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Summary 

Geographical location of Iran in arid and semi-arid regions has strongly affected its food security, water 

resources and weather- and climate-related extreme events due to climate change. Global warming, on 

average, increases precipitation on Earth by increasing evaporation from the oceanic surface that enters the 

atmosphere, but the response of the West Asian region to global warming is generally a decrease in 

precipitation. Some studies have confirmed a decrease in the average precipitatiomn of Iran with an increase 

of precipitation in the south and southeast of the country. They also confirmed that the largest decrease in the 

precipitation of Iran occurs in the Zagros region. 

To this end, in this study, an overview of possible changes in precipitation trends in 43 stations of Iran is 

presented. To achieve the goals of the paper, the data of four Earth System Models from CMIP6 models, 

including MIROC6, FGOALS_g3, BCC-CSM2-MR and ACCESS-ESM1-5 were used. The precipitation 

output of the selected models has been statistically downscaled using CMHyd software for 43 synoptic 

stations over Iran. Observational period of 1985-2014 and the next three 25-year periods as the near future 

2020-2026, the mid future 2075-2051 and the far future 2100-2076 were considered as study periods. Future 

changes in precipitation under three Shared Socio-economic Pathways (SSP) scenarios of SSP1-2.6, SSP2-

4.5 and SSP5-8.5 were estimated. During the downscaling process, the Classius-Clapiron (CC) rate was 

applied to increase the trend of heavy rainfall. The air holding capacity is controlled by the Clausius-Clapiron 

relation, which is the water vapour holding capacity of the air at 7% /oC, the so-called ClausiusïClapeyron 

(CC) rate (bellow equation). ▄▼ Ȣ ▄
Ȣ ╣

╣ Ȣ  

Since the maximum temperature increase in the country was considered 10 degrees Celsius based on the 

worst possible scenario (SSP5-8.5), so all severe precipitation events were projected that were above the 

threshold of 130% compared to the normal period that were reduced to 130% of its normal amount.  

The results showed that future rainfall changes were not significant in about 78% of the stations. The increase 

and decrease of rainfall were significant in 19% and 3% of the stations, respectively. The largest increase in 

precipitation will occur in the south-southeast and the largest decrease will occur in the central Zagros area. 

The average rainfall of the country will increase by 0.4% annually (with a uncertainty range of 14%). On a 

seasonal scale, precipitation changes in spring, summer, autumn and winter were estimated to be + 15.2, -11, 

-6 and +3.5, respectively. Although a 15.2% increase in precipitation is projected for spring, the range of 

uncertainty with 81.9% indicates a lack of confidence in future precipitation estimates of spring season. The 

maximum uncertainty is related to the spring rains, which shows that the rains of this season are becoming 

more and more distrustful. Under warming conditions, more spring rainfall increases will occur. In summer, 

in the near future, summer rains tend to increase and then decrease with more level of Global Warming. After 

spring, most uncertainty is related to summer precipitation. The autumn precipitation tends to be less than 

normal with lower amount of uncertainty, although its decrease is not significant. The small range of the 

autumn rainfall uncertainty chart indicates the agreement of different model-scenarios in projection of 

autumn rainfall. Winter rainfall projection does not have significant uncertainty and almost all model-

scenarios agree on the relatively low trend of rainfall increase. In this season, under higher amount of Global 

Warming, the precipitation increases and the amplitude of uncertainty also increases. Among the next three 

periods, the lowest and highest range of uncertainty in the annual changes of precipitation in the first and last 

decade of the present century will occur with the range of changes of 14 and 29.1%, respectively. The lowest 

and highest amplitude of uncertainty on the seasonal scale with 3.6 and 81.9 are estimated in winter (near 

future) and spring (far future), respectively. This situation indicates that in the future most precipitation 

fluctuations will occur in the spring. 
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 )¹v¹ Ç½wz ûvÀĊùÈĊ~ ć¾òý  ûw¤Æù¿ ½¹ āºÉûwÊý  āºþă¹

 Ĉz¾á ćwĊõwúĊă ½¹ Ç½wz ºĉºÉ ÈĉvÀåvāv¾úă  Èăwí wz

 ç¾É½¹ Ç½wzûj )¹Āz  Ç½wz ĈÅ½¾z I¾òĉ¹ ćĀÅ ¿v

 ćwĊÅj èÕwþù ¾¤ÊĊz ½¹ ºĉºÉ ÈĉvÀåv ¾òýwÊý ûw¤Æzw£

 ìÊ· ĂêÖþù ½¹ ÈĉvÀåv ûvÀĊù üĉ¾¤ÊĊz ÿ ¢Åv ĈzĀþ«

 ¢´£ Iºþă ½ÿw¬ù èÕwþù ÿ ûw¤Æíw~ xĀþ«ºz üĉ¾£

¢Åv ½wÊ¤ýv ćĀĉ½wþÅ ) 

$ ûv½wîúă ÿ Ĉýwù¿-+-+ ¹¾îöúÝ Ĉzwĉ¿½v Ăz ÷vºév #

óºù  ćwă āÁÿ¾~ ÿ¹CMIP5  ÿCMIP6 ÈĊ~ ½¹ ć¾òý 

ÃwĊêù ½¹ Ç½wz üĊòýwĊù ćwă  ½¹ ĈöÎå ÿ ĂýđwÅ Ĉýwù¿

 ā½ÿ¹ ĈÕ ½ĀÊí x¾á ówúÉ ÿ ówúÉ-++0(,432  wz

ā½wùj ¿v ā¹wæ¤Åv ćwă  IĈò¤Æ{úă yĉ¾ÑRMSE ćwÖ· I

 ½ĀöĊ£ ½v¹Āúý ÿ Ĉ{Æý¹¾í ªĉw¤ý )ºýÈĊ~  ć¹wúă ć¾òý ûwÊý

 Ç½wz Ăí ¹v¹ĂĊ{É  ć¿wÅ  āºÉ çĀå āÁÿ¾~ ÿ¹ ÔÅĀ£¡ÿwæ¤ù 

Ĉù  ºÉwz IĂz ½ĀÕć  Ăí ÷wú£ ½¹ ûw¤Æù¿ ćv¾z Ĉ{Æý Ĉ{ĉ½v



/./                                                      ā½ÿ¹ IwÒå ÿ üĊù¿ ìĉÀĊå/4 ā½wúÉ I- Iûw¤Æzw£ ,/+- 

 

āwò¤Æĉv wă óºù ½¹  ćwăCMIP6  ¿v ¾¤úíCMIP5  Ăí ¹Āz

ûwÊý āºþă¹   ¾¤Ąz ¹¾îöúÝ Èăwí ÿ÷ºÝ ¢ĊÞÖé  ½¹óºù  ćwă

CMIP6 )¢Åv ¹vºÞ£ć  ½ĀÊí ûwêê´ù ¿v ÛĀÑĀù Ăz

÷ºÝ ¢ĊÞÖé óºù ½¹ ć¿wÅ ĈúĊöév ćwă Ă¤·v¹¾~  ¿v Ăí ºýv

Ĉù Ăöú«  Ăz ûvĀ£ÈăÿÂ~ $ üùvºíw~ ÿ ĈăĀí,/++ ÿ #

 ÿ ĈæÖõ ûv½wîúă$,.44# ÈĊ~ Ăí ¹¾í ā½wÉv ć¾òý 

 Ç½wz ôú¤´ùĂz  āv¾úă÷ºÝ ¢ĊÞÖé  ĈÅ½¾z ¹½Āù ĂÕĀz¾ù

 )¢Åv Ă¤å¾ñ ½v¾é¢ĉ¹ÿº´ù ×w´õ Ĉù ĈîĉÀĊå ćwă  ºývĀ£

÷ºÝ ¿v ĈÊ¸z ÃwĊêù ¢ĊÞÖé Ĉăwí ć½wùj ăwí v½ºă¹ È )

½¹ ¡wÞõwÖù Ów{£½v üĉv ā¹v¹ ûwÊý  Ăí ºýv ºýÿ½ ÈĉvÀåv

 ¿v yöáv ĈÉ½wz ºĉºÉ ćwă¹vº·½ðþăj ÃĀĊÅĒí(

 ûÿ¾Ċ~Ēí$2  ćvĀ¤´ù ÈĉvÀåv üĉĀöí Ă«½¹ ¾z ºÍ½¹

 #Ā« Ĉ¤zĀÕ½Ĉù ćÿ¾Ċ~ ºþí $®ĉÿ¹½wă  ÿûv½wîúă I-+,+ J

 ÿ ĈîÆþĊzÿ½¹ûv½wîúă I-+,1)#  Ĉ·¾z¡½ÿ¾Ñ  üĉv ćwă

 èĊê´£¡½w{Ý ºýv ĈþÞù ĈÅ½¾z 5¿v ć½v¹ ÿ ÷ºÝ ¢ĊÞÖé 

Ç½wz  ½ĀÊí āºþĉj ćwă ÿÃwĊêù  ×w´õ wz ûj Ĉăwí

ÃĀĊÅĒí ðþăj ¿v ĈÉwý ¢ĉ¹ÿº´ù(ûÿ¾Ċ~Ēí)  üĉv ½¹

 ÈăÿÂ~ IçĀå āwñºĉ¹ ×w´õ wzóºù ¹vºýÿ¾z  ćwăCMIP6  
 

Çÿ½ Ăz   ć½wùj Ĉăwí ÃwĊêùøÊ¯ ÿ āºÉ  ¿vºýv ¡v¾ĊĊâ£

 Ç½wz ā½ÿ¹ ½¹-,++(-+-,  Ăĉw~ ā½ÿ¹ Ăz ¢{Æý ¹½ÿj¾z

ºÉ¢Åv ā )È¸z ½¹  ćºÞz ćwă Ăõwêù üĉv Çÿ½ Ĉå¾Þù Ăz

ā¹v¹ ÿ ĂêÖþù IÈăÿÂ~ wăóºù Ĉĉv½wí I  ćwăCMIP6  ÿ

 ¦´z ÿ ªĉw¤ýĈù Ă¤·v¹¾~  )¹ĀÉ  

 

- )ÈăÿÂ~ Çÿ½ 

-(, )ā¹v¹ ÿ ĂÞõwÖù ¹½Āù ĂêÖþù  ćwă Ĉ£vºăwÊù 

ûv¾ĉv ā¾¤Æñ èĊê´£ üĉv ½¹ ĂÞõwÖù¹½Āù ĂêÖþù ¿v ÿ ā¹Āz  ÿ¹

óºù ¹vºýÿ¾z ÿ Ĉ£vºăwÊù ā¹v¹ ÛĀý  ćwăāÁÿ¾~   ĂÆĉwêù

óºù ôzwê¤ù ĈúĊöév ćwă( øÊÉ ¿wåćwăĀĉ½wþÅ ¢´£  Ô·

ĈÝwú¤«v ć¹wÎ¤év Ĉ¤í½wÊù ¾ĊÅ $SSP#  ½¹ Ăí Ç½vÀñ

 øÊÉ¢uĊă üĊz Ĉ¤õÿ¹  øĊöév ¾ĊĊâ£Ăz ½wí  Ă¤å¾ñºÉ ā¹wæ¤Åv Iā

É¢Åv āº )ā¹v¹  ôùwÉ Ĉ£vºăwÊù ćwă Ăýv¿ÿ½ Ç½wz/. 

 āwò¤Æĉvćºĉºúă ½ĀÊí  ā½ÿ¹ ½¹ Ăĉw~$,430(-+,/ #

Ĉù  Ăí ºÉwzºþĉv¾å üòúă ¿wÅ ćā¹v¹  wĄýj Ăúă ćÿ½ ¾z wă

¢å¾ñ ÷w¬ýv ¡wÎ¸Êù )āwò¤Æĉv wă  óÿº« ½¹,  ā¹½ÿj

)¢Åv āºÉ 

óÿº«,) āwò¤Æĉv wăć ÅwþÉvĀăĈ ¹½Āù  üĉv ½¹ ā¹wæ¤ÅvĂÞõwÖù) 

¹½ĉä ûw¤Åv ÷wý vĉāwò¤Æ äĉ¹½ ûw¤Åv ÷wý vĉāwò¤Æ äĉ¹½ ûw¤Åv ÷wý vĉāwò¤Æ 

, wz½»jĉûw¬ é¾ÉĈ ¾{£ĉÀ ,1 ûwÅv¾· õwúÉĈ ¹½Āþ¬z ., 
òĄíĊĀöĉĂ ÿ 

Āzĉºú³v¾ 
ĉ©ĀÅw 

- 
wz½»jĉûw¬ z¾áĈ 

Ā·ć ,2 
ûw¤Å¿Ā· 

¿vĀăv .- 
ûwù¾í 

øz 

. ùÿ½vĊĂ ,3 óĀå¿¹(āwñ¹ÿ¾å .. ûwù¾í 

/ z¹½vĊô z¹½vĊô ,4 ûw¬ý¿ ûw¬ý¿ ./ ûw¤Æöñ ûwñ¾ñ 

0 ûwĄæÍv ûwĄæÍv -+ 
ûwþúÅ 

¹ÿ¾ăwÉ .0 
ñĊûĒ 

õÀýv½ºþzĈ 

1 ¿¾{õv ©¾í -, ûwþúÅ .1 ¢É½ 

2 vĉ÷Ē vĉ÷Ē -- 

ÅĊûw¤Æ ÿ ûw¤Æ¯Āöz 

½wĄzw¯ .2 ûw¤Å¾õ ÷¾· ¹wzj 

3 ¾ĄÉĀz ¾ĄÉĀz(āwñ¹ÿ¾å -. ôzv¿ .3 
ûv½ºý¿wù 

¾Æözwz 

4 ûv¾Ą£ ûv¾Ą£(āwñ¹ÿ¾å -/ ûvºăv¿ .4 ¾Æùv½ 

,+ 
ów´ù½wĄ¯ ÿ 

¤¸zĊ½wć 
¹¾í¾ĄÉ -0 Ã½wå ÉĊ¿v¾ /+ Àí¾ùć ëv½v 

,, 
ûwÅv¾· zĀþ«Ĉ 

zĊºþ«¾ -1 ÿÀéĉü ÿÀéĉü /, ûwñÀù¾ă Ãw{Ý½ºþz 

,- Ä{Õ -2 øé øé /- ûvºúă ûvºúă(āwñ¹ÿ¾å 

,. 

ûwÅv¾· ĀÑ½ć 

ºĄÊù -3 
ûw¤Å¹¾í 

©ºþþÅ /. ĉ¹À ĉ¹À 

,/ ½vÿÀ{Å -4 ÀêÅ    

,0 ¢z¾£ ³Ċ½ºĉĂ .+ āwÊýwù¾í āwÊýwù¾í    



øÊ¯  û¾é ½¹ ûv¾ĉv Ç½wz ¿vºýv-, Ăz wz ÃwĊêù ć¾Ċñ½wí  *))) ¹vºýÿ¾z ć½wùj ĈăwítwzwzĊûw   ûv½wîúă ÿ                         /.0 

 

-(- )ā¹v¹Ĉĉj½wí ÿ wă óºù  ćwăCMIP6 

¡ÿwæ£ ¿v óºù øĄù ćwă  ćwă ôzwê¤ù ĂÆĉwêù āÁÿ¾~ øÊÉ ¿wå

óºù ĈúĊöév ćwă óºù Ăz ¢{Æý  IüĊÊĊ~ ćwă ¿v ā¹wæ¤Åv

ćwăĀĉ½wþÅSSP   ćwăĀĉ½wþÅ ¿v ĈêĊæö£ Ăí ¢ÅvRCP  ÿ

¢ÅwĊÅ  ćwă )¢Åv ĈÝwú¤«v ć¹wÎ¤évāÿĒÝ  Iûj ¾zMw£ºúÝ 

 ¿vóºù ćwă ĈþĊù¿ ø¤ÆĊÅ ESM $Earth System Model #

Ăz  ćw«óºù ćwă Ĉöí Ç¹¾ñ $GCM# ¢Åv āºÉ ā¹wæ¤Åv )

óºù ĂÝĀú¬ù ½¹  ćwăCMIP6 óºù ć¾Å ÿ¹  ćwăúĊöévĈ 

GCM  ÿESM óºù Ăí ºý½v¹ ¹Ā«ÿ  ćwăESM Ăz ôĊõ¹ 

 ¿v ć¾¤ÊĊz ā¹wæ¤ÅvĂæõoù  ćwăĂĊ{É ½¹ üĊù¿ ĂýwùwÅ ¿wÅ ć

āºþĉj ÿ Ĉ¸ĉ½w£ ā½ÿ¹ øĊöévI  ć¾¤ÊĊz ćºþúývĀ£ ćv½v¹

óºù Ăz ¢{Æý  ćwăGCM Ĉù   wĄýj JºþÉwz ¿v ćºĉº« ôÆý

óºù  ćwăĈúĊöév Ĉù   Ăí ºþÉwzĂz ªĉ½º£ óºù üĉÀòĉw«  ćwă

GCM Ĉù  )ºýĀÉ  ½¹óºù  ćwă ćwăĀĉ½wþÅ èĊæö£ ¿v øÊÉ ¿wå

ĈÝwú¤«v( ć¹wÎ¤év ÿ ćwăĀĉ½wþÅ ĈÊzw£ ¢Év¹vÿ āºþĉwúý

Ăýw¸öñ ćwă¿wñ ¢Úöá   ćvÄ~ ôĊö´£ ćv¾z üĊz ćwă½Ā·

 ÿ øĊöév ¾ĊĊâ£ôùvĀÝ ĈÝwú¤«v( ć¹wÎ¤évºþýwù  ĈýwĄ« ºÉ½

¢å¾ÊĊ~ ÿ ć¹wÎ¤év ĂÞÅĀ£ I¢ĊÞú«  ćwă ā¹wæ¤Åv ć½ÿwþå

ā¹v¹ )¢Åv āºÉ  ćwăóºù ćwăCMIP6 āwòĉw~ ÿ¹ ¿v øĄù 

ESGF ÿ îĊý¾~ĀíÄ  ôzwé¢åwĉ½¹ Ĉù  ºþÉwz  āwòĉw~ Ăí

ESGF Ăz ûvĀþÝ  ā¹Āz ĈöÍv Ü«¾ù¢ĉĀõÿv ÷wú£ ÿ  ćwă

ā¹v¹  ćväĉ¾Þ£  āÁÿ¾~ ½¹ āºÉCMIP6 Ĉù ÈÉĀ~ v½  )ºă¹

ìĊý¾~Āí āwòĉw~  #Ăõwêù üĉv ĂĊĄ£ ûwù¿ w£$¢ýwĉ½vÿ ºéwå  ÿ wă

óºù ¿v ć¹wĉ¿ ¢{Æý Ăz ćwăĀĉ½wþÅ  ćwăCMIP6 ¢Åv I wz

üĉv  ów³Ăz ôĊõ¹ ĄÅ¹Āöýv¹ ½¹ ¢õĀ ÿ Ĉýwù¿ Ç¾z ûwîùv I

ā¹v¹ Ĉýwîù wă  ĈöÍv ćwăĀĉ½wþÅ ôévº³ ¹Ā«ÿ ÀĊý ÿ

¿wĊý¹½Āù ¹½Āù I«v¾ùĂz ¹vºÞ£ ĂÞ ûwêê´ù ¿v ć¹wĉ¿ ¢{Æý 

Ĉù  āºÉ ¹wĉ āwòĉw~ ÿ¹ Ã½¹j )ºÉwzĂz ¡½ĀÍ 5¢Åv ¾ĉ¿ 
https://esgf-node.llnl.gov/projects/cmip6/ 

https://cds.climate.copernicus.eu/cdsapp#!/dataset

/projections-cmip6 
 èĊê´£ üĉv ½¹ā¹v¹ ¿v  Ç½wz ćwăóºù  ćwă wz ìĊîæ£

Ĉýwîù  Ĉêåv,++  ÿ-0+  ½¹ ¾¤ùĀöĊí½wĄ¯  Ĉýwù¿ ā¿wz

$ Ĉ¸ĉ½w£-+,/(,430#I ìĉ¹Àý āºþĉj $-+0+(-+-1 I#

$ ĂýwĊù āºþĉj-+20(-+0,$ ½ÿ¹ āºþĉj ÿ #-,++(-+21 #

)ºÉ ā¹wæ¤Åv $ ûv½wîúă ÿ ôĊýÿv-+-+ ¹vºÞ£ ĈÅ½¾z wz #

,.23 Ĉýwù¿ ĂöÍwå ½¹ Ăõwêù -+,4(-+,/  ¹vºÞ£

 ć¹¾z½wí ćwăĀĉ½wþÅSSP )ºý¹¾í Ì¸Êù v½  ĂÞõwÖù ½¹

 ćĀĉ½wþÅ ĂÅ wĄýjSSP2-4.5 ISSP5-8.5  ÿSSP1-2.6 

Ăz yĊ£¾£  ËwÎ¤·v ¹Ā· Ăz v½ ¡wÞõwÖù ¿v ø¬³ üĉ¾¤ÊĊz

ā¹v¹  )ºýv ćĀĉ½wþÅ ĂÅ ĂÞõwÖù üĉv ½¹ ÃwÅv üĉv ¾z 

SSP1-2.6 ISSP2-4.5  ÿSSP5-8.5 Ăz ûvĀþÝ  ćwăĀĉ½wþÅ

)ºÉ Ă¤å¾ñ ¾Úý ½¹ ĂýwþĊzºz ÿ ÔÅĀ¤ù IĂýwþĊ{ÉĀ·  üĉv ½¹

v ½¹ ĂÞõwÖùvº¤z óºù üĊz ¿v  ć¾Å ćwăCMIP6 ¿v Ă¤Å¹ ûj I

óºù ā¹v¹ ćv½v¹ Ăí Ĉĉwăā½ÿ¹ wz Ĉĉwă  ćwă ë¾¤Êù

ÈĊ~ ÿ Ĉ¸ĉ½w£  ÿ ā¹Āz ć¾òýĈýwîù ìĊîæ£  Ĉêåv-0+  ÿ

z¾¤Ą ºþ¤Év¹ ¹½Āù I ĈÅ½¾zºþ¤å¾ñ ½v¾é)  óÿº«-#) 

 

óÿº« -) óºù wăć CMIP6 ā¹v¹ wz  ćwă¾òõwz¾á ¿v Ä~ Ã¾¤Å¹ ½¹ Ç½wzć ā¹v¹ wăć  ë¾¤Êù ĂÅ½wþÅĉĀć SSP ÿ ½w£ç̂Ĉ) 

 

¹½ĉä Models 
Resolution(km) 

Hist SSP1- 2.6 SSP2-4.5 SS5-8.5 variant 
100 250 

, ACCESS-ESM1-5  ᾛ ᾛ ᾛ ᾛ ᾛ ►░▬█ 

- BCC-CSM2-MR ᾛ  ᾛ ᾛ ᾛ ᾛ ►░▬█ 

. CESM2 ᾛ  ᾛ ᾛ ᾛ ᾛ ►░▬█ 

/ CNRM-CM6-1  ᾛ ᾛ ᾛ ᾛ ᾛ ►░▬█ 

0 FGOALS-g3  ᾛ ᾛ ᾛ ᾛ ᾛ ►░▬█ 

1 GISS-E2-1-G  ᾛ ᾛ ᾛ ᾛ ᾛ ►░▬█ 

2 IPSL-CM6A-LR  ᾛ ᾛ ᾛ ᾛ ᾛ ►░▬█ 

3 MIROC6   ᾛ ᾛ ᾛ ᾛ ᾛ ►░▬█ 

4 MRI-ESM2-0 ᾛ  ᾛ ᾛ ᾛ ᾛ ►░▬█ 

,+ NorESM2-LM  ᾛ ᾛ ᾛ ᾛ ᾛ ►░▬█ 

https://esgf-node.llnl.gov/projects/cmip6/
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óºù ¿v ìĉ ¾ă Ĉĉj½wí  ćwăCMIP6  èĉ¾Õ ¿v Ã¾¤Å¹ ½¹

ā¹v¹ ĂÆĉwêù ā¹v¹ wz wĄýj Ĉ¸ĉ½w£ ćwă  ćÿwí¿wz ćwă èĉ¾Õ ¿v

 øĊÅ¾£ ½v¹Āúý I½ĀöĊ£$ ½ĀöĊ£-++, # Ì¸ÊùºÉ)  ½v¹Āúý

½ĀöĊ£I ĂÎ¸Êù  ćwăĂĉwúý  ćwă ½¼« ÿ ½wĊÞù ãv¾´ýv IĈ{ĉ½v

 ¡wÞz¾ù üĊòýwĊù)¢Åv v½v¹ v½ 

 

-(.) Ĉăwí ÃwĊêù  ÔÅĀ£CMHyd 

ÃwĊêù ¢Ą«  Ĉăwíóºù ¹vºýÿ¾z  Ĉöí Ç¹¾ñ ćwă ¿v

÷¾ý ½vÀåv CMHyd $Climate Model data for 

Hydrologic modeling #)ºÉ ā¹wæ¤Åv  üĉv÷¾ý ½vÀåv  ćv¾z

óºù ćÁĀõÿ½ºĊă ć¿wÅ  ÔÅĀ£Àþ«¹v½  ÿ ûv½wîúă$-+,1 #

 āºÉ ā¹v¹ ĂÞÅĀ£ ûĀ¤ĉw~ ÔĊ´ù ½¹ wîĉ¾ùj ÿ¹¾~ āwòÊýv¹ ½¹

¢Åv  Ăíā¹v¹ Ĉ{ĉ½v ²Ċ´Î£ ćv¾z yöáv ÃwĊêù ćwă  Ĉăwí

ôĊ{é ¿v ĈîĊùwþĉ¹ āºÉ ā¹v¹ ćwă CORDEX Ăz ½wí Ĉù )¹ÿ½ 

 ½¹ºþĉv¾å  Ĉ{ĉ½v ²Ċ´Î£MwùvÀõv  ÷w¬ýv ÃwĊêù Èăwí

Ĉúý  ÿ ¹ĀÉĈýwîù ìĊîæ£ ā¹v¹  wz āºÉ ²Ċ´Î£ ćwă

ā¹v¹  )¢Åv ĂzwÊù ÷w· ćwăCMHyd Çÿ½ ¢Êă ¿v 

 Ĉ{ĉ½v ²Ċ´Î£ ĈÕºþĉv¾åvÀ¬ù ć ćv¾z  wù¹ ÿ Ç½wz ôùwÉ$

 #ĂþĊúí ÿ ĂþĊÊĊz ćwù¹Ĉù ā¹wæ¤Åv ºþí ) Çÿ½ ¢Êă üĊz ¿v

 IāºÉ¹wĉ ªþ~Çÿ½  ù Ç½wz Ì¤¸Ì¤¸ù Çÿ½ ½wĄ¯ ÿ 

Ĉù wù¹ ºþÉwz  óÿº«$.#) 

÷¾ý  ½vÀåvCMHyd  ÿ¹ ¿v Ç¿v¹¾~ ĈöÍv È¸z

$Processing$ øĊÅ¾£ ÿ #plot ½¹ Ăí ¢Åv āºÉ ôĊîÊ£ #

ā¹v¹ ć¹ÿ½ÿ Ăz ÓĀz¾ù ô³v¾ù ĂĊöí Ç¿v¹¾~ È¸z  w£ wă

ÃwĊêù Ĉ«ÿ¾· IøĊÅ¾£ È¸z ½¹ ÿ ¹½v¹ ½v¾é Ĉăwí  wă

Ĉù øĊÅ¾£  È¸z¾ĉ¿ ½wĄ¯ Ăz ¹Ā· Ç¿v¹¾~ È¸z )ºýĀÉ

ā¹v¹ ć¹½ÿ ôùwÉ ĈöÍv $ Ĉýwzºĉ¹ ćwăobserved climate 

input$ ĈúĊöév óºù ć¹ÿ½ÿ I#climate model xw¸¤ýv I#

Ĉ«ÿ¾· ć½Ā¤í¾ĉv¹ ÃwĊêù ćwă $ āºÉ Ĉăwíselect 

output directory$ óºù ćv¾«v ºþĉv¾å ÿ #process #

Ĉù øĊÆê£ ā¹v¹ ć¹ÿ½ÿ È¸z¾ĉ¿ ½¹ )¹ĀÉ  ½¹ IĈýwzºĉ¹ ćwă

IĂÕĀz¾ù ć½Ā¤í¾ĉv¹ $ w¤ĉ¹w¤ù ôĉwå ìĉLocation file ½¹ #

 IĈĉwĊåv¾â« Ï¾Ý I÷wý Iāwò¤Æĉv ĂÎ¸Êù ā½wúÉ āºý¾Ċñ¾z

āwò¤Æĉv Ĉùwú£ Ûwæ£½v ÿ ĈĉwĊåv¾â« óĀÕ  ć¹vºÞ£ ÿ wă

ôĉwå ā¹v¹ ôùwÉ ā¹v¹ Ĉþ¤ù ćwă  ¾Úý¹½Āù ¾Ċâ¤ù Ăýv¿ÿ½ ćwă

Ăz āwò¤Æĉv ¿v ìĉ ¾ă ćv¾z vÀ¬ù ½ĀÕ Ĉù ā¹v¹ ½v¾é wă  )¹ĀÉ

ā¹v¹ ¢ù¾å È¸z üĉv ½¹ Ăz MwùvÀõv Ĉýwzºĉ¹ ćwă  ¡½ĀÍ

ASCII  ôĉwå ½¹ )¢ÅvASCIIā¹v¹ I Ăz Ç½wz ćwă  ¡½ĀÍ

ì£ Ăz wù¹ ÿ ĈýĀ¤Å  ½¹ ĂþĊÊĊz ćwù¹$ ĈýĀ¤Å ÿ¹ ¡½ĀÍ

Ĉù ©½¹ #÷ÿ¹ ûĀ¤Å ½¹ ĂþĊúí ćwù¹ ÿ óÿv ûĀ¤Å  )ºýĀÉ

ôĉwå ÷wú£ ½¹ üĊþ°úă  Ûÿ¾É ¿ÿ½ Iwù¹ ÿ Ç½wz Ĉþ¤ù ćwă

ā¹v¹ Ĉù ©½¹ ¾ÖÅ üĊõÿv ½¹ wă  üĊþ°úă )¹ĀÉwăiĒ·ć 

½wùjć wz ºí 4*44( ĉw +*44( ûwÊý ā¹v¹ ùĈ ºýĀÉ ) ½¹

ā½ÿ¹ ¾ă ćv¾z Ĉ¤Æĉwz ĈúĊöév óºù È¸z¾ĉ¿( ćĀĉ½wþÅ

 ÿ Āĉ½wþÅ ôĉwå ćÿw³ Ăýwñvº« ć½Ā¤í¾ĉv¹ ĂÞõwÖù ¹½Āù

ā¹v¹ ¢ù¾å )¹ĀÉ ¹w¬ĉv Ĉ¸ĉ½w£ Ĉù È¸z üĉv ćwă  ºývĀ£

Ăz  wĉ Ĉþ¤ù ¡½ĀÍnetcdf  xw¸¤ýv È¸z¾ĉ¿ ½¹ )ºÉwz

¹v¹ ā¾Ċ·» ¾ĊÆù Ić½Ā¤í¾ĉv¹ā ÃwĊêù ćwă  āºÉ Ĉăwí

Ĉù Ì¸Êù  Ióºù ćv¾«v ºþĉv¾å È¸z¾ĉ¿ ½¹ Mw¤ĉwĄý )¹ĀÉ

ā¹v¹ ā½ÿ¹ óĀÕ vº¤zv  ûvÀĊù ÿ Ĉ¸ĉ½w£ ÿ Ĉýwzºĉ¹ ćwă

Ĉù ì¯ ÿ Ì¸Êù wĄýj ĈýwÉĀ úă  ºþĉv¾å Ä Å ÿ ºýĀÉ

Ĉù v¾«v Ĉăwí ÃwĊêù  ¹ÿ½ÿ ô³v¾ù ¿v ìĉ ¾ă ½¹ )¹ĀÉ

ā¹v¹ ā¹v¹ ¹ÿ½ÿ IĈýwzºĉ¹ ćwă ì¯ ÿ óºù ćwă û¹¾í 

ā¹v¹ ÷wĊ~ ©½¹ ćv¾z ĈÊ¸z IĈýwzºĉ¹ ÿ Ĉ¸ĉ½w£ ćwă  ćwă

 Ïwúáv Ĉúí wz )¢Åv āºÉ Ă¤å¾ñ ¾Úý ½¹ Ĉõwú¤³v ćwÖ·

Ĉù ÷¾ý üĉv ¿v ûvĀ£ ÃwĊêù ćv¾z ½vÀåv  ćwă¾Ċâ¤ù ¾ĉwÅ Ĉăwí

üĊÝ ½¹ I¹¾í ā¹wæ¤Åv wù¹ ÿ Ç½wz wz Ô{£¾ù  ¿v ā¹wæ¤Åv ów³

ÊĊz Ă«Ā£ ÿ ¾Úý ¢é¹ Ăz ¿wĊý wă¾Ċâ¤ù ¾ĉwÅ ćv¾z ûj )¢Åv ¾¤

ĂþĉÀñ xw¸¤ýv ûwîùv ÿ Üĉ¾Å ćv¾«v  ćwă äö¤¸ù ćwĉvÀù ¿v

÷¾ý üĉv )¢Åv ½vÀåv Çÿ½ ¢Êă ÃwĊêù $ Ç½wz Ĉăwí0 

$ ćwù¹ ÿ #Çÿ½/  óºù ½¹ ā¹wæ¤Åv ¹½Āù #Çÿ½CMHyd 

óĀù¾å ¿v ÃwĊêù ćv¾z ¾ĉ¿ ćwăºþĉv¾å ÿ wă  ā¹wæ¤Åv Ĉăwí

Ĉù )ºþþí  ô³v¾ù Ĉùwú£ ½¹ Ăí ¹ĀÉ Ă«Ā£ Ĉ¤Æĉwz

ÃwĊêù ĈăwíI ā¹v¹ ówÅ ½¹ āºþĉj ÿ Ĉ¸ĉ½w£ ćwă  ĂÆĊ{í ćwă

.11 ÈĊ~ ½¹ Ăý¾ñÿ IºþÉwz Ă¤Év¹ ā¹v¹ ¿ÿ½  ćv¾z ć¾òý

ā¹v¹ I¾Ñw³ û¾é ćwĄ¤ýv  Ăzw« yêÝ Ăz āwù ìĉ wă  w«

Ĉù   ¿v ā¹wæ¤Åv ôîÊù üĉv ô³ ćv¾z āv½ ìĉ )ºýĀÉ

óºù $ ĂÆĊ{í øĉĀê£ wz ćwă.11 )¢Åv #ā¿ÿ½ 
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óÿº« .) Çÿ½ wăć ÍwÎ¤·vĈ êùĊÃw ăwíĈ ½wùjć v¾zć ÷¾ý ½¹ wù¹ ÿ Ç½wz  ½vÀåvCMHyd $ Iûv½wîúă ÿ Àþ«¹v½-+,1#) 
¹½ĉä Çÿ½ êùĊÃw ăwíĈ Ç½wz wù¹ 

, Linear Scaling (LS) (multiplicative) ᾛ  

- Linear Scaling (LS) (additive)  ᾛ 

. Delta-Change (DC) correction (multiplicative) ᾛ  

/ Delta-Change (DC) correction (additive)  ᾛ 
0 Precipitation Local Intensity (LI) scaling ᾛ  

1 Power Transformation (PT) of precipitation ᾛ  

2 Variance Scaling (VS) of temperature  ᾛ 

3 Distribution Mapping (DM) of precipitation and 

temperature 
ᾛ ᾛ 

 

óÿº« /) ºþĉv¾åóĀù¾å ÿ wă Çÿ½ ½¹ ā¹wæ¤Åv ¹½Āù wă ÃwĊêù ćwă ÷¾ý Ĉăwí  ½vÀåvCMHyd) 

 ÷wýÇÿ½  Çÿ½ ²ĊÑĀ£ÃwĊêù Ĉăwí Ü{þù 

Linear scaling, 

additive 

 Ăýwăwù üĊòýwĊù ¢{Æý¾ĉ¹wêù ā¹v¹ ć¾Å Ăz ûwÆîĉ ā½ÿ¹ ½¹ óºù Ĉ¸ĉ½w£ Ăz Ĉýwzºĉ¹ ĂĊ{É ćwă  āºÉ ć¿wÅ

Ĉù x¾Ñ āºþĉj  Çÿ½ üĉv )¹ĀÉMw´Ċ«¾£ ÃwĊêù ćv¾z Ĉù ā¹wæ¤Åv Èzw£ ÿ ½w¸z ½wÊå IÇ½wz Ĉăwí )¹ĀÉ 
 ÿ ¿ºþùûv½wîúă I-+-+  

Linear scaling, 

multiplicative 
ā¹v¹ Ăýwăwù üĊòýwĊù ¡ÿwæ£ ā¹v¹ ć¾Å Ăz ûwÆîĉ ā½ÿ¹ ½¹ óºù Ĉ¸ĉ½w£ ÿ Ĉýwzºĉ¹ ćwă ĂĊ{É ćwă  āºÉ ć¿wÅ

Ĉù ówúÝv āºþĉj  Çÿ½ üĉv )¹ĀÉMw´Ċ«¾£ ÃwĊêù ćv¾z Ĉù ā¹wæ¤Åv wù¹ Ĉăwí )¹ĀÉ 

Delta change, additive ĂĊ{É ½¹ ¾Ċâ¤ù ¾ĉ¹wêù üĊz ¡ÿwæ£ ĉ½w£ ć¿wÅĈù ā¹ÿÀåv Ĉýwzºĉ¹ ¾ĉ¹wêù Ăz āºþĉj ÿ Ĉ¸ )¹ĀÉ  IĈ{öĉÿ ÿ Ā¤Ċý¿wĉ¹-++0  

 Delta change, 

multiplicative 
ĂĊ{É ½¹ ¾Ċâ¤ù ¾ĉ¹wêù üĊz ¢{Æý Ĉù x¾Ñ Ĉýwzºĉ¹ ¾ĉ¹wêù ½¹ āºþĉj ÿ Ĉ¸ĉ½w£ ć¿wÅ )¹ĀÉ 

Precipitation local 

intensity 
Ăz ½ĀÕ Ĉù ²Ċ´Î£ Ç½wz Äýwí¾å ÿ ¡ºÉ ûwùÀúă ¹ĀÉ vº¤zv )É Ăýw¤Åj Ç½wz ¡ºĈù üĊĊÞ£ āwù ¾ă  I¹ĀÉ

ĂĊ{É ¾£ ćwă¿ÿ½ ¹vºÞ£ Ä Å  ć¿wÅ¾ĉ¹wêù wz āºÉ¹wĉ Ăýw¤Åj ¿v ¾£v¾å  Ĉýwzºĉ¹Ĉù ā¹v¹ èzwÖ£ ĂÕĀz¾ù )¹ĀÉ 

 ÿ ĈõºĊúÉûv½wîúă I-++1 J

 ÿ Āõûv½wîúăI  

Power transform 
Ăz ôĊõ¹ Çÿ½ ĈývĀ£wý  ºþýwù ówê¤ýv ćwăLS  ÿDC ĂĊ{É ½¹  Çÿ½ IÄýwĉ½vÿ ć¿wÅ ĈÖ·¾ĊáĂz ¡½ĀÍ  yĉ¾Ñ

 ĈývĀ£ Ç½wz Äýwĉ½vÿ ²Ċ´Î£ ćv¾zĈù ā¹wæ¤Åv )¹ĀÉ 
ºýwÊĉĀz ÿ ½ºþĊõ I-++2  

Variance scaling Ĉù ²Ċ´Î£ v½ wù¹ Äýwĉ½vÿ ÿ üĊòýwĊù Ăö³¾ù ĂÅ ½¹ Çÿ½ üĉv )ºþí  ÿ ìþĉ¾£ûv½wîúă I-+,+  

Distribution mapping  ½¹ā¹v¹ Üĉ¿Ā£ Üzw£ Çÿ½ üĉv ĂĊ{É ćwă  ć¿wÅĈù ²Ċ´Î£ ćĀ´ý Ăz wz w£ ¹ĀÉ ¿Ā£ĉ Ü Ĉýwzºĉ¹)ºÉwz èzwÖù  ÿ Ĉýw~ûv½wîúă I-+,+  

 

 ĈÕ ½¹ºþĉv¾å ÃwĊêù ĈăwíI  ¢ĉ¹ÿº´ù 

ÃĀĊÅĒí ðþăj(¾z ûÿ¾Ċ~Ēí Ç½wz ºýÿ½ ÈĉvÀåv  ćwă

 ºĉºÉ ówúÝvºÉ ) ¢ÉvºĄòý ¢Ċå¾Ù ÔÅĀ£ ¢zĀÕ½ 

 vĀăĂz ĂöĊÅÿ ÃĀĊÅĒí ĂÖzv½(ûÿ¾Ċ~Ēí  ĂÖzv½$, # 

Ĉù ó¾¤þí  Ăí ¹ĀÉMw{ĉ¾ê£ 2  üĉĀöí Ă«½¹ ¾z ºÍ½¹ 

¢Åv  ĂíÃĀĊÅĒí ðþăj ûj Ăz( Ă¤æñ ûÿ¾Ċ~Ēí

Ĉù ¹ĀÉ)  IāºÉ¹wĉ ĂÖzv½ ÃwÅv ¾z Èĉwù¾ñ Ă«½¹ ìĉ ¾ă

ĈýwĄ« Ĉù   ºývĀ£2  xj ½w¸z ¢ÉvºĄòý ¢Ċå¾Ù ¾z ºÍ½¹

Ç½wz ¡ºÉ ûvÀĊù üĊúă Ăz ÿ ºĉvÀåwĊz Ā« ½¹  ćwă v½ üĊòþÅ

ºă¹ ÈĉvÀåv Ĉ·¾z ½¹ )ÈăÿÂ~  ā¹ÿº´ù äö¤¸ù ćwă1  w£

,. ćv¾z üĉĀöí Ă«½¹ ¾z ºÍ½¹ ÃĀĊÅĒí ðþăj(

¢Åv āºÉ ¾í» ûÿ¾Ċ~Ēí $®ĉÿ¹½wă  ÿûv½wîúă I-+,+ J

ĈöÆĊí ÿ vĀîþĊ£wù I-+-+ Jûv½wîúă ÿ ĈîÆþĊzÿ½¹ I-+,1 J

 ÿ ½wþõĀùûv½wîúă I-+,0)# 

$,                                        #▄▼ Ȣ ▄
Ȣ ╣

╣ Ȣ 

ÃwĊêù ¾ĉ¹wêù ćÿ½ ¾z çĀå Ó¾É  Ç½wz āºÉ Ĉăwí

āwò¤Æĉv wă ówúÝv ½ĀÊí ćºÉ  Ç½wz ¾ĉ¹wêù ¿v Ă¤Å¹ ûj ÿ

ÃwĊêù  º³ w£ ºý¹Āz ¾¤ÊĊz çĀå ðþăj ¿v Ăí āºÉ Ĉăwí

$ çĀå Ì·wÉ ćđwz",.  ā¹v¹ Èăwí #üĉĀöí Ă«½¹ ¾z

 )ºýºÉ Ăíw¬ýj ¿vwù¹ ÈĉvÀåv ûvÀĊù½ĀÊí ć  ÃwÅv ¾z

$ üîúù ćĀĉ½wþÅ üĉ¾£ºzSSP5-8.5 #,+  ÃĀĊÆöÅ Ă«½¹

ºÉ Ă¤å¾ñ ¾Úý ½¹I  ĈÉ½wz ºĉºÉ ćwă¹vº·½ Ĉùwú£ üĉv¾zwþz

ÈĊ~  Ăýw¤Åj ¿v Ăí āºÉ ć¾òý,.+ ½¹ ā½ÿ¹ Ăz ¢{Æý ºÍ

-+,/(,430  ºý¹Āz ¾£v¾å º³ w£,.+  ā¹v¹ ôĊöê£ ºÍ½¹

)ºýºÉ 
 

-(/) ĈþÞù Ă{Åw´ù Ç½wz ¡v¾ĊĊâ£ ć½v¹ 

 ½¹ yöáv I¡wÞõwÖù ½vºêù āºþĉj Ç½wzāwò¤Æĉv wăć 



/.3                                                      ā½ÿ¹ IwÒå ÿ üĊù¿ ìĉÀĊå/4 ā½wúÉ I- Iûw¤Æzw£ ,/+- 

 

 ĈÅwþÉvĀăÈĊ~ ¾òýć Ĉù   üĉv Ăz ¾¤úí wùv ¹ĀÉ 

Ă¤·v¹¾~ ÛĀÑĀù Ĉù   ¿v ā¹v¹ µ½ ¡v¾ĊĊâ£ wĉj Ăí ¹ĀÉ 

 ć½wùj ¾ÚýĈþÞù ½v¹ )¾Ċ· wĉ ºþ¤Æă  Ăz Ă«Ā£ wzüĉv Ăí  ½¹

 Ç½wz Üĉ¿Ā£ ĂýđwÅ ÃwĊêùāwò¤Æĉv wă ôévº³ ĂÞõwÖù¹½Āù ć

þÞù ²ÖÅ ½¹Ĉ ć½v¹ ,*+ ¢ĊÞ{£ ówù¾ý Üĉ¿Ā£ ¿v Ĉù  ºþþí I

 v¼õ ûĀù¿j ¿vt( ćv¾z ¢ý¹ĀĊ¤ÅvĈÅ½¾z  ¡ÿwæ£ ¹Ā«ÿ

ĈþÞù üĊòýwĊù üĊz ½v¹ ÈĊ~ ÿ Ĉýwzºĉ¹ ĂýĀúý ÿ¹ ćwă  ć¾òý

 ćwăĀĉ½wþÅ ¢´£ āºÉäö¤¸ù  ûĀù¿j ā½wùj )ºÉ ā¹wæ¤Åv

t( Ăõ¹wÞù èĉ¾Õ ¿v ¢ý¹ĀĊ¤Åv, Ăz ¢Å¹ Ĉù  Ić½w{«$ ºĉj

,.4-5# 

$-                        #◄ ╧ ╧
╢

╝

╢

╝
 

Ĉ£½ĀÍ ½¹  Ăít Ăz ¢Å¹  ¿v çĀå Ăõ¹wÞù ¿v āºùjt  

ûj ½¹ ºÉwz ¾¤ÊĊz óÿº« Ĉýv¾´z  ½¹ ¾ĊĊâ£ ¡½ĀÍ 

 ²ÖÅĈþÞù ½v¹ć +0*+  ¹½ĀùºĊĉm£  ¢Åvüĉv ¾Ċá ½¹  ¡½ĀÍ

ÈĊ~ ¾ĊĊâ£  ć¾òý  ½¹ Ç½wz ćv¾z āºÉ ¡wýwÅĀý ā¹ÿº´ù

 ĈÅ½¾z ¹½Āù āwò¤Æĉv ½¹ Ç½wz ĈÞĊ{Õ ā¹ĀzĈúý ÿ  ûvĀ£ 

 )¹¾í çĒÕv ¾ĊĊâ£ ûj ĂzāÿĒÝ ¾z ¾z ¹½ÿj Ç½wz ¡v¾ĊĊâ£ 

 ÿ #ºÍ½¹ Ăz$ĈþÞù ²ÖÅ  I¡v¾ĊĊâ£ ć½v¹ ā¹ÿº´ù

÷ºÝ ¢ĊÞÖé ½v¾é ĈÅ½¾z ¹½Āù ÀĊý wĄýj Ĉù  J¹¾Ċñ  üĉv Ăz

 ëºÍ ā¹ÿº´ù Ăí ¡½ĀÍ-0  ëºÍ ÿ20 

ÈĊ~ ć¾òý  wăĂz ûvĀþÝ  Ăþùv¹÷ºÝ ¢ĊÞÖé ÈĊ~ ć¾òý  ½¹ wă

)ºÉ Ă¤å¾ñ ¾Úý 
 

. )¦´z ÿ ªĉw¤ý 

.(, )óºù Ĉĉv½wí  ćwăCMIP6  

 ĂÞõwÖù ¹½Āù Ăĉw~ ā½ÿ¹-+,/(,430 )ºÉ Ă¤å¾ñ ¾Úý ½¹ 

ā¹v¹ ¿v ć¾Å ÿ¹ ©v¾¸¤Åv ¿v Ä~  ćwăóºù Ĉ¸ĉ½w£  ćwă

CMIP6  ÿā¹v¹ ćÿwí¿wz ćwăERA5 ë¾¤Êù ā½ÿ¹ ćv¾z I

 ¿v ìĉ ¾ă Ĉĉv½wíóºù øĊÅ¾£ èĉ¾Õ ¿v āºÉ¹wĉ ćwă

Ă{Åw´ù ÿ ½ĀöĊ£ ćwă½v¹Āúý  IwăwÖ· Üz¾ù ½¼« ¾ĉ¹wêù

óºù ÿ üĊĊÞ£ ¹½vºýw¤Åv ãv¾´ýv ÿ Ĉò¤Æ{úă  ćwă ¿v ¾¤Ąz

 ¾ÚýÌ·wÉÃwĊêù Ăö³¾ù ćv¾z ć½wùj ćwă  Øæ³ Ĉăwí

 È¸z üĉv ½¹ )ºýºÉĂz ½ĀÚþù óºù xw¸¤ýv  Ĉĉv½wí wz ćwă

 ¾¤ÊĊzā¹v¹ èzwÖ£ ûvÀĊù ¾Úý ¿v  ćwă Ĉ¸ĉ½w£ā¹v¹ wz wĄýj  ćwă

 ćÿwí¿wzERA5½v¹Āúý Ićwă ½ĀöĊ£  ćv¾zāwù wă äö¤¸ù ć

ºÉ øĊÅ¾£ºý )Ăz ôĊõ¹  ìĉ IāºÉ¹wĉ ćwă½v¹Āúý ¹wĉ¿ ø¬³

 ôîÉ ½¹ ºĄÊù āwò¤Æĉv Ăz ÓĀz¾ù ćwă½v¹Āúý ¿v ĂýĀúý, 

 ¢ĊÞéĀù wă½v¹Āúý Ĉêåv ½Ā´ù ½¹ )¢Åv āºÉ ā¹½ÿj

ā¹v¹  ćwăERA5  üĊz ¿v ÃwÅv üĉv ¾z )¢Åv āºÉ Ì¸Êù

,+  óÿº« ½¹ ¹Ā«Āù óºù-óºù ½wĄ¯ ¹vºÞ£ I 

 BCC-CSM2-MR IFGOALS-g3 IACCESS-

ESM1-5  ÿMIROC6  Iÿ¾ĊÉwù ÿ Ĉíÿ¾Ċă$-+,3 ĀöĊ£ J

ûv½wîúă I-+,4 Iûw¬Ċõ J-+,4 ÿ ûĀòýw£ Jûv½wîúă I

-+,3 #Ăz ôĊõ¹  ¾¤ÊĊz Ĉĉv½wíĂz ûvĀþÝ óºù  ĈĉwĄý ćwă

)ºýºÉ xw¸¤ýv 

 

  
ôîÉ ,)  ĂýĀúý½v¹Āúý £Ċ½Āö Ç½wz  óºù ½¹wz ĂÆĉwêù w~ĉāwò ERA5  ćv¾zāwù wă ćĀývÁĉĂ ¡ÿv ÿ  ā½ÿ¹ ½¹-+,/(,440ºĄÊù āwò¤Æĉv I) 
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.(-) ÈĊ~  ć¾òýāwò¤Æĉv wă ¡v¾ĊĊâ£ wz ćĈþÞù ½v¹ 

 È¸z üĉv ½¹ćĀÅ  wĉ ÈĉvÀåv IÈăwí$ ¡v¾ĊĊâ£÷ºÝ  #¾ĊĊâ£

 Ç½wz ½¹/. ½ĀÊí ĈÅwþÉvĀă āwò¤Æĉv  ÿĈþÞù ½v¹ wĄýj ć

 ¢´£ Iāºþĉj ā½ÿ¹ ĂÅ ćv¾zóºù(Āĉ½wþÅćwă  äö¤¸ù ½¹

wz ĂÆĉwêù  üĊòýwĊù Ç½wz ā½ÿ¹Ĉýwzºĉ¹ ²ÖÅ ½¹ ćwæõj 0 

ºÍ½¹ ¹½ÿj¾z ºÉ) 

 

.(-(, óºù )MIROC6 

ôîÉ ½¹ -  ¢ĊÞÑÿĈþÞù  ¾ĉ¹wêù ć½v¹ÈĊ~ ć¾òý  āºÉ

 Ç½wz ĂýđwÅ ¿v ā¹wæ¤Åv wz ½ĀÊí Ç½wz ¾ĉ¹wêù

ÃwĊêù Ĉăwí  āºÉ óºùMIROC6  āºþĉj ā½ÿ¹ ĂÅ ćv¾z

$ ìĉ¹Àý-+0+(-+-1$ ĂýwĊù I#-+20(-+0, ½ÿ¹ ÿ #

$-,++(-+21 ćĀĉ½wþÅ ĂÅ ¢´£ #SSP1-2.6 ISSP2-4.5 

 ÿSSP5-8.5  )¢Åv āºÉ ā¹½ÿjûwúă ½ĀÕ āºăwÊù Ăí 

Ĉù   ćĀĉ½wþÅ ĂÅ ¾ă ½¹ ÿ āºþĉj ā½ÿ¹ ĂÅ ½¹ ¹ĀÉ

 IĂýwþĊzºz ÿ ĂýwĊù IĂýwþĊ{ÉĀ·Mw£ºúÝ ĈþÞù ¡v¾ĊĊâ£  ½¹ ć½v¹

 üĊòýwĊù ½ĀÊí Ç½wzĈúý āºĉ¹  ¹ĀÉÿ  āºþĉj ā½ÿ¹ ½¹ wĄþ£

ìĉ¹Àý( ½¹ ĂýwþĊ{ÉĀ· ćĀĉ½wþÅ4  ºÍ½¹āwò¤Æĉv wă ć

Ăĉw~ ā½ÿ¹ Ăz ¢{Æý Ç½wz ĂÞõwÖù¹½Āù ÈĉvÀåv Ĉù   ½¹ ºzwĉ

õw³Ĉ  Ăí ½¹4,  ºÍ½¹āwò¤Æĉv wă  Ç½wz ¡v¾ĊĊâ£ĈþÞù ½v¹ 

 )¢ÆĊýÇ½wz ÈĉvÀåv  wăMw£ºúÝ  ½¹xĀþ« ç¾É( ½ĀÊí ç¾É

Ĉù µ½  ÿ ĈzĀþ« ½vĀý ½¹ ā½ÿ¹ üĉv ½¹ ºþ¯ ¾ă )ºă¹

xĀþ« ºÉ āºăwÊù Ç½wz ÈĉvÀåv øă ½ĀÊí ç¾É ½¹ Ĉõÿ ā

 ²ÖÅ+0*+ ĈþÞù ºþ¤ÆĊý ½v¹ )ā½ÿ¹ ¾ĉwÅ ½¹  ćwă Āĉ½wþÅ üĉv

 ÈĉvÀåvĈþÞù  ½v¹ ½¹ Ç½wz®Ċă ìĉ  ¿vāwò¤Æĉv wă āºăwÊù 

Ĉúý   ÿ ¹ĀÉĂz yĊ£¾£  ½ÿ¹ ÿ ĂýwĊù āºþĉj ā½ÿ¹ ÿ¹ ½¹Ăz yĊ£¾£ 

 ½¹2  ÿ-  ºÍ½¹āwò¤Æĉv wă  Èăwí Ç½wzĈþÞù ½v¹  ºăvĀ·

¹Āz ½Āí¼ù ćĀĉ½wþÅ ½¹ ) Ç½wz üĊòýwĊù āºþĉj ā½ÿ¹ ÿ¹ ½¹
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