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Course Outline: 
1. Extratropical cyclones 

Definition and Introduction, Cyclogenesis, Petterssen Eq., 

Precipitation and rainbands associated with EC 

2. Applications of hydrodynamic theories on weather analysis  

Quasi-geostrophic theory and its application, Vertical motions 

3. Tropical cyclones 

Introduction, Structure, Development and motion of tropical 

cyclones (typhoons). 

4. Regional and Mesoscale scale weather systems 

     Frontal convection, land-sea breeze, Fohn, Mountain-valley 

winds, Orographic precipitation, Squall lines, Mesoscale 

Convective Systems, Severe Storms, etc. 

(Chap. 4 mostly discussed in the Weather Lab)  



天 氣 學 講 義:  

請自行下載列印（可至中尺度暨地形降水研究室網頁，點選天氣學講義） 
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成績計算方式: 

 
期中考試 30% 

期末考試 35% 

課堂表現 10% 

作業成績 15% 

出席率 10% 



 天氣學課程助教介紹 

 

 修課學生介紹 

 

 你仔細看過天氣圖嗎?有哪些
天氣系統? 這些天氣系統的演
變和重要性為何?  



地面天氣圖  (早上8點, 6 March 2018 ) 
請指出有哪些天氣系統? 



地面天氣圖  (早上8點, 17 Feb. 2017 ) 
請指出有哪些天氣系統? 
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Chapter 1  Extratropical Cyclones 

1.1 Definition and Introduction 

Midlatitude weather is 

primarily influenced by 

some sort of traveling 

disturbance (e.g., a 

minimum in the pressure 

field), today, recognized 

as extratropical cyclones 

溫帶氣旋經常伴隨顯

著的雲雨系統或較劇

烈的天氣 



Roles of Cyclones in Earth’s Climate System 

根據圖b, 赤道低緯區域會持續增暖, 高緯極區會持續降溫, 但事實上並非如此? 為
什麼?  



Extratropical cyclones are essential disturbances acting to mix 
tropical and polar air and serving to reduce the overall equator-to-

pole temperature gradient 

年緯向平均向北熱能傳送分布 

紅線: 大氣 

藍線: 海洋 

黑線: 大氣+海洋 

 

熱能傳送最大值發生在中緯度 

 



Northern Hemisphere storm track defined using the standard 
deviation of filtered 500-mb geopotential height from NCEP-NCAR 

reanalysis during 1982-94 (Chang 2009) 

Obvious zonal variations of storm track and note maximum 
over the ocean (why?)  



氣旋（cyclone）原指氣旋式旋轉之封閉環流（close circulation），但

目前則傾向於指氣旋尺度（1000~4000 km）之環流。溫帶氣旋之英文

為extratropical cyclone，即為非熱帶氣旋之氣旋尺度風暴（cyclone-

scale storm），故包含位於中、高緯度之氣旋。然而若照中文字義，

溫帶氣旋和mid-latitude cyclone較一致，Carlson的書名即為〝Mid-

latitude Weather Systems〞；不過由於中緯和高緯之氣旋結構和特徵相

同，且有別於熱帶氣旋，故midlatitude cyclone和extratropical cyclone通

用。 

溫帶氣旋(extratropical cyclone, sometimes called extratropical low, 

extratropical storm)的定義: 
 
 Any cyclonic-scale (1000-4000 km) storm that is not a tropical cyclone, 

usually referring only to the migratory frontal cyclones (移行鋒面氣旋) 

of middle and high latitudes. [AMS Glossary of Meteorology] 







Q: Extratropical 

cyclones and 

anticyclones 

R: Troughs and 

ridges in the 

baroclinic westerlies 

Only Q and R fit well 

in the quasi-

geostrophic regime 

~12 h 
Cannot be resolved by 

routine synoptic observations  





Norwegian polar front cyclone model devised by J. Bjerknes and 

collaborators of the Bergen School during 1920s. 

上圖: 

陰影區代表降水區 

 

下圖: 

紅點代表氣旋中心 

實線代表等溫線 

藍(紅)色箭頭代表相對於氣
旋中心的暖(冷)區氣流形式 

 



An example of extratropical cyclone not 

fitting the cyclone model 

Cloud pattern of a tropical cyclone 



Some of the most intense cyclones developing over the ocean exhibit significant 

departures from the cyclone model, especially with warm core, spiral cloud bands 

coiled up tightly about the cyclone center, and stronger warm front.  


