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Oke’s model is one of the most successful models presented to simulate 

maximum nocturnal urban heat island’s intensity (UHI) based on the urban 

canyons’ aspect ratio parameter. The aspect ratio parameter is known as one of 

the indicators of urban geometry. Since this simulation requires various spatial 

and descriptive analyzes (especially topological analyzes), the use of geospatial 

information systems is inevitable. In this study, the efficiency of Oke’s model is 

evaluated using regression analysis and land surface temperature (LST) calculated 

from ASTER data and single-channel algorithm (SCA), and a local model is 

presented to simulate the maximum nocturnal urban heat island intensity of the 

area of study. The coefficient of determination and correlation calculated based 

on regression analysis are 0.74 and 0.86, respectively. These quantities show a 

relatively strong linear relationship between the urban geometry index and 

nocturnal urban heat island’s intensity and the significant effect of urban 

geometry on nocturnal urban heat island intensity. The root mean squared error 

(RMSE) and the mean absolute error (MAE) of the presented local model are 

±0.80 and 0.67, respectively, showing the acceptable accuracy of the presented 

local model in simulation of UHI intensity. Two-variable regression analysis 

shows a greater effect of the height of buildings on UHI intensity’s changes 

compared to the width of the streets. The sign of the coefficients above shows this 

effect is increasing in terms of the height of the buildings and decreasing in terms 

of the width of the streets. 
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 ���� ���,�� �
�����	#QC��  .L�� ��" �$
C 
#�- ����"�#8 ���5�� 5� p�"�� 

 J�'K1: ��L�	� ����@�
 �"*� �M"*� ��5��� N�0�7 ��  

C8��  @����I�85L7 98��7  @����I�85L7 !��$)UTC(  ���� 456  �I� <�5
 C8��  ��#�  

1  05/09/2016  18:47  ���D"  0 209 29 

2  17/09/2017  18:41  ���D"  1% 209 29 

3  19/09/2017  07:26  ���5�
  0 35 164 

4  24/09/2017  18:47  ���D"  8% 209 29 

5  19/10/2017  18:40  ���D"  0 209 29 

6  25/06/2018  18:35  ���D"  1% 209 29 

7  13/08/2019  18:35  ���D" 19% 209 29 

  

                                                      
1 -Maximum Urban Heat Islands 
2  -Land Surface Temperature 
3  -The United States Geological Survey (https://earthexplorer.usgs.gov) 
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T -  ��I��A<�B* �8���U �8�VK ���/�(� �� ��� $�  

��
�� �� ���� �8  �8� 2�"UHI ��  �� ��" W	�B�"
#F T���$� �B/�	j ��/�	  �5� u: L!�� ��l L"S�  5�

 T��� L!�� ���7
�) T��/68  �C10  (Z" ��J	���$�  �#F 
��������
�S; . ��	�: J	��  `����� W	 ���D" ��	�:

�� T#)H� �q�
) �#"2013 .( 2��;�U� J$�v 8��$� �- L�� �6 �� ����  VU���#� �� J$�5  ��.$��)��$� � 

1#C %��Xp� �� 2
��7 �1
� ��
 �#8  �$abC��#� � ����  
� �#8 w���8Z" VU� ���� �#�;� �� 8 5� J$�5  ���$:

����- )��H�� 2r�	� L)	5 c$H� 5� Lt�O7 u��R6 �2008 VU� ���� 5� ���;�U� J	� 
� �S; .( 5� %��7 J$�5

���,��  .L�� ��" ���O��� �#8 2
��7 �1
� 5� Z���� Z	��C W	 ��#�! �� �
�� 5� j,�� �
���/ � �C
��7 ��8  

�
�#8��  
� ��#���#� ��8P#QF  �$
C �K�
� ����� ) '��1 
� �- �
�� �#1� J$�5 VU� 5� 5�$� �
#� �C
��7 ��82 (

 2�Q[�������C �6 5�  �1#C �� .L�� ���6 �8 �� L$8������H� ��
" ���5 � ��;�U� �
#�  e#X� 2�" ��$�$�

w5r �	���� �	�B1 �
�#8�� L��  
� �6 ���,�� �- �#" T�[��� ���)	��� ���,�� �	�� �� ��7 ��8  ��
�� ����r�

�Cr�� ����� W$�OC 2
�X� e#X� ���5 �� B$� �6 �
�����	#QC ���5 � ��#� UHI��� W	�B�  ��
�� 5� u: .�"�� �C

���,�� 2�Q[�� ) '��1 
� {
��� ��82J	� �� �1#C �� (  ���,�� 2�Q[�� �- �������,�� �	�� �� �)	��� 
�-

W	�B� I$�HC J	� �N� �
#� ��8
�$�� �� �8  �C��#����� 5� �  ���,�� J	� ��8
�  J	� w�,��j8�9: �� ���O���.����   

 J�'K2: ��L�	� ���5
�� $� @��'�7 �'B�B* @���� @�
  �7���& @�
  

���5
�� W�6  �'B�B* W�6  )@����I�85L7 ��8�07 !��$UTC1(  (�"�)�6�-� X�-M7 !�57  

 L���;8  OLI/TIRS  7:15  100  

 %�$���3  SLSTR  7:00 �17:00  1000  

��C  MODIS 10:30 � 24:00  1000  

�#-6  MODIS 1:00  �15:00  1000  

��C  ASTER  7:30 � 18:45  90  

  

� - ) +��$  Y(* @��� ��*���LST(  

 ���;�U� J	� 
� ���� �D��H�J$�5 VU� ���� WC .�	
#�;� 5� �;���-2 ) SCA ���O���  (.�	
#�;� J	� 
� .�	���   5�

��8���� ��K�� �X �����B�  ��C
��7 B��X �����  ���,�� ���� ���O��� � �a�2� j"#:  J$�5 VU� �G�[� ��8

�� 8 �� ���/�� �N� 
� �O) C� 2��a� �� �#"�z�
 J	� 
� . ) �U��
 I��U� J$�5 VU� ����1�� �D��H� ( �#" 

)�F#�	��#� � B��3�2010(:   

)1 (  LST = γ �

� �ψ
L��� + ψ�� + ψ�� + δ     

                                                      
1  -Coordinated Universal Time 
2 -Single -Channel Algorithm 
3  -Jimenez-Munoz & Sobrino 
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�;���� 
� 
#-S� LST  �J$�5 VU� ����L���  � ���,�� �O$4 j��C �	 u��	��
 �%$)�  ������ ��   ��8�$0��

 J$�v 8 .���)8 W�3: s��C �� ��)���ψ
 �ψ�  �ψ�  ��O) C� s��#C1 ���)8 .) %�"2 �D��H� 2
�l#G/ (LST 

 �
�� �����8�.  

  
 E-�2 Z"8�5[/� $� ���M"*� �I +��$ Y(* @��� ��*��� E&��� ���25�;  :SCA .�����
��� :sD��  

�D��H� 
#N�� �� LST {�#�� j��C 2�" L�� w5r  %	�DC u��	��
 �� �	���� J	�� �	��QC 
� �C
��7 B��X �����

����. ) �U��
 5� 
#N�� J	��2�� ���O���  ( :�#"  

)2 (    Lsen = �DN # 1� ∗ UCC  

 �;���� J	� 
�L��� �u��	��
DN  
�����1
�   ��" LDa ���)-�F � UCCZ	�Y  ����� ���� ���� �7�� %	�DC

 �
� " ���� ���� �6 
���� �- L�� �C
��7 B��X13   �� �����0,005693 u����6) L��2  ���
�� 8 �2002.(  ����

�����F
� ) c���
 I��U�3) �C (5�� �D��H� (�#" )�F�#�	��#� � B��2010( :  

                                                      
1  -Atmospheric functions (AFs) 
2  -Abrams et al. 
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)3 (  T��� = '(
)�*+,-./
0    

)4 (  K
 = C
  λ3⁄   ,   C
 = 1.19104 · 108  w. m�  

)5 (  K� = C� λ⁄   , C� =  1.43877 · 104 μm. K  

 2r���� J	� 
� T��� � �����F
� ����LA �5���� u��	��
   ����,�� 
� ��" ��$�λ �� ���� {#� '#4 .�"��

 Z	��YK
  �K�   ���� �� �t����13  :Z$C�C ��1349,82  �865,65 ) %�" I��U� .L��3%$)� �D��H� ���� (

���� )LSE EF�" �	���� L�� w5r ('������" �8�$� j"#: 2��OC )NDVI( ) �8�$� j"#: LD)� �PC (

��� ����	
.  EF�"NDVI ) �U��
 I��U�6L�� �D��H� %��X ( )�� �� ��	����� �1�1993(:  

)6 (  NDVI = EFGHGIJ
EFG/GIJ  

 �#/ �;���� 
�NIR  �RED  ���,�� B��X � B��X ����� ��8���� j��C5�� 
���� Z$C�C ��ASTER   .���)8PC  


��� ��� ) �U��
7�� �D��H� ( �G�	
 � �#);
�-) �#"2
� 1997:(  

)7 (  PC = � EJKFHEJKFLEJKFMHEJKFL��    

 J	� 
��U��
 NDVIC �NDVI�  ��Z$C�C  EF�" �����6 �7 �	����NDVI   �- L�� k�F � �8�$� j"#: ����

�6 �	����  w���#�)$8 M��� �� �8NDVI  Z$C�C ��0,5  �0,2 ��  .�"��5� u:  �D��H� PC %$)� �� |#��� ����  

���� 13 ) �U��
 I��U�8 ( �D��H� ���#" )�F�#�	��#� � B��2006(:  

)8 (  ε
� = 0.968 + 0.022 PC     

 �D��H� L
1 ��O) C� s��#Cψ
 �ψ�  �ψ�  ) �U��
 
� �#1#�25� � ( ) �U��
9�� ���O��� ( �#" )�F � B��

 �#�	��#�2003 �2009�2010(:  

)9 (  Qψ
ψ�ψ�
R = Q 0.06524 #0.05878 1.06576#0.55835 #0.75881 0.00327#0.00284 1.35633 #0.43020R Qω�

ω1 R  

 ����
�:�O) C� 
� �#1#� L�#4
 )ω (5� �U��
 )10�� �D��H� ( ) �#" x��R � #$;3�2011:(  

)10 (  ω = 0.0981 ∗ U10 ∗ 0.6108 ∗  exp �
X.�X∗�YZH�X�.
3�
��X.�/�YZH�X�.
3�� ∗ rh] + 0.1679  

 
� J	��U��
 T^  � (J	#G- Z)7 ��) ����)	� ����rh �5���� ��#8 �D)� L�#4
  �(��
�) ����)	� 
� ��" ��$�

L�� ���,�� �
�����	#QC ���5 �� Z����� �̀��	�
�  . ��8����
�:γ   �δ  ) �U��
 
� �#1#�1 (I��U� 
��c� )11 ( �

)12 (�� �D��H� �#" �F)�#�	��#� � B��2006:(  

)11 (  γ ≈ YL`a(
'( bL`a  

                                                      
1 -Van de Griend & Owe 
2  -Carlson & Ripley 
3 -Lio and Zhang 
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)12 (  δ ≈ T��� # YL`a(
'(      

� -  �8���U ��8VK �I @�]� �*'B
 ^��7�� �*��I 

5� J$� %��#! ��	�: ��,	� ��
" �	���� �	�B1��
" ����8 � bC I	�4 5�a$�
�S�� �� �1	�� R��� TS1 �����  �

���#C�	 U�# 
����� 
� y {�#���n/ �� ��G�p  i�O	� �
 �
1#C %��X j���� ��-. w�,�� 2��;�U� ��$� 
�  ��" ��$�5 
�

2
#� ��;�U� ��	���� �	�B1 %$��C � ��
" ����8 |�DC
� ��/��  c�#C�-�� �-�� .L�� ��)1�� 
�$)� ��  W	 w�,��

 �!# ,�j	��56 ��
 �� '�� 8�� ��	B$/ �)	��� �  d	����G��7  ���5���� ��$� ��8  ��X���  W	 M��� ���!# ,� 

2�1������ �Y�	
� ����! '� -j$: ���,C ��$�   ��$�$�2�"  �� �
 ��
" �	���� ��	B1) �U��
 2
#�13(  �K�
�

:�# �  

)13 (  UHI��� = 7.45 + 3.97 ln�H W⁄ �    

 J	� 
��U��
UHI���  ��$�$� ����� �1
� Z)7 ��) �	���� ��	B1 2�" � (����H/W  e�OC
� LD)� c�#��

�� �F�� f�! �� �8 c�#���� �F�� �G��/) �D��  
� (��	��	 5� �8 W	�#$��- ��
" L��  ��-��)1981.(  

J	� �� �1#C ��  �- ��	�:UHI ��	�: `����� ��  ���D"�� T#)H� �#"�S; � ) �U��
13j$: '�� W	 ( � ��$� ��$�$

 ��	B1 2�"�	����  ���D"�� �K�
� �
 ��
" .�8�  J$�v 8'��  ��-��	W  '�����! ��D�� ��56 ��	j �� '��-

��8 /$B	�� �� 
�N��� pL��  ��
���� �� �	�$/��01 L$�X#� � ��F�  ���H� �8 
� � ��#D�H�$c �
"� �X��� 

 %��X���O��� �"��. �� 5� %DX '�� J	� L�� w5r `�/��  ���;�U� �
#� ��U�� �8 
� ��$�
�- � ���	5
� �
#�

D�!� 
��X �,��
� .�#" y3�� �6 Z	��Y �5�$� 2
#� 
� � ��$� %�")3 ( %7���  
#-S� '�� �	6
�- ���	5
�  w�,��

 ��;�U� �
#� ����H� 
� �
 ������  .�8�7�� 
� .L�� �G7�� �� %��" 
�- J	� �	���� �L)[� �GUHI���  

�#$��- �� �D��H� �-�� '�� 5� ���O��� �� ��;�U� �
#� ��U�� ��8 �#". �#$��- ���� 
#-S� �	���� ��F6 w�� 
� ��8

�� 
��X �#$���
 %$GHC LHC � ��" �)	��� ��	��	 �� �"5#�6  Z	��Y ��#$���
 s��C �D��H� 5� u: .���$�

E$[�C ���)D 8 )e) E$[�C � (R�  ( ���� ���� ���� 
��X ��
�� �
#� 
#-S��C
#� 
� .��$�  Z	��Y J	� �-

%	��C '�� Z	��Y p�G��7 �#$���
 �;���� �� �-�� '�� I$OGC 5� ��"�� '#DX %��X 
� (�GH� '��) �-�� ��"

�� �D��H� ��;�U� �
#� ����H�.�#" �	���� �GH� '�� 5� ���O��� �� L	�
� 
�UHI���  �#$��- Wl ����H� ��8

 �	��QC 5� %��7 �t���� �	���� ��  � �D��H�LST  �� �)	���  � �������� J$���$� 
S1 ��UF2� )RMSE(  �

) ���)7 c�#��MAE�#$��- J	� ���� ( �8 �� �D��H��� ���� �
 �GH� '�� LX� ��	���� J	� .�#" �8�.  
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 E-�3�I ���25�;  : .�A�� J'� �8_��A �I�8$�� � @��U��A�����
��� :sD��  

 �D��H� �����$D" �  �5��UHI��� ) %�" I��U� �#$��- �8 
�4�� % ! (  %�" I��U� .�#")4(  e��" �	��C ��

 5� ���� �6 ��#$��- �8 
� #,�)1�� �F�� �	�8 �#$��- 
#H� 2
��,� 
� �- �8 ��/�� 
��X e�OC
� � T�[��� p���

�6 c�#�� M��� �� �#$��- 
#H� c�#�� f�! � �8�6) c���
 � 5� ���O��� �� ��814) � (15�� �D��H�  (  � �#"

) �U��
 
� u��13�� �
�S�	�1 (:����  

)14 (  Dghijk = ∑ Jmn,�      ,      D)�ok = ∑ Jpa,�      ,      W = Dghijk + D)�ok  

)15 (  H = ∑ qrL,�     ,    s = m + n     

  

  
 E-�4E&��� : ���U ��8VK �'� �`A�'& ��*����8 !5�6�A  �
J'� $� ���M"*� �I .�A��  ���
�� 8 � �C�-�� :sD��2018 �$$0C �-��� ��  
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c���
 
�  ��#/Dghijk  �D)�ok  �� �F�� %��#/ Z$C�C �� � �6 
#H� 5� �#$��- �l � L��
 L � 
� sX�� ��8W 

 � H  �� e�OC
� � �D�� f�! c�#�� Z$C�C� �F�� � .L�� �#$��- ��8  w�,�� J	�2�D��H�  s$�� ����H� W	 
�

���5 � L[�  �� �S; .L������ �� �6 w�,�� � ��#CL$G��X 5  ��8GIS  ���O���.�# �  
#N�� �� �I$�HC J	� w�,�� 
�

�D��H� UHI���  �$
C '���	5 ��5�	 � �G�� '�� W	 5�'�� c$H� 
� ��".�" ���O��� 
�G$�  

  

8�"6a�I � b  

���� ���,�� ��8ASTER '�� ����5 �G��/ 
���82016  �C2019 .�	
#�;� 5� ���O��� ��SCA   c$H� 
�

w��  ��8
�B/�Envi  � Matlab �	��QC �- L/�� 
��X z5���: �
#�LST  �6 %�" 
� �8  )5 �� .L�� ��" ���� j	� �  (

'�� ���1�'�� c$H� 
� ��" �$
C ��8 �	���� p
�G$�LD)� �N�� � UHI���    �� |#���134  
� �"5#�6 �#$��-

�	���� � (�-�� '�� M��� ��) ��;�U� �
#�  ����H� SUHI���  �6 �t���� �	��QC 5� ���O��� �� �8LST  .�" �D��H�

 
�) '��132�!34� (  J	� 5� �����C�#$��- �8L�� ��" �K�
�.  

 J�'K3!5�6�A @�
�"����
 :  ��&�6 @�
��$5�_  

!5�6�A H/W stuvwx  

SUHI   

Sstuvwx  

2016  2017 2017 2017 2018  2019 

09  09  09  10  06  08  

05  17  24  19  25  13  

168 41/0 92/3 92/0 89/1 12/2 82/2 53/3  63/2 53/3 

239 54/2 16/11 57/3 93/1 43/4 60/2 08/1 09/4 43/4 

52 25/2 66/10 28/0 12/4 04/2 62/4 22/3 49/3 62/4 

183 12/1  89/7 22/0 23/3 81/1 50/3  59/2 44/2 50/3 

119 22/0 46/1 28/2 26/2 06/3 72/1 38/1 01/1 06/3 

248 35/0 24/3  34/0 59/3  80/1 88/3 77/1 73/3 88/3 

181 81/0 64/6 13/1 32/2 84/1 99/2 97/1  13/3 13/3 

261 27/0 27/2  70/2 27/1 89/2 77/0 23/1 27/3 27/3 

  

) %�"6|�DC
� 
��# �  (  �	����SUHI��� �UHI��� �#$��- �� ���� �
 �C��;�U� ����H� ��8  J	� �� �1#C �� .�8�

�� ��8��� 
��# � �#" �#�;� �3��- �Q[�� 
��	���� ��$� �
��� �#1� �#/.  ��
#(C �N� 5��#$��-  ����� ��8

��  
��/
 ��
�� L)	���6 �	���� ��	B1 2�" � ��#� �
���� �"�� ��)�	 �8�;�7 
� p) %�" �-6 �
 e#Y#� J	� (

� � �����6 ���� �OG�[� �	���� � �8.L�� ���6 L�� �� �8  LG!�� �
 e#Y#� J	��� ��#C  ��#D� %��-.�	
#�;� 

 �
�6��LST  � �	�� J$�v 8�5���� ��8�UF  .�# � Z)��� ��$� ��
#(C �N� 5��#$��- �� ����� ��8  ��
�� L)	��

�6 �	���� ��	B1 2�" � ��#� �
���� 
��/
 �"�� ��)�	 �8�;�7 
� p) %�" �-6� � ���� �
 e#Y#� J	� ( � �8

�6 ���� �OG�[� �	����.L�� ���6 L�� �� �8  LG!�� �
 e#Y#� J	��� ��#C  ��#D� %��-.�	
#�;�  �
�6��LST  �

 �	�� J$�v 8� ��8�UF�5���  .�# � Z)��� ��$�  
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 E-�6 �8��0� ^��7�� ���5�6 :ystuvwx �stuvwx !5�6�A ��  .��$5�_ @�
�����
��� :sD��  

  

 �S;����� 
�  �e#Y#� ��
� ��
�� 
#N�� �� I$�HC�#$��- �� M��� �� �8��	� H/W  
�14 �D4 �G�[� M3-�  ����

� ����	 c�#�� �SUHI��� � UHI���  ���� ��D4 �8  �D��H� `��	�
� ��UF �#$���
 s��C �6 ��$� �8�" J$$�C .

) '��14��D4 J	� �� |#��� 2�!34� ( �� ���� �
 ���� .�8� ) %�"7 (� B$ �UF �#$���
 
��# ��� ���6 L��  �


�� ���� .�8�  M��� J	� �� �#$���
 s��C���� �� |#���  �#/ ��8  �� %�"�� ��"#� �	5 �#":  

)16 (  SUHI��� = 0.1643 ∗ UHI��� + 2.518  

  

 J�'K4 �*5"� �8��0� :stuvwx  �ystuvwx  !5�6�A�0�� @�
 �'� @'BI 

Class Mean_Height Mean_Width Mean_H/W Mean_UHI_max 
(ºC) 

Mean_SUHI_max 
(ºC)  

1  00/1 29/48  17/0 51/0 98/2  

2  52/10 43/44 24/0 74/1 32/3  

3  83/10 87/29  37/0  46/3 73/2  
4 36/10 30/23 45/0 25/4 14/3  

5 68/10 07/19 56/0 15/5 04/3  

6 40/11 43/17 65/0 77/5 10/3  

7 75/11 59/15 75/0 33/6 28/3  

8 29/13 09/16 82/0 68/6 63/3  

9 05/11 48/11  95/0 30/7 35/3  

10 59/11 92/10 06/1 70/7 68/3  

11 71/22 50/17 30/1 48/8 29/4  

12 00/29 92/12 25/2 66/10 62/4  

13 00/19 03/8 37/2 87/10 44/4  

14 67/17 95/6 54/2 16/11 43/4  
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 E-�7 �(G !5�*�U� ���5�6 :stuvwx    �ystuvwx !5�6�A �� �0�� @�
  .�'� @'BI�����
��� :sD��  

  

��D4 5� u: �#$��- ����  ��#$���
 %$GHC w�,�� � �8E$[�C Z	��Y )R�(  ���)D 8 ����� �8 )e ( Z$C�C ��

0,74  �0,86 �" �D��H�I$OGC 5� .  �;����)13) �U��
 �� (16 (j$: '�� �  �	���� ��	B1 2�" ��$�$� ��$�

�#$��-  ��;�U� �
#� ����H� 
� ��
" ��8) �U��
 2
#� ��17�� ��$� (:�#"  

)17 (  SUHI��� H�z{|�k�z = 0.1643 }7.45 + 3.97 ln�H W⁄ �~ + 2.5181  

%	��C '�� ��#/ �U��
 �#$��- �	���� ��	B1 2�" ��$�$� (�GH�) ��" LD)� ����
�: M��� �� ��
" ��8 �� 
� �N

 z�
SCA �� ) '��1 .�"��5�#$��- �	���� ��	B1 2�" �	���� ( ��D4 ��8  ����  �	��QC ��-�� '�� 5� ��"LST 

%	��C '�� � �� ���� �
  (�GH�) ��" ) %�" .�8�8�� ���� �
 �#/ �	���� �)	��� 
��# � (  .�8�  

 J�'K6 J'� $� Ee�& �8���U ��8VK �'� �B�	�I :�A�� �8��L7 �LST E8'�7 J'� � !5�6�A ��(����) �'� �0�� @�
 �'� @'BI 

Class Mean_H/W 
UHI_OKE 

(ºC) 
SUHI_max  

(ºC) 
SUHI_max (Adjusted) 

(ºC) 
1  17/0  51/0  97/2  60/2  

2  24/0  74/1  17/3  80/2  

3 37/0  46/3  86/2 09/3  

4 45/0  25/4 26/3  22/3 
5 56/0 15/5 10/3 36/3 
6 65/0 77/5 23/3 47/3 
7 75/0 33/6 46/3 56/3 

8 82/0 68/6  75/3 62/3 
9 95/0 30/7 43/3 72/3 

10 06/1 69/7  80/3 87/3 
11 30/1  48/8 10/4 91/3 
12 25/2  66/10 79/4  27/4 
13 37/2 87/10 50/4 30/4 

14 54/2 16/11 62/4 35/4 
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 %�"8 '�� 5� %��7 �	���� ��	B1 2�" ��$�$� �	���� �)	��� :�-��� LST  '�� ��GH� �#$��- 
�  ��8

��D4 ��" ���� .  

  

%	��C '�� 5� %��7 �	���� ��	B1 2�" ��$�$� �	���� �)	���  �	��QC � (�GH�) ��"LST ����  W	�B� ���8�

�5���� �	���� �� �GH� '�� 5� %��7 d	��� ��" �	��QC 5� %��7 ��$� LST�#$��- 
� d	��� �#D
� �,$�� 
� �  ��8

��D4 ���� �� ��"  5� �
#-S� '�� LX� ��
�� ���� .�"��58  ��;�U� �
#� ����H� 
� �#1#� L)C �$7�� �#$��-

 ��	B1 2�" �
#N�� J	�� .�" ���O����#$��- J	� �	����%	��C '�� 5� ���O��� �� �8  d	��� �� � �D��H� �-��  ��"

 �	��QC 5� %��7LST  �	���� M��� J	� �� .�	��� �)	���RMSE  �MAE  Z$C�C ��0,80±   �0,67  �1
�

�����  .�	��� �D��H� ����  

j$: �;���� ��$�UHI���  ����
�: �� 5� ����CH �W  � ��
�� ���� .L�� �� �8����
�: J	� 5� w��- �8 �$abC ��B$

�� ����D" �	���� ��	B1 ��	�:) �U��
 %�" �� �G- L;�7 
� �
 
#-S� �;���� ��#C18:L"#� (  

)18 (  UHI��� = �^ + �
 ln�H� + �� ln�W�  

 Z	��Y�^  ��
  ���   �	���� 5� ���O��� ��H�W  �5���� �	���� ��	B1 2�" ���$��#$��- ��" � �8 ��l �#$���


J	� �� �1#C �� .L�� �D��H� %��X ��$0�� J	� �D��H�  �� �L�� ��#�� `��$-� s��C W	 ���$D4 .�	
��; s��C �-

��  Z	��Y w�,�� �� .��- �)	��� � ��
�� �
 �	���� ��	B1 2�" 
� 
#-S� ��8����
�: �
�S��$abC ��B$� ��#C

 ��#$���
�
  ���   Z$C�C ��1,43  �0,35-  .�" �D��H�  

  

���"6 @��U  

EF�" �$abC ���;�U� J	� 
� �
" ����8� �� �	B1 2�"� �	����  ���D"5� ���O��� �� � 
�� 5� j,�� �
���/ 

.�)$�  2�!34� ��8) E$[�C Z	��Y .L/�� 
��X ��
�� �
#� �	�$/��01R�) ���)D 8 � (e w�,�� �� |#��� � (

1 2�" ��$�$� ��
 �� �#$���
 %$GHC �	��QC � �-�� '�� 5� %��7 �	���� �	�BLST  �� ���;�U� �
#� ��U��

 Z$C�C0,74  �0,86 ��$� E$[�C Z	�Y .�" �D��H�  L�� �6 ��74%  2��$$0C 5�SUHI��� C LHCb �$aUHI��� 
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� �
1#C %��X `��D)� ��#� �� ��
" ����8  � ��"�� �#1� r�� ���)D 8 W	 ��	���� ��	B1 2�" ��$�$�

%�" ��/�	 �� �,$�� J	� .L�� 
�S��a� ���D" �	���� �	�B1 ��$� C ��8) �-�� 2��$�H1981 ��
�� 8 � �C�-��  � (

)2013 �2015  �2018 �G$�� �� (�#$���
 %$GHC 5� %��7) �GH� '�� LX� �j8�9: J	� 
� .�
�� L
���� (

 �	����RMSE �MAE   �	���� .L/�� 
��X ���	5
� � ��
�� �
#�RMSE  �MAE  �$7�� 
� ��" �K�
� �GH� '��

 Z$C�C �� �Wl0,80±  �0,67 
������ �1 ���� �- �" �D��H� ����  ��U�� 
� 
#-S� '�� '#DX %��X LX� ���8�

�� ) �-�� c�#C ��" w�,�� 2��;�U� 
� .�"��1981) ��
�� 8 � �C�-�� � (2013  �2018'�� LX� ���	5
� (  �K�
� ��8

j$: '�� W	 �K�
� �� c�/ � ��/��� 2
#� ��" " M��� �� ���D" �	���� ��	B1 2�" ��$� �
" ����8 EF�

) ��
�� 8 � ���,$G! j8�9: 
� .L�� ��" ���)�1396 �
#�  �C��;�U� ��U�� 
� �-�� '�� 5� ���O��� `�/�� B$� (

�,$�� � ��/�� 
��X �N� ��$�  �8  �� ��$0�� �� �#$���
 %$GHC 5� %��7 d	��� J$�v 8 .L�� ��" �K�
� M��� J	� ��

���� ��
 �� ���� �8  e�OC
�  �8��� �F�� c�#��  Z	�Y �� ) �81,43 Z	�Y ��) ����� c�#�� f�! �� �)	��� 
� (

0,35 -�� ���� 
#-S� Z	��Y L�3!  .�
�� ��
" ���D" �	���� �	�B1 2�" 2��$$0C �� �
 ����$� �$abC �(  p�8�

�� �F�� e�OC
� j	�B/� �#$��- 
� �8 �� ���D" �	���� �	�B1 2�" j	�B/� Z1#� ��
" ��8 #"�6 '�7 � �  �� �-

�� �F�� �G��/ � ����� c�#�� f�! j	�B/� �� ����- �8�
" ���D" �	���� �	�B1 2�" ��B$� 5���	��	 5� �8  .�#"

J	� �,$��  ��/�	 �� ) ��
�� 8 � ���,$G! j8�9: ��81396�� ��$� �- (  e�OC
� �� �)	��� 
� ����� f�! p�
��

�� �F�� bC ���D" �C
��7�	�B1 �� �8�� ��,	� �
 ����$� �$a  w�! ��-�� '�� 5� o�� ���O��� .�
�� 2�	�0� p��-

���� 5� ���O���  L���U� w�! %	r� �G 1 5� 
#-S� I$�HC 
� ���O��� �
#� '�� �,��
�D�!� w�! � ��X�� ��8

" ���D" �	���� �	�B1 ��
�� �� |#��� 2��;�U� 
� .L�� �Y�7 j8�9: �,$�� �� I$�HC �6 �,$�� 
� �-) ��


�6 5� �F�� �� I$�HC J	� ����� ���� 5� ���O��� (L�� ��" �
�"� �8 ���,�� ��8  �
#� ����5 �5�� 
� �C
��7 ��8

���� �� 5�$�  pI$�HC J	� w�,�� 5� %��7 �GH� '�� �#1� �� ����6 '�7 � L�� �
��Y �N� ���,�� ��8  �C
��7 ��8

 sOC�� ���D" �	���� �	�B1 2��;�U� 
��� ;� M��� �� �	���� �	�B1 2�" ��$�$� � ��"  ��
" ����8 ��8

�� �F�� c�#�� e�OC
�)  2��;�U� 
� L$G��X J	� .L�� �D��H� %��X  (�#$��- W	 
� �#1#� �D�� c�#�� f�! � �8

�#/ 2��;�U� �J$�v 8 .�
��� �#1� 
#-S� � ��
" �	���� �	�B1 ��
�� �  �D��H�  �	���#C  `�/�� �-S;� M��� �

j$: L$G��X � ��#� �
�� �
 �
" �#1#� sY� �7��4 M��� �� �	���� �	�B1 2�" ��$�  
� ���
��� �
 �C6 ��
" ��8

�;�7 �� o�4 �� �
 ��Q�� J	� ��" �K�
� �GH� '�� �- �� I$�HC J	� w�,�� �,$�� � z�
 �S; .�	� � �� ���#C

������ � �����"
�-y�4 �$
C 
� ��
" ��B	
��8 �
� �� -  ��	�: �O�� 2��a� j8�- ����	� �� ��$
�  �5���
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UHIj$: � ������
" �C
��7 j	��6 J	���$� J$�bC� LF���	5 ��$�  I4��� 
� ��� �R��� J$�bC �� cDC�� �C6 ��8

�� I$�HC J	� w�,�� �,$�� �J$�v 8 .�	� � ���	�" W - ��
" �5���� �� 5�$� ���� ���#C ��$� � .$��)� ��8 �1


���� z5���: � ������ ��#��8 �	 � �#8 2
��7 ���,�� ��8   �� ��C
��7 ��8����"�	  �#H�5#C	s  ��	�: ����� 

UHI � �C$$J  I4����� .�	� � W - �Cr�� �	���� ��	B1 2�" ��$�$�  
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 � � r�� ��8 �5���� LX� j8�- ZD� ��� J	� � �8� ��$�  ��8����H� 
� 5�$� �
#� ����  ��8

'�� LX� j8�- �,$�� 
� �  �C��;�U� ��8 �� ��" �$
C �GH� L	���H� �G 1 5� �e#Y#� J	� .����  j8�9: ��8
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 ���,�� ����� W$�OC 2
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L	���H� ���� �#1� 2
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) ����5 W$�OC16 �� 
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#� ��U�� 5� ���	5 �C
��7 ��8

 `�/�� �'�7 J	� �� .�"��6 ��D" �C
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