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Tropical Meteorology

¶æòÂêÔñîóÂóéØöćÿÂõÕÃ÷ĈÚäñìè¬óÈæñÖõÉúÕ 30 îÈéóÿìÚøî ×÷È 30 îÈéóĂÖ­(ÿÃÖä­îÚ)
¶ÜäñÂîÛăÜÕ­èã 
·ßóãùÞÚà­óÅñÚîÈ 
·à­óĀæÛ à­óÝ¬ó 
·âäëùâ 
·ÅæøćÚÂäñĀëæâÖñèòÚîîÂ 
·ÅæøćÚÂäñĀëæâÖñèòÚÖÂ 
·ßóãùìâùÚÿÃÖä­îÚ 
·ÿîæ ÚöāÎ¬ æó ÚöÎ¬ó 

¶Equatorial Rossby waves, Madden-Julian Oscillation events,easterly jets, snow and 
ice, and much, much more



ßóãùÞÚà­óÅñÚîÈ
¶ ÃòĈÚÂ¬îÖòè (Cumulus stage)
ÿâøćîÂæù¬âîóÂóéä­îÚæîãÖòèÃ÷ĈÚëú¬ÛääãóÂóé ßä­îâÂòÛÂóäâöĀäÈâóÂäñØČóìäøîÝæòÂÕòÚĂì­âèæîóÂóéãÂÖòèÃ÷ĈÚăÜëú¬Åèóâ
ëúÈäñÕòÛìÚ÷ćÈ āÕãâèæîóÂóéÉñÿãĆÚæÈÿâøćîæîãëúÈÃ÷ĈÚĀæñÅèÛĀÚ¬ÚÿÜĆÚæñîîÈÚČĈóÿæĆÂ ą ÿÜĆÚÂóäÂ¬îÖòèÃîÈÿââ
Åõèâúæòë ĂÚÃÔñØöćÅèóâä­îÚĀÞÈÉóÂÂóäÂæòćÚÖòè ÃîÈăîÚČĈóÉñË¬èãĂì­îòÖäóÂóäæîãÖòè ÃîÈÂäñĀëîóÂóéáóãĂÚ
Â­îÚÿâÇÿäĆèâóÂãõćÈÃ÷ĈÚ Ì÷ćÈÿÜĆÚëóÿìÖùĂì­ÃÚóÕÃîÈÿâÇÅõèâúæòëâöÃÚóÕĂìÎ¬Ã÷ĈÚ ĀæñãîÕÿâÇëúÈÿßõćâÃ÷ĈÚÿÜĆÚæČóÕòÛ ÉÚ
ÿÅæøćîÚØöćÃ÷ĈÚ×÷ÈäñÕòÛÛÚëùÕĀæ­è (ÉùÕîõćâÖòè) ÉÚßòÓÚóâóÿÜĆÚÿâÇÅõèâúāæÚõâÛòë  ÿäóÿäöãÂÂäñĀëîóÂóéØöćăìæÃ÷ĈÚè¬ó 
"îòßÕäóàÖ°" (Updraft) 

¶ ÃòĈÚÿÉäõÎÿÖĆâØöć (Mature stage)

ÿÜĆÚË¬èÈØöćÂäñĀëîóÂóéâöØòĈÈăìæÃ÷ĈÚĀæñăìææÈ ÜäõâóÔÅèóâä­îÚĀÞÈØöćÿÂõÕÃ÷ĈÚÉóÂÂóäÅèÛĀÚ¬ÚæÕÚ­îãæÈ Ì÷ćÈâö
ëóÿìÖùâóÉóÂÂóäØöćìãóÕÚČĈóà­óØöćÖÂæÈâóâöîùÔìáúâõÖČćó Ë¬èãØČóĂì­îùÔìáúâõÃîÈÂæù¬âîóÂóéÿãĆÚÂè¬óîóÂóé
ĀèÕæ­îâ ÕòÈÚòĈÚîòÖäóÂóäÿÅæøćîÚØöćæÈÃîÈÂäñĀëîóÂóéÉñâöÅ¬óÿßõćâÃ÷ĈÚÿÜĆÚæČóÕòÛ ÂäñĀëîóÂóéØöćÿÅæøćîÚØöćæÈâóÌ÷ćÈ
ÿäöãÂè¬ó "ÕóèÚ°ÕäóàÖ°" (Downdraft) ÉñĀÝ¬ÃãóãÖòèîîÂÕ­óÚÃ­óÈ Â¬îĂì­ÿÂõÕæâÂäñāËÂäùÚĀäÈ îùÔìáúâõÉñæÕæÈĀæñ
ÅèóâÂÕîóÂóéÉñÿßõćâÃ÷ĈÚîã¬óÈäèÕÿäĆè ĀÝ¬îîÂăÜăÂæ×÷È 60 ÂõāæÿâÖäăÕ­ āÕãÿÊßóñë¬èÚØöćîãú¬Õ­óÚìÚ­óÃîÈØõé
ØóÈÂóäÿÅæøćîÚØöćÃîÈßóãù  ÚîÂÉóÂÚòĈÚÂäñĀëîóÂóéÿÅæøćîÚØöćÃ÷ĈÚĀæñæÈÉñÂ¬îĂì­ÿÂõÕæâÿÊøîÚ (Wind shear) Ì÷ćÈÉñ
Â¬îĂì­ÿÂõÕîòÚÖäóãÖ¬îÿÅäøćîÈÛõÚØöćÂČóæòÈÉñÃ÷ĈÚĀæñä¬îÚæÈëÚóâÛõÚÿÜĆÚîã¬óÈãõćÈ

¶ ÃòĈÚëæóãÖòè
ÿÜĆÚäñãñØöćßóãùÞÚà­óÅñÚîÈâöÂäñĀëîóÂóéÿÅæøćîÚØöćæÈÿßöãÈîã¬óÈÿÕöãè ìãóÕÚČĈóà­óÖÂæÈâóîã¬óÈäèÕÿäĆèĀæñìâÕăÜ 
ßä­îâ ą ÂòÛÂäñĀëîóÂóéØöćăìææÈÂĆÉñÿÛóÛóÈæÈ



ÂóäãÂÖòèÃîÈîóÂóéĀÚèÕõćÈ



ßóãùÞÚà­óÅñÚîÈ

äñãñÿäõćâÖ­Ú
Growth stage

updraft updraft

downdraft

downdraft

äñãñāÖÿÖĆâØöć
Mature stage

äñãñëæóãÖòè
Dissipation stage

entrainment

gust front



ËÚõÕÃîÈßóãùà­óÅñÚîÈ
¶Single-cell or air-mass storm
·20-30 ÚóØö âö downbursts, hail(æúÂÿìĆÛ), ÛóÈÅäòĈÈØČóĂì­âöÞÚÖÂìÚòÂăÕ­ ìäøîîóÉÿÂõÕßóãùØîä°ÚóāÕ 
ÃÚóÕÿæĆÂØöćâöÂČóæòÈî¬îÚăÕ­

¶ Multicell cluster storm
·ÜäñÂîÛÕ­èãìæóãą cellāÕãĂÚĀÖ¬æñcell Éñâöë×óÚñìäøîË¬èÈÿèæóØöćĀÖÂÖ¬óÈÂòÚ 
·Multicell storms ëóâóä×ØČóĂì­ÿÂõÕ æúÂÿìĆÛÃÚóÕÂæóÈ, ÚČĈóØ¬èâÊòÛßæòÚ ÚČĈóÜ¬óăìæìæóÂ Āæñ ÿÂõÕ
ßóãùØîä°ÚóāÕ ÃÚóÕÿæĆÂØöćâöÂČóæòÈî¬îÚăÕ­

¶Multicell Line (squall line) Storms ·
·ÿÜĆÚĀÚèÃîÈßóãùÞÚà­óÅñÚîÈØöćÖ¬îÿÚøćîÈÂòÚ (ë¬èÚâóÂÿÜĆÚĀÚèÖòĈÈ) âöÂäñĀëæâĀäÈÕ­óÚìÚ­óÃîÈ
ĀÚè É÷ÈÿäöãÂè¬ó squall linesëóâóä×ØČóĂì­ÿÂõÕæúÂÿìĆÛÃÚóÕÿæĆÂ×÷ÈÃÚóÕÂæóÈ îóÉØČóĂì­ÿÂõÕÚČĈóØ¬èâ
ÊòÛßæòÚ ÚČĈóÜ¬óăìæìæóÂ Āæñ ßóãùØîä°ÚóāÕ ÃÚóÕÿæĆÂØöćâöÂČóæòÈî¬îÚăÕ­ĂÚÛóÈÅäòĈÈ

¶Supercells
·ßóãùà­óÅñÚîÈÃÚóÕĂìÎ¬ âöÂóäìâùÚèÚÃîÈupdraftë¬èÚ downburstsÉñâöÂČóæòÈĀäÈâóÂ ØČóĂì­ÿÂõÕ
æúÂÿìĆÛÃÚóÕĂìÎ¬ ÚČĈóØ¬èâÊòÛßæòÚ ÚČĈóÜ¬óăìæìæóÂ Āæñ ÿÂõÕßóãùØîä°ÚóāÕ ÃÚóÕÿæĆÂØöćâöÂČóæòÈî¬îÚ
ÉÚ×÷ÈßóãùØîä°ÚóāÕÃÚóÕĂìÎ¬ăÕ­



1. ßóãùÞÚà­óÅñÚîÈËÚõÕÂ­îÚÿÕöćãèą (Single-cell)
âòÂâöÂČóæòÈî¬îÚ Ë¬èÈÿèæóØöćÿÂõÕ Ú­îãÂè¬ó 1ËòćèāâÈ
¶ âöÂæăÂÂóäÿÂõÕĀæñëæóãÖòèÕ­èãÖòèÿîÈ
¶ ÿÂõÕÃ÷ĈÚăÕ­ÖæîÕØòĈÈÜö ĀæñâòÂÿÂõÕĂÚË¬èÈåÕúä­îÚ
¶ âòÂÿÂõÕæòÂêÔñîóÂóéØöćäùÚĀäÈ ĀÖ¬ÂĆëóâóä×ÿÂõÕæâĀäÈÉòÕ æúÂÿìĆÛÖÂĀæñÿÂõÕ
à­óĀæÛ à­óä­îÈ Āæñ à­óÝ¬óăÕ­



Öòèîã¬óÈÃîÈßóãùÞÚà­óÅñÚîÈĀÛÛÿÕöćãè (single-cell)
Example of Single-cell Life CycleÃòĈÚÅõèâúæòë

ÃòĈÚÿÉäõÎÿÖõÛāÖ ÃòĈÚëæóãÖòè

ÃòĈÚÿÉäõÎÿÖõÛāÖ
ÿÖĆâØöć



ĀÝÚÝòÈāâÿÕæÃîÈÿâÇÞÚà­óÅñÚîÈ
ĀæñÅèóâìÚóĀÚ¬ÚÃîÈÂäñĀëæâăìæîîÂ

(Simpson 1997)



Downburst Classification

¶Downbursts-ÛäõÿèÔÕ­óÚĂÖ­ÃîÈßóãùÞÚà­óÅñÚîÈØöćâöÂäñĀëæâßòÕæÈâóîã¬óÈ
äèÕÿäĆè

¶Ì÷ćÈÜäñÂîÛÕ­èã MicroburstĀæñ Macroburst
¶Dr. Fujita 
·macro bursts (greater than 2.5 miles in diameter) 
·and micro bursts (less than 2.5 miles in diameter). 

¶macro burst ÅøîÛäõÿèÔØöćâöÂäñĀëæâØöćßòÕîîÂâóÉóÂÂæù¬âÃîÈßóãùÞÚà­ó
ÅñÚîÈ ìäøî Multi cell 

¶ë¬èÚmicroburstÅøîÛäõÿèÔØöćâöÂäñĀëæâØöćßòÕîîÂâóÉóÂßóãùÞÚà­óÅñÚîÈ
ÿÕöćãè ìäøî Single Cell 

¶îóÉÂæ¬óèăÕ­è¬ó microburst  ÿÜĆÚë¬èÚìÚ÷ćÈÃîÈ macroburst. 



Microburst

Runway



Multicellular Thunderstorms
¶ÿÜĆÚßóãùÞÚà­óÅñÚîÈìæóãæúÂĀæñâöèÈËöèõÖØöćãóèÚóÚ
¶ÿÂõÕÉóÂßóãùÞÚà­óÅñÚîÈìæóãÿÌææ° ÿÌææ°ĀÖ¬æñÿÌææ°ÉñÝ¬óÚÃòĈÚÖîÚÂóäßòÓÚó
ÃîÈßóãùĀÖ¬Éñîãú¬äèâÂæù¬âÂòÚ
¶áóãĂÚÿâÇĀÛÛ multicellstorms ËòĈÚÃîÈÂäñĀëîóÂóéăìæîîÂâòÂÿÜĆÚÖòè
ÿìÚöćãèÚČóĂì­âöÂóäßóÅèóâä­îÚÿÂõÕÃ÷ĈÚĂìâ¬îãú¬ÿëâî 

ÿÌææ°Øöć 1
ÃòĈÚßòÓÚó



ÉÚ×÷ÈÃòĈÚÂóäÂ¬îÖòèÿÜĆÚÿâÇÂ¬îÖòèĀÚèÖòĈÈ (Cumulus-Cu)

ÿÌææ°Øöć 1
ÃòĈÚßòÓÚó

ÿÌææ°Øöć 2
ÃòĈÚÂ¬îÖòèÿÜĆÚ Cu

Multicellular Thunderstorms



ìæòÈÉóÂ 20 ÚóØö ìäøîÿâÇÿÌææ°Øöć 2ÿÕ¬ÚÃ÷ĈÚ ÿÌææ°Øöć 1ÉñÿäõćâëæóãÖòè
ÉóÂÚòĈÚÉñÿÂõÕÿÌææ°Øöć 3 Â¬îÖòèÃ÷ĈÚâóĂìâ¬

ÿÌææ°Øöć 1
ÃòĈÚëæóãÖòè

ÿÌææ°Øöć 2
ÃòĈÚßòÓÚóÿÌææ°Øöć 3

ÃòĈÚÂ¬îÖòèÿÜĆÚCu

Multicellular Thunderstorms



Multicellular Thunderstorms
ìæòÈÉóÂîöÂ 20 ÚóØö×òÕâó ìäøîÿâÇÿÌææ°Øöć 3ÿÕ¬ÚÃ÷ĈÚ ÂäñÛèÚÂóäÚöĈÉñÿÂõÕÃ÷ĈÚ
îã¬óÈÖ¬îÿÚøćîÈãóèÚóÚÉÚ×÷ÈäñÕòÛØöćÿìâóñëâĀæ­èÉñâöÂóäßóÅèóâä­îÚÿÂõÕÃ÷ĈÚ
âóĂìâ¬îöÂ

ÿÌææ°Øöć 1
ÃòĈÚî¬îÚÖòèăÜĀæ­è

ÿÌææ°Øöć 3
ÃòĈÚßòÓÚó

ÿÌææ°Øöć 4
ÃòĈÚÂ¬îÖòèÿÜĆÚCu

ÿÌææ°Øöć 2
ÃòĈÚëæóãÖòè



¶
ÃÔñØöćÿÌææ°Øöć 1ÿäõćâëæóãÖòè 
ÿÌææ°Øöć 2ÂĆîãú¬ĂÚÃòĈÚßòÓÚóĀæñÿìĆÚ
ÿÕ¬ÚËòÕ 
Ö¬îâóÿâøćîÿÌææ°Øöć 2Éñî¬îÚæÈÿâøćîÿÂõÕ
ìãóÕÚČĈóà­óÖÂìÚòÂæÈâóÜäñâóÔ 
10ÚóØö  
ìæòÈÉóÂÚòĈÚÿÌææ°Øöć 3 ÉñäùÚĀäÈÃ÷ĈÚ 
ĀæñÿÂõÕÃ÷ĈÚÿÜĆÚèòÐÉòÂäĂìâ¬îöÂ

èÈËöèõÖÃîÈ multicell storm



ÿÌææ°ĀæñÂóäÿÅæøćîÚØöćÃîÈäñÛÛßóãùð



Cell Motion versus Storm 

Motion
Å Cells inside a storm 

(system) do not 
necessarily move at the 
same speed and/or 
direction as the overall 
storm system

Å The storm system can 
move as a result of the 
successive growth and 
decay of cells

Å It can also move because 
the cell motion

Å Environmental winds can 
have significant influence 
on the cell and/or storm 
movement, but the storms 
do not necessarily follow 
the wind.



¶ÿäÕóä°âòÂÉñëñØ­îÚÂæù¬âÿâÇ
multicell āÕãÖóâÙääâËóÖõÉñâö
ÂóäëñØ­îÚØöćéúÚã°ÂæóÈĀæñÿÜĆÚ
ĀÂÚëöÅ¬îÚÃ­óÈÿìæøîÈ3ÿÊÕëö               
ØöćÖČćóÂè¬óÕòÈáóß
¶ÛóÈÅäòĈÈ ßóãùðâòÂÉñăâ¬ÜäóÂÏÿìĆÚ
ÿÌææ°ÉóÂÂóäëĀÂÚÿäÕóä°ĂÚäñÕòÛ
ÖČćó ĀÖ¬ëóâóä×ÿìĆÚăÕ­ËòÕÿÉÚÿâøćî
ăÕ­ëĀÂÚĂÚĀÖ¬æñäñÕòÛÅèóâëúÈ

4 cells
This one might also 
contain multiple cells

Multicell Storm ÉóÂÿäÕóä°ÖäèÉîóÂóé



Multicell Storms (Squall Line)
ĀÛÛÿÜĆÚĀ×ÛĀÚèãóè

¶ÜäñÂîÛÕ­èãĀÚèÃîÈßóãùðØöćÂ¬îÖòèÃ÷ĈÚîã¬óÈÖ¬îÿÚøćîÈ âöÂóäßòÓÚó
ÖòèÕöÌ÷ćÈÉñÿÂõÕæâÂäñāËÂĀäÈÚČóâóÖóâÃîÛÕ­óÚìÚ­óÃîÈßóãùð 
ĀÚèÚöĈÂĆÅøîsquall lines 
¶ëóâóä×ØČóĂì­ÿÂõÕæúÂÿìĆÛÃÚóÕÿæĆÂ×÷ÈÜóÚÂæóÈ ÛóÈÅäòĈÈÿÂõÕÚČĈó
Ø¬èâÊòÛßæòÚ ĀæñßóãùØîä°ÚóāÕ  ÃÚóÕî¬îÚ



äúÜĀÛÛ Multicellular Thunderstorms



ÿäÕóä°ÖäèÉîóÂóéÖóÅæö ÚÅäëèääÅ° (ÞÚìæèÈ)



Supercell Thunderstorms
¶ßóãùØöćâöÃÚóÕĂìÎ¬âóÂ āÕãâöÖòèÂóäìæòÂ Åøî ÂäñĀëîóÂóéăìæÃ÷ĈÚ
¶âöāÅäÈëä­óÈØóÈàõëõÂë°Â÷ćÈĀÚ¬ÚîÚ
·âöÂäñĀëîóÂóéăìæÃ÷ĈÚ-æÈ îã¬óÈÖ¬îÿÚøćîÈ

¶âöÂäñĀëîóÂóéăìæÃ÷ĈÚìâùÚèÚ---Mesocyclone
¶âöèÈËöèõÖîãú¬ìæóãËòćèāâÈ 
¶âöéòÂãáóßĂÚÂóäØČóæóãëúÈâóÂØöćëùÕ
¶âöæòÂêÔñØöćäùÚĀäÈĀæñîòÚÖäóãÝëâÂòÚ
·æâĀäÈ
·æúÂÿìĆÛÃÚóÕĂìÎ¬Øöćëóâóä×ØČóæóãÅèóâÿëöãìóãăÕ­
·âöà­óĀæÛÿÂõÕÃ÷ĈÚ×öć
·âößóãùØîä°ÚóāÕÃÚóÕĂìÎ¬ĀæñâöèÈËöèõÖØöćãóèÚóÚ





à́­óÝ¬óµ âöîã¬óÈÚ­îã 4 ĀÛÛìæòÂ ăÕ­ĀÂ¬
1.à­óÝ¬óáóãĂÚÂ­îÚÿâÇà­óÝ¬óĀÛÛÚöĈÿÂõÕâóÂØöćëùÕ ĀæñØČóĂì­ÿâÇÿÜæ¬ÈĀëÈÂäñßäõÛØöć
ÅÚăØãÿäóÿäöãÂè¬ó ́à­óĀæÛµ ÚòćÚÿîÈ
2.à­óÝ¬óÉóÂÿâÇÂ­îÚìÚ÷ćÈăÜãòÈîöÂÂ­îÚìÚ÷ćÈ
3.à­óÝ¬óÉóÂÿâÇæÈëú¬ßøĈÚÿÜĆÚÂóäÜæÕÜæ¬îãÜäñÉùîîÂÉóÂÂ­îÚÿâÇÉ÷ÈÿäöãÂè¬ó à­óÝ¬ó
ĀÛÛæÛ (Negative Lightning) Ì÷ćÈÿÜĆÚà­óÝ¬óØöćîòÚÖäóãÖ¬îÅÚ ëòÖè° ĀæñëõćÈÖ¬óÈą Øöćîãú¬ÛÚ
ßøĈÚ āÕãÉñÝ¬óæÈÛäõÿèỐĂÖ­ÿÈóµÃîÈÿâÇÞÚà­óÅñÚîÈÿÜĆÚìæòÂ
4.à­óÝ¬óÉóÂãîÕÿâÇæÈëú¬ßøĈÚÿÜĆÚÂóäÜæÕÜæ¬îãÜäñÉùÛèÂÉóÂÂ­îÚÿâÇÉ÷ÈÿäöãÂè¬ó 
à­óÝ¬óĀÛÛÛèÂ (Positive Loghtning) ëóâóä×Ý¬óăÕ­ăÂæÉóÂÂ­îÚÿâÇăÕ­×÷È 30 ÂõāæÿâÖä 
ÚòćÚÅøî Āâ­Ø­îÈà­óÿìÚøîéöäêñÃîÈÿäóÉñÕúÜæîÕāÜä¬È ĀÖ¬ÿäóîóÉÉñ×úÂà­óÝ¬ó(ĀÛÛÛèÂ) 
ăÕ­ìóÂâöÿâÇÞÚà­óÅñÚîÈîãú¬ì¬óÈăÂæîîÂăÜĂÚäñãñ 30 ÂõāæÿâÖä îòÚÿÜĆÚØöćâóÃîÈÅČóè¬ó 
à́­óÝ¬óÂæóÈèòÚĀëÂąµ Ì÷ćÈÿÜĆÚà­óÝ¬óØöćÿÂõÕÃ÷ĈÚāÕãÿäóăâ¬ăÕ­ÅóÕÅõÕÚòćÚÿîÈ

ØöćâóÃ­îâúæ: ëáóèõéèÂä



à́­óÝ¬óµ 

1. à­óÝ¬óáóãĂÚÂ­îÚÿâÇ

2.à­óÝ¬óÉóÂÿâÇÂ­îÚìÚ÷ćÈăÜãòÈîöÂÂ­îÚìÚ÷ćÈ

3. à­óÝ¬óÉóÂÿâÇæÈëú¬ßøĈÚ
4.à­óÝ¬óÉóÂãîÕÿâÇæÈëú¬ßøĈÚ



See ñimmediatelyò

Velocity = Speed-of-light

Velocity = Speed-of-sound

Hear ñlaterò

How Far Away is Lightning?

Speed-of-sound: 1100 ft/sec (330 m/sec)

=> one mile in 5 seconds!!
(1 km in 3 seconds)!!

Speed of Lightning



ÅäöÛìóîóÅóäìäøîØöćÂČóÛòÈÿÃ­óăÜìæÛ ìäøîÿÃ­ó
ăÜîãú¬ĂÚä×ØöćâöìæòÈÅóĀÃĆÈĀäÈ

ÂäÔöØöćîãú¬ÚîÂÛ­óÚ



ÅÂäÔöØöćÿæ¬ÚÚČĈóÖ­îÈäöÛÃ÷ĈÚÉóÂÚČĈóĀæñăÜĂì­ß­ÚËóãìóÕ



Å×­óîãú¬ĂÚØöćāæ¬È ÿË¬Ú Øù¬ÈÚó ÅèäÚòćÈãîÈą ÜæóãÿØ­óËõÕÂòÚ
ĀæñÿÃã¬ÈÜæóãÿØ­óĂì­ÿØ­óëòâÝòëßøĈÚÕõÚÚ­îãØöćëùÕĀæñāÚ­â
ÖòèăÜÃ­óÈìÚ­ó ăâ¬ÅèäÚîÚäóÛÂòÛßøĈÚ



ÅÉÈîãú¬Ăì­ăÂæÉóÂāæìñØöćÿÜĆÚëøćîăàà­óØùÂËÚõÕ ÿË¬Ú  îùÜÂäÔ°ØČóëèÚ  
ä×ÉòÂäãóÚ  ä×ÉòÂäãóÚãÚÖ°  äóÈä×ăà Āæñ ÜõÕāØäéòßØ°âøî×øî



ωì­óâîãú¬ĂÖ­Ö­Úăâ­ØöćāÕÕÿÕöćãèāæ¬ÈĀÉ­È ìäøîîãú¬ĂÂæ­ÿëóăàà­ó



ÂäÔöØöćîãú¬ĂÚÛ­óÚ
îãú¬Ăì­ăÂæÉóÂîùÜÂäÔ°ăàà­ó ĀæñāæìñØöćÿÜĆÚëøćîÚČó
ăàà­óØùÂËÚõÕ



ÂóäìâùÚÿèöãÚÿÂöćãèÂòÛÜäõâóÔÅèóâä­îÚ(Thermal Circulation)
Åèóâä­îÚÿÜĆÚëóÿìÖùØöćØČóĂì­ÅîæòâÚ°ÃîÈîóÂóéÃãóãÖòèĂÚĀÚèÖòĈÈ

¶ÅèóâÂÕîóÂóéëúÈÉñîãú¬ĂÚÅîæòâÚ°îóÂóéäñÕòÛÛÚ

¶îóÂóéĂÚäñÕòÛÛÚâöÂóäÿÅæøćîÚØöćÉóÂÛäõÿèÔØöćä­îÚâóÂÂè¬óăÜãòÈØöćÿãĆÚÂè¬ó

¶æòÂêÔñÃîÈÅèóâÂÕîóÂóéĂÂæ­ÝõèßøĈÚÉñÿÜĆÚÛäõÿèÔØöćä­îÚâóÂ

¶ĂÚÛäõÿèÔØöćä­îÚ îóÂóéÉñãÂÖòèÃ÷ĈÚ   ë¬èÚÛäõÿèÔØöćÿãĆÚîóÂóéÉñÉâÖòèæÈ



æâØñÿæ (Sea breeze)
¶æâØñÿæ ÿÂõÕÉóÂÅèóâä­îÚÌ÷ćÈĀÖÂÖ¬óÈÂòÚäñìè¬óÈÛäõÿèÔØñÿæĀæñ
ßøĈÚÕõÚÖóâËóãÞòćÈĂÚÖîÚÿË­óĀæñÖîÚÛ¬óã ÿèæóÂæóÈèòÚÝøÚĀÝ¬ÚÕõÚÖóâ
ËóãÞòćÈăÕ­äòÛäòÈëöÉóÂÕèÈîóØõÖã° ØČóĂì­âöîùÔìáúâõëúÈÂè¬óÛäõÿèÔØñÿæ 
ÕòÈÚòĈÚîóÂóéĂÚÛäõÿèÔĀÝ¬ÚÕõÚÉ÷ÈâöÅèóâĀÚ¬ÚÚ­îãÂè¬ó ĀæñÅèóâÂÕÂĆ
æÕæÈÕ­èãÉ÷ÈæîãÖòèÃ÷ĈÚ ÕòÈÚòĈÚîóÂóéÿãĆÚÖóâÛäõÿèÔØñÿæÉñßòÕÿÃ­óâó
ĀØÚØöć æâÌ÷ćÈßòÕÉóÂØñÿæÚöĈÿäöãÂè¬ó "æâØñÿæ" (sea breeze) Ì÷ćÈÿÂõÕÃ÷ĈÚĂÚ
ÖîÚÛ¬óãĀæñÿãĆÚ ÚîÂÉóÂÖóâËóãÞòćÈØñÿæĀæ­è æòÂêÔñÅæ­óãæâØñÿæÚöĈ
îóÉÉñÿÂõÕÃ÷ĈÚÖóâØñÿæëóÛĂìÎ¬ ą ÂĆăÕ­ 



æâØñÿæ (Sea breeze)

¶âöÅèóâÿäĆèæâ äñìè¬óÈ 10 ×÷È20 knots. 
¶The vertical depth ÜäñâóÔ 500 ft (~150 m)
¶ÂóäìâùÚÿèöãÚÃîÈæâÿìÚøîßøĈÚÕõÚ ÜäñâóÔ 1,500 ×÷È 3,000 ft (460-915 m)
ÅÿäõćâßòÕÖîÚÿË­óÖòĈÈĀÖ¬ÿèæó 10.00 Ú.ĀæñâöÂČóæòÈĀäÈëùÕĂÚÖîÚÛ¬óã ÉñëõĈÚëùÕæÈ
ÿâøćîÕèÈ îóØõÖã°ÖÂÜäñâóÔÿèæó 21.00 Ú.
¶ÝæÂäñØÛ äñãñì¬óÈÉóÂÞòćÈÜäñâóÔ 25 ăâæ° (40 Ââ.)
¶ĀÖ¬ÂäÔöÃîÈ sea breeze fronts  ÝæÂäñØÛ äñãñì¬óÈÉóÂÞòćÈÜäñâóÔ 100-200 
ăâæ° (160-320 Ââ.)
¶ëóâóä×ÿÂõÕăÕ­ÛäõÿèÔĂÂæ­ØñÿæØäóÛ ìäøî Āâ¬ÚČĈóăÕ­ ĀÖ¬ÅèóâäùÚĀäÈÉñăâ¬âóÂ



¶ æâÜäñÉČó×õćÚ
¶ áúÿÃóĂÂæ­Øñÿæ
¶ æòÂêÔñĀæñÜäõâóÔßøËËóãØñÿæ

æâØñÿæÉñĀäÈ âóÉóÂëóÿìÖù?

ØõéØóÈÃîÈæâØñÿæ



æâÛÂ (Land breeze)
¶æâÛÂ (land breeze) ÚòĈÚ ÿÂõÕÃ÷ĈÚĂÚØõéÖäÈÂòÚÃ­óâÂòÛØñÿæ ĀæñâöÂČóæòÈ
ĀäÈÚ­îãÂè¬ó Âæ¬óèÅøîĂÚÖîÚÂæóÈÅøÚßøĈÚÚČĈóâöîùÔìáúâõëúÈÂè¬óÝøÚ
ĀÝ¬ÚÕõÚ ÕòÈÚòĈÚîóÂóéĂÚÛäõÿèÔØñÿæÌ÷ćÈâöÅèóâĀÚ¬ÚÚ­îãÂè¬óÉñæîãÖòè
Ã÷ĈÚ îóÂóéÿãĆÚĂÚÛäõÿèÔĀÝ¬ÚÕõÚÉñßòÕîîÂăÜĀØÚØöć ÉóÂÅèóâäú­ÿäøćîÈæâ
ÛÂæâØñÿæÚöĈ ËóèÜäñâÈăÕ­îóéòãÂČóæòÈÃîÈæâÕòÈÂæ¬óèÿÜĆÚÿÅäøćîÈË¬èãĂÚ
ÂóäĀæ¬ÚÿäøîÿÃ­óìäøîîîÂÉóÂÞòćÈăÕ­ÕöĂÚÂóäÕČóÿÚõÚîóËößìóÜæóÃîÈÿÃó 



æâÛÂ

¶æâÛÂ ÿÜĆÚæâÿÊøćîãØöćßòÕîã¬óÈÿÕ¬ÚËòÕÖóâÛäõÿèÔËóãÞòćÈØñÿæĂÚÖîÚÂæóÈÅøÚĀæñßòÕ
ÉóÂ ËóãÞòćÈæÈëú¬Øñÿæ ÿÚøćîÈÉóÂĂÚË¬èÈÖîÚÂæóÈÅøÚßøĈÚÕõÚÉñÅæóãÅèóâä­îÚăÕ­ÿäĆè
Âè¬óßøĈÚÚČĈó É÷ÈØČóĂì­ îóÂóéÿìÚøîßøĈÚÚČĈóØöćãòÈîù¬ÚĀæñæîãÖòèëúÈÃ÷ĈÚëú¬ÿÛøĈîÈÛÚ îòÚÿÜĆÚ
ÿìÖùØČóĂì­ÂäñĀëîóÂóéÉóÂáóÅßøĈÚÕõÚ ÿÅæøćîÚæÈăÜĀØÚØöć ØČóĂì­ÿÂõÕæâÛÂ (Land 
Breeze) Ã÷ĈÚâó æâËÚõÕÚöĈÉñßòÕÖòĈÈĀÖ¬ÿèæó 22.00 Ú. ÉÚÂäñØòćÈ×÷Èÿèæó 10.00 Ú.ÃîÈ
èòÚäù¬ÈÃ÷ĈÚ 

æâÛÂÉñĀäÈ âóÉóÂëóÿìÖù?
ÅÛäõÿèÔËóãÞòćÈØñÿæâöáúÿÃó æâáúÿÃóÉñË¬èãĂì­æâÛÂĀäÈÃ÷ĈÚ
ÅÿèæóÂæóÈÅøÚæâßòÕÂæòÛØõéÂòÛÂæóÈèòÚ ÿË¬ÚØöć î.ÅæîÈĂìÎ¬ É.ÖäóÕ ĂÚäñìè¬óÈ
ÿÕøîÚ âö.Å.Āæñÿâ.ã. ÂæóÈèòÚÿÜĆÚæâĂÖ­ ÂæóÈÅøÚÿÜĆÚæâÿìÚøîî¬îÚą



æâÛÂĀæñæâØñÿæ (Land breeze and Sea breeze)



ñâäëùâò ìäøî monsoon

¶ÿÜĆÚÂóäìâùÚÿèöãÚë¬èÚìÚ÷ćÈÃîÈæâØöćßòÕÖóâåÕúÂóæ ÅøîæâÜäñÉČóåÕú ÿÜĆÚæâĀÚ¬Øõé
ĀæñëâČćóÿëâî ÅČóè¬ó ́âäëùâµ ìäøî monsoon âóÉóÂÅČóè¬ó mausim ĂÚáóêóîóìäòÛ 
ĀÜæè¬ó åÕúÂóæ (season) 
¶ëóÿìÖùĂìÎ¬ą ÿÂõÕÉóÂÅèóâĀÖÂÖ¬óÈäñìè¬óÈîùÔìáúâõÃîÈßøĈÚÕõÚ ĀæñßøĈÚÚČĈóĂÚåÕú
ìÚóèîùÔìáúâõÃîÈßøĈÚÕõÚÿãĆÚÂè¬ó îùÔìáúâõÃîÈÚČĈóĂÚâìóëâùØä îóÂóéÿìÚøîßøĈÚÚČĈó
É÷ÈâöîùÔìáúâõëúÈÂè¬ó ĀæñæîãÖòèÃ÷ĈÚëú¬ÿÛøĈîÈÛÚ îóÂóéÿìÚøîØèöÜÌ÷ćÈÿãĆÚÂè¬óăìæăÜ
ĀØÚØöć ØČóĂì­ÿÂõÕÿÜĆÚæâßòÕîîÂÉóÂØèöÜ ßî×÷ÈåÕúä­îÚîùÔìáúâõÃîÈÕõÚáóÅßøĈÚ
ØèöÜä­îÚÂè¬óÚČĈóĂÚâìóëâùØä ÿÜĆÚÿìÖùĂì­ÿÂõÕæâßòÕĂÚØõéØóÈÖäÈÃ­óâæââäëùâØöć
âöÂČóæòÈĀäÈÉòÕØöćëùÕăÕ­ĀÂ¬ æââäëùâØöćÿÂõÕĂÚÛäõÿèÔáóÅĂÖ­ ĀæñáóÅÖñèòÚîîÂÿÊöãÈ
ĂÖ­ÃîÈØèöÜÿîÿËöã 



ñâäëùâò ìäøî monsoon

¶âäëùâ(Monsoon circulation)ìäøîæâßòÕÜäñÉČóåÕú
-ÅèóâĀÖÂÖ¬óÈÃîÈáúâõáóÅ
-ÅèóâĀÖÂÖ¬óÈÃîÈÅèóâÂÕîóÂóéäñìè¬óÈÿìÚøîßøĈÚÕõÚÂòÛßøĈÚÚČĈó
-Åæ­óãæâÛÂæâØñÿæ ĀÖ¬ÿÜĆÚÛäõÿèÔÂè­óÈÂè¬ó 
-äñãñÿèæóÚóÚÂè¬óÜäñâóÔÅä÷ćÈÜöìäøî 6 ÿÕøîÚ

¶âäëùâåÕúä­îÚ
¶âäëùâåÕúìÚóè



Global General Circulation in summer
(åÕúä­îÚ)



Global General Circulation in winter (åÕú
ìÚóè)



Global monsoons

ÅAfrica

ÅNorth America

ÅAsia

ïSouth Asian Monsoon

ïEast Asian Monsoon

ÅAustralia

ÅEurope



Africa Monsoon



The North American Monsoon

The North American Summer Monsoon Index (NASMI)

http://www.lasg.ac.cn/staff/ljp/monsoon/NASMI.gif


Tropospheric Biennial Oscillation (TBO) 

and Asian-Australian Monsoon



East Asian monsoon





âäëùâåÕúä­îÚĂÚØèöÜÿîÿËöã



æââäëùâÂòÛáúâõîóÂóéÃîÈÜäñÿØéăØã

ÜäñÿØéăØãîãú¬áóãĂÖ­îõØÙõßæÃîÈâäëùâ (monsoon) ëîÈËÚõÕ Åøî

¶1. âäëùâÖñèòÚÖÂÿÊöãÈĂÖ­
¶2. âäëùâÖñèòÚîîÂÿÊöãÈÿìÚøî

ÂóäÿäõćâÖ­ÚĀæñëõĈÚëùÕåÕúâäëùâØòĈÈëîÈËÚõÕîóÉÝòÚĀÜäăÜÉóÂÜÂÖõăÕ­
ĂÚĀÖ¬æñÜö



âäëùâÖñèòÚÖÂÿÊöãÈĂÖ­

ÉñÿÜĆÚÂäñĀëæâØöćßòÕßóÅèóâËøĈÚÉóÂâìóëâùØäîõÚÿÕöãÿÃ­óâóÜÂÅæùâ

âäëùâÚöĈØČóĂì­ÿÂõÕÞÚĂÚ 3ĀÛÛ
1. ÂóäßóÅèóâä­îÚ ÞÚÉñÖÂĂÚÖîÚÛ¬óãĀæñÅČćó

2. ÞÚæóÕÿÃó ÞÚÉñÖÂÕ­óÚìÚ­óÿÃóØöćÿÜĆÚÕ­óÚäòÛæâ ÖÂăÕ­ìæóãÿèæó

3. ÞÚÉóÂÂóäßòÕëîÛÿÃ­óìóÂòÚÃîÈæâ ÞÚÉñÖÂăÕ­ìæóãÿèæó 



âäëùâÖñèòÚÖÂÿÊöãÈĂÖ­



âäëùâÖñèòÚîîÂÿÊöãÈÿìÚøî

ÉñÿÜĆÚÂäñĀëæâÿãĆÚĀæñĀì­ÈÉóÂÉöÚßòÕÜÂÅæùâÜäñÿØéăØã
ÖîÚÛÚ ë¬èÚáóÅĂÖ­ æâÚöĈÉñßòÕßóÅèóâËøĈÚÉóÂî¬óèăØãÿÃ­óâóÜÂÅæùâ

âäëùâÚöĈØČóĂì­ÿÂõÕÞÚĂÚ 2ĀÛÛ

1. ÞÚæóÕÿÃó ÞÚÉñÖÂÕ­óÚìÚ­óÿÃóØöćÿÜĆÚÕ­óÚäòÛæâ 

ÖÂăÕ­ìæóãÿèæó

2. ÞÚÉóÂÂóäßòÕëîÛÿÃ­óìóÂòÚÃîÈæâ ÞÚÉñÖÂăÕ­ìæóãÿèæó



âäëùâÖñèòÚîîÂÿÊöãÈÿìÚøî



ä¬îÈâäëùâ







Indian Monsoon (IM) 

and Western North Pacific Monsoon (WNPM) 

IM Index = U850(40E-80E,5N-15N)-U850(70E-90E,20N-30N)

WNPM Index = U850(100E-130E,5N-15N)-U850(110E-140E,20N-30N)



Indian Summer Monsoon Index



Western North Pacific Monsoon Index



Webster and Yang Monsoon Index (WYM) 

WYM Index = U850(40-110E,EQ-20N)-U200(40-110E,EQ-20N)



Webster and Yang Monsoon Index



ÅæøćÚÂäñĀëæâÖñèòÚîîÂ

¶ÅæøćÚÂäñĀëæâÖñèòÚîîÂ ÿÜĆÚ ÅæøćÚãóèØöćÿÂõÕÃ÷ĈÚáóãĂÚæâÅ­ó(Trade Wind) 
¶ÿÂõÕÃ÷ĈÚäñìè¬óÈæñÖõÉúÕ 5-15 îÈéóÿìÚøî 
¶âöÅèóâãóèÅæøćÚÜäñâóÔ 2000 ×÷È 2500 Ââ 
¶äñãñÿèæó 3-4 èòÚ ĀæñÿÅæøćîÚØöćÕ­èãÅèóâÿäĆèÜäñâóÔ 18 -36 Ââ. / Ëâ. 


