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Thermal stress is one of the risk factors for mortality. The research aims to 

identify the potential of the Universal Thermal Climate Index (UTCI) as a heat-

related health risk indicator in Iran. Using 32 years of daily meteorological data, 

UTCI values in different percentiles were computed to identify excess mortality 

periods in five cities of Tehran, Ahvaz, Mashhad, Shiraz, and Isfahan in the 

summer season. Frequency patterns of summer UTCI index classes were 

identified. Threshold percentiles of minimum and maximum index values were 

extracted for each station. The results of the research showed that the summer 

values of the index vary between -1.9 and 55.4 degrees Celsius. In total, 18.08% 

of the night temperature (minimum temperature of thermal climate index) and 

97.64% of the daily temperature (maximum temperature of thermal climate 

index) of the studied days were associated with heat stress. During the studied 

period, 10% of summer days are in the conditions related to the maximum UTCI 

index values in three classes of strong, very strong, and severe heat stress. 

Correlation with mortality data from 5 stations showed that the relationship 

between UTCI and the number of deaths depends on the bioclimate of the station 

and that the number of deaths increases in very strong and severe heat stress 

conditions, that is when UTCI Above 38 and 46 degrees Celsius. The fitting of 

the categories of heat stress on the number of deaths with the trend of the 

LOWESS function showed that the distribution of deaths according to the UTCI 

index had a diverse nature and was seen as V-, U-, and J-shapes. The increase in 

mortality depends on the levels of heat stress, and at 35 degrees Celsius and 

above, i.e. entering the moderate heat stress category of the UTCI index, an 

increase in mortality is evident. 
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) =;� !	 .P/�<# 	!�# 
�� ����()� ���;# ��PT�#1��� �"� �	!�� ( . 9:�� .E��d# 
���UTCI  V�����# �"���

) ����� 
��TmrtV@)! !�_O� s�� �)�R ?� (2 �@�K��� !�_O� s�� 	!�� =I�C 
�� �B��: � "� .E��d#3 "�"� 

S�"C �=T�"C# � ������V  "� .E��d# 9:�� .��?�!��� �9:�� 
�� .����� V��P� 
��� �� H"I
 90 �95 �

98 �99,5  ?� #�����V 15 �?�!  9:�� "� 	!����. Q"# ��#? #�����V H�d�# �ER 6��,- ��
 KET� !	 	!�#  

�#�7 )���O4 !�|�� �5 �2010 (.� 15 ?�! r���] �"� ���  �� �� H"I V)� ��L��� .��#? !	 ���� �L)!�� �	�G���

 	�� �# �	�G��� ��# � 8�# �� �#�7 ��zq�� Q�P/�<# !	 `�� !��(� � `�� 
�� H"I .	�� �# .�B�� �#�7 Q�0�0d�

)�?6  ���!�;@� �2016 
�� H"I �&�S# ����> .� .(95 �98 �99,5  6�� ��# � 8�# �� DE��# 9:�� ����> .� FET

�z� �K !�R .� � "C ?���7��) "�� .�O�7 !��T ��!�� 	!�# .(���O !	 ��� ")"� 
�#	 ?� ���� ��#F� �� �G�# Q�7  �

 ���!�;@�2012 �&�;��-8  ���!�;@� �2006 �2013 
�� H"I .(90  �95  J)�P� !	 �)�� .����� ����> .� `�@P#

# ��L�� �)�#�7 U�# ��~ 
��	�")�! ����� !	 �#�7 U�# 
��	�")�! �)����� �����-) 	�� �9 !"��(;/� �10 �
                                                      
1 UTCI 
2 Rayman 
3 Bioklima 
4 Fischer 
5 Schar 
6 Xu 
7 Wagner 
8 Pascal 
9 Perkins 
10 Alexander 
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2013.(  ��� "I!	�����O�  Z�T����(���� Q�0ER �)�#�7 6��  9:����!��C ]�KT� ����B ���
 � ��)����( 

."� .E��d#  ����(��� =NO !	 9:�� �K !��O! ��!�� ��B��
 ��
 ��#?� 	�0#)�  =T�"C ��S�"C.��?�! 

9:�� .>�@�# ?� �	�	 ��
 �)�#�7 6�� !	 )i #�����V 10 .E��d# �?�! � !�	�@� ��!	 "��! KNO� ���
  ��� ��

U��L��� ")	�7. 

 H�d�# V�����# ��L���10  ��B �?�!AmC ��!�� 
��� ��� .��� �	�� Q������  
��?�! ������@� � v�E�!�


`�� �)	�0# �� ���@� 9:��  
��/�� ����(��� 
 �!�	 �"C ?� 6�� 
����# � 8�# 
��?�! �2002  ��2005  !	

 ���#? 
 �?�� V)� ."� .�O�7 �r� !	 ����()� M�- l<� ?� ��# � 8�# .� v���# !�#� . "� .�O�7 !�;� ��B �� ?�

 &��C� �Ez ��#?��D0O  
��/�� 
���1/1/2002  ��30/12/2005  �"��� .�O�7 !��T  ���	 !	 �7"���- 
��!�	�@�

����()� �� 
��� ��# � 8�#  ?�# � 8�# �	�	 .>�@�#�� .��?�! ���(��� � 
����# � 8�# v�E�!� ��� "� "�/��

.��?�! �)	�0# �S�"C V�����# � ���(��� .��?�! ��!��C ]�KT� ����B 9:��  ���� = !	 �����7! v�<: ."� �	�	

�Kd# �?� �7"���- 
?��!��@� �� ���(��� =NO1 "�"� J)�P� 

.   
 E8�1��&�F� ��.� �'F/� �1��)��GH >��3.� :  

���� �
" I�� � ���   

	)��
 # � 8�#�� )� � k!��>  ��� ��)	�� �_O� �� .) �"�)6 m-)a� � !	�����!�@ 7 �?�"����
 #� "��� 

Q�_�@�)2  ���!�;@� �1999(  )� ��  ��� 	�"P� 8�# � #�� )��")��3 V��(;/� �4 �2004 (�Ez �"� �!��� #� 

                                                      
1 LOWESS curve 
2 Semenzaet 
3 Sheridan 
4 Kalkstein 
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"���� �� ��F> .)�V _��  ���). Kd��= # � 8�#�� �K> �� .� .��?�!�  ."� .�O�7 !��T �r�"# ��� �"� a!�_7 .

# � 8�# 	�"P������) �P� �ER .)J @�!� �� 8�# ����> .�
 ���� # .�:��� �#�7 ?��  8�# =#�� �"���

#�����
 ����  ?���zq��Q� 0�(#�] � � �#�7�_ # � 8�#�����)  8�#!	 �"�� i@ ��0/�� 60� ����> .� �#�7 .

��
 EKT� T��>� (G�� �� ) ��� �"� .�:��� �.���	���	1  ���!�;@� �1997 
!�7�7 i# �2  ���!�;@� �2015 .(

!	 ����!
 �)V ��#� �<#.P/ ���C �� �!
 s�@� �	�	 ��
 8�# � #�� _�@� 	!�	. �-)��� �� �	�	
 # � 8�# .��?�!�� 

?� 1/1 /2002   ��30/12/2005 #�  = &��C� �Ez ��#?�� ?� . "���!�� !	)�O� � ."�)V �-)���  � 8�# .� �	�	

#�� K� # �!���� � .� �#� "���� �#�7 �� DE��# ��� V;@# . "�)V ����p !�m7 p(g��
 .��� �"��  !��	�) ")��

 	!���� .  "�@�� # � 8�#�� ��6 �	� ] ��  "C ?� # � 8�#�� # � 8�# ?� !�r��� 	!�#��  �"� �"���#s���� 

 �")	�7����K(7) ���3  ���!�;@� �2009 .(8�# � #�� 	!�# !�r��� )� " D:�-)." )i !�"0# 	�>
 .��?�! ��� . 

���
 .E��d# Y���Q�� P@B��� !	 &�R ��#? 	!�"����� �"� ��� ��")��)4  ���!�;@� �2004( ?�  	!�# ��# � 8�#

!�r���� 8�# � #�� O���� .��?�! =��T ��(��� .� �#�7 �! #� ���� @L��V .	?   

 

JK�� ;�,H� �3��L <���6� )UTCI(  

 !��T �	�G��� 	!�# ����#?  ��0# �� !	 � ]�KT� �� 
��� 9:�� V)� &�� !	 .	��7 �#1999  �KK@/� V�� V@���

) ����B ��!��C ]�KT� 9:�� Z�"�� 
��� 
� �,)� ���0�0d� ���7 i) �������� �()?UTCI 9:�� .	�	 =�;�� (

��� �"� J)�P� �PT�� D�d# .� 9L� �;)u�/�)_�O w��- �� bB�# D�d# i) ?� D�d# &	�P# 
�#	 ����> .� .

� �Q!��C .B!	 .� 9:�� !�"0# .���� �)? Q!�N� � 	!�	 ���(� ����� 
�#	 V�����# � �E(� ���R! �	�� �>�

.	�� �#  

)1 (  UTCI= f(Ta;Tmrt;Va;Vp)=Ta + Offset(Ta; Tmrt; Va;Vp)  

 x�O .<��! !	Ta ���� 
�#	 :Tmrt ������ 
�#	 V�����# :Va �	�� �>�� :Vp�;(B?F�) ��� �� !�L� !��O :5  �

 ���!�;@�2013 .(�)V ? .<��!  ��� �� 9:��)� ��_ =��T .E��d# ���:  

)2 (  UTCI = 3.21 + 0.872*Ta + 0.2459*Tmrt – 2.5078*Va – 0.0176*RH  

"P�)= ��V �#	
 ���
 d#�D  bB�#)�P� UTCI �#	 �
 ���
 d#�D PT���� 	�0# .�)�  Ta 	�������� .B!	 .� �

�#	
 ���� D���#� )Tmrt( 	�������� .B!	 .� ��>�� 	�� )Va ( Z�G�!� !	 .���z !	 ��# .�10  
��#���R! �  .�

"I!	 ��(�� # ���R! . 	!�	�  Q!�I .� "�������R! E(�� )RH( )� !��O !�L� �� )Vp (���� #� 	�� 

)�;(B?F�6  ���!�;@� �2013.( 	�!�
 :	�=  .E��d# ��BUTCI #�����V ���� Q!��C .B!	� )Tmrt .��� (

�)V 	�!�
 �)7,� �!��C �z�� �!�: 6����"
 ��� �! Q!��C .B!	 � ���
 � ��(����� #� #	 �"��	 ���� � "��
 

                                                      
1 Donoghue 
2 McGergor 
3 Goslinget 
4 Sheridan 
5 Blazejczyk 
6 Blażejczyk 
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 l<�)�:���;  ?�)i ��O .R�d#� ! .<��!  ��� �� � ��� �	� .R�C� �! 9L� . ���)��� ?)�  .E��d# =��T

 :���  

)3 (  Tmrt = [ (R ́+ 0.5.Lg + 0.5.La) / (Sh . S) ] 0.25 + ( -273) 

!	  x�O .<��!R ́ �!�: 6��� :�"
  �.���� ��(�� D��� �"� �mBLg#? 6��� :��V La��7�� 6��� :�� Sh ��)p 

K��T�� ��� !�����
  ����� . ��(�� �"�95/0  � ���S ) ��#_�/�� ��G��� ���z :5.667 × 10 -8 W .m-2..k-4( 

) ��;(B?F�2011 .(UTCI  p/�T !	)i 0#� � ?!�)���  l<� �	 ?� �"� .�:��6�� ���� #�  . �l<� �� .	��

I�: �	�"d# D���� 	�0# ?�)�  9:���P�)J #� ��� !�� �"��	 ���� 	��� �� w��- ?�
 O�_)u�/�);� r�� ��] 

��� .� w��- s���� ��(�� �"� Q!��C �"��)D d#�D PT��� ) ��� ���!�;@� � �;(B?F�2013���� ?� .(�)  .

�)V  l<� �G� ���� _�@�# ���(��� =NO �� .P/�<#6��  ?�6�� �#���) D���#  ��6�� �#�7�) "�)"  �r� !	

 .��� �"� .�O�7&�"B 1 "�� .0ER
 ��
 �)V P#  ��� �� �! 9:�����!�
 KT��@� O ��_)u�/�);� # ����� ."�	 

4�5H 1 :��'��  JK��UTCI � ����53� DO�P6�  

UTCI ( ˚C)  
  

���1� ?/< <���6�  ����53� DO�P6�  

46 +>  

  

6�� �)�#�7 "�)"  i�: �	� � �����" �#)Q�P ��6 ?� 5/0 /��� !	 

)i �>��  - V���"� /�PO�� O�_);�  

46 +�� 38+  6�� �)�#�7 (��!� �T
  �	�G��� ��� ?�)=  �"�� i�:–  !	 V�O�7 !��T

�� ��;#). !�	 - �����" �#)Q�P ��6  ?�5/0 /��� 

�>�� !	 - /�PO 6���� O�_);�  

38 +�� +32  6�� �)�#�7 �T
  �����" �#)Q�P 25/0 /��� !	 �� �>�� - 6�� 

�T�# /�PO�� O�_);�  

32 +�� 26+  6�� �)�#�7 D���#  �����" �#)Q�P 25/0 /��� !	 �� �>��  

26 +�� 9+   ��"�6�� �)�#�7   r���] Q!��C O�_)u�/�);� ���
 tGC ���)6 

�!��C� O�� ���  

9 +�� 0  6�� �#���) H"��  �	�G���  �F � 6;��	 ?�  

0 �� 13 -  6�� �#���) D���#  "��)" /�PO�� –  ����� !	 �� s�"�� � Q!�I �rO�d#

�#��  

13 - �� 27 -  6�� �#���) �T
  "��)" /�PO�� –  ����� !	 �� s�"�� � Q!�I �rO�d#

 �#��– s�7  �E/ ?� �	�G���  

27 - �< 40-  6�� �#���) (��!� �T
  "��)" /�PO�� –  ����� !	 �� s�"�� � Q!�I �rO�d#

 �#��–  s�7  �E/ ?� �	�G���–  !�nC ��#? 6��

d# !	�D ��
 �����  

40- <  6�� �#���) "�)"  �"��#  .��: !	– ��� s�7  �E/ 6��- ?� �	�G���
 

 � �#�� ����� !	 �rO�d#	��?��  

bE�# ;(B?F�)�  ���!�;@� �2013(  
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�D;1S T�U �  


��!�	�@�  �@�KT� �()? ��!��C���# �"� �	�	 ?� ��
 1990 – 2021 # ����� "�	 
��  F Z�T� ������O . 

UTCI   �� ��(�� �Kd# 
!�7?�� � ��� Q��G�# ��)	 ��� .� 
��� ?� ���(��� !	6��  _�� ��� � �� .� �)�#�7

 =;�) 	!�	 ���(�2(. 	! /�C� . 	�0#)� =T�"C .��?�! UTCI ������ ���)D )�:���; ��
 ���� 	�0#)� #�����V  �

.��?�! �S�"C UTCI 
����� Q��h_B �! !	 	!�# ?)�( KT��] �����
 pL��# .h�!� #� "�	. "I!	 V)��`�� 	�0#)� 

�S�"C ��?�! .UTCI � !	)����( �����  �"��#  �� p���� .�3/48  �8/44  	!�	 �KP� 
�T �)�#�7 6�� .�!	 /�C�.; 

�����)V  "I!	9:��  �@� .�_�# ���)� !	 �)����( ��
 � ����GI��?�� � ���)D �)�#�7 (��!�  ��_�# .� 
�T

6/53 �1/59  � "�	 �# ���� �! "I!	� !	 ��~ ���B �@(�)����( ��� ?����)D �)�#�7 "�)"  ��9/42 "I!	 

.��� �	�	 ��N�:� 	�: .� �! 6�� ��_�# V)��`��  ��)	 ��!�EP���6 ?� 90 	 ?� "I!	.��?�! 
�#  ���(��� ����()�

?����  �)�#�7 6�� (��!� 
�T  ��)�#�7 6�� "�)" # .���� �!� "� !	 � _�# �)���� �)����( ��
 ������ ��?�� � 

���GI� ��6 ?� 50 "I!	 
��?�! ���(��� �! !	 ���)D �)�#�7 6�� (��!� 
�T � ���)D �)�#�7 6�� 
�T  R� 

#� "� .�)����( "��# ��� �d�)D �)�#�7 6�� ?)	� � �)�#�7 6�� # !��T 	�: .��?�! �S�"C !	 D���#� 7�	�. 

	�0#)� =T�"C .��?�! UTCI ?� ��/�
 ���G�#� -���
 #�  ."�.@� 
 �)����( ��  �?���� ����()� _������`)V "I!	 

�! .� ���)D ��"� �)�#�7 6��  "�� �	�	 ��N�:� ����� ����()� !	 ��"I!	 V)�8/87 ?���� ����()� !	 �7/98 !	 �

 ���GI� ����()�3/94  "��# ����()� !	 �6/94  "��� �#!	 /�C�.; �)����( ?����  1/55   �"I!	�)�#�7 6�� .� �! 

D���# .��� �	�	 ��N�:� 	�0#)� #�����V �?�!.� UTCI !	 � x�� &�@�)���  !	�)����(  "��# 5/75  "I!	

���)D ��"� �)�#�7 6�� � � !	)����( ?���� 8/47 �)�#�7 6�� D)��� "I!	 (��!� �
�T  !	�)����( ��
 ����� 

6/53  "I!	� ��?�� 3/71  "I!	�  !	���GI� 9/62 �)�#�7 6�� "I!	  D���# ������O V)�����# ���� �!�  ."�	

!�<�  ����()� M�- Z�@�# !	 �G7 ���� �# �K64/97  .��?�! �)�#�7 6�� 
�!�	 ���(��� 
��?�! "I!	

)UTCImax � "��(� (08/18 ) .��E� �)�#�7 6�� 
�!�	 "I!	UTCImin"��(� (.   

  
 E8�2 ��'�� �;����) 5V�� :?/< � E3�56 �1��'� W�<�< �U X- >�% *� ���&�F� ��.� �,� S/ "��U �1���Y JK�UTCI �1��'� �

 JK�� �ZC�56UTCI  JK�� [�\;��� �1��'� �UTCI  
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) =;� !	3( 
�� ��!	 KNO� �)�#�7 6�� �;P�# �"� ��� .#�����V 10  �?�!=T�"C � �S�"C .��?�! UTCI  

!	 �)����( ?���� ��  .KI�O?)	� �E(� .� 0��. �)����( �� !��T 	!�	 .�� �)V &�C  !	.@� 
 �)����( ��� ��!	 
�� 

KNO� ���(���.  .���#� ��� ���(��� �:� �@� .�� ��� ���� T	�� ���(��� !��O! .� ��� UTCI !	 �)����(  ?����

�_O� ?� ����)6  9:���� 	�"C 10  ?�!�:� ����#� # 	�: U�� .� � 	!�	�  !	 � "�!20  &�� ?�!	�	�# �0�)q�E  !	

T�� !�"0# ��@�� #� 6�� �� ?� �- � "��# #� )"�� .!	 �)����( "��# �"���
  ���(��� =NO!	 10 �"��� ?�!
 

����#� 9:�� �)	�0# �_O�)6 /��  ?� D���� ����#� ���� #�  .	��!	 .� �)����( 	)�� ���?�� ���GI� � ����� 

 �)	�0#9:�� �"��� �_O�)�� � !	 10 ��� ��# 	�	�# �:� ?�!� � . ���)V !�7?�� �"��	 ����
  `�� c�<� ��

6�� �)�#�7 � !	 . ����.@ # x�G�� ���(��� s�	� "�O� �� ��p m-)�
 P@B ��0/���� Kd#� ��#?� �! .)��	�"
 

�#�7
 "�)" # x�G�� ���(��� &�� �@(T !	� �"�O� #� "���.  

  
 E8�3 : JK�� �;�*�� E3�56 �1��'� ��]) ^��� "�%UTCI  JK�� �;�*�� �ZC�56 � (_;� �U` a.FK)UTCI   b��3 a.FK)

 [�\;��� �1��'� �U a.FK "�� a�'; .(_;�10 ���� ����� �*��  
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 " �;�D%`?/<  �<���6 L��3� JK�� �1���YUTCI   

?� .>�@�# �	�	 ��
 6�� �#�7��) ?)�( KT��] 
��  9:�� 
��  .����� �)	�0# Q��G�#UTCI  !	H"I ��
 90 �

95 �98 � 99,5  ����()� M�- �� 
����?���� ������ ���?�� ���GI� � "��# .E��d# �"� ) =;� !	 �4 (�;P�# 

�"� ���. .�����  9:�� 
�� H"I   UTCI �! !�"0# V)�� V�)�- "��# ����()�  � !�"0# V)��`�� ?���� ����()� !	

 H"I .����� ."�	 �# ����90  9:�� �S�"C �)	�0#6�� �	! !	 ��"@> ?���� ����()� �#�7 ����()� �")"� �)

6�� �	! !	 ?���� � ���GI� ������ �#�76�� �	! !	 "��# ����()� 
��� � 
�T !��(� �) �#�7 �# !��T 
�T �)

 .	��7�)V ���.� ���� #� "�	 10 !�"0# �S�"C �� DE��# D)��� ���(��� =NO &�R !	 	!�	 &�@�C� %UTCI  !	

��()� ?� ��`�� ?���� ��46  ?� ��`��  ?���� � ���GI� ������ 
�� ����()� !	 �(")"� �)�#�7 6��) 	�������� .B!	

38  ?� ��`�� �"��# ����()� !	 � (
�T !��(� �)�#�7 6��) 	�������� .B!	32  (
�T �)�#�7 6��) 	�������� .B!	

 ."����!)��	�"�)  �� .6�� �#�7�) �T�
 (��!� �T
  ")"� ��S�"C !	 UTCI 9L�# #� P@B �"����� Kd#� 

�#�7 !�� k�P# !	 �!�)  �"��(� !�7?�� �� �� . .|�� ?� ��`��� -���"#�
 G�#� ��� ��0/��
 �#F�� # !��T ����� 

��	".  

=T�"C  .����� UTCI!	 �)����(  �	! !	 ?����" 6�� �#�7D���# �)"  �" 6�� �#�7
�T �)"  .�O�7 !��T !	 .���

� ����� ����()�  ����GI� �	! �	 !	 .����� =T�"C"6�� ��"� �#�7 �)"  �" 6�� �#�7D���# �)"  ����()� 
��� �

 � ?���� "��#!	  .��	"6�� ��"� �#�7 �)" ���	�0# .)� V�� V�����# !�<� ?���� !	 =T�"C 36 -28 .B!	 

��������!	 �	  V�� �����30 -22 .B!	 ��������� !	 �	 V�� ?���� � ���GI28 -21 .B!	 �������� "��# !	 � 	��V 

24-16 ���� .B!	�	��� .����� .��� ��
 #�����V UTCI  !	 � bR�0��V .��	 ��
 6�� �#�7�) �D���# 6�� 

�#�7�) �T
 � 6�� �#�7�) (��!� �T
 !��T #� 7�"��# .�����V  .����� UTCI  #DE��  H"I ��98  �99,5 !	 

�)����( ��
 � ����GI���?��  �����	_�)i )�  ?� ��`��32 ���� .B!	��	��� ���
 �)����(  ?� ��`�� "��#26  .B!	

�����	��� ��� �
 �)����(  ?� ��`�� ?����38 ���� .B!	�	��� � . ���)V .�����  ��	�0#)� �! .� !�R ��0/�� �P#� !�	 

#� "�. 	�;K@> �S�"C  =T�"C ��#	
 �� �)����( ����P� )i �#	 .������)� �� �#	  ���
 ���
 2 ��#
   ����

 "�	 �#�)V �#	 .������) �� �� .�����
  UTCI Q��G�# ���� .)V ./�(# .� /	�= ��(���� UTCI .� ��)� 

����#�!�-
 �������� ��� . ���@� �� �#	
 ��� ���
 �P�)J ���)D d#�<� �z�# �� &	�P� u���
 �!��C� ��(�� 

�	�G��� #� 	�� ..g�7� UTCI ��(���� <:� �#	 .�
  �	!�	 ���/��  .�Y���Q�� ����R! �>�� 	�� � b�P�� ��_ 

(��!�  �(C ��� �;(B?F�)1  ���!�;@� �20128�E�-�- �2  ���!�;@� �2015(��� .
  �&�S#.� K !�R� 

.����� ��
 �S�"C
  UTCI ��`�� H"I ?� ��
 �#	
 ���
  .R���#�"��(� . �)V ���� �#�  �"��	(���-�= 

 9:�� UTCI  !	�)	�� c�<�  6�� ��`���!��C� �E(� .� ��)� ��Y�#��
 �������� ���.  

  

  

 

                                                      
1 Blazejczyk 
2 Pappenberger 



  

  

  

  

141  ----------------------------  &��'(�� �')* � � +���� !�,� ���- ./0 &��' ���1,23 � # �'4��  

 

  

  
 E8�4 JK�� �1��'� :UTCI  "�
 d5V �U ��<�� �.
 "��� �90 �95 �98  �99,5 _;� �U W�<�< �U [�\;��� � �ZC�56 �E3�56 �1��'�) .

 a�'; .(>%� �5� J�	� �8	� � b��3 ��U`Erorr Bar  .>%� ^�DhU�< E]) �� JK�� "�
 d5V �1��'� "�1@���G< �5/
� ^�	;

 JK�� ��'�� [�- �K a.FKUTCI .5
� �� ^�	; ��  

* �1��� ��� � I�� � �;�,H �<���6 L��3� JK�� �Dh1 

�0#).( ��
 ��
 ��#?� UTCI �� �"C ?� 6�� 
�� ��# � 8�# ��6� ��
 �����
 � v�E�!� 	!�# !	 �!�V UTCI� 

�#�7 6���) �#F� Q��z� �� � !	 �"� .�O�7 �r� !	 ��� M�- !	)V # .h�!� .P/�<#�  =;�) "�	5!�"0# ( �S�"C 

UTCI   ?���� ����()� !	.�  
`��46 .B!	 �����	��� )� �����  6��)�!��C� ")"�( � �) i)	_� `��
 H"I 95 

�_O�)6 )�O�.  9:�� �S�"C !�"0# "��# � ?���� ����GI� ������ 
�� ����()� !	UTCI  
`��38  .B!	



  

  

  

  

142  -------------------  ��� 	�
�� ����� �� ��������� ������  ��� 12 ����! �38  �# 1402  

 
 H"I i)	_� � (
�T !��(� ��!��C 6��) 	��������99,5  ."��!	�0#)�  =T�"CUTCI � !	)����( � ?�����V 38-

32 ���� .B!	�	���  6��)�!��C� ?)	�(� �)����( ��?�� � "��# ��V 26 -9 ���� .B!	�	��� )��"� 6�� �!��C� � (

���
 �)����( ����� ��V 32 -26 .B!	 �����	���  6��)�!��C� D���# (.E��d# "�	�0# .)� #�����V UTCI 

�)����( � ?�����V 46 -38 ���� .B!	�	��� �!��C 6��)� (��!� ?)	�(� �)����(  � ��������GI� ��V 38 -32 .B!	 

�����	���  6��)�!��C� ?)	� (� ���
 �)����( ��?�� � "��# ��V 32-26 .B!	 �����	���  6��)�!��C� D���# (

.E��d# "� .�)V �#�7 6�� ?� c�<��) ~�&�@P#� "�� �)" � ��"��K��u�/���@
  p� � ?�!������ �?���� �"��# 

��?�� � ���GI�  �!9L�# 	� .!	 bT�� 	�0#)� �S�"C =T�"C �  UTCI  �!
 H"I  99,5 � 95 	�� ����� !	� �

���� .  ]�� �"��	����� 6�� �#�7�)  � .��?�!E�.��  ����()� M�- �� !	���.  

  

  



  

  

  

  

143  ----------------------------  &��'(�� �')* � � +���� !�,� ���- ./0 &��' ���1,23 � # �'4��  

 

  

  
 E8�5 : �U ����
 "�
��51�� 4.� �� (b��3 _;�) �ZC�56 �1��'� � (�8	� _;�) [�\;��� �1��'� �(�U` _;�) E3�56 �1��'� �;��* "�%

 JK�� �1��'� .���Y *� ���; 56 *� ?�U ��� � I��UTCI  [�\;��� ��.]U3  d5V �U a.U�� "�
��.; .�.� �� ���� ?1��; �*��95  �

99,5 ���� ^�	; �h1�'� "��U .>%� ���� ^�	; �� JK�� 2�D�� ��'�� �
 [�- �K .>%� �5�  

��� � I�� �Y5/C�� � �;�,H �<���6 L��3� JK��  

 ��# � 8�# 	�"P� b)?�� �.P/�<# 	!�# ����()� M�- �	�"d# !	 ��(�� �#F� �� �)�#�7 6�� ��z{� ���)?!� !�r�# .�

JK�L# �)	�0# �S�"C !	 =#��> �#�@� ?� ���� UTCI  =;�) .�O�7 !��T ��!�� 	!�#6(  � 8�# �7"���- !�	�@�



  

  

  

  

144   -------------------  ��� 	�
�� ����� �� ��������� ������  ��� 12 ����! �38  �# 1402  

 
��#  9:�� �UTCI    ��� �� .��: i) ."��� �# 
"�� ���7 �� .��: !	 �K !�R .� �� �	�	 . "�	 �# ����

 D)��� �� �K !�R .� ����# � 8�# �?���� !	 �&�S# ����> .� .	��7 �# !��T �)�#�7 6�� .��	 "�g �) i) !	 !��

�� 6�� D)��� !	 ����� ��# � 8�# �?���� � ���GI� !	 .��� ���@� 
�T !��(� �)�#�7 6�� � ")"� �)�#�7 6

 �)�#�7 6�� � D���# �)�#�7 6�� D)��� ?� ���� ��# � 8�# ������ !	 ."�	 �# o! 
�T !��(� � 
�T �)�#�7

 �)�#�7 6�� D)��� !	 ����# � 8�# "��# !	 .���  
�T !��(� � 
�T ."�	 �# o! 
�T �)�#�7 6�� � D���#

���7 V)� ?� i) �� 
��� ./�0# ��� �# �� !	 .��: i) D��� . �)�#�7 6�� 
�� �;P�# �"���7  
�@�K��� �"��

8�# 	�"P� �� �)�#�7 6�� �	! i) ��z{� ."��(� !�� i) ��!��C  b��� "��! �� ����# � LOWESS  a?��� 
��� .

.��: �# �	�G��� ��   .	�� �# !�;�� �	��LOWESS  �����7! 
�� &"# . ��� 
��#�!�-��~ �����7! a�!

 �� ���E# &"# i) �� �! .��7"�gk ."�� �# p��� ��)�(@� V)��;)	_�  Q!���# !	 . 
� �	�	 v�0� �K !�R .�

."�� �# �O�)!	 "��(� !�	 . 
� �	�	 v�0� .� �E(� 
����� �?� "�!�	 !��T b��� D: ��# � 8�# "��!  ?� �z��#

 9:��UTCI  	!�	 ���(� 	��7 �# !��T �� !	 .��: i) . �)�#�7 6�� 
"�� .0ER .� �K !�R .�. 
���

V�� v�E�!� �")"� �)�#�7 6�� � 
�T !��(� �)�#�7 6�� �	�"d# !	 ?���� 
 .��: UTCI  p�� ��# � 8�# �

 6)�_O� �� �/� ��� ��)�_O�UTCI   ��40  ��C �� .	�� �# �� ])F# ��# � 8�# 6)�_O� p�� �	�������� .B!	

UTCI  V�� v�E�!� �?���� � ���GI� .��: !	 
�T !��(� � 
�T �)�#�7 6�� D)��� �@� .�UTCI   ��# � 8�# �

 =;� i)J  !	 p���� .� �� p�� � "� �# �"�- l���35  �39 ��: ."��� �# ��"�� 	�������� .B!	 "��# .

 �@ �) l<(# �E)�0�V  6)�_O� �� ��P) ��� =;�UTCI  .�35  .� Z��� ����# � 8�# 	�"P� �	�������� .B!	

 v�E�!� ����� 
��� ."� �# 6)�_O�U  6)�_O� �� �"��� � ��� =;�UTCI  ?�# ��35  � 8�# 	�"P� �	�������� .B!	

  6)�_O� �� ��� .�O�) 6�� ����# UTCI� ��`�� .� ?35  �# 6)�_O� .� Z��� ����# � 8�# 	�"P� �	�������� .B!	

 9:�� 	�!� �� ��� .� �: 
 .@� !	 ��� �"���# =��T . !�<��@� ."�UTCI  
 �	�"d# .�35  	�������� .B!	

."� �# 6)�_O� .� Z��� ����# � 8�# 	�"P� (
�T �)�#�7 6��)  v�E�!� �&�� .��� ��"�g �	 M)��� V)� ��@��

./�0# 9:�� 
 UTCI .� �! �	�"d# ����>  �"� J)�P� �;)u�/�)_�O .B�� =��T �)	�0#  ��� �� . 
�   ����

�# .�(B��  ��)? "� �# "�){� ��# � 8�# 6)�_O� !	 �! 9:�� ��!��C !�� ��7!_� � �"�����- ��z{� �s�	 ."�

� .� ��� V;@# �z� V)� .	�� �# ���? 6�� �)�#�7 �r� ?� D)��� .<K� �d� . "��� .B�� =��T �0R��# !	 �,)

��# � 8�# 
�T D���! � �#�7 6�� �� �)�#�7 
�� ]�KT� �()? UTCI  ")"� 
�#�7 
��	�")�! . �/�C !	 �"��(�

 D���! � �� �S�: ��!��C ]�KT� �()? �� . "���� .���	 �)��!�� !	 
����� Q���z{� ��� V;@# Q"# ����

 �� J�P�UTCI - 8�# =�Kd� � .)_�� .��� ?��� 	!�# .��#? V)� !	 
����� Q�P/�<# . "��� �# 9L�# ��# �

 � ��# � 8�# .<��! . "�	 �# ���� ���CUTCI   �� k�P# !	 ��P@B i) . ��!��C ]�KT� �()? �� Q"� .�

.	!�	 v�E�!� �"� !�7?�� � .�O�7 !��T 



  

  

  

  

145  ----------------------------  &��'(�� �')* � � +���� !�,� ���- ./0 &��' ���1,23 � # �'4��  

 

  

  

  
 E8�6�Y5/C�� "�
���.�; : �\;��� �1��'�[ I�� �;�
��  *� ���; "�
� �1���Y ?/< �;�*�� �ZC�56 �1��'� UTCI  ���� "��U2005-

2002 . [�- �F'; a.FK2�D�� ��'�� ?/< UTCI  ��.5
� �� ^�	;  



  

  

  

  

146   -------------------  ��� 	�
�� ����� �� ��������� ������  ��� 12 ����! �38  �# 1402  

 

D;��� Y��"  

!	 �)V 6��,- (���-�= UTCI .� ����> )i 9:�� �<: �#F� DE��# �� �#�7  �?���� ������ ����()� M�- l<� !	

 "��# � ?���� ����GI�	!�# _��). � Kd��= !��T .�O�7 ��� .�� �	�G��� ?� �	�	 ��
 �������� 32 ./��  
��!�	�@�

Q�0ER ������O  �)�#�7 6�� UTCI ���
 =NO ���(��� .E��d# �"� ���. �)	�0# .��?�! �=T�"C �S�"C � #�����V 

UTCI .� ����p U��L��� "�. ���
 .E��d# �����.UTCI  !	 H"I ��
 KT��@� q`�@P# !	 #?�.� 0d��Q�0  6��


�� �#�7�)� H"I ��
 90 �95 �98 �� 99,5 	!�# �	�G��� !��T .�O�7 "��.  9:�� JK�L# 
��  F ������O

UTCI  V��P� �)�#�7 6�� �� ���@� 
��?�! � �)�#�7 6�� ��"� 
��?�! "I!	 � .E��d# 
�� H"I .����� ."�

 9:�� =T�"C �)	�0#UTCI  
��� � 
�T �)�#�7 6�� � D���# �)�#�7 6�� ��)�#�7 6�� ��"�  F .� !	

 9:�� �S�"C �)	�0# 
�� H"I .�����UTCI  � 
�T !��(� �)�#�7 6�� �")"� �)�#�7 6��   F .� !	 _��

# D)��� 	�":! &�@�C� . "��O�7 !��T 
�T �)�#�7 6�� 9:�� !�"0# �S�"C �� DE��UTCI  !	  F .� V)� !	

 ���(��� &�R10 ."��� �#  %�!)��	�"�)  �� .6�� �#�7�) �T�
 (��!� �T
  ")"� ��S�"C !	 UTCI 9L�# 

#� P@B �"����� Kd#� �#�7 !�� k�P# !	 �!�)  �"��(� !�7?�� �� �� . .|�� ?� ��`��� -���"#�
 G�#�  ��0/��

���
 �#F�� # !��T ����� ��	". #� "��� . !	 �r� V�O�7 8�# � #�� ��6 ?� "C .� ����> z���� KI�� �#�7  ��

��(�� �#F�� ���#? 
�� 
�� UTCI   �) � i)	_� �)	�0# �� 
��?�! . ��� �"� �	�G��� v�� V)� 6)�#?� ��

 V)� !	 �"� .h�!� M)��� .��� �"� �"���# "C ?� 6�� ��# � 8�# �� 
��?�! �� ���<# ��� H"I .����� ?� ��`��

 9:�� �S�"C � =T�"C . 	�	 ���� .P/�<#UTCI  H"I V��95  �99,5 �� V)������ �	�� ����� !	 6�� ]

 .��� ����� �E)�0� .��E� � .��?�! �)�#�7��� �	�	 ��
 ?)�( KT��@� �!��C� �� �	�	 ��
 8�# � #�� !	 ����()� M�- 

DE��# �"� ���9:�� � ��# � 8�# �7"���- !�	�@� . UTCI  �� .��: !	 �K !�R .� �� �	�	 . "�	 �# ����

��	 "�g �) i) !	 .��: i) ."��� �# 
"�� ���7���# .	��7 �# !��T �)�#�7 6�� .� v�E�!� ��V UTCI � 	�"P� 

8�# � #���� Z���# ��� )��`�� V-� U-� J  =;� ( � ?)�( KT��] �� ��� �! �;P�# #� � ?� �"#� ��	 .� M)��� ."

) �)��� 
�� 6��,- �� ��!��C ]�KT� 9:�� ?� �z��# ����F M�- !	 ��# � 8�# !��O! 
����2007� �(  � H�;��

) ��!�;@�2007 
���7,)� Q���z�� � ��()? D�d# =#��> .� .B�� �� 9:�� Q��G�# 	�;K@> ��	�� ����! ]� (

 ����# ��� �@�KT� � �<�d# 
���7,)�  ��� �� �)��O��YB .0<�# �� !	 .;)!�<� 	�� �# "�)�� .0<�# �� ���;#

7 6�� �	! i) ��z{� Q����Y� .	�� "���: Q��G�# v�E�!�8�# 	�"P� �� �)�#�  b��� "��! �� ����# � LOWESS   .

.��: a?��� 
��� �# �	�G��� ��  .	�� �# !�;�� �	��#���_ �_O�)6 8�# � #�� ��(�� .� c�<� �)�#�7 6�� 	!�	 

� !	 	�"C 35 .B!	 �����	��� ��`�) �� )�P� �	�"d# .� 	�!�  F D���#UTCI  # ��# � 8�# 6)�_O�	��� 

�� 
 .P/�<# ����! V)� !	 . � ��# � 8�# 	�"P� V�� ���(E@� �-�!� !	 �� 8�# 	�"P� � 9:�� V�� . 	�	 ����

	!�	 ���(� !�� 
�@�K��� .�  
`�� �#	 ��T� FS# 
�T � D���# ���� D)��� !	 �� 8�# 	�"P� �26  �32  "���

")�) �# 6)�_O� �K-��)1  ���!�;@� �2018,- ���<# _�� .() ��!�;@� � 
�E�T 6��1390 �I��> V�� "�"� .B��# (

 � 
�T ���(E@� � .<��! �T��> �EKT 
�� 
!�@�� ��7"� Q�O �� �E(� ���R! � ��� !��O ��#	 ��|@� �@�KT�

p���� V)"� .	!�	 	�B� 
!�	��P# ���)M .h�!� �"� !	 �)V .P/�<# )i ?!�)��� /���. ?� "�#	��
 ��0/�� � p���# �	�� 

                                                      
1 Napoli 



  

  

  

  

147   ----------------------------  &��'(�� �')* � � +���� !�,� ���- ./0 &��' ���1,23 � # �'4��  

 

UTCI !	 �P�)J Q��<: ��# � 8�# DE��# �� �#�7 .h�!�  � �	�	�#�7 6�� 60��) .� �! �#F� �<: ����>�  ����

#� "�	.   

 

jU�/�  

) .=nG/���� "�� ���)	�P(# �&�K�� ������K> �	�@d# �
��(: ��n��# �	�,� =�>�@��1392 .#��KNO .���)� �)�#�7 U��#� �)����� .(

 �.P��� � ��O��YB11 )33 �(53 -39. 

.@R�O �.����# �.@��O �
��� �"@d# ��"�0>�� .)1396(.  .K�# .���)� ���B � &�@� =C��� !	 ��!��C 
�� 6�� 
� .()�0# ��!��

 �.P#�B !	 �#F� Q�0�0d�3 )3(� 11-1. 

��� �!�-"@d# �"@d# �K> ����	 "��!�:� V�(C ����!���. )1392(.  � �EKT .�;� ��)!�@�� 
�! �� �� �"�)`� � �@�KT� �I��> ��z��

) U"��� ��� !	 ]��2008 -2001(. ��)��O��YB 
�nO .#��KNO 13)42�( 125 -103. 

.���O ��h��!. )1397(. ���)� �)��� � �� D)���  ����� &�� s�7 �!�	 !	 �)�#�7 U��#� 
"C 9:�� 
?�� 	!�"����� 
��	 ./��! .

 �NNL�)Ph.D��� .(��	 �@���! 	�: V�#? s�K> �";���	 �
"@C� 	�@d#� .����� "��� ������	 

������ ���#F~ �
	��#� "@d# ���� 
"�P� �) .])�#1400��)� !	 �#�7 !�		!�! 
����� ")"@� 
���� .(.K�# .� �#? 6��	 
�����,-V� 

12)2(� 64 -73 .  

��! �V)"/���: �s��/� ����<��� .)1397(.  !	 ��;# �C � ��!��C 6)��� .� =�� ��B !	 ����! 
!�7?�� ���)?!� �E���# .K(K� &"#


��� 
���nO. 
��� Q�P/�<# .#��KNO �7)28 �(90-79 . 

.@��O �
��� �.@R�O �.����# � �EP#F~ �
��/�T cFO. )1394(.  ���!��C ]�KT� ����B 9:�� ?� �	�G��� �� ��(�� ��!��C 6)��� ���)?!�

����	� ����� :
	!�# .P/�<#. �()? D�d# � �#F� .K�# �8)3�( 378-367. 

��)!��C ���! ������?�! �"��# ����~ �"�@C ��T�� �J��) �
�E�T� "@C�� 
"@d#� ����# �Q�	�(/� .@�P� ����"�	 .)1390(.  ��!��

T� 
�� .G/�# �� �� 
!�@�� Z���� �z� �� ��7"� Q�O �)��O��YB b)?�� .<��!���GI� ����� 
	!�# .��@� ��@�K.  �;�_- �";���	 .K�#

 ����GI�29)160 �(1713-1724 . 

V�(C �
"@d# .)1385 ���P/�<# 
 �!�	) �EKT 
��)!�@�� ?� ���� ��# � 8�# �� ����� 
�� �"�)`� � �@�KT� �I��> v�E�!� .(2003-

1999(.  ��)��O��YB 
�� 6��,- .#��KNO)58 �(66 -47. 

�- ��	_)) .�GPB �����K7 �
!m> �	�O �d/�I ��� ��C ���1394 . �E>!"�� ��� �EKT Q�PB��# 	�"P� �� �)�#�7 U��#� ��z�� ��!�� �(

 �(��O��YB) �)�nO 
_)! .#���� .#��KNO5)3 �(62 -45.  
Baccini, M., Biggeri, A., Accetta, G., Kosatsky, T., Analitis, A., Anderson, HR. (2008). Heat Effects on Mortality in 15 
European Cities. Epidemiology, 19(5), pp 711–719. https://doi.org/10.1097/EDE.0b013e318176bfcd PMID: 1852061. 
Basu, R., J. M., Samet. (2002). Relation between elevated ambient temperature and mortality: A review of the 
epidemiological evidence. Epidemiol. Rev, 24(2), pp 190–202. https://doi.org/10.1093/epirev/mxf007. 
Blażejczyk, K. (2011). Assessment of regional bioclimatic contrasts in Poland. Miscellanea Geographica-Regional Studies on 
Development, 15(-1), pp 79-91. https://doi:10.2478/v10288-012-0004-7. 
——, Y., Epstein, G., Jendritzky, H., Staiger, B., Tinz. (2012). Comparison of UTCI to selected thermal indices. Int. J. 
Biometeor, 56(3), pp 515–535. https://doi:org/10.1007/s00484-011-0453-2. 
——, G., Jendritzky, P., Bröde, D., Fiala, G., Havenith, Y., Epstein, A., Psikuta,  B., Kampmann. (2013). An introduction to 
the universal thermal climate index. Geogr. Pol, 86(1), pp 5–10. https://doi.org/10.7163/GPol.2013.1. 
Campbell, S., T. A., Remenyi, C. J., White, F. H., Johnston. (2018). Heatwave and health impact research: A global review. 
Health Place, (53), pp 210–221. https://doi.org/10.1016/j.healthplace.2018.08.017. 
Costello, A., et al. (2009). Managing the Health Effects of Climate Change: Lancet and University College London Institute 
for Global Health Commission. The Lancet, (373), pp 1693-1733. http://dx.doi.org/10.1016/S0140-6736(09)60935-1 
Changnon, D., Changnon, S.A. Evaluation of Weather Catastrophe Data for Use in Climate Change Investigations. Climatic 
Change 38, 435–445 (1998). https://doi.org/10.1023/A:1005348112541 
Di Napoli, C., F., Pappenberger, H. L., Cloke. (2018). Assessing heat-related health risk in Europe via the universal thermal 
climate index (UTCI). Int. J. Biometeor, (62), pp 1155–1165. https://doi.org/10.1007/s00484-018-1518-2. 



  

  

  

  

148   -------------------  ��� 	�
�� ����� �� ��������� ������  ��� 12 ����! �38  �# 1402  

 
——, C., F., Pappenberger, H. L., Cloke. (2019). Verification of Heat Stress Thresholds for a Health-Based Heat-Wave 
Definition. J. Appl. Meteor. Climatol, (58), pp 1177–1194. https://doi.org/10.1175/JAMC-D-18-0246.1. 
Fischer, E., C., Schär. (2010). Consistent geographical patterns of changes in high-impact European heatwaves. Nat. Geosci, 
6(3),  pp 398–403, https://doi.org/10.1038/ngeo866. 
Hancock, PA., Ross JM., Szalma JL. (2007). A meta-analysis of performance response under thermal stressors. Hum Factors, 

49(5), pp 851–877. DOI:10.1518/001872007X230226. 
Havenith, G., D., Fiala. (2016). Thermal indices and thermophysiological modeling for heat stress. Compr. Physiol. 6(1), pp 
255–302. https://doi.org/10.1002/cphy.c140051. 
Heidari, H., Golbabaei, F., Shamsipour, A., Rahimi Forushani, A., Gaeini, A.(2017). The cut-off point for tympanic 
temperature as a heat strain index for evaluation of outdoor workers: a field study. Int J Occup Safe Ergonom. 24(2), pp 224-
32. https://doi.org/10.1080/10803548.2017.1281524 
Heidari, H., Golbabaei, F., Shamsipour, A., Forushani, AR., Gaeini A. (2015). Outdoor occupational environments and heat 
stress in IRAN. J Environ Health Sci Engineer. 13(1), pp 1. https://doi.org/10.1186/s40201-015-0199-6  
Kahya, E. (2007). The effects of job characteristics and working conditions on job performance. Int J Ind Ergon. 37(6), pp 
515–523. https://doi.org/10.1016/j.ergon.2007.02.006 
Klinenberg E. (2002). Heat Wave: A Social Autopsy of Disaster in Chicago. 
McGregor, G., Bessemoulin, P., Ebi, K., Menne, B. (2015). Heatwaves and Health: Guidance on Warning-System 
Development. World Meteorological Organization, WHO, Geneva, Switzerland. 96 pp. 
——, J., Vanos. (2018). Heat: A primer for public health researchers. Public Health. 161(23), pp 138–146. 
https://doi.org/10.1016/j.puhe.2017.11.005. 
Murage, P., S. Hajat, R. S., Kovats (2017). Effect of night-time temperatures on cause and age-specific mortality in London. 
Environ. Epidemiol. (2)1. pp e005. https://doi.org/10.1097/EE9.0000000000000005. 
Pappenberger, F., G., Jendritzky, H., Staiger, E., Dutra, F., Di Giuseppe, D. S., Richardson, H. L., Cloke (2015). Global 
forecasting of thermal health hazards: The skill of probabilistic predictions of the universal thermal climate index (UTCI). 
Int. J. Biometeor. (59)3, pp 311–323, https://doi.org/10.1007/s00484-014-0843-3. 
Pascal, M., and Coauthors. (2006). France’s heat health watch warning system. Int. J. Biometeor. 50(3), 144–153. 
https://doi.org/10.1007/s00484-005-0003-x. 
——, V., Wagner, A., Le Tertre, K., Laaidi, C., Honoré, F., Bénichou, P., Beaudeau. (2012). Definition of temperature 
thresholds: The example of the French heat wave warning system. Int.J. Biometeor. 57(1), pp 21–29. 
https://doi.org/10.1007/s00484-012-0530-1. 
Perkins, S. E., Alexander, L. V, Nairn, J. R. (2012) Increasing frequency, intensity and duration of observed global 
heatwaves and warm spells, Geophys. Res. Lett. 39(20), pp 20714. https://doi.org/10.1029/2012GL053361. 
——., L., Alexander. (2013). On the measurement of heatwaves. J. Climate. (13)26, pp 4500–4517. 
https://doi.org/10.1175/JCLID-12-00383.1. 
Robinson, PJ. (2001). On the definition of a heat wave. Journal of Applied Meteorology. 40(4), pp 762–765. 
Tong, S., Wang, X.Y., Barnett, A.G. (2010). Assessment of heat-related health impacts in Brisbane, Australia: comparison of 
different heatwave definitions. PLoS One 5(8), pp e12155. https://doi.org/10.1371/journal.pone.0012155 
Semenza, J. C., J. E. McCullough, W.D., Flanders, M.A., McGeehin, J. R., Lumpkin. (1999). Excess hospital admissions 
during the July 1995 heat wave in Chicago. Amer. J. Prev. Med. 16(4), pp 269–277. https://doi.org/10.1016/S0749-
3797(99)00025-2. 
Sheridan, S., L., Kalkstein. (2004). Progress in heat health warning system technology. Bull. Amer. Meteor. Soc, 85(12), pp 
1931–1941. https://doi.org/10.1175/BAMS-85-12-1931. 
Wagner, V. U. A., C. Calmet, M., Pascal. (2018). Evolution of heat waves and associated mortality in France, 2004-2014. 
Bull. Epidemiol. Hebd. 16–17, pp 320–325. 
Xu, Z., G. FitzGerald, Y.Guo, B. Jalaludin, S., Tong. (2016). Impact of the heatwave on mortality under different heatwave 
definitions: A systematic review and meta-analysis. Environ. Int. 89–90, pp 193–203. 
https://doi.org/10.1016/j.envint.2016.02.007.  



 

References  
References (in Persian) 
Ismailnejad, Morteza; Khosravi, Mahmoud; Alijani, Bahlul; Masoudian, Seyyed Abulfazl. (2012). Identification of heat 
waves in Iran. Geography and Development Quarterly. 11(33), pp 39-58. [In Persian] 
Baagideh, Mohammad; Shakri, Fahima; Miwaneh, Fatima. (2016). A comparative study of thermal stresses in the north and 
south coasts of Iran. Journal of Community Health Research, 3(3), pp 1-11. [In Persian] 
Khurshid Dost, Ali Mohammad; Mohammadpour, Kaveh and Beorani, Hossein. (2012). The effect of climate elements and 
futures on heart attack and asthma diseases in Sanandaj city (2001-2008). Geographical Space Quarterly, 13(42), pp 103-125. 
[In Persian] 
Rezaei, Fereshte. (2017). Standardization of the limit index of heat waves in the hot period of the year based on the climatic 
conditions of Iran. Doctoral Thesis (Ph.D.). Supervisor: Dr. Mahmoud Ahmadi, Faculty of Earth Sciences, Shahid Beheshti 
University. [In Persian] 
Barati, Gholamreza; Moradi, Mohammad; Saidinia, Maryam. (1400). A synopsis analysis of cities with record heat in Iran. 
Earth Science Research Journal, 12(2), pp 64-73. [In Persian] 
Bajiyan, Elham; Khairuddin, Reza. (2017). Hierarchical model to evaluate psychological adaptation to achieve thermal 
comfort and sense of place in urban spaces. Quarterly Journal of Urban Studies, 7(28). pp 79-90. [In Persian] 
Falah Qalhari, Gholam Abbas; Mivaneh, Fatima; Shakri, Fahima. (2014). Evaluation of human thermal comfort using global 
thermal climate index, case study: Kurdistan province. Journal of Health and Environment, 8(3), pp 378-367. [In Persian] 
Ghanbari, Yusuf; Barki, Hamid; Ghiyath, Majid; Rozbahani, Reza; Hajarian; Ahmad, Mohammadi, Munireh, Dehdashti, 
Naimeh Al-Sadat. (2013). Investigating the relationship between the geographical distribution of those who died due to 
various diseases and climatic factors, a case study of Isfahan province. Journal of Isfahan Faculty of Medicine, 29(160), 
pp1713-1724. [In Persian] 
Mohammadi, Hossein. (2006). The relationship between climatic elements and futures of Tehran with mortality from heart 
diseases (study period 1999-2003). Geographical Research Quarterly, (58), pp 66-47. [In Persian] 
Yazdan Panah, Hojjatullah; Salehi Fard, Ezri; Gulshahi, Jafar. (2014). Investigating the effect of heat waves on the number of 
cardiac visits in Bandar Abbas city. Spatial Planning Quarterly (Geography), 5(3), pp 62-45. [In Persian] 
 
References (in English) 
Baccini, M., Biggeri, A., Accetta, G., Kosatsky, T., Analitis, A., Anderson, HR. (2008). Heat Effects on Mortality in 15 
European Cities. Epidemiology, 19(5), pp 711–719. https://doi.org/10.1097/EDE.0b013e318176bfcd PMID: 1852061. 
Basu, R., J. M., Samet. (2002). Relation between elevated ambient temperature and mortality: A review of the 
epidemiological evidence. Epidemiol. Rev, 24(2), pp 190–202. https://doi.org/10.1093/epirev/mxf007. 
Blażejczyk, K. (2011). Assessment of regional bioclimatic contrasts in Poland. Miscellanea Geographica-Regional Studies on 
Development, 15(-1), pp 79-91. https://doi:10.2478/v10288-012-0004-7. 
——, Y., Epstein, G., Jendritzky, H., Staiger, B., Tinz. (2012). Comparison of UTCI to selected thermal indices. Int. J. 
Biometeor, 56(3), pp 515–535. https://doi:org/10.1007/s00484-011-0453-2. 
——, G., Jendritzky, P., Bröde, D., Fiala, G., Havenith, Y., Epstein, A., Psikuta,  B., Kampmann. (2013). An introduction to 
the universal thermal climate index. Geogr. Pol, 86(1), pp 5–10. https://doi.org/10.7163/GPol.2013.1. 
Campbell, S., T. A., Remenyi, C. J., White, F. H., Johnston. (2018). Heatwave and health impact research: A global review. 
Health Place, (53), pp 210–221. https://doi.org/10.1016/j.healthplace.2018.08.017. 
Costello, A., et al. (2009). Managing the Health Effects of Climate Change: Lancet and University College London Institute 
for Global Health Commission. The Lancet, (373), pp 1693-1733. http://dx.doi.org/10.1016/S0140-6736(09)60935-1 
Changnon, D., Changnon, S.A. Evaluation of Weather Catastrophe Data for Use in Climate Change Investigations. Climatic 
Change 38, 435–445 (1998). https://doi.org/10.1023/A:1005348112541 
Di Napoli, C., F., Pappenberger, H. L., Cloke. (2018). Assessing heat-related health risk in Europe via the universal thermal 
climate index (UTCI). Int. J. Biometeor, (62), pp 1155–1165. https://doi.org/10.1007/s00484-018-1518-2. 
——, C., F., Pappenberger, H. L., Cloke. (2019). Verification of Heat Stress Thresholds for a Health-Based Heat-Wave 
Definition. J. Appl. Meteor. Climatol, (58), pp 1177–1194. https://doi.org/10.1175/JAMC-D-18-0246.1. 
Fischer, E., C., Schär. (2010). Consistent geographical patterns of changes in high-impact European heatwaves. Nat. Geosci, 
6(3),  pp 398–403, https://doi.org/10.1038/ngeo866. 
Hancock, PA., Ross JM., Szalma JL. (2007). A meta-analysis of performance response under thermal stressors. Hum Factors, 

49(5), pp 851–877. DOI:10.1518/001872007X230226. 
Havenith, G., D., Fiala. (2016). Thermal indices and thermophysiological modeling for heat stress. Compr. Physiol. 6(1), pp 
255–302. https://doi.org/10.1002/cphy.c140051. 
Heidari, H., Golbabaei, F., Shamsipour, A., Rahimi Forushani, A., Gaeini, A.(2017). The cut-off point for tympanic 
temperature as a heat strain index for evaluation of outdoor workers: a field study. Int J Occup Safe Ergonom. 24(2), pp 224-
32. https://doi.org/10.1080/10803548.2017.1281524 
Heidari, H., Golbabaei, F., Shamsipour, A., Forushani, AR., Gaeini A. (2015). Outdoor occupational environments and heat 
stress in IRAN. J Environ Health Sci Engineer. 13(1), pp 1. https://doi.org/10.1186/s40201-015-0199-6  



 

 

 
2  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.12, Issue 38, December 2023 

 
Kahya, E. (2007). The effects of job characteristics and working conditions on job performance. Int J Ind Ergon. 37(6), pp 
515–523. https://doi.org/10.1016/j.ergon.2007.02.006 
Klinenberg E. (2002). Heat Wave: A Social Autopsy of Disaster in Chicago. 
McGregor, G., Bessemoulin, P., Ebi, K., Menne, B. (2015). Heatwaves and Health: Guidance on Warning-System 
Development. World Meteorological Organization, WHO, Geneva, Switzerland. 96 pp. 
——, J., Vanos. (2018). Heat: A primer for public health researchers. Public Health. 161(23), pp 138–146. 
https://doi.org/10.1016/j.puhe.2017.11.005. 
Murage, P., S. Hajat, R. S., Kovats (2017). Effect of night-time temperatures on cause and age-specific mortality in London. 
Environ. Epidemiol. (2)1. pp e005. https://doi.org/10.1097/EE9.0000000000000005. 
Pappenberger, F., G., Jendritzky, H., Staiger, E., Dutra, F., Di Giuseppe, D. S., Richardson, H. L., Cloke (2015). Global 
forecasting of thermal health hazards: The skill of probabilistic predictions of the universal thermal climate index (UTCI). 
Int. J. Biometeor. (59)3, pp 311–323, https://doi.org/10.1007/s00484-014-0843-3. 
Pascal, M., and Coauthors. (2006). France’s heat health watch warning system. Int. J. Biometeor. 50(3), 144–153. 
https://doi.org/10.1007/s00484-005-0003-x. 
——, V., Wagner, A., Le Tertre, K., Laaidi, C., Honoré, F., Bénichou, P., Beaudeau. (2012). Definition of temperature 
thresholds: The example of the French heat wave warning system. Int.J. Biometeor. 57(1), pp 21–29. 
https://doi.org/10.1007/s00484-012-0530-1. 
Perkins, S. E., Alexander, L. V, Nairn, J. R. (2012) Increasing frequency, intensity and duration of observed global 
heatwaves and warm spells, Geophys. Res. Lett. 39(20), pp 20714. https://doi.org/10.1029/2012GL053361. 
——., L., Alexander. (2013). On the measurement of heatwaves. J. Climate. (13)26, pp 4500–4517. 
https://doi.org/10.1175/JCLID-12-00383.1. 
Robinson, PJ. (2001). On the definition of a heat wave. Journal of Applied Meteorology. 40(4), pp 762–765. 
Tong, S., Wang, X.Y., Barnett, A.G. (2010). Assessment of heat-related health impacts in Brisbane, Australia: comparison of 
different heatwave definitions. PLoS One 5(8), pp e12155. https://doi.org/10.1371/journal.pone.0012155 
Semenza, J. C., J. E. McCullough, W.D., Flanders, M.A., McGeehin, J. R., Lumpkin. (1999). Excess hospital admissions 
during the July 1995 heat wave in Chicago. Amer. J. Prev. Med. 16(4), pp 269–277. https://doi.org/10.1016/S0749-
3797(99)00025-2. 
Sheridan, S., L., Kalkstein. (2004). Progress in heat health warning system technology. Bull. Amer. Meteor. Soc, 85(12), pp 
1931–1941. https://doi.org/10.1175/BAMS-85-12-1931. 
Wagner, V. U. A., C. Calmet, M., Pascal. (2018). Evolution of heat waves and associated mortality in France, 2004-2014. 
Bull. Epidemiol. Hebd. 16–17, pp 320–325. 
Xu, Z., G. FitzGerald, Y.Guo, B. Jalaludin, S., Tong. (2016). Impact of the heatwave on mortality under different heatwave 
definitions: A systematic review and meta-analysis. Environ. Int. 89–90, pp 193–203. 
https://doi.org/10.1016/j.envint.2016.02.007. 




