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近程颱風的一些研究重點
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颱風大小與強弱無明顯關係
What are the controls??

Weatherford and Gray 1988

The Downstream Influences of the Extratropical 
Transition of Tropical Cyclones

Patrick Harr
Naval Postgraduate School

0000 UTC 16 Sep 2003 
GFS Ensembles +00

Hurricane Isabel

牽一髮而動全身
因一颱而動全球

GFS 500 hPa Ensembles
+108 h 

VT 1200 UTC 20 Sep 03

Acknowledgment: Office of Naval
Research, Marine Meteorology Program

象神颱風侵襲後的台北市
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能量估計值 備註

賀伯颱風降雨總潛
熱能量

10 20 J
可使台灣整
層大氣增溫

100度

台灣一年用電量 5*10 17 J 需數百年用
電量才相當

全世界核子彈爆炸
釋放能量

2*10 19

~2*10 20 J
與賀伯颱風

同等級

颱風潛熱與其它
能量的比較

賀伯颱風的全台灣平均總雨量

為400mm

400 mm = 0.4 m

0.4 m * 1000 kg m-3 * 2.5×106 J kg-
1

109 J 2

核戰後燃燒釋放
能量

2*10 20 J 與賀伯颱風
同等級

地球一天接受的太
陽能量

1.5*10 22 J 數百個賀伯
颱風

Tunguska隕石撞地
球 （西元1908年，

西伯利亞）
10 16 J 賀伯颱風的

萬分之一

火流星撞地球（恐
龍滅絕？）

4*10 23 J 數千個賀伯
颱風

= 109 J m2

109 J m2 * 3.5×1010 m2

= 3.5×1019 J ~1020J

n3KrBaUn 1
0

91
36

142
56

235
92

1
0 ++→+

1.68* m * 1013J /mol

⇒1.46×106 kg U 235 ( 6*106 mol )

臺灣的颱風洪水災害臺灣的颱風洪水災害

自自18971897年至年至20042004年間侵臺年間侵臺
颱風共計颱風共計401401次次，，平均每平均每
年達年達33..7575次次颱風颱風。。

近近4040年來颱風所造成之平年來颱風所造成之平
均年損失達均年損失達174174億元億元 約約均年損失達均年損失達174174億元億元，，約約
為 國 民 生 產 毛 額 之為 國 民 生 產 毛 額 之
00..3333﹪﹪。。

臺灣與颱洪臺灣與颱洪
有颱風有災害有颱風有災害
無颱風無水用無颱風無水用
颱風假經濟衝擊上百億颱風假經濟衝擊上百億

24至36小時前有能力預測
數十至近百公里豪大雨區域
（地形鎖住效應）

數小時與數十公里範圍
中小尺度的氣象預報
仍是挑戰
2001年潭美颱風，無預警
情形下，中尺度對流，
五小時下355mm豪雨，
重創高雄市, 2008年卡玫基颱風重創中
南部

24-72小時路徑預報（颱風
來不來？）
水門關閉時機
停班停課與停止活動
考試舉行與否

颱風偏折個案

桃芝颱風(2001) 薔蜜(2008)

卡玫基(2008)

圖片來源 : 中央氣象局侵台颱風資料庫

敏督利 (2004)

Bender et al. (1987) Yeh and Elsberry (1993a)

acceleration 

~200 km

氣旋式路徑

登陸前3小時至登陸 登陸前6小時至離陸登陸前6小時至登陸

AMBER AMBER AMBER

AMBER與TORAJI路徑與各時段累積雨量

登陸前3小時至登陸 登陸前6小時至離陸登陸前6小時至登陸

TORAJI TORAJITORAJI
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1977-2007年颱風在陸移動速度、停留時間
與在陸期間累積雨量關係圖

01’ NARI

78’ ROSE

01’ NARI

Jian and Wu (2007)

WRF‐ARW modeling system
2005 typhoon Haitang

打轉時線性移速減慢

偏折點(deflection point)統計特徵

65%(>20°)

偏折角度與登陸前24‐12小時移向
315°

W
N

偏折點空間分布

50~100 km

20%(>20°)

無明顯偏折個案

揭開颱風的面紗---颱風的基本結構

Cumulus Parameterization
- reduced the multiple scale problems
to one scale problem
(Be careful not to play with 
a loaded dice !)
-Buoyancy not exactly zero

Nonlinear Dynamics

Three Layer symmetric Model

Importance of air sea interaction
(Initial CAPE NOT important)

Mid-level entrainment

PBL and subsidence
Frictional driven divergence and 
convergence

The important of air-sea
interaction to the maintenance
of tropical cyclone.

“Tritium measurement indicates 
60%-80% of the water in the 
eyewall could have evaporated
from the ocean not so long ago.”

Ooyama 1969

No sea Huge CAPE

No seaVmax

“Tropical cyclone consumes a 
great deal more latent heat than 
it can collect from the 
pre-existing atmospheric vapor.”

Huge CAPE without air-sea 
interaction make NO tropical
cyclone.

No seaPc

time
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Secondary circulation induced in a balanced vortex by 
(a) a heat source and 
(b) a cyclonic momentum source.

角動量

Eliassen Transverse Equation ‧Hack and Schubert
‧Willoughby 1982, JAS
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A  large
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颱風渦旋與摩擦作用

Convergence      Frictional induced divergence

Ooyama: 模式解析的颱風尺度因摩擦產生divergence,subsidence

Emanuel: 認為邊界層頂淺雲效應是關鍵

海氣交互作用

路徑： Track error cut half since 1990
衛星資料、數值模式與資料同化的大幅改進

強度 風切 冷空氣 洋溫 暖水層

雙眼牆 眼牆渦度混合

颱風科學研究四大方向

雙眼牆 眼牆渦度混合

生成 跨尺度問題(每隔7、8天)連續生成

颱風與氣候 生成頻率 生成區域強度 反饋

水循環
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Fiorino and Elsberry 1989

駛流最重要

300~400  公里外颱風結構對路徑有顯著影響

颱風眼附近詳細結構對綜觀尺度路徑預報不重要

Fovell et al. 2009

當駛流弱時，雲物理過程也可以改變渦旋結構，改變路徑。

V radial profile                                        Tracks

K = Kessler
L = LFO
W = WSM3

Total Forecast Error
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美國飛機停止觀測 台灣飛機觀測

Errors cut in half since 1990
James L. Franklin

NHC/TPC

No progress with intensity
James L. Franklin

NHC/TPC

144 min rotation period

賀伯颱風的橢圓形眼 Kuo et al. 1999

Coherent vortex
Dispersion resistant

Vorticity Dynamics

Nonlinear glue 

Nonlinear Dynamics



2009/2/5

6

Kossin and Schubert (2002) 
Mixing due to Barotropic Instability 20X20 km

Advective rearrangement is different from the down-gradient diffusion

Asymmetric contraction Vortices

納莉颱風眼附近的中尺度渦旋

侵台納莉颱風登陸前
颱風眼附近觀測到3 個
中尺度渦旋

200 km

Schubert et al. (1999)

Concentric eyewalls  near Taiwan

Bilis(2000) Lekima(2001) Dujuan(2003)

Maemi(2003)

WNPAC   Concentric eyewalls formation 
locations, intensity, and tracks Kuo et al. (2008)

：<120 kts

：>120 kts
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WNPAC
1997-2005

Intensity at the concentric 
eyewalls formation time

Kuo et al. (2008)

64.3% in categories 
4 and 5 in the western 
North Pacific. 

6
48

Composite Time Series of the Normalized Intensity

Kuo et al. (2008)

56

72

157

Knaff and Kossin (2003)

(1995) 

ATL (Emanuel)

annular 
hurricanes

薔蜜颱風
Jangmi

Sep. 2008

2D Turbulence

Stratification and/or Rotation
Vortex    Waves    Turbulence
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Conserves the 
angular 
impulse

Melander et al. 
1986(km)
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( ) ζυζψζ 2,J
t

∇=+
∂
∂      ζψ =∇2

Non-divergent barotropic  model (Nearly Inviscid Fluid)

The energy and enstrophy relations

( )1

Z  2υ−=
dt
dE

P  2υ−=
dt
dZ

dydx   
2
1 2ζ∫∫=Z

( ) dydxvu     
2
1 22 += ∫∫E

dydx   
2
1 ζζ ∇⋅∇= ∫∫P

kinetic energy 

enstrophy

palinstrophy

Batchelor 1969

KE nearly conserved

Enstrophy cascade

Selective Decay of
2D turbulenceStirring

Mixing

Fewer and stronger vortices  !!!
Coherent structure with filamentations 
in 2-D turbulence

小尺度變大尺度

Importance of Asymmetric Vorticity Dynamics

Complete Merger Partial Merger

Elastic 
Interaction

(Adapted from Dritschel and Waugh 1992.)

Complete Straining Out Partial 
Straining Out

“Vortical” Hot Towers
The net effect of the hot towers 
is to produce strong small-
scale (10km in diameter on 
average) lower-tropospheric ( 
below z ≈ 5km ) cyclonic PV 
towers.

Hendricks et al. (2004) Tropical Storm 
Gustav(2002)

The strong updrafts in the hot 
towers converge and stretch 
existing low-level vertical 
vorticity into intense small-
scale vortex tubes.

Multiple 
mergers / axisymmetrization
of these tubes in the lower 
troposphere.
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(A)-(F) The locations of the two mesovortices A and B during the development of 
Tropical Cyclone Oliver superposed on three-hourly satellite imagery for the period 
0900 UTC February 4 to 0000 UTC February 5, 1993; (G) Tracks of four of the 
vortices obtained from radar data. The positions are not  evenly spaced and so times 
(in UTC) of some of the vortex positions are marked; (H) three-hourly centroid-
relative tracks of mesovortices A and B from 0900 UTC to 2100 UTC February 
4[Simpson et al., 1997].

雙颱風互繞（藤原效應）合併 ---- 颱風 PAT 與 RUTH

Lander and Holland 
(1993)

Merger and Elastic Interaction Chaotic Behavior

Kuo et al. ( 2000 )  MWR Typhoons Zeb and Alex ; 
straining – out regime

Alex

Zeb

Alex

Zeb

Alex

Clear gap between the Zeb and the remains of Alex

Concentric eyewalls  near Taiwan

Bilis(2000) Lekima(2001) Dujuan(2003)

Maemi(2003)

0935-1935 LST

0925 1900LST  

Typhoon Lekima  (2001) 
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Formation of concentric vorticity structure in Lekima (2001)

50

100

10-4s-1

Vort.

10

25

15

Kuo et al. (2004)

   )( ratio radiusVortex   
2

1

R
Rr =•

(TC core)

【Parameters】

【Variables】

212 1  ,   ;   ;  , ζζΔRR

Binary vortex interaction

) ( gap essDimensionl  
1R
Δ

•

 )( ratiostrength Vortex   
2

1

ζ
ζγ =•

An extension of Dritschel and Waugh’s (1992) work.
In addition to the radii ratio and the normalized distance
between the two vortices, the vorticity ratio is added as a 
third external parameters.

( )

Examples of 
the vorticity field at 
hour 12, 
showing different 
classifications of binary 
vortex interactions 
involving a skirted core 
vortex.

Straining
out

Concentric

Tripole

Merger

Elastic
Interaction

The contraction and 
the increase of
the secondary wind
maximum by nonlinear
advection dynamics.

t=0hr

t=12hr

Rankine vortex (α = 1.0)
favors the formation of a 
concentric structure closer 
to the core vortex, while 
the α = 0.7 and α = 0.5
vortices favor the 
formation of concentric 
structures farther from the 
core vortex.

Examples of asymmetric 
symmetric concentric formations. 

~ 12 hours.

Initial Δ (outer deep convection 
region - vortex core distance):region - vortex core distance):

Typhoon Dujuan: nearly 0 km
Typhoon Imbudo nearly 50 km
Typhoon Maemi: nearly 100 km
Typhoon Winnie nearly 260km

A wide range of radii of concentric 
eyewalls
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Rain

D
ay

RAINEX (2005)(3 km) Hurricane Rita

Dynamics and Modeling 
Research Group

Dynamics and Modeling 
Research Group

Simpson and Starrett (1955)

Typhoon Ida
25, Sep., 1958

Hub 
cloud

Dynamics and Modeling 
Research Group

Fletcher et al. (1961)

moat

Hurricane Cleo (1958)Temperature anomaly

Dynamics and Modeling 
Research Group

LaSeur and Hawkins(1963)最大風速半徑

Dynamics and Modeling 
Research Group
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Gray and Shea (1973)

Jorgensen (1984)

Vertical 
p-velocity

Dynamics and Modeling 
Research Group

Jorgensen (1984)

Physical space 
vertical velocity

Maximum intensity of 3.5 m/s at 
z=7 km is about 1/3 more than that 
in the 6-km model.

The wavy vertical motion structure 
in the upper outflow layer is 
indicative of inertial gravity waves
and may be caused by the use of too 
coarse vertical resolutions.

Dynamics and Modeling 
Research Group

This high      ring may lead to the 
development of stratocumulus in the 
eye below the inversion as a result 
of strong potential instibility.

eθ

The largest      at the lower levels is 
not located at the eye center, but 
rather in a very irregular ring-shaped 
zone right inside the eyewall

eθ

Hurricane Rita
RAINEX (2005)

ELDORA 
data show 
downward 

dBZdBZ

Dynamics and Modeling 
Research Group

motion 
between the 

two 
eyewalls

w

百年一見赤道颱風

畫眉颱風 Vamei

寒潮Rossby wave train
風場環繞長生命期中
尺度雷雨系統

C ld S R bCold Surge Rossby wave 
train + long-lived 
thunderstorm system

( ) ( )  
j
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=
ρ

ρ U
k
k

P
Dt
DP r

&

Day 6

Day 8

Cold air outbreaks

Rossby wave trains
Energy dispersion

Rossby wave response

equator

None zero PV with 
Rossby wave response
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颱風生成有群聚以及連續
生成的特性

Clustering

謝與陳(1963)

東西風分界線有低頻震盪
的現象

Low frequency

ECMWF 資料分析
1980~1987年6.7.8月850mb
平均氣流場與渦度擾動場

H
L

Lau and Lau, 1990

NOGAPS資料分析1989~1991年
5~9月V850單點相關係數

週期8-9天

波長2800km

波源170oE

Chang et al.(1996)

利用1990年9月1日~9月30日
赤道~20oN、100oE~180oE衛
星雲圖

Kuo et al.(2001)

vorticity

(I) opposing current :

non-linearlinear

Kuo et. al. , 2001
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N-β 2500km L-β 2500km

N-β 2500km
the wave forcing turned off 

at day 15 and turn on at day 30

Opposing zonal currents

Opposing zonal current
Kuo et al. 2001

E f f R b
Beta Rossby number   (V/ β r ^2) ~ 1 渦旋連續生成

Emergence of vortex from Rossby
wave energy dispersion by the
Nonlinear dynamics

Sharpening of gradient by the
monsoon flow 

Kuo et al. 2001

~1000km

1988~1989年ECMWF合成理
想季風槽與颱風生成位置圖

利用1985~1996年5月15日至9月
15日NCEP資料做ray-tracing

1000km

Sobel and Bretherton(1998)

Briegel and Frank(1997)

~1000km

波動振幅增加

波動在東西方向尺度壓縮

利用NCEP資料分析1994年8月10
日~8月20日 850 hPa  絕對渦度17

18

18

19

Sobel and Bretherton(1998)

颱風有連續生成的現象
19

19
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06Z 31 Jul 2005

L

L

06Z 07 Aug 2005
L

L

18Z 28 Aug 2005

L

L

18Z 05 Sep 2005

L

L

Tropical Cyclone Track Density

反聖嬰年九月或十月容易有強颱侵襲中國東南沿海

< Wu et al. 2004 >

Tropical Cyclone Track Density

< Wu et al. 2004 >

氣候變遷 Warming trend begins 1700A.D.

維京人

Bruegel, Pieter, the Younger
< Winter Landscape (1601) >

1700

年際變化季節預報1988 1993

風雨之不時，是無世而不常有之。 荀子天論
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- + - +

February, 1973

Reports that the world’s 
climatologists are agreed
that “we must prepare for 

the next ice age.”

April 28, 1975

In an article titled “The Cooling 
World” said that meteorologists 

are almost unanimous that 
catastrophic famines might result 

from global cooling.
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0.5

1

1.5

ACE

SSTA

correlation = 0.87 

ACE ACE vsvs MayMay--Nov SSTA (5Nov SSTA (5--3030ooN, 120N, 120--180180ooE)E)
[10[10--year Gaussianyear Gaussian--filtered; standardized]filtered; standardized]

-1.5

-1

-0.5

0

1964 1969 1974 1979 1984 1989 1994 1999

correlation = 0.23 

MayMay--Nov SSTA; High vs. Low ACE (Nov SSTA; High vs. Low ACE (≥≥|0.5|0.5σσ|)|)

High ACE

Low ACE

歷史資料的不確定性！

Pre   1965    75%
Post 1965    59%

Open Atlantic
Ocean Differences

2005 Hurricane Season

1933 Hurricane Season

Courtesy of

Chris Landsea 
(2006)

臺灣氣候問題 季節、十年、百年尺度

颱風是關鍵

生成頻率是否有改變？
『目前大多數模式仍無法模擬颱風生成』

強度與生命期？
『目前大多數模式仍無法合理模擬颱風雙眼牆過程』
『生成區域與生成頻率之關係？』
『問颱風大小強度，誰主浮沈？』

臺灣未來降雨？
『目前大多數模式無法做出颱風合理雨量』

生成區域與路徑是否會改變？
『革命尚未成功，同志仍須努力。』

颱風、颱風與全球暖化的關係?

North 
Atlantic

Eastern 
N Pacific

Western N 
Pacific

North 
Indian

Southwest 
Indian < 100E

Australia / SE 
Indian

Australia / SW 
Pacific

Totals

Average 9.7 16.5 25.7 5.4 10.4 6.9 9.0 83.7

Standard 
Deviation

3.1 4.1 4.1 2.1 2.6 2.4 3.1 7.8

Global total 
(％)

11.6 19.8 30.7 6.5 12.4 8.2 10.8 100.0
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θνθθθ 2∇=∇⋅+
∂
∂

= V
tDt

D v

dVC  
2
1
∫ ∇⋅∇= θθ

dVdVV
dt
dC  )( )( 22 ∫∫ ∇−∇∇⋅= θνθθ

v

Stirring             Mixing

Stirring

Mixing

The best part of waking up, is to see vortex in your cup!!


