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Extended Abstract 

Introduction  

The wind has always been considered an energy source from two perspectives: pattern and behavior in urban 

contexts and potential in suburban environments. There are usually two major strategies for this purpose: one 

based on observational data and the other providing simulation data with the creation of climate models at 

various numerical scales (Han et al., 2014: 17). Numerical models are used in most studies to evaluate regional 

winds nowadays (Haman et al., 2010: 954; Shimada et al., 2011: 21). Simulated weather research and 

forecasting (WRF) has been used to conduct studies on this topic (Liu et al., 582: 2018; Salvaso et al., 276: 

2018; Matar et al., 22: 2016; Charabi et al., 1: 2019; Tokhtenhagen et al., 119: 2020). The sensitivity and 

performance of the WRF model to initial and boundary conditions, as well as its impact on wind simulation, 

are investigated in this study. A planetary boundary layer scheme is also chosen to simulate the wind field in 

the city of Tehran. 

 

Materials and methods  

The Meteorological Organization provided observational data on wind direction and speed for Mehrabad, 

Chitgar, Geophysical, and North Tehran (Shemiran) synoptic stations from 2018 on a three-hour time scale 

(Table 2). Data analysis time series from two databases, the National Environmental Forecasting Center (NCEP-

FNL) and the European Center for Medium-Term Weather Forecasting (ECMWF-) ERA5), were used as the 

initial and boundary conditions to achieve the frequency and distribution of wind direction and velocity for 

January, May, July, and October. The WRF model, version 4.1.2, was used to simulate the components of wind 

speed and direction using boundary condition data in this investigation. The RRTM longwave radiation model, 

the Goddard shortwave radiation design, the Noah surface model, the WSM6 microphysical schema, the two-

dimensional Cumulus Betts-Miller -Janjic schema, and the three-dimensional Grell-Freitas schema were all 

employed in the study. The MRF Medium-Range Prediction Model, the Younesi University YSU Scheme, the 

MYJ Scheme, the second ACM2 Asymmetric Convection Scheme, the QNSE Normal Gaussian Scale, and the 

second and third MYNN Turbulence Scale are all used to test the performance sensitivity of the planetary 

boundary layer schemas. 
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Result and discussion 

By checking the characteristics of the observation stations according to table 9, all the selected stations have an 

average height difference of at least 110 meters, and the difference between the lowest (Mehrabad) and the 

highest (Shimiran) station is 360 meters. According to the results from the selected stations, this feature can be 

effective in the accuracy of the simulations by the weather prediction research model. It can be stated that the 

model cannot correctly simulate the topography due to the low horizontal resolution in the inner domain (7 km) 

and static data (such as DEM and land cover (by default, these data in the model have a horizontal resolution 

of approximately 1 km)) to do Therefore, it is not possible to establish a meaningful relationship between the 

height difference of the stations and the output of the model. Still, the lack of proper introduction of the 

elevations of the land to the model causes the performance of the model to be weak so that it can simulate the 

surface currents resulting from local factors correctly. 

 

Conclusion 
According to the analyzes done with wind and statistics, it seems that the weather research and forecasting 

model is more weak in estimating the wind direction in the months when the average monthly wind speed is 

lower, and it can be said that in the months of July and October, the wind is generally controlled by local factors 

with Low speed is formed, on the other hand, due to static data with low spatial resolution, the morphology and 

morphology of the model is weak and due to the dependence of surface currents on topography, it causes a large 

error in the estimation of the wind direction by the model in the mentioned months, but this weakness in The 

cold months decrease with the passage of dynamic systems and the increase of the monthly average wind speed, 

but contrary to the wind direction, the wind speed estimation outputs by the model show that the increase of the 

monthly average wind speed causes a decrease in the accuracy of the model in the estimation of the wind speed 

variable, that is why in all the statistics, July has the best simulation in wind speed variable) 
 From the results of these studies, the selected configuration for the direction may not necessarily be associated 

with the desired results for the speed. It may even be possible to achieve the best output in the months of the 

year with different configurations. According to the selected boundary configurations and data, the results of 

this study seem to be consistent with the research of Santos et al. (2013), Gholami et al., Ghafarian et al. (2018), 

and Laighi et al. (2015) are confirmed) 
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Ăõwêù ĈÊăÿÂ~ 

 

¢ĊÅwÆ³ Ĉ¬þÅ óºù WRF  ½¹ĂĊ{Éć¿wÅ ¹wz Ĉ´ÖÅ  ûv¾Ą£ ¾ĄÉ Ăz ¢{Æý±¾Õā½vÿ  ĈîĉÀĊå ÿ

Ôĉv¾É ć¿¾ù 

 

ć¹Àĉv ¾Íwý ( ć¾¤í¹ ćĀ¬Êýv¹ ĈÞĊ{Õ ćwĊåv¾â« āÿ¾ñ I IwĊåv¾â« āºîÊýv¹ āwòÊýv¹ûv¾Ą£ûv¾Ą£ I 

 ĈöÝ¾{ív ĈÆúÉ½Ā~, (  IĈÞĊ{Õ ćwĊåv¾â« āÿ¾ñ ½wĊÊýv¹ IwĊåv¾â« āºîÊýv¹ûv¾Ą£ āwòÊýv¹ûv¾Ą£ I 

 ćÀĉÀÝ øÅwé(  IĈÞĊ{Õ ćwĊåv¾â« āÿ¾ñ ¹w¤Åv IwĊåv¾â« āºîÊýv¹ûv¾Ą£ āwòÊýv¹ûv¾Ą£ I 

 

āºĊî¯ 

ûĒí¾ĄÉwă MwùĀúÝ  ćwù¾ñ ºĊõĀ£ ¿v ĈÉwý ćđwz ĈÖĊ´ù ćwù¾ñ ½wz wzûwÆýv¢·wÅ  ºĊõĀ£ ¿v ĈÉwý vĀă Ĉñ¹Āõj wz ÿ

 ÛvĀývđjāºþĉćwă  )ºþ¤Æă ÿ¾zÿ½ èöÞù ¡v½» ÿ ć¿wñ È¬þÅ ĂĉĀĄ£ ÿ øĊöév ¢ĊæĊí ½¹ ¹wz Èêý ĈÞĊ{ÕvĀăć  ćwăwÒå

 ć¾ĄÉ wzÇÿ½wăć  Ĉæö¤¸ùĂ«Ā£¹½Āù  wùv )¢Åv ûv¾òÊăÿÂ~{ÉĂĊć¿wÅ  ¹wzwz óºùćwă  ć¹ºÝxjvĀăÿ  óºù ºþýwù

ÿ ¡wêĊê´£ ~ÈĊĈþĊz  ÜÑÿ$ vĀăWRF)  ÷ºÝ wz ā½vĀúăÞÖé¢ĊĈĉwă  Èêý ÈăÿÂ~ üĉv ½¹ )¢Åv āv¾úăā¹v¹wăć 

ć¿¾ù Ôĉv¾É #ĂĊõÿv$ECMWF-ERA5 ÿ NCEP-FNL  wz āv¾úă¢æă ćºþz¾îĊ~  ¡ÿwæ¤ù ĈîĉÀĊå ćĀòõv ¾z

 ¹wz Ç¿ÿÈ¬þÅ¹½Āù Ă¤å¾ñ½v¾é ¢Åv )ãºă  ¿v èĊê´£¹vºýÿ¾z Ĉzwĉ¿½v óºù WRF  ½¹{ÉĂĊć¿wÅ ¢Ą«  ¢Ý¾Å ÿ

 ¹wz Ĉ´ÖÅ ÿüĊþ°úă  ÛvĀýv ¾§v üĊĊÞ£±¾Õā½vÿćwă  ¾z ĈîĉÀĊå¹Ā{Ąz ªĉw¤ý  ªĉw¤ý )¢Åv Ĉzwĉ¿½vĂz¢Å¹āºùj  ûwÊý

ùĈºă¹ Ăí ¢Ą«  ¹wzĂĊ{Éć¿wÅāºÉ óºù wz WRF  ãĒ¤·v wzôzwéĈĄ«Ā£  ¿vā¹v¹wăć ¢Åv āv¾úă Ĉ£vºăwÊùI  wùv

 ć¾¤úí ãv¾´ýv ¹wz ¢Ý¾Å ćv¾z ãĒ¤·v üĉv¹½v¹)  ½¹ óºù ¹vºýÿ¾z~Ċºþz¾îćwăć äö¤¸ù  ĈîĉÀĊå ¾òýwĊz ûvÀĊù

ĈÊ¸z¾§v ûjwă  ½¹{ÉĊĂ¿wÅć  óºù¢ÅvÃwÅv üĊúă ¾z )  ćv¾z ¾Ċâ¤ù¢Ý¾Å ¹wz  yĊ£¾£ Ăz~Ċºþz¾îćwăć 

Exp(2,6,1)  ÿ¾Ċâ¤ù ćv¾z ¢Ą« ¹wz ~Ċºþz¾îćwăć Exp(3,7)I  ćv½v¹¹Àýĉì¾£ĉü {ÉĊĂ¿wÅć  ¡vºăwÊù Ăz

ºþ¤Æă  ÿĂzûvĀþÝ ~Ċºþz¾îćwăć  xw¸¤ýv ¾£¾z¹¾ñĉºýº )«ÿ¾·Ĉwăć  ûwÊý óºù¹v¹  Ăíā¹v¹wăć ć¿¾ù Ôĉv¾É ĂĊõÿv 

 ºþýwúă±¾Õā½vÿćwă ĈîĉÀĊå ¾§v ôzwéĄ«Ā£Ĉ  ½¹{ÉĂĊć¿wÅ  ¹wz ¢Ý¾Å ÿ ¢Ą«½v¹ýºJ Ăzć½ĀÕĂí ûv¾Ą£ ¾ĄÉ ½¹ I

MwùĀúÝ  Ôĉv¾É¿¾ùć ERA5  ćv¾z{ÉĊĂ¿wÅć  ¢Ą«¹wz Ăzćwþ¨¤Åv āwù ĂĉĀývÁ ÿ  Ôĉv¾É¿¾ùć FNL ¢Ý¾Å ćv¾z 

¹wz Ăz¿v¾Ċá IćđĀ« ćwĉĀñ  ¹¾îöúÝć¾¤Ąz ¤Æă)ºþ 

 

ûwñÁvÿ ºĊöíć5  Ôĉv¾Éć¿¾ù I¢Ą« ÿ ¹wz ¢Ý¾Å I óºù ÿ ¡wêĊê´£~ÈĊĈþĊz  ÜÑÿvĀă (WRF) I±¾Õā½vÿ 

ĈîĉÀĊå) 
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-4/                                                                          ĂùwþöÎå ÈăÿÂ~ćwă ćwĊåv¾â« IĈÞĊ{Õ ą½ÿ¹ 0/I ą½wúÉ .I ÀĊĉw~ ,/+, 

Ăùºêù 

Āòõv Ă{þ« ¿v ā½vĀúă ¹wz Ç¿ÿ ć ½¹´ùÔĊćwă  ûj ôĊÆýw¤~ ÿ ć¾ĄÉ ºĊõĀ£ ½¹ ćÁ¾ýv ½¹´ùÔĊćwă ûÿ¾zć¾ĄÉ Ă«Ā£¹½Āù 

¢Æă )MwùĀúÝ  wz ¹wz ĂÞõwÖù Çÿ½ ÿ¹,#  ¾z Ĉþ¤{ùā¹v¹wăć ºăwÊù£v ÿ Ĉ- #{ÉĂĊć¿wÅ  wzóºùćwă ûwĊù ć¹ºÝ ÃwĊêù

xjvĀăÿ  ÷w¬ývùĈ¹ĀÉ $Han et al.,2014:17#)  ā¿ÿ¾ùv ¾¤ÊĊz ¹wz Ĉzwĉ¿½v ¡wÞõwÖùĂêÖþùvć ÃwÅv ¾z óºùćwă  ć¹ºÝ

Ĉù ÷w¬ýv ¹ĀÉ$Hahmann et al.,2010:954; Shimada et al., 2011:21)#  ½¹ówÅwăć  wz ¾Ċ·v Ă«Ā£ ÈĉvÀåv Ăz Èêý

 ¹wz ºĊõĀ£ ½¹ ćÁ¾ýv¾ĉ¼~ ºĉº¬£ I āºúÝÈăÿÂ~wăć Æýw¤~ôĊĈzwĉ ¹wz ¡½ºéI ¾zćv ûwîùĈzwĉ z½Ā£üĊćwă  ć¹wzĂ¤åwĉÀí¾ú£ 

ÞõwÖù )¢ÅvĈ£w ć¹wĉ¿ wz óºù  ÿ ¡wêĊê´£~ÈĊĈþĊz ÜÑÿ vĀă $,WRF# z Ă{ÉĂĊć¿wÅ  ½¹ üĉvĂ¤·v¹¾~ ÛĀÑĀù  ¢Åv

$Mattar et al.,2016:22; Liu et al.,2018:582; Salvação et al.,2018:276; Charabi et al.,2019:1; 

Tuchtenhagen et al.,2020:119)# 

óºùćwă ÈĊ~Ić¹ºÝ ĈþĊz Ĉù ûwÊý v½ Ā« ĈÞévÿ ¢ĊÞÑÿ ¿v Ĉ{ĉ¾ê£ ÿ ĈÞévÿ Ā« üĊz ãv¾´ýv ā¿vºýv )ºþă¹ĂĊ{Éć¿wÅāºÉ 

 Ăz ºþýwù ć¹½vĀù xw¸¤ýv Ióºù ćºþz¾îĊ~±¾Õā½vÿwă  IĈîĉÀĊå ćwăºþĉj¾å ćv¾z Ĉåv¾ñĀ~Ā£ĈăwĊñ ÈÉĀ~ ÿ ²ÖÅ I ā¿vºýv

 Ióºù Ăþùv¹ ìĊîæ£ýwîùĈ  ÿ Ĉýwù¿ ÿ üĊĊÞ£ Ôĉv¾Éć¿¾ù  Ĉò¤Æz$ ¹½v¹Awan et al.,2011:3107#)  ¢Åv ½¹wé óºù ¾z½wí

èĊé¹ ćºþz¾îĊ~ èĉ¾Õ ¿vI óºù  ¹vºĉÿ½ wĉ ĂêÖþù ìĉ ćv¾z v½xjvĀăÿĈĉ ºþí ĂþĊĄz Ëw· )MĒ¨ù  ¹½ÿj¾z ½¹ ĈĉwÅwþÉ I¹wz ćÁ¾ýv

đ¹ĉô  ÿ Ā« ¿v óºù ãv¾´ýv¿wÅ¹ÿº´ùć wÖ· ôùvĀÝ Èăwí ÿ  ½¹ ì¯Āí ćwÖ· ìĉ v¾ĉ¿ I¢Åv øĄù ½wĊÆz üĊú¸£ ¢Ý¾Å

 ½¹ ï½Àz ćwÖ· ¹w¬ĉv ¦Ýwz ¹wzûvÀĊù üĊú¸£ Ĉù ćÁ¾ýv¹ĀÉ. óºù ćv¾zćwă ÈĊ~ć¹ºÝ ĈþĊz ùĊûwêùĊÃwā¹v¹ I ćĀ« ćwă

ć¹ÿ½ÿI  Ôĉv¾ÉĂĊ{É ûwù¿ óĀÕ ½¹ v½ ć¿¾ù ÿ ĂĊõÿv ć¿wÅ øăv¾åùĈºþþí ā¹v¹ ÔÅĀ£ MđĀúÞù ÿ ćwăôĊö´£ ¿wz  Ătv½v ĈýwĄ«

ĈùºýĀÉ õvÿ½wí$ĊĀ Iûv½wîúă ÿ,,15-+,/#. ā¹v¹wăć  ¿wzö´£ôĊ óºù èĉ¾Õ ¿v ĈýwĄ«ćwă ÈĊ~ć¹ºÝ ĈþĊz ĈýwĄ« ¢Å¹ Ăz 

ĈùÈĊ~ wz v½ ĈÅwþÉvĀă ¡vºăwÊù Ăí ºþĉjĈþĊzûwÆúă ºþĉj¾å èĉ¾Õ ¿v óºù ćwă ¿v ø¬Æþù ĈîĉÀĊå äĊÍĀ£ ìĉ ½¹ ć¿wÅ

óĀ´£ Ĉù yĊí¾£ Ā« ºþþí$Dee et al.,2011:553; Hersbach et al., 1999:2020#. 

½¹ {ÉĂĊć¿wÅ óºù wz ¹wz ć¹ºÝ ćwăxjvĀăÿ I Èêý±¾Õā½vÿwă  ÿĈêåv ìĊîæ£ ûvÀĊù ā¹v¹wăć ĈîĉÀĊå ºþýwù  Ĉåv¾ñĀ~Ā£

 ÿĈ´ÖÅ ÈÉĀ~  äö¤¸ù ¡wÞõwÖù ½¹ üĊù¿È¬þÅ¹½Āù )¢Åv Ă¤å¾ñ½v¾é  Ĉ{Æý Èêý Ĉzwĉ¿½v~ćºþz¾îĊ ¡ÿwæ¤ù ±¾Õā½vÿwă 

 ÿ Ĉêåv ìĊîæ£ā¹v¹wăć ĈĉwĊåv¾â«  ½¹{ÉĂĊć¿wÅ  wz ¹wz óºùWRF v¾zć /  wĊýw Åv xĀþ« ½¹ ĈúĊöév ûĀòúăwý āwò¤Æĉv

ÔÅĀ£ ÃĀ¤ýwÅ ûv½wîúă ÿ $-+,.#  Ăí ºÉ ÷w¬ýv ½¹¢Æ¸ý ûj I.-  ÿ¹ ¿v ā¹wæ¤Åv wz ¡ÿwæ¤ù ćºþz¾îĊ~±¾Õā½vÿ  äö¤¸ù

 ćv¾zìĉÀĊå ÿ¾îĊù I ¾zvĂùĀívć IĂĉđć¿¾ù Åā½wĊvć $)-PBL©Āù Èzw£ I©Āù ÿ āw£Āí ºþözĈÅ½¾zāºÉ )¢Åv Ä Å ¾Ċ§m£ I

Ċâ£Ċ ¾Ĉêåv ìĊîæ£  ¹wz üĊú¸£ ¾zºÉ ÷w¬ývôĊö´£ ¿v ôÍw³ ªĉw¤ý ) ĂĊõÿv  ĂêÖþù ½¹ ¹wz Ăí ¹v¹ ûwÊýĂÞõwÖù¹½Āù  Ăz Mw£ºúÝ

Ăĉđ ćwă¾¤ùv½w~ xw¸¤ýv ć¿¾ùÅā½wĊćv ¢Åv ÃwÆ³ Ĉõÿ I®Ċă ¿v ìĉ~ćºþz¾îĊćwă Ăz Ĉzw¸¤ýv ±ĀÑÿ ºþ¤ÆývĀ¤ý¢Ą«  ÿ

z v½ ¹wz ¢Ý¾Åw  ¹¾îöúÝ ÿ ºþă¹ Èĉwúý Ĉĉđwz ¢é¹ûjwă  üĊz ½¹vāwò¤Æĉwă  ¡ÿwæ¤ù¢ÅvI wùv  üĊz ½¹~Ċºþz¾îćwăć 

Ăĉđā½wĊÅ ć¿¾ùćvI YSU  ÿMYNN Ā·¾z ć¾¤ÊĊz ¢é¹ ¿v wă¾¤ùv½w~ ¾ĉwÅ û¹Āz ¢zw§ Ó¾É wz½ºý¹Āz ½v¹) üĉv¿vćÿ½  ćv¾z

ĂĉÀ¬£ôĊö´£ÿ  ±ĀÑÿ ¾Ċ§m£ýwîùĈ $wz ¹wz ¹½ÿj¾z ½¹ #üĊù¿ Ĉåv¾ñĀ~Ā£ WRF  ÿ¹ üĉv ¿v~ā¾îĊćºþz ºý¹¾í ā¹wæ¤Åv  ÿ ûwÊý

¹v¹ºý Ăĉđ ôùwÝ ĂÅ Ăz Ĉ{ĉ½v ÿ ¹½vºýw¤Åv ½wĊÞù ãv¾´ýv ¾ĉ¹wêù Ăí ć¿¾ùÅā½wĊćv ÿ āwò¤Æĉv ¢ĊÞéĀù IìĊîæ£  Ĉò¤Æzvÿ Ĉýwîù

ôzwé¤Év¹ ĈĄ«Ā£ºþ ¾Ċ§m£ Iwùv )ìĊîæ£ wÝ ÿ¹ Ăz ¢{Æý Ĉýwîù ½wĊÆz ¹wz ¢Ý¾Å ¹½vºýw¤Åv ãv¾´ýv ¾ĉ¹wêù ÿ äĊÞÑ ¾òĉ¹ ôù

 ¹wz ¢Ý¾Å üĊú¸£ ½¹ Ĉ{ĉ½v āÿĒÞz )ºÉ Ĉzwĉ¿½v āwò¤Æĉv Ûwæ£½v Ăz Ă¤ÆzvÿWRF Ăz ìĊîæ£  ā¹Āz ÃwÆ³ ½wĊÆz óºù Ĉýwîù

v¾¯  Ăí ìĊîæ£¾£đwzĈù ¹Ā{Ąz v½ üĊù¿ Ûwæ£½v Èĉwúý I ûvÀĊù ÿ ºÊ¸z¹½ÿj¾z ÈĊz ¹wz ¢Ý¾Å ¹½ÿj¾z øí ÿ  ćÁĀõĀå½Āù Ăz

                                                           
1 . Weather Research and Forecasting Model 
2 . Planetary Boundary Layer 



 * ûv½wîúă ÿ ć¹Àĉv¢ĊÅwÆ³ Ĉ¬þÅ óºù WRF  ½¹ĂĊ{É ¹wz ć¿wÅĈ´ÖÅ ûv¾Ą£ ¾ĄÉ)))                                                 -40 

¢Åv Ă¤Év¹ Ĉò¤Æz Ĉýwîù ±ĀÑÿ ÿ üĊù¿ ) Üĉ¿Ā£ ¹½ÿj¾z ½¹ Ĉúí ¾Ċ§m£ ĈîĉÀĊå ćºþz¾îĊ~ Ăí ºÉ Ì¸Êù I¾òĉ¹ ã¾Õ ¿v

¹½v¹ ¹wz ¢Ą«)  ¢{Æý wă¹½ÿj¾z üĉvìĊîæ£ ÃwÆ³ āwò¤Æĉv ãv¾Õv ½¹ üĊù¿ ćÁĀõĀå½Āù Èĉwúý Ăz Ĉýwîùºþ¤Æă ¾£) 

Ăz ¹v¹ ûwÊý wă¹½ÿj¾z üĉv Ĉöí½ĀÕ óºùWRF ¢¸ĉ½ Ăz ¢{Æý āwò¤Æĉv ãv¾Õv ½¹ üĊù¿ ĈÅwþÉĂz ìĊîæ£ ÃwÆ³ Ĉýwîù ¾£

¢Åv Ĉù ÿüĉv ûvĀ£ā¹v¹ ¹ÿ½ÿ Ăí ¹Āúý ûwĊz ½ĀÕºĉwz Ióºù ½¹ üĊù¿ ²ÖÅ Ĉåv¾ñĀ~Ā£ ćđwz Ĉêåv ìĊîæ£ wz wă Ăz ìĉ ûvĀþÝ

 Ăz ĈzwĊ¤Å¹ ćv¾z øĄù ćºĊöí ôùwÝĈ«ÿ¾· èĊé¹  ½¹ ¹wz ûwĉ¾« ¿vüĊù¿¾Ååv¾ñĀ~Ā£ wz ćwăĈ ¹ĀÉ Ă¤å¾ñ ¾Úý ½¹ āºĊ°Ċ~ 

$Carvalho et al., 2014:116; Mughal et al., 2017:107 () ¢ĊÅwÆ³ ĂþĊù¿ ½¹ ć¹wĉ¿ Ĉ«½w· ¡wÞõwÖù óºùWRF 

 Ăz±¾Õā½vÿwă  Ăí ¢Åv āºĉ¹¾ñ ÷w¬ýv äö¤¸ù ć¿¾ù Ôĉv¾É ÿ ĂýĀúý ćv¾zùĈûvĀ£  ¡wÞõwÖù½vÀõwzĉþĈ  ÿ$ ûv½wîúă-+,/ ½¹ #

 ¹½ĀùĂĉÀ¬£ôĊö´£ÿ  ¢ĊÅwÆ³±¾Õā½vÿćwă Ăĉđć¿¾ù v½ ½¹ ¡wÞõwÖù ½wþí  ÿ ðývÁ$ ûv½wîúă-+-, ĂþĊù¿ ½¹ # ¾Ċ§m£±¾Õā½vÿ 

Ăĉđć¿¾ù Åā½wĊćv ĂĊ{É ¢é¹ ¾z ¹wz ć¿wÅ)¹¾z ÷wý ć¹ĀúÝ 

 ĈùĒá  ÿ$ ûv½wîúă,.42#  Ăz ĈÊăÿÂ~ ĈÕ ¹wz ¢ĊÅwÆ³ ôĊö´£,+  wz ć¾¤ù1  ćºþz¾îĊ~ ÿ äö¤¸ùv¾Éĉ Ô¿¾ùć 

FNL-,NCEP IInterim-ERA ÿ 2R-NCEP ªĊö· ¿v¾å ¾zÃ½wå  Ăí ºý¹v¹ ûwÊý ÿ ºþ¤·v¹¾~z ½¹Ċ ü~ćºþz¾îĊćwă 

 ÿ Ĉzw¸¤ývā¹v¹wăć v¾Éĉõÿv ÔĊ¿¾ù ÿ Ăć I±¾Õā½vÿ YSU ā¹v¹ ÿ ERA-Interim ¾Úý¿v ò¤Æ{úăĈ zĊ¾¤Êĉ wz v½ Ĉîĉ¹Àý ü

ā¹v¹wăć ¢Åv Ă¤Év¹ Ĉ£vºăwÊù) úă wùvĊ ü±¾Õā½vÿ ā¹v¹ wz NCEP-FNL ò¤Æ{úăĈ  wz ć¾¤Ąz¢Ą« ¢Åv Ă¤Év¹ ¹wzI 

üĊþ°úă ½¹ ûÿºz ¾Úý  ÛĀý ü¤å¾ñ±¾Õā½vÿv¾É Iĉ¿¾ù Ôć NCEP-R2  üĉ¾¤ÊĊz ćv½v¹wÖ· ćĂĊ{Éć¿wÅ  ¢Ą« ¾Ċâ¤ù ½¹

¢Åv ¹wz ¢Ý¾Å ÿ )ûv½wîúă ÿ ûwĉ½wæá $,.43 ½¹ #ĂÞõwÖùvć  ûvĀþÝ wz{ÉĊĂ¿wÅć ùĊ´ÖÅ ¹wz ûvºĈ ½¹ ĂêÖþù ½¹ĉwć  ûwúÝ

 ÔÅĀ£ óºùWRF v¾É wzĉ¿¾ù Ôć ¡ÿwæ¤ù  ºý¹v¹ ûwÊýæ£ìĊî ¹ÿ½ÿ ā¹v¹ ¾£đwzć ĂzĈĉwĄþ£ úýĈºývĀ£  ¹Ā{Ąz ¦Ýwz{ÉĊĂ¿wÅć 

 ¹ĀÉĂzĂýĀñvć í Ă{ÉĊĂ¿wÅć  wzā¹v¹wăć FNL í Ăw~Ċĉü¾£ĉü æ£ìĊî êåvĈ zĊ üā¹v¹wă ¾¤Ąz ¢Åv v½v¹ v½ĉöúÝ üîz ¹¾Ċ ü

 ĂÅ{ÉĊĂ¿wÅć ¢Åv Ă¤Év¹ v½ äö¤¸ù Iþ°úăĊ üûjwă ºý¹v¹ ûwÊý í Ăā¹v¹wăć-NCEP) GFS $ ÿFNL Ăz ¢{Æý 
.ECMWF v½v¹ć öúÝî¾¤Ąz ¹¾ć  ½¹{ÉĊĂ¿wÅć ùĊ ĂêÖþù ½¹ ¹wz ûvºĂÞõwÖù¹½Āù  )ºþ¤ÆăĂí ĈÊăÿÂ~  ā¹ÿº´ù ½¹

ö·ĊªÃ½wå ½¹ ÿĉwć ýw¤Æzw£ ûĀÆýĀù ûwù¿ ½¹ ûwúÝĈ  Ăí ¹v¹ ûwÊý ºĉ¹¾ñ ÷w¬ývzv¾ć ¹wz ¢Ý¾ÅI ~îĊºþz¾ć å¹¾·ĊÀìĉ 

õĊ IüĂĉđć¿¾ù ÅĊā½wvć /2ACMI ¾zv ĂùĀívć Ċí¾å üĉ Èzw£ Iª©Āùºþöz0RRTM I  Èzw£©Āùāw£Āí đ I¹½v¹Āñĉ´ÖÅ ĂĈ 

 ²ÖÅ ÿù¿üĊ XIU-PLEIM  wÖ·ć í¾¤úć wÅ Ăz ¢{Æýĉ ¾~Ċºþz¾îćwă v )¹½v¹ĉ ¾ùv üûwÊýāºþă¹  ¢Åv ûjí ¹wz ÿ wù¹ Ă

´ÖÅĈ  ÛĀý Ăz±¾Õā½vÿwăć Ăĉđć¿¾ù ÅwÆ³Ċz ¢Ċ¾¤Êć ºý½v¹ Iûv½wîúă ÿ Ĉêĉđ$ ,5,.40#. 

è{Õ Å½¾zĈ ĂzôúÝú¬Æþù ¡wÞõwÖù āºùjĈ v¾zć ¿½vĉzwĈ özwéĊ¢ óºù WRF  ½¹{ÉĊĂ¿wÅć ¢Ą« ûĒí ¹wz ¢Ý¾Å ÿ ¾ĄÉ

è{Õ ¾z ÿ ¢Åv Ă¤å¾òý ¡½ĀÍ ûv¾Ą£ ĉw¤ýª  ¡wÞõwÖù÷w¬ývāºÉ ù¿ Ā« ĈĉwĉĀ~ ÿĊü Iv¾Éĉõÿv ÔĊ¿¾ù ÿ Ăć  ½¹óºù¿wÅć  ćv½v¹

 ÈêýíöĊºć  ¢é¹ ¾òĉ¹ ćĀÅ ¿v )¢Åv~ÈĊĈþĊzćwă ìĉ ¹ºÝ óºùć ĂzāÂĉÿ wă¿v¾£ ½¹ć w~Ċĉ Ā« üĂz¡ºÉ  Ăz ¾¤ùv½w~

ć¿wÅćwă åĊÀĈîĉ Ăĉđć¿¾ù Åā½wĊćv đ ÿĉ´ÖÅ ĂĈ  Ă¤Æzvÿ$ ¢Åv2008Skamarock et al.,)# üĉv¿vćÿ½ ê´£ üĉv ½¹Ċ è

ÅwÆ³ĊöúÝ ÿ ¢îê´£ óºù ¹¾Ċ~ ÿ ¡wêĊÈzĊþĈ vĀă ÜÑÿ v¾É Ăzĉõÿv ÔĊĂ ¿¾ùć ÿ ±¾Õā½vÿćwă  ĈîĉÀĊåv¾zć {ÉĂĊć¿wÅ 

ùĊ ¹wz ûvºĂzûvĀþÝ Ĉîĉ â¤ù ¿vĊwă¾ć ÅwþÉvĀă ½¹ Ì·wÉĈ  ûv¾Ą£ ¾ĄÉ ā¹ÿº´ù ½¹Å½¾zĈ ùĈ¹ĀÉ. 

 

 

                                                           
1 . National Centers for Environmental Prediction 

2 . Global Forecast System 

3 . European Centre for Medium-range Weather Forecasting 

4 . Asymmetric Convection Model 2 Scheme 

5 . rapid and accurate radiative transfer model 
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ÈăÿÂ~ Çÿ½ 

 ÿ ¡wêĊê´£ óºù ¿v ĂÞõwÖù üĉv ½¹~ÈĊĈþĊz ÜÑÿ ć¹ºÝ vĀăI Ă¸Æý /','-  ćv¾z Ăí{ÉĂĊć¿wÅ  Ç¹¾ñĀ«  ÃwĊêù ½¹

 ÿ ï½ÀzĂêÖþùvć Ĉ³v¾Õ āºÉ ½¹{ÉĊĂ¿wÅć  ¹wz ¢Ý¾Å ÿ ¢Ą« ¾Ċâ¤ùā¹wæ¤ÅvāºÉ ÷w¬ýv ºýÿ½ )¢Åv ÈăÿÂ~ ½¹ āºĊî¯ 

åv¾ñĊîĈ  ā½wúÉ, Ăz¡½ĀÍ £wúÉĊì  ûwÊýā¹v¹āºÉ ¢Åv) 

 

 
ôîÉ ,£wúÉ )Ċì öíĈ  Çÿ½$ ÈăÿÂ~ā¹v¹wă I½ĉêùÀĊÃw wúýĈĉ ¬þÅ½w{¤Ýv ÿĈ  wzā½wùjwă# 

 

 ĂÞõwÖù üĉv ½¹öÍvĈüĉ¾£  ĈîĉÀĊå ćwă¾¤ùv½w~Ăĉđ ć¿¾ùĂzĂ¤å½½wí  ôùwÉ±¾Õā½vÿ ©Āù Èzw£ºþöz RRTM $Mlawer et 

1997:16663al., I#±¾Õā½vÿ ©Āù Èzw£āw£Āí Goddard $1994:85Chou et al.,# I±¾Õā½vÿ üĊù¿ ²ÖÅ Noah 

$2004:11Tewari et al.,I# ±¾Õā½vÿ ùÿ¾îĊ åìĉÀĊ 6WSM $2006:129Hong et al., I#±¾Õā½vÿ  ćºÞzÿ¹¾zv ĂùĀívć 
,BMJ $1994:927Janjic et al., ÿ #ĂÅºÞzć Freitas-Grell $2014:5233Grell et al.,# ¢Åv Èĉwù¿j ćv¾z )

 ¹¾îöúÝ ¢ĊÅwÆ³±¾Õā½vÿćwă Ăĉđć¿¾ùI ¢æă ćºþz¾îĊ~  óÿº« èzwÖù,I  ôùwÉ±¾Õā½vÿ ĈÆýĀĉ āwòÊýv¹ -YSU 

$2006:129et al.,Hong I# ±¾Õā½vÿ .MYJ$1994:927Janjic et al.,# I±¾Õā½vÿ  ÃwĊêù ã¼³ Ă{Éówù¾ý /QNSE 

$2005:231Sukoriansky et al., I#±¾Õā½vÿ ÷ĀÅ ÿ ÷ÿ¹ Ă{£¾ù Ĉò¤æÉj 0MYNN $2009:397Nakanishi et al.,# I

±¾Õā½vÿ  ¢å¾úă óºù ÷ÿ¹ û½wê¤ùwýACM2 $Pleim et al.,2007:1383# ÿ ±¾Õā½vÿ ~ÈĊĈþĊz ā¿wz ÔÅĀ¤ù  
1MRF$)1996:2322Hong et al., ºýºĉ¹¾ñ xw¸¤ýv )üĊz ¡ÿwæ£ ¢æă ±¾Õā½vÿ Ăĉđ ć¿¾ù Ăzì°Ċ~¾¤ùv½w~ Iā  ûºÉ

ćđwz È¸z Ăĉđć¿¾ù  ÓĀz¾ù ¢å¾úă ÿ Ĉ¨þ· I½vºĉw~ Ôĉv¾É ½¹ x¼« ĂêÖþù ½w¤å½ ÿùĈ¹ĀÉ) 
 

 

 

 

 

 

                                                           
1 . Betts-Miller -Janjic 

2 . Youngstown State University 

3 . MellorïYamadaïJanjic Scheme 

4 . Quasiïnormal Scale Elimination 

5 . MellorïYamada Nakanishi Nino (MYNN) Level 2.5 and Level 3 Schemes 

6 . Medium-Range Forecast Model 
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 óÿº«, ćºþz¾îĊ~ ¡wÎ¸Êù )±¾Õā½vÿćwă  ĈîĉÀĊåĂÞõwÖù¹½Āù 

~Ċºþz¾îćwă Ăĉđć¿¾ù å¹¾·ĊÀĉì Èzw£ óĀÕ 
©Āùºþöz 

Èzw£ óĀÕ 
 ©Āùāw£Āí 

đĉĂ ´ÖÅĈ ²ÖÅ ¢å¾úă ĂùĀívć 

Exp(1) YSU(1) 

W
S

M
6

(6
)

 R
R

T
M

 (1
)

 G
o

d
d

a
rd

 (2
)

 

MM5 (1) 

N
o

a
h

 (2
)

 

Grell-Devenyi 

(3) 

Exp(2) MYJ(2) Eta (2) BMJ (2) 

Exp(3) QNSE(4) QNSE (4) BMJ (2) 

Exp(4) MYNN2(5) MYNN (5) BMJ (2) 

Exp(5) MYNN3(6) MYNN (5) BMJ (2) 

Exp(6) ACM2 (7) Pleim-Xiu 

(7) 

BMJ (2) 

Exp(7) MRF (99) MM5 (1) BMJ (2) 

 

 ćv¾z Ióºù ¹vºýÿ¾z Ĉ¬þÅ½w{¤Ývā¹v¹¹wz ¢Ý¾Å ÿ ¢Ą« Ĉ£vºăwÊù ćwă ½wĄ¯  āwò¤Æĉvćºĉºúă  ìĉÀĊåĀtÁ I¾ò¤Ċ¯ I¹wzj¾Ąù

ûv¾Ą£ ówúÉ ÿ  ówÅ ½¹-+,3  wzìĊîæ£ ýwù¿Ĉ .  ¼·v ĈÅwþÉvĀă ûwù¿wÅ ¿v Ă¤ÝwÅ ā¿wz wz yÅwþ¤ù ÿ$ ĂÞõwÖù¹½Āùāwùwăć 

¾{¤ív ÿ ćđĀ« IĈù IĂĉĀývÁ ©v¾¸¤Åv #¹¾ñºĉ  óÿº«$- ÿ ¢Ą« Ĉýwù¿ ć¾Å Üĉ¿Ā£ ÿ Ĉývÿv¾å Ăz ĈzwĊ¤Å¹ ćv¾z Ăùv¹v ½¹ )#

 ¹wz ¢Ý¾Åā¹v¹wăć ôĊö´£ ¿wz ½¹ āwù ćwăIy¸¤þù  ÿ¹ ¿vw~āwòĉ NCEP-FNL ÿ ECMWF-ERA5 Ăz Ôĉv¾É ûvĀþÝ

ć¿¾ù ºÉ ā¹wæ¤Åv $ óÿº«.# üĉv )ā¹v¹wă  ½¹Ăî{Éwăć -0*+=-0*+ Ã¾¤Å¹ ½¹ Ă«½¹  ā¹Āz£½ĀÍ½¹ĈĂí ćv¾z ÷w¬ýv  üĉv

Ăz ¿wĊý ĂÞõwÖù  Ĉêåv ìĊîæ£¾£đwz ¢Åv üĉv¾zwþz IĈăwí ÃwĊêù ĈîĊùwþĉ¹  üĉvā¹v¹wă  )¢Åv ć½ÿ¾ÑĈăwí ÃwĊêù  ĈÉÿ½

 ĈĉvĀă ÿ xj ¡wÝĒÕv û¹½ÿj ¢Å¹ Ăz ćv¾z Ĉêåv ìĊîæ£ ¿v¢É½¹¾£  Iüĉv¾zwþz )¢ÅvĈăwí ÃwĊêù ĈîĊùwþĉ¹ Ĉù ¿v ºývĀ£

 ìĊîæ£ wz óºù¢É½¹ Ĉêåv Ĉù ¢ĉvºă ć¿¾ù Ôĉv¾É ÔÅĀ£ Ăí ìĊîæ£ ½¹ ¡wÝĒÕv ©v¾¸¤Åv ćv¾z I¹ĀÉ¾£đwz Ĉêåv  ā¹wæ¤Åv

)ºþí  ÿ ¡wêĊê´£ óºù~ÈĊĈþĊz  ÜÑÿvĀă  ø¤ÆĊÅ ìĉ~ÈĊĈþĊz  ć¹ºÝćĀ«  ÿ ¡wêĊê´£ ćv¾z~ÈĊĈþĊzćwă  ¢Åv Ĉ£wĊöúÝ

 üĊz ôùwÞ£ û¹v¹ ûwÊý ćv¾z Ĉĉwă¾¤ùv½w~ ¿v yöáv ÿêùÃwĊćwă Ĉù ā¹wæ¤Åv ¡w{Åw´ù ºþĉj¾å ½¹ äö¤¸ù ºþíÿ ±¾Õā½vÿćwă 

¹¾·©Āù Èzw£ IìĉÀĊå©Āù Èzw£ ÿ āw£Āí IĀ« ºþöz ¾zvĂùĀívć ÿ Ăĉđć¿¾ù ùĈºývĀ£ ĂĊ{É ªĉw¤ý ¹Ā{Ąz v½ óºù ć¿wÅºÊ¸z 

$Han et al.,2014:17)# 
 

 óÿº«- ¡wÎ¸Êù )vāwò¤Æĉćwă Ĉzw¸¤ýv ìĊ¤~ĀþĊÅ 

āwò¤Æĉv ºí āwò¤Æĉv ÷wý ĈĉwĊåv¾â« Ï¾Ý ĈĉwĊåv¾â« óĀÕ Ûwæ£½v 

/+20/ ¹wzj¾Ąù 14*.0 .+*0, ,,4, 

44.-+ ¾ò¤Ċ¯ 2.*.0 ,1*0, -*,.+0 

44.., ìĉÀĊåĀtÁ 2/*.0 .3*0, 1*,/,3 

/+20, ûv¾ĊúÉ 24*.0 /3*0, ,*,0/4 

 

 óÿº«.) ÿĈñÂĉ ā¹v¹v¾É ćwăĉõÿv ÔĊ¿¾ù ÿ Ăć ĂÞõwÖù¹½Āù 

~ýwù¿ ÈÉĀĈ  ¹wÞzv ½wÊå ¿v¾£ć  ýwù¿ ÷wñĈ  îæ£Ċì êåvĈ  ÛĀý v¾ÉĉÔ õÿvĊĂ 
¿¾ùć  

1979- 

present 

4D-Var .3 4 time 

daily 
-0*+ ę Reanalysis ERA5 

-+,0(-+-+ 3D-Var -3 4 time 

daily 
-0*+ ę Analysis FNL 

 

 ÿ¹ ½¹ óºùĂþùv¹ Ā£½¹Ā£  ìĊîæ£ wzêåvĈ -,  ÿ2 ¢{Æý wz ¾¤ùĀöĊí ,  Ăz. ôîÉ ºþýwúă . øĊÚþ£āºÉ  )¢Åvā¹ÿº´ù Ăþùv¹ 

,  wzĈêåv ìĊîæ£ -, Ăî{É ÿ ¾¤ùĀöĊí 2-=2-  ÿĂþùv¹  wz Ĉö·v¹Ĉêåv ìĊîæ£ 2 Ăî{É ÿ ¾¤ùĀöĊí 21=21  ¢ĉÀí¾ù Ăz.0*0, 

Ă«½¹ ÿ Ĉé¾É óĀÕ 2,*.0 )¢Åv ĈõwúÉ Ï¾Ý Ă«½¹ x¾Òù wz óºù Ĉýwù¿ ÷wñ / Ĉêåv ìĊîæ£ wz ¾zv¾z 3/  ÿ øĊÚþ£ ĂĊýw§



-43                                                                          ĂùwþöÎå ÈăÿÂ~ćwă ćwĊåv¾â« IĈÞĊ{Õ ą½ÿ¹ 0/I ą½wúÉ .I ÀĊĉw~ ,/+, 

 ûwù¿ óĀÕ{ÉĂĊć¿wÅ  #Ăýwăwù$2.3  ¿ÿ½ ¹vºÞ£ Ăz Ă«Ā£ wz ¢ÝwÅāwù¾ă  ¾Úý ½¹Ă¤å¾ñāºÉ ć½wùj ¡w{Åw´ù ½¹ ÿ ¢Åv 1 

 óÿv ¢ÝwÅĂzûvĀþÝ  ûwù¿{Ö£èĊ $spin-up) í ¿v ÿ Ă¤Év¼ñ ½wþ ¢ÝwÅ+1++ ö´£ ºÞz ĂzĊ ôºýºÉ) 

 

 
 ôîÉ.ÞéĀù )Ċ ¢Ăþùv¹wăć {ÉĂĊć¿wÅ wz āv¾úă óºù  ĂöÍwåĂî{Évć  ¾ăĂþùv¹ {É Ówêý ¹vºÞ£ ÿîĂ 

 

½w{¤Ýv ¬þÅĈ ¹vºýÿ¾z óºù 

 ¿v ĂÞõwÖù üĉv ½¹ā½wùjwăć  ÿ Ĉò¤Æ{úă yĉ¾Ñ I#Ĉ{ĉ½v$ óºù ć¾ĊñĀÅ üĊòýwĊùwÖ· ½ÿ¼¬ù üĊòýwĊù  ÿüĊòýwĊù  ćwÖ·

èöÖù  è{ÕóĀù¾åwăć óÿº« $/#  ¢Ċözwé Ĉzwĉ¿½v ćv¾z{ÉĂĊć¿wÅ  ºĊõĀ£ ½¹ óºùĂÎ¸Êùwăć  ¹wzā¹wæ¤Åv ºÉI  ÿ ćwăwÖ·

Ĉ«ÿ¾· WRF  ćv¾zćºþz¾îĊ~ Ăĉđ yõwé ½¹ ć¿¾ù)1(,Exp  w£)7Exp( ā½ÿ¹ ½wĄ¯ ½¹ ĉìĂăwù  #ā½ÿ¹ ìĉ ôÎå ¾ă ½¹$

 Ĉzwĉ¿½v ¹½Āù¢å¾ñ ½v¾é ¿v Ă¤å¾ñ¾z ć¿¾ù Ôĉv¾É ¾ĉ¹wêù ć¾Å ÿ¹ È¬þÅ yõwé ½¹ ĈÅ½¾z üĉv )ā¹v¹wăć ERA5 ÿ FNL 

¢Åv Ă¤å¾ñ ¡½ĀÍI ā¿vºýv ćwăwÖ· ºþýwù IwăwÖ· ¾òĉ¹ Üzwþù Ăz ÓĀz¾ù ćwăwÖ· ÿ ¹wz ć¾Ċñā¹v¹wăć  üĊù¿ ²ÖÅ ĈîĊ£w¤Åv

Ă«Ā£¹½Āù  )¢Åv Ă¤å¾òý ½v¾éôîÉwăć $/  w£3#  óÿvº« ÿ$0  w£3# I ½ÿ¼¬ù üĊòýwĊù IĈò¤Æ{úă ¾ĉ¹wêù ć½wùj Üĉ¿Ā£ ÿ ¹w{öñ

 Ĉ{ĉ½v ÿ èöÖù ćwÖ· üĊòýwĊù IwÖ·~ćºþz¾îĊwă  v½ ½¹āwù¾ă ¢Ý¾Å ÿ ¢Ą« ćv¾z Ĉù ûwÊý ¹wz)ºă¹ 
 

 óÿº«/ĂÎ¸Êù )ĈÑwĉ½ Ôzvÿ½ āv¾úă Ăz ć½wùj ćwă 

äĉ¹½ óĀù¾å ûvĀþÝ Ü«¾ù 

$,# -" Ù Ø ùĊòýwĊü ½vĉ{Ĉ Everitt, B. S.; Skrondal, A. (2010), The 

Cambridge Dictionary of Statistics, 

Cambridge University Press. $-# ὼӶ
ρ

ὔ
ὼ ȟώ

ρ

ὔ
ώ ùĊòýwĊü «ÿ¾·Ĉ 

óºù ÿ £vºăwÊùĈ 

$.# ὅὅ
В ώ ώ ὼ ὼӶ

В ώ ώ В ὼ ὼӶ
 

¾Ñĉy 
ò¤Æ{úăĈ 

Kotz, S.; et al., eds. (2006), Encyclopedia 

of Statistical Sciences, Wiley. 

$/# ὓὃὉ ὲ ȿὼ ώȿ ùĊòýwĊü wÖ·ć 
èöÖù 

Everitt, B. S.; Skrondal, A. (2010), The 

Cambridge Dictionary of Statistics, 

Cambridge University Press. 
$0# ὙὓὛὉ

ὲ װ ὼ ώ  

ùĊòýwĊü ½ÿ¼¬ù 
wÖ· 

Salkind, N. J. (2010). Encyclopedia of 

research design (Vols. 1-0). Thousand 

Oaks, CA: SAGE Publications, Inc. 

$ óºù Ĉ«ÿ¾· üĊz ¹wz ¢Ý¾Å ÿ ¢Ą«x ÿ #ā¹v¹ćwă $ Ĉ£vºăwÊùy#) 

                                                           
1 Experimental 

https://amzn.to/3gBOoPC
https://amzn.to/3gBOoPC
https://amzn.to/38y6UFw
https://amzn.to/38y6UFw
https://amzn.to/3gBOoPC
https://amzn.to/3gBOoPC
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ĂÞõwÖù¹½Āù ā¹ÿº´ù 

ûĒíĂz ûv¾Ą£ ¾ĄÉ ¡wÝwæ£½v ÔÅĀ£ ówúÉ ¿v ÿ Ă¤å¾ñ½v¾é ćÀí¾ù ¿¾{õv ĈzĀþ« Ăþùv¹ ½¹ ûv¾ĉv ¢¸¤ĉw~ ûvĀþÝów¯Ā£  ĂÕw³v
ôÎå wz yÅwþ¤ù ûv¾Ą£ ¾ĄÉ ½¹ ¹wz Ç¿ÿ ¢Ą« )¢Åv āºĉ¹¾ñwăć Ċâ¤ù ówÅÿ ¾  yõwá ¹wz ûj Ĉz¾á¢Åv) āĀí ¹vº¤ùv ćwă

Ĉù ½wĉ¾ĄÉ ¢É¹ ¢úÅ Ăz ¹wz üĉv ãv¾´ýv ¦Ýwz ©¾í ÿ ûv¾Ą£ üĊz ¿¾{õv ¹wz )¹ĀÉ yõwá xĀþ« ¢úÅ ¿v ûw¤Æzw£ ôÎå ½¹
³ ÿ ¾ĉĀí ćwù¾ñ ówê¤ýv y«Āù Ăí Ă¤Év¹ ûwĉ¾«Ĉù ¾ĄÉ ¢úÅ Ăz ½w{áÿ¹¾ñ ôú¿ÿ½ ½¹ ¡wýwĉ¾« üĉv ½wþí ½¹ )¹ĀÉ  øĊÆý

Ăz āĀí Ăz ¢É¹ ã¾Õ ¡wÝwæ£½vÿ ûv¾Ą£ ówúÉ ½¹ ÄîÞõwz yÉ wăüĉv  ¾ĉ¿v¾Å xĀþ« Ăz ówúÉ ¿v I¢É¹ ¢úÅ Ăz āĀí øĊÆý
Ĉù ôîÉ )ºýĀÉ-āwò¤Æĉv ¢ĊÞéĀù IĈù ûwÊý v½ ¾ĄÉ Ĉåv¾ñĀ~Ā£ ÿ Ĉzw¸¤ýv ćwă)ºă¹ 
 

 
ôîÉ -ÞéĀù )Ċ¢ vĉāwò¤Æwăć £vºăwÊùĈ ÿ åv¾ñĀ~Ā£Ĉ ā¹ÿº´ù ĂÞõwÖù¹½Āù 

Ă¤åwĉ ÿ ¦´zwă 

 ôĊö´£Ăýwăwù ćwă¹w{öñ 

 Ĉ{Æý Ĉývÿv¾å ¿v ĈîĊåv¾ñ ½v¹Āúý¢Ą« ¢Ý¾Å ÿ ¹wz v½ üĊÞù Ĉýwù¿ ā½ÿ¹ ćv¾z āwò¤Æĉv ìĉ ½¹ ¹w{öñ Ĉù Ăí ºþĉĀñwz  üĊĊÞ£

Iyõwá ¹wz ¢Ą« ½¹ ûwîù ÿ ć¾ĄÉ ćwÒå Ç¾¤Æñ ¢Ą« Ĉzwĉ³v¾ÕĈćwă  ºýwz Ĉ³v¾Õ Ić¾ĄÉāwñ¹ÿ¾åwă  ÿûwîùv¬þÅĈ 

 Ă¤å¾ñ ½wí Ăz ¹wz ćÁ¾ýv ¿v ā¹wæ¤Åv ćv¾zùĈ¹ĀÉ. ôîÉ $/#  Ăýwăwù ¹w{öñā¹v¹wăć ¹vºýÿ¾z ÿ Ĉ£vºăwÊù óºù WRF ćv¾z 

~Ċºþz¾îćwăć  äö¤¸ùĂĉđć¿¾ù v½  ÈĉwúýùĈºă¹ ) ûwÊý ªĉw¤ýùĈºă¹  ĂĉĀývÁ āwù ½¹ wz óºù~Ċºþz¾îćwăć  ÿ äö¤¸ù

ć¿¾ù Ôĉv¾É ERA5 I v½ yõwá ¹wz ¢Ą«ºþýwúă ā¹v¹wăć Ăz Ĉ£vºăwÊù ÿ Ĉz¾á ¡½ĀÍĈz¾á ówúÉ {ÉĂĊć¿wÅ ¹ĀúýI¢Åv ā 

 Ĉùwú£ ½¹ wùv~Ċºþz¾îćwăć  Ióºù÷v½j ¹wz ºÍ½¹, Ăzy£v¾ù ¾¤úí  ¿vā¹v¹wăć ¢Åv Ĉ£vºăwÊù ÿ üĊþ°úă  ¢Ý¾Å üĊòýwĊù

 Ĉùwú£ ½¹ ¹wz~ćºþz¾îĊwă Ăz ćwþ¨¤ÅvExp(1)  )¢Åv ā¹Āz āv¾úă ¹½ÿj¾z ÈĊz wz āwù üĊúă ½¹{ÉĊĂ¿wÅćwăć ÷w¬ýv wz āºÉ

ć¿¾ù Ôĉv¾É FNL IĂzwþ¨¤Åvć ćºþz¾îĊ~ Exp(2) Ăí Ĉývÿv¾å ¹½ÿj¾z ½¹  yõwá ¹wz ćwÖ· ćv½v¹ Ĉz¾áôzwéĂÚ³Ēùćv  wz

ā¹v¹wăć  ¾ĉwÅ ¢Åv Ĉ£vºăwÊù~Ċºþz¾îćwăI  v½ yõwá ¹wz wz yÅwþ¤ùā¹v¹wăć  Ĉ£vºăwÊù{ÉĂĊć¿wÅ wùv Jºý¹¾í  ¹½ÿj¾z ½¹

 ¢{Æý ÷v½j ¹wz ºÍ½¹ ĂzERA5 ¢Åv ć¾¤úí ćwÖ· ćv½v¹)  ûwÊý ¹wz ¢Ý¾Å üĊòýwĊù ĈÅ½¾zùĈºă¹ ~ćºþz¾îĊćwă 

Exp(1,2,5,6)  Ăz ¢{Æýā¹v¹wăć  ć¾¤úí ¹½ÿj¾z Ĉ£vºăwÊùĂ¤Év¹  wĄþ£ ÿ~ćºþz¾îĊ Exp(5) )¢Åv ć¾¤Ąz ¹¾îöúÝ ćv½v¹ 

 IĈù āwù ½¹~Ċºþz¾îćwăć óºù  ć¿¾ù ÿ ĂĊõÿv Ôĉv¾É wzERA5 ÿ FNL  üĊú¸£ ½¹¹wz Ĉývÿv¾å  ćwă¹wz ÿ Ĉz¾á yõwá

Ĉé¾É xĀþ« ā¹v¹ Ăz ¢{Æý Ĉ£vºăwÊù ćwăyĊ£¾£ Ăz ¹½ÿj¾z øí wzć ¹½ÿj¾z ÈĊz ÿć  āv¾úă ÿ yõwá ¹wz Ă¤ÆývĀ¤ý ÿ ā¹Āz

                                                           
, ) v ½¹ĉü ĂÞõwÖù ā¹v¹ ºþýwúăĈ£vºăwÊù ćwă  ¿v ¾¤úí ¢Ý¾Å, ýw§ ¾z ¾¤ùĊĂ ĂzĂ¤å¾ñ ¾Úý ½¹ ÷v½j ¹wz ûvĀþÝ¢Åv āºÉ 

https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D8%AF
https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D8%AF


.++                                                                          ĂùwþöÎå ÈăÿÂ~ćwă ćwĊåv¾â« IĈÞĊ{Õ ą½ÿ¹ 0/I ą½wúÉ .I ÀĊĉw~ ,/+, 

wýĉ v½ āwù üĉv yõwá yĂzĈ¤Å½¹ ĂĊ{É ć¿wÅºþí Ôĉv¾É āwù üĉv ½¹ )¿¾ùć ERA5  wz~Ċºþz¾îćwăć  ºÍ½¹ ¹½ÿj¾z ½¹ äö¤¸ù

 ÷v½j ¹wz wz ć¹½ÿj¾z øí ā¹Āz āv¾úă wz üĊú¸£ üĉ¾¤Ąz ÿ~ćºþz¾îĊwăć Exp(5,6) Ăz¢Å¹āºùj ¢ÅvI  üĊú¸£ ½¹ üĊþ°úă

 üĊòýwĊù ¢Ý¾Å¹wzI  Ĉùwú£~Ċºþz¾îćwăć  óºùwz ¹½ÿj¾z øíć  ā¹Āz āv¾úă ÿ~Ċºþz¾îćwăć Exp(2,3)  v½ ć¾¤Ąz ¹¾îöúÝ

ĂĊ{É ćv¾z Ătv½v ć¿wÅºý¹¾í ½¹ ) wz āwù üĊúăā¹v¹wăć FNL  Ôêå~ćºþz¾îĊ Exp(2) ¹½ÿj¾z ÈĊz wzć  ºÍ½¹ āv¾úă ÷v½j ¹wz

ā¹v¹ ºþýwúă ÿ ā¹Āzwăć ERA5  üĉ¾¤ĄzüĊú¸£  ½¹~Ċºþz¾îćwăć Exp(5,6) ºĉ¹¾ñ ôÍw³ ¹wz ¢Ý¾Å üĊòýwĊù ĈÅ½¾z )

ĂĊ{Éć¿wÅć¿¾ù Ôĉv¾É wz āºÉ FNL ¹v¹ ûwÊý  Ôêåćºþz¾îĊ~ Exp(3) ćv½v¹ é¹Ċè¾£ĉü  Ĉ£vºăwÊù ¾ĉ¹wêù Ăz ¢{Æý ¹½ÿj¾z

ā¹Āz  ¾ĉwÅ ÿ~Ċºþz¾îćwăć ¹½ÿj¾z øí wz óºùć  ¹wz ¢Ý¾Å üĊòýwĊùºý¹Āz āv¾úă ) āwù ½¹ćđĀ« I~ćºþz¾îĊćwă óºù  wz

ć¿¾ù Ôĉv¾É ERA5  ÿFNLI ¹wz ¢Ą« Ĉývÿv¾å  yõwáÿ Ĉé¾É xĀþ« wý ¹wzĉĈé¾É ówúÉ yõwá y ā¹v¹ Ăz ¢{Æý v½ ćwă

 ÿ ¹½ÿj¾z ÈĊz wz yĊ£¾£ Ăz Ĉ£vºăwÊùûÿºz ĂĊ{É ¹½ÿj¾z ć¿wÅā¹¾íºýv Ôĉv¾É āwù üĉv ½¹ )ć¿¾ù ERA5I  ½¹ v½ ÷v½j ¹wz

 wz óºù ¹vºýÿ¾zćºþz¾îĊ~ćwă  äö¤¸ù ¢{Æý ć¾¤úí ºÍ½¹ wz ĂzĂĊ{É ¡vºăwÊù wz yĊ£¾£ Ăz üĊú¸£ üĉ¾¤Ąz ÿ ā¹¾í ć¿wÅ

ćºþz¾îĊ~ćwă Exp(4,5) Ăz¢Å¹āºùj ¢Åv  ÿĂz¿v¾Ċá ćºþz¾îĊ~ Exp(2,3) ¹½ÿj¾z ½¹ Ăí ¹wz ¢Ý¾Å üĊòýwĊù  ćv½v¹

¹Àýĉì¾£ĉü {ÉĊĂ¿wÅć  Ăzā¹v¹wăć ºý¹Āz Ĉ£vºăwÊùI  ¾ĉwÅ~Ċºþz¾îćwă wz ¹½ÿj¾z øíć ¹Āz āv¾úăºý wz āwù üĊúă ½¹ )ā¹v¹wăć 

FNL  ÷v½j ¹wz ºÍ½¹ üĊú¸£ ½¹ Ôêåćºþz¾îĊ~ Exp(2) ¹½ÿj¾z ÈĊz wzć ÿ ā¹Āz āv¾úă  ¾ĉwÅ~Ċºþz¾îćwă ¹½ÿj¾z øí wzć 

)ºý¹Āz āv¾úă  ¹wz ¢Ý¾Å üĊòýwĊù ĈÅ½¾zĂĊ{Éć¿wÅāºÉ ā¹v¹ wzć¿¾ù Ôĉv¾É ćwă FNL ¹v¹ ûwÊý  Ôêåćºþz¾îĊ~ Exp(3,7) 

¹½ÿj¾z ÈĊz ćv½v¹ć  Ăz ¢{Æýā¹v¹wăć ÿ ā¹Āz Ĉ£vºăwÊù ¹½ÿj¾z ćv½v¹ ¹½vĀù ¾ĉwÅ ½¹ć ĈþĊĉw~ )¢Åv 

wý ÿ yõwá ¹wz ¢Ą« ¾{¤ív āwù ½¹ĉ yõwá yā¹v¹wăć  ā¹Āz ĈzĀþ« ÿ Ĉz¾á yĊ£¾£ Ăz Ĉ£vºăwÊùĈõw³½¹Ăí  yõwá ¹wz

Ăz¢Å¹āºùj ÷wú£ ¿v ~ćºþz¾îĊwă  ¢Åv ć¹wĉ¿ Ĉñºþív¾~ ćv½v¹ ā¹v¹ āwòĉw~ ÿ¹ ¾ă ć¿¾ù Ôĉv¾É wzĂzć½ĀÕĂí  ¢Ą« ówúÉ

Ĉz¾á  ÿĈé¾É xĀþ«  ÿ ĈzĀþ« ÿĈz¾á xĀþ«  ÈÉĀ~ v½ùĈºă¹ üĊþ°úă )×w´õ¿v ºÍ½¹ Ĉývÿv¾å  ÷v½j ¹wzĂz¿v¾Ċá ćºþz¾îĊ~ 

Exp(2)  ć¿¾ù Ôĉv¾É ½¹FNL  ĂĊêz~ćºþz¾îĊwă ¹½ÿj¾z øíwzć  āv¾úăÿ ā¹Āz  üĉ¾¤Ąz üĊú¸£ºÍ½¹ Ĉývÿv¾å  ÷v½j ¹wz ¢{Æý

 Ăzā¹v¹wăć ½¹ Ĉ£vºăwÊù ~ćºþz¾îĊćwă Exp(5,6) Ăz¢Å¹āºùj ¢Åv IMwþúÑ ā¹v¹ āwòĉw~ ÿ¹ ¾ă ½¹  ¢Ý¾Å üĊòýwĊù üĊú¸£

 ĂzwÊù ¹wz øăwz ÿ ā¹Āúý ôúÝ ¹½ÿj¾z øíć  Ăz ¢{Æýā¹v¹wăć  Ĉ£vºăwÊùāv¾úă ºþ¤Æă  ÿ Ôêå ½¹ćºþz¾îĊ~ Exp(3) 

 ¹½ÿj¾z üĉ¾¤ĄzĂz¢Å¹āºùj )¢Åv 

¹vºýÿ¾z  ½¹ óºù{ÉĊĂ¿wÅć ĀývÁ ¹wzĉĂ  Ăz ¢{Æý #ûw¤Æù¿ ôÎå$đĀ«ć #÷¾ñ ôÎå$ èåĀù¾£  āwòý wz ÿ ā¹Āzé¹Ċè¾£ ùĈûvĀ£ 

 Ăí ¢æñ¹vºýÿ¾z  óºù½¹ ~Ċºþz¾îćwăć äö¤¸ù wz vÀåvĉÈ  ¹wz ¢Ý¾Å½¹ {ÉĊĂ¿wÅć v½v¹ć ¹½ÿj¾z é¹Ċè¾£ć v ÿ ¢Åvĉü  ¾ùv

{ùĊü  ½¹ óºù Ăí ¢Åv ûj{ÉĊĂ¿wÅć ¢Ý¾Å ÿ ¢Ą« ¹wz Rª¤þù  ¿vĂýwùwÅwăć ¹ĉùwþĊîĈ ¾« Ăz ¢{Æýĉ¡wýw ö´ù ĈĀéć¾£ 

 ¹½ÿj¾z ½¹ ÿ ā¹Āz¾«ĉûwwăć ö´ùĈ ½¹ áĊxw ĂýwùwÅwăć ¹ĉùwþĊîĈ v½v¹ć z äÞÑĊ¾¤Êć ¢Åv  ôîÉ$/# )Å½¾zĈwă  ûwÊý

ùĈºă¹ ±¾Õā½vÿćwă Ăĉđć¿¾ù  ¿v ĈêĊé¹ üĊú¸£ Ĉ´ÖÅ Ăĉđ ÿ¢Év¹vÿwăć  ÀĊý ÿ Ă¤Évºý Ĉö´ù{ÉĊĂ¿wÅć  Ĉåv¾ñĀ~Ā£

 ¿v ā¹wæ¤Åv wz ĂêÖþùā¹v¹wăć  ĈîĊ£w¤ÅvĂz¤Å½¹Ĉ )¢Åv āºĉ¹¾òý ÷w¬ýv 

 



 * ûv½wîúă ÿ ć¹Àĉv¢ĊÅwÆ³ Ĉ¬þÅ óºù WRF  ½¹ĂĊ{É ¹wz ć¿wÅĈ´ÖÅ ûv¾Ą£ ¾ĄÉ)))                                                 .+, 

 
 ôîÉ/Ăýwăwù ¹w{öñ ) ā¹v¹wăć £vºăwÊùĈ ÿ óºù ¹vºýÿ¾z  wz~Ċºþz¾îćwăć  äö¤¸ùÿ v¾ÉĉÔ ¿¾ùć ERA5  ÿFNL ½¹ āwùwăć 

y¸¤þù ¹½$ĉä ā¹v¹ óÿvwăć £vºăwÊùĈI ¹½ĉäwăć ºÞzć ¹vºýÿ¾z  óºù£¾£ ĂzĊy Exp(1)  w£Exp(7)# 
 

 ôĊö´£Ĉò¤Æ{úă ¹wz ¢Ý¾Å ÿ ¢Ą« 

 ¢Ą«z 5¹wwz Å½¾zĈ ö´£ ÿĊô ò¤Æ{úăĈ zĊü ā¹v¹wăć £vºăwÊùĈ  ÿ¹vºýÿ¾z  óºù½¹ ~Ċºþz¾îćwăć äö¤¸ù v¾zć â¤ùĊ¾ 

¢Ą«  ¹wz½¹ ôîÉ óÿº« ÿ $0#  )ºĉ¹¾ñ ôÍw³ ¾ĉ¿ ªĉw¤ý½¹ āwù Ĉò¤Æ{úă ¾ĉ¹wêù Üĉ¿Ā£ ĂĉĀývÁ ¹wz ¢Ą«  üĊzā¹v¹wăć 

 óºù ¹vºýÿ¾z ÿ Ĉ£vºăwÊù ½¹~Ċºþz¾îćwăć äö¤¸ù ć¿¾ù Ôĉv¾É wz ERA5 Ĉù ûwÊýºă¹ ~ćºþz¾îĊ Exp(3) ½vºêù wz 

-2*+  ¾ĉwÅ Ăz ¢{Æý ºÍ½¹~Ċºþz¾îćwă  ½v¹½Ā·¾z ć¾¤Ąz ¹¾îöúÝ ¿v¢Åv Ĉ£½ĀÍ½¹Ăí  Ôĉv¾É wz¿¾ùć FNL IExp(6)  wz

½vºêù .4*+  ºÍ½¹ Ĉò¤Æ{úă ćv½v¹Āéć¾£ć  ā¹Āzÿ  āwù üĉv ½¹ā½wùj ü¤å¾ñ ¾Úý ½¹ ûÿºz¾òĉ¹ ćwăI ć¿¾ù Ôĉv¾É FNL 

Ĉù ¾¤Ąz ªĉw¤ý Ăz ¾¬þù)¹¹¾ñ  Ĉù āwù ½¹ĂþĊÊĊz Ĉò¤Æ{úă ½¹  üĊz~Ċºþz¾îćwăć äö¤¸ù wz ¾zv¾z .1*+  ćv¾z ºÍ½¹ā¹v¹wăć 

ERA5 ÿ .-*+  ºÍ½¹ ½¹FNL ½¹ yĊ£¾£ Ăz Exp(7) ÿ Exp(4) Ăz¢Å¹Ĉù ûwÊý Ăí āºùj Ôĉv¾É ºă¹¿¾ùć ERA5 

¢Åv Ă¤ÆývĀ£ āwù üĉv ½¹ ĂĊ{É ½¹ć¿wÅ ¢Ą« èåĀù ¹wz)ºþí ôúÝ ¾£  ćđĀ« āwù ½¹ ĂþĊÊĊz~ üĊz Ĉò¤Æ{úăĊºþz¾îćwă ¿v 

-/*+  w£/.*+  ćv¾z ºÍ½¹ā¹v¹wăć ERA5 ¿v ÿ ,/*+  w£/.*+ ćv¾z ºÍ½¹ FNL Ăz¢Å¹āºùj  ÿyĊ£¾£ Ăz ćºþz¾îĊ~wăć 

Exp(4)  ÿExp(3)  ¹¾îöúÝ üĉ¾¤Ąz ćv½v¹ā¹Āz ĂþĊÊĊz ¾ĉ¹wêù è{Õ ÿ Ĉò¤Æ{úă āwù üĉvI  Ôĉv¾É¿¾ùćwă ývĀ£ ćv½v¹ćºþú 

 ĈýwÆîĉ½¹ ĂĊ{É ¹wz ¢Ą« ć¿wÅºý½v¹½Ā·¾z) 


