale convective complexes are know to occur frequently during the summer (open boxes). Squares
denote locations where low-level jets have been occasionally observed. (from Stensrud 1996)

Topography plays an important role in a number of these jets.

Many of the areas of significant mesoscale convective complex (MCC) activity are colocated
with low-level jets.

Many of these jets vary diurnally and hence contribute to a diurnal variation in convective
activity.

o

o

o

ged rainfall RAINFALL STATISTICS OF MAY
15-JUNE 15, 1992-2004.

Topography of

e —_— (From Prof. Ben J.D. Jou )
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NORTHERN VS. SOUTHERN LANDFALL
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HUGE INCREASE OF TC RAIN SIGNIFIES GLOBAL
WARMING/CLIMATE CHANGE EFFECTS?

o Pre-landfall and Over-land, the i{_]]crease is due to longer d‘ymqutio'r__\|
g;d slight change of tracks. RERRERA BREERERE
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* Not thermodynamic effect of global warming
» Link to global climate change less likely

o Terrain effect contributes to a false impression of climate change,
yet it stroir&!g%controls the rain intensit}/ and masks the climate
A
7

change. EHIFFFRER - JEERELEER -

o After center exits Taiwan, increase due to stro%er monsoon-TC
interaction. (but not TC intensity) PFam=EE{ER

» Link to global climate change possible:

Global Warming or Natural
Variability? B A8 R ? EAKREL ?
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East of Taiwan over ocean
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Slow “northern landfall” typhoons are with
heaviest rainfall amount. (1960-2010)

2\"“‘ i " " " " L m'unv 26"
(40 cases) Q cacs
@ cz.c1

@1

I
@

Landtall latitude
z

22N ®

(21 cases)

21N 21N
o 2 4 6 8 10 12 14 16

Land translation speed (m s™")




