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ǧƴǭ ƹƘƽǻ Ƙǵƴƽ ƷƘƢǝƷǻ ǲƢƛǼ 

 ƿǷƷ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ Ƙǵǻ ƜǆǕ ǴŨƜǁǼ ǕǸǲǆǭǼ ƽƸūƷ ǷǾǯǸ ƢƾƪǩǾŦ 
 

ƳƸǝǽǖƽ ǰǾƴĤƗ ǰƾƮǭ ÛǽƠƽǷƳ ǯƗƸĥ% ǸǱ ǷǽǩƘǮŧ ǧȆƩ ƴǼĦ 
 

Č( ǸƪǂǱƗƳǻ ƸƢŧƳǻƽƴǲǶǭ ǳǷƸū ÛǼ ǭȆƽƗ ƳƗƹƋ ǳƘŬǂǱƗƳ ÛǯƘǭƸŧ ƴƭƗǷ ÛƙƋǼƗ ÛǯƘǭƸŧ Ûǽ.ǯƗƸ 
č( ƳƘƢƽƗǽƽƴǲǶǭ ǳǷƸū ÛƷƘǼ ǭȆƽƗ ƳƗƹƋ ǳƘŬǂǱƗƳ ÛǯƘǭƸŧ ƴƭƗǷ ÛƙƋǼ Û Ɨ ÛǯƘǭƸŧǽ.ǯƗƸ 

Ď( ƳƘƢƽƗǽƽƴǲǶǭ ǳǷƸū ÛƷƘǼ ǭȆƽƗ ƳƗƹƋ ǳƘŬǂǱƗƳ ÛǯƘǭƸŧ ƴƭƗǷ ÛƙƋǼ Û Ɨ ÛǯƘǭƸŧǽ.ǯƗƸ 

 * ǸǱ ǨǾǮǽƗǽ:ǧǸƖƾǭ ǳƴǲƾ mohsenirandost@yahoo.com 
 
ŨšǾ:ǳƴ 

 :Ǜƴǵ Ƿ ǴǲǾǭƹǳƹƗƴǱƗ ūǾƸǻ ƪǲƽƷƘƢǝƷ ǷǼ ƴƩ ǓǸǉǸǭ ƴƽǽƴǻ ǭǼ ǭ Ǵŧ ƴǁƘƛǼ ǩƳ Ǵƛ ƴǱƗǸơǾǚơ ǨǾǾƘǵƸƢǭƗƷƘř Ƹǻ ƗƸƛ ƳǸƩǸǭǻ ǩƴǭ ǴƕƗƷƗǼ  ƴǁƘƛ
ƘǵƸƢǭƗƷƘř ƷƘƢǝƷ Ǵŧǻ ǷƷ Ƹƛ ƗƷ ƳƸǞǲǭǻ ǲŢǮǵ Ƿ ƴƽǾǷƷ ǰǻ ǽƴŨǽƽƷƸƛ ƸŬǼ  ǚơ Ƿ ƴǲŧǾǾƗ ƟƗƸǽǩƘǱƋ ƗƷ ǳƴǁ ƳƘƪǾƽ Ƿ ǳƳƸŧ ƺǾƠƽƘ Ƙǵǻ  ƗƷ ǫƹȅ

Ɨǽ ƳƘƪ .ƴǲŧ Ɨ ǛƴǵǽƗ ǀǵǷŤř ǰǽ ƳƘƪǽŧƸơ ƿǷƷ ŦǾƜǼ ƹƗ ƽƸūƷǾƢƾƪǩ ǯǸŨǼ Ƕƛ ƘƛǾǴǲ ƹƘƽǻ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  Ǣƭ ƷƗƴǢǭ Ƙƛ ƟƗƷƵ ǳǷƸūǾǢǼ 
ř ƠǶƩǾǀ ƛǾǲǼ Ƕƪơ ƷƘƢǝƷǾǭ ƴƽ ƟƗƺǼ .ƴǁƘƛ 
  :ǀǵǷŤř ƿǷƷƗ ƷƳǽ ƹƗ ǴǖǩƘǎǭ ǰǳƳƗƳ Ƙǵǻ ĦĩĨ  ƹƗ ÛƹǷƷĦĤ/ģĤ/ĤĦĬĪ  ƘơĦĤ/ģĤ/ĤĦĬī  Ǵŧĩģģ  ǴǕǸǮƪǭ Ƕƪơ ǳƳƗƳǾ ǨǭƘǁ ƴƽ ƟƗƺ

ƘǵƸƢǭƗƷƘřǻ ƘǭƳǻ ƷƳ ƷƘǂǝ ÛƙƋ Ƭǎƽ ÛƙƋǽǭ ÛǴŢǾƙǸƽƷ ǯƗƺ ƷƗƶūǻƘǭƳ ÛƶǝƘǲǭ ƷƘǂǝ Ûǻ ƳǷƷǷ ƙƋ Ǭƪƭ ÛƗǸǵǻǷ ƟƘǆƲǂǭ ÛǽƗƸǁ Ûƴƽ ǳŤǽ ǌ
ǚơ ÛǯƺƲǭ ƙƋ Ƭǎƽ ÛǰƢƛǾǾǢǝƗ ǯƘŨǭ ƸǼ ƳǸǮǕ ǷǻƗƺƩƗ Ûǻ ǩƘǢƢǱƗ ǧƘǆơƗǼ ǭƹ ƙƘƢǁ ǷǾƗƸƛ ȅƘƛ ǀǲơ Ƿ ǀǂŧ ÛƷƘǂǝ ÛƟƷƴǡ Ûǰǻ ǧƴǭ ƹƘƽǻ 

Ǳƴǁ ǳƳƘǞƢƽƗƗƸƛ .ƴǻ ǧƴǭ ƿƹǸǭƋ ƹƘƽǻ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾŦ  ǷĤĥģ ǴǕǸǮƪǭ   ƠǶƩ ǳƳƗƳ
ƘǭƹƋǽƳƸū ǳƳƘǞƢƽƗ ǀǽ .ƴƗƸƛǻ ƹƷƗǽƛƘǼ ř ƿǷƷ ƳƸŨǪǮǕǾƳƘǶǲǂǻ ǨǭƘǁ ǳƷƘǭƋ ƷƘǶš ƹƗ ÛƸǉǽǖơ ƚǾǾ) ǰR

2Ʒ Û(ǽǭ ǴǂǾŬǱƘǾ ƘǎƱ ƟƘǖƛƸǭ ǰ
)RMSEƸǉ Û(ǽūƴǲŧƗƸř ƚǼ )SIǭ Ƿ (ǾŬǱƘǾ ǰƘǵƘǎƱǻ ǝƗƸƮǱƗǼ )MBEǳƳƘǞƢƽƗ ( ƳƸūǽ.ƴ 

ǴƢǝƘǽ  :ƘǵƘƢǱǽ Ǵŧ ƳƗƳ ǯƘǂǱ ƨǧƴǭ ř ƷƳǾǀƛǾǲǼ ř ƷƘǂǝǾƸƢǭǷƺǽǩǸƜǡ ǨƛƘǡ ƳƸŨǪǮǕ ƴƽ ǴǱƴƛ ƷƳ ŦǼ ǲŢǮǵ .ƳƷƗƳǾƘƢǱ ǰǽ ǴŨƜǁ ǧƴǭ ƹƗ ǨǅƘƭ ƨ
ƜǆǕǼ ǕǸǲǆǭǼ  ƚƾŧ ƘƛĬĦģ/ģ R2=  ǷĨīĪ/īSI= ƗƸŬǮǵǼǽ ǩǸƜǡ ǨƛƘǡǼ ǭ ǯƘǂǱ ƗƷǼƘƢǱ .ƴǵƳǽ Ǵƛ ǋǸƛƸǭ ƨǳƳƗƳ Ƙǵǻ Ǳ ǧƴǭ ƿƹǸǭƋǾ ƺ
ƛǾ ƸŬǱƘƗǽǰ ƠƽƗ ǭ ǴŧǾŬǱƘǾ ǰ(µ) ǖǭ ǛƗƸƮǱƗ ǷǾ ƷƘ(σ) ƗƸƛ Ûǳƴǁ ǴƕƗƷƗ ǧƴǭǻ ǳƳƗƳƘǵǻ  ƿƹǸǭƋơƸơ ǴƛǾ Ƙƛ ƸƛƗƸƛ ƚĦħĤ/Ĥ  ǷĨĥĩ/Ĥ ǭǼ  Ƿ ƴǁƘƛ
ƗƸƛǻ ǳƳƗƳƘǵǻ ƠƮǅ ƪǲƽǼ ƗǽƳƘǢǭ ǰǽ Ƙƛ ƸƛƗƸƛ ƸĨĪĩ/Ĥ  ǷĥħĪ/ĥ ǭǼƗ Ǵŧ ƴǁƘƛǽř ǧƴǭ ƙǸƱ ƳƸŨǪǮǕ ƹƗ ǯƘǂǱ ǰǾƳƘǶǲǂ ǖǭ ƷƳ .ƳƷƗƳ ǳƴǁǾ ƷƘ

ǖǮƪơ ǧƘǮƢƭƗǼř ǧƴǭ ÛǾ ƳƘǶǲǂ Ƙƛ ǳƴǁĬħģ/ģP50=  ǷĪħĥ/ĤP90= ƜǭǾƗ ǰǽƘƢǱ Ǵŧ ƠƽƗ ǰǽǭ ǧǸƜǡ ǨƛƘǡ ƨǼ.ƴǁƘƛ 
 :ƨǽƘƢǱƘƢǱǽƛ ƨǾ ƸŬǱƘƗǽǰ ƠƽƗ Ǵŧ ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾŦ  Ǵƛ ǇǸǕ ƷƳ  ǨǡƗƴƭ Ʒ ǯƴǱƘƽƷǽƛƸƪơ ŦƾǼ  Ǵŧ
ǮǖơǾǩƘǕ ǬǼ ƗƸƛǻ ǳƹƗƴǱƗ Ƙǵǻ ǭ ǬǵƗƸǝ ƗƷ ŦšǸŧ ǴǱǸǮǱǼ Ʒ ǀǵƘŧ ǨǅƗ ÛƳƹƘƽǽǳƹƘƽ Ŧƾ Ɨǻ ǭ ƗƸƩƗ ƗƷǼ .ƴǲŧ ƳƘǢǭ ƠƜƾǱǽř ƸǾƸƢǭǷƺǽ Ŧ
řǾǀ ƛǾǲǼ ƳƘǢǭ Ǵƛ ǳƴǁǽƠƕƗƸǡ Ƹ ƗƸƛ ǳƴǁǻ  ƳǷƴƭĪĥ ǳƳƗƳ ƴǅƷƳƗ ƷƳ Ƙǵǽ ƳǷƴƭ ƷƳ ǧƴǭ ǰǽǳƳǸƛ Ŧ ƛ ǴŧǾř ƟƷƴǡ Ƿ ƿƹǸǭƋ ƸŬǱƘǾǀƛǾǲǼ  ƚƽƘǲǭ
Ɨǽǭ ǧƴǭ ǰǼƘǶǱ ƷƳ .ƴǁƘƛǽ Ƹƛ Ơǖǭ ƻƘƽƗǾƘǵƷƘǻ ƹƷƗǽƛƘǼ ŧƸơ ǧƴǭǾƜǼ ƸƢǶƛ ƳƸŨǪǮǕǻ ƿǷƷ Ǵƛ ƠƜƾǱ Ƙǵǻ ƛǾ.ƳƷƗƳ ǳƴǁ ǯƘ 

ǪŧǾǳţƗǷƴ Ƙǵ :ǲƢƛ ƴƽǼǪƮơ ÛǾƽƸūƷ ǨǾƷǸŬǩƗ ÛǯǸǽǶƛ ǬƢǾǴǲ ƹƘƽǻ ǯƘƱƷƘƢƽ ƴƽ ÛƟƗƷƵ ǳǷƸū 

 

https://wsrcj.srbiau.ac.ir/
mailto:iauwsrcj@srbiau.ac.ir
mailto:iauwsrcj@gmail.com
https://dx.doi.org/10.30495/wsrcj.2022.19230
https://dx.doi.org/10.30495/wsrcj.2022.19230


,,1  *ºĊÞÅ ûv½wîúă ÿ 

 

 
ó
w
Å

¿
w
ĉ

ø
ă
¹

 
*

ā
½
w
ú
É

 /  
*

û
w
¤
Æ
z
w
£

 
,
/
+,

  

ǴǭƴǢǭ 

 ƷƳǽƸƛƋ ǴǉǸƭ Ŧǽƽ ƺǾǬƢƾƘǵǻ ƜǍ ǜǪƢƲǭǾǖǼ  Ƿ

ǱƘƾǱƗǼ  Ƙƛ ǀǲŧƷƴǱƗ ƷƳǽƴŨǽƗ Ǵŧ ƴǲƢƾǵ ƸŬǽ ƚƩǸǭ ƸǭƗ ǰ

ǴǭƘǱƸƛ Ƙơ ǳƴǁ Ƙǵǻ ƴǭǽƸǽǴǉǸƭ Ơ Ƙǵǻ ƸƛƋǽǮǵƗ ƺǾ ƹǷƷ Ơ

ǱǷƺǝƗǼ řǾƴǭ ƷƳ .ƴǲǲŧ ƗƴǽƸǽ ǴǉǸƭ Ƭǎƽ ƷƳ ƙƋ ǔƛƘǲǭ Ơ

ƸƛƋǽƥƎơ ƺǾƗƺƩƗ ǀǲŧƷƴǱƗ Ƹǻ ƽ Ƹǵ ǯǷƷƳǾ ǀǲŧƷƴǱƗ Ƿ ǬƢƾ

ƽǾǬƢƾ Ƙǵǻ  Ƙƛ ǜǪƢƲǭǽƴŨǽƘƛ ƸŬǽū ƸǒǱ ƷƳ ƴ .ƳǸǁ ǴƢǝƸ

ƗƷƗƳ Ƙǵƴƽǻ Ǹǡ ƟȆǭƘǖơǻ Ʈǭ ǨǭƗǸǕ ƘƛǾǎǼǵ ÛǾǩǷƷƴǾŨǼ 

ǱƘŨǭǸƕţ ǷǾ ÛƙƋ Ƭǎƽ ÛƙƋ Ƿ ƗǸǵ ƟƷƗƸƭ ǴƩƷƳ ƴǲǱƘǭ ÛŦ

ǨŨǁ Ƿ ƶǝƘǲǭ ƷƘǂǝ ƶřǽƸǻ  Ƿ ƷƘƢƱƘƽ Ƹƛ ǫƗƴŧ Ƹǵ Ǵŧ ƴǲƢƾǵ

ƥƎơ ƴƽ ƷƘƢǝƷǾǭ ƸǼ  ƳƷƗƶū)Meier and Kramer, 2019; 

Neshat et al., 2016 .(ǴǉǸƭ Ƙǵǻ ƸƛƋǽǪǭƗǸǕ ǨǭƘǁ ƺǼ 

ūƴǱƷƘƛ ǯǸŢǮǵǼƸƩ ÛǽƮǎƽ ƙƋ ǯƘǼ ÛǴǉǸƭ ǨŨǁ Û

ǅǸǆƱǾǝ ƟƘǾƺǽŨǼ ƲƜơ ÛƘǭƳ ÛǴǉǸƭǾƗƸǁ ÛƸǽ ǌƙƋ Ƙǵǻ 

ƹǽǭƹƸǾǲǼ ǪǡƗ Ƙƛ ... ǷǾƗƸǁ Ƿ ǯƘǭƹ ǬǽƗǸǵ Ƿ ƙƋ ǌǼǽ ǚƢǭǾ Ƹ

ǭǼ Ɨ ƹƗ ǫƗƴŧ Ƹǵ Ǵŧ ƴǁƘƛǽǭ ǨǭƗǸǕ ǰǼ ǖơ ǀǢǱ ƴǱƗǸơǾǾ ǰ

ǳƴǲǲŧ Ɨǻ Ǫŧ ƠǩƘƭ ƷƳ ƗƷǼ Ɨ ǴǉǸƭǽƳ ǛƸǍ ƹƗ Ûƴǲŧ ƘǞǽ ƸŬ

ǩƳ ǴƛǾƳǷƴƮǭ ǨǽƗ ƷƳ ǃǸǆƲƛ) ƙƋ ǔƛƘǲǭ Ơǽ ǫƹȅ (ǯƗƸ

ƗƸǁ ƷƳ Ƙǵƴƽ ƷƘƢǝƷ Ǵŧ ƠƽƗǽǱƘǭƹ ǜǪƢƲǭ ǌǼ  ƠǶƩ

ƴǭǽƸǽǶƛ ǳƳƘǞƢƽƗ Ƿ ƸƢǶƛ ƠǾƘǵƸƢǭƗƷƘř Ƿ Ǵǲǻ  ǯƋ Ƹƛ ƸƥƐǭ

ƽƷƸƛǼ Ɨ .ƳǸǁǽǱ ƸǭƗ ǰǾƽƷƸƛ ƴǲǭƹƘǼ Ŧơ  Ƿ ƘǵƸƢǭƗƷƘř Ŧơ

 ƘǶǱƋ ǨƛƘǢƢǭ ǋƘƜơƷƗǴƛ ƟƷǸǅ ƳǽǭƘǲǾŨǼ ǭǼ ƴǁƘƛ )Han et 

al., 2018(. ƹƗ  ǧƘƽČĔĎċ ǧƴǭ ǯǸǲŧƘơ Ƙǵǻ ǎƱǼ  Ƿ

ǙǾǎƱƸǼ ǱƗǷƗƸǝǼ Ɯǁ ƠǶƩǾǴ ƹƘƽǻ ř ǷǾǀ ƛǾǲǼ ƋƸǝǽ Ƿ Ƙǵƴǲ

ǚƢǭǾƘǵƸǻ ǵǾţǸǩǷƷƴǽŨǼ řǾƳƸū ƳƘǶǲǂǽ ǳƴ)Li et al., 

2020 (Ɨ Ƿǽǧƴǭ ǰ ř ǯƘǭƹ ǧǸǍ ƷƳ ƘǵǾ Ƿ ǳƳƸŧ ƠǝƸǂǴƛ ƷǸǍ 

Ƹǂƛ ǀǱƗƳ ǰƢǝƷ ȅƘƛ Ƙƛ ǫǷƗƴǭǻ ǝƸǖǭ ǷǼ ƴƩ ƷƗƺƛƗǽ ƴ

ŧǾǞǾ ƘǢơƷƗ ƘǶǱƋ Ơǽ ǴƢǝƘƗƸƛ .ƠƽƗǻ ǅǸơǾř Ƿ ǜǾǀ ƛǾǲǼ 

ƷƘƢƱƘƽ ƷƘƢǝƷǻ Ǎ ÛƘǵƴƽǼ ǴǵƳ Ƙǵǻ ƳƗƴǖơ ǴƢǁƶūǻ  ƹƗ

ǧƴǭ Ƙǵǻ ƷǽǉƘǼ ǖǎǡǼƷƘǭƋ Ûǻ ŧƸơ ǷǾƜǼ  ǴǖƽǸơǽƠƽƗ ǴƢǝƘ 

)Li and Wang, 2019; Reis et al, 2018; Samigulina 

and Massimkanova, 2019; Shakarami et al., 2018 .(

ƢǱ ƷƳǾǳƹƗƴǱƗ ÛǴƪ ūǾƸǻ ƴƩ ǓǸǉǸǭ ƴƽ ƷƘƢǝƷ Ƿǽƴǻ 

ǭǼ ǭ Ǵŧ ƴǁƘƛǼ ǩƳ Ǵƛ ƴǱƗǸơǾǚơ ǨǾǾƘǵƸƢǭƗƷƘř Ƹǻ ƗƸƛ ƳǸƩǸǭǻ 

ǩƴǭ ǴƕƗƷƗǼ ƘǵƸƢǭƗƷƘř ƷƘƢǝƷ Ǵŧ ƴǁƘƛǻ ǷƷ Ƹƛ ƗƷ ƳƸǞǲǭǻ  ƴƽ

ǲŢǮǵ ǷǾǷƷ ǰǻ ǽƴŨǽƽƷƸƛ ƸŬǼ  ǚơ Ƿ ƴǲŧǾǾƗ ƟƗƸǽ ƳƘƪ

ǩƘǱƋ ƗƷ ǳƴǁǾƽ Ƿ ǳƳƸŧ ƺǾƠƽƘ Ƙǵǻ Ɨ ƗƷ ǫƹȅǽ ƳƘƪ ƴƛ .ƴǲŧǽ ǰ

ƴǲš ÛƷǸǒǲǭǽƽ ǧƴǭ ǰǧƴǭ ǨǭƘǁ Ǵŧ ƴǁ ǴƢƱƘ Ƙǵǻ 

ťƸŧ ǴŨƜǁ ÛƷƗƳ Ƙǵǻ ƜǆǕǼƠǱǸǭ Û ǭ ... Ƿ ǸǩƷƘŧǼ  .ƴǁƘƛ

ǶƪơǾ ƴƽ ƷƳ ƳǸƩǸǭ ƟƗƺǽǫƸǱ ǴƢƾƛ Ŧ ƷƗƺǝƗǻ ƗƸƛǻ  ǧƸƢǲŧ

ǭ ƴƽ ƷƘƢǝƷǼ Ɯǁ ǳƹƘƩƗ ƸƛƷƘŧ Ǵƛ Ƿ ƴǁƘƛǾǴ ƹƘƽǻ  ƠƮơ ƗƷ

ƽ ƿǷƷǾƭƗƸǍ ǬƢƾǼ ƳǽǭƘǲǾŨǼ ǭ ƗƷǼ ) ƴǵƳGitoee et al., 

2018; Li et al., 2020 .( ƘƛƽƸūƷ ƹƗ ǳƳƘǞƢƽƗǾǯǸƘǵǻ 

ǩǸǮǖǭǼ Ƕƪơ ƷƳǾǩƴǭ ƴƽ ƟƗƺǼ  ǴŧƠƽƳ Ǵƛ ǭǼ Ƌǽ ƷƳ Ǵŧ ƴ

ǖǡǸǭǾƠ Ƙǵǻ ƗƸƛ ǯǸūƘǱǸūǻ ǛƸǆǭ  .ƠƽƗ ǴǉǸƭ ǯƘūƴǲǲŧ

 ƹƗƘƪǱƋǼǽ Ǵŧ ƽƸūƷ ƴǲǱƘǮǵ ƴƽ ƷƘƢǝƷǾ ǯǸǴƛ ƟƷǸǅ ǖǎǡǼ 

ǱǾƗƸǁ ǔƛƘơ Ƿ ƠƾǽǱ ƠƽƗ ƴƽ Ƹƛ ǬŧƘƭ ǌǾƗ ƳǸƜǶƛ ƴǲǭƹƘǽ ǰ

ǶƪơǾǧƴǭ Ƙƛ ƟƗƺƘǵǻ ǙǾǖǎǡƸǼ ǕǸǲǆǭ ƿǸǵ ƴǲǱƘǭǼ  Ƿ

ƷǸŬǩƗǽǬƢ Ƙǵǻ ƷƘŨƢƛƗ ƗƸǝǻ ƢƾǵǾǴǭƘǱƸƛ ǧƴǭ .Ǭ Ʒǽƺǻ 

ǶƛǾǴǲ ƹƘƽǻ ǱǾǩƴǭ ƺǼ ƘǢǭ ƷƳ Ǵŧ ƠƽƗǽ ƿǷƷ Ƙƛ Ǵƾ

ǧƴǭ ƹƘƽǻ ƢǲƽǼ ǵǾǉƸǝ ǔƛƘơ ǫƸǝ ǓǸǱ ŠǼ  ƷƳ ǨƜǡ ƹƗ ƗƷ

ǮǱ ƸǒǱǼ ūǾ ƘǭƗ ÛƳƸǴƛ ǯƗǸǲǕ ƽƸūƷ ƿǷƷ ƷƳ ǴǱǸǮǱǾ ÛǯǸ

ř ƹƗ ǧƴǭ ǳƹƘƽ Ƿ ƷƘƢƱƘƽǾǖơ ǀǾǾ) ƠƽƗ ǳƴǁ ǰżȆƦǭ 

ƽƸūƷǾǎƱ ǯǸǼ (...Ƿ ǫǷƳ ǴƩƷƳ Ûƴǖƛ ǴǪƭƸǭ ƷƳ Ƿǻ 

ƘǵƸƢǭƗƷƘřǻ ǖơ ǧƴǭǾǾǭ ǰǼ ǭƘŬǲǵ .ƴǱǸǁǼ ǴǭƘǱƸƛ Ǵŧ Ʒǽƺǻ 

ǶƛǾǴǲ ƹƘƽǻ   ǴǩƳƘǖǭ ƟƗƷƵ ǳǷƸū ǳƴǁǽǩǸǭƸǝ ƘǼ ƛǾ ǰ

ǚƢǭǾƘǵƸǻ ƳǷƷǷǻ ƩǷƸƱ ǷǼ ǭ ƠƽƳ ǴƛǼ ƺǭ ÛƳƷǷƋǽ Ơ

ǪǅƗǼ ƗǽƘǱƗǸơ ƿǷƷ ǰǼǽ ơƘǭǸơƗ ƙƘƲƢǱƗǾǚƢǭ ŦǾƘǵƸǻ 

ƳǷƷǷǻ Ǟǭ ǧƴǭ ƷƳǾǔǡƗǷ ƴ ǲŢǮǵ Ƿ ǳƴǁǾƳƘǱ ǰǽǳƴ  ǰƢǝƸū

ǚƢǭǾƘǵƸǼǽ Ǟǭ ǴŧǾǭ ÛǳƴǂǱ ǔǡƗǷ ƴǼ ) ƴǁƘƛSchratz et al., 

2018ƗƸƛƘǲƛ Ü(ǽǭ ǴƢǞū ƚǪǙƗ ÛǰǼ Ƕƛ ƫȆǅƗ Ǵŧ ƳǸǁǾǴǲ ƹƘƽǻ  

ǭ ƟƗƷƵ ǳǷƸūǼ ǚƢǭ ƳƘǖƛƗ ƴǱƗǸơǾƘǵƸǻ ƳǷƷǷǻ  ƴǵƳ ǀǵƘŧ ƗƷ

ǖơ ǷǾǾǚơ ǰǾǾƮǭ ƷƳ ƟƗƸǾǌ Ƙǵǻ ǴǭƘǱƸƛ ǜǪƢƲǭ ǸǱǽƾǼ ƗƸƛǻ 

ǎƛƗǷƷǼ ǭ ǴƕƗƷƗ ǴŧǼ ǯƘŨǭƗ ÛƳǸǁ ƶřǽǴƛ .ƳƹƘƽ Ƹ   ƟƷƘƜǕ Ƴǽ ÛƸŬ

ǚơ ƘƛǾǾƽ Ƹƛ Ǵŧ ƸƢǭƗƷƘř Ƹǵ ƷƗƳǸǮǱ ƸǾƥƎơ ǬƢƾǾǭ ƷƗƶūƸǼ  ÛƴǁƘƛ

ǭǼ Ƙƽ ƷƘƢǝƷ ǯƗǸơǽ Ƹƛ ǳǷȆǕ .ƠǝƸū ƸǒǱ ƷƳ ƗƷ ƘǵƸƢǭƗƷƘř Ƹ

ƗǽƽƸūƷ ÛǰǾƢƾƪǩ ǯǸǾŦ ǩƳ ǴƛǾƷǸƖơ Ǩǻ ƷƘǭƋ ƿƹǸǭƋǻ  Ƿ

ǽƷ ǳƴǲǵƘŧ ǨǅƗ ŦǽǳƹƘƽ Ŧƾ Ɨǻ ǢǝǸǭ Ƙƛ ǴŧǾƗƸƛ Ơǻ 
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ǧƴǭ ƹƘƽǻ ƽǾǙ ǬƢƾǾǎƱƸǼ  Ûƴǁ ǳƳƘǞƢƽƗǽǁƘǭ ŦǾ ǰ

ǁƹǸǭƋǼ ƸƥƐǭǻ  ) ƴǁƘƛSchratz et al., 2018ƘǢǭ ƷƳ .(ǽ Ǵƾ

ǴŨƜǁ Ƙƛ Ƙǵǻ ƜǆǕǼ ǕǸǲǆǭǼƽƸūƷ ÛǾƢƾƪǩ ǯǸǾŦ  ƳƸŨǪǮǕ

ǨƛƘǡ ƸƢǶƛ Ƿ ƸơƳƘǮƢǕƗǻ ƗƸǁ ǯƘǮǵ ƷƳ ƗƷǽǁƹǸǭƋ ǌǼ  ǴƕƗƷƗ

ǭǼ ) ƴǵƳKalita et al., 2020Ɨ Ƙƛ .(ǽǰ  Ƿ ǧƘƭǽūŤǼ Ƙǵǻ 

ƸƢǶƛǻ ǭ ƗƷƗƳǼ ƘǭƗ ÛƴǁƘƛ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ǢƮơ ƷƳǾ ƟƘǢ

ǭƳƘŧƋǾƘǵƳƸƛƷƘŧ Ƿ Ŧǻ ƢǖǲǅǼ ǩƳ ǴƛǾƸǖơ Ǩǽ ƚƽƘǲǭ ǜ

ƘǵƸƢǭƗƷƘřǻ ǭ ƳǷƴƮǭ ƸƛƷƘŧ ǌƽǸơ ǜǪƢƲǭǼ  .ƴǁƘƛ

ƘǵƸƢǭƗƷƘřǻ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ Ƙƛǽǒǲơ ƠǡƳ Ƙƛ ƴǾ Ƙơ ƴǱǸǁ Ǭ

Ɨǽǧƴǭ ǰ Ǵƛ ƷǸǍ ƸơƸƥƐǭǻ ƳǸǁ ǴƢƱƘƽ )Colkesen et al., 

2016; Ma and Xia, 2017; Tsirikoglou et al., 2017 .(

ƘǵƸƢǭƗƷƘřǻ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ Ǵƛ  ƙƘƲƢǱƗ ƚƽƘǲǭƘǱ ƟƷǸǅ

 ǯƋ ǧƘƜǱƳ Ǵƛ Ǵŧ ǳƴǁǽ Ƙƛ ƳƗƴǖơǾǚƢǭ ƴƭ ƹƗ ǀǾ ƷƳ ǨǢƢƾǭ Ƹ

ƽƸūƷǾǳƴǁ ǳƳƗƳ ƷƗƸǡ ǯǸ ǽ ƘÛǯƋ ƹƗ ƸƢǮŧ ƳƗƴǖơ ř ƷƳǼ  ƴǵƗǸƱ

ǒǲơ ƠƽƗ ǰŨǮǭ Ƿ ƠǁƗƳǾǱ ƘǵƸƢǭƗƷƘř ǜǪƢƲǭ ƟƘǮǾ ƤǕƘƛ ƺ

ǨƛƘǡ ƟǷƘǞơ ǶƩǸơǼ ƴǱǸǁ ƳƸŨǪǮǕ ƷƳ )Siniscalchi and 

Salerno, 2016ƗƸƛƘǲƛ .(ǽƘǵƸƢǭƗƷƘř ƙƘƲƢǱƗ Ûǰǻ ǶƛǾǭƘū ǴǲǼ 

ƭƗƸǍ ƷƳ ǬǶǭǼ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ǭǼ Ɨ Ƙƛ .ƴǁƘƛǽ ÛƳǸƩǷ ǰ

ǵǾƘǮǲǵƗƷ ǓǸǱ ŠǼǽ ǪŧǼ ƗƸƛǻ Ɨ ƙƘƲƢǱƗ Ǵƛ ŦǮŧǽ ƘǵƸƢǭƗƷƘř ǰ

ǮǱ ƻƸƢƽƳ ƷƳǼ ) ƴǁƘƛAcerbi and Ji, 2017; Oneto et al., 

2016 .(ǭƘǭƗǼ ) ǯƗƷƘŨǮǵ ǷČĎĔĔƷǸŬǩƗ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ (ǽ ƗƸǝ ǬƢ

ƷƘŨƢƛƗǻ ƟƘƛƘƲƢǱƗ (EA) ǳƳƗƳ ǏƘƮǩ Ƙƛ Ƿ Ƙǵǻ ƘǭƳ Ƿ ƙƋ ƹƗƸơǻ 

Ǎ ǰƢƛǼ ǧƘƽ Ƙǵǻ ČĎĔč-ČĎĒĔ Ǵƛ ƘǵƸƢǭƗƷƘř ǯƗǸǲǕǻ ƳǷƷǷǻ 

ǚơ ƷƗƴǢǭ ǷǾǾǢǝƗ ǯƘŨǭ ƸǼ ťƸơ ǬƕƘǡ Ƿ Ǵƛ Ƙǵ ƘǵƸƢǭƗƷƘř ǯƗǸǲǕǻ 

ƩǷƸƱǼǳǸƮǱ Û ǻ ǚơǾǾťƸơ ƟƗƸ Ƙǵǻ ǲƢƛ ƴƽǼ ƽǸǡǼ 

Ɨƹǽǳƴǲ ƹƷƗ ƳƷǸǭ ƗƷ ƳǷƷǽƛƘǼ ƘƢǱ Ƿ ƴǱƳƗƳ ƷƗƸǡǽ ƿǷƷ Ƙƛ ƗƷ ƨ

ƷǸŬǩƗǽƢǱţ ǬƢǾŦ (GA) ǴŨƜǁ Ƿ ǻ ƜǆǕǼ ǕǸǲǆǭǼ (ANN) 

ƘǢǭǽƗƸƛ .ƴǱƳƸŧ Ǵƾǻ ƹƷƗǽƛƘǼ ř ƿǷƷ ƳƸŨǪǮǕǾƳƘǶǲǂǻ Ǵƽ ƹƗ Û

Ƹǉ ǨǭƘǁ ǳƷƘǭƋǽƜơ ƚǾǾǰ (R2)ǭ ƷƶƩ ÛǾŬǱƘǾƘǎƱ ƟƘǖƛƸǭ ǰ 

(RMSE)  ǖǭ ǷǾǀǱ ƷƘ-ǪŨơƘƽǾǜ (NSE) ƳƸū ǳƳƘǞƢƽƗǽ .ƴ

ƘƢǱǽƷǸŬǩƗ Ǵŧ ƳƗƳ ǯƘǂǱ ƘǶǱƋ ƨǽǬƢ EA ƳƘǢǭ ƚƾŧ ƘƛǽƸ 

R2=0.96ÛRMSE=0.022  Ƿ NSE=0.74 ƘǢǭ ƷƳǽ ǷƳ Ƙƛ Ǵƾ

ƷǸŬǩƗ ƿǷƷǽǬƢ GA ǴŨƜǁ Ƿ ǻ ƜǆǕǼ ǕǸǲǆǭǼ )ANN ƹƗ (

ƗƷƘŧǼǽ ƸơȅƘƛǻ ǲŢǮǵ ƘǶǱƋ .ƠƽƗ ƷƗƳƷǸƱƸƛǾƛ ǰǾ Ǵŧ ƴǲƢǁƗƳ ǯƘ

ƗƸƛǻ ƹƷƗǽƛƘǼ ǚơǾǾťƸơ ƟƗƸ Ƙǵǻ Ƙǵƴƽǻ ǲƢƛǼ ř ǷǾǀ ƛǾǲǼ 

ǚơ ƴǱǷƷǾǾǯƋ ƟƗƸ Ƌ ƷƳ ƘǵǽƷǸŬǩƗ ÛǳƴǲǽǬƢ Ƙǵǻ ƷƘŨƢƛƗ ƗƸǝǻ 

ǁǷƷǼ ƾƛǾǡƳ ƷƘǾǴƛ Ƿ ǳƴǁ ƙǸƾƮǭ ƴǲǮơƷƴǡ Ƿ Ǡ ƽǷǾƗ ǴǪǽ ǰ

ƿǷƷ ǭ ƘǵǼ Ƴ ǯƗǸơǽƾƛ ƴǾƛǸƱ ƷƘǼ ǖǉǷ ƸƛǾƽƋ ƠǾƳ ƚǽūƴǼ 

Ƙǵƴƽǻ ǲƢƛǼ řǾ .ƳǸǮǱ ƗƴGu ) ǯƗƷƘŨǮǵ Ƿĥģĥģ (ǽ Ŧ

ǷƷǽǪƮơ ƳƸŨǾǪǼ ƗƸƛǻ ǚơǾǾƘǵƴƽ ƷƘƢǝƷ Ƹǻ ǲƢƛǼ  ƹƗ ǳƳƘǞƢƽƗ Ƙƛ

ǧƴǭ Ƙǵǻ ǪǱƘř ǳƳƗƳǼ Ɨ .ƴǱƳƸŧ ǴƕƗƷƗǽǷƷ ǰǽƗƸƛ ƳƸŨǻ ƲǂơǾ Ǆ

ƗǽƋ ǴŨǲǽƘǵƴƽ ƷƘƢǝƷ Ƙǻ ǲƢƛǼ  ƟƘǭƴƱ Ƿ ƳǸƱ ƸǮǕ ǧǸǍ ƷƳ

ǚơ ƷƘšƳ ǯƋǾǾ ƴǁ ƴǲǵƗǸƱ ƸǽƱ ƘǾƳƸū ǳƳƘǞƢƽƗ ÛƸǽƘƢǱ .ƴǽ ƘǶǱƋ ƨ

ƛǾ ƸŬǱƘƗǽǰ ƠƽƗ ƗƷƗƳ ǴƢǝƸū ƷƘŨƛ ƿǷƷ Ǵŧǻ ǱƘǭƹ ƷƘƜƢǕƗǼ  Ƿ

ǱƘŨǭǼ Ƙǵƴƽ ƷƘƢǝƷ ǃǸǆƱ ƷƳǻ ǲƢƛǼ  .ƳƷƗƳ ƗƷMata  Ƿ

) ǯƗƷƘŨǮǵĥģĥĤƪǲƽƷƘƜƢǕƗ Ǵƛ ǫƗƴǡƗ (Ǽ ǧƴǭ Ƙǵǻ ǽūƳƘǾƸǻ 

ǁƘǭǾǧƴǭ ƠǶƩ ǰ ƹƘƽǻ  ǧƘǚơƸř ƷƳ ƴǱǸǭȅƘƽ ƴƽ ƷƘƢǝƷ

Ɨ Ǵƛ .ƴǲƢƱƗƳƸřǽǧƴǭ ƹƗ ƷǸǒǲǭ ǰ Ƙǵǻ ƜǆǕ ǴŨƜǁǼ ǕǸǲǆǭǼ 

)ANNǁƘǭ Û(ǾƢǂř ƷƗƳƸƛ ǰǾ) ǯƘƜSVMǝƳƘǆơ ǨŬǲƩ Û(Ǽ 

)RFƠƱƷƳ Ƿ ( Ƙǵǻ ƽƸūƷǾǸǢơ ǯǸǽ) ǳƴǁ ƠBRT(  ǳƳƘǞƢƽƗ

ƛ ƘǶǱƋ .ƴǱƳƸŧǾƿǷƷ ƹƗ ǳƳƘǞƢƽƗ ƹƗ ǨƜǡ Ǵŧ ƴǲƢǁƗƳ ǯƘ Ƙǵǻ 

ǁƘǭǾ ǰǽūƳƘǾƹƷƗ ƷƳ ǳƴǱƸǽƛƘǼ ř ǷǾǀ ƛǾǲǼ  ƗƴƢƛƗ Ƙǵƴƽ ƷƘƢǝƷ

Ƙƛ ƘǶǱƋǽƢƾǼ ƪǲƽƷƘƜƢǕƗ ƳƸƛƷƘŧ ƸǒǱ ƹƗǼ ƿǷƷ .ƴǱǸǁ Ƙǵǻ 

ǁƘǭǾ ǰǽūƳƘǾƷƗƺƛƗ ǳƴǱƸǻ ƗƸƛ ƚƽƘǲǭǻ ǧƴǭ ǴǖƽǸơ Ƙǵǻ Ƙřǽ ǳƘŬ

ǱƘǭƹ żƘơƴǮǕ Ǵŧ ƴǲƢƾǵ ǳƳƗƳǼ ǭ ƷƘŨƛǼ  ƷƗƴǢǭ Ǵŧ ƴǱǷƷ

ǝƘŧ ƟƘǕȆǍƗǼ ƪǲƽƷƘƜƢǕƗ Ƿ ƴǁƘƛ ƳǸƩǸǭǼ ƗƸƛ ƘǶǱƋǻ ǪƮơǾ Ǩ

ƾǞơ ǷǾƗ Ǜƴǵ .ƠƽƗ ƳƘǮƢǕƗ ǨƛƘǡ Ƙǵƴƽ ƷƘƢǝƷ Ƹǽ ǀǵǷŤř ǰ

Ɨǽ ƳƘƪǽŧƸơ ƿǷƷ ŦǾƜǼ ƹƗ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ Ƕƛ ƘƛǾǴǲ ƹƘƽǻ 

ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  Ǣƭ ƷƗƴǢǭ Ƙƛ ƟƗƷƵ ǳǷƸūǾǢǼ  ƠǶƩ

řǾǀ ƛǾǲǼ Ƕƪơ ƷƘƢǝƷǾǭ ƴƽ ƟƗƺǼ  .ƴǁƘƛǲŢǮǵǾ ǫǸƽƸǭ ǧƴǭ ǰ

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ƜǆǕ ǴŨƜǁ ǧƴǭ ǷǼ ǱǾƪǲƽƷƘƢǝƷ ƷƳ ƺǼ 

Ƙǵƴƽǻ ǲƢƛǼ ƘǢǭ ƳƷǸǭǽ.ƴǲƢǝƸū ƷƗƸǡ Ǵƾ 

 

ƿǷƷ Ƿ ƳƗǸǭƘǵ 

ǴǖǩƘǎǭ ƳƷǸǭ ǴǢǎǲǭ 

ǱƺƲǭ ƴƽǼ ƘƛƷƵƋ ǯƘƢƽƗ ƷƳ ǔǡƗǷ ǯƘƱƷƘƢƽǽǯƘƪǡƸǁǼ 

 ƷƳĤĨ ŧǾƸƢǭǸǪǻ  Ƿ ƸǵƗ ǯƘƢƽƸǶǁ ƙƸǙǷƷ Ƹƛǻ  ǴǱƘƱƳǷƷ

 ƹƗ ǯƘƱƷƘƢƽ ǴǱƘƱƳǷƷ .ƠƽƗ ǳƴǁ ƣƗƴƭƗ ǯƘƱƷƘƢƽ



,,3  *ºĊÞÅ ûv½wîúă ÿ 

 

 
ó
w
Å

¿
w
ĉ

ø
ă
¹

 
*

ā
½
w
ú
É

 /  
*

û
w
¤
Æ
z
w
£

 
,
/
+,

  

ǧƘǮǁ ƷƳ ǔǡƗǷ ƟƘǕƘǞơƷƗƗ ƹƸǭ ƷƳ ƷǸǂŧ ƙƸǙǽŧƸơ Ƿ ǯƗƸǾ Ǵ

ǭ ǴǮǂšƸƽǼ ūǾǍ Ƿ ƸǵƗ ƸǶǁ ƹƗ ƷǸƜǕ ƹƗ Ƽř Ƿ ƳƸǼ 

ƢǝƘƾǭǼ  ƳǷƴƭ ƷƳĨģ ŧǾƷƳ Ǵƛ ƸƢǭǸǪǽǭǷƷƗ ǴšƘǾǭ ǴǼƷǽ .Ƴƺ

ǭƎơ ǯƘƱƷƘƢƽ ƴƽ ƣƗƴƭƗ ƹƗ ǛƴǵǾǱ ƳƷǸǭ ƙƋ ǰǾ ƙƸǁ ƹƘ

ƸǶǁ Ơǖǲǅ Ƿ ǲŢǮǵ Ƿ ƸǵƗǾǭƎơ ǰǾǱ ǰǾƹƷǷƘǂŧ ƙƋ ƹƘǻ 

ǉƗƷƗǼ Ƙř ƷƳ ǔǡƗǷǾǽǭ ǯƘƱƷƘƢƽ ƴƽ ƠƽƳ ǰǼ.ƴǁƘƛ  ƴƽ

ŧƘƱ ǓǸǱ ƹƗ ǯƘƱƷƘƢƽǼ ǲƢƛ ǷǼ- ƸŬǲƽǽǳƺƗǻ ǭǼ ƹƗƸơ .ƴǁƘƛ

 ǓƘǞơƷƗ ƷƳ ƴƽ ƧƘơĤĨīī ƷƳ ƳƗƹƋ Ƭǎƽ ƹƗ ƸƢǭǽ ƧƘơ ǧǸǍ Ƿ Ƙ

 ƳǷƴƭĦĨģ ǭ ƸƢǭǼƸŧƘƱ ǔǎǢǭ .ƴǁƘƛǽ ǨǭƘǁ ƴƽ ǴǱƴƛ ƺ

ƙƋ ǴƢƾǵƽƷ ƴǲƛǼȅ ÛǽǴƘǵǻ ǝǾǴƢƽǸř ÛǀŨǵƹ Ƿ ƸƢǪƘǵǻ 

ƸŬǲƽǽǳƺƗǻ Ƙř Ƿ ƠƽƳȅƘƛǾǽǰ ǨƱƗƳ ƷƳ Ǵŧ ƴǲƛƹƗƸǝ ƠƽƳ

ǭ ƷƗƸǡ ƴƽ ǴǱƴƛǼūǾǭ ÛƳƸǼƙƋ ǴƢƾǵ .ƴǁƘƛƽƷ ƴǲƛǼ  ƷƳ

 ƧƘơ ƹƗ ƸơȅƘƛ ƴƽ ǔǎǢǭ ƺŧƸǭĤĨīĩ  ƸƦŧƗƴƭ ǓƘǞơƷƗ Ƙƛ Ƿ ƸƢǭ

ĤĤĩ  ƴƽ ƷǸƮǭ Ǵƛ ƠƜƾǱ Ǵŧ ƳƷƗƳ ƷƗƸǡ ƸƢƾƛ Ūǲƽ ƹƗ ƸƢǭ

ǭ ǯƷƘǢƢǭǼǁ .ƴǁƘƛǾǁ ƚǾǱƗǷƸǼ Ƙǵǻ Ƙř Ƿ ƠƽƳȅƘƛǾǽǰ ƠƽƳ

ƙƋ ǴƢƾǵ ƴǲƛĤ:Ħ ǢǝƗ)Ǽ ȅ .ƠƽƗ (ǬƕƘǡ Ǵƛǽǝ ǴǾƘř ƸƢǪǾǽ ǰ

ǢǝƗ ƠǭƘƲǉ Ǵƛ ƠƽƳǼ Ħ ƙƋ ǴƢƾǵ ƸƢǭƽƷ ƴǲƛǼ ȅ ƹƗ ƗƷǽ Ǵ

ǭ ƗƴƩ ǀŨǵƹǼȅ .ƳƹƘƽǽǴƘǵǻ Ƙř Ƿ ƠƽƳȅƘƛ ǀŨǵƹǾǽǰ-

Ǳ ƴƽ ƠƽƳǾǢǝƗ ƠǭƘƲǉ Ƙƛ ƺǼ Ħ ƛƗƸƱ ƙƋ ÛƸƢǭǼ ǶƪơǾ ƟƗƺ

ƙƋ ǴƢƾǵ ƹƗ ǳƴǁ ƴƽ ƗƷ ƴǲƛǪƲơ ƴƽ ǴǱƴƛ ƹƗ ƧƷƘƱ ǴƛǾ Ǵ

ǭǼƘǮǱǽǴƢƽǸř .ƴǲƘǵǻ ƕƘř Ƿ ƠƽƳȅƘƛǾǰǴƛ ƠƽƳơƸơǾ Ƙƛ ƚ

ǁǾƚƘǵǻ ǁǾǱƗǷƸǼ Ĩ/ĥ:Ĥ ǢǝƗ)Ǽ ǁ Ƿ (ǬƕƘǡ ǴƛǾ ǌƽǸƢǭ ƚ

Ĭ/Ĥ:Ĥ ǢǝƗ)Ǽ ƸŬǲƽ ǓǸǱ ƹƗ (ǬƕƘǡ ǴƛǽǳƺƗǻ ǖơǾǾǳƴǁ ǰƴǱƗ. 

 

 
 ǨŨǁĤ .ǖǡǸǭǾǯƘƱƷƘƢƽ ƴƽ Ơ 

ǁǾȅ Ƙƛ ƴƽ ǴƢƽǸř ƠƽƳȅƘƛ ƚǽƷ ǐǝƘƮǭ ǴǽŘǝ Ƿ ŗƗƷǾ ƸƢǪ

ƹǽǭ ƠǑƘǞƭ ƴƽ ǯƺƲǭ ƧƗǸǭƗ ǨǮǕ ǨƛƘǢǭ ƷƳ ÛǯƋ ƸǼ ÛƴǱǸǁ

ǖǎǢǭ Ƙƛ ƴƽ ƴǲƛƹƗƸǝǼ ǪǅƗ ǴǱƴƛ ǔǎǢǭ ǴƛƘǂǭǼ  ǨǭƘǁ Ûƴƽ

ƙƋ ǴƢƾǵƽƷ ƴǲƛǼ ǴƢƽǸř Ƿ ƺŧƸǭ ƷƳƘǵǻ ƸŬǲƽǽǳƺƗǻ ƷƳ Û

ǪǅƗ ƴƽ ǴǱƴƛ ƠƽƳȅƘƛǼ ǭ ƣƗƴƭƗǼ ǨŨǁ) .ƳƳƸūĤ (

ǖǡǸǭǾǭ ǯƘǂǱ ƗƷ ǯƘƱƷƘƢƽ ƴƽ ƠǼ ƴǵƳ 

 

ǶƛǾǴǲ ƹƘƽǻ ƟƗƷƵ ǳǷƸū 

Ɯǁ ÛƟƗƷƵ ƠŧƸƭ ƻƘƽƗǾǴ ƹƘƽǻ ǭƸƩ ƷƘƢǝƷǼ ǭǼ  ƴǁƘƛ

ƗƸƛ Ǵŧǻ ǯƘǂǱ ǵǷƸū ƠŧƸƭ ǯƳƗƳǼ ǵƘǭ Ƿ ǯƘūƴǱƸř ƹƗǼ  Ƙǵ

ǭ ǳƳƘǞƢƽƗǼ  Ǵŧ ƳǸǁǽŨǼ ƗƷ ƹƗǽƨ ƸơǽǲŨơ ǰǾŦ Ƙǵǻ 

ǶƛǾǴǲ ƹƘƽǻ ǵƘƢǭǾƢƽǷƸǾŦČ ƷƘŨƢƛƗ ƗƸǝ)ǻ.ƠƽƗ (  ƠŧƸƭ

ǵǷƸūǼ ǖǮƩ ƷǸƢŧƘǝ ƹƗ ƟƗƷƵǾǳƗƷ ǴǪǮƩ ƹƗ ÛƠ Ǩƭ Ƙǵǻ 

ƗƸƛ ǳǸǢǩƘƛǻ ƗƸƛ ÛǴǖǩƘǎǭ ƳƷǸǭ ǴǪƖƾǭǻ ƘǊǝ ƷƳ ƿǷƘŧǻ 

ǭ ǳƳƘǞƢƽƗ ǸƪƢƾƩǼ .ƴǲŧ ǵǷƸū ƠŧƸƭ ƷƳǼ  Ƹǵ ÛƟƗƷƵǽ Ŧ

ƘǊǕƗ ƹƗǻ ǖǮƩǾƗƷƗƳ Ơǻ ǽƵƘƲơƗ ƠǕƸƽ Ŧǻ ǴƛƘƩ) ƘƩǼǽ (

ǭǼ ƘǊǝ ƷƳ ǯƋ ǳƳƘǞƢƽƗ Ƙƛ Ǵŧ ƴǁƘƛǻ  ƠŧƸƭ ǸƪƢƾƩ

ǭǼ .ƴǲŧ Ɨ Ƹƛ ǳǷȆǕǽ Ƹǵ ÛǰǽǩƳ Ǵƛ ƘǶǱƋ ƹƗ ŦǾ ǯƳǸƛ ƗƷƗƳ Ǩǽ Ŧ

ƸƢǶƛ ÛǴǒǝƘƭǽǖǡǸǭ ǰǾ ƠǱ ƗƷ ƘǊǝ ƷƳǾ.ƴǲƢƾǵ ƗƷƗƳ ƺ  ƘǶǱƋ

ƷƘơǽǸƪƢƾƩ ǴŢƲǻ Ǵƛ ƗƷ ƳǸƱ ǭ ƸǍƘƱǼ ƢǱ ƷƳ ÛƴǱƷǷƋǾ Ǵƪ

 Ƹǵǽǭ ƠŧƸƭ ƠǶƩ ǷƳ ƷƳ ƘǊǕƗ ƹƗ ŦǼ ƸƢǶƛ Ǵƛ :ƴǲǲŧǽ ǰ

ǖǉǷǾƢǼ ǡȆơ ǴŧǼ ǳƴǁ ƸƢǶƛ Ǵƛ Ƿ ƴǱƗǽǖǉǷ ǰǾƸƢǶƛ Ơǽ ǰ

ǸǊǕǻ ƘƾǮǵ ƷƳ ǴŧǽŬǼ ǳƳƸŧ ƟƘǡȆǭ ƳǸƱ ƴǱƗ )Oneto et 

al., 2016.( ǽŨǼ ǴƜǲƩ ƹƗ Ƙǵǻ ǪǅƗǼ ƛƗƶƩ ǷǾƿǷƷ Ơ 

ǶƛǾǴǲ ƹƘƽǻ ƟƗƷƵ ǳǷƸū ūƳƘƽǼ ǭ ǯƋǼ Ǵƛ .ƴǁƘƛ ƷǸǍǽ ǌǢǝ ǴŨ

Ũǂơ ǯƘŨǭ Ƿ ƠǕƸƽ ǴǩƳƘǖǭ ǷƳ ƹƗǾ ǯƋ ƷƳ Ǵŧ ƠƽƗ ǳƴǁ Ǩ

 ưƽƘř ǳƷƵ Ƹǵ ƟƘǆƢƲǭǩƘǮƢƭƗǼ  ƗƷ ƷƗƳƸƛ ǷƳ Ǵƛ ǋǸƛƸǭ

ǭ ǯƘǂǱǼ .ƴǵƳ  ÛżƗƸǵƘǑf: ᴙn → ᴙ ƺǵ ǔƛƘơǽǴǲ Ɨǻ ǭǼ  ƴǁƘƛ

Ƙƛ Ǵŧǽ.ƴƽƸƛ ǨǡƗƴƭ Ǵƛ ƴ Ɨǽ ǔƛƘơ ǰǽ ŦǳƗƷ ƴǱƘŧ ǨƭǽƷǸơƗƴǻ 

Ǵƛ ƗƷ  ǯƗǸǲǕǽǢƭ ƳƗƴǕƗ ƹƗ ƷƗƳƸƛ ŦǾǢǼ Ǵƛ ǚƢǭ ǯƗǸǲǕǾ ǨǢƢƾǭ Ƹ

ǭǼ ūǾ Ƿ ƳƸǽǢƭ ƳƴǕ ŦǾǢǼ Ǵƛ ƩǷƸƱ ǯƗǸǲǕǼ ǩǸơǾǭ ƴǼ  ƴǲŧ

ǳƗƷ Ǜƴǵ ǔƛƘơ ƷƗƴǢǭ Ǵŧ ƴǱƘŧ ǨƭǽƷǸơƗƴǻ  ǯƘǂǱ ƗƷ ǳƴǁ ǳƳƗƳ

ǭǼ .ƴǵƳ ǁǾǖǭ ƚǾǮǱ ǰǼ .ƴǁƘƛ  ǛƴǵǽǳƗƷ ǰƢǝƘ Ǩƭ a ƗƸƛǻ f 
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(a) ≤ f (b) ƗƸƛǻ ǛƗƴǵƗ ǴǮǵ b ƘǊǝ ƷƳǻ ǭ ǸƪƢƾƩǼ  ƴǁƘƛ

ơƷƘƜǕ Ǵƛ ǴŧǼ a ǱƘǶƩ ǨǡƗƴƭǼ ǭǼ .ƴǁƘƛ ǝƸǍ ƹƗǼ S  ƳƗƴǖơ

ǭ ǳǷƸū ƷƳ ƳǸƩǸǭ ƟƗƷƵǼ ƗƷƗƳ ǫƗƴŧƸǵ ÛƴǁƘƛǻ ǖǡǸǭǾƢǼ 

Ƙƛ ƸƛƗƸƛ xi  ɴᴙn ƘǊǝ ƷƳǻ ƢǕƸƽ Ƿ ǸƪƢƾƩǼ Ƙƛ ƸƛƗƸƛ vi  ɴ

ᴙn  Ǯǵ .ƴǲƢƾǵǾǰ  ƷǸǍpi  ǴƢƱƘǲǁ ǳƴǁ ƸơǽǖǡǸǭ ǰǾǳƷƵ Ơ i 

ǭǼ Ƿ ƴǁƘƛ g ǴƢƱƘǲǁ ǳƴǁ ƸơǽǖǡǸǭ ǰǾǭ ǳǷƸū Ǩŧ ƠǼ ƴǁƘƛ 

)Acerbi and Ji, 2017.( 
 

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ 

Ƹǉ ƹƗ ƚǪǙƗǽŬƢƾƜǮǵ ƚǼ ƗƸƛǻ ƛǾ ǴǎƛƗƷ Ɵƴǁ ǯƘ

ǎƱǼ ƛǾǚƢǭ ǷƳ ǰǾǮŧ ƸǼ ǭ ǳƳƘǞƢƽƗǼ Ɨ Ƹƛ ǳǷȆǕ .ƳǸǁǽ ƹƗ Ûǰ

ƽƸūƷ ǧƴǭǾƗƸƛ ǯǸǻ ǯƘǂǱ  ƛ ǴǎƛƗƷ ǧƴǭ ǯƳƗƳǾƗ ǰǽ ǷƳ ǰ

ǭ ǳƳƘǞƢƽƗǼ ǲŧǾƗ ƷƳ .Ǭǽ ǰ ƛǾǸŬǩƗ ǰǼǽ ƗƸƛǻ řǾǀ ƛǾǲǼ ǚƢǭǾ Ƹ

ǴƢƾƛƗǷ (Y) ǩƳ ǴƛǾǚƢǭ ǨǾǨǢƢƾǭ Ƹ (X) Ɨǽǭ ƳƘƪǼ Ɨ Ƙƛ .ƳǸǁǽǰ  

Ɨ ǧƴǭ ƷƳ ÛƳǸƩǷǽǚƢǭ ǷƳ Ƹǵ Ûǳƴǁ ƳƘƪǾ ǴƢƾƛƗǷ Ƿ ǨǢƢƾǭ Ƹ

ǭ ŦšǸŧǼ ǲŢǮǵ .ƴǲǁƘƛǾƗƸǁ ÛǰǽƗ ǫǷƗƴơ ǌǽƳƘǢǭ ǰǽ ƷƳ Ƹ

ƽƸūƷ ƿǷƷǾǭ ǴƢǞǶǱ ǯǸǼ  ǴǎƛƗƷ ƷƘƢƽƗǸƱ ƳƷƗƳ ǯƘŨǭƗ .ƴǁƘƛ

ƛǾ ǰǽǚƢǭ ŦǾ Ƙƛ) ǨǢƢƾǭ ƸƳƘǢǭǽř ƸǾ Ƿ (ǴƢƽǸǽǚƢǭ ŦǾ Ƹ

ƳƘǢǭ Ƙƛ ƗƷ ǴƢƾƛƗǷǽŧ ƸǾǞǼ ƪǲƾƛǾǬ )Hussain et al., 2020 .(

Ɨ ƷƳǽƽƸūƷ ƿǷƷ ÛƠǩƘƭ ǰǾǎƱ ǯǸǼ ǮǱ ƷƘŧ ǧƘǭƸǱǼ  Ƿ ƴǲŧ

ƘƛǽƽƸūƷ ƹƗ ƴǾƢƾƪǩ ǯǸǾŦ ƗƸƛ .ƳǸǁ ǳƳƘǞƢƽƗǻ ǖơǾǾ ǧƴǭ ǰ

ƛ ǴǎƛƗƷǾǚƢǭ ǰǾǴƛ ǨǢƢƾǭ Ƿ ǴƢƾƛƗǷ Ƹ ƘƩǻ ǎƱ ǴǎƛƗƷǼ Ǵƛ Û

ǖƛƘơǼ ǱǾƷƗƳ ƹƘǽƹƗ Ǵŧ Ǭ ģ  ƘơĤ ǚƢǭǾƽƸūƷ ƿǷƷ .ƴǁƘƛ ƸǾ ǯǸ

ƢƾƪǩǾŦ ǖƛƘơ ƹƗǼ Ƣƾƪǩ ǔƛƘơ ǫƘǱ ǴƛǾǭ ǳƳƘǞƢƽƗ ŦǼ  Ǵƛ .ƴǲŧ

ǮǵǾƗ Ǵƛ ÛƸǍƘƱ ǰǽƽƸūƷ ƿǷƷ ǰǾƽƸūƷ ÛǯǸǾƢƾƪǩ ǯǸǾŦ 

ǭ ǴƢǞūǼ Ɨ ÛǴǭƗƳƗ ƷƳ .ƳǸǁǽƸǖơ ǔƛƘơ ǰǽ ƷƗƳǸǮǱ Ƿ ǳƴǁ ǜ

ƘǵƸƢǭƗƷƘř ƳƷǸǭ ƷƳ ǯƋ Ǵƛ ǋǸƛƸǭǻ  ǨŨǁ) ƷƳ ƳǸƩǸǭĥ (

 ǨƛƘǡ ǭ ǳƴǵƘǂǭǼ .ƴǁƘƛ 
 

 
 ǨŨǁč. ƽƸūƷǾƢƾƪǩ ǯǸǾŦ 

ǶƛǾǴǲ ƹƘƽǻ ǲƢƜǭǼ Ƕƛ ƸƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ 

ƽƸūƷ ǧƴǭǾƢƾƪǩ ǯǸǾŦ 

Ǯǖơ ƳƸŨǪǮǕǾƽƸūƷ ǬǾƢƾƪǩ ǯǸǾŦ  Ƿ ƳƷǷƋƸƛ ƠǡƳ Ƙƛ

ŬƢƾƛ ƳƸŨǪǮǕǼ ƽ Ǵƛ ƳǷƷǷ ƸƢǭƗƷƘř ǴƛǾǭ ƗƷƗƳ ǬƢƾǼ  Ǵŧ ƴǁƘƛ

ǒǲơ ǰƾƭƗ ǸƮǱ ǴƛǾƠƽƗ ǳƴǁ Ǭ )Chambers, 2019; 

Feng et al., 2019; Nan et al., 2019Ɨ Ƙƛ .(ǽ ǰ

 ǵ ÛƳǸƩǷǾǪŧ ǨǮǖǩƗƷǸƢƽƳ ŠǼ ƗƸƛǻ Ɨ ƙƘƲƢǱƗǽ ƘǵƸƢǭƗƷƘř ǰ

ǮǱ ƻƸƢƽƳ ƷƳǼ .ƴǁƘƛ  ǯƘǢǢƮǭ ƚǪǙƗ ƸǉƘƭ ǧƘƭ ƷƳǽ Ŧ

 ǯǸǭƹƋ) ƳƷƗƴǱƘƢƽƗ ƿǷƷ ƷǸŬǩƗ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ƗƷ (ƘǎƱ Ƿǽ ǬƢ

ǭ ǧƘƜǱƳ ǴŨƜǁǼ ƴǲš ǧǷƗ ǴǪǵǷ ƷƳ Ûƴǲǲŧǽǧƴǭ ǰ ƽƸūƷǾ ǯǸ

ƢƾƪǩǾŦ ǩƳ Ǵƛ ƗƷǾǮƪǭ ǨǴǕǸ Ɨǻ ƘǵƸƢǭƗƷƘř ƹƗǻ  ǜǪƢƲǭ

Ɨǽǭ ƳƘƪǼ ǩƳ Ǵƛ ƗƷ ƘǶǱƋ Ûƴǖƛ ǴǪƭƸǭ ƷƳ ÛƴǲǲŧǾƠƽƴƛ Ǩ   ǯƳƷǷƋ

ƘǵƸƢǭƗƷƘřǻ ǶƛǾǷƷ Ƹƛ Ǵǲǻ ǽƪǲƽƷƘƜƢǕƗ ǴǕǸǮƪǭ ŦǼ 

ƘǭƹƋǽǭ ǀǼ ) ƴǲǲŧBelmokr et al., 2019ƗƸƛƘǲƛ .(ǽ Ûǰ

Ɨ ƷƳǽ ǴǖǩƘǎǭ ǰǽƷǸŬǩƗ ŦǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸū ǳƴǁ

Ǣƭ ƷƗƴǢǭǾǢǼ ƗƸƛ ƗƷǻ ǸƪƢƾƩǻ ƘǵƸƢǭƗƷƘřǻ ǶƛǾǴǲ 

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ Ǵƛ ř ƳƸŨǪǮǕ ƳǸƜǶƛ ƷǸǒǲǭǾǀ ƛǾǲǼ ƵƘƲơƗ Û

ƳƸūǽ.ƴ ř ǧƴǭ ƷƳǾƳƘǶǲǂǻ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ǳǷƸū ǳƴǁ

 ƟƗƷƵǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾƳƘǢǭ ÛŦǽƘǵƸƢǭƗƷƘř Ƹǻ  

 

 
 ǨŨǁĎ ǧƴǭ .ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ   ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ - 

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ 
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ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ǢƢƾǭǾǳƳƗƳ Ƙƛ żƘǮ Ƙǵǻ ǖǡƗǷ ƿƹƷƗǼ ǷƷǻ 

ƷƗƶūƺǭƷ ǫǷƹǸǭǷƸŧǻ ǭǼ ƴǱǸǁ. ƳƘǢǭǽƘǵƸƢǭƗƷƘř Ƹǻ 

ƽƸūƷǾƢƾƪǩ ǯǸǾƸǍ ƹƗ ŦǽƋƸǝ ǠǽǨǭƘŨơ ƴǲ ƷǸŬǩƗǽ ǬƢ

ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸū ǳƴǁǢƭ ƷƗƴǢǭǾǢǼ Ǵƛ  ƟƷǸǅ

ƳǽǭƘǲǾŨǼ ǶƛǾǭ ǴǲǼ ƘǵƸƢǭƗƷƘř ƹƗ Ƿ ƴǱǸǁǻ Ǵƛ ƠƽƳ ƗƸƛ ǳƴǭƋǻ 

 ǰƢƱƘƽǽǧƴǭ Ŧ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ǶƛǾƗƸƛ ǳƴǁ Ǵǲǻ  ƳǸƜǶƛ

řǾǀ ƛǾǲǼ ƳƸū ǳƳƘǞƢƽƗǽǶƛ ƙǸšƷƘš .ƴǾǴǲ ƹƘƽǻ ƘǵƸƢǭƗƷƘřǻ 

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ƷǸŬǩƗ ƘƛǽǶƛ ǬƢǾǴǲ ƹƘƽǻ Ƙƛ ƟƗƷƵ ǳǷƸū 

Ǣƭ ƷƗƴǢǭǾǢǼ  ǨŨǁ) ƷƳĦ.ƠƽƗ ǳƴǁ ǳƳƗƳ ǯƘǂǱ ( 

 

 ǫƘūĤ ƷƗƶūƴŧ)ǻ (ƟƗƷƵ 

ƘǵƸƢǭƗƷƘřǻ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ƗƸƛǻ ǩǸơǾ ƟƗƷƵ ƴ

Ǵƛ ǝƳƘǆơ ƟƷǸǅǼ ǢƢƾǭ ǷǾƷƗƶūƴŧ Ǭǻ ǭǼ ƴǱǸǁ 

)Chambers, 2019; Raj & Ananthi, 2019.( 

Ǵƛ ǴǲǭƗƳ ƟƷǸǅ Ƙǵǻ )ĤĤģģ) Û(ģģģĤ/ģ ÛģĤ/ģ) Ƿ (ģ ÛĤ (

Ƹǖơǽǭ ǜǼ ǖǮƩ .ƳǸǁǾǷƘƭ Ơǻ Ĥģģ ǭ ǳƷƵǼ .ƴǁƘƛ 

 

 ǫƘūĥ Ƹǖơ)ǽūƴǱƹƗƸƛ ǜǼ(  

ūƴǱƹƗƸƛ ǴƜƽƘƮǭǼ ǴǕǸǮƪǭ  ǳƳƗƳ Ƙǵǻ ǁƹǸǭƋǼ  Ƿ ǯƘƽƋ

ƘǮơǽǭ ǯƳǸƛ ƚƽƘǲǭ Ǵƛ ǨǼ .ƴǁƘƛ Ɨǽ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ǨŨǂǭ ǰ

ǽƪǲƽƷƘƜƢǕƗ ƿǷƷ ŦǼ ǨƛƘǡ ǨƛƘǢƢǭ ǭ ǨƭǼ .ƴǁƘƛ Ɨ ƷƳǽ ǰ

ǭƹǾƗƸƛ ÛǴǲǻ ƴř Ƹƛ ǴƜǪǙǽƛ ǳƴǾ ƹƗ ÛƚƽƘǲǭ ƴƭ ƹƗ ǀǽ Ŧ

ƨǲř ƷƘƜƢǕƗ ƿǷƷ ǭ ǳƳƘǞƢƽƗ ǴǱƘūǼ ) ƳǸǁRong et al., 

2019(. ƽƸūƷ ǔƛƘơǾǴǕǸǮƪǭ Ƙƛ ǳƴǁ ǴƢƱƘƽ ǯǸ Ɨǻ  ƹƗ

ƘǵƸƢǭƗƷƘřǻ ǭ ǳƴǁ ǳƳƗƳǼ  ƹƗ Ƿ ƴǁƘƛƹ ƷƘǶšǽ ǴǕǸǮƪǭƸ

Ǵƛ  ǯƗǸǲǕǽǭ ǳƳƘǞƢƽƗ ƿƹǸǭƋ ǴǕǸǮƪǭ ŦǼ .ƴǲŧ  ƳƸŨǪǮǕ

ƘǎƱ Ƙƛ ƘǵƸƢǭƗƷƘř ǴǕǸǮƪǭǻ Ʒǽǭ ǴǂǾŬǱƘǾǰ  ƷƳ ǔƛƸǭ

ƹǽǳƹƗƴǱƗ ƸƱƋ ǴǕǸǮƪǭƸ ūǾƸǻ ǭǼ .ƳǸǁ  ǟǸǝ ƿǷƷ

Ǵƛ ǭ ƷƗƸŨơ ƷƘƛ ƨǲř ƟƷǸǅǼ Ǵƛ ƳǸǁ ƷǸǍǽ Ƹǵ ƹƗ ǴŨ

ƹǽ ǴǕǸǮƪǭƸǽŦ ƗƸƛ ƷƘƛǻ ƪǲƽƷƘƜƢǕƗǼ ǭ ǳƳƘǞƢƽƗǼ ƳǸǁ. 

ǭǾŬǱƘǾǰ ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ  ƨǲř ƷƳ

ƘǭƹƋ ǯƘƮƢǭƗǽǂǼ ƘǎƱǻ ǮǖơǾƗƸƛ ƷƘǒƢǱƗ ƳƷǸǭ Ǭǻ 

ǴǕǸǮƪǭ Ƙǵǻ ǁƹǸǭƋǼ ǭǼ .ƴǁƘƛ 

 

 

 ǫƘūĦ ƘǵƸŬǪǮǕ)ǻ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ     (ƟƗƷƵ ǳǷƸū ǳƴǁ 

ƗƸŬǮǵ ƹƗ ÛƘǵƸŬǪǮǕ ƷƳǼǽ ƗƸƛ ƳƷƗƴǱƘƢƽƗǻ  ƟƗƷƵ ƙƘƲƢǱƗ

ǩƘǕǼ ƗƸƛǻ ǩǸơǾǭ ǳƳƘǞƢƽƗ ǨƦǭƴǼ .ƳǸǁ ǽ ŦƗƸŬǮǵǼǽ  Ŧơ

ǴǎǢǱ Ɨǻ Ǵƛ ǝƳƘǆơ ƷǸǍǼ ƗƸƛǻ ƛ ƟƗƷƵ ǧƳƘƜơǾ ǴǪǅƘǝ ǷƳ ǰ

ǭ ƵƘƲơƗǼ Ɨ ǧƘǮƢƭƗ :ƳǸǁǽƴƩ ǳƷƵ ƳƘƪǽƗƸƛ ƴǻ  ƠǞƩ ƸǵĨ/ģ 

ǭǼ .ƴǁƘƛ Ƹǉǽ ƚǽƗƸŬǮǵ ǨǮǕ ŦǼǽ ǭ ǧƘƜǱƳ ƗƷǼ  Ǵŧ ƴǲŧ

ǖơǾǾǭ ǰǼ Ƌ ƴǲŧǽǳƷƵ Ƙ Ɨǻ ƴǖƛ ǨƾǱ Ǵƛǻ  ƳǷƸƛǽ.ǴǱ Ƙ  ƷƳ ǳƷƵ Ƹǵ

ǖǮƩǾƴƩ Ơǽ ǧƘǮƢƭƗ Ƙƛ ƴģĥ/ģ ƗƸŬǮǵǼǽ ǭǼ .ƴǁƘƛ 

 

 ǫƘūħ ǖǭ ǜǡǸơ)Ǿ(ƷƘ 

ǖǮƩ ƸūƗǾƴƩ ƠǽƗƸǁ ƴǽ ÛƴǁƘƛ ǴƢǁƗƴǱ ƗƷ ǜǡǸơ ǌ

 ǨƭƗƸǭĦ-ħ Ǵƛ ƷǸǍ ǱƘǭƹ Ƙơ ƸǮƢƾǭǼ ǧƴǭ Ǵŧ  ǨǡƗƴƭ Ƙƛ Ƙǵ

ƘǎƱǻ ǭ ǫƘƪǱƗ ÛƴǱǸǁ ƷƗƸǡƸƛ ǧƴǭǼ .ƴǱǸǁ 

 

ǔǮƩ ƷǷƋǻ ǳƳƗƳ ř Ƿ ƘǵǾƋƸǝ ǀǽƴƽ ƷƘƢǝƷ ƴǲ 

ǳƳƗƳ ƙƘƾƢŧƗ Ƙǵ 

ƘǵƸƢǭƗƷƘřǻ ƘǭƳ ǨǭƘǁ ǳƳƘǞƢƽƗ ƳƷǸǭǻ  ÛƙƋ Ƭǎƽ ÛƙƋ

ƷƳ ƷƘǂǝǽǭ ÛǴŢǾƙǸƽƷ ǯƗƺ ƷƗƶūǻƘǭƳ ÛƶǝƘǲǭ ƷƘǂǝ Ûǻ  ÛƗǸǵ

ƳǷƷǷ ƙƋ ǬƪƭǻǷ ƟƘǆƲǂǭ ÛǽƗƸǁ Ûƴƽ ǳŤǽ Ƭǎƽ ÛǰƢƛ ǌ

ǚơ ÛǯƺƲǭ ƙƋǾǾǢǝƗ ǯƘŨǭ ƸǼ ƳǸǮǕ ǷǻƗƺƩƗ Ûǻ  ǧƘǆơƗ

ǩƘǢƢǱƗǼ ǭƹ ƙƘƢǁ ǷǾÛǰ  Ƙƛ ȅƘƛ ǀǲơ Ƿ ǀǂŧ ÛƷƘǂǝ ÛƟƷƴǡ

ǲǝ ƟƘǆƲǂǭ ũƸƛ ƷƳ ƳǸƩǸǭ ƟƘǕȆǍƗ ƹƗ ǳƳƘǞƢƽƗǼ  Ƿ

ȆǍƗǔǮƩ ƟƘǕ ƷǷƋǻ ǭ ǧƘǮǕƗ ǳƴǁǼ ) ƳǸǁBouaroudj 

et al., 2019; Chen et al., 2020.( ǳƳƗƳ Ƙǵǻ  ǳƳƘǞƢƽƗ

Ɨ ƷƳ ǳƴǁǽǢƮơ ǰǾ ǨǭƘǁ ǠĦĩĨ  ƹƗ ÛƹǷƷĦĤ/ģĤ/ĤĦĬĪ  Ƙơ

ĦĤ/ģĤ/ĤĦĬī ǭƘƪǱƗ ǧǸǍ ǴƛǾǮǵ Ƿ ƠƽƗ ǳƴǾǰ  ǴǪǅƘǝ ƷǸǍ

ǴǱǸǮǱ ūǾƸǻ ǽǭ ǳƘǭ ŦǼ .ƴǁƘƛ ǳƳƗƳ Ƙǵǻ ƗƸƛ ƴƽ ƷƘƢǝƷǻ 

řǾǀ ƛǾǲǼ ƾǢơ ƠǮƾǡ ǷƳ Ǵƛ ǯƋ ƷƘƢǝƷǾ:ƴǁ Ǭ   ǧǷƗ ǴǪǵǷ ƷƳ

ĩģģ ǴǕǸǮƪǭ  Ƕƪơ ǳƳƗƳǾƗƸƛ ƴƽ ƟƗƺǻ ǧƴǭ ƿƹǸǭƋ ƹƘƽǻ 

ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾ ǯǸ

ƢƾƪǩǾŦ ƸƱƋ Ƿǽ ǰĤĥģ ǴǕǸǮƪǭ  Ǵƛ ǳƳƗƳ ǳƳƗƳ ǯƗǸǲǕ Ƙǵǻ 

ƘǭƹƋǽǂǼ ƗƸƛǻ ǩƘǱƋǾř ƳƸŨǪǮǕ ƺǾǀ ƛǾǲǼ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ 

ƗƷƵ ǳǷƸū ƟǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾŦ .ƴǁ ǳƳƘǞƢƽƗ 
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řǾǀ ǳƳƗƳ ƿƹƗƳƸř Ƙǵ 

ťƗƸƢǁƗ Ƙƛ Ƿ ǧƘǭƸǱ ƠǩƘƭ ƷƳ ÛǨǅƗ ƷƳ ƷƗƶūǻ ǳƳƗƳ  ÛƘǵ

ǳƳƗƳ ƳǷƷǷ Ƙǵǻ ƷǸŬǩƗ Ǵƛ ǫƘƱǽ Ƿ ƠǕƸƽ ǀǵƘŧ ƤǕƘƛ ǬƢ

ǭ ǴŨƜǁ ƠǡƳǼ .ƳǸǁ ƗƸƛǻ ūǸǪƩǾƸǻ ǲš ƹƗǾƗƸǁ ǰǽǎǼ  Ƿ

ǲŢǮǵǾƗƸƛ ǰǻ ƹƘƽƳƷƗƴǱƘƢƽƗǻ ƳƘǢǭǽǳƳƗƳ Ƹ ǳƳƗƳ ÛƘǵ Ƙǵǻ 

ƳǷƷǷǻ ƜǆǕ ǴŨƜǁ ƿƹǸǭƋ ƹƗ ǨƜǡǼƘƛ Ûǽ ÛƴǱǸǁ ƳƷƗƴǱƘƢƽƗ ƴ

ǽǲǖǼ ǳƳƗƳ ǴǮǵ ƛ ƘǵǾ ǰģ  ǷĤ ǭ ƸƛƗƸƛǼ  ƹƗ Ƽř .ƴǱǸǁ

ǧƘǭƸǱ ƹƘƽǻǳƳƗƳ Û ǁƹǸǭƋ ǴƢƽƳ ǷƳ Ǵƛ ƘǵǼ ƘǭƹƋ ǷǽǂǼ ƗƸƛǻ 

ƭƗƸǍǼ ǽƾǢơ ǴŨƜǁ ǧƴǭ ŦǾ.ƴǱƴǁ Ǭ ǳƳƗƳ Ƙǵǻ ǁƹǸǭƋǼ 

ƗƸƛǻ ǽƛ ǴǎƛƗƷ ǰƢǝƘǾƳǷƷǷ ǰǻ ƩǷƸƱ Ƿ ƘǵǼ Ƙǵǻ ǳƴǵƘǂǭ Ɨǻ 

Ɨ ǌƽǸơǽǭ ǳƳƘǞƢƽƗ ǧƴǭ ǰǼ .ƳǸǁ 

 

ƹƷƗǽƛƘǼ ƘǢǭ Ƿǽǧƴǭ ƳƸŨǪǮǕ Ǵƾ  řǾƳƘǶǲǂǻ  

ƾƛ ǯƘǢǢƮǭǾƷƘǻ ǩƘǱƋǾƘǵƺǻ ƷƘǭƋǻ ǞǪƢƲǭǼ ƗƸƛ ƗƷǻ 

ƹƷƗǽƛƘǼ ƿǷƷ Ƙǵǻ ǳƳƗƳǷƘŧǻ ǴƢǝƸū ƷƘŨƛ  .ƴǱƗƗǽǰ ǴǱǸū 

ǪƮơǾǨ ǖǭ ƘǵǾƜƽƘǲǭ ƷƘǼ ƗƸƛ ƗƷǻ ǴƜơƷ ƴǲƛǻ ƿǷƷ Ƙǵǻ 

ř ƠǡƳ ƻƘƽƗ Ƹƛ ǜǪƢƲǭǾǀƛǾǲǼǭ ǬǵƗƸǝ ǯƘǁǼ ƗƸƛ .ƴǱƷǷƋǻ 

ƹƷƗǽƛƘǼ ƘǢǭ Ƿǽǧƴǭ Ǵƾ Ƙǵǻ ƽƸūƷǾƢƾƪǩ ǯǸǾǮƽƗ ŦǼ Û

ƜǆǕ ǴŨƜǁǼ ƜǆǕ ǴŨƜǁ ǷǼ- ƹƘǝǻ řǾ Ûǳƴǁ ƳƘǶǲǂ

ƘǵƸƢǭƗƷƘřǻ ƷƘǭƋǻ ǞǪƢƲǭǼ ǳƴǁ ǴƢǝƸū ƷƘŨƛ Ɨ ƷƳ .ƴǱƗǽ ǰ

Ǳ ǴǖǩƘǎǭǾƗƸƛ ƺǻ ƹƷƗǽƛƘǼ ƿǷƷ ƳƸŨǪǮǕ Ƙǵǻ  ǴƢǝƸū ƷƘŨƛ

ǖǭ ƹƗ ǳƴǁǾƘǵƷƘǻ ƹƷƗǽƛƘǼ Ƹǉǽǖơ ƚǾǾ) ǰR2Ʒ Û(ǽ Ǵǂ

ǭǾŬǱƘǾ ǰ) ƘǎƱ ƟƘǖƛƸǭRMSEƸǉ Û(ǽūƴǲŧƗƸř ƚǼ )SI Ƿ (

ǭǾŬǱƘǾƘǵƘǎƱ ǰǻ ǝƗƸƮǱƗǼ )MBEƳƸū ǳƳƘǞƢƽƗ (ǽ.ƴ 

Ƹǉǽǖơ ƚǾǾǰČ )R2ǖǭ :(ǾƷƘǻ ƗƸƛǻ ǖơǾǾŬƢƾƜǮǵ ǰǼ 

ƜƾǱǼ ƛǾǚƢǭ ǴǕǸǮƪǭ ǷƳ ǰǾǭ ƸǼƗ .ƴǁƘƛǽ ƷƳ ƸƢǭƗƷƘř ǰ

ǬǶǭ ǀǢǱ Ûǧƴǭ ƿƹǸǭƋ ǴǪƭƸǭ Ƹơǻ  ǯǸǭƹƋ ǴǪƭƸǭ Ǵƛ ƠƜƾǱ

Ɨǽǭ ƘǞǼ .ƴǲŧ Ƹǉǽǖơ ƚǾǾǖǭ ÛǰǾƷƘǻ Ɨ ƹƗ ƠƽƗǽ ǌƱ Ǵŧ ǰ

ƽƸūƷǾǳƴǱƗǸƱ ƙǸƱ ƷƴǢš ÛǯǸ ǝƸǖǭ ƗƷ ƘǵǼ ǭǼ  ƸūƗ .ƴǲŧ

ƽƸūƷ ǌƱǾƕƘǱƗǸơ ƳƷƶŬƛ ǋƘǢǱ ǫƘǮơ ƹƗ ǯǸǼ ǝƸǖǭǼ  ǴǮǵ

ǚƢǭǾ ǳƴǲǵƳ ǯƘǂǱ ƴǁƘƛ ƸơƷǷƳ ǋƘǢǱ ƹƗ ǴšƸǵ Ƿ ƳƷƗƳ ƗƷ ƘǵƸ

ƕƘǱƗǸơǼ Ɨ .ƠƽƗ ƸƢǮŧǽǖǭ ǰǾ ǴǎƛƗƷ) ƹƗ ƷƘČ ǴƜƽƘƮǭ ǨƛƘǡ (

.ƠƽƗ 

                                                
1 Coefficient Of Determination 
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Ʒǽǭ ǴǂǾŬǱƘǾƘǎƱ ƟƘǖƛƸǭ ǰč )RMSEƗƸƛ :(ǻ ǩǷƗǾ ƷƘƛ ǰ

 ǧƘƽ ƷƳČĔēċ ƢƽƗ ǌƽǸơǾǩ Ƿ ƸƪǾ ƷƗƴǢǭ Ǵŧ ƴǭƋ ƳǸƩǸƛ ƴǲ

ƴǁ ǯƋǽƘǵƸƢǭƗƷƘř ƳƗƴǖơ Ǵƛ żƗƴǻ ŬƢƾƛ ǧƴǭ ƷƳ ǳƴǁ ƳƷǷƋƸƛǼ 

 .ƳƷƗƳRMSE ƸơƷǸǶǂǭǽǖǭ ǰǾǭ ƘǎƱ ƷƘǼ ƴǁƘƛ ƘǵƘǎƱ Ǵŧǻ 

ƛ ƗƷ ũƷƺƛǾƘǵƘǎƱ ƹƗ ƸƢǂǻ ǭ ƙƶƩ ŦšǸŧǼ  ǴǎƛƗƷ) ƴǲŧč.( 

 

)č              (                  
n

2

i i

i 1

(P M )

RMSE
n

=

-

=
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ƸǉǽūƴǲŧƗƸř ƚǼĎ )SIūƴǲŧƗƸř ǛƸǖǭ :(Ǽ ǚƢǭǾ Ƹ

Ǵƛ ƟƷǸǅ ǭ ǠǪǎǭǼ ǭ ǔǡƗǷ ƷƳ ÛƴǁƘƛǾūƴǲŧƗƸř ǯƗƺǼ ǳƳƗƳ  Ƙǵ

Ƕƛ ǌƱ ƹƗǾǭ ǴǲǼ ǳƳƗƳ ǫƘǮơ ƸūƗ ÛƴǁƘƛ ř ƠƽƷƳ ƘǵǾǀ ƛǾǲǼ 

ǭ ƴǱǸǁǾūƴǲŧƗƸř ǯƗƺǼ ǭ ƸǞǅǼ  ǴǎƛƗƷ) ƴǁƘƛĎ.( 
 

)Ď    (                              
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ǭǾŬǱƘǾƘǵƘǎƱ ǰǻ ǝƗƸƮǱƗǼď )MBEƳ ƹƗ :(ǽ ƸŬ

ƘǵƸƢǭƗƷƘřǻ ƷƘǭƋǻ ǭ ǬǶǭǼ ƴǁƘƛ  ƸǞǅ ƳƴǕ Ǵƛ ǴšƸǵ Ǵŧ

ƳƺǱǽƳƘǢǭ ÛƠƽƗ ƸƢǶƛ ƴǁƘƛ ŦǽƗƸƛ ƠƜƦǭ Ƹǻ MBE  ƹƗ ǯƘǂǱ

řǾǀƛǾǲǼ ƳƘǢǭ Ƿ ȅƘƛ ƠƽƳǽǞǲǭ ƸǼ ƳƘǢǭ ƹƗ ǯƘǂǱǽ ƠƽƳ Ƹ

ƘřǾǽǭ ǰǼ  ǴǎƛƗƷ) ƴǁƘƛď.( 
 

)ď                                     (
n

i i

i 1

1
MBE (P M )

n =

= -ä 

 

ƘƢǱǽƤƮƛ Ƿ ƨ 

Ɨ ƷƳǽǳƳƗƳ Ûǧƴǭ ƿƹǸǭƋ ƠǶƩ ǴǖǩƘǎǭ ǰǷƳ Ǵƛ Ƙǵ Ƴ ǴƢƽ

ƾǢơ ǯǸǭƹƋ Ƿ ƿƹǸǭƋǾǲŢǮǵ .ƴǱƴǁ ǬǾƜǁ ƠǶƩ ǰǾǴƹƘƽǻ 

ǳƳƗƳ Ƙƛ ǧƴǭ Ƙǵǻ ǳƳƗƳ ÛǯǸǭƹƋ  ƟƘǆƲǂǭ ƻƘƽƗ Ƹƛ Ƙǵ

ǳƳƗƳ Ƙǵǻ Ǯǵ Ǵƛ .ƴǱƴǁ ǧƘǭƸǱ ƿƹǸǭƋǾƴǲš ƷǸǒǲǭ ǰǽ ǰ

ŧƸơǾǝƳƘǆơ ƚǼ ƗƸƛǻ ŨǞơǾǴǕǸǮƪǭ Ŧ Ƙǵǻ  Ƿ ƿƹǸǭƋ

ƳƸū ƙƘƲƢǱƗ ǯǸǭƹƋǽƘǶǱ Ƙơ ƴǽ ƸǒǱ ƹƗ Ǵŧ ǴǕǸǮƪǭ ǷƳ żƘƢ

                                                
2 Root Mean Square Error 
3 Scatter Index 
4 Mean Bias Error 
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ƷƘǭƋǻ ƷƘūƹƘƽ Ǭǵ Ƙƛǻ  ÛƴǲƢƾǵƠƽƳ Ǵƛ Ƌǽ Ǵƛ ǴƩǸơ Ƙƛ .ƴǲ

ƾǢơ ǳƴǁ ǫƘƪǱƗ ƟƘǖǩƘǎǭǾǳƳƗƳ Ǭ Ǵƛ Ƙǵ  ǷƳ Ǵƛ ǯǸǭƹƋ Ƿ ƿƹǸǭƋ

 ƟƷǸǅēċ  Ǵƛčċ  ǷĒċ  ǴƛĎċ ǭ ƟƷǸǅǼƶřǽƳƸ  ƙƘƲƢǱƗ Ƿ

 ƸǵǽƗ ƹƗ ŦǽŬƢƾƛ ƿǷƷ ǰǼ ǳƳƗƳ ƳƗƴǖơ Ǵƛ ƳǷƷǷ Ƿ Ƙǵǻ  Ƙǵ

Ɨ ƷƳ Ǵŧ ƳƷƗƳǽ ÛǴǖǩƘǎǭ ǰēċƗƸƛ ǳƳƗƳ ǴǕǸǮƪǭ ƹƗ %ǻ  ƿƹǸǭƋ

)ČĎďĒ  Ƿ (ǳƳƗƳčċ) ǳƳƗƳ ǴǕǸǮƪǭ ƹƗ %ĎĎĒ ƗƸƛ (ǳƳƗƳǻ 

ř ǧƴǭ ǯǸǭƹƋǾƳƘǶǲǂǻ ǷƗƸǝ Ǵƛ ǴƩǸơ Ƙƛ .ƠƽƗ ǳƴǁ ǳƳƘǞƢƽƗƗǱǼ 

ǳƳƗƳǧƴǭ ƿƹǸǭƋ ƠǶƩ ÛƘǵ ǖƽ ƘǵǼ ǳƳƗƳ ƴǁ Ƙǵǻ  Ǵƛ ƿƹǸǭƋ

ǴƢƽƳ Ƙǵǻ čċċ Ûďċċ Ûđċċ Ûēċċ ÛČċċċ  ǷČĎďĒ ƘơǼǽ 

ƾǢơǾƴƛ Ƙơ ƳǸǁ ǫƘƪǱƗ ƿƹǸǭƋ ǴǪƭƸǭ Ƿ Ǭǽ ǨǡƗƴƭ ƟƷǸǅ ǰ

ƘƢǱ Ǵƛ Ƹƪǲǭ Ǵŧ ǳƳƗƳ ƷƗƴǢǭǽǭ ƚƽƘǲǭ ƨǼ .ƳǸǁ ǄƲǂǭ ÛƳǸǁ

ƹƷƗ ƠǶƩǽƛƘǼ ƴǭ ƳƸŨǪǮǕǱ ǧǾǖǭ ƹƗ ƺǾƘǵƷƘǻ ƷƘǭƋǻ  ǳƳƘǞƢƽƗ

ƳƸūǽƘƢǱ Ǵŧ ƴǽ ǧǷƴƩ) ƷƳ ǯƋ ƨč.ƠƽƗ ǳƴǁ ǳƳƷǷƋ ( 
 

 

 ǧǷƴƩĥ. ƹƷƗǽƛƘǼ ǧƴǭ Ƙǵǻ řǾǳƴǁ ƳƘǶǲǂ 

ǳƳƗƳ ƳƗƴǖơ Ƙǵ R
2 RMSE(kPa) Bias(kPa) SI% 

ĥģģ ĒĐĐ/ċ ďĒĎ/ČČ ċďĐ/ċ ĔđĒ/Ĕ 

ďċċ ĔċĐ/ċ ČĔċ/Čč ċĎĎ/ċ ĎĐČ/Ĕ 

đċċ Ĕčđ/ċ ĒđĎ/Čč ċčč/ċ ĎđĔ/Ĕ 

ēċċ ĔčĐ/ċ ďēČ/ČĎ ċČđ/ċ ēĒČ/ē 

Čċċċ Ĕđč/ċ đĐĒ/Čď ċČČ/ċ ďĒč/ē 

ČĎďĒ Ĕđď/ċ ĎďČ/Čď ċċđ/ċ ĔĒď/Ē 
 

 

ƘƢǱǽƳǷƷǷ ǧƴǭ ƹƗ ǨǅƘƭ ƨǻ ƽƸūƷǾ Ǵƛ ǴƩǸơ Ƙƛ ǯǸ

ǖǭǾƗƸƛ ƿƹƗƸƛ ƷƘǻ ǚƢǭ ƙƘƲƢǱƗ Ǵƛ ƳǷƷǷǾƘǵƸǻ  ǧǷƴƩ) ƷƳ

Ď.ƠƽƗ ǳƴǵƘǂǭ ǨƛƘǡ ( 

 
 ǧǷƴƩĎ ƿƹƗƸƛ .ǧƴǭ Ƙǵǻ ƽƸūƷǾǱǸǼ ƳǷƷǷǻ ƷǸŬǩƗǽƢǱţ ǬƢǾŦ 

ǨƾǱ ǫƹǸǭǷƸŧ ƽƸūƷ ǧƴǭǾǯǸ ǭǾƿƹƗƸƛ ǯƗƺ 

ċ ċ ƢƾƪǩǾŦ-ǮƽƗǼ ċČđ/ċ 
ċ Best ƢƾƪǩǾŦ-ƘƛǽƸǲǻ ċċđ/ċ 
Č Best ƛǷƸřǾƠ-ƘǊǝǼǽ ċċđ/ċ 
č Best ǳƳƘƽ-ǎƱǼ ċċē/ċ 
Ď Best ǚƢǭ ƴǲšǾǳƸ ċċĒ/ċ 
... ... ... ... 

ĔĒ Best ǳƳƘƽ-ǎƱǼ ċċđ/ċ 
Ĕē Best  ƴǲšǚƢǭǾǳƸ ċċđ/ċ 
ĔĔ Best ƢƾƪǩǾŦ-ǮƽƗǼ ċċĐ/ċ 

 

ƘƢǱǽƘǵƸƢǭƗƷƘř ƙƘƲƢǱƗ ƨǻ ƸƥƐǭ 

Ǵƛ ƷǸǒǲǭ ǖơǾǾǬǶǭ ǰƸơǽ ǨǭƗǸǕ ǰƸƥƐǭ  ƹƗ ƴƽ ƷƘƢǝƷ Ƹƛ
ǩƘǱƋǾƽƘƾƭ ƺǾř ƿǷƷ ƷƳ ƠǾƳƘǶǲǂǻ ƳƸū ǳƳƘǞƢƽƗǽ ǧǷƴƩ) ƴ
ďǚƢǭ Ƿ ǨǭƘǕ Ƹǵ .(ǾƸǻ ƛ ǴŧǾƸƢǂǽƥƎơ ǰǾř ǧƴǭ ƷƳ ƸǾƳƘǶǲǂǻ 

ř ƴǱǷƷ Ƿ ƘǎƱ Ƹƛ ǯƋ Ǜƶƭ ÛƴǁƘƛ ǴƢǁƗƳǾǀƛǾǲǼ ƥƎơ ǧƴǭǾ Ƹ
ƹǽƳƘǻ .ƳƷƗƳ  ǧǷƴƩ ƨǽƘƢǱď  ƸŬǱƘǾƛƗǽǰ ƠƽƗ  ǻƘǵƸǾǚƢǭ Ǵŧ

 ƷƳ ƸǾƥƎơ ƸƢǂǾƛ ƙǸƽƷ ǯƗƺǾǭ Ƿ ǻƶǞǲǭ ƷƘǂǝ ÛƗǸǵ ǻƘǭƳ
ǳƳƗƳ ǯƘǂǱ ƗƷ ƘǎƱ ǰǽƸƢǮŧ Ƿ ǧƴǭ  ƚƲƢǲǭ ǯǸǾƽƸūƷ Ƿ ƴǱƗ

 ƟǷƘǞƢǭ ǳƳƗƳ ǓǸǱ Ƿ ǬŧƘƭ ǌǽƗƸǁ Ǵƛ ǴƩǸơ Ƙƛ ƸǾǚƢǭ Ƹǵ ǻƗƸƛ
ŠǾǵ Ƿ ƠƽƗ ǯǸǾƽƸūƷ ǯƘǾǭ ƷƳ ǼǅƘƱ ǻƸơƸƛ ǴǱǸū  ǻƘǵ

ǧƴǭ ƷƳ ǳƴǁ ƙƘƲƢǱƗ ƳƷƗƴǱ ƳǸƩǷ . 

 

 ǧǷƴƩħǩƘǱƋ .ǾƽƘƾƭ ƺǾř ǧƴǭ ƠǾƳƘǶǲǂǻ ƘƽƘǲǁ ƷƳǼǽ ǚƢǭǾƘǵƸǻ ƸƥƐǭ ƴƽ ƷƘƢǝƷ Ƹƛ 

ǚƢǭǾƸ ƽƸūƷǾƚƲƢǲǭ ǯǸ R
2

 RMSE MAE ǮǵƗ ƴǅƷƳǾƠ 

ƘǭƳǻ ƙƋ ǳƳƘƽ īī/ģ ģģĥ/ģ ģģĤ/ģ Ĩ 

ƙƋ Ƭǎƽ ǳƳƘƽ īĬ/ģ ģģĤ/ģ ģģĤ/ģ Ĩ 

ǭǾƙǸƽƷ ǯƗƺ ƩǸǩǾƠ ĬĦ/ģ ģģĤ/ģ ģģĤ/ģ Ĥĥ 

ƶǞǲǭ ƷƘǂǝǻ ǳƳƘƽ ĬĪ/ģ ģģĤ/ģ ģģĤ/ģ ĥģ 

ƘǭƳǻ ƗǸǵ ƢƾƪǩǾǮƽƗ ŦǼ Ĭī/ģ ģģĤ/ģ ģģĤ/ģ ĥĦ 

ƳǷƷǷ ƙƋ Ǭƪƭǻ ǳƳƘƽ Ĭĥ/ģ ģģĤ/ģ ģģĤ/ģ Ĥģ 

ƴƽ ƟƘǆƲǂǭ ƩǸǩǾƠ īī/ģ ģģĥ/ģ ģģĤ/ģ ī 

ǖǉǷǾǰƢƛ Ơ ƛǷƸřǾƠ Ĭģ/ģ ģģĥ/ģ ģģĤ/ģ ī 

ǯƺƲǭ ƙƋ Ƭǎƽ ǳƳƘƽ ĬĤ/ģ ģģĤ/ģ ģģĤ/ģ Ĭ 



 óºù ¿wÅć wăºÅ ½w¤å½ć þ¤zĈ Çÿ½ ¿v ā¹wæ¤Åv wz wăć {ÎÝ Ăî{ÉĈ ÝĀþÎùĈ Å¾ñ½ ÿĊûĀ ¤Æ¬õĊì/ ČčĎ  
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ƭƗƸǍǼ ř ǧƴǭǾǀ ƛǾǲǼ ǶƪơǾơƗƺǼ ƷǸŬǩƗ ƻƘƽƗ Ƹƛ ƴƽǽ ǬƢ

ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾŦ 

ƗƸƛǻ ƽƸūƷ ǧƴǭǾƢƾƪǩ ǯǸǾǵ ÛŦǾƋƸǝ ŠǽƳƷƗƴǱƘƢƽƗ ƴǲǻ 

ƗƸƛǻ ǖơǾǾƘǵƸƢǭƗƷƘř ǰǻ .ƳƷƗƴǱ ƳǸƩǷ ƳƗƹƋ ƢǱ ƷƳǾ ǧƴǭ ÛǴƪ

řǾƳƘǶǲǂǻ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ-

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ Ǵƛ Ƴ ƟƷǸǅǽǭƘǲǾŨǼ ƳƘǢǭǽƘǵƸƢǭƗƷƘř Ƹǻ 

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ Ƕƛ ƗƷǾǭ ǴǲǼ ƷǸŬǩƗ ǧǷƗ ǴǪǵǷ ƷƳ .ƴǲŧǽ ǬƢ

ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ ƪǲƽƷƘƜƢǕƗ ǷǼ  ǨƛƘǢƢǭ

ƨǲř ƗƸƛ ǴǱƘūǻ ŧƸơ Ƿ ƴǁ ǳƳƘǞƢƽƗ ǸƪƢƾƩǾƸƢǶƛ ƟƘƜǻ  ƹƗ

ƘǵƸƢǭƗƷƘřǻ ƽƸūƷǾǩ ǯǸƢƾƪǾŦ ƠƽƳ Ǵƛ  ƿƹƷƗ Ǵŧ ƴǭƋ

ƪǲƽƷƘƜƢǕƗǼ ƨǲř .ƴǁƘƛ ǨǡƗƴƭ ǴǱƘū ř ǧƴǭ ÛƼŚƽǾǀ ƛǾǲǼ 

ǶƪơǾơƗƺǼ Ƙƛ ƴƽ ǴƩǸơ  ƷǸŬǩƗ ǴƛǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸū

Ǣƭ ƷƗƴǢǭǾǢǼ - ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ǭ ǴƢƱƘƽǼ  ǳƹƘƽ .ƳǸǁ

ƽǾř ǬƢƾǾǀ ƛǾǲǼ ƙƋ ƴƽ ƷƘƢǝƷ ƹƷǷǻ ƷǸŬǩƗ Ǵƛ ǴƩǸơ Ƙƛǽ ǬƢ

ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸū ƷƗƴǢǭǢƭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾŦ 

 ǨŨǁ ƷƳ)ħǯƘǂǱ (   ǳƳƗƳ ƽ .ƠƽƗ ǳƴǁǾř ǬƢƾǾǀ ƛǾǲǼ  ƷƘƢǝƷ

Ƕƪơ Ƿ ƴƽǾƛƋ ƟƗƺǼ ǳƳƗƳ ƙƘƾƢŧƗ ǨǭƘǁ ř ÛƘǵǾǀ  ƿƹƗƳƸř

ƹƘƽƳƷƗƴǱƘƢƽƗǻ ǳƳƗƳ ř ÛƘǵǾǀ ƛǾǲǼƘƢǱ ÛǽƘǭƹƋ ƨǽ ƳƸƛƷƘŧ Ƿ ǀ

ǭ ǯƋǼ .ƴǁƘƛ 

 

 
 ǨŨǁďǩǷƗ ƫƸǍ .Ǿƛ ǴǎƛƗƷ ǴǂǢǱ ǴǾǪƮơ ǰǾƘǊǝ ǨǼǽ ǚƢǭ ǷǾƘǵƸǻ ǪƮǭǼ 

 

ƷƳ ǍǼ ƘǭƹƋǽǀ  ƹƗ ÛƘǵƘƪǱƋǼǽ Ǵŧ ƘǭƳ Ƿ ǧǸǪƮǭ Ƭǎƽǻ 

ǬǶǭ ƹƗ ƙƋ ƸơǽƥƎơ ǨǭƗǸǕ ǰǾƗ ƷƳ ÛƴǲƢƾǵ ǧƴǭ Ƹƛ ƷƗƶūƸǽ ǰ

ƘǭƳ ǴǖǩƘǎǭǻ  ǛƗƴǵƗ ǯƗǸǲǕ ƠƮơ ƗƷ ƘǭƳ Ƿ ƙƋ ǧǸǪƮǭ

ƗƸƛǻ řǾǀ ƛǾǲǼ ƗƸƛ .ƴǱƴǁ ƙƘƲƢǱƗ ƴƽ ƷƘƢǝƷǻ řǾǀ ƛǾǲǼ 

ƳƘǢǭ Ûƴƽ ƷƘƢǝƷǽǶƪơ ƸǾƹǷƸǭƗ ƟƗƺǻ ơƷƘǒǱǼ Ǵƛ ƗƷ  ǯƗǸǲǕ

ƘǵƸƢǭƗƷƘřǻ ƳǷƷǷǻ ǧƴǭ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸū

Ǣƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ƗƸƛǻ řǾǀ ƛǾǲǼ  ƷƳ Ǵƛ ƘǶǱƋ

ƢǝƸū ƸǒǱǾǷ ǧƸƢǲŧ Ƭǎƽ ƼŚƽ Ƿ Ǭ ƘǭƳǻ ƘǢǭ ƙƋǽ Ƿ Ǵƾ

ǩƘǱƋǾƳƸū ƺǽƗƸƛ .ƴǻ ƹƷƗǽƛƘǼ ƘǢǭ ǷǽŧƸơ ƿǷƷ ƳƸŨǪǮǕ ǴƾǾƜǼ  

 

 
 ǨŨǁĐř .Ǿǀ ƛǾǲǼ ƙƋ Ƭǎƽ ƷƗƴǢǭ 
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ǨŨǁ đ. řǾǀ ƛǾǲǼ ƘǭƳǻ ƙƋ 

ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾ ǯǸ

ƢƾƪǩǾƜǆǕ ƿǷƷ ƹƗ ÛŦǼ ǫǸƽƸǭ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ  Ƿ

ƿǷƷ Ƽř ǷƷ ǱǾƗƸƛ ƺǻ ƘǢǭǽ.ƴǁ ǳƳƘǞƢƽƗ Ǵƾ ƗƸƛǻ  ǴŨƜǁ

ƜǆǕǼ Ƽř ǭ ÛǷƷǾ ǯƗƺǽūƳƘǾƸǻ ģīĩ/ģ  ƳƸŨǪǮǕ Ƿ

ǧƘǖǝ ƹƘƽǻ ƽǾƕǸǮŬǾǭ ƴǼ .ƴǁƘƛ ƘƢǱǽř ƨǾǀ ƛǾǲǼ ƹ ƷƳ ǳƴǁǽ Ƹ

 ǯƘǂǱ  ǳƳƗƳ ǨŨǁ) ƠƽƗ ǳƴǁ Ƙǵǻ Ĩ  Ƿĩ.( 

 ǨŨǁĨ ƛǾƘƢǱ ƸŬǱƘǽř ƨǾǀ ƛǾǲǼ Ʈǎƽ ƙƋ ƷƗƴǢǭ ƹƗ ǳƴǁǼ 

řǾǀ ƛǾǲǼ Ǳ Ɵƴǭ Ǵƛ ƗƷ ǳƴǁǾǭ ǯƘǂǱ ƠǕƘƽ ǬǼ Ɨ ƷƳ .ƴǵƳǽ ǰ

 ƚƾƭ Ƹƛ ƙƋ Ƭǎƽ ǬƕƘǡ ƷǸƮǭ ǨŨǁmg/L ǢǝƗ ƷǸƮǭ ǷǼ 

ǴǱǸǮǱ Ɨǻ ǴǱǸǮǱ ǯƘǭƹ ƿƹǸǭƋ ƹƗ ūǾƸǻ ǭǼ .ƴǁƘƛ ƘƢǱǽ ƨ

řǾǀ ƛǾǲǼ ƘǭƳǻ Ǳ Ɵƴǭ Ǵƛ ƙƋǾǱ ƠǕƘƽ ǬǾ ǨŨǁ) ƷƳ ƺĩ  (

 ǯƘǂǱ  ǳƳƗƳ .ƠƽƗ ǳƴǁ 

ƘƢǱǽƘǵƸƢǭƗƷƘř ƨǻ ƗƸƛ ƴƽ ƷƘƢǝƷǻ ǯƘǂǱ ǜǪƢƲǭ ƿǷƷ Ǵƽ  

ǳƳƗƳ   ǧǷƗƴƩ) ƠƽƗ ǳƴǁĨ  Ƿĩ.(  ƻƘƽƗ Ƹƛ  ǰǽƗ ǧǷƗƴƩ

ƗƸƛǻ ƘǎƱ ƿǷƷ ǷƳ Ƹǵǻ ƷǽǴǂ ǭǾŬǱƘǾǷ ǔƛƸǭ ǰ ƘǎƱǻ 

ǭ ƴǅƷƳǾŬǱƘǾǶƛ ƿǷƷ ÛǠǪǎǭ ǰǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸū ƷƗƴǢǭ

ǢƭǾǢǼ- ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ƘǱƗǸơǼǽ ǮǖơǾ Ƿ ƸƢǶƛ Ǭ

řǾǀ ƛǾǲǼ ƋƸǝǽƪǲƽƷƘƜƢǕƗ ƴǲǼ ƿǷƷ Ǵƛ ƠƜƾǱ ƗƷ Ƙǵǻ  ǴŨƜǁ

ƜǆǕǼ ƽƸūƷǾƢƾƪǩ ǯǸǾŦ Ƿ Ƽř ǷƷ ǭ ǯƘǂǱǼ .ƴǵƳ  Ƙƛ

ǄƱƘǁ ƹƗ ǳƳƘǞƢƽƗ Ƙǵǻ Ƕƪơ ƷƘƢǝƷǾř Ûƴƽ ƟƗƺǾǀ ƛǾǲǼ  ƸƢǶƛ

ǭ ǨǅƘƭ ƙƋ Ƭǎƽ ƼŚƽ Ƿ ƙƋ ƟƷƗƸƭ ǴƩƷƳǼ .ƳǸǁ Ɨǽ ǰ

ǩƳ ǯƗƴƛ ƸǭƗǾǭ ǨǼ ƘǭƳ Ǵŧ ƴǁƘƛǻ ƥƎơ ƠƮơ ƸƢǮŧ ƙƋǾ Ƹ

Ʈǭ ǨǭƗǸǕǾǎǼ ƩƷƘƱǼ ǭ ƷƗƸǡǼ ūǾǩƘƭƷƳ ÛƳƸǼ  ƙƋ ƷƗƴǢǭ Ǵŧ

ƮǎƽǼ ǴǕǸǮƪǭ Ǵƛ ǴƢƾƛƗǷ Ɨǻ ƋƸǝ ƹƗǽƘǵƴǲǻ  Ǩǖǝ  Ƿ

ǝ ƟȅƘǖǞǱƗǾƺǽŨǼ-ǁǾǮǾƘǼǽ ǭǼ ƢǱ ƷƳ ÛƴǁƘƛǾƥƎơ ǴƪǾ ƟƗƸ

Ƙƽǽƛ ǨǭƗǸǕ Ƹǚơ ǯƘǭƹ Ơǁƶū ƘǾǾǭ ƸǼ .ƴǲŧ  ǧƴǭ ÛǨŧ ƷƳ

řǾǀ ƛǾǲǼ ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ - ƽƸūƷǾ ǯǸ

ƢƾƪǩǾƾƛ ƳƸŨǪǮǕ ŦǾƛǸƱ ƷƘǼ .ƳƷƗƳ ƗǽǩƳ ǯƗƴƛ ƸǭƗ ǰǾǨ
 

 ǧǷƴƩĨ .ƘǢǭǽǳƹƗƴǱƗ ǄƱƘǁ Ǵƾ ūǾƸǻ ƗƸƛ ƳƸŨǪǮǕǻ ƘǵƷƘŨǵƗƷǻ (ƙƋ Ƭǎƽ ƷƗƴǢǭ) ǜǪƢƲǭ 

ǴŨƜǁ Ƙǵǻ ƜǆǕǼ Ƽř ǁƹǸǭƋ ƷƗƴǢǭ ǷƷǼ  Ƙƛ ƸƛƗƸƛċēē/ċƽ ÛǾƕǸǮŬǾƴ 

ƘǎƱǻ ǭ ƴǅƷƳǾŬǱƘǾ% ǠǪǎǭ ǰ đē/Ď ĔČ/Đ Ĕđ/čĔ 

ƘǎƱǻ Ʒǽǭ ǴǂǾŬǱƘǾ ǔƛƸǭ ǰ ċčĎď/ċ ċĐČč/ċ čēĐ/ċ 

 

ǧǷƴƩ đ .ƘǢǭǽǳƹƗƴǱƗ ǄƱƘǁ Ǵƾ ūǾƸǻ ƗƸƛ ƳƸŨǪǮǕǻ ƘǵƷƘŨǵƗƷǻ ƘǭƳ) ǜǪƢƲǭǻ (ƙƋ 
ǴŨƜǁ Ƙǵǻ ƜǆǕǼ Ƽř ǁƹǸǭƋ ƷƗƴǢǭ ǷƷǼ  Ƙƛ ƸƛƗƸƛċēē/ċƽ ÛǾƕǸǮŬǾƴ 

ƘǎƱǻ ǭ ƴǅƷƳǾŬǱƘǾ% ǠǪǎǭ ǰ ēďĐ/Č ēďĒ/ď čĒđ/čč 

ƘǎƱǻ Ʒǽǭ ǴǂǾŬǱƘǾ ǔƛƸǭ ǰ ċčĔĐ/ċ ċĐĎď/ċ ĎċĐ/ċ 
 



 óºù ¿wÅć wăºÅ ½w¤å½ć þ¤zĈ Çÿ½ ¿v ā¹wæ¤Åv wz wăć {ÎÝ Ăî{ÉĈ ÝĀþÎùĈ Å¾ñ½ ÿĊûĀ ¤Æ¬õĊì/ ČčĐ  
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ǭǼ Ǵŧ ƴǁƘƛ ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ - 

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ  Ǵƛ ǇǸǕ ƷƳ  ǨǡƗƴƭ Ʒ ǯƴǱƘƽƷǽ Ŧƾ

ƛƸƪơǼ Ǯǖơ ǴŧǾǩƘǕ ǬǼ ƗƸƛǻ ǳƹƗƴǱƗ Ƙǵǻ  ƗƷ ŦšǸŧ ǴǱǸǮǱ

ǭ ǬǵƗƸǝǼ Ʒ ǀǵƘŧ ǨǅƗ ÛƳƹƘƽǽǳƹƘƽ Ŧƾ Ɨǻ  ƗƸƩƗ ƗƷ

ǭǼ .ƴǲŧ ǵǾŠ  ǴǱǸūǢǝƗǸơǼ ƹǸơ Ƹƽ ƸƛǽǴǕǸǮƪǭ ǔ  ǳƳƗƳ  Ƙǵ

ƳƷƗƴǱ ƳǸƩǷ. ǲŢǮǵǾǭ ǰǼ ǚơ ƤǕƘƛ ƴǱƗǸơǾǾǷƷ ƷƳ Ƹǽ ƳƸŨ

ǳƳƗƳ ƗƸƛƘǲƛ ÜƳǸǁ ƘǵǽǭƘŬǲǵ ÛǰǼ ǳƳƗƳ Ǵŧ  Ƙǵǽ ũƷƺƛ ǯƘƽǸǱ Ŧ

ǭ ǯƘǂǱ ƳǸƱ ƹƗǼ ƘǎƱ ÛƴǲǵƳǻ řǾǀ ƛǾǲǼ ǶƛǾǴǲ ƹƘƽǻ  ǳǷƸū

 ƟƗƷƵǢƭ ƷƗƴǢǭǾǢǼ-ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ǱǾǭ Ǭŧ ƺǼ .ƴǁƘƛ 

 

ƢǱǾǴƪūǾƸǻ 

Ɨ ƷƳǽǧƴǭ ƹƗ ǴǖǩƘǎǭ ǰ Ƙǵǻ ƜǆǕ ǴŨƜǁǼ ǲƢƜǭǼ  Ƹƛ

ƽƸūƷǾƷǸŬǩƗ Ƙƛ ǯǸǽƢǱţ ǬƢǾ) ŦGARANNƗƸƛ (ǻ řǾǀƛǾǲǼ 

ƳƸū ǳƳƘǞƢƽƗ ƴƽ ƷƘƢǝƷǽ .ƴǳƳƗƳ Ƙǵǻ ƗƸƛ ƴƽ ƷƘƢǝƷǻ řǾǀ ƛǾǲǼ 

ǴǢƜǍ ǳǷƸū ǷƳ Ǵƛ ǯƋ ƷƘƢǝƷ ƴǲƛǻ  ƗƴƢƛƗ Ǵŧ ƴǱƴǁĩģģ 

 ǴǕǸǮƪǭ Ƕƪơ ǳƳƗƳǾƗƸƛ ƴƽ ƟƗƺǻ ǧƴǭ ƿƹǸǭƋ ƹƘƽǻ 

ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ- ƽƸūƷǾ ǯǸ

ƢƾƪǩǾŦ  ǴǭƗƳƗ ƷƳ ǷĤĥģ ǴǕǸǮƪǭ  Ǵƛ ǳƳƗƳ ǳƳƗƳ ǯƗǸǲǕ Ƙǵǻ 

ƘǭƹƋǽǂǼ ƗƸƛǻ ǩƘǱƋǾř ƳƸŨǪǮǕ ƺǾǀ ƛǾǲǼ ƷǸŬǩƗǽǶƛ ǬƢǾǴǲ ƹƘƽǻ 

 ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ - ƽƸūƷǾƢƾƪǩ ǯǸǾŦ  ƷƘŨƛ

 .ƴǁ ǴƢǝƸūǴƛ ƷǸǒǲǭ ƹƷƗǽƛƘǼ  ƹƗ ǳƴǁ ǳƳƘǞƢƽƗ ǧƴǭ ƳƸŨǪǮǕ

ǖǭǾƘǵƷƘǻ ƷƘǭƋǻ R2 ÛRMSE ÛSI  ǷMAB ƳƸū ǳƳƘǞƢƽƗǽ .ƴ

ƘƢǱǽ ƳƗƳ ǯƘǂǱ ƨƗ ƷƳ ǳƳƘǞƢƽƗ ǧƴǭ ǴŧǽǢƮơ ǰǾ ǠǴƛ ƛǸƱǼ 

Ƴ ƿƹǸǭƋǽ ǳƴ ƠƽƗ ř ƷƳ ǷǾǀƛǾǲǼ ř ƷƘǂǝǾƸƢǭǷƺǽ ƷƳ Ŧ

ƴƽ ǴǱƴƛ ǩǸƜǡ ǨƛƘǡ ƳƸŨǪǮǕǼ ǲŢǮǵ .ƠǁƗƳ ƴǵƗǸƱǾ ǰ ƷƳ

ǖǭǾƹƷƗ ǫǷƳ Ƿ ǧǷƗ ƷƘǽƛƘǼƘƢǱ Ûǽ ǴŨƜǁ ǧƴǭ ƹƗ ǨǅƘƭ ƨ

ƜǆǕǼ Ƹǉ Ƙƛ ǳƴǁ ǴƕƗƷƗǽǖơ ƚǾǾ ǰĬĦģ/ģ R2=  Ƿ

ĨīĪ/īSI= ƗƸŬǮǵǼǽ ǩǸƜǡ ǨƛƘǡǼ ǭ ǯƘǂǱǼƘƢǱ .ƴǵƳǽ ƨ

ǳƳƗƳ Ǵƛ ǋǸƛƸǭ Ƙǵǻ Ǳ ǧƴǭ ƿƹǸǭƋǾƛ ƺǾ ƸŬǱƘƗǽǰ ƠƽƗ  Ǵŧ

ǭǾŬǱƘǾ ǰ(µ) ǖǭ ǛƗƸƮǱƗ ǷǾ ƷƘ(σ) ƗƸƛ Ûǳƴǁ ǴƕƗƷƗ ǧƴǭǻ 

ǳƳƗƳƘǵǻ  ƿƹǸǭƋơƸơ ǴƛǾƚ  Ƙƛ ƸƛƗƸƛĦħĤ/Ĥ  ǷĨĥĩ/Ĥ 

ǭǼ ƗƸƛ Ƿ ƴǁƘƛǻ ǳƳƗƳƘǵǻ ƠƮǅ ƪǲƽǼ ƗǽƳƘǢǭ ǰǽ Ƙƛ ƸƛƗƸƛ Ƹ

ĨĪĩ/Ĥ  ǷĥħĪ/ĥ ǭǼƗ Ǵŧ ƴǁƘƛǽ ƙǸƱ ƳƸŨǪǮǕ ƹƗ ǯƘǂǱ ǰ

ř ǧƴǭǾƳƘǶǲǂǭ ǳƴǁǼǖǭ ƷƳ .ƴǁƘƛǾǖǮƪơ ǧƘǮƢƭƗ ƷƘǼ ǧƴǭ Û

řǾ ƳƘǶǲǂ Ƿ Ƙƛ ǳƴǁĬħģ/ģP50=  ǷĪħĥ/ĤP90= ƜǭǾ ǰƗǽǰ 

ƠƽƗ ƘƢǱ Ǵŧǽǭ ǧǸƜǡ ǨƛƘǡ ƨǼ.ƴǁƘƛ ƳƘǢǭ ƠƜƾǱǽ Ƹ

řǾƸƢǭǷƺǽř ŦǾǀ ƛǾǲǼ ƳƘǢǭ Ǵƛ ǳƴǁǽƠƕƗƸǡ Ƹ ƗƸƛ ǳƴǁǻ  ƳǷƴƭ

Īĥ ǳƳƗƳ ƴǅƷƳƗ ƷƳ Ƙǵǽ ƳǷƴƭ ƷƳ ǧƴǭ ǰǽ Ǵŧ ÛǳƳǸƛ Ŧ

ƛǾř ƟƷƴǡ Ƿ ƿƹǸǭƋ ƸŬǱƘǾǀƛǾǲǼ Ɨ ƚƽƘǲǭǽǭ ǧƴǭ ǰǼ-

 .ƴǁƘƛǔǮƩ Ǵƛ ǴƩǸơ Ƙƛ ƷǷƋǻ ƹ ǳƳƗƳ ǴǕǸǮƪǭǽ ǟǸǝ ǧƴǭ ÛƳƘ

Ǵƛ ƛǸƱǼ Ƴ ƿƹǸǭƋǽ .ƴƗƸƛƘǲƛǽǭ ǰǼ  ǯƗǸơƗǽǰ ǴǱǸū ƢǱǾǴƪ ūǾƸǻ 

ƷǸŬǩƗ Ǵŧ ƳƸŧǽǬƢ ǶƛǾǴǲ ƹƘƽǻ  ƟƗƷƵ ǳǷƸūǢƭ ƷƗƴǢǭǾǢǼ-

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ ƗƸƛǻ řǾǀ ƛǾǲǼ Ƕƪơ ƷƘƢǝƷǾơƗƺǼ  ƴƽ

ƸƢǶƛ ƳƸŨǪǮǕǻ ƿǷƷ ƹƗ Ƙǵǻ ƜǆǕ ǴŨƜǁǼ Ƽř ǷƷ  Ƿ

ƽƸūƷǾƢƾƪǩ ǯǸǾŦ .ƳƷƗƳ 

 

Reference: 

Acerbi, L., & Ji, W. (2017). Practical Bayesian optimization for model fitting with Bayesian adaptive direct search. In: 

NIPS'17: Proceedings of the 31st International Conference on Neural Information. Processing Systems, 1834-1844. 

Belmokre, A., Mihoubi, M. K., & Santillán, D. (2019). Analysis of dam behavior by statistical models: application 

of the random forest approach. KSCE Journal of Civil Engineering, 23(11), 4800- 4811. 

Chambers, Lance D., ed. (2019). Practical handbook of particle swarm optimization algorithms: complex coding 

systems (Vol. 3). CRC press. 
Chen, S., Gu, C., Lin, C., Zhang, K. & Zhu, Y. (2021). Multi-kernel optimized relevance vector machine for 

probabilistic prediction of concrete dam displacement. Engineering with Computers, 37(3), 1943-1959. 

Colkesen, I., Sahin, E. K. & Kavzoglu, T. (2016). Susceptibility mapping of shallow landslides using kernel based 

Gaussian process, support vector machines and RPSO. Journal of African Earth Sciences, 118, 53-64. 

Colkesen, I., Sahin, E. K., & Kavzoglu, T. (2016). Susceptibility mapping of shallow landslides using kernel-based 

Gaussian process, support vector machines, and RPSO. Journal of African Ea Sciences, 118, 53-64. 

doi: 10.22065/jsce.2020.203517.1957. [in Persian] 

Emami, S., Parsa, J., & Emami, H. (2021). Evaluating Cracks in Concrete Dams using Meta-heuristic Algorithms 

and Artificial Neural Networks. Journal of Structural and Construction Engineering, 8(Special Issue 2). 

Feng, J., Liu, L., Wu, D., Li, G., Beer, M., & Gao, W. (2019). Dynamic reliability analysis using the extended 

support vector regression (X-SVM). Mechanical Systems and Signal Processing, 126, 368-391. 



,-1  *ºĊÞÅ ûv½wîúă ÿ 

 

 
ó
w
Å

¿
w
ĉ

ø
ă
¹

 
*

ā
½
w
ú
É

 /  
*

û
w
¤
Æ
z
w
£

 
,
/
+,

  

Gitoee, A., Faridi, A., & France, J. (2018). Mathematical models for response to amino acids: estimating the 

response of broiler chickens to branched-chain amino acids using support vector regression and neural network 

models. Neural Computing and Applications, 30(8), 2499-2508. 

Gu, H., Yang, M., Gu, C., Cao, W., Huang, X. & Su, H. (2020). An analytical approach of behavior changes for 

concrete dam by panel data model. Steel and Composite Structures, 36(5), 521-531. 

Han, H. G., Guo, Y. N., & Qiao, J. F. (2018). Nonlinear system modeling using a self-organizing recurrent radial 

basis function neural network. Applied Soft Computing, 71, 1105-1116. 

Hussain, Z. F., Ibraheem, H. R., Alsajri, M., Ali, A. H., Ismail, M. A., Kasim, S., & Sutikno, T. (2020). A new 

model for iris data set classification based on linear support vector machine parameter optimization. International 

Journal of Electrical and Computer Engineering, 10(1), 1079-1084. 

Kalita, D. J., Singh, V. P., & Kumar, V. (2020). A Survey on Logistic Regression Hyper-Parameters Optimization 
Techniques. In: Social Networking and Computational Intelligence, Springer, Singapore, 243-256. 

Li, D., Wu, Y., Gao, E., Wang, G., Xu, Y., Zhong, H., & Wu, W. (2020). Simulation of Seawater Intrusion Area 

Using Feedforward Neural Network in Longkou, China. Water, 12(8), 2107. https://doi.org/10.3390/w12082107 

Li, M., & Wang, J. (2019). An empirical comparison of multiple linear regression and artificial neural network for 

concrete dam deformation modeling. Mathematical Problems in Engineering. 

https://doi.org/10.1155/2019/7620948. 

Ma, B., and Xia, Y. (2017). A tribe competition-based particle swarm optimization algorithm for feature selection 

in pattern classification. Applied Soft Computing, 58, 328-338. 

Mata, J., Salazar, F., Barateiro, J., & Antunes, A. (2021). Validation of Machine Learning Models for Structural 

Dam Behaviour Interpretation and Prediction. Water, 13(19), 2717. https://doi.org/10.3390/w13192717 

Nan, F., Ding, R., Nallapati, R., & Xiang, B. (2019). Topic Modeling with Wasserstein Autoencoders. arXiv 
preprint arXiv:1907.12374. 

Neshat, M., Tabatabi, M., Zahmati, E., & Shirdel, M. (2016). A hybrid fuzzy knowledge-based system for forest 

fire risk forecasting. International Journal of Reasoning-based Intelligent Systems, 8(3-4), 132-154 [In Persian]. 

Oneto, L., Bisio, F., Cambria, E., & Anguita, D. (2016). Statistical learning theory and ELM for big social data 

analysis. IEEE Computational Intelligence Magazine, 11(3), 45-55. https://doi.org/10.1109/MCI.2016.2572540 

Peng, K. L., Wu, C. H., & Goo, Y. J. (2004). The development of a new statistical technique for relating financial 

information to stock market returns. International Journal of Management, 21(4), 492-505. 

Raj, J. S., & Ananthi, J. V. (2019). Recurrent neural networks and nonlinear prediction in support vector machines. 

Journal of Soft Computing Paradigm (JSCP), 1(01), 33-40. https://doi.org/10.36548/jscp.2019.1.004 

Reis, L. P., de Souza, A. L., dos Reis, P. C. M., Mazzei, L., Soares, C. P. B., Torres, C. M. M. E., da Silva, L. F., 

Ruschel, A. R., Rêgo, L. J. S. & Leite, H. G. (2018). Estimation of mortality and survival of individual trees after 

harvesting wood using artificial neural networks in the amazon rain forest. Ecological Engineering, 112, 140-147. 
Rong, M., Gong, D., & Gao, X. (2019). Feature selection and its use in big data: challenges, methods and trends. 

IEEE Access, 7, 19709-19725. 

Samigulina, G., & Massimkanova, Z. (2019). Development of Smart-Technology for Forecasting 

Technical State of Equipment Based on Modified Particle Swarm Algorithms and Immune-Network 

Modeling. In: International Conference on Computational & Experimental Engineering and 

Sciences. Springer, Cham, 283-293. 

Schratz, P., Muenchow, J., Iturritxa, E., Richter, J., & Brenning, A. (2018). Performance evaluation and 

hyperparameter tuning of statistical and machine-learning models using spatial data. arXiv preprint 

arXiv:1803.11266. 

Shakarami, L., Javdanian, H., Sanayei, H. R. Z., & Shams, G. (2019). Numerical investigation of seismically 

induced crest settlement of earth dams. Modeling Earth Systems and Environment, 5(4), 1231-1238. 
Siniscalchi, S. M., & Salerno, V. M. 2016. Adaptation to new microphones using artificial neural networks with 

trainable activation functions. IEEE transactions on neural networks and learn systems, 28(8), 1959-1965. 

https://doi.org/10.1109/TNNLS.2016.2550532.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
Print ISSN: 2251-7480 

Online ISSN: 2251-7400 

 

 

Journal of 

Water and Soil 

Resources Conservation 

 (WSRCJ) 

 

Web site: 
https://wsrcj.srbiau.ac.ir 

 

Email: 
iauwsrcj@srbiau.ac.ir 
iauwsrcj@gmail.com 

 

 

 

Vol. 11 

No. 4 

Summer 2022 
 

 

 

Received: 

2021-09-29 

 

Accepted: 

2021-12-29 

 

 

 

Pages: 115-127 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
 
 

 

 

  10.30495/WSRCJ.2022.19230 

 

Modeling The Behavior of Concrete Dams using Artificial Neural 

Network and Logistic Regression Methods 

 
Fardin Saeid

1
, Mohsen Irandoust

2*
 and Navid Jalalkamali

3 

 

                

1) PhD Candidate, Department of Water Engineering, Kerman Branch, Islamic Azad University, Kerman, Iran.  

2) Assistant Professor, Department of Water Engineering, Kerman Branch, Islamic Azad University, 
Kerman, Iran. 

3) Assistant Professor, Department of Water Engineering, Kerman Branch, Islamic Azad University, 
Kerman, Iran. 

*Corresponding Author email: mohsenirandost@yahoo.com 
 

 

Abstract: 
Background and Aim: Dam measurement and behavior assessment is a new issue that can be due 

to changes in available parameters to develop a model examining the behavior of individual 

parameters on the dam as well as on each other and analyze the changes and create the necessary 

policies. This study aims to propose a hybrid method involving logistic regression with particle 

swarm optimization algorithm with real value to predict the behavior of dam equipment. 
Method: In this study, from 365 days data, from 04/20/2018 to 04/20/2019, of which 600 sets of dam 

equipment data including parameters of water temperature, water level, valve pressure, sedimentation 

rate, pore pressure, air temperature, inlet water volume, specific dam characteristics, concrete 

conditions, reservoir water level, horizontal and vertical displacement, transmission connection 

components and ground acceleration, strength, pressure, tensile and high stress were used for 

modeling. Real value-logistic regression and 120 datasets were used for modeling the should be added 

of particle group optimization algorithm. To evaluate the performance of the proposed method, four 
statistics including coefficient of determination (R2), root mean square error (RMSE), scattering 

coefficient (SI), and means bias error (MBE) were used. 

Findings: The results showed that the model has an acceptable performance in predicting 

piezometric pressure in the dam body. Also, the results of the artificial neural network model 

show acceptable convergence with R2 = 0.930 and SSI = 8.587. The results related to the training 

data of the model also indicate that the mean (µ) and standard deviation (σ) of the proposed 
model are equal to 1.341 and 1.526 for the training data and these values for the validation data 

are equal to 1.576 and 2.247, respectively indicating the good performance of the proposed 

model. In the cumulative probability criterion, the proposed model with P50 = 0.940 and P90 = 

1.742 indicates that the results are acceptable. 

Results: The results indicate that the real value-logistic regression particle swarm optimization 

implements the principle of structural risk reduction instead of minimizing the experimental risk 

that provides excellent generalization for small sample sizes. The ratio of predicted piezometric 

values to read values for about 72% of the data in this model is about one, indicating the 

appropriate training and predictive power of this model. Finally, according to the evaluation 

criteria, the hybrid model performs better than the presented methods. 

Keywords: Concrete dam, regression analysis, Particle swarm optimization algorithm, 

Sattarkhan Dam 
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