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數學是科學的語言，數學模式與科學計算是探索未

知的利器；隨著電腦的進步，科學計算更成為打開

非線性科學研究的敲門磚。數學模式建立（建

模）、科學計算、數位資料分析詮釋與驗證等過

程，更是現今數理科學的典範。演講將簡介數學建

模，介紹近三百年來的氣象科學數學建模，最後介

紹一些颱風與颱風氣候研究的近程進展。

數學模式與科學研究
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Politics are for the moment
An equation is for eternity

3 4

讀 算 寫
幾何
代數

微積分
電腦計算繪圖

數學建模/科學計算
Mathematical Modeling
Scientific Computing

+      - x      /
加、減 乘、除
線性 非線性
大題大作 小題大作
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生物模擬與計算

數學模型與生物結合

健康醫療規劃

生物資訊分析(Bioinformatics)

透過人腦、電腦介面，強化人體功能

生物檢測

複雜系統：生態、經濟、氣象等數學模式應用議題
……………………………………..

數量化、數位化
數學模式--動力系統
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數學模式
理論、觀點 Theory

False facts are highly injurious to the progress of science, 
for they often endure long; but false views, if supported 
by some evidence, do little harm, for every one takes a 
salutary pleasure in proving their falseness.

Darwin, The Origin of Man, chapter 6

解釋資料

Never trust an observation without a supporting 
interpretation

預測 準確性 預測能力

資料同化 利用科學數學模式整合有限的觀測，建構出較完整的資料
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Now we only see models, 
like reflections in a mirror; 
but then we shall see face to face. 
Now I only know partially; 
but then I shall know as fully as 
I am myself known.

St. Paul, 1st letter to the Corinthians, 13:12

Models、經典、聖哲就如鏡子，讓我們看
到自己，讓我們瞭解自己的侷限，更進而
體會完整的人性。

「數學科學模式」幫助我們由片面觀察的
自然界，統會瞭解共通完整的科學定律。 8

This model will be a simplification and an 
idealization, and consequently a falsification. It is 
to be hoped that the features retained for 
discussion are those of greatest importance in 
the present stage of knowledge. 

Turing The Chemical Basis of Morphogenesis

Fovell, 2008 高雄
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數學模式

Formulation     微分、差分方程式

Solution / Analysis   分析、解

Interpretation  科學詮釋

數量化、數位化
數學化--模式--動力系統

中階課程：微分方程(ODE,PDE)
統計、線性代數
程式、計算與繪圖
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君子致用在乎經邦，經邦在乎立事，立事在乎師
古，師古在乎隨時。必參古今之宜，
窮終始之要，始可以度其古，中可以行於今。通典

共49個字，假設中文常用字為1000字，共有10^147個選擇

地球歷史 10^18 sec
10^10 一百億隻猴子在打字，假設每秒鐘打一萬字 10^4，

10^10*10^18*10^4 = 10^32

10^32/10^147=10^(-115)  ~  0   機率為零 ，不可能的巧合！

研究學問是苦心孤詣的事業！ 不要人云亦云！

“Six monkeys, set to strum unintelligently 
on typewriters for millions of years, would
be bound in time to write all the books 
in the British Museum.” Huxley
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微積分數學
the Mathematics of Change

Chain Rule(連鎖律)

偏微分

只對y變數微分，不改變x變數

莊子：一尺之錘、日取其半
、萬世不絕。

Rate of Change
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Function   y = f(x)

Commonly Occurring Functions

Polynomials: approximate with a high degree
of accuracy,  almost any existing function

Trigonometric functions   cos    sin

Exponential functions    e

Logarithmic function    log   ln    
s=k log w
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
dx

yd

dx

dy

)(xfy y

x x : 努力

y : 成就

一分耕耘 ， 一分收穫？？

線性

非線性

函數 Function

(因果）
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Henri Poincaré
Wikipedia

( 1854～1912 )
French 

Mathematician & Physicist

Contribution:

1) Chaotic deterministic 
system 

2) Three body problem

最早探索非線性混沌動
力系統，以相位圖展
示動力系統。

Science and Hypothesis
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動力系統

推背圖：前知三百年，後知三百年

可以解釋〝已知〞，可以預測〝未來〞

時間變化謂之動力 變數 許多外在及內在控制參數

u

v
時間的軌跡

相
位
圖

t

慢半π

u

v

相位圖
Cos 和 Sin 零相關、不來電！

16bZXY
dt

dZ

YrXXZ
dt

dY

YX
dt

dX





 
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Edward Norton Lorenz
( 1917～2008 )

American 
Mathematician & Meterologist
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Time Series – Initial Condition Slightly Difference

(x,y,z)=(0,1,1)

(x,y,z)=(0,1.001,1)

(x,y,z)=(0,0.999,1)

可預報度
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你快樂嗎？ㄧ個簡單的生涯規劃動力系統

u：快樂指數

x:考試作業量

y:玩魔獸的時間

>0 <0天縱英明的資優生 >0<0<0

考試越少越不快樂，
玩魔獸的時間越多越不快樂>0 考試越多越快樂

<0 電動越玩越不快樂
人的個性

人的境遇

個性+境遇=人生
相形不如論心
論心不如則術
形不勝心
心不勝術 荀子非相
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Exponential functions are both man’s
best friend and worst enemy.

指數遞減
e-folding time
（類似半衰期）

t
Exponential Growth
指數成長

線性

非線性指
數成長

20

Finding k from two 
observations

Exponential Decay

Dating  定年

Half life 半衰期

21

Age of the Solar System

We do not know the initial
U238 and U235 at the beginning
of our solar system, but the nuclear
Synthesis theory suggest that the ratio
is  approximately equal to one.
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Radiocarbon Dating
Libby Nobel Prize for Chemistry in 1960

C14 half life ~5700 years:
Ratio of C14 to C12 is constant for living matter,
Begin to decay when dead.

Assumed to be 
the same as present
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Dormant  Phase
潛伏期

24

HIV Modeling

V: number of virions
p: rate of production of new HIV virions
c: clearance rate for the virions in the plasma
T: infected target cells in unit volumn

: non-infected cells in unit volumn
N: 被感染細胞在其生命期內產生的病毒數目
k: 正常細胞被病毒感染率

藥物治療

Early and aggressive therapeutic 
intervention is necessary if a marked 
clinical impact is to be achieved.

何大一雞尾酒療法

觀察病人服藥
後反應決定C
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1768-1830

Fourier,  Jean Baptiste Joseph

f(x)  does not have to be analytical;
f(x)  does not have to be periodic.

1807 at age  39; argued with Lagrange and 
Laplace on the representation of a triangle 
wave with cosine and sine functions.Heat emission or diffusion  (by IR)

His calculations showed a very cold 
surface (No green house effect) 

The profound study of nature is the 
most fertile source of mathematical 
discoveries.

27Example 8-11 28

仁 者 數 學
Feedback             回饋

Positive Feedback                         Negative Feedback     

其勢不可久

回也，其心三月不違
仁，
其餘則日月至焉而已
矣。

不常

反者道之動
一陰一陽之謂道
天之道其猶張弓 損有餘 補不足
坤 直方大
天道好還週而復始
復 常

29

Periodic phenomena are actually 
everywhere in the biological world.

What else can you think of?

30

Negative Feedback Oscillators

X  Cost      Y Sin tWhat can X and Y be?

負回饋 恩將仇報 以德報怨

反者道之動 常

天之道其猶張弓 損有餘 補不足

5



31

NF-κB and IκB Model

X: nucleus NF-κB

Y: IκB

yxy
dt

d

yxSx
dt

d









Science 298: 1241-1245.
32

By controlling α and δ, a cell can 
decipher the same stimulus in 
different ways.

What controls α and δ?

α=0,δ=0
α=0.3,δ=0.3

α=1,δ=1

Summary of 
NF-κB and IκB Model
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y

x

y

x
x

y

y = 0

y > 0

y < 0

Negative Feedback
NF + Fast and Slow

NF + FS + Multiple equilibriums

x = sint, y = cos t
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Struggle for Existence
-- Charles Darwin

A struggle for existence inevitably 
follows from  the high rate at which all 
organic beings tend to increase. 

Every being, which during its natural lifetime
produces several eggs or seeds, must suffer destruction
during some period of its life, and during some season 
or occasional year; otherwise, on the principle 
of geometrical increase, its number would quickly 
become so inordinately great that no country 
could support the product.

35

Thomas Robert Malthus
Wikipedia

( 1766～1834 )

English demographer and political economist

人口學家
政治經濟學家
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Malthusian Model

Population Growth

t

p

dt

dx

t

x





 0
lim

線性

非線性指
數成長

線性 非線性
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Hence, as more individuals are produced than 
can possibly survive, there must in every case be 
a struggle for existence, either one individual with 
another of the same species, or with the individuals 
of distinct species, or with physical conditions of life.

It is the doctrine of Malthus applied with manifold 
force to the whole animal and vegetable kingdoms; 
for in this case there can be no artificial increase of 
food, and no prudential restraint from marriage. 
Although some species may be now increasing, 
more or less rapidly, in numbers, all cannot do so, 
for the world would not hold them....
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Logistic Effect

Time Series (時間序列)

其中

環境之承載效應
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The amount of food for each species of course 
gives the extreme limit to which each can increase: 
but very frequently it is not the obtaining food, 
but the serving as prey to other animals, 
which determines the average numbers of a species.

-- Charles Darwin

Malthusian model                           族群指數成長
Logistic equation (with harvest)   資源侷限＋外敵
Volterra system (with harvest)     天敵 ＋ 外敵
Predation                      
Competition      族群指數成長 ＋資源侷限 ＋ 天敵

Poincare
Lorenz 40

h: constant rate of population harvested.

Small changes in harvesting rate can lead to disastrous changes 
in population has been observed many times in real situations on earth.

41

Lotka-Volterra Model

A Predator-Prey Model

Port 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923

Fiume 12% 21% 22% 21% 36% 27% 16% 16% 15% 11%

Trieste 14% 7% 16% 15% - 18% 15% 13% 11% 10%

Humberto D’Ancona
1926

World War One   掠食者比例變大

42

Vito Volterra
Wikipedia

( 1860～1940 ) Italian 
Mathematician & Physicist

Contribution:

1) Mathematical biology 

2) Volterra-Lotka equations
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動力系統

相位圖

dx/dt  =    x(1-y)

dy/dt = y (x-1)

44

愛情動力系統

相位圖
dx/dt  =    x(1-y)

dy/dt = y (x-1)

t

慢半π

u

v

Cos 和 Sin 零相關、不來電！
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動力系統

鴛鴦蝴蝶夢，一段愛情故事；

千古興盛衰亡。

衰

亡

盛興

掠食者

（官僚）

被掠食者 （善良人民）

46

(1.5, 0.5)

h=0.5

Harvest effect
對掠食者與被掠食者
同時進行獵取殺害，
可以使生態往對
被掠食者有利方向
移動。

1960 DDT 事件

無間道警察
水滸傳哲學

被掠食者

掠食者
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pq
c

p
pK

dt

dp
1

1
1 )1( 

pq
c

q
qK

dt

dq
2

2
2 )1( 

1K

2K

1c

2c

1

2

令

a
K

c


1

21

b
K

c


2

12

1c

p
x 

2c

q
y 

原方程式變數：

)1(2 bxyyK
dt

dy


)1(1 ayxxK
dt

dx


強弱參數＝攻擊力/修護力， 攻擊力＝戰鬥力＊族群數目
48

a < 1 < b

x

y

1

b

1 1

a

1

y 滅絕

)1(1 ayxxK
dt

dx


)1(2 bxyyK
dt

dy


X 比 Y強
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五胡亂華

春秋

戰國

大一統

強弱之爭

50

a < 1  &  b < 1

x

y

1

b

11

a

1

)1(1 ayxxK
dt

dx


)1(2 bxyyK
dt

dy


Stable point

51

a > 1  &  b > 1

x

y
1

b

1 1

a

1

兩強相爭
蝴蝶效應

兵兇戰危！

孰能必勝？

)1(1 ayxxK
dt

dx


)1(2 bxyyK
dt

dy


Saddle point
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London Millennium Bridge 

53

London's Millennium Bridge is the first pedestrian
river crossing over the Thames in central London for 
more than a century.

It is a 325m steel bridge linking the City of London at 
St. Paul's Cathedral with the Tate Modern Gallery at 
Bankside.

“Nice” lateral vibrations (20 cm S shape wobble, 1cycle 
per second)  like on Tacoma Bridge developed on the day 
(June 12, 2000) of the opening……

54

Letter to the Guardian on June 14, 2000 (2 days later)

The Millennium Bridge problem (Millennium bug strikes again, June 13) 
has little to do with crowds walking in steps. It is connected with what 
people do as they try to maintain balance if the surface on which they are 
walking starts to move, and is similar to what can happen if a number of 
people stand up at the same time in a small boat. It is possible in both
cases that the movements that people make as they try to maintain their 
balance lead to an increase in whatever swaying is already present, 
so that the swaying goes on getting worse. 

Is it true “the bridge never going to fall down”, or any rate get damaged, as a
result of swaying? That has been said about the bridge before, and those
Responsible for this one need to understand, before making such 
pronouncement,  that the problem involves more than engineering principle.

Prof. Brian Joesphson
Department of Physics
University of Cambridge

9
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Nothing like this had been predicted by computer 
simulations, the safety assessments, 
the wind tunnel experiments.

“Nice” lateral vibrations 20 cm S shape wobble 
developed by shaking machine with 1cycle per second 
frequency. [where the hell does it come from?]

People walk at a pace of about 2 strides per second;
these repetitive footfalls is to create a vertical forces.

The culprit is the small sideway force with each step; 
1 cycle per second. Shouldn’t the no coordination
cancel out the force? No bridge standard code on this.

Synchronizations; just like people stand up in the boat.
Sync may be accidentally trigger when enough people on 
the bridge. 56

Lincoln !!

A beautiful woman !

Anything different ?

57 58

59 60

Metabolic rate vs size

Kleiber (1932) Body size and metabolism. Hilgardia 6, 315-353.

I  I0M 3 / 4
Hemmingsen (1960) Reports of the Steno Memorial 
Hospital and Nordisk Insulin Laboratorium 9, 6-110

10
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“Metabolic rate vs size” down to 
molecule

West, Woodruff, Brown (2002) PNAS 99, 2473-2478
62

1/x

const            Turbulence

63 64

Sonic Boom

Adiabatic Sound

Mach number  u/c

65

Dead-water near the coast

Wave drag problem

u*u/(g*H)

66

Kelvin wedge      deep water waves

  o
3
11 5.192sin2  

[Courtesy of Aerofilms Ltd.]
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Biomath

Y. C. Fung

Lanchester

69
飛行速度

飛行體重量

6

4

0

-3

70

71原子彈能量～ J1410

51
0

5251 
tE

rf

G.I. Taylor 1950

72

Minor explosion

12
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Major Explosion

74

水氣是最重要溫室氣體，輻射效應是二氧化碳1000倍強！

煤炭火力發電是問題所在。

75

凝結尾 人為

During the 3 days after the 
9/11 /2001, statistical 
significant increase of 1.1C 
in the average diurnal 
temperature range for 
ground station across US. 

76

Charles Keeling (left) at the dedication of 
the Keeling Building at the Mauna Loa 
Observatory, Hawaii (1997)

Keeling Curve (1958- )

77

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

氣候變遷 Warming trend begins 1700A.D.

1700

維京人

自然？？ 人為？？ 78

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

13
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氣候變遷(全球暖化)現況

(Source: Global Warming Art) 

1900以前資料可信
度較不足；
1910-1940增溫相當
快速，尚未能完全
解釋；
1950年代的降溫常
是爭議焦點，可能
解釋為氣懸膠的冷
卻作用；
1965以後太陽幅射
強度幾無變化；
1980以後增溫持續
而明顯。

80
- + - +

81

January, 1977 April, 2006

82

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

ice age.”

北極海冰新低紀錄
北極熊、企鵝、海象在125000年前時
已經存活（比目前氣候2度溫暖，海水

高6公尺）。

1974 2007

我見猶憐！

83

比熱
specific 
heat

反照率 albedo

比熱 海水 深層海水

反照率 冰雪 雲 (IPCC沒討論的因素，氣象最大的挑戰）

太陽常數 天文因素 太陽物理

EarthSun energy

84

-

+

S↓

IR↑ IR↑～σΤ4

Temperature

Don’t Worry! Be Happy!

14
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TEMP

S↓

IR↑

TEMP

S - IR

IR↑～σΤ4

2 stable multiple equilibria

~273K

86

(1982-2001)

• The climate system is sensitive to cloud cover and cloud type

• There is conflicting evidence on changes in global cloud cover over 
past 2-3 decades; reported trends vary by cloud type

• Deep convection impacts cirrus cloud coverage

[average ≈ 60%]

87
Jacob (1999)

Volcano Eruption

Benjamin Franklin 
first proposed that 
1783‐83 bitter cold is 

due to volcano 
eruption of Laki in 
Iceland in July 1783.

A year without summer

Memory effect

88

北極海冰新低紀錄
北極熊、企鵝、海象在125000年前時已經存活

（比目前氣候2度溫暖，海水高6公尺）。

(Source: Global Warming Art) 

德國的小北極熊 (紐倫堡)

我見猶憐！

89

異常海冰融解原因

• 長期海冰薄化提供快
速融冰基礎

• 2007年夏季持續高壓
壟罩，太陽輻射與高
壓環流吹散海冰為近
因(可能是AO現象)

• 融冰程度遠超過模式
預測

90

北半球海冰現況

X

15
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2007北極海冰極小值的啟示
「2008九月前北極冰恐消失」2008.6.28中時

“chances are 50(%) and 50(%)”

2008-2009 winter  北極冰再次變非常多

• 2007極小值（2008變多）遠低（高）於所有模式預測

– 再次顯示我們對氣候(天氣)系統理解的不足

– 也可能再回復持續縮小（海冰缺雪覆蓋較不穩定）

• 北極海冰覆蓋面積大，對全球氣候應有影響

– 短期變化應該與全球暖化無直接關連

– 所謂氣候自然變異幅度絕不可輕忽

– 長期趨勢仍是值得關注的全球暖化指標

• 北極海冰變化尚無影響全球深海循環的證據

92

2002南極冰棚大崩塌
2002.01.31

2002.03.05

出現裂縫

冰河運動擠壓
本來就容易形
成裂縫，夏季
表面融雪流入
裂縫，雪水復
冰後體積膨脹
，或水壓本身
使裂縫加深而
延伸，使冰棚
結構脆弱化，
開始崩塌後引
發連鎖反應，
終致大面積崩
塌。

冰棚碎裂後，
海水入侵間隙
，大的接觸面
積與溫差，加
速浮冰再碎裂
與融化速率。

93

2008.2.28威爾金冰棚大崩塌

威爾金冰棚總面積
14,500平方公里；
可能崩塌冰棚中面
積最大者；
2008崩塌面積
415平方公里；
1998.3崩塌面積
1098平方公里。

近年大崩塌冰棚：
Prince Gustav Channel,
(1995, 650平方公里) 
Larsen Inlet,
Larsen B,
(2002.1.31, 3250平方公里) 
Wordie, 
Muller, 
Jones shelves.

94

(1981-2007)

目
前
主
要
淨
融
冰
區

潛
在
顯
著
融
冰
區

東
南
極
洲
大
部
分
屬
穩
定
冰
原
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南半球海冰現況對照
2008 winter

96

冰河退縮影像

美國阿拉斯加

(Source: Global Warming Art) 
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冰河退縮影像

南非第一高峰
吉利馬札羅山
(Kilimanjaro, Africa)

(Source: Global Warming Art) 

溫度沒有升高
降雪減少

98

全球海平面上升議題

• 符合直覺式的全球暖化聯想
– 一般民眾最能體會、最關心的議題

– 「大洪水」的聯想 （諾雅方舟？）

• 全球暖化論述最嚴重的潛在威脅
– 人類主要的居住、生產、經濟活動
都在沿海的低海跋區域

• 幾乎不分國家或地區的開發程度都可能
受嚴重衝擊

– 沿岸區域是地球生態系統最豐富的
• 近岸地形對海平面變化敏感，過於快速
的海岸線變化恐造成生態浩劫

• 陸地海跋高度係以平均海平面為基準

區域之一

99

平均海平面估算的困難

• 海平面變化含有各種時間尺度

– 幾乎是連續的頻譜，量測與頻譜分離都不容易

• 量測點不足、時間長度有限

• 早期量測係以陸地為基準的相對值

– 地殼變動因素複雜、各地情況也不一致

• 海平面升降具有明顯區域特性

– 受區域氣候、洋流、海水溫度影響

100

近百年海平面變化概況

(Source: Global Warming Art) 

此圖依據23長期
潮位站資料繪
製，僅能作為參
考；

1900年以來平均
約18公分/百年；

近代衛星觀測試
(紅)上升率略高，

約3.1公分/百年；

IPCC整理之19世
紀數據為-8-22公
分/百年；

海水熱膨脹貢獻
約3-8公分/百年。

101

太平洋島國必須逃難

‧ 高爾以土哇魯為例，說明這個島國國
民因此須要逃難到紐西蘭
– 被批評說「根本沒這回事」

‧ 電影中是接在2002南極冰棚大崩塌之
後，說明陸冰也可能崩塌而造成非預
期的海平面上升，像土哇魯這樣的地
方就因此需要逃難到紐西蘭

‧ 事實是土哇魯的確因為「地層下陷」
與風暴造成的「海岸侵蝕」而使生存
環境越來越惡劣
– 和全球暖化沒有直接相關
– 電影之後，土哇魯剛好巧合的和紐西

蘭討論租地的事
– 支持者認為只是「示意」，用個方便

的例子，可能是錯誤選擇，但無傷大
雅

聖嬰年西太平洋海水高度會降～50 cm
102

深海循環中斷

• 被批評花太多時間說明一個很不可發生的情況，會發生的話也要數百年至數千年之
後

• 電影中直接點出了「新仙女木事件」，目的是在解釋一個可能引發氣候劇烈變化的
物理機制，有點像是在解釋電影「明天過後」的邏輯，但比較科學多了

• 事實上NOAA和IPCC都有正式聲明，這個氣候變異機制「很不可能」在未來百年內
發生

– 支持者認為這是個很重要的氣候變異機制，值得介紹

– 這個機制還有許多未知的細節，學理上其實無法完全排除在未來發生的可能，只是時間尺
度的確應在百年以上

• 這是我最喜歡的氣候變異理論之ㄧ，支持！
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1957

2004

Net

Bryden and Longworth Nature 2005

104

乾涸中的查德湖

• 被批評不應當成「暖化後果」的例證，實情應該是人口增加、過度取用灌溉水源、及區域
氣候變遷影響

• 電影中是用來說明暖化的結果，「有些地方會發生洪水、有些地方會產生乾旱」

• 是水資源使用的問題，不過部分全球暖化模擬的確預測該區降水減少

一個「拜錯菩薩燒錯香」的例子？

105

卡翠那颶風

• 被批評不應把卡翠那颶風在紐澳良造成
的災難歸因於全球暖化，這已是科學界
的共識

• 電影中高爾未明說，但邏輯延續上的確
會被解讀為「這就是暖化的後果之ㄧ」

• 任何獨立天氣事件都不應直接被
歸因於全球暖化，IPCC也接受
這個觀點

106

107

角動量

108

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

颱風、颱風與全球暖化的關係?
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109Source:  Elsner et al., Nature, 2008.

There statistical evidence that the 
strongest hurricanes are getting 
stronger is most convincing for 
the Atlantic (1981-2006).

The North and South Indian
Ocean data also suggest 
increased intensity, but data 
homogeneity concerns are still 
being debated for those regions.

Atlantic

Western North Pacific Eastern North Pacific

South Indian

South Pacific North Indian

The intensity change signal is 
quite weak for the Pacific basin.

Regional Structure of Tropical Cyclone Intensity Trends

Eastern North Pacific
(corrected)

b

110

There is some recent evidence that overall Atlantic hurricane 
activity may have increased since in the 1950s and 60s in 
association with increasing sea surface temperatures…

Source:  Kerry Emanuel, J. Climate (2007).

PDI is proportional to the time 
integral of the cube of the surface 
wind speeds accumulated across all 
storms over their entire life cycles.

110

111

The frequency of recorded storms (low-pass filtered) in the 
Atlantic basin is well-correlated with tropical Atlantic SSTs

Source:  Emanuel (2006); Mann and Emanuel (2006) EOS.  See also Holland and Webster (2007) Phil. Trans. R. Soc. A

But is the 
storm record 
reliable 
enough for 
this?

111

112
Source: Vecchi et al. Science (2008)

Projection 1:  
Tropical Atlantic SST

Projection 2:  
Tropical Atlantic SST 
Relative to Tropical 
Mean SST

Two future projections of Atlantic tropical cyclone power dissipation

Some worrisome
time series…

Some alternative
perspectives…

113

歷史資料的不確定性！

Pre   1965    75%
Post 1965    59%

114

Open Atlantic
Ocean Differences

1933 Hurricane Season

2005 Hurricane Season

Courtesy of

Chris Landsea 
(2006)
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115

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

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

+1.60 storms/century (1878-2006)
+4.39 storms/century (1900-2006)

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

correlation = 0.23 

Chan 2005

117

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

High ACE

Low ACE
Chan 2005
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< Wu et al. 2004 >

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

119

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。』

120

Coffee with white

A coffee lover’s dream:
The best part of waking up, is the vortex in your cup!

渦旋

渦旋
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