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Abstract 

Introduction : Thunderstorms are one of the most destructive weather phenomena, and knowing the 

mechanism, development, and development of such storms can be of particular help in counteracting and 

mitigating the damage.  

Methodology: In the present study, thunderstorms with rainfall of more than 10 mm of Mashhad synoptic 

station in a 61-year statistical period (2010-1901) have been investigated. Thus, first the codes related to 

the occurrence of the thunderstorm phenomenon and then the precipitation of more than 10 mm related to 

the mentioned phenomenon were extracted and then the daily data of the average sea level pressure from 

the series of retrieved data series. NCEP / NCAR were harvested within 12 days. Finally, with the method 

of basic component analysis (PCA) and cluster analysis, sea level rotation patterns that played a role in 

the formation of thunderstorms were classified.  

Results and Discussion: The study showed that thunderstorms of the Mashhad region, has been created 

by two general patterns. The first pattern, in the SLP, formed the cell of the monsoon system over the 

country advocated hot and humid air needed for thunderstorm by motion of cyclonic and at the upper 

levels (850 and 500 hpa) the trough of westerly winds is located over the studied area that led to the 

thunderstorms occurrence. In The second pattern, the Sudan system expanded from southwest toward 

northeast and then passed over the Persian Gulf and the Sea of Oman, that led the humid advection into 

the study area and at the upper levels (850 and 500 hpa) trough of westerly winds is located over the 

studied area that provided dynamic rise and consequently led to thunderstorms. In both precipitation 

pattern, main source of moisture was the South Seas and the major factor of uplifting was the western 

trough. 

Keywords: Synoptic analysis, thunderstorms, principle component analysis, Mashhad. 
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ûwåĀ£øĄù ¿v ć½ºþ£ ćwă  āºLĉº~ üĉ¾L£    ĈĉvĀLă ÿ xj x¾L¸ù ćwLă
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 ĂíÈĊz¾£  ĈLù ôúÝ Ĉö´ù ÃwĊêù ½¹  ûwLåĀ£ IºLþþí   ć½ºLþ£ ćwLă

Ç½wz ôĊ{é ¿v ćº³ ¥¹vĀ³ wz Ô{£¾ù ºĉºÉ  Iï¾Lò£ IüĊòþÅ ćwă

  ¡½wLÆ· ¹wL¬ĉv y«Āù Ăí ºþ¤Æă wă¹wz¹¾ñ wĉ ¹wzºþ£   ûwĉwLÉ ćwLă
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½wLLùj ā½ÿ¹ć -+,+ (,41+ ½¹ wLLă āwLLùć ½ÿjLLĉIô LLùĈI  ÿ üLLtÿÁ

w~ ÿ ½wĄz óĀÎå$¾{¤ívĊĉÀù ÛĀéÿ Ăz #Ĉ~Ċ¹ºýĀþ°úă )Ċü  ¹vº·½ ºýÿ½

wă ûwåĀ£ć ½ºþ£ć v ½¹ĉāwò¤Æ wă ć yL¸¤þù   ½wLùj ā½ÿ¹ ôLí ½¹ć 

vÀåvĉÊĈ ¢Åv ā¹Āz $,, ûwLåĀ£ ¹vº·½ ĈöÍv Àí¾ú£ )#   ć½ºLþ£ ćwLă

$ºÉwz Ĉù ½ĀÊí x¾á ÿ x¾á ówúÉ ½¹ ½ĀÊí ā½wĄz,- ĈÅ½¾z ½¹ )#

£  ć½ºLþ£ ćwă ûwåĀ£ wz ûj ĂÆĉwêù ÿ ½ĀÊí x¾á ć½ºþ£ ćwă ûwåĀ

ÈĊz Ăí ºĉ¹¾ñ Ì¸Êù x¾á ówúÉ ĂúĊý ½¹ ć½ºþ£ ćwă ûwåĀ£ ¾£

  ćwLă ûwåĀ£ yöáv ÄîÝ¾z ÿ ºă¹ Ĉù µ½ ówÅ ¹¾Å ôÎå ½¹ Ĉz¾á

        ĈLÕ ÿ ûw¤LÆzw£ ÿ ½wLĄz ôLÎå ½¹ ½ĀLÊí ĈLz¾á ówúLÉ ½¹ ć½ºþ£

 $ ºL¤åv Ĉù çwæ£v yÉ ôĉvÿv ÿ ¾ĄÙ ¿v ºÞz ¡wÝwÅ,.I ,/  ½¹ üLĉv )#

ûwåĀ£ ÛĀéÿ Ăí ¢Åv Ĉõw³ĂĊöí ½¹ ć½ºþ£ ćwă āwLù ć   ôLÎå ćwLă

     Ç½wLz Iï¾Lò£ wLz ć½ºLþ£ ûwåĀ£ Mw£ºúÝ ÿ Ĉú¤³ ôĊz¹½v ćv¾z ½wĄz

$¢Åv āv¾úă ç¾z ÿ ºÝ½ ÿ üĊòþÅ,0     ćwLă Ç½wLz ĈöLÍv ôLùwÝ )#

ówúÉ ć½ºþ£  ÿ ìĊ¤~ĀþĊLÅ ćĀ« ćwă ĂýwùwÅ ë¾¤Êù ¾Ċ§w£ Ix¾á

z Ĉù ìĊåv¾ñĀĉÀĊå ôùvĀÝ$ºÉw,1 )# 

   ā½ÿ¹ ìLLĉ ĈLLÕ ¿v¾ĊLLÉ ć½ºLLþ£ ćwLLă ûwLLåĀ£ ĈLLÅ½¾z-0 ĂõwLLÅ 

$,43/L-++3    ôLĊ{é ¿v ĈL£½v¾³ ćwLă ĂýwùwÅ Ăí ºă¹ Ĉù ûwÊý #

      ½¹ Iûv¹ĀLÅ ĂýwùwLÅ ÿ ½ĀLÊí ç¾LÉ ½¹ ÜLévÿ ćºþ·¾¯vÿ ¡wýwĉ¾«

      ûwLĉ¹v¾ñ ¹wL¬ĉv ÿ ¢LzĀÕ½ üĊùwL£ ĈöLÍv Èêý Ā« üĉ¾ĉ¿ ćwă¿v¾£

 Lă¿v¾£ ½¹ ÿ ¹w¬ĉv ĂêÖþù ćÿ½ ¾z v½ Ĉ£½v¾³ ćw30+  ÿ0++   ĈLöĊù

  ć½vºLĉw~wý ºĉºÊ£ ½¹ v½ ĈöÍv Èêý IĈz¾á ćwă¹wz āÿwý ½Ā´ù Ić½wz

$ ºýv ā¹¾í øăv¾å ĂêÖþù,2ĂÞõwÖù )#ûwåĀ£ ć  xĒĊLÅ ć½ºþ£ ćwă

  ¢LzĀÕ½ üĊùw£ ĈöÍv Ü{þù Ăí ºă¹ Ĉù ûwÊý āwÊýwù¾í ûw¤Åv ¿wÅ

Ĉù x¾Ý ćwĉ½¹ wă ûwåĀ£ üĉv$ºÉwz,3  ûwLåĀ£ ćºLĉºúă ôĊö´£ )#-

ć½ºþ£ ćwă ûwĊz ÀĊý ¿vĀăv x¾¸ùāÂĉÿ Èêý ¾ñ Ĉýv¹ĀÅ ćwăĀòõv ć

  ĈöLÍv Ü{þù üĊþ°úă )¢Åv ½Āí¼ù āºĉº~ ¹vº·½ ½¹ ćºþ·¾¯vÿ ÿ

  èLĉ¾Õ ¿v ¹ĀÞÍ āºúÝ ôùwÝ ÿ ĈzĀþ« ÷¾ñ ćwăwĉ½¹ I¢zĀÕ½ üĊùw£

$ ¢Åv āºĉ¹¾ñ øăv¾å Ĉz¾á ćwă āÿwý,4āºĉº~ Ăí Ĉĉw« ûj ¿v )# ć

ĂýwùwÅ iÀ« ć½ºþ£ ûwåĀ£øă ćwăù Ĉ¤å½ ëwý¾Ö· ÿ ÃwĊêù ÔÅĀ¤
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z I¢ÅvèĊé¹ ĈÅ½¾ĉwÆù ë½¹ Ăz ¿wĊý ûj ¾£ $ ¹½v¹ ćºLĉºúă ô-+ I

-,ĂÊêý ć¾Ċñ½wí Ăz wz ½ĀÚþù üĊúă Ăz )#     äLö¤¸ù ćwLă¿v¾£ ćwLă

ā¹v¹ IĀ«ā½vĀăwù ¾ĉÿwÎ£ IºýĀÅĀĉ¹v½ ćwă ĈLù ¾ö~v¹ ½v¹v½ ÿ ćv  ûvĀL£

ĂÞõwÖù ĂzÇ½wz I½w{ñ½ ÛĀý ¢·wþÉ Iwă¾zv ¢Ċăwù ć  ÿ ć½ºLþ£ ćwă

ÈĊ~ĈþĊz      ûvĀLþÝ ĂLz )¢L·v¹¾~ ć½ºLþ£ ûwåĀ£ ćºĉºúă ćÿwívÿ ÿ

Ĉù ĂýĀúýÈăÿÂ~ Ăz ûvĀ£$ ćwă0 I-+ I--  ÿ-.)¹¾í ā½wÉv ))) ÿ # 

  üĉv Ăz Ă«Ā£ wz ÿ ć½ºþ£ ûwåĀ£ ûĀùv¾Ċ~ ÈăÿÂ~ ¢Ċúăv Ăz Ă«Ā£ wz

xj øöÝ Ăí ĂýwùwÅ üĊĊ{£ Ăz ºĉºúă ĈÅwþÉvĀăÿ  øĊõwLév ĈĉwÒå ćwă

òõv ÃwÅv ¾z üĊù¿ ćÿ½ ¢Lí¾³ yõwá ćwăĀ  $ ć¾æLÆú£v ćwLă-0 #

Ĉù      ówLù ÿ ûwL« ĂLz āºLÉ ¹½vÿ ¡v½wLÆ· Èăwí ½ĀÚþù Ăz I¹¿v¹¾~

  ßwLz Ić¿½ÿwLÊí ¡đĀÎ´ù$  ûwLÆýv #))) ÿ wLă     wL£ ¢LÅv ć½ÿ¾LÑ wLă

 )¹¾Ċñ ½v¾é ĈĉwÅwþÉ ¹½Āù ºĄÊù ć½ºþ£ Ç½wz ¹vº·½ ćwăĀòõv 

 

Çÿ½wă  

   ćwLă¹¾îĉÿ½ IºLĉºúă ĈLÅwþÉvĀăÿ xj ¡wÞõwÖù ąºúÝ ¹¾îĉÿ½ ÿ¹ 

   ĂLí ºþ¤LÆă ĈÉ¹¾ñ Ăz ĈÖĊ´ù ÿ ĈÖĊ´ù Ăz ĈÉ¹¾ñ   ½ĀLÚþù ĂLz

   ĈLÖĊ´ù ¹¾Lîĉÿ½ ¿v ºĄÊù ć½ºþ£ Ç½wz ¹vº·½ ćwăĀòõv ©v¾¸¤Åv

Ĉù ā¹wæ¤Åv ĈÉ¹¾ñ Ăz$ ¹¹¾ñ-0    ĈLÅ½¾z ĂLz ¾LÑw³ ÈăÿÂ~ ½¹ #
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 óÿº«,- Ç½wz ¾ĉ¹wêùÈĊz ćwă ¿v ¾£,+ ĈöĊù ć½wùj ā½ÿ¹ ĈÕ ºĄÊù āwò¤Æĉv ¾¤ù,40,  L-+,+ ûwñºý½wòý 5Ü{þù 

 Table 1- Rainfall values of greater than 10 mm in Mashhad Station during the period of 1951-2010 

(Source: Authors) 
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               ºí
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ÛĀéÿ ¢ÝwÅ 

, -, Ã½wù ,40. -2 42 ,3 

- -- Ã½wù ,40. /- 41 +. 

. ,/ ôĉ½ÿj ,401 0*,- 41 ,3 

/ ,4 ôĉ½ÿj ,401 0*,- 40 ++ 

0 -2 ôĉ½ÿj ,401 0*,4 40 ,0 

1 , Ĉù ,42. ,1 40 ++ 

2 1 ûĀ« ,44- -- 42 +. 

3 -4 Ĉù ,44. -0 40 ,- 

4 0 ôĉ½ÿj ,443 ,- 40 -, 

,+ 1 ôĉ½ÿj ,443 0- 40 +. 

,, ,0 Ĉù -++2 ,2 40 ,0 

,- ,. ôĉ½ÿj -++3 /*,/ 40 +. 
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 óÿº«--  ôĊö´£ ¿v āºùj ¢Å¹ Ăz ¡wÎ¸Êù#wþ{ù$ĈöÍv Ăæõoù  5Ü{þùûwñºý½wòý  

Table 2- Specifications obtained from principal  component analysis (Source: authors) 

 

 

 ôîÉ,- ĂÉĀ· ćwúý½v¹Ç½wz ½¹ wĉ½¹ ¿v¾£ ½wÊå ćwăûwñºý½wòý 5Ü{þù ºĄÊù ć½ºþ£ ćwă 

Figure 1- Sea level pressure clusters in Mashhad Thunderstorm (Source: Authors) 
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Figure 2. a: Sea level Pressure and omega (Pa/s); b: sea level Streamlines (m/s) and specific 

humidity  (g/kg); c: 850-hpa Geopotential height and omega; d: 850-hpa Streamlines and specific 

humidity; e:  500-hpa Geopotential height and omega; f: 500-hpa Streamlines and specific humidity 

( Source: Authors). 
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Figure 3. a: Sea level Pressure and omega (Pa/s); b: sea level Streamlines (m/s) and specific 

humidity (g/kg); c: 850-hpa Geopotential height and omega; d: 850-hpa Streamlines and specific 

humidity; e: 500-hpa Geopotential height and omega; f: 500-hpa Streamlines and specific humidity 

( Source: Authors). 
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