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  :ʧʥʥʩʣ ʺʴʥʷʺ ʵʸʮ2015 ס   ʸʠʥʸʡʴ2016  

 

ʠʥʡʮ 
ʤ ̋ ʥʰʹʮ ʬʧʤ-30  ʤʣʡʫʤ ʤʩʩʹʲʺʬ ʱʩʱʡʫ ʹʮʩʹ ʤʴʩʧ ɻ ʸʴʮ ʸʥʦʠ ,ʭʩʸʹʲʤ ʤʠʮʤ ʬʹ

 ,'ʧʠʥ ʯʺʩʠ( ʬʠʸʹʩʡ ʸʺʥʩʡ ʤʬʥʣʢʤ2010 ʭʩʬʥʣʢʤ ʨʴʰʬ ʷʥʷʩʦʤ ʩʺʡ ʭʩʠʶʮʰ ʸʥʦʠʡ .)
ʥʸʢʠ ʩʬʲʴʮʥ ʭʩʩʮʩʫʥʸʨʴ ʭʩʬʲʴʮ ʭʢ ʥʮʫ ,ʬʠʸʹʩʡ ʸʺʥʩʡ- ,'ʧʠʥ ʡʥʰʨʸʥʴ( ʭʩʰʨʷ ʤʩʮʩʫ

2008 .) 

 ʤʩʩʹʲʺ ʩʮʧʺʮ ʬʹ ʭʥʷʩʮʤ ʭʩʩʣʥʧʩʩ ʭʩʩʢʥʬʥʸʥʠʨʮ ʭʩʱʥʴʣʥ ʸʥʦʠʡʹ ʤʩʴʸʢʥʴʥʨʤ ,ʥʬʠ
 ʭʥʤʩʦ ʬʹ ʩʣʥʧʩʩ ʡʧʸʮ ʭʩʸʶʥʩʸʩʥʥʠʫ .-37 ʤʴʩʧ ʸʥʦʠʡ ʭʩʬʲʥʴ ʭʩʬʲʴʮ. ʫ-20  ʭʫʥʺʮ

( ʤʴʩʧ ʵʸʴʮʡʹ ʤʩʩʹʲʺʤ ʸʥʦʩʠʡ ʭʩʮʷʥʮʮIMEP, 2015 ʭʩʬʲʴʮʤ ʺʠ ʭʩʬʬʥʫ ʤʬʠ .)
 ʺʥʩʹʲʺʥ ʷʩʨʱʬʴ ,ʨʴʰ ʩʬʲʴʮʥ ʷʥʷʩʦ ʩʬʲʴʮ ʭʢ ʭʤʡ ,ʭʩʩʮʩʫʤ ʤʬʠ ʭʩʬʲʴʮ .ʩʮʥʢʤ

ʫ ʬʲ ʭʩʱʥʸʴ-66% ʫ ʬʹ ʧʨʹʡ ,ʸʩʲʡ ʩʺʩʩʹʲʺʤ ʧʨʹʤʮ-2.9  .ʭʩʲʡʥʸʮ ʭʩʸʨʮ ʯʥʩʬʩʮ
 ̋ ʰʹʬ ʯʥʫʰ2009 ,37 ʫ ʥʷʩʱʲʤ ʤʬʠ ʭʩʬʲʴʮ-11.5%  ʥʥʩʤ y ʹʠ ,ʸʩʲʡ ʤʩʩʱʥʬʫʥʠʤʮ3.3% 

 ,ʩʸʠ ʯʡ ʸʥʨʷʴʱ( ʬʠʸʹʩʡ ʭʩʷʱʲʥʮʤ ʬʫ ʪʱʮ2014 .) 

ʸʴʺʮ ʤʴʩʧ ʵʸʴʮ ʩʡʹʥʺ ʬʹ ʭʺʥʠʩʸʡ ʬʲ ʭʩʰʥʺʰ ʤʠʥʬʧʺʤ ʡʶʮʥ ,ʺʥʷʥʧʸ ʭʩʺʲʬ ʭʩʮʱ
ʹʩ ʭʠʤ ʷʣʥʡ ʩʧʫʥʰʤ ʸʷʧʮʤ .ʸʥʸʡ ʥʰʩʠ ʡʥʸʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʷʩʥʣʮʤʤʰ  ʬʹ ʤʲʴʹʤ

ʩʺʡʩʡʱʤ ʡʶʮʤ  ʵʸʴʮʤ ʸʥʦʠʡʸʥʦʠʡ ʭʩʡʹʥʺʤ ʺʥʠʩʸʡ ʬʲ.  

 ʥʰʩʤ ʸʷʧʮʤ ʡʥʶʩʲʩʡʩʨʷʴʱʥʸʴ ʸʷʧʮʫ  ʺʥʨʩʹ ,ʺʥʩʱʥʬʫʥʠ ʯʥʥʢʮ ʡʬʹʮʤ ʳʷʩʤ ʡʧʸ
ʤ ʯʥʥʢʮ .ʲʣʩʮ ʺʥʸʥʷʮʥ ʸʷʧʮ ʤʩʩʱʥʬʫʥʠʥ ʭ"ʩʡʹʬʮ ,ʭʩʣʬʩ ,ʺʥʷʥʰʩʺ ʬʬʥʫ ʺʥʩʱʥʬʫʥʠ

 .ʺʸʢʥʡ 

 ʭʩʰʥʺʰ ʳʥʱʩʠʮʥ ,ʭʩʩʠʡʶ ,ʭʩʩʺʬʹʮʮ ʲʣʩʮ ʩʸʢʠʮʮ ʭʩʰʥʺʰ ʩʣʱʮ ʭʩʬʬʥʫ ʲʣʩʮʤ ʺʥʸʥʷʮ
 ʯʥʥʢʮ ʣʥʡʩʲ .ʩʨʱʩʨʨʱ ʧʥʺʩʰʥ ,ʩʢʥʬʥʩʡ ʸʥʨʩʰ ʺʥʬʬʥʫ ʸʷʧʮʤ ʺʥʨʩʹ .ʭʩʸʷʥʧʤ ʬʹ ʩʠʮʶʲ
 ʸʩʥʥʠʤ ʭʥʤʩʦʥ ʤʠʥʬʧʺʤ ʩʰʩʩʴʠʮ ʷʮʥʲʬʥ ʡʧʥʸʬ ʨʡʮ ʺʣʥʷʰ ʷʩʰʲʮ ʺʥʨʩʹʤʥ ʭʩʰʥʺʰʤ

ʺʮ ̫ ʬʧʫ .ʤʴʩʧ ɻ ʸʴʮ y ʥʦʠʡ ʭʺʮʸ ʯʩʡ ʭʩʣʣʮ y ʴʱʮ ̋ ʠʥʥʹʤ ʭʢ ̋ ʲʶʡʺʮ y ʷʧʮʤ ʪʩʬʤ
ʬʺ ʭʩʸʲʬ ʤʴʩʧ ʸʩʲʡ- .ʤʸʣʧʥ ʡʩʡʠ 
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1.  ʲʷʸ 
1.1.  ʺʥʸʨʮʨʷʩʥʸʴ ʸʷʧʮʤ 

:ʺʥʩʴʩʶʴʱ ʺʥʸʨʮ ʲʡʸʠ ʸʷʧʮʬ  
 ʤ ʩʸʥʲʩʹʥ ʭʩʩʴʸʢʥʠʩʢʤ ʭʩʱʥʴʣʤ ʺʠ ʲʥʡʷʬʺʥʠʶʮʩʤ  ʭʩʰʥʹ ʤʠʥʬʧʺ ʩʢʥʱ ʬʹ

;ʤʸʣʧʥ ʡʩʡʠ ʬʺ :ʺʸʥʷʩʡ ʩʸʲ ʩʺʹʬ ʤʠʥʥʹʤʡ ʸʥʦʠʤ ʺʩʩʱʥʬʫʥʠʡ 

  ʬʹ ʭʩʩʴʸʢʥʠʩʢʤ ʭʩʱʥʴʣʡ ʭʩʩʺʰʹʤ ʭʩʩʥʰʩʹʤ ʸʧʠ ʩʡʩʨʷʴʱʥʸʴ ʯʴʥʠʡ ʡʥʷʲʬ
ʤ ʩʸʥʲʹʥ ʤʩʩʱʥʬʫʥʠʡ ʤʠʥʬʧʺʤʺʥʠʶʮʩʤ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʠʥʬʧʺʤ ʬʹ  ʱʧʩʡ

ʺʸʥʷʩʡʤ ʩʸʲʬ; 

 ʥʬʧʺʤ ʯʩʡ ʸʹʷʤ ʺʮʶʥʲ ʺʠ ʸʥʷʧʬ ʸʥʦʠʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʥʮʸ ʯʩʡʬ ʤʩʩʱʥʬʫʥʠʡ ʤʠ
ʤʴʩʧ ʵʸʴʮ; 

  ʯʩʡʬ ʤʩʩʱʥʬʫʥʠʡ ʺʩʴʶʰʤ ʤʠʥʬʧʺ ʯʩʡ ʸʹʷʤ ʺʮʶʥʲʡ ʭʩʩʺʰʹ ʭʩʩʥʰʩʹ ʸʧʠ ʡʥʷʲʬ
.ʸʥʦʠʡ ʸʩʥʥʠʤ ʭʥʤʩʦʬ ʤʩʩʱʥʬʫʥʠʤ ʬʹ ʤʺʴʩʹʧ 

1.1 ʸʥʨʩʰʤ ʺʨʩʹ 

ʺʩʬʬʫʤ ʸʷʧʮʤ ʺʹʩʢ ʩʫ ʤʰʩʤ ʤ ʬʲ ʸʥʨʩʰʤ ʩʺʥʠʩʸʡʮ ʺʥʩʤʬ ʭʹʥʩʩʣʫ ʪʥʺ  ʬʹ ʡʥʬʩʹ
ʺʥʸʥʷʮ ʲʣʩʮ  ,ʭʩʮʩʩʷʭʩʰʩʮʦʥ ʭʩʡʹʧʥʮʮ  ʺʮʢʥʣ ,ʩʰʫʣʲʥ ʹʣʧ ʲʣʩʮ ʳʥʱʩʠ ʣʶʬ ,ʣʥʡʩʲʬ

 ʩʢʥʬʥʩʡʤ ʸʥʨʩʰʤ.ʯʺʬʥʫʺ ʺʠ ʧʺʰʮʥ ʭʩʷʣʡʰʮ ʺʥʮʩʢʣ ʳʱʥʠʤ 
 

1.2  ʲʣʩʮ ʩʸʢʠʮ 
 
  ʩʸʥʲʹʡ ʭʩʩʥʰʩʹ ʸʥʨʩʰ ʪʸʥʶʬ ʭʩʰʥʺʰ ʸʥʷʮʫ ʹʮʹʮ ʬʠʸʹʩ ʬʹ ʩʮʥʠʬʤ ʯʨʸʱʤ ʭʥʹʩʸ

.ʸʥʦʠʡ ʯʨʸʱʤ ʺʠʥʬʧʺ 

  ʺʥʮʥʹʸ ʡʶʮʡ ʭʩʩʥʰʩʹ ʸʧʠ ʡʷʲʮʬ ʭʩʰʥʺʰ ʸʥʷʮʫ ʺʥʹʮʹʮ "ʡʬʧ ʺʴʩʨ" ʺʥʠʴʸʮʮ
ʸʥʦʠʡ ʪʸʤ ʬʩʢʡ ʭʩʣʬʩʥ ʺʥʷʥʰʩʺ ʬʹ ʯʺʥʠʩʸʡ;  

  ʺʥʠʴʸʮʡ ʺʥʡʹʧʥʮʮ ʺʥʮʥʹʸʺʥʠʩʸʡ ʩʺʥʸʩʹ" ʬʹ  "ʺʩʬʬʫ ʲʣʩʮ ʸʥʷʮʫ ʺʹʮʹʮ
 ʩʠʬʩʢʡ ʤʮʺʱʠ ʺʥʠʶʮʩʤ ʩʡʢʬ6-14 ʩʥʨʩʡʫ ,ʭʹʸʮ ʭʲ ʺʥʴʥʸʺ ʺʬʩʨʰ ʩʡʢʬ ʯʫʥ ,

ʬʠʩʶʰʨʥʴ ʤʡʥʢʺʬ ʭʥʤʩʦ ʩʲʥʸʩʠʬ ʺʩʸʩʥʥʠ ʸʥʦʠʡ. 

  ʭʩʩʴʸʢʥʮʣ ʭʩʰʩʩʴʠʮ ʬʬʥʫʤ ,ʬ"ʤʶʬ )ʭʩʡ"ʹʬʮ( ʯʥʧʨʡ ʺʥʸʩʹʬ ʭʩʣʲʥʩʮʤ ʬʲ ʲʣʩʮ
 ʺʥʠʶʮʩʤʡ ʭʩʩʥʰʩʹ y ʥʨʩʰʬ ʭʩʰʥʺʰ y ʥʷʮʫ ́ ʮʹʮ ,ʱʥʩʢʤ ̋ ʥʫʹʬ ʩʰʥʺʰʮ ̋ ʥʠʩʸʡʤ ʡʶʮʥ

.ʸʷʧʮʤ ʺʴʥʷʺ ʪʬʤʮʡ ʭʩʷʣʡʰʤ ʡʸʷʡ ʤʮʺʱʠ  
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1.3 ʨʷʩʥʸʴʤ ʩʠʹʥʰ 

 ʬʬʥʫ ʨʷʩʥʸʴʤ ʩʺʺ ʤʹʩʹʭʩʠʹʥʰ :)ʸʥʨʩʰ ʬʹ ʭʩʬʥʣʥʮ( 

  ʠʹʥʰ ʺʺ1 ʱʩʸʥʡ 'ʴʥʸʴ( ʸʩʥʥʠʤ ʭʥʤʩʦʬ ʸʹʷʤʥ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱ ʺʥʲʸʠʩʤ :
 .ʠ ʡʥʰʨʸʥʴס ( ʩʠʸʧʠ ʸʷʥʧ"ʧʠ ,ʤʴʩʧ 'ʰʥʠ,ʸʦʩʩʸ ʯʡ 'ʴʥʸʴ ,) ʯʰʩʷ ʬʨʩʬ ʸ"ʣ- ,ʸʷʥʡ

ʸʰʨʣ ʩʺʩʠ y "ʣ ,ʯʮʴʥʠʷ ʯʮʬʦ y "ʣ ,ʯʮʱʥʦ ʤʰʩʸʮ y "ʣ ,ʤʡʥʷʩʰʡʩʸ ʤʩʬʨʰ 'ʡʢʰʩʬʠ 'ʡʢ , ʤ
 ,ʤʰʩʷ'ʶʥʥʱ ʸʮʥ ʩʬʩʥʥʹʠʸʡʣ ʺʩʸʹ 'ʡʢʣʬʥʸʤ .)ʴʩʹ 

  ʠʹʥʰ ʺʺ2 ʸʩʥʥʠʤ ʭʥʤʩʦʬ ʸʹʷʤʥ ʸʥʦʠʡ ʯʥʩʸʤʡ ʭʩʹʰʥ ʺʥʷʥʰʩʺ ʬʹ ʭʺʥʠʩʸʡ ʡʶʮ :
 ʩʺʩʠ ʸ"ʣ( ʢʥʬʷס ʠ"ʧ ʯʡ 'ʰʥʠ(-)ʯʥʩʸʥʢ ,ʵʸʥʥʹ ʬʠʥ'ʢ 'ʴʥʸʴ , ,ʡʥʰʨʸʥʴ .ʠ. ʱʩʸʥʡ 'ʴʥʸʴ

 'ʡʢʥʱʠ ʤʬʩʤʺʯʩʸ.) 

  ʠʹʥʰ ʺʺ3 ʭʩʩʥʰʩʹʥ ʺʥʮʢʮ : ʺʴʷʺʹʮ ʠʩʤʹ ʩʴʫ ,ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺʡ
ʩʡʫʸʫ ʣʬʠʧ 'ʴʥʸʴ( ʺʥʠʴʸʮʡ ʭʩʸʥʷʩʡ ʬʹ ʺʥʩʸʥʦʧʮʡ ס ʠ"ʧʥ ʯʥʩʰʫʨ ,- ʩʺʥʸʩʹ"

ʺʥʠʩʸʡ "ʺʩʬʬʫ 'ʴʥʸʴ , ʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ.)ʢʸʡʰʩʩʨʹ ʸʴʥʲ ʸʮʥ 

  ʠʹʥʰ ʺʺ4 ʯʥʧʨʡ ʺʥʸʩʹʬ ʭʩʣʲʥʩʮʤ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺʬ ʯʥʫʩʱʤ ʺʫʸʲʤ :
 ʬʠʸʫ ʬʠʴʸ 'ʴʥʸʴ(ס ʧʠ" )ʤʴʩʧ 'ʰʥʠ( ,ʡʥʰʨʸʥʴ .ʠ. ʱʩʸʥʡ 'ʴʥʸʴ ,ʸʣʰʱʫʬʠ ʸ"ʣ 

 ʩʷʱʰʩʨʷʩʨ.)ʢʸʡʰʩʸʢ ʩʬʩʰ 'ʡʢʥ 

  ʠʹʥʰ ʺʺ5 ʯʮʸʩʩʴ ʩʦʩʬ 'ʴʥʸʴ( ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʲʴʹʤ ʬʹ ʩʢʥʬʥʩʡ ʸʥʨʩʰ :ס ʠ"ʧ  'ʰʥʠ(
)ʠ"ʺ.)ʯʩʱʣʥʩ ʱʩʸʩʠ 'ʴʥʸʴʥ ,ʱʨʸʡʥʹ ʤʩʱʩʸʨʴ ʸ"ʣ ,  

  ʠʹʥʰ ʺʺ6ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣ( ʸʩʥʥʠʤ ʺʥʫʩʠ ʸʥʨʩʰ : ס ʠ"ʧ )ʤʴʩʧ 'ʰʥʠ( ʺʩʮʥʬʹ ʸ"ʣ ,
ʦʴ, ʥʸʰʩʠʴ ʬʠʸʹʩ ʸ"ʣ ʺʥʣʢ ʸʩʮʺ ʸʮʥ.) 

 

1.5  ʸʥʩʠ1 ʸʷʧʮʤ ʺʥʰʥʸʷʲʥ ʤʰʡʮ : 



  

6 
 

2.  ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʺʥʩʬʬʫ ʺʥʬʥʲʴ 

2.1 ʭʩʰʥʺʰ ʺʹʩʫʸ 
ʭʤʩʸʥʷʮʥ ʭʩʰʥʺʰ ʩʢʥʱ ʭʩʰʥʺʰʤ ʨʥʸʩʴ  ʭʩʬʥʣʥʮʤʥ ʹʥʮʩʹʤ ʺʥʸʨʮ

ʭʩʩʨʰʥʥʬʸʤ 
 ʺʡʫʹ( ʭʩʰʩʩʰʡ ʺʡʫʹ

"ʬ"ʨʰʡ";  ʩʥʴʩʮʬ ʦʫʸʮ
ʬʠʸʹʩ-  )ʩ"ʴʮ 

 ʭʥʷʩʮ ʭʲ ʺʥʡʫʹ
 ʭʩʰʩʩʰʡ ʬʹ ʩʴʸʢʥʠʩʢ

 ʭʲ ʺʥʩʸʷʥ ʤʴʩʧ ʸʥʦʠʡ
 ʯʩʩʰʡʤ ʩʢʥʱ ,ʧʴʰ ʩʰʥʺʰ

'ʣʫʥ 

 ʩʥʴʩʮʬ ʲʷʸ ʺʡʫʹʫ ʹʥʮʩʹ
 ,ʤʮʺʱʠ ,ʯʨʸʱ ʺʥʲʸʠʩʤ ʬʹ

 ʡʥʹʩʧʬʥ ʺʥʷʥʰʩʺ ʺʥʧʺʴʺʤ
 ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ ʬʹ

 ʭʩʬʥʣʥʮ( ʺʩʬʬʫʤ1-5) 
 ʯʨʸʱ ʺʥʲʸʠʩʤ ʩʰʥʺʰ

 ʦʫʸʮʤ( ʩʮʥʠʬʤ
 ʺʸʷʡʬ ʩʬʠʸʹʩʤ

 ʺʥʬʧʮʤס  ʩʮʥʠʬ ʳʢʠʤ
)ʯʨʸʱ ʭʥʹʸʬ 

 ʯʨʸʱ ʺʥʲʸʠʩʤ ʩʰʥʺʰ
ʥ ʤʠʩʸ-NHL  ʯʩʮ ,ʬʩʢ ʩʴʬ
 ʺʰʹʡ2012 

 ʧʥʺʩʰʥ ʯʨʸʱ ʺʥʲʸʠʩʤ ʩʥʴʩʮ
 ʭʥʤʩʦ ʺʮʸʬ ʸʹʷʤʡ ʩʨʱʩʨʨʱ

ʸʥʦʠʡ ʸʩʥʥʠʤ 
 ʬʥʣʥʮ(1) 

 ʬʹ ʺʥʡʹʧʥʮʮ ʺʥʡʫʹ
 ʭʩʩʨʱʩʨʨʱ ʭʩʸʥʦʠ

 ʤʫʹʬ ;)ʭʩʱ"ʢʠ( ʭʩʰʨʷ
  ʤʷʩʨʱʩʨʨʱʬ ʺʩʦʫʸʮ

 )ʱ"ʮʬ( 

 ʭʩʩʴʸʢʥʠʩʢ ʺʥʬʥʡʢ
 ʭʩʬʬʥʫʤ ʭʩʩʬʴʩʶʩʰʥʮʥ

 ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ ʩʰʥʺʰ
 ʺʰʹʬ2008 ,2011 ,

 ʡʶʮ ,ʬʩʢ ʺʥʶʥʡʷ
ʩʬʫʬʫ-ʩʺʸʡʧ  ʩʦʥʧʠʥ

  ʩʴʰʲʡ ʭʩʷʱʲʥʮ
'ʣʫʥ ʭʩʰʥʹ ʤʷʥʱʲʺ 

 ʩʢʥʱ ʬʹ ʺʥʲʸʠʩʤ ʬʹ ʩʥʴʩʮ
 ʬʹ ʡʥʹʩʧʬʥ ʭʩʰʥʹ ʤʠʥʬʧʺ

 ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ
 ʭʩʬʥʣʥʮ(1-6) 

 ʬʣʥʢ ʬʹ ʭʩʰʥʺʰ ʺʥʠʬʡʨ
 ʺʰʹʬ ʤʩʩʱʥʬʫʥʠ ʡʫʸʤʥ

2012 ,2013  ʩʴ ʬʲ
 )ʱ"ʮʬ( ʭʩʱ"ʢʠ 

 ʬʣʥʢ ʬʲ ʭʩʨʸʥʴʮ ʭʩʰʥʺʰ
 ʩʴ ʬʲ ʤʩʩʱʥʬʫʥʠʤ

 ʬʫ( ʬʩʢ ʺʥʶʥʡʷʬ ʤʷʥʬʧ
5 ʯʩʮʥ )ʭʩʰʹ 

 ʯʨʸʱ ʩʸʥʲʹ ʬʹ ʡʥʹʩʧ
ʩʮʥ ʬʩʢ ʺʥʶʥʡʷʬ ʯʰʷʥʺʮʯ 

 ʬʥʣʥʮ(1) 

 ʬʹ ʺʩʴʸʢʥʠʢ ʤʡʫʹ
 ʤʰʥʰʸʠ ʩʰʥʺʰ ʭʲ ʭʩʰʩʩʰʡ

 ʺʰʹʮ2014 

 ʸʴʱʮ ʬʲ ʭʩʰʥʺʰ
 ʩʴʬ ʯʩʩʰʡ ʬʫʡ ʭʩʡʹʥʺ
 ʤʰʥʰʸʠ ʩʮʬʹʮ ʸʴʱʮ

 ʺʩʡ ʷʹʮʡ 

 ʺʥʴʩʴʶ ʬʹ ʡʥʹʩʧ
 ʸʥʦʠʡ ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ

 ʩʸʥʲʹ ʺʫʸʲʤ ʩʫʸʥʶʬ
 ʭʩʬʥʣʥʮ( ʤʠʥʬʧʺ1-5) 

 ʣʥʷʩʮ ʩʰʥʺʰ ʬʹ ʭʥʢʸʺ
 ʬʲ ʭʤʩʩʥʴʩʮʥ ʺʥʡʥʺʫʬ

 ʺʩʴʸʢʥʠʩʢ ʤʴʮ ʩʡʢ
 )"ʤʴʮ" ʺʸʡʧ( 

 ʬʹ ʩʴʸʢʥʠʩʢ ʭʥʷʩʮ
ʺʥʡʥʺʫʤʥ ʭʩʣʥʷʩʮʤ 

 ʪʥʩʹ ʩ"ʲ ʭʩʸʷʧʰ ʩʥʴʩʮ
 ʭʩʬʥʣʥʮ( ʣʥʷʩʮ/ʺʡʥʺʫʬ2-5) 

ʺʸʡʧ( ʢʰʩʣʥʷʥʠʩʢHere  
ʥ-Systematics ) 

 ʺʰʫʥʺʬ ʺʴʱʥʺGIS 
 ʩʥʴʩʮ ʲʥʶʩʡ ʺʸʹʴʠʮʤ

 ʺʥʡʥʺʫʤ ʬʹ 

 ʩʥʴʩʮ ʭʩʬʥʧ ʬʹ ʺʥʡʥʺʫ
 ʤʴʮ ʩʡʢ ʬʲ ʭʩʷʣʡʰʥ

 ʭʩʬʥʣʥʮ( ʺʩʴʸʢʥʠʩʢ1-5) 
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2.1ʭʩʰʥʺʰ ʺʹʩʫʸ . ס ʪʹʮʤ 

 ʭʩʰʥʺʰ ʩʢʥʱ
ʭʤʩʸʥʷʮʥ 

ʭʩʰʥʺʰʤ ʨʥʸʩʴ  ʹʥʮʩʹʤ ʺʥʸʨʮ
 ʭʩʬʥʣʥʮʤʥ
ʭʩʩʨʰʥʥʬʸʤ 

'ʱʮ ʧʴʱʰ 

 ʬʲ ʭʩʩʹʩʠ ʭʩʰʥʺʰ
 ʯʩʡ ʬ"ʤʶ ʭʩʱʩʩʢʺʮ

 ʭʩʰʹʤ2012-2014 

 ʭʩʩʴʸʢʥʮʣ ʭʩʰʥʺʰ
 ʬʹ ʭʩʩʠʥʴʸʥ

 ʡ"ʹʬʮ 

 ʺʰʩʧʡʥ ʩʸʥʠʩʺ ʧʥʺʩʰ
 ʺʠʥʬʧʺ ʯʩʡ ʸʹʷʤ

ʤʮʺʱʠ  ʭʥʤʩʦ ʯʩʡʬ
  ʭʩʮʸʥʢ ʬʥʸʨʰʡ ,ʸʩʥʥʠ

ʭʩʬʴʸʲʮ 

 ʧʥʺʩʰ ʪʸʲʰ
 ʺʥʲʶʮʠʡ

 ʭʩʬʣʥʮ
 .ʭʩʩʨʱʩʨʨʱ 

 ʸʩʥʥʠ ʺʥʫʩʠ ʩʰʥʺʰ
ʺʰʢʤʬ ʣʸʹʮʮ 

 ʭʩʸʲ ʣʥʢʩʠ ,ʤʡʩʡʱʤ
ʬʮʹʧʤ ʺʸʡʧʥ 

  ʸʩʥʥʠ ʸʥʨʩʰ ʩʰʥʺʰ
ʸʷʧʮ ʸʥʦʠʬ 

 ʺʥʧʩʫʹ ʯʩʡ ʤʠʥʥʹʤ
ʤʮʺʱʠ  ʤʴʩʧ ʸʥʦʠʡ
ʩʬʩʩʧʺʮʥ ʭʩʸʥʦʠʮ ʭ

ʭʩʸʧʠ 

 

 ,ʭʩʣʥʷʩʮ ʺʮʩʹʸ
ʬʠʸʹʩ ʸʠʥʣ 

 ʩʸʲʡ ʭʩʣʥʷʩʮ
ʸʷʧʮʤ 

 ʬʹ ʧʥʺʩʰʥ ʩʥʴʩʮ
 ʭʠʺʤʡ ʤʮʱʠ ʺʠʥʬʧʺ

 ʬʹ ʺʩʹʩʠ ʤʴʩʹʧʬ
 ʪʥʩʹ ʴ"ʲ ʭʩʬʩʩʧʺʮʤ

ʣʥʷʩʮ/ʺʡʥʺʫʬ 

 

 
2.2 ʭʩʩʲʣʮ ʭʩʮʥʱʸʴ ʺʰʫʤ 
ʠʹʥʰ  ʭʩʸʷʥʧ

ʭʩʩʠʸʧʠ 
ʱʥʨʨʱ 

:ʠʹʥʰʡ ʩʢʥʬʥʣʥʺʮ ʸʮʠʮ 

"Application of the Double 
Kernel Density Approach to the 
Multivariate Analysis of 
Attributeless Event Point 
Datasets" 

 ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
 ʸ"ʣʥ ʯʮʱʥʦ ʸ"ʣ

 ʯʮʨʩʥʸʡ 

 ʭʰʩʠʹ ,ʭʩʰʥʺʰ ʬʲ ʱʱʥʡʮ
 .ʨʷʩʥʸʴʬ ʭʩʸʥʹʷʭʱʸʥʴ  ʡʺʫʡ

ʺʲʤLetters in Spatial 
,Resource Sciences ʡ-2016 

:ʠʹʥʰʡ ʩʢʥʬʥʣʥʺʮ ʸʮʠʮ 

"Using Double Kernel Density 
Approach for the Analysis of 
Cancer Morbidity in a Large 
Metropolitan Area" 

 ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
 ʸ"ʣ ,ʯʮʱʥʦ ʸ"ʣ

ʯʰʩʷ- ʸ"ʣ ,ʸʷʥʡ
 ʯʮʴʥʠʷ ʯʮʬʦ

 ʩʬʥʥʹʠʸʥʥʣ 'ʡʢʥ 

ʤʰʫʤʡ 

“Air Pollution and Respiratory 
Morbidity in Israel: Review of 
Accumulated Empirical 
Evidence” 

Greenberg Nili, 
Carel Rafael 
Portnov Boris.A. 

ʡ ʭʱʸʥʴ- IMAJ ʩʬʥʩ ,2015 

:ʠʹʥʰʡ ʸʮʠʮ 

“Long-term Effects of SO2 and 
NO2 Air Pollution Exposure on 
Severity of Childhood Asthma 
in Young Adults” 

Greenberg Nili, 
Carel Rafael., 
Derazne ,  
Bibi Haim, 
Shpriz Manor, 
Tzur Dorit, and 
Portnov Boris A. 

ʡ ʭʱʸʥʴ- Journal of Toxicology 
and Environmental Health, Part   

A: Current Issues2016 , 
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2.3 ʯʩʡʥ ʭʩʩʮʥʠʬ ʭʩʱʰʫʡ ʨʷʩʥʸʴʬ ʭʩʸʥʹʷʤ ʭʩʠʹʥʰʤ ʺʢʶʤ-ʭʩʩʮʥʠʬ 
ʭʥʷʮʥ ʪʩʸʠʺ ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ 

18  ʸʠʥʸʡʴʬ2015 ,
 ʺʥʫʩʠʬ ʭʩʸʲ ʣʥʢʩʠ

 ʤʡʩʡʱʤס  ʤʡʩʹʩ
ʥ ʬʹʣʲ ʩʥʢʩʤʤ ʺ

ʺʩʰʥʶʩʧʤ 

 ʸʷʧʮʤ ʬʥʷʥʨʥʸʴ ʬʲ ʧʥʥʩʣ
ʸʷʧʮʤ ʬʹ ʺʥʩʬʬʫ ʺʥʨʩʹʥ 

 

24  ʵʸʮʬ2015 ʨʷʩʥʸʴʤ ʺʷʹʤ ʱʷʨ ʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ 'ʴʥʸʴ 'ʴʥʸʴ ,
ʬʠʸʫ ʬʠʴʸ 

15  ʬʩʸʴʠʡ2015 ,
ʯʬʩʠ ʤʥʥʰ 

 ʺʬʤʰʤ ʩʰʴʡ ʨʷʩʥʸʴʤ ʺʢʶʤ
ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ 

ʩʸʥʡ 'ʴʥʸʴ ʸ"ʣ ,ʡʥʰʨʸʥʴ .ʠ ʱ
ʯʮʱʥʦ ʤʰʩʸʮ 

 ʱʰʫERSA ,25- 28 
 ,ʨʱʥʢʥʠʬ2015 ,

 ʬʢʥʨʸʥʴ ,ʯʥʡʱʩʬ 

:ʣʧʥʩʮ ʱʰʫ ʡʹʥʮ “Urban 
Environment and Human 

Health: Novel Investigation 
and Monitoring  

Approaches” 

 ʸ"ʣ ,)ʮ"ʤʸ( ʡʥʰʨʸʥʴ 'ʴʥʸʴ
ʢʸʡʰʩʸʢ ʩʬʩʰ ,ʯʮʱʥʦ 

 ʱʰʫERSA ,25- 28 
 ,ʨʱʥʢʥʠʬ2015 ,

 ʬʢʥʨʸʥʴ ,ʯʥʡʱʩʬ 

 2term Effects of SO-Long
Air Pollution  2and NO

Exposure on Severity of 
Childhood Asthma in 
Young Adults 

Greenberg Nili, Carel Rafael 

Portnov Boris. A. 

 ʱʰʫERSA ,25- 28 
 ,ʨʱʥʢʥʠʬ2015 ,

ʬʢʥʨʸʥʴ ,ʯʥʡʱʩʬ 

 ʭʩʬʣʥʮ ʧʥʺʩʴ ʭʩʩʰʩʩʥʥʬ
ʸʩʥʥʠ ʭʥʤʩʦ ʸʥʨʩʰʬ 

ʢʥʬʷ ʩʺʩʠ ʸ"ʣ 

 ʱʰʫERSA ,25- 28 
 ,ʨʱʥʢʥʠʬ2015 ,

ʬʢʥʨʸʥʴ ,ʯʥʡʱʩʬ 

:ʠʹʥʰʡ ʤʠʶʸʤ 
 “Using Multivariate Double 
Kernel Density Approach for 
Analyzing Health-Related 
Geographic Databases” 

:ʡʹʥʮʡ 
 "Urban Environment and 

Human Health: Novel 
Investigation" and 
Monitoring Approaches" 

 'ʴʥʸʴʥ ʯʮʨʩʥʸʡ ʸ"ʣ ,ʯʮʱʥʦ ʸ"ʣ
 ʡʥʰʨʸʥʴ 

 ʱʰʫNARSC-2015 ,
10-14  ,ʸʡʮʡʥʰʬ
2015 

Using Double Kernel Density 
Smoothing for Multivariate 

Analysis of Attributeless 
Event Point Datasets 

ʡʥʰʨʸʥʴ 'ʴʥʸʴ ʯʮʱʥʦ ʸ"ʣʥ 

13.12.15  ʺʩʬʠʸʹʩʤ ʤʣʥʢʠʤ ʱʰʫ
 ,ʤʩʴʸʢʥʠʩʢʬ ʺʩʬʠʸʹʩʤ

ʸʩʡ ʺʩʸʡʲʤ 'ʰʥʠʤʭʩʬʹʥ 

 ʺʥʠʩʸʡ ʠʹʥʰʡ ʣʧʥʩʮ ʡʹʥʮ
 ʸ"ʥʩ ,ʤʡʩʡʱʥס ʡʥʰʨʸʥʴ 'ʴʥʸʴ  

 ʤʣʥʢʠʤ ʱʰʫ
 ʺʩʴʸʢʥʠʢʤ

ʤ ʺʩʬʠʸʹʩʤ-56 ,
 ʤʨʩʱʸʡʩʰʥʠ

ʭʩʬʹʥʸʩ ,ʺʩʸʡʲʤ 

"Application of the Double 
Kernel Density Approach to 
the Multivariate Analysis of 
Attributeless Event Point 
Datasets" 

 'ʴʥʸʴʥ ʯʮʨʩʥʸʡ ʸ"ʣ ,ʯʮʱʥʦ ʸ"ʣ
ʡʥʰʨʸʥʴ 
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2.4 ʧʺʴʮ ʩʮʸʥʢ ʭʲ ʤʣʥʡʲ ʺʥʹʩʢʴʥ ʺʥʩʲʥʶʷʮ ʺʥʡʩʹʩ 
ʪʩʸʠʺ  ʤʹʩʢʴʤ ʸʥʠʺ

ʭʩʴʺʺʹʮʥ  
ʹʢʴʮʤ ʭʥʷʮ ʤ ʠʹʥʰ ʤʹʩʢʴ 

18.2.15  ʺʩʲʥʶʷʮ ʤʣʲʥʥ
ʡʩʡʱ ʸʥʨʩʰʬ ʤ

ʥ ʺʥʠʩʸʡ 

 ʤʴʩʧ ʭʩʸʲ ʣʥʢʩʠ
 ʺʰʢʤʬʤʡʩʡʱʤ 

 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ ʺʥʣʥʱʩ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

2015-2020  " 
1.3.15  ʺʩʺʰʹ ʤʹʩʢʴ

 ʡʶʮʤ ʺʥʣʥʠ
 ʬʹ ʩʺʡʩʡʱʤ

ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ 

 ʺʰʢʤʬ ʣʸʹʮʤ
 ʣʸʹʮ ,ʤʡʩʡʱʤ

ʤʴʩʧ ʦʥʧʮ 

 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

2015-2020  " 

15.4.15  ʩʲʥʶʷʮ ʭʥʸʥʴ
ʤ ʬʹ ʣʸʹʮ

ʤʡʩʡʱʤ ʺʰʢʤʬ 

 ʩʱ ,ʯʬʩʠ ʤʥʥʰ
ʬʨʥʤ 

 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

2015-2020  " 

22.6.15  ʬʹ ʸʷʧʮ ʱʰʫ
 ʺʰʢʤʬ ʣʸʹʮʤ

ʤʡʩʡʱʤ 

 ʩʱ ,ʯʬʩʠ ʤʥʥʰ
ʬʨʥʤ 

"Stimulating Green Construction 
in Israel by Influencing Decision-

making of Main Players" 

18.10.15  ʺʰʢʤʬ ʣʸʹʮʤ
 ʤʡʩʹʩ ,ʤʡʩʡʱʤ

ʺʣʧʥʩʮ 

 ʺʰʢʤʬ ʣʸʹʮʤ
 ,ʤʡʩʡʱʤ

ʭʩʬʹʥʸʩ 

:ʺʰʮʦʥʮ ʤʠʶʸʤ 
 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ

 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ
ʭʩʩʸʷʩʲ ʭʩʠʶʮʮ  ס" 2015-2020

ʤʰʥʹʠʸʤ ʸʷʧʮʤ ʺʰʹʮ  

19.10.15  ʺʱʰʫʡ ʤʡʩʹʩ
 ʡʣ ʫ"ʤʧ ʭʲ

ʯʩʰʧ 

ʭʩʬʹʥʸʩ ,ʺʱʰʫʤ  ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

ʩʩʢʥʬʥʣʥʺʮʺ  ס" 2015-2020
.ʨʷʩʩʥʸʴʤ 

1.11.15  ʬ"ʫʰʮ ʭʲ ʤʡʩʹʩ
 ʺʰʢʤʬ ʣʸʹʮʤ

ʤʡʩʡʱʤ 

 ʺʰʢʤʬ ʣʸʹʮ
 ,ʤʡʩʡʱʤ

ʭʩʬʹʥʸʩ 

 

8.11.15  ʭʲ ʤʹʩʢʴ
 ʺʬʤʰʤʺʩʩʸʩʲ 

ʤʴʩʧ 

ʤʴʩʧ ʺʩʩʸʩʲ ʭʩʩʰʥʹʠʸ ʭʩʰʥʺʰ ʺʢʶʤ 

8.12.15  ʭʲ ʤʡʩʹʩ
 ʤʣʲʥʥʤ

 ʺʩʲʥʶʷʮʤ
ʤʥʥʬʮʤ  ʭʲʨʮ

ʺʥʠʩʸʡʤ ʺʸʹʮ 

 ʺʥʠʩʸʡʤ ʣʸʹʮ
 ,ʤʴʩʧ ʦʥʧʮ

ʤʴʩʧ 

 

14.12.15  ʭʲ ʤʹʩʢʴ
 ʤʥʥʬʮʤ ʤʣʲʥʥʤ 

 ʤʴʩʧ ʭʩʸʲ ʣʥʢʩʠ
,ʤʡʩʡʱʤ ʺʰʢʤʬ 

 

15.12.15  ʺʥʥʶ ʭʲ ʤʹʩʢʴ
ʩʢʥʬʥʩʡʤ ʯʥʫʮʤ 

 ,ʩʢʥʬʥʩʡʤ ʯʥʫʮʤ
ʺʥʡʥʧʸ 

 

1.11.15 ʬ"ʫʰʮ ʺʡʩʹʩ   ʺʰʢʤʬ ʣʸʹʮʤ
 ,ʤʡʩʡʱʤ

ʭʩʬʹʥʸʩ 

 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

2015-2020 "ʨʷʩʩʥʸʴʤ ʺʩʩʢʥʬʥʣʥʺʮ 

8.11.15  ʬ"ʫʰʮ ʺʡʩʹʩס 
ʤʴʩʧ ʺʩʩʸʩʲ 

ʤʴʩʧ ʺʩʩʸʩʲ  ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

2015-2020 "ʨʷʩʩʥʸʴʤ ʺʩʩʢʥʬʥʣʥʺʮ 
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ʪʩʸʠʺ  ʤʹʩʢʴʤ ʸʥʠʺ
ʭʩʴʺʺʹʮʥ  

ʹʢʴʮʤ ʭʥʷʮ ʤ ʠʹʥʰ ʤʹʩʢʴ 

8.12.15 
14.12.15 

 ʺʩʲʥʶʷʮ ʤʣʲʥʥ
ʡʩʡʱ ʸʥʨʩʰʬ ʤ

ʥʺʥʠʩʸʡ 

 ʤʴʩʧ ʭʩʸʲ ʣʥʢʩʠ
ʤʡʩʡʱʤ ʺʰʢʤʬ 

 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

ʭʩʩʸʷʩʲ ʭʩʠʶʮʮ  ס" 2015-2020
ʤʰʥʹʠʸʤ ʸʷʧʮʤ ʺʰʹʮ 

2.2.16 ʬ"ʫʰʮ ʺʡʩʹʩ  ,ʺʥʠʩʸʡʤ ʣʸʹʮ
 ʺʥʠʩʸʡʬ ʳʢʠʤ

ʬʺ ,ʸʥʡʩʶʤ-
ʡʩʡʠ 

 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

ʭʩʩʸʷʩʲ ʭʩʠʶʮʮ  ס" 2015-2020
ʤʰʥʹʠʸʤ ʸʷʧʮʤ ʺʰʹʮ 

2.2.16 ʭʥʸʩʧ ʺʡʩʹʩ  ʬʹ
 ʸʩʲʤ ʺʶʲʥʮ

ʤʴʩʧ 
 ʸʹ ʺʥʴʺʺʹʤʡ
 ʸʹʤʥ ʺʥʠʩʸʡʤ
ʤʡʩʡʱʤ ʺʰʢʤʬ 

ʤʴʩʧ ʺʩʩʸʩʲ  ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

ʭʩʩʸʷʩʲ ʭʩʠʶʮʮ  ס" 2015-2020
ʤʰʥʹʠʸʤ ʸʷʧʮʤ ʺʰʹʮ 

8.2.16  ʬʹ ʭʥʸʩʧ ʺʡʩʹʩ
 ʺʱʰʫʤ ʺʣʲʥʥ

 ʺʥʠʩʸʡʥ ʤʡʩʡʱʬ
 ʸʹ ʺʥʴʺʺʹʤʡ
 ʸʹʤʥ ʺʥʠʩʸʡʤ
ʤʡʩʡʱʤ ʺʰʢʤʬ 

ʭʩʬʹʥʸʩ ,ʺʱʰʫʤ  ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

ʭʩʩʸʷʩʲ ʭʩʠʶʮʮ  ס" 2015-2020
ʤʰʥʹʠʸʤ ʸʷʧʮʤ ʺʰʹʮ 

10.2.16 ʬ"ʫʰʮ ʺʡʩʹʩ  ʺʥʠʩʸʡʤ ʣʸʹʮ
  ʤʴʩʧ ʦʥʧʮ  ס

 ʸʥʨʩʰ" ʸʷʧʮʤ ʨʷʩʩʥʸʴ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʢʥʬʥʩʮʣʩʴʠ

ʭʩʩʸʷʩʲ ʭʩʠʶʮʮ  ס" 2015-2020
ʤʰʥʹʠʸʤ ʸʷʧʮʤ ʺʰʹʮ 

 
2.5 ʺʥʸʧʠ ʺʥʬʥʲʴ 

ʤʬʥʲʴʤ ʭʹ ʤʩʺʥʸʨʮ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ 
ʰʡʩ ʨʰʸʨʰʩʠ ʸʺʠ ʺʩ

 ʨʷʩʥʸʴʤ ʬʹ
-http://health

monitoring.haifa.ac.
il/index.php/he /  

 ʺʥʹʩʢʰʥ ʺʥʴʩʷʹʤ ʬʲ ʲʣʩʮ
ʤ ʸʥʺʩʠ ,ʤʸʡʱʤ ,ʨʷʩʥʸʴ

ʥʺʩʹʥ ,ʭʩʨʰʣʥʨʱʩʴ  ʤʬʥʲʴ
ʩʲʣʮʭʩ 

 ,ʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ 'ʴʥʸʴ
 ʤʰʩʸʮ ʸ"ʣʥ ʢʩʨʸʴ ʸʧʹ

ʯʮʱʥʦ 

 'ʭʥʤʩʦ' ʺʥʴʮ ʺʫʩʸʲ
 ʩʮʤʦʮ ʬʫ ʬʹ

ʤʸʩʥʥʠ  ʩ"ʲ ʭʩʣʣʮʰʤ
ʠ"ʰʮ  ʸʥʨʩʰ ʪʸʲʮ(

)ʸʩʥʥʠʤ 

 ʭʩʰʹʡ ʭʩʲʶʥʮʮ ʡʥʹʩʧ2003-
2013  ʬʺʬ ʱʧʩʡ ʤʴʩʧ ʸʥʦʠʡ

ʤʸʣʧʥ ʡʩʡʠ 

ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣ 

 ʢ"ʮʮ ʺʰʫʥʺ ʺʹʩʫʸ  ʺʥʲʸʠʩʤ ʩʸʥʲʹ ʧʥʺʩʰ ʪʸʥʶʬ
ʯʨʸʱ ʬʹ 

 ʸ"ʣ ,ʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ 'ʴʥʸʴ
ʯʰʩʷ ʬʨʩʬ-ʸʷʥʡ , ʤʸʡʸʡ ʸ"ʣ

ʯʮʴʥʠʷ ʯʮʬʦ ʸ"ʣ ,ʯʮʸʡʬʩʱ ,
ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣ 

 
  

http://health-monitoring.haifa.ac.il/index.php/he%20/
http://health-monitoring.haifa.ac.il/index.php/he%20/
http://health-monitoring.haifa.ac.il/index.php/he%20/
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2.6 ʭʣʩʷʴʺʥ ʭʩʸʷʥʧʤ ʺʮʩʹʸ 
 

'ʱʮ ʸʷʥʧʤ ʭʹ  ʣʩʷʴʺ
ʨʷʩʩʥʸʴʡ 

ʣʱʥʮʤ ʭʹ ʺʥʧʮʺʤ ʭʥʧʺ 

1  ʱʩʸʥʡ 'ʴʥʸʴ
ʡʥʰʨʸʥʴ .ʠ 

 ʺʥʥʶ ʹʠʸ
 ʸʷʧʮʤ

ʩʹʠʸ ʸʷʥʧʥ; 
 ʩʠʸʧʠ ʸʷʥʧ

 ʬʥʣʥʮʡ1 

 ,ʬʥʤʩʰʬ ʤʨʬʥʷʴʤ
ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ 

 ʤʴʩʹʧ ʬʹ ʧʥʺʩʰ
 ʺʫʸʲʮ ;ʺʩʺʡʩʡʱ

)ʢ"ʮʮ( ʩʴʸʢʥʠʩʢ ʲʣʩʮ 

2  ʩʹ 'ʴʥʸʴ
ʯʩʬ 

ʩʹʠʸ ʸʷʥʧ  ʺʥʠʩʸʡʬ ʱ"ʤʩʡ
 ,ʸʥʡʩʶʤ ʺʨʩʱʸʡʩʰʥʠ

ʤʴʩʧ 

 ʤʩʢʥʬʥʩʮʣʩʴʠʥ ʤʠʥʴʸ 

3  ʬʠʴʸ 'ʴʥʸʴ
ʬʠʸʫ 

 ʩʹʠʸ ʸʷʥʧ
ʥ ʸʷʥʧ

 ʩʠʸʧʠ
 ʬʥʣʥʮʡ4 

 ʺʥʠʩʸʡʬ ʱ"ʤʩʡ
 ʺʨʩʱʸʡʩʰʥʠ ,ʸʥʡʩʶʤ

ʤʴʩʧ 

 ʤʠʥʴʸ ,ʤʩʢʥʬʥʩʮʣʩʴʠ
ʺʩʺʷʥʱʲʺ 

4  ʯʩʮʩʰʡ 'ʴʥʸʴ
ʸʦʩʩʸ 

ʱʩʨʨʱʨʠʷʩ
ʩ 

ʩʹʠʸ 

 ʤʷʩʨʱʩʨʨʱʬ ʢʥʧʤ
ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ 

ʥʩʡ-ʤʷʩʨʱʩʨʨʱ 

5  ʬʠʥʩ 'ʴʥʸʴ
ʵʸʥʥʹ 

ʩʲʥʶʷʩʮ ʵʲʥʩ  ʺʥʠʩʸʡʬ ʱ"ʤʩʡ
 ʺʨʩʱʸʡʩʰʥʠ ,ʸʥʡʩʶʤ

ʣʸʠʥʥʸʤ 

 ʬʹ ʭʩʬʣʥʮ ʺʩʩʰʡ
 ;ʸʩʥʥʠ ʭʥʤʩʦ

 ʤʩʢʥʬʥʩʮʣʩʴʠ
ʺʩʺʡʩʡʱ 

6  ʭʩʩʧ 'ʴʥʸʴ
ʩʡʩʡ 

ʸʷʥʧ  ;ʩʬʩʦʸʡ ʩʠʥʴʸʤ ʦʫʸʮʤ ʭʩʣʬʩ ʺʠʥʴʸ 

7  ʣʬʠʧ 'ʴʥʸʴ
ʩʡʫʸʫ 

 ʩʠʸʧʠ ʸʷʥʧ
 ʬʥʣʥʮʡ3 

 ,ʯʥʩʰʫʨʤ ʺʠʴʸʮ
ʺʩʬʬʫ ʺʥʠʩʸʡ 

ʤʧʴʹʮ ʺʠʥʴʸ 

8 'ʴʥʸʴ 
 ʨʡʦʩʬʠ

ʯʮʸʩʩʴ 

 ʺʸʷʥʧ
 ʺʩʠʸʧʠ
 ʬʥʣʥʮʡ5 

 ʦʫʸʮʤ ,ʤʩʢʸʬʠʥ ʺʥʠʩʸ
 ʹ"ʲ ʡʩʡʠ ʬʺ ʩʠʥʴʸʤ
 ʤʨʬʥʷʴʤ ;ʩʷʱʠʸʥʱ

ʸʡʩʰʥʠ ,ʤʠʥʴʸʬ- ʺʨʩʱ
ʡʩʡʠ ʬʺ 

ʩʢʥʬʥʩʡ ʸʥʨʩʰ 

9  ʱʩʸʩʠ 'ʴʥʸʴ
ʯʩʱʣʥʩ 

ʺʸʷʥʧ  ʤʠʥʴʸʥ ʩʰʩʬʷ ʸʷʧʮ
 ʦʫʸʮ ,ʺʩʺʷʥʱʲʺ

ʸʢʨʥʸ ʩʠʥʴʸ 

 ʺʩʺʡʩʡʱ ʤʠʥʴʸ
ʺʩʺʷʥʱʲʺʥ 

10  ʬʨʩʬ ʸ"ʣ
ʸʷʥʡ ʯʰʩʷ 

ʺʸʷʥʧ  ʺʥʠʩʸʡʬ ʱ"ʤʩʡ
 ʺʨʩʱʸʡʩʰʥʠ ,ʸʥʡʩʶʤ

 ʩʮʥʠʬʤ ʦʫʸʮʤ ;ʤʴʩʧ
ʺʥʬʧʮ ʺʸʷʡʬ 

 ʺʸʷʡ ,ʤʩʢʥʬʥʩʮʣʩʴʠ
ʺʥʬʧʮ 

11  ʩʺʩʠ ʸ"ʣ
ʢʥʬʷ 

 ʩʠʸʧʠ ʸʷʥʧ
 ʬʥʣʥʮʡ2 

 ʤʩʴʸʢʥʠʢʬ ʢʥʧʤ
 ,ʩʺʡʩʡʱ ʧʥʺʩʴʥ
ʯʡ ʺʨʩʱʸʡʩʰʥʠ- ʯʥʩʸʥʢ

ʡʢʰʡ 

 ʤʩʢʥʬʥʩʮʣʩʴʠ
ʢ"ʮʮʥ ʺʩʺʡʩʡʱ 

12  ʺʩʮʥʬʹ ʸ"ʣ
ʦʴ 

ʺʸʷʥʧ  ʤʩʴʸʢʥʠʢʬ ʢʥʧʤ
 ,ʤʡʩʡʱ ʩʣʥʮʩʬʥ

ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ 

 ,ʭʩʬʷʠ ʩʩʥʰʩʹ
 ʤʩʢʥʬʥʩʮʣʩʴʠ

ʺʩʺʡʩʡʱ 
13  ʸ"ʣ

 ʩʷʱʰʩʨʷʩʨ
ʸʣʰʱʫʬʠ 

ʸʷʥʧ   ʺʥʠʩʸʡ ʳʰʲ ʹʠʸ
ʠʡʶʤ 
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2.6 .ʭʣʩʷʴʺʥ ʭʩʸʷʥʧʤ ʺʮʩʹʸ ס .ʪʹʮʤ 
 

'ʱʮ ʸʷʥʧʤ ʭʹ  ʣʩʷʴʺ
ʨʷʩʩʥʸʴʡ 

ʣʱʥʮʤ ʭʹ ʺʥʧʮʺʤ ʭʥʧʺ 

14  ʤʰʩʸʮ ʸ"ʣ
ʯʮʱʥʦ 

 ʺʦʫʸʮ
,ʨʷʩʥʸʴʤ 

 ʺʸʷʥʧ
 ʺʩʠʸʧʠ
 ʬʥʣʥʮʡ6 

 

 ,ʬʥʤʩʰʬ ʤʨʬʥʷʴʤ
ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ 

 ,ʺʩʺʷʥʱʲʺ ʤʠʥʴʸ
ʺʩʺʡʩʡʱ ʤʩʢʥʬʥʩʮʣʩʴʠ 

15  ʸ"ʣ
 ʤʩʱʩʸʨʴ
ʱʨʸʡʥʹ 

ʺʸʷʥʧ  ʺʥʠʩʸʡʬ ʱ"ʤʩʡ
 ʤʨʬʥʷʴʤ ,ʸʥʡʩʶʤ

 ,ʤʠʥʴʸʬ
 ʬʺ ʺʨʩʱʸʡʩʰʥʠ

ʡʩʡʠ 

 ʺʩʺʡʩʡʱ ʤʠʥʴʸ
ʺʩʺʷʥʱʲʺʥ 

16  ʩʬʩʰ 'ʡʢ
ʢʸʡʰʩʸʢ 

ʺʸʷʥʧ  ʺʥʠʩʸʡʬ ʱ"ʤʩʡ
 ,ʸʥʡʩʶʤ

 ʺʨʩʱʸʡʩʰʥʠ
 ;ʤʴʩʧʬ"ʤʶ 

 ,ʺʩʺʷʥʱʲʺ ʤʴʩʹʧ
ʤʡʩʡʱʤ ʺʥʠʩʸʡ 

17 ʤʩʬʨʰ 'ʡʢ 
ʤʡʥʷʩʰʡʩʸ 

ʸʷʧʮ ʺʸʦʥʲ ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ  ʭʩʸʷʧʮ ,ʤʬʫʬʫ
ʭʩʩʺʡʩʡʱ 

18  ʤʰʩʬʠ 'ʡʢ
ʤʰʩʷ'ʶʥʥʱ 

ʸʷʧʮ ʺʸʦʥʲ ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ  ʭʩʸʷʧʮ ,ʤʬʫʬʫ
ʭʩʩʺʡʩʡʱ 

19  ʸʴʥʲ ʸʮ
ʢʸʡʰʩʩʨʹ 

ʸʷʧʮ ʸʦʥʲ ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ  ʲʣʩʮ ʺʥʫʸʲʮ 

20  ʸʧʹ ʸʮ
ʢʩʨʸʴ 

ʸʷʥʧ  ,ʬʥʤʩʰʬ ʤʨʬʥʷʴʤ
ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ 

 ʺʥʠʩʸʡ ʭʥʣʩʷ 

21  ʸʩʮʺ ʸʮ
ʺʥʣʢ 

ʸʷʧʮ ʸʦʥʲ ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ  

22  ʤʬʩʤ 'ʡʢ
ʯʩʸʺʱʠ 

ʸʷʧʮ ʺʸʦʥʲ  ʤʩʴʸʢʥʠʢʬ ʢʥʧʤ
 ,ʩʺʡʩʡʱ ʧʥʺʩʴʥ
ʯʡ ʺʨʩʱʸʡʩʰʥʠ-

ʡʢʰʡ ʯʥʩʸʥʢ 

 ʺʩʺʡʩʡʱ ʤʩʢʥʬʥʩʮʣʩʴʠ
ʢ"ʮʮʥ 
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2.1 ʭʩʩʸʷʧʮʤ ʭʩʬʥʣʥʮʡ ʭʩʷʱʲʥʮʤ ʭʩʨʰʣʥʨʱ 
 

 ʭʹ
ʨʰʣʥʨʱʤ 

ʸʷʧʮʤ ʠʹʥʰ  ʸʠʥʺ
 ʣʲʥʮʥ

ʥʺʬʧʺʤ 

ʭʩʧʰʮ 

ʩʬʩʰ ,ʢʸʡʰʩʸʢ  ʺʠʥʬʧʺʤʮʺʱʠ  ʡʸʷʡ
ʭʩʱʩʩʢʺʮʤ 

ʨʸʥʨʷʥʣ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ 
ʬʠʸʫ 'ʴʥʸʴ 

 ,ʤʰʩʷ'ʶʥʥʱ
 ʤʰʩʬʠ 

Spatial Identification of Potential 
Environmental Hazards 
Associated with Adverse Health 
Outcomes: A Systematic Areal 
Search Approach 

ʨʸʥʨʷʥʣ ʡʥʰʨʸʥʴ 'ʴʥʸʴ 

ʸʧʹ ,ʢʩʨʸʴ Individual Risk Factors for Lung 
Cancer and Non-Hodgkin's 
Lymphoma in areas of higher-
incidence rates in the Haifa bay 
area 

ʨʸʥʨʷʥʣ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ 
ʬʠʸʫ 'ʴʥʸʴ 

ʣʬʥʸʤ ,ʴʩʹ Application of Monte-Carlo 
Techniques for Characterization 
of the Accuracy of the Double 
Kernel Density (DKD) Estimation 
Procedure 

 .ʠ.ʮ
)ʤʦʺ( 

 ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
 ʸʦʩʩʸ 'ʴʥʸʴ 
ʸʰʨʣ ʸ"ʣʥ 

ʢʸʡʰʩʩʨʹ, 
 ʸʴʥʲ 

 ʺʥʩʨʱʩʨʨʱ ʺʥʨʩʹ ʺʠʥʥʹʤ
 ʬʹ ʭʩʩʡʧʸʮ ʭʩʱʥʴʣ ʧʥʺʩʰʬ

 ʭʩʣʬʩ ʡʸʷʡ ʤʮʨʱʠ ʺʠʥʬʧʺ
 ʸʥʦʠʡʩʺʡʸ ʤʴʩʧ 

 .ʠ.ʮ
)ʤʦʺ( 

,ʡʥʰʨʸʥʴ 'ʴʥʸʴ 
ʩʡʫʸʫ 'ʴʥʸʴ 

 ,ʩʬʩʥʥʹʠʸʡʣ
 ʺʩʸʹ 

ʦ ʺʲʴʹʤʩ ʺʠʥʬʧʺ ʬʲ ʸʩʥʥʠʤ ʭʥʤ
 ʭʲ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱ

ʺʥʩʶʸʠ ʺʥʠʥʥʹʤ 

 .ʠ.ʮ
)ʤʦʺ( 

 ʸ"ʣ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
ʯʰʩʷ ʬʨʩʬ- ʸʷʥʡ

ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣʥ 
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ʺʺ( ʩʸʷʧʮ ʬʥʣʥʮ-:'ʱʮ )ʠʹʥʰ 1  

 ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱ ʺʥʲʸʠʩʤ ʯʩʡ ʸʹʷʤ
ʸʩʥʥʠʤ ʭʥʤʩʦʬ ʤʴʩʧ 

 
  :ʧʥʥʩʣ ʺʴʥʷʺ ʵʸʮ2015- ʸʠʥʸʡʴ2016 

 

1.  ʸʷʧʮʤ ʬʥʷʥʨʥʸʴ 

 .ʠ ʱʩʸʥʡ 'ʴʥʸʴ)ʤʴʩʧ 'ʰʥʠ( ʡʥʰʨʸʥʴ ʩʹʠʸ ʸʷʥʧ 

( ʸʦʩʩʸ ʯʡ 'ʴʥʸʴ,ʤʷʩʨʱʩʨʨʱʬ ʢʥʧʤ ,)ʤʴʩʧ 'ʰʥʠ  ʬʨʩʬ ʸ"ʣ
ʯʰʩʷ-( ʸʷʥʡ ʦʫʸʮʤʴʩʧ 'ʰʥʠʥ ʺʥʬʧʮʤ ʺʸʷʡʬ ʤʸʡʸʡ ʸ"ʣ  ,)

( ʸʰʨʣ ʩʺʩʠ ʸ"ʣ ,)ʩʮʥʠʬ ʯʨʸʱ ʭʥʹʸ( ʯʮʸʡʬʩʱʤ ʢʥʧ
ʱʬʨʨʱʩʨʩʤʷ,  ʩʮʥʠʬʤ ʦʫʸʮʤ( ʯʮʴʥʠʷ ʯʮʬʦ ʸʮ ,)ʤʴʩʧ 'ʰʥʠ

 ʤʩʬʨʰ 'ʡʢʥ )ʤʴʩʧ 'ʰʥʠ( ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣ ,)ʺʥʬʧʮ ʺʸʷʡʬ
.)ʤʴʩʧ 'ʰʥʠ( ʤʡʥʷʩʰʡʩʸ 

 ʭʩʸʷʥʧ ʺʥʮʹ
 ʺʥʮʥʷʮʥ ʭʩʴʱʥʰ

ʭʺʷʥʱʲʺ 

 ʯʨʸʱʤʠʩʸ ʥ( ʯʩʷ'ʢʣʥʤ ʤʰʩʠʹ ʤʮʥʴʮʩʬ ʯʨʸʱNHL: Non-

Hodgkin Lymphoma.) 
 ʤʠʥʬʧʺʤ ʩʢʥʱ

ʧʥʺʩʰʡʹ 

ʤʴʩʧ ʵʸʴʮ : ʺʰʹʡ ʥʬʢʺʤ ʸʹʠ ʭʩʹʣʧʤ ʭʩʸʷʮʤ ʬʫ2012 : 

o  ʩʴʬ ʭʩʶʡʥʷʮʭʩʩʨʱʩʨʨʱ ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠ  ;)ʱ"ʢʠ( 

o  ʩʴʬ ʭʩʡʹʥʧʮ;Standardized Incidence ratios (SIRs) 
o  ʺʥʴʩʴʶ ʩʴʬ ʭʩʡʹʥʧʮʧʨʹ ʺʣʩʧʩʬ  ʺʨʩʹ ʺʸʦʲʡ

( "ʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ"(DKD: Double Kernel Density. 

 ʺʥʰʰʷʥʺʮ ,ʸʩʲʤ ʺʮʸʡ ʭʩʹʣʧ ʭʩʸʷʮ ʫ"ʤʱ :ʤʸʣʧʥ ʡʩʡʠ ʬʺ
.ʯʩʮʥ ʬʩʢʬ 

ʺʩʡʧʸʮ ʤʩʶʥʬʥʦʸ 

:ʬʩʢ ʺʥʶʥʡʷ ʩʺʹʬ ʤʷʥʬʧʡ ʭʩʸʡʢʥ ʭʩʹʰ 
•  ʬʩʢʬ ʺʧʺʮ65 
•  ʬʩʢ ʬʲʮ65  

ʯʩʮʥ ʬʩʢ ʺʥʶʥʡʷ 

 ʺʰʹʡ ʯʨʸʱ ʺʥʲʸʠʩʤ2012  ʯʮʦ ʺʸʢʱʮ 

2015 ʭʩʰʥʺʰ ʺʢʹʤ 

2003 (PM, XNO ʥ-2SO ʺʥʧʺʴʺʤʬ ʯʥʩʡʧʤ ʺʴʥʷʺʡ ʡʹʧʺʤʡ ,)
ʫ ʬʹ ʯʨʸʱʤ-10 .ʭʩʰʹ 

ʸʩʥʥʠ ʭʥʤʩʦʬ ʸʥʹʩʷ 

 

  

 ʸʥʦʠʡ  ʩʢʥʬʥʩʮʣʩʴʠ ʸʥʨʩʰ
 :ʤʴʩʧ ʵʸʴʮ2015 2020 ס 
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 ʸʷʧʮʤ ʬʥʷʥʨʥʸספ  ʪʹʮʤס  
  

 ʱ"ʢʠ( ʭʩʰʨʷ ʭʩʩʨʱʩʨʨʱ ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠʭʩ ʭʤʩʰʩʩʴʠʮʥ )
ʭʩʩʺʸʡʧʤ- ʡʶʮ ,ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ( ʭʩʩʬʫʬʫʥʩʶʥʱ-

ʩʴʸʢʥʮʣ ʩʴʰʲʡ ʭʩʷʱʲʥʮʤ ʦʥʧʠʥ .)ʭʩʰʥʹ ʤʷʥʱʲʺ 

  ʬʣʥʮʤ( ʱ"ʢʠʡ ʭʩʡʹʥʺʤ ʸʴʱʮʮ ʦʥʧʠʫ ʭʩʰʹʲʮʤ ʯʣʮʥʠ
ʥʩʶʥʱ ʭʩʡʩʫʸʮʬ ʱʧʩʩʺʤʡ ʪʸʲʰ- ʱʧʩʩʺʤʡʥ ʭʩʴʸʢʥʮʣ

ʥʩʶʥʱ ̋ ʥʶʥʡʷʡ ʯʥʹʩʲʤ ʩʸʥʲʩʹʬ-.)ʤʩʩʱʥʬʫʥʠʤ ʬʹ ̋ ʥʩʴʸʢʥʮʣ 

  ʩʬʫʬʫ ʱʥʨʨʱʬ ʯʣʮʥʠʫ ,ʭʩʤ ʩʰʴ ʬʲʮ ʤʡʥʢ( ʩʴʸʢʥʴʥʨ ʤʡʥʢ
 ʬʹ.)ʨʸʴʤ 

  ;ʭʩʩʦʫʸʮʡ ʤʩʩʹʲʺʤ ʩʸʥʦʠʬʥ ʭʩʹʩʡʫʬ ʤʡʸʷ 
  ʺʩʴʸʢʥʠʩʢʤ ʲʣʩʮʤ ʺʫʸʲʮ ʴ"ʲ ʭʩʴʱʥʰ ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʺʹʮ

.)ʢ"ʮʮ( 

 ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʥʺʰ
ʥʩʶʥʱʥ-   ʭʩʩʴʸʢʥʮʣ 

 ʬʺ ʯʩʡʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡ ʤʠʥʬʧʺ ʩʸʥʲʩʹ ʬʹ ʤʠʥʥʹʤ-
 ʢʥʱ ʬʫʬ ,ʯʩʮʥ ʭʥʠʬ ,ʬʩʢʬ ʯʰʷʥʺʮ ,ʸʩʲʤ ʺʮʸʡ ʤʸʣʧʥ ʡʩʡʠ

 ʯʨʸʱ.ʣʸʴʰʡ 
  ,ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱʤ ʩʸʷʮ ʬʹ ʩʴʸʢʥʠʢʤ ʸʥʦʩʴʤ ʩʥʴʩʮ

 "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ" ʺʨʩʹʡ ,ʯʩʮʥ ʬʩʢ ,ʯʨʸʱ ʢʥʱ ʩʴʬ
(DKD )- ʺʮʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶʬ ʺʰʰʷʥ ʭʢʥ ,

 ʺʨʩʹʡStandardized Incidence Rates (SIRs). 
 ʡʸ ʧʥʺʩʰ- ʩʮʸʥʢʥ y ʩʥʥʠʤ ʭʥʤʩʦ ̋ ʮʸ ʯʩʡ y ʹʷʤ ̫ ʦʥʧ ʬʹ ʩʰʺʹʮ

 ʯʨʸʱʬ ʭʩʣʸʴʰ ʭʩʬʣʥʮ( ʯʨʸʱ ʺʥʲʸʠʩʤ ʯʩʡʬ ʭʩʸʧʠ ʯʥʫʩʱ
 ʯʨʸʱʥ ʤʠʩʸNHL.) 

ʧʥʺʩʰ 

 ʺʥʮʣʷʺʤ ʧ"ʥʣס ʩʶʧ- ʩʲʣʮ ʧ"ʥʣ ;ʩʺʰʹס .ʩʺʰʹ ʧʥʥʩʣ 

 

2.  ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʺʥʩʬʬʫ ʺʥʬʥʲʴ 

2.1. ʺʹʩʫʸ\ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʭʩʰʥʺʰ ʺʬʡʷ 
 ʭʩʰʥʺʰ ʩʢʥʱ  ʸʥʷʮ

ʭʩʰʥʺʰʤ 
 ʹʥʮʩʹʤ ʺʸʨʮ ʨʥʸʩʴ 

 ʭʲ ʭʩʰʩʩʰʡ ʺʡʫʹ
 ʩʰʥʺʰ ʢʥʱʥ ʧʴʰ

 ʭʤʡ ʹʥʮʩʹʤ
)"ʬ"ʨʰʡ" ʺʡʫʹ( 

 ʩʥʴʩʮʬ ʦʫʸʮ
)ʩ"ʴʮ( ʬʠʸʹʩ 

 ʲʷʸ ʺʡʫʹʫ ʹʥʮʩʹ
 ʺʥʲʸʠʩʤ ʬʹ ʩʥʴʩʮʬ

 ʬʹ ʡʥʹʩʧʬʥ ʯʨʸʱ
 ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ

ʺʩʬʬʫʤ 

 http://mapi.gov.il/ 

 "ʤʰʥʰʸʠ" ʺʡʫʹ
 ʺʩʡ ʩʷʹʮ ʺʥʴʩʴʶ(

)ʧʨʹ ʺʣʩʧʩʬ 

ʱ"ʮʬ ʯʥʰʷʩʺ  ʩʬʥʧ ʺʥʴʩʴʶ ʬʹ
 ʺʥʴʩʴʶʬ ʱʧʩʡ ʯʨʸʱ

 ʺʩʬʬʫ ʤʩʩʱʥʬʫʥʠ
ʸʥʦʠʡ 

  ʤʰʮʦʤ ʩʴ ʬʲ ʡʥʹʩʧ
ʸʷʧʮʤ ʩʫʸʶʬ ʺʣʧʥʩʮ 

 ʺʥʲʸʠʩʤ ʩʰʥʺʰ
 ʯʩʮ ,ʬʩʢ ʩʴʬ ʯʨʸʱ

ʤʬʧʮʤ ʢʥʱʥ 

 ʦʫʸʮʤ
 ʩʬʠʸʹʩʤ

 ʩʮʥʠʬʤ
 ʺʸʷʡʬ

 ʳʢʠʤ ,ʺʥʬʧʮ
 ʩʮʥʠʬʤ

 ʯʨʸʱʤ ʭʥʹʩʸʬ 

 ʯʨʸʱ ʺʥʲʸʠʩʤ ʩʥʴʩʮ
 ʱʧʩʡ ʩʨʱʩʨʨʱ ʧʥʺʩʰʥ

 ʸʩʥʥʠ ʭʥʤʩʦ ʺʮʸʬ
ʸʥʦʠʡ 

 ʭʩʰʰʷʥʺʮ ʯʨʸʱ ʩʸʥʲʩʹ
 ʭʥʠʬʥ ʯʩʮ ʩʴʬ ʬʩʢʬ

ʺʥʴʩʴʶʥDKD   ʩʸʷʮ ʬʹ
 ʵʸʴʮʤ ʸʥʦʠʡ ʯʨʸʱ

)ʯʨʸʱʤ ʢʥʱ ʩʴʬ( 

http://mapi.gov.il/


  

16 
 

 ʭʩʰʥʺʰ ʩʢʥʱ  ʸʥʷʮ
ʭʩʰʥʺʰʤ 

 ʹʥʮʩʹʤ ʺʸʨʮ ʨʥʸʩʴ 

 ʭʩʸʥʦʠ ʺʥʡʫʹ
 ʭʩʰʨʷ ʭʩʩʨʱʩʨʨʱ

 ʩʰʥʺʰ ʭʲ )ʱ"ʢʠ(
 ,ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ
 ʡʶʮ ,ʭʩʠʬʩʢ ʡʫʸʤ

ʩʺʸʡʧ- ʦʥʧʠʥ ʩʬʫʬʫ
  ʩʴʰʲʡ ʭʩʷʱʲʥʮʤ

ʭʩʰʥʹ ʤʷʥʱʲʺ 

ʱ"ʮʬ ʯʥʰʷʩʺ  ʩʬʥʧ ʺʥʴʩʴʶ
 ʺʥʴʩʴʶʬ ʱʧʩʡ ʯʨʸʱ

 ʺʩʬʬʫ ʤʩʩʱʥʬʫʥʠ
ʸʥʦʠʡ 

http://www.cbs.gov.il/ 
  

2.2. ʭʩʩʲʣʮ ʭʩʮʥʱʸʴ ʺʰʫʤ 

ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʱʥʨʨʱ 
 :ʠʹʥʰʡ ʩʢʥʬʥʣʥʺʮ ʸʮʠʮ 

 
Application of the Double Kernel Density 
Approach to the Multivariate Analysis of 
Attributeless Event Point Datasets  

 
 

 ʸ"ʣ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
 ʯʮʨʩʥʸʡ ʸ"ʣʥ ʯʮʱʥʦ 

 ʭʩʰʥʺʰ ʬʲ ʱʱʥʡʮ
 ʭʩʸʥʹʷ ʭʰʩʠʹ

 .ʨʷʩʥʸʴʬʥʴ ʭʱʸʡ-
2016 ʺʲ ʡʺʫʡ:  

Letters in Spatial and 
Resource Sciences 

ʠʹʥʰʡ ʩʢʥʬʥʣʥʺʮ ʸʮʠʮ: 

Using Double Kernel Density Approach for 
the Analysis of Cancer Morbidity in a Large 
Metropolitan Area 

ʸ"ʣ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ 
ʯʰʩʷ ʸ"ʣ ,ʯʮʱʥʦ-

 ʸ"ʣ ,ʸʷʥʡ
ʱ ʯʮʬʦ ʸ"ʣ ,ʯʮʸʡʬʩ

 'ʡʢʥ ʯʮʴʥʠʷ
 ʩʬʥʥʹʠʸʥʥʣ 

ʤʰʫʤʡ 

:ʠʹʥʰʡ ʩʢʥʬʥʣʥʺʮ ʸʮʠʮ 

Spatial Identification of Potential Health 
Hazards: A Systematic Areal Search 
Approach 

 ʤʰʩʬʠ 'ʡʢ
 'ʴʥʸʴ ,ʤʰʩʷ'ʶʥʥʱ

 ʤʰʩʸʮ ʸ"ʣ ,ʡʥʰʨʸʥʴ
 ʤʩʬʨʰ 'ʡʢʥ ʯʮʱʥʦ

ʤʡʥʷʩʰʡʩʸ 

ʤʰʫʤʡ 

 
2.3. ʭʩʩʮʥʠʬʰʩʡʥ ʭʩʩʮʥʠʬ ʭʩʱʰʫʡ ʨʷʩʥʸʴʬ ʭʩʸʥʹʷʤ ʭʩʠʹʥʰʤ ʺʢʶʤ 

ʭʥʷʮʥ ʪʩʸʠʺ ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ 
 ʱʰʫERSA ,25-28 

 ʨʱʥʢʥʠʬ2015 ,
 ʬʢʥʨʸʥʴ ,ʯʥʡʱʩʬ 

:ʣʧʥʩʮ ʱʰʫ ʡʹʥʮ 
Urban Environment and Human Health: Novel 
Investigation and Monitoring Approaches 

 ʡʥʰʨʸʥʴ 'ʴʥʸʴ
 ʸ"ʣʥ )ʡʹʥʮʤ ʹʠʸ(

ʯʮʱʥʦ 
 ʱʰʫNARSC-2015 ,

10-14  ,ʸʡʮʡʥʰʬ
2015 

Using Double Kernel Density Smoothing for 
Multivariate Analysis of Attributeless Event 
Point Datasets 

ʡʥʰʨʸʥʴ 'ʴʥʸʴ  ʸ"ʣʥ
ʯʮʱʥʦ 

 
 

 

http://www.cbs.gov.il/
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2.4. ʩʸʷʧʮʤ ʬʥʣʥʮʡ ʭʩʷʱʲʥʮʤ ʭʩʨʰʣʥʨʱʤ 
 ʭʹ

ʨʰʣʥʨʱʤ 
ʸʷʧʮʤ ʠʹʥʰ  ʣʲʥʮʥ ʸʠʥʺ

ʥʺʬʧʺʤ 
ʭʩʧʰʮ 

 ʤʰʩʬʠ
ʤʰʩʷ'ʶʥʥʱ 

Spatial Identification of Potential 
Environmental Hazards Associated 
with Adverse Health Outcomes: A 
Systematic Areal Search Approach 

ʨʸʥʨʷʥʣ ʡʥʰʨʸʥʴ 'ʴʥʸʴ 

 ʺʩʸʹ
ʩʬʩʥʥʹʸʡʣ 

ʦ ʺʲʴʹʤʩ ʺʠʥʬʧʺ ʬʲ ʸʩʥʥʠʤ ʭʥʤ
 ʭʲ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱ

ʺʥʩʶʸʠ ʺʥʠʥʥʹʤ 

)ʤʦʺ( .ʠ.ʮ  ʸ"ʣ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
ʯʰʩʷ ʬʨʩʬ- ʸ"ʣʥ ʸʷʥʡ

ʯʮʱʥʦ ʤʰʩʸʮ 
 ʣʬʥʸʤ

ʴʩʹ 
Application of Monte-Carlo 
Techniques for Characterization of 
the Accuracy of the Double Kernel 
Density (DKD) Estimation Procedure 

)ʤʦʺ( .ʠ.ʮ  'ʴʥʸʴ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
ʸʰʨʣ ʸ"ʣʥ ʸʦʩʩʸ 

 

3. ʺʥʠʶʥʺʥ ʧʥʺʩʰ 
3.1. ʭʩʰʥʺʰ ʧʥʺʩʰ 

ʧʥʺʩʰʤ ʢʥʱ ʥʺʸʨʮ 
 ʸʥʦʠ ʯʩʡ ʯʨʸʱʡ ʤʠʥʬʧʺ ʩʸʥʲʩʹ ʺʠʥʥʹʤ
ʬʺʡ ʤʠʥʬʧʺʤ ʩʸʥʲʩʹ ʯʩʡʬ ʤʴʩʧ ʵʸʴʮ-
 ʺʮʸʡ ʤʸʣʧʥ ʡʩʡʠ ʬʺ( ʤʸʣʧʡʥ ʡʩʡʠ

 )ʸʩʲʤ 

ʩʠ ʥʠ( ʺʥʮʩʩʷ ʧʥʺʩʰ- ʳʣʥʲ ʬʹ )ʺʥʮʩʩʷ
 ʯʩʡʬ ʤʴʩʧ ʯʩʬʥʴʥʸʨʮ ʯʩʡ ʯʨʸʱʡ ʤʠʥʬʧʺ

ʰʨʩʬʥʴʥʸʨʮʤʩ.ʧʥʺʩʰʡʹ ʭʩʸʧʠʤ ʭʩ 

 ʯʨʸʱʤ ʩʸʷʮ ʬʹ ʩʴʸʢʥʠʩʢʤ ʸʥʦʩʴʤ ʩʥʴʩʮ
ʸʥʦʠʡ  ʺʥʶʥʡʷʥ ,ʯʨʸʱ ʢʥʱ ʩʴʬ ,ʤʴʩʧ ʵʸʴʮ

 ʺʨʩʹʡ ,ʯʩʮʥ ʬʩʢ Standardized Incidence 
Rates (SIRs) 

 ʬʹ ʭʸʥʺʩʠ ʭʤʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʱ"ʢʠ
.ʲʶʥʮʮʤʮ ʤʥʡʢ ʥʰʩʤ ʯʨʸʱʡ ʭʩʬʥʧʤ ʦʥʫʩʸ 

 ʯʨʸʱʤ ʩʸʷʮ ʬʹ ʩʴʸʢʥʠʩʢʤ ʸʥʦʩʴʤ ʩʥʴʩʮ
 ,ʯʩʮʥ ʬʩʢ ,ʯʨʸʱ ʢʥʱ ʩʴʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ

 ʺʥʲʶʮʠʡ Double Kernel Density (DKD.) 

 ʭʤʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʩʣʷʥʮ ʸʥʺʩʠ
.ʲʶʥʮʮʤʮ ʤʤʥʡʢ ʯʨʸʱʤ ʺʠʥʬʧʺ 

ʡʸ ʧʥʺʩʰ- ʭʥʤʩʦ ʺʮʸ ʯʩʡ ʸʹʷʬ ʩʰʺʹʮ
 ʺʥʲʸʠʩʤ ʯʩʡʬ ʭʩʸʧʠ ʯʥʫʩʱ ʩʮʸʥʢʥ ʸʩʥʥʠʤ

 ʺʰʹʡ ʯʨʸʱ2012  ʩʴʬ ʭʩʣʸʴʰ ʭʩʬʣʥʮ(
ʥ ʤʠʩʸ ʯʨʸʱ( ʯʨʸʱ ʢʥʱʥ ʯʩʮ ,ʬʩʢ- NHL) 

 ʭʥʤʩʦ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʧʥʺʩʰ ʬʹʥ ʸʩʥʥʠʤ
ʥ ʤʠʩʸ ʯʨʸʱʡ ʤʠʥʬʧʺʬ ʭʩʸʧʠ ʯʥʫʩʱ ʩʮʸʥʢ-

NHL .ʵʸʴʮʤ ʸʥʦʠʡ 

  

3.2. ʺʥʠʶʥʺ 

3.2.1.  ʺʰʹʡ ʯʩʮʥ ʬʩʢʬ ʭʩʰʰʷʥʺʮ ʯʨʸʱ ʩʸʥʲʩʹ2012ʭʩʩʬʬʫ ʭʩʰʥʺʰ :  ʸʥʦʠ ʯʩʡ ʤʠʥʥʹʤʬ
ʬʺ ʯʩʡʬ ʤʴʩʧ ʵʸʴʮ-.ʤʸʣʧʥ ʡʩʡʠ 

 ʺʰʹʡ ʯʩʮʥ ʬʩʢʬ ʭʩʰʰʷʥʺʮ ʯʨʸʱ ʩʸʥʲʩʹ ʬʹ ʧʥʺʩʰʤ ʺʥʠʶʥʺ2012  )ʭʩʩʬʬʫ ʭʩʰʥʺʰ(
ʡ ʭʩʧʥʥʣʮ ʧʴʱʰ1-ʠʥ ʤʠʩʸʤ ʯʨʸʱ ʩʸʥʲʩʹ ʩʫ ʤʬʥʲ ʤʬʡʨʤʮ .-NHL  ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ

(Standardized Incident Rates - SIRs)  ʯʨʸʱʡ( ʭʩʮʥʣ ʪʠ ,ʩʶʸʠʤ ʲʶʥʮʮʤʮ ʸʺʥʩ ʭʩʤʥʡʢ
 ʧʥʺʩʰʡʹ ʭʩʸʧʠ ʭʩʩʰʨʩʬʥʴʥʸʨʮ ʭʩʸʥʦʠʡ ʯʨʸʱʤ ʩʸʥʲʩʹʬ )ʸʺʥʩ ʭʩʫʥʮʰ ʥʬʩʴʠ ʤʠʩʸס 

ʬʺ ʯʥʢʫ-ʤʸʣʧʥ ʡʩʡʠ. 



  

18 
 

3.2.2. ʩʸʥʲʩʹ ʥ ʤʠʩʸ ʯʨʸʱ-NHL ʡ ʤʴʩʧ ʵʸʴʮ ʬʹ )ʱ"ʢʠ( ʭʩʰʥʹ ʭʩʸʥʦʠʡ-2012 
 ʭʲ ʭʩʸʥʦʠ(2 )ʺʥʧʴʬ ʯʨʸʱ ʩʸʷʮ 

ʡ ʺʥʠʸʬ ʯʺʩʰʹ ʩʴʫ ʧʴʱʰ1-ʡ ʤʸʷʮʮ ʸʺʥʩ ʥʠʶʮʰ ʭʩʣʣʥʡ ʭʩʩʨʱʩʨʨʱ ʭʩʸʥʦʠʡ ʷʸ ,
ʺʰʹʡ ʣʧʠ ʯʨʸʱ-2012 ʹʥʮʩʹ ʪʸʣ ʤʠʥʬʧʺʤ ʺʠ ʧʺʰʬ ʺʥʸʹʴʠ ʯʩʠ ʪʫ ʬʹʡ .

ʺʨʩʹʡ ʲʶʡʺʤ ʧʥʺʩʰʤ ʪʹʮʤ .ʭ"ʩʱʢʠʡ DKD . 

3.2.3.  ʺʨʩʹʡ ʹʥʮʩʹDouble Kernel Density (DKDʯʨʸʱʡ ʤʠʥʬʧʺ ʧʥʺʩʰʬ ) ʡ-2012 

 ʺʥʰʥʸʷʲ ʺʨʩʹDKD ʸʷʧʮʤ ʺʥʥʶ ʬʹ ʭʩʸʮʠʮ ʸʴʱʮʡ ʺʥʨʸʥʴʮ1  ʺʥʮʫʥʱʮʥʡʧʴʱʰ 1-
ʬ .ʤʨʩʹʤ  .ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶʬ ʱʧʩʡ ʭʩʬʥʧʤ ʺʥʴʩʴʶ ʺʠ ʬʮʸʰʬ ʺʸʹʴʠʮ

 ʬʲ ʭʩʩʺʡʩʡʱ ʭʩʮʸʥʢ ʬʹ ʺʥʲʴʹʤʤ ʧʥʺʩʰʬ ʸʺʥʩ ʤʹʩʢʸ ʥʦ ʤʨʩʹ ʩʫ ʧʫʥʤ ʸʡʲʡ
 ʭʩʩʺʸʥʱʮ ʭʩʢʥʬʥʩʮʣʩʴʠ ʭʩʸʷʧʮʡ ʹʥʮʩʹʡ ʺʥʶʥʴʰʤ ʺʥʩʸʥʦʠʤ ̋ ʥʨʩʹʤ ̋ ʮʥʲʬ ,ʤʠʥʬʧʺ

(Zusman et al 2012.) 

 ʺʥʩʥʴʩʴʶ"ʬʩʢʸ ʬʰʸʷʺʥ ʠʬʬ( "ʬʥʮʸʩʰ  ʺʰʹʡ ʯʨʸʱʡ ʤʠʥʬʧʺʤ ʬʹ )ʤʩʩʱʥʬʫʥʠʤ ʬʣʥʢʬ
2012 ʮʫʥʱʮʺʥ ʡ ʧʴʱʰ1-ʢ :ʭʩʠʡʤ ʭʩʣʷʥʮʡ ʯʨʸʱ ʬʹ ʤʢʩʸʧ ʺʥʴʩʴʶ ʤʬʥʲ ʭʩʰʥʺʰʤʮ .

ʺʥʡʩʹʧ ʱʧʩʬ ʯʩʠ .ʺʥʩʸʷʤʥ ʸʣʤ ʺʰʥʫʹ ,ʬʮʸʫʤ ʦʫʸʮ- ʩʣʣʮʹ ʸʧʠʮ ʤʬʠ ʭʩʣʷʥʮʬ ʸʺʩ
ʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ ʺʠ ʯʥʡʹʧʡ ʭʩʧʷʥʬ ʭʰʩʠ "ʤʬʩʢʸ ʬʰʸʷ ʺʥʴʩʴʶ" ʥʮʹʸʰ ʤʡ ʺʩʬʬʫ

.ʯʨʸʱʤ ʩʲʥʸʩʠ 

ʡ ʤʲʩʴʥʮ ʵʸʴʮʤ ʸʥʦʠʡ ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ ʧʴʱʰ1-ʣ  ʸʢʠʮʥ "ʬ"ʨʰʡ" ʸʢʠʮ(
)ʸʷʧʮʡ ʹʥʮʩʹ ʤʹʲʰ ʭʤʡ ,"ʤʰʥʰʸʠ". ʭʩʰʥʺʰ ʥʥʤʮ ʤʬʠʭʩ ʡʥʹʩʧʬ ʱʩʱʡʤ ʺʠʩ "ʤ ʬʰʸʷ

ʤ( "ʬʥʴʫDKD .) 

 ʤʠʥʬʧʺʤ ʺʥʴʩʴʶʺʰʰʷʥʺʮʤ ( ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʬDKDʡ ʤʲʩʴʥʮ ) ʭʩʧʴʱʰ1- ʣʲ ʤ
1- ʩ ʬʩʢ ʣʲ ʤʠʥʬʧʺ ;ʭʩʬʥʧʤ ʬʬʫ(65 .)ʸʣʢʮ ʩʴʬ  

  

                                      
1Portnov B.A., Dubnov J. and M. Barchana. Studying the Association between Air-Pollution and 

Lung Cancer Incidence in a Large Metropolitan Area Using a Kernel Density Function, Socio-

Economic Planning Sciences, 2009, 43: 141150ס (doi:10.1016/ j.seps.2008.09.001); Kloog, I, 

Haim, A. and B.A. Portnov, Using Kernel Density Function as an Urban Analysis Tool: 

Investigating the Association between Nightlight Exposure and the Incidence of Breast Cancer 

in Haifa, Israel, Computers, Environment and Urban Systems, 2009, 33: 5563ס; Zusman M., 

Dubnov J, Barchana M., and B.A. Portnov, Residential Proximity to Petroleum Storage Tanks 

and Associated Cancer Risks: Double Kernel Density Approach vs. Zonal Estimates, Science of 

the Total Environment, 441, 2012, 265276ס; Portnov B.A. and M. Zusman, Spatial Data Analysis 

Using Kernel Density Tools, Encyclopedia of Business Analytics and Optimization, 1st Edition, 

Ed. J. Wang, IGI Global Publishers, Hershey, Pennsylvania, 2014, Vol. V; Zusman M., Broitman 

D. and Portnov B.A. Application of the Double Kernel Density Approach to the Multivariate 

Analysis of Attributeless Event Point Datasets, Letters in Spatial and Resource Sciences, 2016 

(in press). 
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ʡ ʧʴʱʰ1-ʤ  ʭʰʹʩ ʩʫ ʺʥʠʸʬ ʯʺʩʰʩʰʹ  ʭʩʤʥʡʢ ʤʠʩʸʤ ʯʨʸʱ ʩʬʥʧ ʦʥʫʩʸ ʭʤʡ ʭʩʸʥʦʠ
ʩʴ ʣʲ( ʣʧʥʩʮʡ-5 :)ʩʶʸʠʤ ʲʶʥʮʮʤʮ 

 ʭʩʩʧ ʺʩʩʸʷʯʩʷʶʥʮ ʺʩʩʸʷ , ;ʷʩʬʠʩʡ ʺʩʩʸʷʥ 
 .ʬʮʸʫʤ ʱʫʸʥ ʯʥʺʧʺʤ ʸʣʤ 

 ʯʨʸʱ ʺʰʩʧʡʮ ʭʢ ʤʮʥʣ ʡʶʮʤNHL ʤʠʸ , ʧʴʱʰ1-ʥ ʭʲ ʭʩʣʷʥʮ ʸʴʱʮ ʺʥʠʸʬ ʯʺʩʰ .
ʩʴ ʣʲ( ʯʨʸʱ ʩʸʷʮ ʬʹ ʣʧʥʩʮʡ ʤʥʡʢ ʦʥʫʩʸ-5 ʤʮʮ ʲʶʥʮʤ:)ʩʶʸʠ 

 ʭʩʩʧ ʺʩʩʸʷ, ʯʩʷʶʥʮ ʺʩʩʸʷ ;ʷʩʬʠʩʡ ʺʩʩʸʷʥ 
 ;ʸʣʤʥ ʬʮʸʫʤ ʦʫʸʮ 

 ʭʥʸʣ-;ʤʴʩʧ ʡʸʲʮ 
 ʭʥʸʣʥ-.ʯʥʲʡʨ ʺʩʩʸʷ ʧʸʦʮ 

 ʬʩʢ ʣʲ ʭʩʸʡʢʥ ʭʩʹʰ( ʺʥʸʩʲʶʤ ʺʥʩʱʥʬʫʥʠʤ ʡʸʷʡ ʭʢ ʤʮʥʣ ʡʶʮʤ65 ʤʠʸ ; ʭʩʧʴʱʰ1-
 ʣʲ ʦ1-ʩ:ʯʥʢʫ ʺʸʡʢʥʮ ʤʠʥʬʧʺ ʬʹ ʭʩʮʥʣ ʭʩʣʷʥʮ ʤʬʠ ʺʥʩʱʥʬʫʥʠʬ .) 

 ;ʬʮʸʫʤ ʦʫʸʮ 

 ʭʥʸʣ-;ʯʥʲʡʨ ʺʩʩʸʷ ʧʸʦʮ 

 .ʤʩʩʹʲʺ ʩʸʥʦʠʬ ʺʥʫʥʮʱʤ ʺʥʩʸʷʤʮ ʷʬʧ 

ʺʥʷʤʡʥʮ "ʺʥʮʧ ʺʥʣʥʷʰ" ʸʥʺʩʠʬ ʧʥʺʩʰ ʲʶʥʡ ,ʪʫʬ ʳʱʥʰʡ  ʺʨʩʹ ʺʥʲʶʮʠʡ ʺʩʨʱʩʨʨʱ
GiZScore  ʺʰʫʥʺʡArcGIS ʯʥʷʩʺ ʲʥʶʩʡ ʭʲ ʤʹʲʰ ʤʦ ʧʥʺʩʰ ."ʩʰʥʸʴʰʥʡ"  ʤʠʸ( ʧʴʱʰ1-ʫ.) 

3.2.4. ʡʸ ʧʥʺʩʰ-ʭʩʰʺʹʮ 

 ʺʰʹʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʮʸ ʯʩʡ ʸʹʷʤ ʺʠ ʧʺʰʬ ʩʣʫʡ2003  ʯʩʡʬ ,ʭʩʸʧʠ ʯʥʫʩʱ ʩʮʸʥʢʥ
 ʺʰʹʡ ʯʨʸʱ ʺʥʲʸʠʩʤ2012ʬʲ ʭʩʣʸʴʰ ʭʩʬʣʥʮ ʥʰʡʰ ,- ʢʥʱʥ ʯʩʮ ,ʺʥʰʥʹ ʬʩʢ ʺʥʶʥʡʷ ʩʴ

 ʯʨʸʱס  ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱNHLʺʡʸ ʤʩʱʸʢʸ ʬʬʫ ʧʥʺʩʰʤ .- ʭʩʰʺʹʮʤ ʤʡ ,ʭʩʰʺʹʮ
 ʩʣʣʮ ʥʩʤ ʭʩʩʥʬʺʤDKD ʯʨʸʱ ʬʹ-ʸʱʥ ʤʠʩʸʯʨ-NHLʩʺʬʡʤ ʭʩʰʺʹʮʤ .- ʭʩʰʺʹʮʤ( ʭʩʩʥʬʺ

ʡ ʭʩʨʸʥʴʮ )ʭʩʸʩʡʱʮʤ ʧʴʱʰ1-ʮ. 

ʥʱʰʫʥʤ ,ʯʥʹʠʸʤ ʡʬʹʡ ʩʨʬʥʮ ʭʲ ʭʩʰʺʹʮ ʷʸ ʧʥʺʩʰʬ-ʤʫʥʮʰ ʺʥʩʸʠʰʩʬʥʷ ((VIF<3. 
ʥ ʺʥʩʮʩʫʥʸʨʴ ʺʥʩʹʲʺʬ ʤʡʸʩʷ ʬʹ ʭʩʰʺʹʮ ʭʲ( ʸʺʥʩʡ ʭʩʡʥʨʤ ʭʩʬʣʥʮʤ-NOx ʭʩʲʩʴʥʮ )

 ʧʴʱʰʡ1-.ʰ 

 ,ʧʥʺʩʰʤ ʬʹ ʩʰʹʤ ʡʬʹʡ ʭʩʰʥʹ ʯʥʫʩʱ ʩʮʸʥʢ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʠ ʲʥʡʷʬ ʩʣʫʡ
 ʬʣʥʮʬ ʥʱʰʫʥʤ ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤʫ ʲʡʸʠʩʩʰʹʤ ʩʸʧʠ ʺʧʠ ,ʺʥʣʸʴʰ ʺʥʶʥʡʷʤ 

(ʫʡ ʨʸʥʴʮ ʧʴʱʰ1-ʮ:) 

 ʤʶʥʡʷ ʥʹʠʸʤʰ ʤʶʥʡʷ( ʭʥʷʩʮʥ ʲʷʸʤ ʩʰʺʹʮ :1;) 
 ʤʶʥʡʷ ʩʰʹʤ ʤʶʥʡʷ( ʱ"ʢʠʡ ʤʷʥʱʲʺ ʩʴʰʲ ʬʹ ʭʩʰʺʹʮ :2;) 
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 ʤʶʥʡʷ ʩʹʩʬʹʺ ʤʶʥʡʷ( ʸʩʥʥʠ ʭʥʤʩʦʬ ʭʩʸʥʹʷʤ ʭʩʰʥʺʰ :3;) 
  ʤʶʥʡʷʩʲʩʡʸʺ ʥʸʧʠʥʤʰ :ʬ ʤʡʸʩʷ ʩʡʢʬ ʭʩʰʥʺʰ-5  ʬʹ ʭʩʩʦʫʸʮʤ ʭʩʸʺʠʤ

 ʤʶʥʡʷ( ʸʥʦʠʡ ʤʩʩʹʲʺʤ4 .) 

 ʺʩʩʱʸʢʸ ʺʥʲʶʮʠʡ ʤʫʸʲʥʤ ʭʩʮʸʥʢʤ ʺʶʥʡʷ ʬʹ ʺʩʱʧʩʤ ʤʺʮʥʸʺSTEPWISE ʩʥʰʩʹ ʩʴʬ ,
( ʤʮʠʺʤ ʡʩʨʡCHANGE 2R.) 

ʺʥʧʥʥʣʮ ʬ"ʰʤ ʺʥʩʱʸʢʸʤ ʡ ʧʴʱʰ1-ʰ (A ,B,C  ) ʸʡʱʤʬ ʺʥʶʥʡʷʤʮ ʺʧʠ ʬʫ ʬʹ ʯʺʮʥʸʺʥ
ʡ ʺʥʮʫʥʱʮ ,ʤʠʥʬʧʺʤ ʺʥʰʥʹʤ ʬʹ ʧʴʱʰ1-ʱ. 

ʩʨʬʥʮ ,ʺʥʩʬʮʸʥʰ ʺʥʬʬʥʫʤ ,ʺʥʰʥʹ ʺʥʩʨʱʩʨʨʱ ʺʥʩʢʥʱʬ ʥʰʱʧʩʩʺʤ ʬʥʣʩʮʤ ʪʩʬʤʺʡ-
" ʢʥʱʮ ʭʩʬʣʥʮʡ ́ ʥʮʩʹ ʤʹʲʰ ʯʫ ʥʮʫ .ʩʡʧʸʮ y ʹʷʥ ̋ ʥʩʸʠʰʩʬʥʷ SPATIAL DEPENDENCY "

 ʢʥʱʮ ʭʩʬʣʥʮʬ ʩʣʮʬ ʺʥʮʥʣ ʭʤʩʺʥʠʶʥʺʹOLS ʩʲʩʴʥʮ ʭʰʩʠ ʭʤʥʭ .ʤʦ ʧ"ʥʣʡ 

 ʧʴʱʰ1-ʶ  ʧʥʥʣʮ ʺʥʠʶʥʺ ʺʠʩʢʸ ʯʧʡʮ ʩʣʣʮ ʺʥʹ ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱNHL  ʭʩʩʥʰʩʹʬ
.ʭʩʸʧʡʰ ʭʩʩʺʡʩʡʱ ʭʩʰʺʹʮʡ ʭʩʩʸʹʴʠ 

3.3. ʺʥʰʷʱʮ 

 ʯʨʸʱʥ ʤʠʩʸʤ ʯʨʸʱ ʩʸʥʲʩʹ ,ʸʷʧʮʤ ʩʰʥʺʰ ʩʴ ʬʲNHL  ʺʰʹʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ2012  ʥʩʤ
ʥʦʠʡ ʯʨʸʱʤ ʩʸʥʲʩʹʬ ʩʣʮʬ ʭʩʮʥʣ ʭʢ ʪʠ ,ʩʶʸʠʤ ʲʶʥʮʮʤʮ ʸʺʥʩ ʭʩʤʥʡʢ ʭʩʸ

ʩʩʰʨʩʬʥʴʥʸʨʮʤʭ ʺʩʰʡʹ ʭʩʸʧʠʤ ʧʥס ʬʺ-.ʤʸʣʧʥ ʡʩʡʠ 

 ʢʥʱʮ ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱʡ ʤʠʥʬʧʺʤ ʩʦʥʫʩʸ ʭʤʡ ʸʥʦʠʡ ʺʥʮʥʷʮ ʭʩʮʩʩʷ ,ʺʠʦ ʭʲNHL 
:ʺʠ ʭʩʬʬʥʫ ʤʬʠʤ ʭʩʸʥʦʠʤ .ʣʧʥʩʮʡ ʭʩʤʥʡʢ 

 ʤʩʩʹʲʺ ʩʸʥʦʠʬ ʺʥʫʥʮʱʤ ʺʥʩʸʷʤʮ ʷʬʧ; 

 ;ʬʮʸʫʤ ʱʫʸʥ ʯʥʺʧʺʤ ʸʣʤ 

 ʭʥʸʣ-.ʯʥʲʡʨ ʺʩʩʸʷ ʡʸʲʮ 

 ʣʣʮʰʤ ʸʩʥʥʠʤ ʭʥʤʩʦ ʬʹʥ ʤʩʩʹʲʺʬ ʤʡʸʷʤ ʬʹ ʺʩʱʧʩʤ ʭʺʮʥʸʺ ,ʥʰʺʫʸʲʤ ʩʴ ʬʲ
ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱ ʺʠʥʬʧʺʬNHL   ʤʥʥʤʮ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡʫ-20%22%ס  ʢʥʱʡ ʩʥʬʺ(

)ʯʨʸʱʤ.  
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3.4. ʺʥʬʡʢʮ 

 ʸʷʧʮ ʥʰʩʤ ʤʦ ʸʷʧʮ ʩʢʥʬʥʩʮʣʩʴʠ- ʤʧʫʥʤ ʺʥʥʤʮ ʯʰʩʠ ʸʷʧʮʤ ʺʥʠʶʥʺ ,ʤʦʫʫ .ʩʺʡʩʡʱ
.ʺʥʩʺʡʩʱʬ 

  ʩʬʫʡ ́ ʥʮʩʹ ʬʲ ̋ ʥʱʱʥʡʮ ʤʦ ʧ"ʥʣʡ ̋ ʥʧʥʥʣʮʤ y ʷʧʮʤ ̋ ʥʠʶʥʺʥʠʢ- ʠʸʷʰʤ ʩʨʱʩʨʨʱ
ʬʰʸʷ"-ʸʹʴʠʮ ʤʦ ʩʬʫʡ ʹʥʮʩʹʤ ."ʬʥʴʫ: 

ʠ.  ʬʡʷʬʩʰʣʮʥʠʭ  ʬʹ ʺʩʡʧʸʮ ʺʥʴʩʴʶʬʩʩʱʥʬʫʥʠʤʤ  ʡʥʹʧ .ʭʩʬʥʧ ʬʹʥ ʺʩʬʬʫʤ
ʫʹ ̋ ʥʸʮʬ ʩʫ ́ ʩʢʣʤʬʩʨʨʱʤ ʥʩʺʥʰʥʫʺ ʯʤʮ y ʥʸʡ ʠʬ ,ʺʥʸʴʱʡ ́ ʮʹʮ ʤʦ ʩʬʱ ʺʥʩʨ

ʺʥʩʨʱ ʡʹʧʬ ʣʶʩʫ ,ʨʸʴʡʥ-ʩʧʥʥʸʥ ʯʷʺ- ʲʶʡʬ ʺʰʮ ʬʲ )ʭʩʩʡʧʸʮʥ ʭʩʩʺʣʥʷʰ( ʪʮʱ
 ʤʫʩʸʶ ʤʦ ʩʬʫ ʱʩʱʡ ʬʲ ʺʥʰʹʸʴ ʬʫʹ ʠʩʤ ʺʥʲʮʹʮʤ .ʺʩʨʱʩʨʨʱ ʤʷʱʤ

 ʱʩʱʡ ʬʲ ʺʥʰʷʱʮ ʷʩʱʤʬ ʳʩʣʲ ,ʬʬʫʫʥ ʺʥʸʩʤʦ ʤʰʹʮʡ ʺʥʹʲʩʤʬʸʴʱʮ  ʭʩʰʹ
ʬʥ ʭʩʰʥʺʰ ʬʹ.ʺʧʠ ʤʰʹ ʷʸ ʠ 

ʡ.  ʭʩʰʥʹ ʭʩʮʸʥʢ ʯʩʡ ʸʹʷ ʺʠʩʶʮʬ ʺʩʰʺʹʮ ʡʸ ʤʩʱʸʢʸ ʬʹ ʭʩʬʣʥʮ ʺʥʰʡʬ
 ʤʫʸʲʤʤ ʠʥʤ ʸʡʱʥʮʤ ʤʰʺʹʮʤ ,ʥʬʠ ʭʩʬʣʥʮʡ .ʤʠʥʬʧʺʤ ʺʥʲʸʠʩʤʬ

ʬʰʸʷ"ʤʮ ʤʬʡʷʺʤʹ- ʭʥʤʩʦʬ ʭʩʸʥʹʷʤ ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤʮ ʷʬʧʥ "ʬʥʴʫʤ
ʩʥʥʠʤʸ  .ʤʣʩʣʮ ʺʥʠʩʢʹʬ ʭʩʴʥʹʧ ʭʤʹ ʥʠ ,ʤʷʬʧʤ ʺʥʨʩʹʮ ʥʬʡʷʺʤ ʭʤ ʭʢ

ʡ ʤʩʱʸʢʸʤ ʬʹ ʺʥʩʨʱʩʨʨʱʤ ʺʥʰʥʫʺʤ ,ʨʸʴʠʩʤʺ  :ʺʥʲʥʣʩ ʯʰʩʠ ʤʦ ʸʷʧʮʡ ʥʰʣʡʲ
 ʬʲ ʭʩʲʶʥʡʮʤ ʭʩʩʨʱʩʨʨʱʤ ʭʩʰʧʡʮʤ ʬʹ ʺʥʩʨʱʩʨʨʱʤ ʺʥʰʥʫʺʤ ʯʤʮ ʸʥʸʡ ʠʬ

ʬʰʸʷ" ʬʲ ʱʱʥʡʮʤ ʤʩʱʸʢʸʤ ʬʣʥʮ ʺʥʰʩʱʧ ʩʤʮ ʸʥʸʡ ʠʬ ʯʫʥ ,ʭʩʬʣʥʮʤ ʱʩʱʡ-
.ʤʣʩʣʮ ʺʥʠʩʢʹʬʥ ʺʥʩʨʤʬ "ʬʥʴʫ 

  ʺʥʬʡʢʤʤʥʰʩʥʶʹ ʥ ʠ ʭʩʴʩʲʱʡ- ʷʬʧʫ ʺʥʸʷʧʰ ʡʨʷʩʥʸʴʮ .ʤʦ 

 ʤʴʮʩʬʤ ʩʸʹʷ ʯʨʸʱʡʥ ʤʠʩʸ ʯʨʸʱʡ ʤʠʥʬʧʺ ʳʣʥʲ ס NHL  ʭʩʸʥʦʠ ʸʴʱʮʡ ʤʴʶʰ
 ʭʩʸʥʦʠʡ ʭʢ ʥʲʶʡʺʩ ʭʩʮʥʣ ʭʩʸʷʱʹ ʩʥʶʸ ʯʫʬʥ ʵʸʠʤ ʩʡʧʸʡʤ ʭʩʸʧʠʤ ʭʩʩʰʨʩʬʥʴʥʸʨʮ

ʥʮʧ ʺʥʣʥʷʰ" ʺʠʩʶʮʡ ʥʲʩʩʱʩ ʸʹʠ"ʺ (hotspots)  ʤʠʥʬʧʺ ʬʹ ʺʥʴʱʥʰ
ʡʯʨʸʱ. ʤ ʺʥʣʥʷʰ"ʤʬʰʸʷ"ʤ ʩʬʫʮ ʺʥʬʡʷʺʮʤ ʺʥʫʸʲʤʤ ʬʲ ʺʥʱʱʥʡʮ "ʺʥʮʧ- "ʬʥʴʫ

 ʭʩʷʩʱʮʥ ʺʥʠʶʥʺʤ ʺʠ ʭʩʹʸʴʮ ʸʹʠʫ ʺʥʸʩʤʦ ʤʰʹʮʡ ʢʥʤʰʬ ʩʠʣʫ ʯʠʫ ʭʢ ʯʫʬʥ
.ʺʥʰʷʱʮ  

  ʤʠʥʬʧʺʬ ʺʮʣʥʷʤ ʤʴʩʹʧʤ ʬʹ ʸʩʡʱʤ ʯʮʦʤ ʷʸʴ ,ʯʨʸʱ ʺʥʧʺʴʺʤ ʬʹ ʤʸʷʮʡ
 ʺʴʥʷʺ ʯʥʡʹʧʡ ʧʷʬ ʤʦ ʸʷʧʮ ,ʯʫʬ .)ʺʥʩʬʸʥʴʮʨ ʺʥʲʴʹʤ( ʭʩʰʹ ʸʴʱʮ ʥʰʩʤ ʯʥʩʡʧ

 ʺʴʥʷʺʬ ʥʰʱʧʩʩʺʤ ʭʤʡ ,ʸʩʥʥʠ ʭʥʤʩʦʥ ʯʥʹʩʲ :ʯʥʢʫ( ʭʩʮʸʥʢ ʸʴʱʮʬ ʱʧʩʡ ʤʠʥʬʧʺ ʬʹ
ʫ ʬʹ ʯʥʩʡʧ-10  ,ʺʠʦ ʭʲ .)ʭʩʰʹʹʩ  ʭʩʮʸʥʢ ʬʹ ʺʥʩʬʸʥʴʮʨ ʺʥʲʴʹʤ ʺʥʮʩʩʷʹ ʧʩʰʤʬ

.ʤʦ ʸʷʧʮʡ ʥʰʧʡʰ ʠʬʹ ,ʯʨʸʱʬ ʭʩʸʥʹʷʤ ʭʩʴʱʥʰ 

 ʲʡ ʤʬʥʧʤ ʬʹ ʭʩʸʥʢʮʤ ʺʡʥʺʫ ʩʰʥʺʰ ʬʲ ʺʱʱʡʺʮ ʸʷʧʮʡ ʤʴʩʹʧʤ ʺʫʸʲʤ ʺ
ʫʡ ,ʥʰʺʫʸʲʤʬ .ʤʰʧʡʠʤ-10%  ʪʬʤʮʡ ʺʡʥʺʫ ʩʥʰʩʹ ʤʩʤ ʭʩʸʷʮʤʮ4-5  ʭʩʰʹ
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 ʩʮʥʠʬʤ ʯʨʸʱʤ ʭʥʹʩʸ ʬʹ ʲʣʩʮʤ ʸʢʠʮ ʺʠ ʸʥʹʷʬ ,ʣʩʺʲʡ ʡʥʹʧ ʯʫʬ .ʺʥʰʥʸʧʠ
 ʺʡʥʺʫ ʺʠ ʥʰʩʹʹ ʭʩʬʥʧ ʧʥʺʩʰʤʮ ʯʰʱʬʥ ,ʩʬʬʫʤ ʯʩʱʥʬʫʥʠʤ ʭʥʹʩʸ ʬʹ ̡ ʣʩʮʤ ʸʢʠʮʬ

( ʤʰʥʸʧʠʬ ʭʤʩʸʥʢʮ4-5 .)ʤʰʧʡʠʤ ʩʰʴʬ ʭʩʰʹ 

  ʠʥʤ ʯʥʹʩʲ .ʥʷʣʡʰʹ ʯʨʸʱʤ ʩʢʥʱ ʩʰʹʬ ʲʥʣʩʥ ʸʫʥʮ ʯʥʫʩʱ ʭʸʥʢʺʩʯʥʰʷ  ʲʶʡʺʤ ʯʥʹʩʲʬ
( ̋ ʩʢʥʬʥʷʠ ʤʮʸʡ ʬʣʥʮ ɦ ʩʱʡ ʬʲ y ʷʧʮʡ ʭʩʧʴʱʰ1-ʲ\1-ʴ ʤʮʥʸʺʤ ̋ ʷʩʣʡʡ ,ʯʫʬ .)

.ʩʱʧʩ ʯʴʥʠʡ ʭʩʫʥʮʰ ʭʩʦʥʧʠʤ ʤʠʥʬʧʺʬ ʯʥʹʩʲʤ ʬʹ ʺʩʱʧʩʤ 

 ʬʸ ʭʩʩʹʩʠ ʯʥʫʩʱ ʩʮʸʥʢʬ ʯʥʰʷʩʺʤʥʥʩʢʥʬʥʷʠ ʱʩʱʡ ʬʲ ʠʥʤ ʭʢ ʲʶʡʺʮ ʭʩʸʧʠ ʭʩʩʨʰ-
 ʭʩʩʣʩʺʲ ʭʩʸʷʧʮʡ ,ʪʫ ʬʹʡ .ʭʩʩʹʩʠ ʭʩʰʥʺʰʡ y ʱʥʧ ʬʹʡ ʬʬʫ ʭʩʩʷʺʮ ʥʰʩʠʹ ʥʠ ʩʸʥʦʠ

 "ʺʥʮʧʤ ʺʥʣʥʷʰ"ʡ ʭʩʩʬʠʥʣʩʡʩʣʰʩʠ ʭʩʸʷʱ ʲʶʡʬ ʹʩ(hotspots) ʤʺʬʢʺʤ ʯʤʡ ,
.ʺʸʡʢʥʮ ʤʠʥʬʧʺ 

:ʩʠʸʧʠ ʸʷʥʧ 

:ʸʠʥʺ ,ʭʹ ʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ 'ʴʥʸʴ 
ʪʩʸʠʺ:26/03/2016 
ʤʮʩʺʧ:  
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4. ʭʩʧʴʱʰʤ ʺʮʩʹʸ 
 

'ʱʮ ʺʸʺʥʫ 
1-ʠ ʥ ʤʠʩʸ ʯʨʸʱ ʩʸʥʲʩʹNHL-  ʺʰʹʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʩʮʥ ʬʩʢʬ ʭʩʰʰʷʥʺʮ

2012 ,ʥʥʹʤʡʠʬʺʬ ʤ-.)ʭʩʩʬʬʫ ʭʩʰʥʺʰ( ʤʸʣʧʥ ʡʩʡʠ 
1-ʡ ʥ ʤʠʩʸ ʯʨʸʱ ʩʸʥʲʩʹ NHL- (Standardized Incident Rates - SIRs) ʬʲ- ʩʴ

 ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠʡ ʤʴʩʧ ʵʸʴʮ ʬʹ )ʱ"ʢʠ( ʭʩʩʨʱʩʨʨʱ-2012  ʭʲ ʱ"ʢʠ(
2 )ʺʥʧʴʬ ʯʨʸʱ ʩʸʷʮ. 

1-ʢ  "ʤʬʩʢʸ ʬʰʸʷ ʺʥʴʩʴʶ"ʡ ʤʠʥʬʧʺʤ ,ʯʨʸʱʡ ʤʠʥʬʧʺ ʬʹ-2012. 

1-ʣ ʺʩʬʬʫ ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ. 

1-ʤ " ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD)ʤʩʩʱʥʬʫʥʠʤ ʬʬʫ( ʤʠʩʸ ʯʨʸʱ ʬʹ ). 

1-ʥ " ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD ʯʨʸʱ ʬʹ )NHL  )ʤʩʩʱʥʬʫʥʠʤ ʬʬʫ(. 

1-ʦ " ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD)  ʬʩʢ ʣʲ ʭʩʸʡʢ( ʤʠʩʸ ʯʨʸʱ ʬʹ65). 

1-ʧ " ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD) ʯʨʸʱ ʬʹ NHL ( ʬʩʢ ʣʲ ʭʩʸʡʢ65). 

1-ʨ " ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD ʬʩʢ ʣʲ ʭʩʹʰ( ʤʠʩʸ ʯʨʸʱ ʬʹ )65). 

1-ʩ " ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD)  ʬʹʯʨʸʱ NHL  ʬʩʢ ʣʲ ʭʩʹʰ(65). 

1-:ʫ ( ʺʩʨʱʩʨʨʱ ʺʥʷʤʡʥʮ "ʺʥʮʧ ʺʥʣʥʷʰ"GiZScoreʩʰʥʸʴʰʥʡ ʯʥʰʷʺ ʭʲ ). 

1-ʬ ( "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ" ʧʥʺʩʰ ʺʨʩʹ ʬʹ ʺʥʰʥʸʷʲDKD.) 

1-ʮ ʬʲ ʤʷʥʬʧʡ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ-ʩʡʸ ʭʩʬʣʥʮʬ ʥʱʰʫʥʤʹ ʩʴʫ ,ʺʥʶʥʡʷ ʩʴ-
ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱʡ ʤʠʥʬʧʺʬ ʭʩʰʺʹʮʤNHL  .ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ 

1-ʰ 
(A, B, C) 

ʩʡʸ ʭʩʬʣʥʮ- ʤʠʥʬʧʺʬ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʬ ʭʩʰʺʹʮ
 ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱʡסNHL  .ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ 

1-ʱ  ʯʨʸʱʡ ʤʠʥʬʧʺʬ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʫʸʲʤ
ʥ ʤʠʩʸ(-NHL.ʸʷʧʮʤ ʸʥʦʠʡ ) 

1-ʲ  ʺʰʹʡ ʱ"ʢʠʡ ʭʩʰʹʲʮʤ ʦʥʧʠ ʺʫʸʲʤ2003. 

1-ʴ  ʺʰʹʡ ʱ"ʢʠʡ ʭʩʰʹʲʮʤ ʦʥʧʠ ʺʫʸʲʤ ʺʴʮ2003. 

1-ʶ ʬ ʺʥʹʩʢʸ ʯʧʡʮ ʩʣʣʮ ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱNHL  ʭʩʰʺʹʮʡ ʭʩʩʸʹʴʠ ʭʩʩʥʰʩʹʬ
.ʭʩʸʧʡʰ ʭʩʩʺʡʩʡʱ 

1-ʷ ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ 
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 ʧʴʱʰ1- :ʠʥ ʤʠʩʸ ʯʨʸʱ ʩʸʥʲʩʹNHL-  ʺʰʹʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʩʮʥ ʬʩʢʬ ʭʩʰʰʷʥʺʮ
2012 ,ʥʥʹʤʡʠ ʤʬʺʬ-.)ʭʩʩʬʬʫ ʭʩʰʥʺʰ( ʤʸʣʧʥ ʡʩʡʠ 

All Cases Rates Per 100,000 

 Region 
  

Lung NHL 

Crude 
Age & sex-
adjusted* Crude 

Age & sex 
adjusted* 

Haifa sub-
district 43.1 29.2 34.92 19.2 

Tel-Aviv 49.8 38.3 19.53 13.6 

Hadera 40.8 36.2 35.59 23.4 

Israel  28.5  16.6 

*adjusted for Israel population in 2012 
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 ʧʴʱʰ1-:ʡ ʥ ʤʠʩʸ ʯʨʸʱ ʩʸʥʲʩʹ NHL- (Standardized Incident Rates - SIRs) ʬʲ- ʤʴʩʧ ʵʸʴʮ ʬʹ )ʱ"ʢʠ( ʭʩʩʨʱʩʨʨʱ ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠ ʩʴʡ-
2012  ʭʲ ʱ"ʢʠ(2 )ʺʥʧʴʬ ʯʨʸʱ ʩʸʷʮ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NHL            ʤʠʩʸ ʯʨʸʱ 
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 ʧʴʱʰ1-ʢ  ʺʰʹʡ ʯʨʸʱʡ ʤʠʥʬʧʺʤ ʬʹ ʭʩʬʩʢʸ ʬʰʸʷ ʩʣʣʮ :2012 .)ʺʩʬʬʫ ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶʬ ʬʥʮʸʩʰ ʠʬʬ( 
 
 

  

 NHL                   ʤʠʩʸ ʯʨʸʱ 
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 ʧʴʱʰ1-ʣ ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ :."ʤʰʥʰʸʠ"ʥ  "ʬ"ʨʰʡ" ʭʩʸʢʠʮʤ ʩʴʬ ʺʩʬʬʫ 

      ʸʢʠʮʬ"ʨʰʡ             ʸʢʠʮʤʰʥʰʸʠ 
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 ʧʴʱʰ1-:ʤ "  ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKDʸ ʯʨʸʱ ʬʹ )ʠʩ.)ʤʩʩʱʥʬʫʥʠʤ ʬʬʫ( ʤ 
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 ʧʴʱʰ1-ʥ" :  ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD ʯʨʸʱ ʬʹ )NHL .)ʤʩʩʱʥʬʫʥʠʤ ʬʬʫ( 
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 ʧʴʱʰ1-:ʦ "  ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD ʬʩʢ ʣʲ ʭʩʸʡʢ ʡʸʷʡ ʤʠʩʸ ʯʨʸʱ ʬʹ )65. 
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 ʧʴʱʰ1- :ʧ"  ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKD ʯʨʸʱ ʬʹ )NHL  ʬʩʢ ʣʲ ʭʩʸʡʢ ʡʸʷʡ(65.) 
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 ʧʴʱʰ1-:ʨ "  ʺʥʴʩʴʶ( "ʤʬʥʴʫ ʬʰʸʷDKDʸ ʯʨʸʱ ʬʹ )ʠʩ ʬʩʢ ʣʲ ʭʩʹʰ ʡʸʷʡ ʤ65. 
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 ʧʴʱʰ1-:ʩ " ʺʥʴʩʴʶ ʬʰʸʷ( "ʤʬʥʴʫDKD ʯʨʸʱ ʬʹ )NHL  ʬʩʢ ʣʲ ʭʩʹʰ ʡʸʷʡ65 . 
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 ʧʴʱʰ1-ʫ: ʺʩʨʱʩʨʨʱ ʺʥʷʤʡʥʮ "ʺʥʮʧ ʺʥʣʥʷʰ" (GiZScore ʯʥʰʷʺ ʭʲ )"ʩʰʥʸʴʰʥʡ". 
 

            
             ʯʨʸʱ ʩʬʥʧ ʬʬʫ                                 ʤʠʩʸ ʯʨʸʱ ʩʬʥʧ ʬʬʫNHL           

 
 

            
    ,ʤʠʩʸ ʯʨʸʱ ʭʩʸʡʢ ʬʩʢʬ ʺʧʺʮ65                 ʬʩʢʬ ʺʧʺʮ ʭʩʹʰ ,ʤʠʩʸ ʯʨʸʱ65 
 

            
     ʯʨʸʱNHL , ʭʩʸʡʢ ʬʩʢʬ ʺʧʺʮ65               ʯʨʸʱNHL ʬʩʢʬ ʺʧʺʮ ʭʩʹʰ ,65 
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 ʧʴʱʰ1-ʬ: ʲ( "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ" ʧʥʺʩʰ ʺʨʩʹ ʬʹ ʺʥʰʥʸʷDKD).  
 
 
The method description is based on: Portnov B. A. and M. Zusman, Spatial Data 

Analysis Using Kernel Density Tools, Encyclopedia of Business Analytics and 

Optimization, 1st Edition, Ed. J. Wang, IGI Global Publishers, Hershey, Pennsylvania, 

2014. 

Introduction 

Density analysis uses empirically recorded observations of some phenomenon or event 

(such as home locations of business customers, crime spots or locations of past forest 

fires) and transforms these observations into continuous surfaces of "event density." 

Such surfaces show where the events of interest are concentrated geographically, thus 

helping to analyze their underlying patterns (Silverman, 1986; ESRI, 2012). 

The main advantage of density analysis, compared to other popular methods of 

spatial smoothing (such as, spline, inverse distance weighted (IDW) method or kriging) 

is that it can be used for a study of a spatial phenomenon that has no recorded 

attributes, except for geographic location (Portnov, Dubnov, & Barchana, 2009).  

In this appendix, we discuss the basic features of the density analysis method, 

focusing, in particular, on the Double Kernel Density (DKD) approach. 

Density analysis in empirical studies 

In many business and research applications, there is a need to investigate the spatial 

distribution of some events of interests, in order to identify their geographic "hotspots" 

and to develop policy remedies, if required (see Table 1). 

Thus, for example, in their study of the association between air pollution and lung 

cancer in the City of Haifa, Israel, Portnov et al. (2009), used the density method for 

a multivariate analysis of environmental and socio-demographic factors affecting lung 

cancer risk. In the studies two analytical methods ס calculation of age-standardized 

rates (ASRs) for small census areas and density analysis ס were compared. While AS 

comparison across small census areas detected no significant association between air 

pollution and lung cancer risk, density analysis helped to identify a significant 

association between lung cancer incidence and SO2 pollution.  The authors of the study 

demonstrated that density tools can be especially useful for the analysis of data that 

have only X,Y coordinates, such as, e.g., residential locations of lung cancer patients.  

In another recent study by Gonzalez-Olabarria, Brotons, Gritten, Tudela, & Teres 

(2012), density analysis was used for the identification of regions in Spain with a 

recurrent history of forest fires. With the help of KD tools, the researchers compared 

the causes of ignitions and occurrence of hotspots. The analysis demonstrated that 

ignitions in the region of Catalonia were not random, thus helping to concentrate future 

firefighting efforts on specific "hotspots" of an elevated ignition risk.  

TABLE 1: Examples of density analysis use in different scientific fields and 

applications 
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Density analysis has been also widely used in criminology. Thus, Porter, & Reich (2012) 

used KD estimations to forecast the locations of future criminal and terrorist events. 

The researchers based their analysis on a temporally weighted KD model, used to 

predict how much influence past events may have on predicting future event locations. 

The analysis showed that forecasting quality tends to vary by the type of crime and 

relatively little by time-series length. 

Types of density estimates 

There are two basic approaches to calculating density surfaces ס linear averaging and 

kernel density (KD). In both methods, the areal density of geographically referenced 

features (or events) is calculated for a neighborhood of a raster cell (pixel), which 

"net" covers the entire area of interest. By way of this estimation, density is calculated 

as the number of features or events located in each cell's predefined proximity range, 

per unit of area (that is, per m2 or km2 or any other areal measure). To this end, a 

circle is drawn around each raster cell, using some predefined search radius (see the 

subsection on the ”KD calculation”, for more detail). The number of features (or 

events), which fall inside the circle, are then summed up, and the total number of 

events is divided by the circle's area (Gatrell, Bailey, Diggle, & Rowlingson, 1996; 

Silverman, 1986). KD estimates are calculated similarly, but according to this method, 

points, lying near the center of a given raster cell, are weighted more heavily than 

Scientific field Research application  

Criminology Forecasting locations of future criminal and terrorist events 
(Porter, & Reich, 2012) 

  Mapping the addresses of recorded crime events for the 
identification of crime spots (Wolff, & Asche, 2009) 

Environmental sciences Estimating the conditional probabilities of the rainfall (Sharma, 
2000) 

 Identification of regions with recurrent forest fires (Gonzalez-
Olabarria et al., 2012) 

  Forecasting wind power potential (Taylor, & Jeon, 2012)  

Epidemiology and public 
health studies  

Identifying the association between disease density and 
environmental risk factors (Kloog, Haim, & Portnov, 2009; 
Portnov et al., 2009; Zusman, Dubnov, Barchana, & Portnov, 
2012) 

  Analysis of the distribution of alcohol outlets in residential 
neighborhoods (Carlos, Shi, Sargent, Tanski, & Berke, 2010) 

Marketing  Analysis of the service area of a restaurant (Donthu, 1991) 

  Modeling the patterns of customer density aimed at locating 
prospective new customers (Sliwinski, 2002) 

Transportation Density analysis of recorded traffic accidents for understanding 
their spatial patterns (Anderson, 2009; Xie, & Yan, 2008)  

  Spaceסtime analysis of traffic trajectories of passenger ships 
and tankers )Demšar, & Virrantaus, 2010).  
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those lying near its edge (McCoy & Johnston, 2001).  

Figure 1 helps to illustrate differences between maps produced by two different 

density methods - linear averaging (Fig.1A) and KD method (Fig.1B). In both cases, 

the same geographic distribution of input points (events) is used, with these points 

being marked by tiny black dots on the maps. In particular, as Figure 1 shows, the 

calculated density surface, estimated using the linear averaging (Fig. 1A), appears to 

be coarser and more dispersed then the surface obtained using KD estimates (Fig. 1B).  

 FIGURE 1: Density estimation using linear averaging (left) and kernel density (KD) smoothing (right) 

KD calculation 

The KD calculation procedure is relatively simple; it is based on a non-linear kernel 

function, �� estimated as follows:  λ�̂ሺ�ሻ = ∑ ଵ�2 � ቀሺ�−��ሻ� ቁ��=ଵ         

 (1) 

Where s is point for which KD is calculated; s1,..., sn, are the vector locations of the n 

observed point events around point s; k( ) represents the kernel weighting function , 

and τ > 0, is the bandwidth parameter, with the value of τ chosen so as to provide 

the required degree of smoothing in the estimate (Gatrell et al., 1996; Silverman, 

1986). 

Figure 2 shows graphically how a KD function is calculated around each point s on 

the raster grid. Distances to each observed event, si that lies within the area of 
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influence (controlled byτ), are measured and contribute to the intensity estimate at s, 

according to how close they are to s (Gatrell et al., 1996). 

  
FIGURE 2:  KD estimation of a point pattern (after Gatrell et al., 1996). 

 

Because the number of event points considered to be neighbors of location s 

depends on the search radius (bandwidth orτ), the resulting KD estimate depends 

heavily on its choice. In particular, the size of the bandwidth chosen for KD estimation 

determines the degree of smoothing produced. If the search radius is larger, there is 

more smoothing, while smaller values of the radius produce increasingly 'spiky' 

estimate (Gatrell et al., 1996). To illustrate this point, let us examine several KD plots 

based on the same event distribution, but smoothed using different bandwidths: from 

200 m to 1200 m, with a 200-m increment (see Fig. 3).  
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A      B  

 

C     D 
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E       F 

FIGURE 3: Kernel density calculation using different bandwidth settings for the same input data   

A – 200-m bandwidth; B – 400-m bandwidth; C – 600-m bandwidth; D – 800-m bandwidth; E – 1000-m 

bandwidth; F – 1200-m bandwidth 

Note: input data are marked by tiny black dots on the diagram. 

As Fig. 3 shows, while input points (marked by black dots on the diagrams) remain 

unchanged, the resulting KD surfaces becomes visually smoother in line with increasing 

values of the bandwidth, exhibiting less and less localized peaks with each bandwidth 

increment. Smaller bandwidths thus result in multi-peak, discrete surfaces, which 

might contain spurious features that are artifacts of the sampling process. In contrast, 

choosing excessive smoothing, by setting larger bandwidths, may lead to another 

undesirable outcome: important features of the underlying structure are smoothed 

away, with a possibility to detect potential density peaks decreasing (Jones, Marron, 

& Sheather, 1996). 

How should the optimal bandwidth be chosen?  

There is no consensus among researchers or any straightforward answer to this 

question. Instead, there are different approaches to choosing the bandwidth for KD 

calculation, apart from visual examination. However, there are some empirical rules. 

First, the approach of choosing the bandwidth may be based upon nearest neighbor 

distances. According to this approach, the bandwidth is calculated based on a 

predefined number of observations closest to the point of interest, called the "nearest 

neighbors" (Silverman, 1986). For instance, if the average distance, across the entire 

set of observations for 3 or 4 nearest neighbors, is, for instance, 200 m, the researcher 

may set the search bandwidth incremental to it, that is, equal to 200m, 400m, etc. 
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Some researchers look for a particular size of the kernel bandwidth, which would 

produce better estimates in a multivariate analysis of event densities, calculated using 

KD functions with different bandwidths (Portnov et al., 2009; Kloog et al., 2009). 

According to this approach, the researcher tests a number of radii, for instance, 200, 

300, 400, etc. and then applies each radius separately to the study data. The results 

are then examined in a multivariate analysis, and the "best performing" radius is 

chosen, based on regression fits provided by multivariate models (Portnov et al., 

2009). 

As an alternative, the bandwidth can be set proportional to the physical dimensions 

of the study area, by setting the bandwidth to, say, 1/30th  or 1/50th of its largest 

dimension, longitudinal or latitudinal, as it is currently implemented in ArcGIS10.xTM 

software (ESRI, 2012). It should be noted, however, that such an approach is quite 

arbitrary and somewhat mechanistic and may thus lead to spurious results in the 

analysis.  

In any case, choosing a specific size of bandwidth will always be accompanied by 

some level of bias ("misreporting of the shape") and a lack of precision )“excessive 
variance”( in the bandwidth distributions. Trying to reduce such as bias by getting the 

optimal shape may entail more variance, while trying to get more precision in the 

expected values can result in bigger bias (DiNardo & Tobias, 2001; Jones et al., 1996). 

The decision about what is more important should thus be taken considering the type 

of the data, and objectives of the researcher.  

Kernel density vs. other techniques of spatial smoothing  

There are several interpolation tools which perform tasks similar to KD smoothing. As 

previously mentioned, these interpolation techniques include spline, Inverse Distance 

Weighted (IDW) method, radial basis functions, triangulation, and kriging (ESRI, 

2012).  IDW and spline are interpolation methods which use measured values around 

a point, to predict a parameter's "unknown" value at the subject point. These methods 

use different averaging schemes, with or without weighting for proximities between 

neighboring data points (ESRI, 2012; PB, 2009).  

Kriging is another interpolation technique which also uses the measured values, to 

derive a predicted value for an unmeasured location, based on statistical 

autocorrelation between the observed values at measured points. As compared to IDW 

and spline techniques, kriging calculates predicted values based not only on the 

evaluated values observed in neighboring locations, but also takes into account the 

statistical correlation between these points (estimated by taking into account distances 

between the points). As a result, kriging helps to provide, in some cases, more accurate 

predictions, especially for neighboring observations with similar values of a parameter 

(cf. inter alia, ESRI, 2012; PB, 2009; Putti, 2003).  

It should be noted, however, that for producing event surfaces, all these methods 

(that is, spline, IDW, kriging and other similar methods of spatial interpolation) require 

a parameter's values, observed in different neighboring locations, that is, the 

magnitude of the parameter in each point of the geographic distribution (often called, 
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the "population field"). However, such values may not always be available for the 

researcher. For instance, sometimes the researcher deals with data which are 

represented only by their geographic coordinates and have no other information 

available. For instance, in the case of disease patients, the only information available 

may be residential locations of disease patients. 

A major advantage of the KD technique, compared to other techniques of spatial 

smoothing, is that it does not require the presence of a parameter’s value in a given 
location. Thereby the KD technique makes it possible to generate a continuous surface 

of event’ density by using information on the location of neighboring events, even if 
individual observations are represented only by their geographic location, that is, by 

their x, y coordinates, and have no other attributes whatsoever (Carlos et al., 2010; 

Kloog et al., 2009; Portnov et al.,2009).  

Double kernel density (DKD) estimates 

The Double Kernel Density (DKD), also known as Relative Kernel Density (RKD) or 

Normalized Kernel Density (NKD), is produced by normalization of KD surfaces, that 

is, by dividing a parameter's values observed in data points (or raster cells) by values 

of another parameter observed at the same locations. Such normalization is performed 

when there is a need to control the spatial distribution of events of interest, drawn 

from a general population, by the spatial distribution of that population across the 

study area. For instance, in health studies sometimes there is a need to calculate the 

relative risk of a disease by normalizing the number of disease patients in each location 

by the total number of people living there (Portnov et al., 2009). In other words, such 

normalization is required to assure that the concentration of patients near e.g., a 

pollution source is not solely due to high population densities around it (Zusman et al., 

2012).  

DKD normalization also helps to minimize the "edge effect" inherent to KD 

estimates, that is, the effect which tends to occur because there are fewer neighboring 

observations near the boundary of the study area and there are no observations 

outside the boundary (Gatrell et al., 1996). This situation may lead to an "artificial" 

drop in density values near the study area's boundaries. Since this (or similar) pattern 

may expected to be found both in the distribution of the event of interest, and in the 

distribution pattern of the general population, DKD may help to minimize (albeit not 

eliminate) the underlying source of such a bias, as Figure 4, which compares KD and 

DKD surfaces estimated for the same set of event points, demonstrates. 
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                                     A                                                                                              B 

FIGURE 4: Kernel Density and Double Kernel Density estimation of events in study area 

(Number of events per 100,000 residents in each location) 

A – Kernel Density smoothing; B - Double Kernel Density smoothing  

As Fig. 4 shows, differences between the two maps are considerable. While the KD 

map (Fig. 4A) shows several continuous concentrations of the event of interest, which 

are spread over the whole study area, the DKD map (Fig. 4B) indicates only two clearly 

pronounced event peaks, located in the north-east corner of the study area. Another 

important difference between diagrams can be seen while looking at the boundaries 

of the images. A values dropping tendency that is observed in KD map, closer to the 

image boundaries of the image )left diagram(, is an “edge effect” which almost 
inexistent in DKD diagram (right diagram), evidently because the normalized density 

values near the boundaries are distributed more evenly. Obviously, these are crucial 

differences which may change the interpretation of research results. 

Stages of DKD calculation 

According to previous studies on the methodology of DKD analysis (Portnov et al., 

2009 and Zusman et al., 2012) The calculation of DKD and its multivariate analysis 

(whenever required) can be performed in the following several stages. In the first 

stage, the events of interest (e.g., residential locations of disease patients, or 

addresses of recorded crime events) are mapped. To this end, such locations are 

geocoded, that is, street addresses are converted into X and Y coordinates. The 

mapped points are next transformed into a continuous KD surface using the optimal 

bandwidth (see the subsection on KD calculation). The transformation results in a 

raster map featuring the KD of the events of interest. The KD surfaces can be produced 

using the “Spatial Analyst” tool of the ArcGIS9.xTM software (ESRI, 2012) or any other 

appropriate geographic information system (GIS) software. 

Since KD interpolation is a raster map, possibilities of its further geo-statistical 

processing and analysis are rather limited. Therefore, for further analysis, such maps 
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can be transformed into vectorized contours, that is, into continuous lines linking points 

with identical values of a parameter of interest (ESRI, 2012).   

If a researcher wants to analyze whether some exogenous variables influence the 

density of observed events, there may be a need to use a multivariable statistical 

analysis, such as e.g., multivariate regression. However, it should be kept in mind that 

the regression analysis is applied to discrete points and cannot be used on continuous 

surfaces. Therefore, a KD surface needs to be converted from a raster map (or 

vectorized contours) into discrete point data. As suggested by Zusman et al., (2012), 

for this purpose, a number of randomly distributed “reference” points (1000 points or 

more) should be generated, to cover the whole study area. Such points might be 

generated using Hawth’s Analysis Tool in ArcGIS10.xTM (ESRI, 2012) or any other 

appropriate geo-statistical software. Fig. 5 features an example of randomly generated 

"reference" points created for the subsequent use in a multivariate analysis.  

After a layer with reference points is generated, the reference points are spatially 

linked, according to the methodology proposed in Zusman et al. (2012), to KD 

contours, that is, each reference point gets value from the KD contour closed to it. The 

calculation can be performed using the "spatial join" tool in ArcGIS10.xTM that links 

geographic lays (maps) together, based on their spatial location. The KD values of the 

population distribution, from which the events of interests are drawn, should next be 

linked to the reference points, in a similar way (that is, by first constructing KD surface 

of overall population density, converting it into contours and joining the contours with 

the same set of reference points). 

During the next phase of the analysis, DKD values are calculated, by dividing KD 

values of the event of interest by KD values of the total population, both observed at 

the corresponding "reference" points. The values obtained thereby can then be used 

as the dependent variable in a multivariate analysis.  

Explanatory factors for multivariable analysis may also be estimated in a similar 

way. In particular, KD raster maps can be produced for each of such factors in 

separation, and, then, spatially linked to the same set "reference points" for a 

subsequent use in a multivariate statistical analysis as predictors (or controls).   
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Key terms & definitions 

Age-standardized rate (ASR) is the rate of a disease adjusted to the age distribution 

of a “standard” population )that is, population of a region or a country, set as a 
conditional baseline). 

Bandwidth is the radius of a search circle used for density calculation. 

Double Kernel Density (DKD) is a product of normalization of Kernel Density (KD) 

surface by another KD surface, for instance, by the KD of the total population residing 

in the study area. 

Edge effect is a KD surface distortion characterized by a drop in the values observed 

near the edge of the study area. 

Kernel Density (KD) estimation is a density calculation method that weights events 

that are close to the center of the search circle more than more distant ones. 

Kriging ס a geostatistical interpolation method based on predicting values for 

unmeasured locations using regression estimates. 

Linear averaging ס density estimation method which calculates the number of events 

inside the search radius divided by the search circle area, without applying any 

weighting scheme to the input events. 

Raster cell ס usually a small rectangle used for surface tessellation. 
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 ʧʴʱʰ1-ʮ: ʬʲ ʤʷʥʬʧʡ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ-ʩʡʸ ʭʩʬʣʥʮʬ ʥʱʰʫʥʤʹ ʩʴʫ ʺʥʶʥʡʷ ʩʴ-ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱʡ ʤʠʥʬʧʺʬ ʭʩʰʺʹʮʤNHL   ʵʸʴʮ ʸʥʦʠʡ 
       .ʤʴʩʧ 

 

ʤʩʩʹʲʺʬ ʤʡʸʩʷ  ʤʶʥʡʷ(4)  ʸʩʥʥʠ ʭʥʤʩʦ ʤʶʥʡʷ(3) ʤʷʥʱʲʺ ʩʴʰʲ  ʤʶʥʡʷ(2) ʭʥʷʩʮʥ ʤʩʩʱʥʬʫʥʠ  ʤʶʥʡʷ(1) 

;ʭʩʩʮʩʫʥʸʨʴ ʭʩʬʲʴʮ ʭʧʺʮ 

 ;ʤʴʥʲʺ ʤʣʹ 

( ʷʬʣ ʩʬʫʮ2  ;)ʭʩʸʺʠ 

ʧʥʫ ʺʰʧʺ .ʬʮʹʧʤ ʺʸʡʧ ʬʹ 

ʮ ʸʩʥʥʠ ʭʥʤʩʦ- 2.5;PM 2SO ; X;NO  
;ʭʩʩʹʠʸ ʭʩʹʩʡʫʬ ʤʡʸʩʷ 

 .ʬʮʸʫ ʸʤ ʬʹ ʤʰʴʮ 

 ʭʩʷʱʲʥʮ ʦʥʧʠʤʩʩʹʲʺʡ;  
;ʤʸʥʡʧʺʡ ʭʩʷʱʲʥʮ ʦʥʧʠ  

;ʺʥʩʺʹʺʡ ʭʩʷʱʲʥʮ ʦʥʧʠ 
;ʺʥʠʬʷʧʡ ʭʩʷʱʲʥʮ ʦʥʧʠ  

;ʤʧʥʥʸʥ ʤʠʥʴʸʡ ʭʩʷʱʲʥʮ ʦʥʧʠ 
.ʤʩʰʡʤ ʳʰʲʡ ʭʩʷʱʲʥʮ ʦʥʧʠ  

ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ; 
( ʭʩʸʢʥʡʮ ʦʥʧʠ65)+;  

( ʩʴʸʢʥʴʥʨ ʤʡʥʢ ʡʶʮʬ ʩʱʷʥʸʴ
;)ʨʸʴʤ ʬʹ ʩʬʫʬʫ 

;ʭʩʣʥʤʩ ʦʥʧʠ 

;ʭʩʤ ʳʥʧʮ ʷʧʸʮ 

 ʣʣʮʥʩʶʥʱ-;ʩʬʫʬʫ 

.)ʬʥʣʩʮ( ʭʩʰʹʲʮ ʦʥʧʠ 
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 ʧʴʱʰ1-ʰ-A: ʩʡʸ ʭʩʬʣʥʮ- ʤʮʥʸʺʬ ʭʩʰʺʹʮʤ ʤʠʥʬʧʺʬ ʭʩʰʥʹ ʭʩʮʸʥʢ ʬʹ ʺʩʱʧʩ
 ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱʡNHL .ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ 

 

Predictors 
Model Ae Model Be 

Ba (SE)b Ba (SE)b 

(Constant) 6.683 (0.340)** -4.185 (0.245)*** 

Population density (per km2) 
-2.74E-

04 
(3.772E-06)** -2.02E-04 

(2.72E-
06)*** 

Elevation above the sea level (km) 2.98E-07 (2.252E-04) -2.00E-06 
(1.62E-
04)*** 

Percent of Jewish population in the SCA 0.022 (0.002)*** 0.029 (0.001)*** 

SCA Socio-economic status 
-1.70E-

04 
(0.025) 0.928 (0.018)*** 

Percent of the elderly (above 65) 1.327 (0.343)*** 4.817 (0.247)*** 

Distance to the sea (km) 
-4.21E-

07 
(7.35E-06)*** -6.34E-10 (5.29E-06) 

Smoking rate 2003 (%) 0.180 (0.009)*** 0.259 
(6.20E-
03)*** 

Employment structure (% of total 
population of the SCA): 

    

Agriculture  -0.632 (0.038)*** -0.415 (0.027)*** 

Manufacturing  -0.102 (0.004)*** 0.085 (0.003)*** 

Electricity and water sectors  0.316 (0.013)*** 0.046 (0.010)*** 

Construction -0.178 (0.009)*** -0.013 (0.006)*** 

Transportation  -0.156 (0.006)*** -0.135 (0.004)*** 

Health & welfare  0.071 (0.005)*** 0.09 (0.004)*** 

Distance to the main road (km) 
-1.86E-

06 
(1.23E-04)*** -1.00E-06 

(8.86E-
05)*** 

Side of the Carmel Mountain (West=1) -1.32 (0.058)*** -0.98 (0.042)*** 

NOx (year 2003, IDW interpolation, ppb) 6.49E-03 (0.001)*** 0.042 (0.001)*** 

Linear distance to the Petrochemical 
Industrial Complex (km) 

1.55E-06 (4.60E-05)*** 1.00E-06 
(3.31E-
05)*** 

Squared distance to the Petrochemical 
Industrial Complex (km)  

-1.33E-
13 

(4.59E-09)*** -3.38E-11 
(3.31E-
09)*** 

N of obs. 32824 32824 

R2 0.410 0.462 

R2-adjusted 0.410 0.461 

SEEc 2.302 1.658 

Notes: * indicates a 0.05 significance level; a Unstandardized regression coefficient; b t-statistic; c 
Standard error of the estimate; g ס Box-Cox transformation )λ= 0.555 in Model A, λ=0.476 in Model B). 

Model A: Depended variable - Double Kernel density (DKDs) of Lung cancer in 2012. 
Model B: Depended variable - Double Kernel density (DKDs) of NHL cancer in 2012. 
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 ʧʴʱʰ1-ʰ-B: ʡʸ ʬʣʥʮ- ʤʮʥʸʺʬ ʭʩʰʺʹʮʤ.ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʠʩʸ ʯʨʸʱʡ ʤʠʥʬʧʺʬ ʭʩʰʥʹ ʭʩʮʸʥʢ ʬʹ ʺʩʱʧʩ 
 

Table B: Factors affecting Lung cancer   incidence in the Haifa Bay area (dependent variables ס lung cancer DKD (cases per 100,000), Box-Cox 
transformed values )λ=0.555(; method ס OLS regression)  
 
Predictors Model I Model II Model III Model IV 

Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b 

(Constant) 9.035 (0.309)*** 11.697 (0.312)*** 18.097 (0.507)*** 45.046 (0.701)*** 

Population density (per km2) -1.475E-04 (3.47E-06)*** -2.048E-04 (3.48E-06)*** -2.388E-04 (3.85E-06)*** -3.975E-04 (3.49E-06)*** 

Elevation above the sea level (m) 0.003 (1.73E-04)*** -0.001 (1.82E-04)*** 0.003 (2.32E-04)*** -0.005 (2.32E-04)*** 

Percent of Jewish population in the SCA -0.011 (0.002)*** 0.002 (0.002)*** 0.004 (0.002)** -0.042 (0.002)*** 

SCA Socio-economic status 0.457 (0.021)*** 0.027 (0.024)*** -0.078 (0.025)*** -0.208 (0.025)*** 

Percent of older population (above age 65) 9.402 (0.308)*** 4.703 (0.345)*** 4.439 (0.347)*** 5.504 (0.317)*** 

Distance to the sea (m) -3.561E-04 (4.98E-06)*** -3.918E-04 (5.78E-06)*** -3.937E-04 (7.16E-06)*** 1.620E-04 (4.70E-05)*** 

Smoking rate 2003 (%, model estimates; Appendix 1) 0.117 (0.009)*** 0.158 (0.009)*** 0.140 (0.009)*** -0.134 (0.008)*** 

Employment structure (% of total population of SCA):         

Employment in agriculture  (0.032) 0.286- ***(0.039) 0.623- ***(0.037) 0.781- ס ס*** 

Manufacturing employment  4.175- ***(0.004) 0.100- ***(0.004) 0.051- ס סE-04 (0.004) 

Employment in electricity and water sectors  (0.011) 0.339 ***(0.013) 0.237 ***(0.013) 0.213 ס ס*** 

Employment in construction (0.008) 0.019- ***(0.009) 0.233- ***(0.009) 0.245- ס ס** 

Transport employment  (0.005) 0.005- ***(0.006) 0.220- ***(0.006) 0.209- ס ס 

Employment in health & welfare  (0.005) 0.007- ***(0.005) 0.054 ***(0.005) 0.041 ס ס 

Distance to the main road (m) 0.002- ס ס ס ס  (1.24E-04)*** -0.002 (1.06E-04)*** 

Side of the Carmel Mountain (West=1) (0.076) 1.200- ***(0.053) 0.887- ס ס ס ס*** 

SO2 (year 2003, IDW interpolation, ppb) (0.071) 1.585 ***(0.071) 0.504 ס ס ס ס*** 

PM2.5 (year 2003, IDW interpolation, Mg/m2) (0.033) 1.523- ***(0.020) 0.320- ס ס ס ס*** 

NOx (year 2003, IDW interpolation, ppb) (0.003) 0.028 ***(0.002) 0.020 ס ס ס ס*** 

Linear distance to Oil Tanks, (small) (m) 0.001- ס ס ס ס ס ס (1.73E-04)*** 

Squared distance to Oil Tanks, (small) (m2) 1.507 ס ס ס ס ס סE-07 (8.02E-09)*** 

Linear distance to the Haifa Power Station (m) 3.911- ס ס ס ס ס סE-06 (2.47E-04) 

Squared distance to the Haifa Power Station (m2) ס #ס ס ס ס ס ס ס# 

Linear distance to the Airport (m) 0.005- ס ס ס ס ס ס (1.79E-04)*** 

Squared distance to the Airport (m2) 2.150- ס ס ס ס ס סE-07 (2.13E-08)*** 

Linear distance to Oil Tanks, (large) (m) 0.002 ס ס ס ס ס ס (9.13E-05)*** 
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Predictors Model I Model II Model III Model IV 

Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b 

Squared distance to Oil Tanks, (large) (m2) 9.647 ס ס ס ס ס סE-08 (9.77E-09)*** 

Linear distance to the Oil refineries (m) 0.004 ס ס ס ס ס ס (7.95E-05)*** 

Squared distance to the Oil refineries (m2) 7.996- ס ס ס ס ס סE-08 (1.11E-08)*** 

N of obs. 32824 32824 32824 32824 

R2 0.296 0.368 0.388 0.592 

R2-adjusted 0.296 0.368 0.388 0.592 

F (1971.800)*** (1472.683)*** (1154.761)*** (1765.321)*** 

SEEc 2.518 2.381 2.345 1.914 

R2 Change compared to previous model  0.296 0.072 0.019 0.205 

F Change (1971.800)*** (627.058)*** (207.607)*** (1828.507)*** 

Model I: Geographic attributes, socio-economic variables and smoking rates included. 
Model II: Geographic attributes, socio-economic variables, smoking rates and employment structure variables included. 
Model III: Geographic attributes, socio-economic variables, smoking rates, employment structure and air pollution variables included. 
Model III: Geographic attributes, socio-economic variables, smoking rates, employment structure, air pollution variables and distance to potential industrial source of pollution included. 
Notes: *, ** and *** indicates a 0.1, 0.05 and 0.01 significance levels, respectively. a - Unstandardized regression coefficient; b - t-statistic; c - Standard error of the estimate; # - the variable was 
excluded from the regression analysis because of collinearity reasons. 

  



  

51 
 

 ʧʴʱʰ1-ʰ-C: ʡʸ ʬʣʥʮ- ʤʮʥʸʺʬ ʭʩʰʺʹʮʤ ʯʨʸʱʡ ʤʠʥʬʧʺʬ ʭʩʰʥʹ ʭʩʮʸʥʢ ʬʹ ʺʩʱʧʩNHL .ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ 
 
Table C: Factors affecting NHL cancer incidence in the Haifa Bay area (dependent variables ס NHL cancer DKD (cases per 100,000), Box-Cox transformed 
values )λ=0.476(; method ס OLS regression; proximities to major industrial facilities added)  
 
Predictors Model V Model VI Model VII Model VIII 

Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b 

(Constant) -1.166 (0.230)*** 0.126 (0.229) 14.922 (0.343)*** 11.174 (0.521)*** 

Population density (per km2) -1.273E-04 (2.58E-06)*** -1.478E-04 (2.55E-06)*** -1.804E-04 (2.60E-06)*** -2.382E-04 (2.60E-06)*** 

Elevation above the sea level (m) -0.005 (1.29E-04)*** -0.006 (1.33E-04)*** 0.001 (1.57E-04)*** -3.252E-04 (1.73E-04)*** 

Percent of Jewish population in the SCA 0.019 (0.001)*** 0.002 (0.001)* 0.007 (0.001)*** -0.005 (0.001)*** 

SCA Socio-economic status 1.041 (0.015)*** 1.170 (0.018)*** 0.741 (0.017)*** 0.588 (0.018)*** 

Percent of older population (above age 65) 10.756 (0.229)*** 7.791 (0.253)*** 8.285 (0.235)*** 5.944 (0.236)*** 

Distance to the sea (m) -2.246E-05 (3.71E-06)*** -4.175E-05 (4.24E-06)*** 4.429E-05 (4.84E-06)*** 0.001 (3.49E-05)*** 

Smoking rate 2003 (%, model estimates; Appendix 1) 0.281 (0.007)*** 0.252 (0.007)*** 0.194 (0.006)*** 0.113 (0.006)*** 

Employment structure (% of total population of SCA):         

Employment in agriculture  (0.024) 0.223- ***(0.026) 0.162- ***(0.027) 0.424- ס ס*** 

Manufacturing employment  (0.003) 0.050 ***(0.003) 0.024 ***(0.003) 0.131 ס ס*** 

Employment in electricity and water sectors  4.046- ס סE-04 (0.010) 0.036 (0.009)*** 0.024 (0.008)*** 

Employment in construction (0.006) 0.035 ***(0.006) 0.017- ***(0.006) 0.044- ס ס*** 

Transport employment  (0.004) 0.064- ***(0.004) 0.194- ***(0.004) 0.147- ס ס*** 

Employment in health & welfare  (0.003) 0.033 ***(0.004) 0.100 ***(0.004) 0.080 ס ס*** 

Distance to the main road (m) 0.001- ס ס ס ס (8.37E-05)*** -0.001 (7.88E-05)*** 

Side of the Carmel Mountain (West=1) (0.056) 0.639- ***(0.036) 0.483- ס ס ס ס*** 

SO2 (year 2003, IDW interpolation, ppb) (0.053) 0.953 ***(0.048) 1.204 ס ס ס ס*** 

PM2.5 (year 2003, IDW interpolation, Mg/m2) (0.025) 0.081- ***(0.014) 0.860- ס ס ס ס*** 

NOx (year 2003, IDW interpolation, ppb) (0.002) 0.029- ***(0.001) 0.078 ס ס ס ס*** 

Linear distance to Oil Tanks, (small) (m) 0.002- ס ס ס ס ס ס (1.28E-04)*** 

Squared distance to Oil Tanks, (small) (m2) 2.056 ס ס ס ס ס סE-07 (5.97E-09)*** 

Linear distance to the Haifa Power Station (m) 7.241- ס ס ס ס ס סE-05 (1.84E-04) 

Squared distance to the Haifa Power Station (m2) ס #ס ס ס ס ס ס ס# 

Linear distance to the Airport (m) 0.002 ס ס ס ס ס ס (1.33E-04)*** 

Squared distance to the Airport (m2) 6.598- ס ס ס ס ס סE-07 (1.59E-08)*** 

Linear distance to Oil Tanks, (large) (m) 0.003- ס ס ס ס ס ס (6.79E-05)*** 
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Predictors Model V Model VI Model VII Model VIII 

Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b Ba (Std. Error)b 

Squared distance to Oil Tanks, (large) (m2) 3.258 ס ס ס ס ס סE-07 (7.27E-09)*** 

Linear distance to the Oil refineries (m) 3.800- ס ס ס ס ס סE-04 (5.92E-05)*** 

Squared distance to the Oil refineries (m2) 3.209 ס ס ס ס ס סE-07 (8.25E-09)*** 

N of obs. 32824 32824 32824 32824 

R2 0.314 0.404 0.508 0.603 

R2-adjusted 0.314 0.404 0.508 0.603 

F (2146.422)*** (1712.359)*** (1883.572)*** (1846.872)*** 

SEEc 1.871 1.744 1.585 1.424 

R2 Change compared to previous model                 0.314         0.090           0.104 0.095 
F Change (2146.422)*** (827.524)***         (1387.812)*** (872.632)*** 

Model V: Geographic attributes, socio-economic variables and smoking rates included. 
Model VI: Geographic attributes, socio-economic variables, smoking rates and employment structure variables included. 
Model VII: Geographic attributes, socio-economic variables, smoking rates, employment structure and air pollution variables included. 
Model VIII: Geographic attributes, socio-economic variables, smoking rates, employment structure, air pollution variables and distance to potential industrial source of pollution included. 
Notes: *, ** and *** indicates a 0.1, 0.05 and 0.01 significance levels, respectively. a - Unstandardized regression coefficient; b - t-statistic; c - Standard error of the estimate; # - the variable was 
excluded from the regression analysis because of collinearity reasons. 
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 ʧʴʱʰ1-ʱ  : ʤʠʩʸ ʯʨʸʱʡ ʤʠʥʬʧʺʬ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʫʸʲʤ 

        ʯʨʸʱʥNHL *ʸʷʧʮʤ ʸʥʦʠʡ 
 

 

* ʭʩʧʥʥʣʮʤ ʭʩʬʣʥʮʤʥ "ʤʰʥʰʸʠ" ʸʢʠʮ ʩʴ ʬʲ ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ ʩʰʥʺʰ ʱʩʱʡ ʬʲ ʤʺʹʲʰ ʤʫʸʲʤʤ 
   ʧʴʱʰʡ1-.ʮ 
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 ʧʴʱʰ1-ʲ:  ʺʰʹʡ ʱ"ʢʠʡ ʭʩʰʹʲʮʤ ʦʥʧʠ ʺʫʸʲʤ2003. 
 

We used smoking prevalence rates in the year 2002 among different groups of Israeli population 
reported in Baron-Epel et al. (2010), and obtained by representative telephone surveys. To 
calculate smoking prevalence rates among population in the Haifa Bay statistical areas, we applied 
the mentioned data for three population groupings: ethnicity (Jews/Arabs), age (up to 65 and 
above 65 years old) and education (academic vs. non-academic). The percentages of these 
population groups in an SCA were obtained from ICBS databases (ICBS, 2015), and predicted 
rates for smoking prevalence were calculated as follows: 
 

ܵ�ܴ� = ቌ ሺ�݁��� ∗ Ͳ.ʹ͵ʹ + ���݁�݊݋� ∗ Ͳ.Ͷͷ͹ሻ +ሺ�݋�݊�� ∗ Ͳ.ʹͺͷ + ��݊�݋�݊݋� ∗ Ͳ.ͳͳͻሻ +ሺ�ܿ�݀� ∗ Ͳ.ͳͺͷ + �݀�ܿ�݊݋� ∗ Ͳ.ʹͺͺሻ ቍ⁄͵
 , 

where SPRi = smoking prevalence rate in the ith statistical area of the Haifa Bay region; Jews ס 
percent of Jewish population in the SCA, NonJews (=1-Jews) ס percent of non-Jewish population 
in the SCA; Young ס percent of population under 65 years old, NonYoung (=1-Young) ס percent 
of population over 65 years old; Acad ס percent of population with academic degree of BA, 
NonAcad (=1-Acad) ס percent of population without any academic degree; numerals are SPRs 
among corresponding population groups. 
 
References 

Baron-Epel O, Keinan-Boker L, Weinstein R, Shohat T (2010) Persistent High Rates of Smoking 
among Israeli Arab Males with Concomitant Decrease among Jews. IMAJ, 12:732-737. 
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 ʧʴʱʰ1-ʴ:  ʺʰʹʡ ʱ"ʢʠʡ ʭʩʰʹʲʮʤ ʦʥʧʠ ʺʫʸʲʤ ʺʴʮ2003 .  
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 ʧʴʱʰ1- .ʶʬ ʺʥʹʩʢʸ ʯʧʡʮ ʩʣʣʮ ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱNHL  ʭʩʩʺʡʩʡʱ ʭʩʰʺʹʮʡ ʭʩʩʥʰʩʹʬ
ʭʩʸʧʡʰ*. 

Variable Value Lung cancer (DKD per 

10,000) 

NHL cancer (DKD per 

10,000) 

Side of the Carmel Mountain West 24.79 14.44 

East 29.46 16.79 

Distance to the petrochemical 

complex (m) 

0 13.11 10.20 

1000 18.08 11.96 

2000 22.62 13.55 

3000 26.39 14.92 

4000 29.16 16.03 

5000 30.76 16.84 

6000 31.10 17.34 

7000 30.15 17.50 

8000 27.98 17.34 

9000 24.71 16.85 

10000 20.54 16.05 

Distance to the nearest main road 

(m) 

0 29.23 16.47 

100 28.44 16.25 

200 27.66 16.02 

300 26.89 15.80 

400 26.13 15.58 

500 25.38 15.36 

600 24.64 15.14 

700 23.91 14.93 

800 23.19 14.71 

900 22.48 14.50 

1000 21.78 14.28 

NOx (year 2003, IDW interpolation, 

ppb) 

0 27.81 12.07 

10 27.95 13.28 

20 28.09 14.55 

30 28.23 15.86 

40 28.38 17.23 

50 28.52 18.64 

60 28.66 20.11 

70 28.80 21.62 

80 28.95 23.19 

90 29.09 24.80 

100 29.23 26.46 

110 29.38 28.16 

120 29.52 29.92 

Notes: Based on models in the Appendix 1-נ ʧפʱʰ-A: the values of all controlled variables 

are kept constant and equal to their average values over the entire study area. 
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 ʧʴʱʰ1- .ʷ ʸʷʧʮ ʺʰʹ( ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ2015) 
'ʱʮ ʬʥʣʥʮ1  

:ʬʥʣʥʮʤ ʭʹ ʸʩʥʥʠʤ ʭʥʤʩʦʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱ ʺʥʲʸʠʩʤ ʯʩʡ ʸʹʷʤ 
 :ʩʠʸʧʠ ʸʷʥʧʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ 'ʴʥʸʴ 

1.  / ʤʸʶʷ ʺʥʸʴʱ ʺʸʩʷʱShort literature survey: 

Major metropolitan areas are often characterized by complex and confound relationships 

between mortality and air pollution (Jarrett et al., 2013). Although in recent years, 

increasing public awareness about air pollution and improved air pollution standards 

have led to positive changes in many urban areas, hazardous materials are still released 

into the air from multiple industrial sources, power plants and motor vehicles (Ames, et 

al., 1995; Cohen, 2000), leading to increased morbidity and mortality (Dockery, et al., 

1993; Miller et al., 2007; Norman et al., 2014; Pope et al., 2009). In almost 1,600 cities 

monitored in 91 countries worldwide, only 12% of people living in cities in which air 

quality fully complies with WHO standards (WHO, 2014). 

Cancer is the second leading cause of mortality in the OECD countries that accounts for 

25% of all deaths (OECD, 2015). Studies, carried out worldwide, point out that chronic 

exposure to air pollution increases the risk of cancer (Cui et al., 2014; Jarrett et al., 

2005; Portnov, et al., 2009; Vineis, et al., 2004), specifically lung cancer (Ames et al., 

1995; Chakraborty, 2012; Cohen, 2000; Jarrett et al., 2013; Nyberg, et al., 2000; Zanini 

et al., 2013) and, possibly, also non-Hodgkin lymphomas (NHL). Elevated risks of lung 

cancer and NHL have been reported in the world's major metropolitan cities, such as Los 

Angeles, Trieste, and Toronto, especially among populations living in proximity to 

thoroughfare roads and industrial facilities (Al-Ahmadi & Al-Zaharani, 2013; Johnson et 

al., 2003; Nyberg, et al., 2000; Parodi et al., 2014; Ramis et al., 2009). 

According to recent epidemiological literature, high ambient levels of NOx from motor 

traffic and industrial sites affect cancer morbidity and mortality (Al-Ahmadi, & Al-Zahrani, 

2013; Hystad., et al 2012; Norman et al., 2014; Raaschou-Nielsen et al., 2011; Spector 

Ben-Ari, 2014). In a recently published meta-analysis paper, Cui et al., (2014) provide 

strong evidence that particulate matter (PM2.5 and PM10) are a significant risk factor for 

lung cancer mortality. Proximity to main roads is another well-known factor associated 

with cancer morbidity (Hart et al., 2015; Paz e al., 2009). 

In the past decades, air quality in Israel has improved due to technological developments 

and stricter regulatory practices (IMEP, 2015). However, in some geographic areas of 

the country (especially in the Tel Aviv and Haifa metropolitan areas), air pollution is still 

a major problem due to industrial activity and increased transportation flows (IMEP, 

2015). 

In 2014, the Israel National Cancer Registry (INCR) published information about cancer 

morbidity and mortality, showing higher than average rates of cancer in the sub-districts 

of Akko, Hadera, Tel Aviv, Be’er-Sheva and Haifa (MoH, 2015).  

Several studies carried out in Haifa sub-district and in the Greater Haifa Metropolitan 

Area (GHMA) revealed associations between cancer morbidity and ambient air pollution, 

although findings of these studies were not always consistent (Paz et al., 2009; Portnov 

et al., 2009; Rottenberg et al., 2013; Zusman et al., 2012).   
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Thus, Paz et al. (2009) analyzed the link between NHL morbidity and residence near 

heavy-traffic roads in the GHMA. In the study, the geographical distribution of NHL 

patients was adjusted to the overall density of population residing in the study area. The 

study showed that NHL incidence was higher in close proximity to main roads (P<0.01).  

Portnov et al. (2009) investigated the association between the geographical distribution 

of lung cancer and air pollution in the GHMA. The results of the study showed a positive 

association between SO2 pollution and lung cancer incidence (P<0.01), adjusted for 

several covariates such as residential density, road proximity and population welfare 

levels.  

In a more recent study, Zusman et al., (2012) examined cancer incidence in a residential 

neighborhood adjacent to the main industrial zone in the GHMA, using both traditional 

zonal approaches and GIS technology. After adjusting for potential confounders (such 

as proximity to the main roads, population density, smoking rates and socio-demographic 

attributes), the study revealed that the areal density of lung and NHL cancers declined 

in line with distances from the industrial zone, especially among the elderly (P<0.01). 

However, the study was focused on one, relatively small neighborhood, immediately 

adjacent to the industrial zone and not characterized by significant variance in the levels 

of exposure. 

These results call for a further examination of the association between air pollution and 

cancer morbidity. 

 

2. ʺʩʴʩʶʴʱ ʤʸʨʮ   /ʸʷʧʮʤ ʺʩʰʫʺʡ ʤʸʣʢʥʤʹ ʩʴʫ ,ʬʥʣʥʮʤ ʬʹStudy goal 

The main goal of this module is to investigate the association between environmental 

conditions in general, and measured air pollution, in particular, and cancer morbidity 

observed in the GHMA. Mapping local cancer morbidity hotspots and investigating factors 

behind them is an important thrust of the analysis. Since the whole project is defined as 

prospective population level study with retrospective assessment of exposures, the 

present report deals with year-2012 cancer data only. 

3.  / ʺʥʨʸʥʴʮ ʺʥʨʩʹResearch methods: 

The present study used two analytical techniques: the traditional zonal approach (Boyle 

& Parkin, 1991; Curtin & Klein, 1995) and, mostly, more recently developed Double 

Kernel Density (DKD) tools (Portnov et al., 2009; Zusman et al., 2012; Chakraborty, 

2012), which underlying basics are detailed in Appendix 1-L of the annual research 

report. 

3.1.  ʰʺ ʬʬʥʫ( ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ ʤʠʶʥʤʥ ʤʬʬʫʤ ʩʠס Exclusion 

criteria , Eligibility.) 

All cases of Lung and NHL cancers, reported as the main cancer cause in the study 

area in 2012, and drawn from the Israel Cancer Registry database, were included in 

the analysis. 

3.2.   ʺʥʴʥʷʺ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ ʤʴʩʹʧʤ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʸʥʡʲ ʭʩʰʥʺʰʤ ʳʥʱʩʠ
ʭʩʰʥʹʤ ʭʩʰʺʹʮʤʥ Time frame for health effects and exposures /. 
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Lung and NHL cancers, reported in 2012, were compared to monitored air pollution data 

for 2003 (10-year latency period) and other environmental and socio-demographic 

variables, specified in the next sub-section (3.3) of this response. Street addresses of 

the cancer patients were relevant to the date of the diagnosis, not exposures (see 

Section 3.4 of the module report). 

3.3.  ʧʤ ʩʰʺʹʮ ʬʹ ʺʷʩʥʣʮ ʺʩʬʥʲʴʺ ʤʸʣʢʤ / ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤʥ ʤʴʩʹ
Operational definition of research variables  . 

The list of research variables, units used to measure their effects, and data sources are 

specified in Table 1 below. 

Table 1: List of research variables 

Variables Units Data source Comments 

A. Health effects    

DKD of Lung 
cancer (all cases in 
2012)  

per 100,000 
population 

National Cancer 
Registry 

Received as kernel 
density contours 
and transformed 
into DKD rates by 
normalization by 
population density  

DKD of NHL cancer 
(all cases in 2012) 

per 100,000 
population 

As above As above 

DKD of Lung 
cancer (males 
below 65 yo) 

per 100,000 in 
relevant population 
group 

As above Received as kernel 
density contours 
and transformed 
into DKD by 
normalization by 
relevant population 
density; used for 
DKD mapping only, 
not for multivariate 
analysis, due to 
relatively small 
number of 
observations 

DKD of Lung 
cancer (females 
below 65 yo) 

As above As above As above 

DKD of Lung 
cancer (males 65+ 
yo) 

As above As above As above 

DKD of Lung 
cancer (females 
65+ yo) 

As above As above As above 

DKD of NHL (males 
below 65 yo) 

As above As above As above 

DKD of NHL 
(females below 65 
yo) 

As above As above As above 
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Variables Units Data source Comments 

DKD of NHL (males 
65+ yo) 

As above As above As above 

DKD of NHL 
(females 65+ yo) 

As above As above As above 

B. Environmental and socio-demographic variables used as predictors in 
multivariate analysis2 

SO2 ppb Annual averages 
for individual air 
quality monitoring 
stations obtained 
from annual 
reports of the 
MoEP 

Year 2003 data, 
IDW interpolation 

NOx  ppb As above Year 2003 data, 
IDW interpolation 

PM2.5 ppb As above Year 2003, IDW 
interpolation 

Population density per km2 ICBS, “Arnona” 
database 

Received via ad 
hoc contracting of 
ICBS as KD 
contours of 
household densities 
(per km2) and 
converted into 
population 
densities by 
“spatial joining” 
with residential 
building layer and 
multiplying by the 
average size of the 
household in the 
SCA (aga”s).   

Distance to the sea  km Calculated in 
ArcGIS 

Calculated for each 
residential building 
in the study area 
considering that 
sea winds may 
transfer emissions 
and contaminants 

                                      
2 Several variables in the predictors’ group are collinear (e.g., distances to industrial facilities, SES 

vs. elevation above sea level, percent of Jewish population, etc.). To account for 
multicollinearity, in most regression analyses, collinear factors (especially distances to industrial 
facilities) were introduced into the models separately and multicollinearity monitored with the 
acceptable variance inflation factor (VIF) set to 3.0 or less. The only exception was models in 
which the contribution of integrated factor groups to the observed morbidity was estimated (see 
Appendices 1-M and 1-N of the Module report). 
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Variables Units Data source Comments 

affecting human 
health 

Percent of Jewish 
population in the 
SCA 

% Calculated using 
GIS layers provided 
by ICBS (year 2008 
data) 

As above; proxy for 
the ethnic makeup 

SCA Socio-
Economic status 

Dimensionless ratio 
scale 

Calculated using 
GIS layers provided 
by ICBS (year 2008 
data) 

As above; indicator 
of population 
welfare 

Percent of the 
elderly in the SCA 
(share of residents 
in the 
neighborhood 
above the age of 
65) 

% As above As above; a control 
variable for the 
local share of the 
elderly 

Elevation above 
the sea level 

km Calculated in 
ArcGIS 

As above; proxy for 
population welfare 

Smoking rate in 
2003  

% Model estimates for 
2003 

See Appendix 1-A 
of the research 
report 

Employment in 
agriculture in 2005, 
%  

% Calculated using 
GIS layers provided 
by ICBS (year 2008 
data for SCAs) 

Assigned to all 
locations in the 
same 
neighborhood as 
an indicator of 
employment 
structure 

Manufacturing 
employment in 
2005, % 

As above As above As above 

Employment in 
electricity and 
water sectors in 
2005, % 

As above As above As above 

Employment in 
construction in 
2005, % 

As above As above As above 

Transport 
employment in 
2005, % 

As above As above As above 

Employment in 
health & welfare in 
2005, % 

As above As above As above 

Distance to the 
nearest main roads  

km Calculated in 
ArcGIS using the 
layer of main 
thoroughfares 

Calculated for each 
residential building 
in the study area 
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Variables Units Data source Comments 

Side of the Carmel 
Mountain  

Left side (West)=0, 
Right side (East) 
=1 

Calculated in 
ArcGIS 

Calculated for each 
residential building 
in the study area; 
proxy for industrial 
proximity 

Distance to 
industrial Facility 1 
(Small Oil tanks) 

km Calculated in 
ArcGIS using “join 
and relates” tool 

Calculated for each 
residential building 
in the study area 
as distance from 
the facility’s 
boundary; measure 
of proximity to a 
specific industrial 
location 

Distance to 
industrial Facility 2 
(IEC Power station) 

km As above As above 

Distance to 
industrial Facility 3 
(Haifa airport) 

km As above As above 

Distance to 
industrial Facility 4 
(large oil tanks) 

km As above As above 

Distance to 
industrial Facility 5 
(Petrochemical 
industries complex) 

km As above As above 

3.4.  ʸʥʷʮ  ʳʷʩʤ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʺʠ ʭʩʰʥʺʰʤ ʬʹ ʩʥʱʩʫʤ ʺʣʩʮ( ʭʤʩʺʥʬʡʢʮʥ ʭʩʰʥʺʰʤ
)ʺʥʰʮʩʤʮʥ ʳʷʥʺ ,ʭʩʸʱʧ ʭʩʰʥʺʰData sources and limitations / . 

See Table 1. As the tables shows all the data for the analysis were received from three 

main sources 1 ס) Israel National Cancer registry (health effects); 2) MoEP (measured 

air pollution levels), and 3) Israel Central Bureau of Statistics. We consider these sources 

as unquestionably trustworthy and fully reliable. Additional variables (proximities and 

distances) were generated in the ArcGISTM10.x software, which provide a high degree of 

accuracy for geographically referenced calculations.  

3.5.   /  ʭʩʩʺʥʠʩʸʡʤ ʭʩʠʶʥʺʤ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ Description of health measures used 

in the analysis  

See Table 1. 
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3.6.   ʭʥʷʩʮʥ ʸʷʧʮʤ ʸʥʦʠ ʬʹ ʺʨʸʥʴʮ ʤʸʣʢʤ / ʭʩʩʸʷʩʲʤ ʭʥʤʩʦʤ ʺʥʸʥʷʮ Exposure 

matrices 

The map of the study area is featured by Figure 1, footnote to which lists the localities 

forming the study area. 

 

Figure 1: Map of the study area showing the location of main industrial facilities (1 

through 5), small census areas (SCAs), and townships under study 
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List of localities forming the study area: 

ʤʹʥʠ ʠʺʠ ʺʩʩʸʷ 
ʬʠ ʺʩʬʠʣ-ʬʮʸʫ ʷʩʬʠʩʡ ʺʩʩʸʷ 

ʤʴʩʧ ʯʥʲʡʨ ʺʩʩʸʷ 
 ʺʸʩʨʬʮʸʫ ʭʩ ʺʩʩʸʷ 

ʸʥʢʩ ʯʩʷʶʥʮ ʺʩʩʸʷ 
ʷʩʬʠʩʡ ʸʴʫ ʩʬʲ ʱʠʸ 
ʩʡʫʮʤ ʸʴʫ ʭʩʱʫʸ 

ʠʩʴʱʲ ʸʹʰ 

 

Below we report some additional details on the variables used in the analysis and 

justification for their use. 

 

Air pollution data   

Information on air pollution in the study area was obtained from the national air quality 

monitoring system, which is based on stationary and mobile air quality monitoring 

stations (MoH, 2011). A total of 26 such stations are located in the GHMA, of which 23 

are general monitoring (stationary) stations, and 3 stations are traffic monitoring 

stations, positioned near main thoroughfare roads and monitoring air pollution from 

motor vehicles. Currently, 22 stations monitor NOx, 19 stations monitor SO2 and 16 

stations record particulate matter, PM2.5, PM10 or both of them (IMEP, 2015).  

We used annual averages of the above mentioned air pollutants observed at the locations 

of individual air quality monitoring stations (AQMSs) in 2003, that is, air pollution data 

lagged by 10 years, to account for a latency period (Norman et al., 2014).3  

The average annual air pollution values, observed at the AQMSs’ locations, were first 
interpolated by the Inverse Distance Weighted (IDW) method into continuous pollution 

surfaces, covering the entire study area (McCoy and Johnston, 2001). The calculations 

were performed separately for three different air pollutants covered by the study, that 

is, SO2, NOx, and PM2.5. The task was performed using the ‘‘spatial join’’ tool in the 
ArcGIS9x™10.x software, which merges geographically referenced information from 

different geographic layers (maps) based on the spatial location of individual features in 

these layers (McCoy and Johnston, 2001). Air pollution estimates for the DKD analysis 

were calculated in a similar way, by using the spatial join tool in ArcGIS™ 10.x. 
 

Control variables 

In addition to air pollution variables, our analysis covered several additional potential 

predictors for the observed cancer morbidity. These variables included distances to main 

industrial sites (5 major industrial enterprises located in the study areas (see Fig. 1), 

distances to main thoroughfare roads, and several socio-demographic and locational 

factors, including population density (per km2), distance to the sea (km), percent of 

Jewish population in the SCA, SCA Socio-Economic status (SES), percent of the elderly 

(above the age of 65), elevation above the sea level (km), smoking rate in 2003, side of 

                                      
3 In 2003, 9 stations monitored NOx, 19 stations monitored SO2 and 11 stations recorded 

particulate matter in the GHMA (IMEP, 2003).  
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the Carmel Mountain (facing industries vs. facing the Mediterranean), and employment 

structure, measured by percent of the employed in different economic sectors (see Table 

1). 

High population density is a surrogate measure for low income and poverty, associated 

with cancer morbidity (Fuller-Thomson et al., 2000). Chakraborty (2012) and Siegel et 

al. (2015) provide evidence that disadvantaged populations are more vulnerable to air 

pollution and often exhibit higher cancer morbidity because they live in close proximity 

to industrial areas and main roads. Further, Siegel et al. (2015) argues that substantial 

lung cancer mortality occurs more on those in the lowest socioeconomic bracket and 

other disadvantaged populations  . Ethnicity may also play a role in diversifying area 

specific cancer rates due to different genetic and behavioral background of different 

populations. In Israel, for instance, Jews often present with higher cancer incidence rates 

than non-Jews (Rottenberg et al., 2013). Due to these considerations, population 

density, and percent of Jewish population in the neighborhood were used in the analysis 

as potential predictors for the observed cancer morbidity.  

We also included distance to the sea shore to the list of explanatory variables since there 

is evidence that sea winds may transfer emissions and contaminants affecting human 

health (Bidoli et al., 1997; Busby, 2004). The elevation above the sea variable is also 

important in the local context. Due to a hot and humid climate of the area, high 

elevations of dwellings above the sea level help to provide cross-ventilation of indoor 

spaces. That is why in Haifa, high elevations of the dwellings above the sea level are 

closely associated with more expensive housing and higher socioeconomic status of local 

residents (Portnov et al., 2005). 

Exposure to environmental tobacco smoke can also affect the incidence of cancer (Anand 

et al., 2008; Rottenberg et al., 2013). To account for cancer latency, we used smoking 

prevalence rates in the year 2003 among different groups of Israeli population, obtained 

by representative telephone surveys and reported in Baron-Epel et al. (2010).  

Several occupational studies have reported higher cancer incidence and mortality among 

workers exposed to industrial solvents (Ames et al., 1995; Dockery et al., 1993; Dockery 

& Pope, 1994; Pope et al., 2009, Ramis et al., 2009). Therefore, we included proportional 

shares of workers in different economic sectors in SCAs as additional explanatory 

variables for cancer morbidity.  
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4. :ʺʥʨʸʥʴʮ ʺʥʠʶʥʺ 

4.1.   ʭʩʰʥʺʰʤ ʸʥʠʩʺס  ʬʹʥ ʸʷʧʮʡ ʭʩʴʺʺʹʮʤ ʬʹ ʲʷʸ ʺʥʰʥʫʺ ʺʥʸʠʺʮʤ ʺʥʠʬʡʨ
 ʤʴʩʹʧʤ ʩʰʩʩʴʠʮ ʭʩʩʥʬʺʤ ʭʩʰʺʹʮʤ ʺʥʢʬʴʺʤ ʬʹ ʭʢ ʸʥʠʩʺ ʳʩʱʥʤʬ  ʹʩ ,ʭʤʬʹ
/ ʤʴʩʹʧʤ ʩʰʺʹʮʥ Descriptive statistics of the research variables  

Descriptive statistics of cancer cases and of research variables used in the multivariate 

analysis are reported in Tables 2&3 below. 

Table 2: Descriptive statistics of cancer cases recorded in 2012 

LUNG NHL ʺʥʶʥʡʷ 

145 63.30% 81 57.00% ʭʩʹʰ 

84 36.70% 61 43.00% ʭʩʸʡʢ 

229 100.00% 142 100.00% Total 

206 90.00% 124 87.30% ʭʩʣʥʤʩ 

11 4.80% 11 7.70% ʭʩʡʸʲ 

12 5.20% 7 4.90% ʭʩʸʧʠ 

229 100.00% 142 100.00% Total 

0 0.00% 1 0.70% 
19 and 
under 

1 0.40% 5 3.50% 20 - 29 

4 1.70% 4 2.80% 30 - 39 

8 3.50% 8 5.60% 40 - 49 

27 11.80% 20 14.10% 50 - 59 

71 31.00% 33 23.20% 60 - 69 

118 51.50% 71 50.00% 70+ 

229 100.00% 142 100.00% Total 

 
Table 3: Descriptive statistics of research variables (DKD estimates used in 

multivariate modelling) 
DKDs Variables Minimum Maximu

m 
Mean Std. 

Dev 
DKD of Lung cancer (per 100,000 
residents) 

0.00 175.00 31.12 16.42 

DKD of NHL cancer (per 100,000 
residents) 

0.00 130.00 20.49 11.47 

DKD of Lung cancer  (Box-Cox 
normalized) 

0.00 27.67 9.67 3.21 

DKD of NHL cancer  (Box-Cox normalized) 0.00 19.31 6.62 2.31 

SO2 (year 2003, IDW interpolation, ppb) 1.02 2.98 1.46 0.39 

NOx (year 2003, IDW interpolation, ppb) 7.20 120.00 32.24 16.80 

PM2.5 (year 2003, IDW interpolation, ppb) 17.20 26.80 19.95 1.34 

Population density (per km2) 
2000.00 47700.00 

8375.8
5 

4951.2
3 

Distance to the sea (km) 0.01 14.39 3.97 3.70 

Percent of Jewish population in the SCA 4.27 99.90 93.42 15.55 

SCA Socio-Economic status -1.62 2.88 0.53 0.10 

Percent of the elderly (above age 65) 0.00 39.85 15.25 7.82 

Elevation above the sea level, km 0.00 0.43 0.10 0.12 
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DKDs Variables Minimum Maximu
m 

Mean Std. 
Dev 

Smoking rate in 2003 (model estimates) 15.07 41.78 18.60 2.95 

Employment in agriculture in 2005, %  0.00 1.80 0.35 0.46 
Manufacturing employment in 2005, % 0.00 29.30 15.97 5.31 
Employment in electricity and water 
sectors in 2005, % 

0.00 7.60 1.77 1.23 

Employment in construction in 2005, % 0.00 8.90 2.89 1.83 

Transport employment in 2005, % 0.00 20.10 8.03 3.27 

Employment in health & welfare in 2005, 
% 

3.40 20.90 11.57 3.40 

Distance to the main roads, km  0.00 0.10 0.12 0.12 

Side of the Carmel Mountain  0.00 1.00 0.25 0.43 
Distance to industrial Facility 1, km (see 
Fig. 1) 

0.39 16.78 6.62 4.05 

Distance to industrial Facility 2, km (see 
Fig. 1) 

1.23 15.75 6.20 3.44 

Distance to industrial Facility 3, km (see 
Fig. 1) 

0.97 14.01 5.34 2.96 

Distance to industrial Facility 4, km (see 
Fig. 1) 

0.75 9.96 5.08 2.01 

Distance to industrial Facility 5, km (see 
Fig. 1) 

0.00 15.38 5.80 3.56 

Valid N (listwise) 32,824    

 

4.2.   )ʺʥʩʬʩʬʹʥ ʺʥʩʡʥʩʧ( ʺʥʠʶʥʺʤ ʬʬʫ ʸʥʠʩʺ/ General description of study results 

The results reported in this section of the response refer to Tables A-C of Appendix 1-N 

of the research report. 

Table A in Appendix 1-N reports best performing models with minimal multicollinearity 

between variables (VIF<3.0), models in Tables B-C include all the factors, introduced 

into the models as groups, as specified in Appendix 1-M.  

As Tables B&C show, the estimated models, based on the DKD estimates, exhibit 

reasonably good fit (Lung cancer: R2=0.296-0.592; Table B; and NHL: R2=0.314-0.603, 

see Table C), with the inclusion of environmental variables (that is, air pollution measures 

and industrial proximities) contributing to about 20-22% of the total explained variance 

(Lung cancer: ΔR2=0.019+0.205=0.224 (Table B) and NHL: ΔR2=0.104+0.095=0.195 

(Table C)).  

Characteristically, among all air pollution variables, covered by the analysis, only NOx 

emerged as statistically significant and exhibited the expected (positive) sign, indicating 

that lung cancer and NHL incidence increase in line with increasing NOx air pollution 

levels (Lung cancer: b=6.49E-03; P<0.01; NHL: b=0.042; P<0.01).  

A negative and statistically significant association is also observed between DKD of lung 

cancer and proximities to industrial Facilities 1 and 2, while proximity to industrial Facility 

4 is statistically significant for NHL cancer (see Tables B&C).  

Although the models reported in Tables B-C show no significant association between the 

observed cancer incidence and proximity to industrial Facility 5, which is the main 

industrial facility in the study area, we decided to investigate this association further. 
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The scatter plot of this association, featured in Figure 2 below, showed a non-linear 

relationship between the DKD of cancer and distance to this facility, with the peak values 

of DKD rates observed at the average distance of about 5 km from the facility in question. 

Figure 2: The association between lung cancer (cases per 100,000; DKD estimates) 

and distances from individual buildings to industrial Facility 5 (see Fig. 1) 

Note: The dotted red line in the diagram features the linear fit, while the solid red line 

indicates the quadratic fit (see text for explanations). 

This non-linearity of distance-DKD relationship is apparently due to the fact that plumes 

of air pollution from tall industrial smokestacks of Facility 5 land at some distances from 

the emission source.  

To account for this type of non-linear association, we included a quadratic term of 

distance to Facility 5 and repeated the analysis. The results of reanalysis are reported in 

Table A (Models A-B; Appendix 1-N).  As Models A-B reveal, upon accounting for non-

linearity, the regression coefficients for Facility 5 proximity variables emerged as 

statistically significant and exhibited the expected signs: 

Predictors 
Model Ae Model Be 

Ba (SE)b Ba (SE)b 

Linear distance to the 

Petrochemical Industrial Complex 

(km) 

1.55E-

06 

(4.60E-

05)*** 

1.00E-

06 

(3.31E-

05)*** 

Squared distance to the 

Petrochemical Industrial Complex 

(km)  

-1.33E-

13 

(4.59E-

09)*** 

-3.38E-

11 

(3.31E-

09)*** 

 

This indicates that, in line with the increasing distance to this facility, the DKD ratios of 

both types of cancer under analysis initially increase (up to the 5-6 km proximity range 

and then start to drop.  
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4.3.  / ʺʥʢʶʥʮʤ ʺʥʠʶʥʺʤ ʬʹ ʨʸʥʴʮ ʩʬʥʬʩʮ ʸʡʱʤ Discussion of results and 

conclusions 

 
See Module 1 - Section 3.3 of the research report and also the Limitations section 

(Section 3.4). 

Additional comments: 

The results of this study are similar to those reported by Kloog et al. (2009); Portnov et 

al. (2009) and Zusman et al. (2012) in which the DKD analysis performance was 

compared to alternative investigation techniques and provided better results, compared 

to those obtained using zonal estimates. 

As the results of the present study indicates, areal concentrations of cancer morbidity in 

the study area appear to be linked to proximities to motor traffic and heavy industry, 

which generally coincides with the results of previous studies that revealed positive 

associations between environmental exposure to air pollution from traffic and industrial 

sources and cancer risks (Cui et al., 2014; Hart et al., 2015; Jerrett et al., 2005; Portnov, 

et al., 2009). 

It should be kept in mind, however, that the present study is an ecological research. 

Ecological and individual correlations tend to be dissimilar and no individual-based 

conclusions can be drawn from group-level aggregated data considering a possibility of 

assessment error (Robinson, 1950; Portnov et al., 2007). In addition, the study focused 

on two cancer types only and on one calendric year, which limits the study power. These 

are main limitations of the present research which should be dealt with in follow up 

studies.  
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ʺʺ( ʩʸʷʧʮ ʬʥʣʥʮ- 'ʱʮ )ʠʹʥʰ2: 
 

ʸʹʷʤ ʯʩʡ ʺʥʫʩʠ ʸʩʥʥʠ ʩʣʣʮʥ ʤʬʩʣʢ ʬʹ 
ʭʩʣʬʩ ʺʴʰʡ ʤʴʩʧ 

 
  :ʧʥʥʩʣ ʺʴʥʷʺ ʵʸʮ2015- ʸʠʥʸʡʴ2016 

 
 

1. ʧʥʥʩʣʤ ʺʴʥʷʺʬ ʸʷʧʮʤ ʬʥʷʥʨʥʸʴ 
 

ʩʠʸʧʠ ʸʷʥʧ ʢʥʬʷ ʩʺʩʠ ʸ"ʣ 
ʯʥʩʸʥʢ ʯʡ ʺʨʩʱʸʡʩʰʥʠ 

 ʭʩʸʷʥʧ ʺʥʮʹ
 ʺʥʮʥʷʮʥ ʭʩʴʱʥʰ

ʭʺʷʥʱʲʺ 

 ʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ 'ʴʥʸʴ - ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ 
  'ʴʥʸʴʢʵʸʥʥʹ ʬʠʥ' - ʡ"ʤʸʠ ,ʣʸʠʥʥʸʤ ʺʨʩʱʸʡʩʰʥʠ 

 ʤʠʥʬʧʺʤ ʩʢʥʱ
ʧʥʺʩʰʡʹ 

 ʬʹ ʤʬʩʣʢ ʩʣʣʮ  ʭʩʣʬʩʮ ʬʩʢ ʣʲ ʤʣʩʬ24  ʭʩʹʣʥʧ 

ʺʩʡʧʸʮ ʤʩʶʥʬʥʦʸ   ʺʴʰ.)ʩʰʨʸʴ ʧʥʺʩʰ( ʤʴʩʧ 

ʯʩʮʥ ʬʩʢ ʺʥʶʥʡʷ   ʬʩʢ ʣʲ ʤʣʩʬʮ ʭʩʣʬʩ24  .ʭʩʹʣʥʧ 

 ʯʮʦ ʺʸʢʱʮ  2014-2015 

ʭʩʰʥʺʰ ʺʢʹʤ   ʺʥʠʩʸʡʤ ʣʸʹʮʮ ʭʩʰʥʺʰס .ʡʬʧ ʺʥʴʩʨ ʺʥʰʧʺ 

ʸʩʥʥʠ ʭʥʤʩʦʬ ʸʥʹʩʷ   ʸʥʨʩʰ ʺʥʰʧʺʮ ʭʩʰʥʺʰʷʧʸʮʥ ʺʥʸʥʷʮʮ ʭʥʤʩʦ 

 ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʥʺʰ
 ʥʩʶʥʱʥ-    ʭʩʩʴʸʢʥʮʣ 

  ;ʯʥʩʸʤ ʲʥʡʹ ;ʤʣʩʬ ʪʩʸʠʺ ;ʺʡʥʺʫʭʩʧʠ ʸʴʱʮ ʺʥʩʧʠʥ ;
;ʭʠʤ ʺʣʩʬ ʵʸʠ ;ʭʥʠʬ ;ʭʠʤ ʺʬʫʹʤ ;ʭʠʤ ʬʩʢ   ʬʷʹʮ

ʤʣʩʬ,  ʹʠʸ ʳʷʩʤʭʥʩʡ ʤʣʩʬʤ ;;ʬʷʹʮʹʠʸ ʳʷʩʤ , 
ʤʡʥʢʪʸʥʠ/ ʡʭʥʩ ʸʥʷʩʡʤ ʤʰʧʺʡ.; 

 ;ʬʩʢ ;ʤʬʫʹʤ ;ʭʠʤ ʭʥʠʬ :ʭʩʴʱʥʰ ʭʩʰʺʹʮ  ʭʩʰʥʺʰ
ʭʩʩʬʫʬʫ-.ʭʩʸʥʢʮʤ ʭʥʷʮʬ ʭʠʺʤʡ ʱ"ʮʬʤʮ ʭʩʩʺʸʡʧ 

ʧʥʺʩʰ  ʡʸ ʧʥʺʩʰʥ ʢ"ʮʮʡ ʩʥʴʩʮ ,ʺʩʸʥʠʩʺ ʤʷʩʨʱʩʨʨʱ- .ʭʩʰʺʹʮ 

ʧʥʥʩʣ   ʺʥʮʣʷʺʤ ʧ"ʥʣס ʩʶʧ- ʩʲʣʮ ʧ"ʥʣ ;ʩʺʰʹס .ʩʺʰʹ 

  

 ʸʥʦʠʡ  ʩʢʥʬʥʩʮʣʩʴʠ ʸʥʨʩʰ
 :ʤʴʩʧ ʵʸʴʮ2015 2020 ס 
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2.  ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʺʥʩʬʬʫ ʺʥʬʥʲʴ 
 

2.1. ʺʹʩʫʸ\ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʭʩʰʥʺʰ ʺʬʡʷ 

 ʭʩʰʥʺʰʤ ʩʢʥʱ ʭʩʰʥʺʰʤ ʸʥʷʮ  ʹʥʮʩʹʤ ʺʸʨʮ ʨʥʸʩʴ\'ʱʮ ʧʴʱʰ 

 ʺʥʴʩʨ ʬʹ ʭʩʰʥʺʰ
 ʺʫʸʲʮ( ʡʬʧ

 ʤʡʹʧʮ")"ʤʠʩʸʡʡ 

ʺʥʠʩʸʡʤ ʣʸʹʮ  ʬʷʹʮ ʩʰʥʺʰ ʧʥʺʩʰ
 ʹʠʸ ʳʷʩʤʥ 

07.2014-06.2015 

 
2.2. 2.2 ʭʩʩʲʣʮ ʭʩʮʥʱʸʴ ʺʰʫʤ 

ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʱʥʨʨʱ 

ʤʦ ʡʬʹʡ ʯʩʠ   

 
2.3. 2.3 ʭʩʩʮʥʠʬʰʩʡʥ ʭʩʩʮʥʠʬ ʭʩʱʰʫʡ ʨʷʩʥʸʴʬ ʭʩʸʥʹʷʤ ʭʩʠʹʥʰʤ ʺʢʶʤ 

ʭʥʷʮʥ ʪʩʸʠʺ ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʺʥʸʲʤ 

ʬʢʥʨʸʥʴ,  ʨʱʥʢʥʠ
2015 

 ʭʩʬʣʥʮ ʧʥʺʩʴ
 ʸʥʨʩʰʬ ʭʩʩʰʩʩʥʥʬ

ʸʩʥʥʠ ʭʥʤʩʦ 

ʢʥʬʷ ʩʺʩʠ ERSA 55th 
conference, 
Lisbon, Portugal, 
25-29 August 
2015. 

 

 
2.4. 2.4 ʩʸʷʧʮ ʬʥʣʥʮʡ ʭʩʷʱʲʥʮʤ ʭʩʨʰʣʥʨʱʤ 

ʨʰʣʥʨʱʤ ʭʹ ʸʷʧʮʤ ʠʹʥʰ  ʣʲʥʮʥ ʸʠʥʺ
ʥʺʬʧʺʤ 

ʭʩʧʰʮ 

ʯʩʸʺʱʠ ʤʬʩʤ  ʯʩʡ ʸʹʷ ʧʥʺʩʰ
 ʩʣʣʮʥ ʸʩʥʥʠʤ ʺʥʫʩʠ

 ʬʹ ʤʬʩʣʢʭʩʣʬʩ 
ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ 

M.A. 
25.10.2015 

ʢʥʬʷ ʩʺʩʠ ʸ"ʣ 
 .ʠ ʱʩʸʥʡ 'ʴʥʸʴ

ʡʥʰʨʸʥʴ 
 

 

3. ʥ ʧʥʺʩʰʺʥʠʶʥʺ 

3.1ʭʩʰʥʺʰ ʧʥʺʩʰ . 

ʧʥʺʩʰʤ ʢʥʱ ʥʺʸʨʮ 

ʺʩʸʥʠʺ ʤʷʩʨʱʩʨʨʱ  , ʺʥʩʬʬʫ ʺʥʮʢʮ ʧʥʺʩʰ , ʭʩʰʥʺʰʤ ʺʥʮʩʠʥ ʤʷʩʣʡ
.ʺʩʰʥʹʠʸ ʺʥʠʥʥʹʤ 

ʧʥʺʩʰ"ʺʥʮʧ ʺʥʣʥʷʰ" ʩ Hotspots ʬʹ ʤʷʩʣʡʥ ʭʩʸʥʦʠ ʩʥʴʩʮ Hotspots  ʤʣʩʬ ʬʷʹʮ ʬʹ
ʹʠʸ ʳʷʩʤʥ. 

:ʭʩʰʺʹʮ ʡʸ ʤʩʱʸʢʸ ʧʥʺʩʰ 
ʹʠʸ ʳʷʩʤʥ ʤʣʩʬ ʬʷʹʮʬ 

 ʯʩʡ ʭʩʷʤʡʥʮ ʭʩʸʹʷ ʺʷʩʣʡʭʩʩʺʡʩʡʱ ʭʩʮʸʥʢ 
ʹʠʸʤ ʳʷʩʤʬ ʭʩʰʥʹʤ\ʤʣʩʬ ʬʷʹʮ. 
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3.2. ʺʥʠʶʥʺ 
 

 ʸʷʧʮʤ ʪʸʥʶʬʥʰʬʡʩʷ ʺʴʩʨ ʩʮʥʹʩʸʮ-ʡʬʧ  ʩʰʥʺʰ6,614 ʺʥʷʥʰʩʺ  ʺʴʰʡ ʥʣʬʥʰʹʤʴʩʧ  ʯʩʡ
 ʭʩʫʩʸʠʺʤ07.2014  ʣʲ06.2015.  ʭʩʩʦʥʸʣʥ ʭʩʩʡʸʲ ʭʩʡʥʹʩʮ ʭʩʣʬʩ ʥʬʬʫʰ ʠʬ ʬ"ʰʤ ʵʡʥʷʡ

 ʪʥʺʮ  .ʩʡʧʸʮ y ʥʹʩʷʥ ʩʥʴʩʮ ̡ ʶʡʬ ̋ ʬʥʫʩ ʩʠʥ ʭʩʸʥʢʮ ̋ ʥʡʥʺʫ y ʣʲʤ ʡʷʲ6,614  ʥʴʥʮ ̋ ʥʷʥʰʩʺ
ʺʥʡʥʺʫ ʤʧʬʶʤʡ  ʬʹ5,702 ʭʩʣʬʩ (86.2%) ʺʥʲʶʮʠʡ ,ʩʥʴʩʮ ʺʸʥʣʶʥʸʴ GeoCoding  ʺʰʫʺʡ

ArcView 10.3.  ʬʣʡʤ ʯʩʠ ʩʫ ʠʣʥʥʬ ʩʣʫʡʺʩʨʱʩʨʨʱ ʺʥʷʤʡʥʮ ʺʰʩʧʡʮ ʯʩʡ ʺʤʺʥʢʬʴ 
ʭʩʩʥʬʺʤ ʭʩʰʺʹʮ ʡ ʺʶʥʡʷ( ʥʴʥʮ ʸʹʠ ʭʩʣʬʩʤ5,702 )ʬ ʯʩʡ ʺʶʥʡʷ ʥʴʥʮ ʠʬ ʸʹʠ ʭʩʣʬʩʤ

(912)  ʯʧʡʮ ʲʶʥʡ ,ʤʸʩʧʡ ʺʩʩʨʤ ʬʥʬʹʬ ʪʫʡʥT-test ʬʤ ʺʰʩʧʡʯʩʡ ʭʩʬʣʡʤ ʤ ʩʺʹʶʥʡʷʥʺ 
 ʬʹ ʭʩʰʺʹʮʬ ʹʠʸʤ ʳʷʩʤʥ ʤʣʩʬ ʬʷʹʮ ʧʴʱʰ(2-ʠ-1).  ʯʧʡʮʡ ʤʦ ʭʩʬʣʡʤ ʥʠʶʮʰ ʠʬ

 ʭʩʷʤʡʥʮ.ʺʥʶʥʡʷʤ ʯʩʡ 

 ʤʣʩʬ ʬʷʹʮ ʸʥʺʩʠ , ʯʥʢʫ ʭʩʰʺʹʮ ʬʹ ʺʥʩʢʥʬ ʺʥʷʩʣʡ ʥʰʲʶʩʡ ,ʧʥʺʩʰʤ ʬʹ ʯʥʹʠʸʤ ʡʬʹʡ
ʫʡ .'ʥʫʥ ʭʩʬʩʬʹ ʭʩʫʸʲ , ʸʱʧ ʹʠʸ ʳʷʩʤ ,ʸʱʧ-200 ( ʭʩʣʬʩʤ ʺʥʮʥʹʸʫ-3.5%) , ʥʠʶʮʰ

 ʬʷʹʮʥ ʹʠʸʤ ʳʷʩʤ ʩʣʣʮʤʣʩʬʡ ʣʲʥʮʬ ʭʩʱʧʩʩʺʮ ʥʩʤ ʸʹʠ  ʣʲʥʮʬ ʸʹʠʮ ʸʺʥʩ ʸʧʥʠʮ
 .ʡʬʧ ʺʴʩʨʡ ʯʥʹʠʸ ʸʥʷʩʡʬ ʥʠʡ ʭʩʣʬʩ ʸʹʠʫ ʬʲʥʴʡ ʥʣʣʮʰʹ ʭʩʣʣʮ ʥʮʹʸʰ ʥʰʩʩʤʣ ,ʤʣʩʬʤ

ʩʩʰʥʩʢʤ ʠʬ ʥʠ ʭʩʸʱʧʤ ʭʩʫʸʲʤ ʭʲ ʺʥʮʥʹʸʤ ʩʥʷʩʰʤʥ ʺʥʩʢʥʬ ʺʥʷʩʣʡ ʲʥʶʩʡ ʸʧʠʬʭ  ʡʬʹʬ
 ʥʸʠʹʰ ʩʴʥʱʤ ʣʥʡʩʲ5,258 .ʭʩʣʬʩʤ ʬʹ ʺʥʮʥʹʸ  ʺʥʢʬʴʺʤ ʭʩʰʥʺʰ ʭʩʩʸʥʠʩʺʭʩʸʧʡʰ  ʬʹ

 ʤʬʠ ʭʩʣʬʩʤ ʡ ʺʥʠʸʬ ʯʺʩʰ  ʧʴʱʰ2-ʠ-2. 

ʥʷʩʮʩʮ ʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʭʩʸʥʢʮʺʥʷʥʰʩʺ ( ʸʷʧʮʡ2014-2015) ʭʩʢʶʥʮ  ʧʴʱʰʡ2-.ʡ 

 ʧʴʱʰ2-ʢ ( ʤʣʩʬʡ ʬʷʹʮʤ ʬʹ "ʺʥʮʧʤ ̋ ʥʣʥʷʰ"ʤ ʩʧʥʺʩʰ ̋ ʠ ʢʩʶʮ2-ʢ-1 ʹʠʸʤ ʩʴʷʩʤ ʬʹʥ )
(2-ʢ-2ʪʥʮʰ ʹʠʸ ʳʷʩʤʥ ʪʥʮʰ ʬʷʹʮ ʬʹ ʭʩʶʡʷʮ ʸʴʱʮ ʺʥʠʸʬ ʯʺʩʰ ʤʬʠ ʺʥʴʮʡ .)  ʬʹ

.ʺʥʷʥʰʩʺ 

 ʧʴʱʰ2-ʣ "ʤ ʺʥʴʮ ʬʹ ʺʥʷʤʡʥʮ ʩʧʥʺʩʰ ʢʩʶʮʺʥʮʧ ʺʥʣʥʷʰ" (hot-spots) ʥ"ʺʥʸʷ ʺʥʣʥʷʰ" 
(cold-spot)  ʤʣʩʬʡ ʹʠʸ ʩʴʷʩʤ ʬʹʥ ,ʤʣʩʬ ʬʷʹʮ ʬʹ(Getis-Ord GI* Index).  

 ʺʥʴʮʡ(2-ʣ-1  ʥ2-ʣ-2)  ,ʺʩʨʱʩʨʨʱ ʺʥʷʤʡʥʮ ʺʥʮʧʤ ʺʥʣʥʷʰʤ ʭʤʡ ʭʩʦʥʫʩʸ ʺʥʠʸʬ ʯʺʩʰ
 ʹʠʸʤ ʩʴʷʩʤ ʭʹ ʬʹ ʭʩʦʥʫʩʸ ʭʢ ʥʮʫ ,ʷʤʡʥʮ ʯʴʥʠʡ ʲʶʥʮʮʤʮ ʭʩʫʥʮʰ ʺʥʷʥʰʩʺʤ ʬʷʹʮʥ

.ʷʤʡʥʮ ʯʴʥʠʡ ʲʶʥʮʮʤʮ ʭʩʤʥʡʢ ʺʥʷʥʰʩʺʤ ʬʷʹʮʥ ʹʠʸʤ ʩʴʷʩʤ ʭʹ ʺʥʸʷʤ ʺʥʣʥʷʰʤ 
 ʧʴʱʰʡ2-ʣ-3  ʺʠ ʤʬʡʨʡ ʺʥʠʸʬ ʯʺʩʰ ʺʥʷʥʰʩʺʤ ʬʷʹʮʥ ʹʠʸʤ ʩʴʷʩʤ ʦʥʧʠʰʤ ʭʩʫʥʮ

( ʺʥʮʧʤ ʺʥʣʥʷʰʡ ʷʤʡʥʮ ʯʴʥʠʡ ʲʶʥʮʮʤʮhot-spotsʬ ʯʺʩʰ .) ʬʹ ʭʥʷʩʮʤ ʺʠ ʸʥʸʡʡ ʺʥʠʸ
 ʸʥʦʠʡ ʺʥʮʧʤ ʺʥʣʥʷʰʤʺʥʩʸʷʤ, ʯʥʴʶʮ ʩʸʥʦʠʬ  ʤʩʩʹʲʺʤʸʥʦʠʡʥ  ʦʫʸʮ ʬʹʬʮʸʫʤ. 

 ʧʴʱʰʡ2-ʤ  ʺʥʢʩʶʮʤ ,ʭʩʰʺʹʮ ʺʥʡʥʸʮ ʤʩʱʸʢʸ ʺʥʠʬʡʨ ʺʥʠʸʬ ʸʹʴʠ ʭʩʮʸʥʢʭʩʸʩʡʱʮ  
ʬʺʥʷʥʰʩʺ ʬʹ ́ ʠʸ r ʷʩʤʡʸ ʤʩʱʸʢʸ :ʺ-ʭʩʰʺʹʮ ( ʭʩʷʣʡʰʤ ʬʬʫʬ2-ʥ-1 ʲʷʸ ʩʰʺʹʮ ʬʣʥʮ :)
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 ʬʣʥʮʥʥ ,ʭʩʩʺʡʩʡʱ ʭʩʰʥʺʰ ʬʬʥʫʤʡʸ ʤʩʱʸʢʸʺ-ʭʩʰʺʹʮ  ʭʸʨ ʥʣʬʥʰʹ ʺʥʷʥʰʩʺʬ ʺʷʬʥʧʮ
( ʥʩʸʧʠ ʥʠ ʭʰʮʦʡ ʥʣʬʥʰʹ ʺʮʥʲʬ ʭʰʮʦ2-ʥ-2.ʭʩʩʺʡʩʡʱ ʭʩʰʺʹʮ ʬʬʥʫ ,) 

ʭʤ ʬ"ʰʤ ʭʩʬʣʥʮʡ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ ,ʺʥʮʣʥʷ ʺʥʣʩʬ ʸʴʱʮ ,ʤʣʩʬʤ ʹʣʥʧ ,ʯʥʩʸʩʤʤ ʪʹʮ :
ʤʬʫʹʤʤ ʺʮʸ ,ʯʩʮ ,ʭʠʤ ʬʹ ʺʥʸʩʣ ʩʬʲʡ ʦʥʧʠ ,ʸʢʴʠ ʯʥʩʶ )ʩʨʱʩʨʨʱ ʸʥʦʠ ʩʴʬ( ʦʥʧʠ ,
ʺʥʸʩʣ ʩʸʩʫʹʮ )ʩʨʱʩʨʨʱ ʸʥʦʠ ʩʴʬ(ʺʥʸʢʡ ʩʦʥʧʠ , )ʩʨʱʩʨʨʱ ʸʥʦʠ ʩʴʬ(,  ʦʥʧʠ BA  ʸʥʦʠ ʩʴʬ(

)ʩʨʱʩʨʨʱʥʸʨʴ ʺʥʩʹʲʺ ʭʧʺʮʮ ʷʧʸʮ ,-ʺʥʩʮʩʫ  .ʭʩʹʩʡʫʮ ʷʧʸʮʥ 

( ʺʸʡʱʥʮ ʺʥʰʥʹ ʭʲ ʩʨʱʡʥʸ ʥʰʤ ʬʡʷʺʤʹ ʬʣʥʮʤ2R ʬʹ )0.534-0.535 ʥ-F  ʬʹ283.861, 
229.995  ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤ .ʤʮʠʺʤʡ ,ʭʩʩʺʡʩʡʱʤ ʭʩʮʸʥʢʤ ʬʬʥʫʥ ʠʬʬ ʭʩʬʣʥʮʬ

ʩʩʺʡʩʡʱʤʭ  ʭʩʩʹʠʸ ʭʩʹʩʡʫʮ ʷʧʸʮʤ ʥʩʤ ʭʩʩʹʠʸʤ ʭʩʷʤʡʥʮʤ(B=0.273, P<0.05) 
 y ʥʦʠʮ ̫ ʧʸʮʤʥʩʹʲʺʤ (B=0.0004, P<0.05) .  ʭʲ ̫ ʤʡʥʮ y ʹʷ ʠʶʮʰ ʠʬNOx  .(B=-0.005, 

ns)  

ʷʮʤ ʬʹ ʺʥʹʩʢʸʤ ʧʥʺʩʰʡ ʧʥʥʣʮ ʥʰʩʤ ʤʩʱʸʢʸʤ ʬʣʥʮʡ ʭʩʩʺʡʩʡʱʤ ʭʩʮʣ ʧʴʱʰ2-ʤ-2 ʥʡ ,
.ʭʩʰʥʹ ʭʩʷʧʸʮʬ ʱʧʩʡ ʹʠʸʤ ʳʷʩʤʡ ʩʥʰʩʹʤ ʺʠ ʺʥʠʸʬ ʯʺʩʰ 

 
3.3. ʺʥʰʷʱʮ  

( ʸʷʧʮʡ ʤʰʥʹʠʸʤ ʤʰʹʤʮ ʭʩʰʥʺʰʤ ʬʹ ʧʥʺʩʰʮ2015-2014 ) ʯʩʡ ʷʤʡʥʮ ʸʹʷ ʠʶʮʰ ʠʬ
ʬ ʤʴʩʹʧ-XNO ʭʩʸʧʠ ʭʩʮʤʦʮʥ ʬ ʤʣʩʸʩ ʯʩʡʡ ́ ʠʸ r ʷʩʤʤʣʩʬʡ.  ʠʬʮʤ ʩʡʧʸʮʤ ʬʣʥʮʡ ʠʶʮʰ

 ʷʧʸʮʤ ʯʩʡ ʩʡʥʩʧʥ ʷʤʡʥʮ ʸʹʷ ʤʩʹʲʺ ʸʥʦʠʮʷʧʸʮʥ ʭʩʹʩʡʫʮ ʭʩʩʹʠʸ  ʯʩʡʬ ʹʠʸ ʳʷʩʤ
ʤʣʩʬʡ.   
 

ʺʥʬʡʢʮ 

 ʺʰʹʡ ʵʸʠʡ ʬʧʤ ʡʬʧʤ ʺʥʴʩʨʡ ʭʩʬʴʥʨʮʤ ʭʩʣʬʩʤ ʺʥʮʥʹʸ ʡʥʹʧʮ ʪʩʬʤʺʹ ʯʩʩʶʬ ʹʩ
2014 ʱʧ ʭʩʩʥʬʺ ʭʩʰʺʹʮʥ ʺʡʥʺʫʤ ʩʰʺʹʮ ʥʠʶʮʰ ʺʥʮʥʹʸʤ ʯʮ ʷʬʧʡʹ ʩʥʴʶ ʤʩʤ ʯʫʬ .ʭʩʸ

 ʭʩʩʨʰʥʥʬʸʤ ʭʩʮʸʥʢʤ ʭʲ ̋ ʥʶʲʩʩʺʤʥ ʭʩʰʥʺʰʤ ʣʱʮ ʬʹ ̋ ʥʩʢʥʬʤ ̋ ʥʷʩʣʡ y ʧʠʬ ʭʩʸʷʥʧʤ ̋ ʥʥʶ
 ʸʹʠ ʭʩʣʬʩʤ ̋ ʥʢʬʴʺʤʤ ̋ ʷʩʣʡʡ .ʭʩʸʱʧʤ ʭʩʰʺʹʮ ʭʲ ̋ ʥʮʥʹʸʤ ̋ ʠ ̋ ʥʷʰʬ ʤʨʬʧʤ ʬʡʩʷ

 ʤʬʡʨʡ ( ʥʴʥʮ ʠʬʹ ʤʬʠ ʺʥʲʮʬ ʥʴʥʮ2 ʠ1  ʤʰʩʧʡʮ ʭʩʷʤʡʥʮ ʭʩʬʣʡʤ ʥʠʶʮʰ ʠʬ )
ʹ ʭʩʧʩʰʮ ʥʰʧʰʠ ʯʫʬ .ʺʩʨʱʩʨʨʱʱʩʮʬ ʺʥʸʹʴʠ-ʩʶʷʩʴʩʱʬʷʤ  ʬʬʫ ʯʩʡ ʺʩʬʠʩʶʰʸʴʩʣ

.ʺʩʬʮʩʰʩʮ ʤʰʤ ʩʥʷʩʰʤ ʪʩʬʤʺ ʸʧʠʬ ʥʸʠʹʰ ʸʹʠ ʭʩʣʬʩʤ ʺʥʮʥʹʸʤ ʯʩʡʬ ʭʩʣʬʩʤ ʺʥʮʥʹʸʤ 

:ʬ"ʰʤ ʺʥʮʥʹʸʡ ʭʩʩʬʠʥʣʩʡʩʣʰʩʠ ʭʩʰʺʹʮ ʸʱʧ ʬʹ ʺʴʱʥʰ ʤʬʡʢʮ ʯʩʩʶʰ ʯʥʹʩʲ;  ʺʡʥʺʫ
 ʭʠʤ ʬʹ ʭʩʸʥʢʮ ʡʯʥʩʸʩʤʤ ʯʮʦ .ʣʥʲʥ  

ʹ ʺʥʸʮʬʤʴʩʹʧʤ ʬʣʥʮ ʥʡ ʥʰʹʮʺʹʤʹ ʥʰʩʠ ʯʩʩʣʲ ʺʥʰʩʮʠ ʺʥʠʶʥʺ ʯʺʰ ʩʬʮʩʨʴʥʠ.  ʣʩʺʲʡ
 ʡʥʸʷʤʹʮʺʹʰ ʣʮʡʣ ʸʺʥʩ ʭʩʷʩʥʣʮ ʤʴʩʹʧ ʩ ʧʺʴʰʥʬʣʥʮʭʩ ʤ ʤʴʩʹʧʭʩʮʣʷʺʮ ʸʺʥʩ.  
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ʳʱʥʰʡ ʩʹ ʯʩʩʶʬ ʩʫ ʺʥʠʶʥʺʤ ʥʢʶʥʤʹ ʭʤ ʺʥʩʰʥʹʠʸ ʺʥʡʩʶʩʤʥ ʬʹ ʥʠʶʥʺʤʺ  ʤʸʥʶʡ ʥʰʧʡʩ
ʡʷʺʩʥ ʭʣʷʺʩ ʸʷʧʮʤʹ ʬʫʫ ʤʷʩʮʲʮʬʥ ʭʩʰʥʺʰ ʭʩʴʱʥʰ.  ʭʩʩʮʬʥʢʤ ʭʩʰʥʺʰʹ ʭʩʰʩʮʠʮ ʥʰʧʰʠ

 ʣʸʹʮ ʭʲ ʷʥʣʤ ʤʬʥʲʴ ʳʥʺʩʹ ʡʷʲ ʸʺʥʩ ʭʩʷʩʥʣʮ ʥʩʤʩ ʺʥʠʡʤ ʭʩʰʹʡ )ʭʩʰʥʺʰʤ ʣʱʮ(
"( ʸʺʥʩ ʷʩʥʣʮ ʩʥʴʩʮ ʲʶʡʰ ʯʫʬʥ ʺʥʫʩʠ ʺʸʷʡ ʩʫʩʬʤʺ ʲʥʶʩʡʥ ʺʥʠʩʸʡʤGeoCoding ʭʩʰʥʺʰʬ )"

.ʭʩʹʣʧʤ 

4. ʭʩʧʴʱʰʤ ʺʮʩʹʸ 

'ʱʮ ʺʸʺʥʫ 

2-( ʠ1-2-3)  ʺʥʢʬʴʺʤ ʭʩʩʸʥʠʩʺ ʭʩʰʥʺʰ ʸʧʠʬ ʩʥʷʩʰʡ ʺʥʸʱʧ ʺʥʮʥʹʸ ʣʱʮ
ʤʭʩʰʥʺʰ. 

2-ʡ ʺʥʡʥʺʫ  ʩʥʴʩʮ ʤ( ʸʷʧʮʡ ʭʩʣʬʩʤ ʬʹ ʭʩʸʥʢʮ2014-2015). 

2-( ʢ1-2) ʬʹ ʹʠʸ ʳʷʩʤʥ ʤʣʩʬ ʬʷʹʮ ʭʩʣʬʩʤ ( ʺʥʮʧʤ ʺʥʣʥʷʰʡhot-spots.) 

2-( ʣ1-2-3) ʴʮʬʹ ʤʬʡʨʥ ʤ " ʺʥʷʤʡʥʮʺʥʮʧ ʺʥʣʥʷʰ" (hot-spots) ʥ" ʺʥʣʥʷʰ
ʺʥʸʷ" (cold-spot) ʤʣʩʬ ʬʷʹʮ ʬʹ  ʤʣʩʬʡ ʹʠʸ ʩʴʷʩʤ ʬʹʥGetis-
Ord)  (GI* Index . 

2-( ʤ1-2-3) ʩʱʸʢʸʺʥ ʡʸʺʥ- ʭʩʰʺʹʮ.ʺʥʷʥʰʩʺ ʬʹ ʹʠʸ ʳʷʩʤʬ 

2-ʥ ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ 
 

:ʩʠʸʧʠ ʸʷʥʧ 
ʢʥʬʷ ʩʺʩʠ :ʸʠʥʺ ,ʭʹʸ"ʣ , 

ʪʩʸʠʺ :10.12.2015 
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 ʧʴʱʰ2- .ʠ ʣʱʮ ʩʥʷʩʰʥ ʭʩʩʸʥʠʩʺ ʭʩʰʥʺʰʭʩʰʥʺʰ. 
 
 

ʧʴʱʰ 2-ʠ-1 . ʯʧʡʮT-test ʬʤ ʺʰʩʧʡʯʩʡ ʭʩʬʣʡʤ  ʠʬʹ ʭʩʣʬʩʤ ʯʩʡʬ ʥʴʥʮ ʸʹʠ ʭʩʣʬʩʤ
ʥʴʥʮ 

 
ʤʰʺʹʮ  ʩʥʴʩʮ

GeoCoding 
 ʸʴʱʮ

ʭʩʷʣʡʰ 
ʲʶʥʮʮ t ʺʥʷʤʡʥʮ 

Sig.(2-tailed) 

ʹʠʸ ʳʷʩʤ  ʥʴʥʮ 5,702 34.417 .6620 0.508 
)ʮ"ʱ( ʥʴʥʮ ʠʬ 912 34.473   

      
ʬʷʹʮ ʤʣʩʬ  ʥʴʥʮ 5,702 3.271 1.084 0.278 

(ʸ"ʢ) ʥʴʥʮ ʠʬ 912 3.297   
 
 

ʧʴʱʰ 2-ʠ-2 . ʺʥʢʬʴʺʤ ʭʩʰʥʺʰ ʬʬʫ ʬʹ ʭʩʩʮʬʥʢ ʭʩʩʸʥʠʩʺʭʩʣʬʩ  ʺʥʷʩʣʡ ʲʥʶʩʡ ʸʧʠʬ
ʺʥʸʱʧ ʺʥʮʥʹʸ ʩʥʷʩʰʥ ʺʥʩʢʥʬ (5,258). 

 
 ʭʥʮʩʰʩʮ ʭʥʮʩʱʷʮ ʲʶʥʮʮ ʯʷʺ ʺʩʩʨʱ 

ʯʥʩʸʤ ʲʥʡʹ 26.0 43.3 39.1 1.8 
)ʮ"ʱ( ʹʠʸ ʳʷʩʤ 24.3 39.8  34.4 1.6 

( ʬʷʹʮʸʢʭ) 760 5,000 3,270 540 

ʺʥʮʣʥʷ ʺʥʣʩʬ 'ʱʮ 0 14.0 1.94 1.33 
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 ʧʴʱʰ2-ʡ. ʩʥʴʩʮ ʤ ʺʥʡʥʺʫ( ʸʷʧʮʡ ʭʩʣʬʩʤ ʬʹ ʭʩʸʥʢʮ2014-2015). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

81 
 

.ʤʣʩʬ ʬʷʹʮʥ ʹʠʸ ʩʴʷʩʤ :"ʺʥʮʧ ʺʥʣʥʷʰ" ʺʴʮ  .ʢ-2 ʧʴʱʰ 
 

ʧʴʱʰ 2-ʢ-1 .  ."ʺʥʮʧ ʺʥʣʥʷʰ" ʺʴʮ :ʺʥʷʥʰʩʺ ʹʠʸ ʩʴʷʩʤ  
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ʧʴʱʰ 2-ʢ-2 .  ʬʷʹʮʤʣʩʬ ."ʺʥʮʧ ʺʥʣʥʷʰ" ʺʴʮ :  
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ʧʴʱʰ 2-ʣ . ʺʥʮʧ ʺʥʣʥʷʰ ʺʥʷʤʡʥʮ ʺʴʮ(hot-spots)  ʺʥʸʷ ʺʥʣʥʷʰʥ(cold-spot)  ʬʷʹʮ ʬʹ
( ʤʣʩʬ ʸʥʩʠ( ʤʣʩʬʡ ʹʠʸ ʩʴʷʩʤ ʬʹʥ ,)ʤʬʲʮʬ ʸʥʩʠ.)ʤʨʮʬ  
 ʤʨʩʹ-  Getis-Ord GI* Index. 

 

 
2-ʣ-1: ʤʣʩʬ ʬʷʹʮ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2-ʣ-2: ʤʣʩʬʡ ʹʠʸ ʳʷʩʤ 
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2-ʣ-3:  ʬʹ ʹʠʸ ʳʷʩʤʥ ʤʣʩʬ ʬʷʹʮ( ʺʥʮʧʤ ʺʥʣʥʷʰʡ ʺʥʷʥʰʩʺhot-spots.) 

(P<0.1)   

Variable N of obs. Percent of 

the total 

number of 

children 

(5,258) 

Mean of 

hotspot 

observations 

(mean of 

total cases) 

SD of hotspot 

observations (SD 

of total cases) 

Birth weight, grams 391 7.4 

3,109 

(3,270) 555 (540) 

Head 

circumference, cm 354 6.7 

34.05 

(34.40) 3.04 (1.6) 
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 ʧʴʱʰ2-ʤ .ʩʱʸʢʸʺʥ ʡʸʺʥ- ʭʩʰʺʹʮ.ʺʥʷʥʰʩʺ ʬʹ ʹʠʸ ʳʷʩʤʬ 
 

ʧʴʱʰ 2-ʤ-1 .  ʭʩʮʸʥʢʬ ʭʩʠʡʰʮʡʸ ʤʩʱʸʢʸ :ʺʥʷʥʰʩʺ ʬʹ ʹʠʸ ʳʷʩʤʺ- ʬʫ( ʭʩʰʺʹʮ
)ʺʥʩʴʶʺʤ.  

  
Predictors Model 1 (All cases) Model 2 (All 

cases) 

Ba (t)b Ba (t)b 

(Constant) 179.189 32.203*** 175.908 31.036*** 

Birth weight (gr) 0.0277 57.205*** 27.642 57.198*** 

Gender (1=boy; 0=girl) 5.632 13.421*** 5.662 13.491*** 

NOx (ppb, 2014) 0.279- 0.005- ס ס 

Distance to main roads, m (ln) 2.427 0.273 ס ס** 

Side of Mount Carmel (1=west; 
0=east) 

 1.328- 0.894- ס ס

Distance to the main industrial 
zone, m 

-4.381E ס ס
04 

2.013** 

Township code 8200 1.300- 1.089- ס ס 

N of obs. 5,258 5,258   

R2 0.534 0.535   

R2-adjusted 0.532 0.532   

F 283.861*** 229.995***   

SEEc 14.929 14.919   

Note: Controlled for the month of birth (dummy variables), weeks of pregnancy, total number 

of siblings, mother’s age, ethnicity, birth country, side of Mt Carmel and socio-demographic 
attributes of SCAs  
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ʧʴʱʰ 2-ʤ-2 .  ʤʰʺʹʮ( ʭʩʰʥʹ ʸʩʥʥʠ ʭʥʤʩʦ ʩʮʸʥʢʮ ʷʧʸʮʡ ʩʥʰʩʹʬ ʺʥʹʩʢʸ ʧʥʺʩʰ
ʮ"ʱ ,ʹʠʸ ʳʷʩʤ :ʸʡʱʥʮ( 

 

Varying predictor 
Value of the 

predictor 

Head 
circumference

, cm 

Absolute change in 
cm (relative to 

Distance 0) 

% Change 
(relative to 
Distance 0) 

Township code 
(1=Code 8200; 
0=other) 
  

0 34.427     

1 34.351 -0.076 -0.22 

Distance to main 
industrial zone, m 
  
  
  
  
  
  
  

0 34.366     

1000 34.396 0.031 0.09 

2000 34.427 0.061 0.18 

3000 34.458 0.092 0.27 

4000 34.488 0.123 0.36 

5000 34.519 0.153 0.45 

6000 34.549 0.184 0.53 

7000 34.580 0.214 0.62 

Distance to main roads, 
m  
  
  
  
  
  
  
  
  
  
  

0 34.269     

100 34.443 0.173 0.51 

200 34.456 0.187 0.54 

300 34.464 0.194 0.57 

400 34.469 0.200 0.58 

500 34.473 0.204 0.60 

600 34.477 0.208 0.61 

700 34.480 0.211 0.61 

800 34.482 0.213 0.62 

900 34.485 0.215 0.63 

1000 34.487 0.217 0.63 

Note: The models on which sensitivity estimates are based include birth weight as an explanatory variable for head 

circumference. Therefore, estimates reported in the tables may be underestimated due to the fact that the estimated proximities 

may affect head circumference, both directly, and indirectly via birth weight and, potentially, via other variables (e.g., pregnancy 

week).  
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ʧʴʱʰ 2-ʤ-3 . ʭʩʮʸʥʢʭʩʠʡʰʮ ʬ ʳʷʩʤʤʡʸ ʤʩʱʸʢʸ :ʺʥʷʥʰʩʺ ʬʹ ʹʠʸʺ- ʭʩʰʺʹʮ
ʺʺ(-)ʺʥʶʥʡʷ . 

 
 
Predictors Full-term cases Pre-term cases 

aB b(t) aB b(t) 

(Constant) 151.211 20.982*** 285.310 8.872*** 

Birth weight (kg) 27.717 58.189*** 27.497 8.557*** 

Gender (1=boy; 0=girl) 5.820 14.190*** 2.939 0.969 

NOx (ppb, 2014) 7.256E-05 0.004 -0.045 -0.346 

Distance to main roads, m (ln) 0.203 1.834* 1.411 1.893* 

Distance to the main industrial 
zone, m 

0.001 2.889*** -0.001 -0.911 

Settlement code (1=Code 8200; 
0=other) 

-1.138 -1.383 -1.259 -0.226 

N of obs. 5,009 276 
2R 0.511 0.342 

adjusted-2R 0.508 0.273 

F (197.853)*** (4.974)*** 

cSEE 14.198 23.130 

 

Note: Controlled for the month of birth (dummy variables), weeks of pregnancy, total number of 
siblings, mother’s age, ethnicity, birth country, side of Mt Carmel and socio-demographic 
attributes of SCAs  
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 ʧʴʱʰ2- .ʥ ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ 
 

'ʱʮ ʬʥʣʥʮ2 :   
ʬʥʣʥʮʤ ʭʹ  : ʩʣʣʮʥ ʸʩʥʥʠ ʺʥʫʩʠ ʯʩʡ ʸʹʷʤʤʴʩʧ ʺʴʰʡ ʭʩʣʬʩ ʬʹ ʤʬʩʣʢ 

1.  / ʤʸʶʷ ʺʥʸʴʱ ʺʸʩʷʱShort literature survey: 

Recent epidemiological studies have established the association between maternal 

exposure to air pollution and adverse pregnancy outcomes [1-10]. The studies have 

shown that exposure to air pollution may elevate the risk of adverse birth outcomes, 

including infant death [11], small head circumference [6] low birth weight (LBW) [4, 12, 

13] , preterm delivery [8], and small for gestational age [14].  

Low or reduced birth weight )LBW( is an important predictor of children’s health 
and is associated with higher risk of infant and childhood mortality [15] and coronary 

heart disease [16]. Preterm birth (PTB) is an indicator of prenatal disturbances of the 

placenta and of fetal development. Like LBW, prematurity is an important predictor of 

infant mortality, childhood morbidity, and possibly adult morbidity [8]. 

Interpretations of studies are complicated since LBW (birth weight smaller than 

2500 g) represents a heterogeneous group of outcomes with different pathogenic 

mechanisms. Some infants have LBW as a result of PTB (less than 37 completed weeks 

of gestation at delivery), while others are a result of intrauterine growth restriction- IUGR 

(birth weight less than that expected for a given gestational age). Some maternal 

prenatal determinants may be associated with an increased risk of LBW through effects 

on the length of gestation alone (e.g., premature rupture of the membranes, placenta 

abruption), others through effects on intrauterine fetal growth alone (e.g., maternal 

weight gain, hypertension), and some possibly through effects on both PTB and IUGR 

(e.g., maternal cigarette smoking).  Where air pollution falls in this spectrum is not fully 

resolved.  

Despite the large number of studies dealing with air pollutants and birth 

outcomes, the evidence for a causal association remains still weak. Thus, further 

examination of the association between air pollution and birth outcomes (birth weight 

and head circumference) is needed. 

 

2. ʺʩʴʩʶʴʱ ʤʸʨʮ   /ʸʷʧʮʤ ʺʩʰʫʺʡ ʤʸʣʢʥʤʹ ʩʴʫ ,ʬʥʣʥʮʤ ʬʹStudy goal 

The main goal of this module is to investigate the association between environmental 

conditions in general, and measured air pollution, in particular, with birth weight and 

head circumference in the GHMA. Mapping birth weight and head circumference hotspots 

and investigating factors behind them is an important thrust of the analysis. Since the 

whole project is defined as prospective population level study with retrospective 

assessment of exposures, the present report deals with 2014 data only. 
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3.  / ʺʥʨʸʥʴʮ ʺʥʨʩʹResearch methods: 

 

3.1.   ʤʠʶʥʤʥ ʤʬʬʫʤ ʩʠʰʺ ʬʬʥʫ( ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤס Exclusion 

criteria , Eligibility.) 

We received data on 6614 newborns from the “Mahsheva Briah” database. We excluded 
some kids mainly from Arab and Druze towns due to lack of residential address and thus 

no geocoded data on them. Out of the 6614 kids we managed to map successfully 5702 

(86.2%) of the kids using ESRI ArcGIS 10.x Geocoding. In order to check that there 

were no statistically significant differences in the distribution of the outcomes between 

the geocoded kids (5702) and left out kids (912 non-geocoded kids) we conducted a T-

test to look at differences in birth weight and head circumference. We found no 

significant differences between the groups. While looking at the data in depth we found 

an additional 200 (3.5%) kids with data errors (such as negative values, implausible 

values, missing values) which were taken out. The final dataset included 5258. 

 

3.2.   ʤʴʩʹʧʤ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʸʥʡʲ ʭʩʰʥʺʰʤ ʳʥʱʩʠ ʺʥʴʥʷʺ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ
ʭʩʰʥʹʤ ʭʩʰʺʹʮʤʥ Time frame for health effects and exposures /. 

The data included all new born population from the “Nafat” Haifa registered at “Tipat 
Halav” between 07/20164 to 06/2015. 

 

3.3.  / ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤʥ ʤʴʩʹʧʤ ʩʰʺʹʮ ʬʹ ʺʷʩʥʣʮ ʺʩʬʥʲʴʺ ʤʸʣʢʤ
Operational definition of research variables  . 

The list of research variables, units used to measure their effects, and data sources are 

specified in Table 1 below. 

 

Table 1: List of research variables 

Variables Units Data source Comments 

C. Health effects    

Birth weight  Kg Tipat Halav  

Head 

Circumference 

Cm Tipat Halav  

D. Environmental and socio-demographic variables used as predictors in 

multivariate analysis4 

SO2 ppb Annual averages 

for individual air 

Year 2003 data, 

IDW interpolation 

                                      
4 Several variables in the predictors’ group are collinear (e.g., distances to industrial facilities, SES 

vs. elevation above sea level, percent of Jewish population, etc.). To account for 
multicollinearity, in most regression analyses, collinear factors (especially distances to industrial 
facilities) were introduced into the models separately and multicollinearity monitored with the 
acceptable variance inflation factor (VIF) set to 3.0 or less.  
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Variables Units Data source Comments 

quality monitoring 

stations obtained 

from annual 

reports of the 

MoEP 

NOx  ppb As above Year 2003 data, 

IDW interpolation 

PM2.5 ppb As above Year 2003, IDW 

interpolation 

Population density per km2 ICBS, “Arnona” 
database 

Received via ad 

hoc contracting of 

ICBS as KD 

contours of 

household densities 

(per km2) and 

converted into 

population 

densities by 

“spatial joining” 
with residential 

building layer and 

multiplying by the 

average size of the 

household in the 

SCA (aga”s).   
Gestational age Weeks Tipat Halav  

Gender  (male/female) Tipat Halav  

Total Siblings   Tipat Halav  

Mother's age  years Tipat Halav  

Jewish  (1=yes; 0=no) Tipat Halav  

Mother's birth 

country  

(1=Israel; 

0=other) 

Tipat Halav  

SCA Socio-

Economic status 

Dimensionless ratio 

scale 

Calculated using 

GIS layers provided 

by ICBS (year 2008 

data) 

As above; indicator 

of population 

welfare 

Elevation above 

the sea level 

km Calculated in 

ArcGIS 

As above; proxy for 

population welfare 

Distance to the 

nearest main roads  

km Calculated in 

ArcGIS using the 

layer of main 

thoroughfares 

Calculated for each 

residential building 

in the study area 
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Variables Units Data source Comments 

Side of the Carmel 

Mountain  

Left side (West)=0, 

Right side (East) 

=1 

Calculated in 

ArcGIS 

Calculated for each 

residential building 

in the study area; 

proxy for industrial 

proximity 

Distance to 

industrial Facility 1 

(Small Oil tanks) 

km Calculated in 

ArcGIS using “join 
and relates” tool 

Calculated for each 

residential building 

in the study area 

as distance from 

the facility’s 
boundary; measure 

of proximity to a 

specific industrial 

location 

Distance to 

industrial Facility 2 

(IEC Power station) 

km As above As above 

Distance to 

industrial Facility 3 

(Haifa airport) 

km As above As above 

Distance to 

industrial Facility 4 

(large oil tanks) 

km As above As above 

Distance to 

industrial Facility 5 

(Petrochemical 

industries complex) 

km As above As above 

 

3.4.  ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʺʠ ʭʩʰʥʺʰʤ ʬʹ ʩʥʱʩʫʤ ʺʣʩʮ( ʭʤʩʺʥʬʡʢʮʥ ʭʩʰʥʺʰʤ ʸʥʷʮ
 ʳʷʩʤ)ʺʥʰʮʩʤʮʥ ʳʷʥʺ ,ʭʩʸʱʧ ʭʩʰʥʺʰData sources and limitations / . 

All the data for the analysis were received from three main sources 1 ס( “Tipat Halav” 
birth data (health effects); 2) MoEP (measured air pollution levels), and 3) Israel Central 

Bureau of Statistics. We consider these sources as unquestionably trustworthy and fully 

reliable. Additional variables (proximities and distances) were generated in the 

ArcGISTM10.x software, which provide a high degree of accuracy for geographically 

referenced calculations 

3.5.  /  ʭʩʩʺʥʠʩʸʡʤ ʭʩʠʶʥʺʤ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ Description of health measures 

used in the analysis  

See Table 1. 
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3.6.  / ʭʩʩʸʷʩʲʤ ʭʥʤʩʦʤ ʺʥʸʥʷʮ ʭʥʷʩʮʥ ʸʷʧʮʤ ʸʥʦʠ ʬʹ ʺʨʸʥʴʮ ʤʸʣʢʤ Exposure 

matrices 

The map of the study area is featured by Figure 1, footnote to which lists the 

localities forming the study area. 

 

Figure 1: Map of the study area showing the location of main industrial facilities 

and the location of cased. List of localities forming the study area: 

ʤʹʥʠ ʠʺʠ ʺʩʩʸʷ 

ʬʠ ʺʩʬʠʣ-ʬʮʸʫ ʷʩʬʠʩʡ ʺʩʩʸʷ 

ʤʴʩʧ ʨ ʺʩʩʸʷʯʥʲʡ 

ʬʮʸʫ ʺʸʩʨ ʭʩ ʺʩʩʸʷ 

ʸʥʢʩ ʯʩʷʶʥʮ ʺʩʩʸʷ 

ʷʩʬʠʩʡ ʸʴʫ ʩʬʲ ʱʠʸ 

ʩʡʫʮʤ ʸʴʫ ʭʩʱʫʸ 

ʠʩʴʱʲ ʸʹʰ 

 

Below we report some additional details on the variables used in the analysis and 

justification for their use. 

Air pollution data   

Information on air pollution in the study area was obtained from the national air quality 

monitoring system, which is based on stationary and mobile air quality monitoring 

stations (MoH, 2011). A total of 26 such stations are located in the GHMA, of which 23 

are general monitoring (stationary) stations, and 3 stations are traffic monitoring 
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stations, positioned near main thoroughfare roads and monitoring air pollution from 

motor vehicles. Currently, 22 stations monitor NOx, 19 stations monitor SO2 and 16 

stations record particulate matter, PM2.5, PM10 or both of them (IMEP, 2015).  

We used annual averages of the above mentioned air pollutants observed at the locations 

of individual air quality monitoring stations (AQMSs) in 2014. The average annual air 

pollution values, observed at the AQMSs’ locations, were first interpolated by the Inverse 
Distance Weighted (IDW) method into continuous pollution surfaces, covering the entire 

study area (McCoy and Johnston, 2001). The calculations were performed separately for 

three different air pollutants covered by the study, that is, SO2, NOx, and PM2.5. The task 

was performed using the ‘‘spatial join’’ tool in the ArcGIS9x™10.x software, which 
merges geographically referenced information from different geographic layers (maps) 

based on the spatial location of individual features in these layers (McCoy and Johnston, 

2001). 

4. :ʺʥʨʸʥʴʮ ʺʥʠʶʥʺ 

4.1.  ʭʩʰʥʺʰʤ ʸʥʠʩʺס  ʬʹʥ ʸʷʧʮʡ ʭʩʴʺʺʹʮʤ ʬʹ ʲʷʸ ʺʥʰʥʫʺ ʺʥʸʠʺʮʤ ʺʥʠʬʡʨ
 ʭʩʩʥʬʺʤ ʭʩʰʺʹʮʤ ʺʥʢʬʴʺʤ ʬʹ ʭʢ ʸʥʠʩʺ ʳʩʱʥʤʬ  ʹʩ ,ʭʤʬʹ ʤʴʩʹʧʤ ʩʰʩʩʴʠʮ 

/ ʤʴʩʹʧʤ ʩʰʺʹʮ Descriptive statistics of the research variables  

 ʺʥʢʬʴʺʤʭʩʣʬʩ ʬʬʫ ʬʹ ʭʩʩʮʬʥʢ ʭʩʩʸʥʠʩʺ ʭʩʰʥʺʰ  ʩʥʷʩʰʥ ʺʥʩʢʥʬ ʺʥʷʩʣʡ ʲʥʶʩʡ ʸʧʠʬ
( ʺʥʸʱʧ ʺʥʮʥʹʸ5,258.) 

 ʭʥʮʩʰʩʮ ʭʥʮʩʱʷʮ ʲʶʥʮʮ ʯʷʺ ʺʩʩʨʱ 
ʯʥʩʸʤ ʲʥʡʹ 26 43.3 39.08 1.84 

)ʮ"ʱ( ʹʠʸ ʳʷʩʤ 24.3 39.8  34.40 1.6 

)ʸ"ʢ( ʬʷʹʮ 760 5,000 3,270 540 

ʺʥʮʣʥʷ ʺʥʣʩʬ 'ʱʮ 0 14.0 1.94 1.33 

 

/ ʺʥʢʶʥʮʤ ʺʥʠʶʥʺʤ ʬʹ ʨʸʥʴʮ ʩʬʥʬʩʮ ʸʡʱʤ Discussion of results and conclusions 

The regression models, exhibited reasonably good fit (R2=0.534-0.535). The main 

explanatory environmental variables were Distance to the nearest main roads (B=0.273, 

P<0.05) and distance from distance to the Petrochemical Industrial Complex (km) 

(B=0.0004, P<0.05). There was no association found with NoX (B=-0.005, ns). 
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ʩʺʰʹ ʺʥʮʣʷʺʤ ʧ"ʥʣ 
 

ʺʺ( ʩʸʷʧʮ ʬʥʣʥʮ-:'ʱʮ )ʠʹʥʰ 3 

 ʺʥʮʢʮʱʠ ʺʠʥʬʧʺʡ ʭʩʩʥʰʩʹʥʺʡ ʤʮ ʡʸʷ
ʥʠ ʭʥʤʩʦ ʭʲ ʸʹʷʤʥ ʭʩʣʬʩʥ ʸʩ 

ʥʡʮ(ʺʩʬʬʫ ʺʥʠʩʸʡ ʩʺʥʸʩʹ ʬʹ ʭʩʰʥʺʰʤ ʸʢʠʮ ʬʲ ʱʱ) 
 

  :ʧʥʥʩʣ ʺʴʥʷʺ ʵʸʮ2015- ʸʠʥʸʡʴ2016 
 

1.  ʸʷʧʮʤ ʬʥʷʥʨʥʸʴ 

 ʩʡʫʸʫ ʣʬʠʧ .ʷ.ʮ 'ʴʥʸʴ  , 

 ʺʩʬʬʫ ʺʥʠʩʸʡ ʩʺʥʸʩʹ; .ʯʥʩʰʫʨ ,ʤʠʥʴʸʬ ʤʨʬʥʷʴʤ 

ʩʹʠʸ ʸʷʥʧ 

  ʢʸʡʰʩʩʨʹ ʸʴʥʲ 

 ʸʷʰʩʥ ʤʮʬʹ 'ʴʥʸʴ 

  ʱʩʸʥʡ 'ʴʥʸʴ .ʠʡʥʰʨʸʥʴ 

 ʭʩʸʷʥʧ ʺʥʮʹ
 ʺʥʮʥʷʮʥ ʭʩʴʱʥʰ

ʭʺʷʥʱʲʺ 

  ʺʠʥʬʧʺʤʮʺʱʠ  ʠʴʥʸ ʩʣʩ ʬʲ ʥʰʧʡʥʠ ʸʹʠ ʭʩʬʥʧ ʡʸʷʡ
 ʣʢʥʰ ʩʺʴʥʸʺ ʬʥʴʩʨ ʥʬʡʩʷʥʤʮʺʱʠ.  

  ʤʰʹʡ ʥʰʧʡʥʠʹ ʭʩʹʣʧʤ ʭʩʸʷʮʤ ʬʬʫ ʺʠ ʺʠ ʯʧʥʡ ʸʷʧʮʤ
ʤʰʥʺʰ ʺʠʥ  ʺʥʩʥʧʩʫʹʤ ʩʺʹ :ʺʥʠʡʤ 

o  ;ʭʩʰʧʡʥʠʮ ʭʩʬʥʧ 

o  ʭʩʬʡʷʮʤ ʤʦʥʰʢʠʩʣ ʩʸʱʧ ʭʩʬʴʥʨʮ ʭʢʥ ʭʩʰʧʡʥʠʮ ʭʩʬʥʧ
.ʤʮʺʱʠ ʬʹ ʩʺʴʥʸʺ ʬʥʴʩʨ 

 ʤʠʥʬʧʺʤ ʩʢʥʱ
ʧʥʺʩʰʡʹ 

  ʺʰʹʡ ʥʬʢʺʤ ʸʹʠ ʭʩʹʣʧʤ ʭʩʸʷʮʤ ʬʫ2014 ʡ :ʤʴʩʧ ʵʸʴʮ 

o  ʩʴʬ ʭʩʶʡʥʷʮʭʩʩʨʱʩʨʨʱ ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠ  ;)ʱ"ʢʠ( 
o ʧʨʹ ʺʣʩʧʩʬ ʺʥʴʩʴʶ ʩʴʬ ʭʩʡʹʥʧʮ  ʺʨʩʹ ʺʸʦʲʡ

( "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ"(DKD: Double Kernel Density. 
  ʯʰʷʥʺʮ ,ʸʩʲʤ ʺʮʸʡ ʭʩʹʣʧ ʭʩʸʷʮ ʫ"ʤʱ :ʤʸʣʧʥ ʡʩʡʠ ʬʺ

.ʯʩʮʬʥ ʬʩʢʬ 

ʺʩʡʧʸʮ ʤʩʶʥʬʥʦʸ 

  ʩʠʬʩʢʡ ʭʩʣʬʩ6-14 ʯʩʮʥ ʬʩʢ ʺʥʶʥʡʷ 

  ʺʰʹʬ ʤʮʺʱʠ ʩʸʷʮ2014  ʯʮʦ ʺʸʢʱʮ 

  ʸʡʮʶʣ2015 ʭʩʰʥʺʰ ʺʢʹʤ 
 

 ʸʥʦʠʡ  ʩʢʥʬʥʩʮʣʩʴʠ ʸʥʨʩʰ
 :ʤʴʩʧ ʵʸʴʮ2015 2020 ס 
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1.  ʸʷʧʮʤ ʬʥʷʥʨʥʸʴס  .ʪʹʮʤ 

  : ʸʩʥʥʠ ʭʥʤʩʦ ʩʰʥʺʰ2014-2018. 
  :ʸʩʥʥʠ ʭʥʤʩʦ ʩʡʩʫʸʮSO2 ,NOX ,PM10 ʥ- PM2.5. 
  ʺʥʰʧʺʡ ʣʣʮʰʹ ʩʺʲʹ ʩʶʧ ʲʶʥʮʮ :ʸʩʥʥʠ ʭʥʤʩʦ ʩʰʥʺʰ ʬʹ ʺʥʮʥʹʸ

.ʩʰʥʸʩʲ ʲʶʥʮʮʥ ʸʷʧʮʤ ʸʥʦʠ ʪʥʺʡ ʭʩʮʷʥʮʮʤ ʸʩʥʥʠ ʺʥʫʩʠ ʸʥʨʩʰʬ 
 .ʤʸʣʧ ,ʡʩʡʠ ʬʺ ,ʤʴʩʧ ʵʸʴʮ :ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠ 

 ʸʥʹʩʷ
 ʭʥʤʩʦʬ

ʸʩʥʥʠ 

  ʭʩʩʨʱʩʨʨʱ ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠʭʩʩʺʸʡʧʤ ʭʤʩʰʩʩʴʠʮʥ )ʱ"ʢʠ( ʭʩʰʨʷ-
ʩʴʰʲʡ ʭʩʷʱʲʥʮʤ ʦʥʧʠʥ ʤʷʥʱʲʺ ʡʶʮ ,ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ( ʭʩʩʬʫʬʫ 

.)ʭʩʰʥʹ ʤʷʥʱʲʺ 

  ʪʸʲʰ ʬʣʥʮʤ( ʱ"ʢʠʡ ʭʩʡʹʥʺʤ ʸʴʱʮʮ ʦʥʧʠʫ ʭʩʰʹʲʮʤ ʯʣʮʥʠ
ʥʩʶʥʱ ʭʩʡʩʫʸʮʬ ʱʧʩʩʺʤʡ- ʯʥʹʩʲʤ ʩʸʥʲʩʹʬ ʱʧʩʩʺʤʡʥ ʭʩʴʸʢʥʮʣ

ʥʩʶʥʱ ʺʥʶʥʡʷʡ-.)ʤʩʩʱʥʬʫʥʠʤ ʬʹ ʺʥʩʴʸʢʥʮʣ 

  ʬʹ ʩʬʫʬʫ ʱʥʨʨʱʬ ʯʣʮʥʠʫ ,ʭʩʤ ʩʰʴ ʬʲʮ ʤʡʥʢ( ʩʴʸʢʥʴʥʨ ʤʡʥʢ
.)ʨʸʴʤ 

  ;ʭʩʩʦʫʸʮʡ ʤʩʩʹʲʺʤ ʩʸʥʦʠʬʥ ʭʩʹʩʡʫʬ ʤʡʸʷ 

 ʬʲ ʨʸʴʤ ʺʮʸʡ ʭʩʴʱʥʰ ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʺʹʮ- ʲʣʩʮʤ ʺʫʸʲʮ ʩʴ
.)ʢ"ʮʮ( ʺʩʴʸʢʥʠʩʢʤ 

 ʭʩʰʥʺʰ
 ʭʩʩʴʸʢʥʠʩʢ

 ʥʩʶʥʱʥ- 
   ʭʩʩʴʸʢʥʮʣ 

 ʠ ʭʩʰʧʡʮ-ʺʸʥʷʩʡ ʩʸʲ ʭʲ ʭʩʬʣʡʤ ʬʹ ʭʩʸʨʮʸʴ .)ʤʸʣʧʥ ʡʩʡʠ ʬʺ( 

 ʠ ʭʩʰʧʡʮ- ʯʩʡʬ ʸʺʥʩʡ ʭʩʮʤʥʦʮʤ ʭʩʱ"ʢʠʤ ʯʩʡ ʭʩʬʣʡʤ ʬʹ ʭʩʸʨʮʸʴ
ʭʩʰʥʹʤ ʭʩʮʤʦʮ ʬʹ ʺʥʬʥʫʹʠ ʧʥʺʩʰ ʬʲ ʱʱʡʺʮ( ʭʩʮʤʥʦʮ ʺʥʧʴ ʩʫʤ.) 

 ʸʩʥʥʠ ʭʥʤʩʦ ʯʩʡʬ ʤʮʺʱʠ ʺʬʧʮ ʺʥʧʩʫʹ ʯʩʡ ʸʹʷʤ ʧʥʺʩʰ. 
  ʺʨʩʹʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʮʺʱʠʤ ʩʸʷʮ ʬʹ ʩʴʸʢʥʠʢʤ ʸʥʦʩʴʤ ʩʥʴʩʮ

ʷ ʺʥʴʩʴʶ"( "ʤʬʥʴʫ ʬʰʸDKD ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶʬ ʺʰʰʷʥʺʮ ,)
.ʺʩʬʬʫʤ 

 ʡʸ ʧʥʺʩʰ- ʯʥʫʩʱ ʩʮʸʥʢʥ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʮʸ ʯʩʡ ʸʹʷʤ ʷʦʥʧ ʬʹ ʩʰʺʹʮ
.ʤʮʺʱʠ ʺʥʲʸʠʩʤ ʯʩʡʬ ʭʩʸʧʠ 

ʧʥʺʩʰ 

 ʺʥʮʣʷʺʤ ʧ"ʥʣס ʩʶʧ- ʩʲʣʮ ʧ"ʥʣ ;ʩʺʰʹס .ʩʺʰʹ ʧʥʥʩʣ 

 

2.  ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʺʥʩʬʬʫ ʺʥʬʥʲʴ 

2.1ʺʹʩʫʸ .\ ʭʩʰʥʺʰ ʺʬʡʷʧʥʥʩʣʤ ʺʴʥʷʺʡ 
 ʭʩʰʥʺʰ ʩʢʥʱ  ʸʥʷʮ

ʭʩʰʥʺʰʤ 
 ʹʥʮʩʹʤ ʺʸʨʮ ʨʥʸʩʴ 

 ʤʹʷʡ ʺʹʢʤ
ʩʷʰʩʱʬʤ ʺʣʲʥʥʬ 

 ʤʹʷʡ ʤʹʢʥʤ
 ʭʩʰʥʺʰ ʺʠʶʥʤʬ

ʡ-1.2.2015 

 ʸʥʹʩʠ ʺʬʡʷʡ ʡʬʹ
 ʩʷʰʩʱʬʤ ʺʣʲʥʥ 

 

 ʸʥʹʩʠ ʺʬʡʷ
 ʺʴʥʷʮ ʩʷʰʩʱʬʤ

 ʺʩʬʬʫ ʭʩʬʥʧ
ʭʩʰʥʺʰʤ ʺʬʡʷʥ 

  ʺʥʠʩʸʡ ʩʺʥʸʩʹ
ʺʩʬʬʫ 

ʭʩʰʥʺʰ ʧʥʺʩʰ  



 

97 
 

 ʭʩʰʥʺʰ ʩʢʥʱ  ʸʥʷʮ
ʭʩʰʥʺʰʤ 

 ʹʥʮʩʹʤ ʺʸʨʮ ʨʥʸʩʴ 

 ʺʠʥʬʧʺ ʩʰʥʺʰ
ʤʮʺʱʠ 

  ʺʥʠʩʸʡ ʩʺʥʸʩʹ
  ʺʩʬʬʫ 

 ʺʠʥʬʧʺ ʩʥʴʩʮ
 ʧʥʺʩʰʥ ʤʮʺʱʠ

 ʱʧʩʡ ʩʨʱʩʨʨʱ
 ʸʩʥʥʠ ʭʥʤʩʦ ʺʮʸʬ

ʸʥʦʠʡ 

 ʤʮʺʱʠ ʩʸʥʲʩʹ
 ʺʥʴʩʴʶʥDKD   ʬʹ

 ʸʥʦʠʡ ʤʮʺʱʠ ʩʸʷʮ
 ʵʸʴʮʤ 

 ʭʩʸʥʦʠ ʺʥʡʫʹ
 ʭʩʰʨʷ ʭʩʩʨʱʩʨʨʱ

 ʩʰʥʺʰ ʭʲ )ʱ"ʢʠ(
 ,ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ
 ʡʶʮ ,ʭʩʠʬʩʢ ʡʫʸʤ

ʩʺʸʡʧ- ʦʥʧʠʥ ʩʬʫʬʫ
 ʭʩʷʱʲʥʮʤ  ʩʴʰʲʡ

ʭʩʰʥʹ ʤʷʥʱʲʺ 

ʱ"ʮʬ  ʺʥʴʩʴʶ ʬʹ ʬʥʮʸʩʰ
 ʱʧʩʡ ʤʮʺʱʠ ʩʬʥʧ
 ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶʬ

ʸʥʦʠʡ ʺʩʬʬʫ 
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2.2 ʩʸʷʧʮʤ ʬʥʣʥʮʡ ʭʩʷʱʲʥʮʤ ʭʩʨʰʣʥʨʱʤ 

ʨʰʣʥʨʱʤ ʭʹ ʸʷʧʮʤ ʠʹʥʰ  ʣʲʥʮʥ ʸʠʥʺ
ʥʺʬʧʺʤ 

ʭʩʧʰʮ 

ʢʸʡʰʩʩʨʹ ʸʴʥʲ Comparison of Statistical 
Methods for the Analysis of 
Spatial Patterns of 
Childhood Asthma Morbidity 
in the Greater Haifa 
Metropolitan Area 

)ʤʦʺ( .ʠ.ʮ  'ʴʥʸʴ .ʠ.ʡ
 'ʴʥʸʴʥ ʡʥʰʨʸʥʴ

ʩʡʫʸʫ .ʷ.ʮ 

 
 2.3ʤʣʥʡʲ ʺʥʹʩʢʴ . 

ʭʩʧʫʥʰ ,ʤʬʥʲʴʤ ʭʹ ʤʩʺʥʸʨʮ ʺʥʠʶʥʺʤ ʸʥʠʩʺ 
11.12.2014 

 ,ʤʷʬʧʮʡ ʸʷʧʮʤ ʺʮʠʺʮʥ ʩʡʫʸʫ 'ʴʥʸʴ
:ʯʮʢʩʩʦ ʯʩʬʦʥʸ 'ʡʢ 

ʸʷʧʮʤ ʭʥʣʩʷʬ ʭʩʫʸʣʤ ʺʰʩʧʡ;  ʬʥʴʩʨ
.ʩʷʰʩʱʬʤ ʺʣʲʥ ʸʥʹʩʠʡ 

 ʤʬʩʡʧʤ ʺʰʫʤ
 ʺʣʲʥʥʬ ʤʹʢʤʬ

ʩʷʰʩʱʬʤ 
 
 

 ʯʫʥʺʥ ʩʴʥʠ ʬʲ ʭʫʥʱ
ʤʹʢʤʤ 

 

12.2.2015 
 ʺʥʨʩʹ :ʤʴʩʧʡ ʤʧʴʹʮʤ ʺʠʥʴʸʬ 'ʧʮʤ

 .ʸʷʧʮʤ 
ʩʡʫʸʫ 'ʴʥʸʴ ʥʴʺʺʹʤ 

ʥʴ 'ʴʥʸʴ ʯʮʱʥʦ ʸ"ʣ ,ʡʥʰʨʸ 

 ʺʨʩʹ ʬʲ ʯʥʩʣ
 ʷʰʲʮʥ ʸʷʧʮʤ

 ʯʸʷʤʮ 
 

 ʬʥʷʥʨʥʸʴ ʬʲ ʭʫʥʱ
 ʩʴʥʱ 

 ʬʡʩʷ ʩʡʫʸʫ 'ʴʥʸʴ
 ʺʷʥʬʧ ʨʥʸʩʴ

 ʭʩʷʰʲʮʤ 
29.3.2015 

 ʤʷʬʧʮʡ ʸʷʧʮ ʺʮʠʺʮʥ ʩʡʫʸʫ 'ʴʥʸʴ
 ʩʷʰʩʱʬʤ ʺʣʲʥ ʸʥʹʩʠʡ ʬʥʴʩʨ :ʯʩʬʦʥʸ 'ʡʢ 

 ʸʥʹʩʠʡ ʬʥʴʩʨ
ʩʷʰʩʱʬʤ ʺʣʲʥ 

 ʸʥʹʩʠʬ ʤʹʷʡʡ ʬʥʴʩʨ
 ʸʢʠʮʮ ʭʩʰʥʺʰ ʺʬʡʷ

 ʺʩʬʬʫʤ 
30.4.2015  

 ʤʷʬʧʮʡ ʸʷʧʮ ʺʮʠʺʮʥ ʩʡʫʸʫ 'ʴʥʸʴ
ʯʩʬʦʥʸ 'ʡʢ 

 ʸʥʹʩʠʤ ʺʰʩʧʡ
ʭʩʰʥʺʰ ʺʠʶʥʤʬ 

 ʺʣʲʥʥʡ ʯʥʩʣ ʪʹʮʤ
ʩʷʰʩʱʬʤ 

10.2015  ʤʬʡʨ ʯʥʩʴʠ
ʭʩʰʥʺʰ ʺʴʩʬʹʬ 

 

3.12.2015  
ʢʸʡʰʩʩʨʹ ʸʴʥʲ ʸʮʥ ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣ 

 ʸʢʠʮ ʺʬʡʷ
 ʥʺʢʶʤʥ ʲʣʩʮʤ 
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3. ʺʥʠʶʥʺʥ ʧʥʺʩʰ 
3.1ʭʩʰʥʺʰ ʧʥʺʩʰ . 

ʧʥʺʩʰʤ ʢʥʱ ʥʺʸʨʮ 
 ʯʩʡ ʤʮʺʱʠʡ ʤʠʥʬʧʺ ʩʸʥʲʩʹ ʺʠʥʥʹʤ

 ʤʠʥʬʧʺʤ ʩʸʥʲʩʹ ʯʩʡʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ
ʬʺʡ-.ʸʩʲʤ ʺʮʸʡ ʤʸʣʧʡʥ ʡʩʡʠ 

ʩʠ ʥʠ( ʺʥʮʩʩʷ ʧʥʺʩʰ- ʬʹ )ʺʥʮʩʩʷ
 ʤʴʩʧ ʯʩʬʥʴʥʸʨʮ ʯʩʡ ʤʮʺʱʠ ʺʠʥʬʧʺ

.ʧʥʺʩʰʡʹ ʭʩʸʧʠʤ ʭʩʩʰʨʩʬʥʴʥʸʨʮʤ ʯʩʡʬ 

 ʭʩʣʬʩʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʺʥʴʩʴʶʤ ʩʥʴʩʮ
 ʵʸʴʮ ʸʥʦʠʡ ʤʮʺʱʠʤ ʩʬʥʧ ʺʩʩʱʥʬʫʥʠʥ

 ʺʨʩʹʡ ʤʴʩʧKernel Density (KD.) 

 ;ʭʩʣʬʩ ʭʰʹʩ ʭʤʡ ʭʩʸʥʦʠ ʩʦʥʫʩʸ ʸʥʺʩʠ
.ʤʮʺʱʠʡ ʭʩʬʥʧ ʭʩʣʬʩ ʩʦʥʫʩʸ ʸʥʺʩʠ 

 ʤʮʺʱʠ ʩʸʷʮ ʬʹ ʩʴʸʢʥʠʩʢʤ ʸʥʦʩʴʤ ʩʥʴʩʮ
 ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʩʣʬʩ ʡʸʷʡ

ʺʥʲʶʮʠʡ Double Kernel Density (DKD.) 

 ʭʤʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʩʣʷʥʮ ʸʥʺʩʠ
 ʤʤʥʡʢ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʺʠʥʬʧʺ

.ʲʶʥʮʮʤʮ 

ʡʸ ʧʥʺʩʰ- ʭʥʤʩʦ ʺʮʸ ʯʩʡ ʸʹʷʬ ʭʩʰʺʹʮ
 ʺʥʲʸʠʩʤ ʯʩʡʬ ʭʩʸʧʠ ʯʥʫʩʱ ʩʮʸʥʢʥ ʸʩʥʥʠʤ

 ʺʰʹʡ ʤʮʺʱʠ2014. 

 ʸʩʥʥʠʤ ʭʥʤʩʦ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʧʥʺʩʰ
 ʤʠʥʬʧʺʬ ʭʩʸʧʠ ʯʥʫʩʱ ʩʮʸʥʢ ʬʹʥ

 ʤʮʺʱʠʡ.ʵʸʴʮʤ ʸʥʦʠʡ 

 
 

3.2. ʺʥʠʶʥʺ 

3.2.1.  ʺʰʹʬ ʤʮʺʱʠ ʩʸʥʲʩʹ2014ʭʩʩʬʬʫ ʭʩʰʥʺʰ : 

 ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʬʹ ʧʥʺʩʰʤ ʺʥʠʶʥʺ6-14  ʺʰʹʬ ʭʩʸʲʬ ʤʷʥʬʧ ʩʴʬ
2014 ʡ ʭʩʧʥʥʣʮ )ʭʩʩʬʬʫ ʭʩʰʥʺʰ( ʧʴʱʰ3-ʠ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʸʹʠʫ .
 ʭʤ2.6% ʡʩʡʠ ʬʺʡ ,2.2%  ʤʸʣʧʡʥ3.3% ,ʯʫ ʥʮʫ . ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʯʤ ʩʫ ʤʬʥʲ ʳʸʢʤʮ

ʸʥʲʩʹ ʯʤʥ ,ʭʩʩʬʬʫʤʩ  ʥʬʠʮ ʸʺʥʩ ʭʩʤʥʡʢ ʭʰʩʤ ʤʸʣʧ ʸʥʦʠʡ ʸʣʢʮ ʩʴʬ ʭʩʷʬʥʧʮʤ ʤʮʺʱʠʤ
.ʭʩʩʺʥʲʮʹʮ ʭʩʸʲʴ ʠʬʬ ʭʬʥʠ ʡʩʡʠ ʬʺʡʥ ʤʴʩʧʡʹ 

3.2.2.  ʯʧʡʮt ʩʺʬʡ ʭʩʮʢʣʮʬ- ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʺʠʥʥʹʤ :ʭʩʩʥʬʺ-6
14 ʬʺʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡ-ʯʩʡʥ ʡʩʡʠ ʤʸʣʧʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ. 

ʡ ʺʥʠʸʬ ʯʺʩʰʹ ʩʴʫ ʧʴʱʰ3-ʡ ʤʸʣʧʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡ ʷʸ ʷʤʡʥʮ ʬʣʡʤ ʥʰʹʩ ,
[t(9.014)= -2.375, p<0.05] ʤʸʣʧ ʸʩʲʡ ʭʩʸʸʥʢʺʮʤ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹʹ ʪʫ .

 ʯʩʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹʡ ʷʤʡʥʮ ʬʣʡʤ ʠʶʮʰ ʠʬ ,ʳʱʥʰʡ .ʤʴʩʧ ʵʸʴʮ ʬʹ ʥʬʠʮ ʭʩʤʥʡʢ
ʸʸʥʢʺʮʤ ʭʩʣʬʩʤʬʺ ʸʩʲʡ ʭʩʸʸʥʢʺʮʤ ʥʬʠ ʯʩʡʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʩ- ʡʩʡʠ[t(16)=1.973, 

n.s] ʩʸʥʲʩʹʡ ʭʩʷʤʡʥʮ ʭʩʬʣʡʤ ʯʩʠ ʩʫ ʤʢʩʶʮ ʤʦ ʧʴʱʰʡ ʺʢʶʥʮʤ ʤʬʡʨʤ ,ʯʫ ʥʮʫ .
.ʺʩʸʣʢʮ ʤʷʥʬʧ ʩʴ ʬʲ ʭʩʣʬʩʤ ʬʹ ʤʮʺʱʠʤ 

 ʺʨʩʹʡ ʲʶʡʺʤ ʧʥʺʩʰʤ ʪʹʮʤDKD . 
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3.2.3.  ʺʨʩʹʡ ʹʥʮʩʹDouble Kernel Density (DKD ʧʥʺʩʰʬ ) ʺʰʹʡ ʤʮʺʱʠ ʺʠʥʬʧʺ
2014 

 ʺʨʩʹ ʺʥʰʥʸʷʲDKD ʸʷʧʮʤ ʺʥʥʶ ʬʹ ʭʩʸʮʠʮ ʸʴʱʮʡ ʺʥʨʸʥʴʮ5.  ʺʸʹʴʠʮ ʤʨʩʹʤ
 ʥʦ ʤʨʩʹ ʩʫ ʧʫʥʤ ʸʡʲʡ .ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶʬ ʱʧʩʡ ʭʩʬʥʧʤ ʺʥʴʩʴʶ ʺʠ ʬʮʸʰʬ
 ʺʥʨʩʹʤ ʺʮʥʲʬ ,ʤʠʥʬʧʺ ʬʲ ʭʩʩʺʡʩʡʱ ʭʩʮʸʥʢ ʬʹ ʺʥʲʴʹʤʤ ʧʥʺʩʰʬ ʸʺʥʩ ʤʹʩʢʸ

ʮʩʹʡ ʺʥʶʥʴʰʤ ʺʥʩʸʥʦʠʤ( ʭʩʩʺʸʥʱʮ ʭʩʢʥʬʥʩʮʣʩʴʠ ʭʩʸʷʧʮʡ ʹʥZusman et al., 2012.) 

 ʤʮʺʱʠʡ ʤʠʥʬʧʺʤ ʬʹ )ʤʩʩʱʥʬʫʥʠʤ ʬʣʥʢʬ ʬʥʮʸʰ ʠʬʬ( "ʤʬʩʢʸ ʬʰʸʷ ʺʥʴʩʴʶ" ʩʣʣʮ
 ʺʰʹʡ2014 ʡ ʭʩʮʫʥʱʮ ʧʴʱʰ3-ʢ ʭʩʣʷʥʮʡ ʤʮʺʱʠ ʬʹ ʤʢʩʸʧ ʺʥʴʩʴʶ ʤʬʥʲ ʭʩʰʥʺʰʤʮ .

ʺʥʡʩʹʧ ɦ ʧʩʬ ʯʩʠ .ʺʥʩʸʷʤʥ ̋ ʩʺʧʺʤ y ʩʲʤ ,ʬʮʸʫʤ ɦ ʫʸ :ʭʩʠʡʤ- ʸʧʠʮ ʤʬʠ ʭʩʣʷʥʮʬ y ʺʩ
 ʤʡ ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ ʺʠ ʯʥʡʹʧʡ ʭʩʧʷʥʬ ʭʰʩʠ "ʤʬʩʢʸ ʬʰʸʷ ʺʥʴʩʴʶ" ʩʣʣʮʹ

.ʤʮʺʱʠʤ ʩʲʥʸʩʠ ʥʮʹʸʰ 

ʡ ʠʩʤ ʭʢ ʤʲʩʴʥʮ ʵʸʴʮʤ ʸʥʦʠʡ ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ ʧʴʱʰ3-ʢ ʤʥʥʤʮ ʥʦ ʺʥʴʩʴʶ ,
( "ʭʩʬʥʴʫ ʭʩʬʰʸʷ" ʬʹ ʭʡʥʹʩʧʬ ʱʩʱʡʤ ʺʠDKD .) 

ʤ ʤʠʥʬʧʺʤ ʺʥʴʩʴʶ( ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʬ ʺʬʮʸʥʰʮDKDʡ ʤʲʩʴʥʮ ) ʭʩʧʴʱʰ3-   ;ʣ3-ʤ 
( ʤʰʺʹʮʤ ʴ"ʲ ʤʮʺʱʠʤ ʩʬʥʧ ʬʬʫAsthma_Diag_2014 ʴ"ʲ ʤʮʺʱʠʤ ʩʬʥʧ ʬʬʫ ;

 ʤʰʺʹʮʤAsthma_2014 ʤʮʠʺʤʡ) . 

ʡ ʧʴʱʰ3- ʣ ʤʰʺʹʮʬ ʭʠʺʤʡ ʤʫʸʲʰ ʤʮʺʱʠʤ ʩʸʷʮ ʺʸʩʴʱAsthma_Diag_2014 
 ʤʹʥʬʹ ʭʰʹʩ ʩʫ ʺʥʠʸʬ ʯʺʩʰ .ʣʡʬʡ ʤʮʺʱʠ ʤʬʥʧʫ ʠʴʥʸʤ ʬʶʠ ʯʧʡʥʠʹ ʩʮʫ ʸʣʢʥʮʤ

:ʣʧʥʩʮʡ ʭʩʤʥʡʢ ʤʮʺʱʠʤ ʩʬʥʧ ʦʥʫʩʸ ʭʤʡ ʭʩʸʥʦʠ 

 ;ʷʩʬʠʩʡ ʺʩʩʸʷʥ ʯʩʷʶʥʮ ʺʩʩʸʷ ,ʭʩʩʧ ʺʩʩʸʷ 

 ;ʬʮʸʫʤ ʱʫʸʥ ʺʩʺʧʺʤ ʸʩʲʤ 

 .ʯʥʲʡʨ ʺʩʩʸʷ ʡʸʲʮ ʯʥʴʶ 

                                      
5Portnov B.A., Dubnov J. and M. Barchana. Studying the Association between Air-Pollution and 
Lung Cancer Incidence in a Large Metropolitan Area Using a Kernel Density Function. Socio-
Economic Planning Sciences, 2009, 43: 141150ס (doi:10.1016/ j.seps.2008.09.001); Kloog, I, 
Haim, A. and B.A. Portnov, Using Kernel Density Function as an Urban Analysis Tool: Investigating 
the Association between Nightlight Exposure and the Incidence of Breast Cancer in Haifa, Israel, 
Computers, Environment and Urban Systems, 2009, 33: 5563ס (doi:10.1016/j.compenvurbsys. 
2008.09.006); Zusman M., Dubnov J, Bartchana M., and B.A. Portnov, Residential Proximity to 
Petroleum Storage Tanks and Associated Cancer Risks: Double Kernel Density Approach vs. Zonal 
Estimates, Science of the Total Environment, 441, 2012, 265276ס; Portnov B.A. and M. Zusman, 
Spatial Data Analysis Using Kernel Density Tools, Encyclopedia of Business Analytics and 
Optimization, 1st Edition, Ed. J. Wang, IGI Global Publishers, Hershey, Pennsylvania, 2914, Vol. 
V.; Zusman M., Broitman D. and Portnov B.A. Application of the Double Kernel Density Ap-proach 
to the Multivariate Analysis of Attributeless Event Point Datasets, Letters in Spa-tial and Resource 
Sciences (Accepted for publication in 2015). 
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 ʤʰʺʹʮʬ ʭʠʺʤʡ ʤʮʺʱʠʤ ʩʸʷʮ ʺʸʩʴʱ ʩʴ ʬʲ ʭʢ ʤʮʥʣ ʡʶʮʤAsthma_2014  ʸʣʢʥʮʤ
 ʠʷʥʥʣ ʥʠʬ ʪʠ ʤʮʺʱʠʬ ʺʥʴʥʸʺ ʬʨʥʰʹ ʩʮ ʭʢʥ ʤʮʺʱʠ ʤʬʥʧʫ ʠʴʥʸʤ ʬʶʠ ʯʧʡʥʠʹ ʩʮʫ

 ʤʠʸ ,ʤʮʺʱʠ ʤʬʥʧʫ ʯʧʡʥʠ ʧʴʱʰ3-ʤ ʭʩʣʷʥʮ ʤʹʥʬʹ ʭʺʥʠʡ ʸʡʥʣʮ ʩʫ ʺʥʠʸʬ ʯʺʩʰ .
ʡ ʯʩʥʶʹ ʩʴʫʧʴʱʰ 3-ʣ.ʤʮʺʱʠ ʩʬʥʧ ʬʹ ʣʧʥʩʮʡ ʤʤʥʡʢ ʦʥʫʩʸ ʠʶʮʰ ʭʤʡ , 

3.2.4. ʭʩʰʺʹʮ ʡʸ ʧʥʺʩʰ 

 ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺʬ ʸʩʥʥʠ ʭʥʤʩʦ ʯʩʡ ʸʹʷʤ ʺʠ ʧʺʰʬ ʺʰʮ ʬʲ6-14 
ʡʸ ʬʣʥʮ ʤʰʡʰ ,ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ- ʤʡ ʭʩʰʺʹʮ ʺʡʸ ʤʩʱʸʢʸ ʬʬʫ ʧʥʺʩʰʤ .ʭʩʰʺʹʮ

 ʩʣʣʮ ʤʩʤ ʩʥʬʺʤ ʤʰʺʹʮʤDKD ʩʺʬʡʤ ʭʩʰʺʹʮʤ .ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʮʺʱʠ ʬʹ- ʭʩʩʥʬʺ
ʡ ʭʩʨʸʥʴʮ ʧʴʱʰ3-.ʥ 

ʡ ,ʳʱʥʰʡ ʧʴʱʰ3-ʦ ʤʰʹʩ  ʬʹ ʺʥʰʥʹ ʺʥʶʥʡʷ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʠ ʺʸʠʺʮʤ ʤʬʡʨ
 ʭʩʰʺʹʮ ʩʫ ʠʶʮʰ ʸʹʠʫ .ʤʮʺʱʠʡ ʤʠʥʬʧʺʬ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤʭʩʩʬʫʬʫ-ʭʩʩʺʸʡʧ 

ʫ ʭʩʸʩʡʱʮ- 24.8%  ʭʩʩʹʠʸ ʭʩʹʩʡʫʬ ʤʡʸʷ ,ʸʩʥʥʠʤ ʭʥʤʩʦ ʩʰʺʹʮ .ʤʮʺʱʠʤ ʺʠʥʬʧʺʮ
ʫ ʣʥʲ ʭʩʴʩʱʥʮ ʬʮʸʫʤ ʱʫʸ ʬʹ ʩʧʸʦʮʤ ʣʶʡ ʭʩʸʥʢʮʥ-15.1%  ʺʠʥʬʧʺ ʸʡʱʤʬ .ʤʮʺʱʠʤ

ʯʮ ʷʧʸʮʤ ʩʰʺʹʮ ʬʹ ʺʴʱʥʺ ,ʳʱʥʰʡ ʫ ʣʥʲ ʭʩʴʩʱʥʮ ʭʩʮʤʦʮʤ ʭʩʬʲʴʮʤ-%11.1  ʸʡʱʤʬ
.ʤʮʺʱʠʤ ʺʠʥʬʧʺ 

3.2.5.  ʩʸʥʲʩʹ ʬʹ "ʺʩʡʧʸʮ ʺʥʬʺ" ʬʣʥʮDKD ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ 

 ʯʧʡʮ ʪʸʲʰ ,ʯʥʹʠʸʤ ʡʬʹʡMoran's I ( ̋ ʩʸʠʰʩʬʤ ʤʩʱʸʢʸʤ ̋ ʥʠʶʥʺ ʬʲ ʧʴʱʰ3-ʥ ʸʧʠʮ .)
 ʷʤʡʥʮʥ ʤʤʥʡʢ ʥʰʩʤ ʤʦ ʪʸʲʥ(Moran's I = 1380.871, p<0.001)  ʺʥʬʺ"ʤ ʬʣʥʮ ʺʠ ʥʰʶʸʤ

( "ʺʩʡʧʸʮ ʧʴʱʰ3-ʧʫ ʬʲ ʣʮʥʲ ʺʸʡʱʥʮʤ ʺʥʰʥʹʤ ʦʥʧʠ ʩʫ ʢʩʶʮ ʤʦ ʬʣʥʮ .)- 93.6% 
(R²=0.936) ʺʮʥʲʬ ,40.3% ( ʺʩʸʠʰʩʬʤ ʤʩʱʸʢʸʤ ʬʣʥʮʡ ʥʠʶʮʰʹ ʧʴʱʰ3-ʥ ,ʳʱʥʰʡ .)

ʠ ʭʩʷʤʡʥʮ ʥʠʶʮʰ ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤ ʬʫ ,ʺʩʸʠʰʩʬʤ ʤʩʱʸʢʸʤ ʬʣʥʮʬ ʤʮʥʣʡ ʩʫ ʭ
.ʩʬʩʬʹʬ ʩʡʥʩʧʮ ʪʴʤ ʲʥʡʷʤ 

 

ʺʥʰʷʱʮ 

:ʺʥʠʡʤ ʺʥʰʷʱʮʤ ʥʬʡʷʺʤ ʭʩʰʥʺʰʤ ʧʥʺʩʰ ʩʴ ʬʲ 

  ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʸʥʲʩʹ6-14  ʬʲ ʣʮʥʲ2.2%-3.3%. 

  ʸʥʦʠʡʹ ʤʦʮ ʤʥʡʢ ʤʸʣʧʡ ʤʮʺʱʠʤ ʸʥʲʩʹ ʩʫ ʠʶʮʰ ʬʣʥʮʤ ʬʹ ʩʰʥʹʠʸ ʧʥʺʩʰʮ
.ʤʴʩʧ ʵʸʴʮ 

  ʤʮʺʱʠ ʺʠʥʬʧʺ ʩʸʥʲʩʹ ʭʲ ʭʩʣʷʥʮ ʤʹʥʬʹ ʭʰʹʩ ʬʮʸʫʤ ʱʫʸ :ʣʧʥʩʮʡ ʭʩʤʥʡʢ
.ʯʥʲʡʨ ʺʩʩʸʷ ʡʸʲʮ ʯʥʴʶʥ ,ʺʥʩʸʷʤ ʸʥʦʠ ,ʺʩʺʧʺʤ ʸʩʲʤʥ 
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 ʫ ʭʩʥʥʤʮ ʭʩʩʹʠʸ ʭʩʹʩʡʫʬʥ ʺʥʩʹʲʺʬ ʤʡʸʷ ,ʣʣʮʰʤ ʸʩʥʥʠʤ ʭʥʤʩʦ ʩʫ ʠʶʮʰ-26% 
 ʭʩʣʬʩ ʡʸʷʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʮʺʱʠ ʺʠʥʬʧʺʬ ʺʸʡʱʥʮʤ ʺʥʰʥʹʤ ʦʥʧʠʮ

 ʩʠʬʩʢʡ6-14. 

3.3. ʺʥʬʡʢʮ 

  ʸʷʧʮ ʥʰʩʤ ʤʦ ʸʷʧʮʩʢʥʬʥʩʮʣʩʴʠ- ʺʥʥʤʮ ʯʰʩʠ ʸʷʧʮʤ ʺʥʠʶʥʺ ,ʤʦʫʫ .ʩʺʡʩʡʱ
.ʺʥʩʺʡʩʱʬ ʤʧʫʥʤ 

 ʸʥʠʬ  ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺʹ ʤʣʡʥʲʤ6-14  ʺʮʩʩʷʺʮ
 ʩʥʶʸ ,ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʰʹʩʹ ʥʬʠʬ ʭʩʮʥʣ ʭʩʸʥʲʩʹʡ ʩʫ ʭʠ ʭʩʰʥʹ ʭʩʰʨʩʬʥʴʥʸʨʮʡ

 ʥʬʠ ʭʩʰʨʩʬʥʴʥʸʨʮʡ ʭʢ ʥʲʶʡʺʩ ʭʩʮʥʣ ʭʩʸʷʱʹ ʩʣʫʡ "ʺʥʮʧ ʺʥʣʥʷʰ" ʭʠʤ ʠʣʥʥʬ
 ,ʭʹ ʭʢ ʺʥʮʩʩʷ ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹʣʥʢʩʰʡ ʬ ʥʸʹʷʩʩ ʧʸʫʤʡ ʠʬʹ ,ʣʩʧʠ ʸʥʦʩʴ

.ʭʩʩʺʡʩʡʱ ʭʩʮʸʥʢʬ 

 ʤ ʡʥʹʩʧ-Geocoding  ʤʫʸʲʰʹ )ʺʥʨʰʩʣʸʥʠʥʷʬ ʺʩʡ ʸʴʱʮʥ ʡʥʧʸʮ ʤʸʮʤ ʺʬʥʲʴ(
ʡ ʺʷʩʥʣʮ ʤʠʶʮʰ-89% ʬʺ ,ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ( ʭʢʣʮʤ ʬʬʫ ʪʥʺʮ- .)ʤʸʣʧʥ ʡʩʡʠ

ʱʮʥ ʯʫʺʩ ,ʩʦʠ.ʧʥʺʩʰʤʮ ʥʨʮʹʥʤ ʭʩʸʷʮ ʸʴ 

 ʩʮʥʠʬ ʧʥʨʩʡʡ ʪʸʲʰʹ ʸʷʱ ʩʴʬ6 ʸʡʮʡʥʰʬ ʯʥʫʰ ,2014 ʩʠʬʩʢʡ ʩʶʸʠʤ ʭʩʣʬʩʤ ʦʥʧʠ ,
6-14  ʬʲ ʣʮʥʲ 'ʺʩʬʬʫ  ʺʥʠʩʸʡ ʩʺʥʸʩʹ'ʡ ʭʩʧʨʥʡʮʤ49% ʩʴ ʬʲ ʳʠ ,ʪʫʩʴʬ .

 ʩʫ ʯʥʡʹʧʡ ʺʧʷʬ ʩʥʠʸ ,ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʬ ʭʣʷʥʮʮ ʠʬʥ ʭʩʩʶʸʠ ʭʩʡʥʹʩʧʡ ʸʡʥʣʮʹ
ʪʸʲʬ ʬʬʫ ʠʬ ʤʦ ʧʥʺʩʰ ʫ- 50%  ʥʰʠ ʭʩʰʥʺʰʤ ʯʮ ʩʫ ʭʠ( ʸʥʦʠʡ ʤʩʩʱʥʬʫʥʠʤ ʯʮ

ʬ ʩʫ ʭʩʣʮʬ"ʺʩʬʬʫ ʺʥʠʩʸʡ ʩʺʥʸʩʹ"  ʺʥʴʥʷʬ ʱʧʩʡ ʭʩʧʨʥʡʮ ʬʹ ʨʬʧʥʮ ʡʥʸ ʥʰʹʩ
.ʺʥʸʧʠʤ ʭʩʬʥʧʤ 

  ʤʮʺʱʠ ̋ ʠʥʬʧʺʬ y ʩʥʥʠ ʭʥʤʩʦ ʯʩʡ y ʹʷʤ ̋ ʠ ̋ ʥʴʱʥʰ ̋ ʥʩʨʱʩʨʨʱ ̋ ʥʨʩʹʡ ʯʥʧʡʬ ́ ʩ
.ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʩʣʬʩ ʡʸʷʡ 

  

                                      
6 ( ʩʮʥʠʬ ʧʥʨʩʡʬ ʣʱʥʮʤ .ʬʠʸʹʩ2015 .) ʭיʬופת חוʷות בʸ2014חבʭʩʬʹʥʸʩ :ʬʠʸʹʩ .. 
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4. ʭʩʧʴʱʰʤ ʺʮʩʹʸ 

'ʱʮ ʥʫʺʸʺ 
3-ʠ  ʺʰʹʬ ʤʮʺʱʠ ʩʸʥʲʩʹ2014ʭʩʩʬʬʫ ʭʩʰʥʺʰ : 
3-ʡ  ʯʧʡʮt ʩʺʬʡ ʭʩʮʢʣʮʬ- ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʺʠʥʥʹʤ :ʭʩʩʥʬʺ

 ʩʠʬʩʢʡ6-14 ʬʺʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡ- ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡʥ ʡʩʡʠ
ʤʸʣʧʬ. 

3-ʢ (1-2) ʭʩʬʩʢʸ ʬʰʸʷ ʩʣʣʮ ʥʺʩʬʬʫ ʭʩʣʬʩ ʺʩʩʱʥʬʫʥʠ ʬʹ ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ
 ʡʸʷʡ ʺʰʹʡ ʭʩʣʬʩ2014. 

3-ʣ ( "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ"DKDʬʲ ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ )- ʩʴ
Asthma_Diag_2014. 

3-ʤ ( "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ"DKDʬʲ ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ )- ʩʴ
Asthma_2014. 

3-ʥ ʭʩʰʺʹʮ ʡʸ ʬʣʥʮ :ʭʩʰʺʹʮ ʡʸ ʧʥʺʩʰ. 
3-ʦ  ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʫʸʲʤ :ʭʩʰʺʹʮ ʡʸ ʧʥʺʩʰ

ʤʮʺʱʠʡ ʤʠʥʬʧʺʬ. 
3-ʧ  ʩʸʥʲʩʹ ʬʹ "ʺʩʡʧʸʮ ʺʥʬʺ" ʬʣʥʮDKD ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ 
3-ʨ  ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ 

 

:ʩʠʸʧʠ ʸʷʥʧ 

:ʸʠʥʺ ,ʭʹ ʩʡʫʸʫ ʣʬʠʧ .ʷ.ʮ 'ʴʥʸʴ 
ʪʩʸʠʺ  :4.1.2016  
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 ʧʴʱʰ3- :ʠ ʺʰʹʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʮʺʱʠ ʩʸʥʲʩʹ2014 ʬʺʬ ʤʠʥʥʹʤʡ- ʤʸʣʧʥ ʡʩʡʠ
.)ʭʩʩʬʬʫ ʭʩʰʥʺʰ( 

 

 
 

 ʧʴʱʰ3- :ʡ ʯʧʡʮt ʩʺʬʡ ʭʩʮʢʣʮʬ- ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʺʠʥʥʹʤ :ʭʩʩʥʬʺ 
        ʩʠʬʩʢʡ6-14 ʬʺʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡ- ʤʸʣʧʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡʥ ʡʩʡʠ 
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 ʧʴʱʰ3-ʢ-1 :" ʬʹ "ʤʬʩʢʸ ʬʰʸʷ ʺʥʴʩʴʶ ʭʩʣʬʩ ʺʩʩʱʥʬʫʥʠʺʩʬʬʫ   ʺʰʹʡ2014.  
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 ʧʴʱʰ3-ʢ-2 :" ʺʰʹʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ "ʤʬʩʢʸ ʬʰʸʷ ʺʥʴʩʴʶ2014. 
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 ʧʴʱʰ3-:ʣ ( "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ"DKDʬʲ ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ )- ʩʴ
Asthma_Diag_2014 
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 ʧʴʱʰ3-ʤ( "ʤʬʥʴʫ ʬʰʸʷ ʺʥʴʩʴʶ" :DKDʬʲ ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ )- ʩʴAsthma_2014 
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 ʧʴʱʰ3-ʥʭʩʰʺʹʮ ʡʸ ʬʣʥʮ :ʭʩʰʺʹʮ ʡʸ ʧʥʺʩʰ : 
 

S.E B Variable 

(0.599) 1.259* (Constant) 

(0.041) 1.574*** Socioeconomic index 

(0.000) 0.006*** Elevation above the sea level (m) 

(0.17) -0.535*** Distance to the sea shore (km) 

(0.001) -0.01** Jewish population in the neighborhood (%) 

(0.006) -0.313*** Population density (persons per km²) 

(0.000) 0.003*** Distance to the main roads (m) 

(0.01) -0.045** Smoking rate in the neighborhood (%) 

(0.086) -2.921*** Side of the Carmel mountain (left=1; right=0) 

(0.032) 0.855*** PM₂̣.₅ (year 2014, ppm) 

(0.084) 3.483*** Petrochemical complex distance (km) 

(0.008) -0.317*** Petrochemical complex distance² (km) 

**p<0.001; **p<0.01; *p<0.05* 
F= 1275.465*** 
Adjusted R²: 0.403 (40.3%) 
N of obs.: 20,782 
Dependent variable: DKD of asthma rate 
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 ʧʴʱʰ3-ʦʤʮʺʱʠʡ ʤʠʥʬʧʺʬ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʫʸʲʤ :.  

.ʭʩʰʺʹʮ ʡʸ ʧʥʺʩʰ 
 

R² 
Change 

F-test of  
R² change 
significance 

R² Variable included Model Type 

0.284 - 1377.787*** Socioeconomic index, Jewish 
population (%), Population 
density, Height topography, 
Sea distance & Smoking rate  

Socioeconomic 
variables 

0.435 0.151 
(15.1%) 

1112.437*** PM₂̣₅, NOX, SO₂, Main roads 
distance & side of the 
mountain 

Air pollution 
measurements 
and proxies 

0.546 0.111 
(11.1%) 

848.492*** Petrochemical complex 
distance (km), Petrochemical 
complex distance (km)², 
Power station distance (km), 
Oil tanks Kiryat-Haim (large) 
distance (km), Oil tanks 
(small) distance (km), Airport 
distance (km), Main roads 
distance (m), PM₂̣₅, NOX & SO₂ 

Distances to 
main 
industries 

 
*p<0.001* 
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 ʧʴʱʰ3-ʧ : ʩʸʥʲʩʹ ʬʹ "ʺʩʡʧʸʮ ʺʥʬʺ" ʬʣʥʮDKD  ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ 
 

Variable Spatial Error Model 

 B and (S.E) 

(Constant)ª -3.189*** (0.605) 

Socioeconomic index 0.605*** (0.026) 

Elevation above the sea level (m) 0.008*** (0.0003) 

Distance to the sea shore (km) -0.231*** (0.018) 

Jewish population in the neighborhood (%) -0.003*** (0.0007) 

Population density (persons per km²) -0.084*** (0.002) 

Distance to the main roads (m) 0.0006*** (0.0001) 

Smoking rate in the neighborhood (%) -0.013* (0.006) 

Side of the Carmel mountain (left=1; right=0) -1.746*** (0.078) ���.� (year 2014, ppm) 0.914*** (0.035) 

Petrochemical complex distance (km) 3.074*** (0.093) 

Petrochemical complex distance  ^2 (km) -0.268*** (0.008) 

Spatial error (Lambda) 1.283*** (0.003) 

R² 

N. of observations 

0.936 

20,782 

Notes: ***p<0.001; **p<0.01; *p<0.05.  

Distance threshold: 525.45m. 

ªDKD of asthma rate. 
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 ʧʴʱʰ3-'ʨ:  ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ ʸʷʧʮ ʺʰʹ(2015) 
 

'ʱʮ ʬʥʣʥʮ 3  :  
:ʬʥʣʥʮʤ ʭʹ ʸʩʥʥʠ ʭʥʤʩʦ ʭʲ ʸʹʷʤʥ ʭʩʣʬʩ ʡʸʷʡ ʤʮʨʱʠ ʺʠʥʬʧʺʡ ʭʩʩʥʰʩʹʥ ʺʥʮʢʮ  ʬʲ ʱʱʥʡʮ(

)ʺʩʬʬʫ ʺʥʠʩʸʡ ʩʺʥʸʩʹ ʬʹ ʭʩʰʥʺʰʤ ʸʢʠʮ. 
:ʩʹʠʸ ʸʷʥʧ ʩʡʫʸʫ ʣʬʠʧ .ʷ.ʮ 'ʴʥʸʴ 

 :ʭʩʴʱʥʰ ʭʩʸʷʥʧ ,ʸʷʰʩʥ ʤʮʬʹ 'ʴʥʸʴ ,ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣ ,ʢʸʡʰʩʩʨʹ ʸʴʥʲ ʸʮ 
 .ʡʥʰʨʸʥʴ ʱʩʸʥʡ 'ʴʥʸʴ 

 

1.  / ʤʸʶʷ ʺʥʸʴʱ ʺʸʩʷʱLiterature survey: 

ʦʮʬ ʸʺʥʩʡ ʤʲʩʢʴʤ ʯʥʫʩʱʤ ʺʶʥʡʷ ʺʠ ʭʩʥʥʤʮ ʭʩʣʬʩ ʭʩʩʢʥʬʥʩʮʣʩʴʠ ʭʩʸʷʧʮʥ ʸʩʥʥʠʡ ʭʩʠʹʩʰʤ ʭʩʮʤ
 ʭʩʣʬʩ ʡʸʷʡ ʺʩʺʮʩʹʰ ʤʠʥʬʧʺʬ ʭʸʥʢʫ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʲʴʹʤ ʬʲ ʭʩʲʩʡʶʮ ʭʩʡʸ(Robinson & Van 

Asperen, 2009; Bateman, et al., 2008) ʺʠ ʭʩʸʩʮʧʮ ʸʩʥʥʠʡ ʭʩʠʹʩʰʤ ʭʩʮʤʦʮʬ ʤʴʩʹʧ .
 ʭʤʩʺʥʠʩʸ ʣʥʷʴʺʡ ʤʲʩʢʴ ʭʩʥʥʤʮ ʯʫʥ ʤʮʨʱʠʬ ʭʩʮʥʨʴʮʩʱʤ .ʭʩʠʩʸʡ ʯʤʥ ʭʩʩʨʮʺʱʠ ʯʤ ʭʩʣʬʩ ʬʹ

 ʬʹ ʭʩʬʣʡʤʬ ʱʧʩʩʺʤʬ ʩʬʡʮ ʺʩʬʬʫ ʤʩʩʱʥʬʫʥʠ ʬʲ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʲʴʹʤ ʺʠ ʥʰʧʡ ʸʡʲ ʩʸʷʧʮ
 ʭʩʮʤʦʮʬ ʺʩʬʠʥʣʩʡʩʣʰʩʠ ʤʴʩʹʧ(Robinson & Van Asperen, 2009; Guarnieri & Balmes, 2014) 

ʸʩʥʥʠʤ ʤʮʩʸʦ ʺʥʣʢʰʺʤʬ ʺʮʸʥʢʤ ʺʩʺʠʩʸ ʤʬʧʮ ʤʰʩʤ ʤʮʨʱʠ ,ʸʥʮʠʫ  ʱʩʨʩʫʰʥʸʡ ,ʤʮʩʹʰʤ ʩʫʸʣʡ
 ʤʮʦʩʴʮʠʥ ʺʩʰʥʸʫ(Godfrey, 1985) ʩʫʸʣʡ ʭʩʩʥʸʩʢ ʭʰʩʤ ʭʩʩʨʮʺʱʠʤ ʭʩʬʡʥʱ ʭʤʮ ʩʠʥʥʬʤ ʺʥʲʴʥʺ .

 ʸʩʥʥʠʡ ʭʩʸʢʮ ʭʩʸʮʥʧʥ ʺʩʢʥʬʥʷʮʸʴ ʭʩʬʩʲʴ ʭʩʩʮʩʫ ʭʩʸʮʥʧ ,ʸʷ ʸʩʥʥʠ ʯʥʢʫ ʤʮʩʹʰʤ(Ellis, 1983) .
ʺʠ ʭʩʠʨʡʮʤ ʭʩʴʥʶʴʶ ʥʰʩʤ ʤʮʨʱʠʬ ʸʺʥʩʡ ʩʰʩʩʴʥʠʤ ʭʥʨʴʮʩʱʤ  ʭʩʰʩʮʱʺ .ʺʥʰʥʴʮʩʱʤ ʺʮʩʱʧ

 ʣʥʲʥ ʤʦʧʤ ʺʩʡʡ ʺʥʧʥʰ ʩʠ ,ʺʥʩʸʥʲ ʺʥʲʸʴʤ ,ʤʮʩʹʰ ʸʶʥʷ ,ʸʥʲʩʹ ʺʥʩʤʬ ʭʩʬʥʫʩ ʭʩʴʱʥʰ ʬʫ :ʤʮʺʱʠ(
 ,ʤʮʨʱʠ ʬʲ ʺʲʣʬ ʭʺʩʶʸʹ ʤʮ2016) ʭʩʣʬʩ ʡʸʷʡ ʺʥʩʢʸʬʠʥ ʤʮʨʱʠʬ ʩʮʥʠʬʰʩʡʤ ʸʷʧʤ ʯʥʫʮ .

(ISAAC) ʭʩʣʬʩ ʡʸʷʡ ʺʩʱʧʩ ʤʧʩʫʹ ʺʩʰʥʸʫ ʤʬʧʮ ʤʰʩʤ ʤʮʨʱʠ ʩʫ ʧʥʥʣʮ ʬʹ ʩʮʬʥʲ ʸʥʲʩʹ ʺʬʲʡ ,
ʫ- 14% (Global asthma network, 2014) ,ʯʫ ʥʮʫ .ISAAC  ʩʠʬʩʢʡ( ʺʥʸʢʡʺʤʤ ʬʩʢʡ ʭʩʣʬʩ ʩʫ ʧʥʥʣʮ

10-14 ʩʫ ʢʩʶʮ ʤʦ ʧ"ʥʣ ,ʳʱʥʰʡ .ʤʮʨʱʠʡ ʤʠʥʬʧʺ ʡʷʲ ʺʲ ʭʸʨʡ ʺʥʥʮʮʥ ʺʥʩʥʬʡʢʥʮʮ ʭʩʬʡʥʱ )
 ʡʸʲʮʥ ʯʥʴʶ ʺʥʰʩʣʮ ,ʤʩʬʸʨʱʥʠ ʯʰʩʤ ʤʮʨʱʠ ʺʠʥʬʧʺʡ ʸʺʥʩʡ ʤʤʡʢʤ ʺʥʧʩʫʹʤ ʭʲ ʺʥʰʩʣʮʤ

ʤ ʣʸʹʮ ʧʥʷʩʴ ʺʧʺʹ ʺʥʬʧʮ ʺʸʷʡʬ ʦʫʸʮʤ ,ʬʠʸʹʩʡ .ʬʩʦʸʡʥ ʤʴʥʸʩʠ ʸʷʱ ʩʠʶʮʮ ʩʫ ʧʥʥʩʣ ʺʥʠʩʸʡ
 ̋ ʰʹʮ2008 ʫ- 7.9%  ʩʠʬʩʢʡʹ ʭʩʣʬʩʤ ʯʮ13-14  ʤʮʨʱʠʮ ʭʩʬʡʥʱ(The center for disease control, 

2011). 

 ʭʩʣʬʩ ʩʫ ʥʠʶʮ ʭʩʰʥʹ ʭʩʸʷʧʮ .ʺʥʰʥʥʢʮʥ ʺʥʰʥʹ ʯʰʩʤ ʭʩʣʬʩ ʡʸʷʡ ʤʮʨʱʠ ʺʠʥʬʧʺʬ ʺʥʡʩʱʤ
ʠʶʮʰ ,ʬʬʫʡ ʺʥʩʹʠʸ ʭʩʫʸʣʥ ʨʸʴʡ ʭʩʹʩʡʫʬ ʡʥʸʩʷʡ ʭʩʸʸʥʢʺʮʤ ʸʺʥʩ ʤʤʥʡʢ ʯʥʫʩʱ ʺʮʸʡ ʭʩ

 ʤʮʨʱʠ ʯʥʢʫ ʭʩʩʺʮʩʹʰ ʭʩʮʥʨʴʮʩʱʬ ʤʴʩʹʧʡ(Salam, Islam, & Gilliland, 2008; Heinrich & 
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Wichmann, 2004) ,ʩʺʡʩʡʱ ʯʹʲʬ ʭʩʣʬʩ ʬʹ ʤʴʩʹʧ ʩʫ ʥʠʶʮ ʭʩʩʢʥʬʥʩʮʣʩʴʠ ʭʩʸʷʧʮ ,ʯʫ ʬʲ ʸʺʩ .
ʨʱʠ ʺʠʥʬʧʺʬ ʺʥʩʸʷʩʲʤ ʺʥʡʩʱʤ ʺʧʠ ʤʰʩʤ ,ʭʩʩʺʩʩʹʲʺ ʭʩʬʲʴʮʮ ʯʹʲ ʩʸʷ ʤʮ(Ding, Ji, & Bao, 

2015; Burke, et al., 2012) ʭʩʠʶʮʰ ʺʥʩʸʢʩʱ ʯʹʲʬ ʭʩʴʥʹʧʥ ʭʩʰʹʲʮ ʭʤʩʸʥʤʹ ʭʩʣʬʩ ʭʢ ,ʳʱʥʰʡ .
 ʤʮʨʱʠ ʺʠʥʬʧʺʬ ʤʤʥʡʢ ʯʥʫʩʱ ʺʮʸʡ(DiFranza, Aligne, & Weitzman, 2004; Li, Langholz, Salam, 

& Gilliland, 2005)ʸʩʥʥʠ ʭʥʤʩʦ ʭʲ ʯʥʹʩʲʬ ʤʴʩʹʧʤ ʯʩʡ ʡʥʬʩʹʤ .  ʺʠʥʬʧʺ ʬʹ ʩʨʢʸʰʩʱ ʨʷʴʠʬ ʭʸʥʢ
 ʤʮʨʱʠ(Kohli, et al., 2012). 

 ʩʷʩʷʬʧ ʸʮʥʧ ʬʹ ʺʥʤʥʡʢ ʺʥʮʸʬ ʤʴʩʹʧ ʯʩʡ ʸʹʷ ʥʰʹʩ ʩʫ ʭʩʲʩʡʶʮ ʭʩʴʱʥʰ ʭʩʸʷʧʮ(PM)   ʯʩʡʬ
 ʭʩʣʬʩ ʡʸʷʡ ʤʮʨʱʠʥ ʭʩʴʥʶʴʶ(Ding, Ji, & Bao, 2015; Burke, et al., 2012; Bowatte, et al., 2015). 

 ʭʩʣʬʩ ʺʶʥʡʷʡ ʤʮʨʱʠ ʺʠʥʬʧʺʬ ʸʩʥʥʠʤ ʭʥʤʩʦ ʯʩʡ ʸʹʷʤ ʺʠ ʯʧʡʹ ʭʩʰʥʸʧʠʤ ʭʩʸʷʧʮʤ ʯʮ ʣʧʠ
 ʺʰʹʡ ʲʶʥʡ ʩʺʡʸ ʤʴʩʧ ʸʥʦʠʡ2012 ʫ ʬʬʫ ʭʢʣʮʤ ʸʹʠʫ-3922  ʩʠʬʩʢʡ ʭʩʣʬʩ6-14 (Portnov, 

Reiser, Karkabi, Cohen-Kastel, & Dubnov, 2012) ʺʥʩʨʱʩʨʨʱ ʺʥʨʩʹʡ ʹʥʮʩʹ ʤʹʲ ʤʦ ʸʷʧʮ .
ʥ ,ʺʥʩʺʸʥʱʮ ʩʷʩʷʬʧʬ ʤʴʩʹʧ ʯʩʡʬ ʭʩʣʬʩ ʡʸʷʡ ʤʮʨʱʠ ʺʠʥʬʧʺ ʯʩʡ ʸʹʷ ʭʩʩʷ ʩʫ ʠʶʮ10PM,  ʩʫʥ

 ʯʩʡ ʥʲʰ ʤʮʨʱʠʤ ʩʸʥʲʩʹ8.7%  ʬ ʣʲ ʯʥʲʡʨ ʺʩʩʸʷʡ21.4%  ʸʷʧʮʮ ʤʰʥʹʡ ʩʫ ʯʩʩʶʬ ʹʩ .ʭʩ ʺʩʩʸʷʡ
 ʭʩʧʥʺʩʰʤ ʯʫʥ ,ʸʺʥʩ ʯʨʷ ʭʩʸʷʮʤ y ʴʱʮ ,ʺʸʥʷʩʡ ʩʸʲ ʭʲ ʤʮʨʱʠʤ ʩʸʥʲʩʹ ʬʹ ʤʠʥʥʹʤ ʤʫʸʲʰ ʠʬ ,ʤʦ

ʭʩʩʨʱʩʨʨʱʤ  .ʺʥʩʺʸʥʱʮ ʺʥʨʩʹʡ ʥʲʶʥʡ 

 ʺʨʩʹʡ ʹʥʮʩʹ ʤʹʲʩʩ ʤʦ ʸʷʧʮʡDouble Kernel Density (DKD ʤʨʩʹ .ʤʮʨʱʠʤ ʺʠʥʬʧʺ ʧʥʺʩʰʬ )
 ʺʩʬʬʫʤ ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶʬ ʱʧʩʡ ʭʩʬʥʧʤ ʺʥʴʩʴʶ ʺʠ ʬʮʸʰʬ ʺʸʹʴʠʮ ʸʹʠ ,ʺʩʰʹʣʧ ʤʰʩʤ ʥʦ
(Zusman, Dubnov, Barchana, & Portnov, 2012; Portnov & Zusman, Spatial Data Analysis Using 

Kernel Density Tools, 2014) ʭʩʮʸʥʢ ʬʹ ʺʥʲʴʹʤʤ ʧʥʺʩʰʬ ʸʺʥʩ ʤʹʩʢʸ ʥʦ ʤʨʩʹ ʩʫ ʧʫʥʤ ʸʡʲʡ .
 ʭʩʩʢʥʬʥʩʮʣʩʴʠ ʭʩʸʷʧʮʡ ʹʥʮʩʹʡ ʺʥʶʥʴʰʤ ʺʥʩʸʥʦʠʤ ʺʥʨʩʹʤ ʺʮʥʲʬ ʤʠʥʬʧʺ ʬʲ ʭʩʩʺʡʩʡʱ

 ʭʩʩʺʸʥʱʮ(Zusman, Broitman, & Portnov, 2015) ʬʲ ʺʱʱʥʡʮ ʥʦ ʤʨʩʹ .Geographic Information 

Systems (GIS) technology. 

2.  ʸʷʧʮʤ ʺʩʰʫʺʡ ʤʸʣʢʥʤʹ ʩʴʫ ,ʺʩʴʩʶʴʱ ʤʸʨʮStudy goal 

ʠ.  ʬ ʭʩʩʨʥʬʥʱʡʠ ʭʩʸʴʱʮ( ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʮʨʱʠ ʺʠʥʬʧʺ ʬʹ ʺʥʲʸʠʩʤ ʺʷʩʣʡ1000 
.ʺʸʥʷʩʡ ʩʸʲ ʭʲ ʤʠʥʥʹʤʥ )ʭʩʣʬʩ 

ʡ. .ʸʩʥʥʠ ʭʥʤʩʦʬ ʤʴʩʹʧʥ ʤʮʨʱʠ ʺʥʲʸʠʩʤ ʯʩʡ ʸʹʷʤ ʺʮʶʥʲ ʬʹ ʤʷʩʣʡ 
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3. :ʺʥʨʸʥʴʮ ʺʥʨʩʹ 

3.1.   ʤʠʶʥʤʥ ʤʬʬʫʤ ʩʠʰʺ ʬʬʥʫ( ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤס Exclusion criteria , 

Eligibility.) 

 ʩʠʬʩʢ( 'ʧ ʣʲ 'ʠ ʺʥʺʩʫʡ ʭʩʣʬʩ6-14:ʭʩʸʥʢʮ ʸʩʲ ʩʴʬ ʺʥʶʥʡʷ ʹʥʬʹʬ ʭʩʷʬʥʧʮʤ ) 
ʠ.  ,ʯʩʷʶʥʮ ʺʩʩʸʷ ,ʠʺʠ ʺʩʩʸʷ ,ʸʹʰ ,ʯʥʲʡʨ ʺʩʩʸʷ ,)ʭʩʩʧ.ʷ ʬʬʥʫ( ʤʴʩʧ :ʩʺʡʸ ʤʴʩʧ ,ʭʩ ʺʩʩʸʷ

.ʬʮʸʫʤ ʺʸʩʨʥ ʷʩʬʠʩʡ ʺʩʩʸʷ 

ʡ. ʡʩʡʠ ʬʺ 

ʢ. ʤʸʣʧ 

:ʤʬʬʫʤ ʩʠʬ ʭʩʰʥʩʸʨʩʸʷ 
 ʷʩʨʱʩʶ ,ʭʩʸʥʲʰ ʺʸʫʱ :ʯʥʢʫ ,ʺʩʢʸʬʠ ʺʬʦʰ ʥʠ ʤʮʨʱʠʬ ʨʸʴ ʺʥʸʧʠ ̋ ʥʩʰʥʸʫ ʺʥʬʧʮ ʭʲ ʭʩʣʬʩ
 ʺʥʩʨʮʥʠʸ ʺʥʬʧʮ ,ʺʥʩʰʥʸʫ ʤʩʬʫ ʺʥʬʧʮ ,ʺʥʹʫʸʰ ʥʠ ʺʥʣʬʥʮ ʺʥʩʰʥʸʫ ʡʬ ʺʥʬʧʮ ,ʱʩʱʥʸʡʩʴ

 ʺʥʩʰʥʸʫ ʺʥʬʧʮ ,ʺʥʩʰʥʸʫ ʺʥʬʧʮ ,ʤʩʱʴʬʩʴʠ ʬʹʮʬ ʺʥʩʰʥʸʫ ʺʥʩʢʥʬʥʸʩʥʰ ʺʥʬʧʮ ,ʬʥʫʩʲʤ ʩʫʸʣʡ
.ʩʬʫʹ ʸʥʢʩʴ ʭʲ ʭʩʣʬʩʥ ʺʥʸʩʠʮʮ 

3.2.   ʭʩʰʺʹʮʤʥ ʤʴʩʹʧʤ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʸʥʡʲ ʭʩʰʥʺʰʤ ʳʥʱʩʠ ʺʥʴʥʷʺ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ
.ʭʩʰʥʹʤ 

ʤ ʺʫʸʲʮ ʪʥʺʮ ʪʸʲʰ ʭʩʰʥʺʰʤ ʳʥʱʩʠBO  ʨʸʥʤʥʷ ʬʲ ʭʩʰʥʺʰ ʥʠʶʥʤ .ʺʩʬʬʫ ʭʩʬʥʧ ʺʴʥʷ ʬʹ
ʰʹʮ ʺ2014 :ʺʥʠʡʤ ʺʥʸʣʢʤʬ ʭʠʺʤʡ ʥʰʡʰʹ 

ʠ.  ʡʹ ʩʮ ʬʫ1.1.2014  ʥʬ ʥʠʬʮ6-14  ʯʩʡ ʣʬʥʰ ʸʮʥʬʫ ʭʩʰʹ1.1.2000-31.12.2007  ʸʡʧ ʤʩʤʥ
 ʺʰʹ ʬʫ ʪʹʮʡ ʺʩʬʬʫ ʭʩʬʥʧ ʺʴʥʷʡ2014. 

ʡ. ʬ ʤʷʥʬʧ-3  ʳʩʲʱʡ ʨʸʥʴʹ ʩʴʫ ʭʩʸʥʢʮ ʩʸʲ ʩʴʬ ʺʥʶʥʡʷ3.1 

:ʤʴʩʹʧ 
 ʺʰʹʬ ʸʩʥʥʠ ʭʥʤʩʦ ʩʰʥʺʰ2014. 

ʸʩʥʥʠ ʭʥʤʩʦ ʩʡʩʫʸʮ :2SO ,XNOʥ ,- 2.5PM. 

 ʭʩʮʷʥʮʮʤ ʸʩʥʥʠ ʺʥʫʩʠ ʸʥʨʩʰʬ ʺʥʰʧʺʡ ʣʣʮʰʹ ʩʺʲʹ ʩʶʧ ʲʶʥʮʮ :ʸʩʥʥʠ ʭʥʤʩʦ ʩʰʥʺʰ ʬʹ ʺʥʮʥʹʸ
.ʩʰʥʸʩʲ ʲʶʥʮʮʥ ʸʷʧʮʤ ʸʥʦʠ ʪʥʺʡ 

 
3.3.  .ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤʥ ʤʴʩʹʧʤ ʩʰʺʹʮ ʬʹ ʺʷʩʥʣʮ ʺʩʬʥʲʴʺ ʤʸʣʢʤ 

:ʺʩʬʬʫ ʭʩʬʥʧ ʺʴʥʷ ʬʹ ʲʣʩʮʤ ʸʢʠʮʮ ʭʩʰʺʹʮ 
ʭʩʸʥʢʮ ʭʥʷʮ ס .ʣʥʷʩʮ ʥ/ʥʠ ʺʩʡ ʸʴʱʮʥ ʡʥʧʸ ,ʸʩʲ ,ʺʡʥʺʫ 
ʤʠʴʸʮʤ ʭʹ ס .ʤʸʷʮ ʬʫ ʬʴʥʨʮ ʤʡ ʤʠʴʸʮ 

ʭʩʩʴʸʢʥʮʣ ʭʩʰʥʺʰ ס .ʤʸʷʮ ʬʫ ʬʹ ʸʣʢʮʥ ʬʩʢ 
ʭʩʩʠʥʴʸ ʭʩʣʣʮ ס ʥ )ʢ"ʷʡ( ʬʷʹʮ ,)ʮ"ʱʡ( ʤʡʥʢ- BMI. 
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ʤʮʨʱʠ ʺʰʧʡʠ ס .ʤʮʨʱʠʤ ʺʰʧʡʠ ʪʩʸʠʺʥ ʠʬ/ʯʫ 
.ʤʰʥʸʧʠʤ ʤʰʹʡ ʤʠʴʥʸʤ ʬʶʠ ʭʩʸʥʷʩʡ ʸʴʱʮ 

ʯʮ ʭʩʰʺʹʮ :ʱ"ʮʬʤ 
ʩʮʥʰʥʷʠʥʩʶʥʱ ʣʣʮ ס  ʡʶʮ ʭʩʩʬʴʩʶʩʰʥʮʥ ʭʩʩʴʸʢʥʠʩʢ ʺʥʬʥʡʢ ʺʥʣʥʠ ʭʩʱ"ʢʠ ʬʹ ʺʡʹʧʥʮʮ ʤʡʫʹ

ʩʬʫʬʫʤ- ʺʰʹʬ ʯʥʫʰ ʤʩʩʱʥʬʫʥʠʤ ʬʹ ʩʺʸʡʧ2008. 
ʭʩʣʥʤʩʤ ʭʩʡʹʥʺʤ ʸʥʲʩʹ ס  ʯʥʫʰ ʤʰʥʫʹ ʬʫʡ ʭʩʸʸʥʢʺʮʤ ʭʩʣʥʤʩʤ ʦʥʧʠ ʺʥʣʥʠ ʺʡʹʥʧʮʮ ʤʡʫʹ

 ʺʰʹʬ2012 .)ʱ"ʮʬ( ʱ"ʢʠ ʩʴ ʬʲ 
ʥʬʫʥʠ ʺʥʴʩʴʶ)ʲʡʥʸʮ ʮ"ʷʬ( ʯʩʱ ס  ʺʰʹʬ ʤʩʩʱʥʬʫʥʠ ʺʥʴʩʴʶ ʩʰʥʺʰ ʬʹ ʺʡʹʧʥʮʮ ʤʡʫʹ2008  ʬʹ

.ʤʷʩʨʱʩʨʨʱʬ ʺʩʦʫʸʮʤ ʤʫʹʬʤ 
 ʭʩʰʹʲʮʤ ʸʥʲʩʹס  ʱʧʩʩʺʤʡ ʪʸʲʰ ʬʣʥʮʤ( ʱ"ʢʠʡ ʭʩʡʹʥʺʤ ʸʴʱʮʮ ʦʥʧʠʫ ʭʩʰʹʲʮʤ ʯʣʮʥʠ

ʥʩʶʥʱ ʭʩʡʩʫʸʮʬ-ʥʩʶʥʱ ʺʥʶʥʡʷʡ ʯʥʹʩʲʤ ʩʸʥʲʩʹʬ ʱʧʩʩʺʤʡʥ ʭʩʩʴʸʢʥʮʣ-ʱʥʬʫʥʠʤ ʬʹ ʺʥʩʴʸʢʥʮʣ.)ʤʩʩ 
:ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʺʹʮ 

ʭʩʤ ʩʰʴ ʬʲʮ ʤʡʥʢ ס .ʥʩʸʥʢʮ ʭʥʷʮ ʺʥʣʥʠ ʭʩʤ ʩʰʴ ʤʡʥʢ ʺʠ ʭʩʸʨʮʡ ʺʣʣʥʮʤ ʺʡʹʥʧʮʮ ʤʡʫʹ 
ʭʩʤ ʳʥʧʮ ʷʧʸʮ ס .ʯʥʫʩʺʤ ʭʩʬ ʥʩʸʥʢʮ ʭʥʷʮʮ ʤʸʷʮ ʬʫ ʬʹ ʮ"ʷʡ ʷʧʸʮʤ 

ʭʩʩʹʠʸ ʭʩʹʩʡʫʮ ʷʧʸʮ ס .ʭʩʩʹʠʸ ʭʩʹʩʡʫʬ ʥʩʸʥʢʮ ʭʥʷʮʮ ʤʸʷʮ ʬʫ ʬʹ ʭʩʸʨʮʡ ʷʧʸʮʤ 
ʱʫʸ ʬʹ ʤʷʥʬʧ ʬʮʸʫʤ ʸʤ ס  ʸʺʥʩ ʤʡʸʷ( ʩʧʸʦʮ ʱʫʸʬ ʥʺʥʠ ʷʬʧʮʤ ʬʮʸʫʤ ʸʤ ʩʰʴ ʬʲ ʪʺʧ ʥʷ

.ʩʡʸʲʮ ʱʫʸʥ )ʭʩʮʤʦʮʤ ʭʩʬʲʴʮʬ 
ʸʩʥʥʠ ʭʥʤʩʦ ס  ʮ ʸʩʥʥʠ ʭʥʤʩʦ- x;NO 2;SO 2.5PM  ʺʰʹʬ ʯʥʫʰ ,ʸʥʨʩʰʤ ʺʥʰʧʺʮ ʣʣʮʰʹ2014. 

)ʯ"ʦʡ( ʭʩʩʮʩʫʥʸʨʴ ʭʩʬʲʴʮʬ ʤʡʸʷ ס  ʭʩʬʲʴʮʬ ʥʩʸʥʢʮ ʭʥʷʮʮ ʤʸʷʮ ʬʫ ʬʹ ʮ"ʷʡ ʷʧʸʮʤ
.ʭʩʩʮʩʫʥʸʨʴʤ 

3.4.   ʭʩʰʥʺʰ ʳʷʩʤ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʺʠ ʭʩʰʥʺʰʤ ʬʹ ʩʥʱʩʫʤ ʺʣʩʮ( ʭʤʩʺʥʬʡʢʮʥ ʭʩʰʥʺʰʤ ʸʥʷʮ
.)ʺʥʰʮʩʤʮʥ ʳʷʥʺ ,ʭʩʸʱʧ 

 'ʱʡ ʯʩʥʶʹ ʩʴʫ3.5 ʤ ʸʢʠʮʮ ʥʴʱʠʰ ʤʠʥʬʧʺʤ ʩʰʥʺʰ ,BO  ʭʩʰʥʺʰʬ .ʺʩʬʬʫ ʺʥʠʩʸʡ ʩʺʥʸʩʹ ʬʹ
ʺʥʬʡʢʮʤ ʥʬʠ :ʺʥʠʡʤ 

ʠ.  ʲʣʩʮʤ ʸʢʠʮʮ ʥʬʡʷʺʤ ,ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʴʩʹʧʬ ʭʩʸʥʢʮʤ ʭʥʷʮ ʯʩʡ ʸʹʷʤ ʺʠ ʯʥʧʡʬ ʺʰʮ ʬʲ
 ʤʡʫʹ ʺʸʩʶʩ ʭʹʬ .ʭʩʸʷʮʤ ʬʬʫ ʬʹ ʭʩʸʥʢʮʤ ʺʥʡʥʺʫ ʺʥʣʥʠ ʭʩʰʥʺʰ ʺʩʬʬʫ ʭʩʬʥʧ ʺʴʥʷ ʬʹ

 ʡ ʹʥʮʩʹ ʺʥʹʲʬ ʹʩ ʥʦ ʺʩʴʸʢʥʠʩʢGeocoding  ʺʰʫʥʺ ʺʥʲʶʮʠʡArcGIS 10.x™ ʥʦ ʤʬʥʲʴ .
ʡ ʷʩʥʣʮ ʠʶʮʰ ʤʦ ʡʥʹʩʧ .ʺʥʨʰʩʣʸʥʠʥʷʬ ʺʩʡʤ ʸʴʱʮʥ ʡʥʧʸʤ ʭʹ ʺʠ ʤʸʩʮʮ- 89%  ʪʥʺʮ

ʬʺ ,ʤʴʩʧ ɻ ʸʴʮ y ʥʦʠ( ʭʢʣʮʤ ʬʬʫ- .ʧʥʺʩʰʤʮ ʥʨʮʹʥʤ ʭʩʸʷʮ y ʴʱʮʥ ʯʫʺʩ ,ʩʦʠ .)ʤʸʣʧʥ ʡʩʡʠ 

ʡ.  ʸʡʮʡʥʰʬ ʯʥʫʰ ,ʩʮʥʠʬ ʧʥʨʩʡʡ ʪʸʲʰʹ ʸʷʱ ʩʴʬ2014 ʩʠʬʩʢʡ ʩʶʸʠʤ ʭʩʣʬʩʤ ʦʥʧʠ ,6-14 
'ʡ ʭʩʧʨʥʡʮʤ ʬʲ ʣʮʥʲ 'ʺʩʬʬʫ  ʺʥʠʩʸʡ ʩʺʥʸʩʹ49%  ,ʩʮʥʠʬ ʧʥʨʩʡʬ ʣʱʥʮʤ(2015) ,ʪʫʩʴʬ .

 ʯʥʡʹʧʡ ʺʧʷʬ ʩʥʠʸ ,ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʬ ʭʣʷʥʮʮ ʠʬʥ ʭʩʩʶʸʠ ʭʩʡʥʹʩʧʡ ʸʡʥʣʮʹ ʩʴ ʬʲ ʳʠ
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ʫ ʪʸʲʬ ʬʬʫ ʠʬ ʤʦ ʧʥʺʩʰ ʩʫ- 50%  ʩʫ ʭʩʣʮʬ ʥʰʠ ʭʩʰʥʺʰʤ ʯʮ ʩʫ ʭʠ( ʸʥʦʠʡ ʤʩʩʱʥʬʫʥʠʤ ʯʮ
ʥʰʹʩ "ʺʩʬʬʫ  ʺʥʠʩʸʡ ʩʺʥʸʩʹ"ʬ .ʺʥʸʧʠʤ ʭʩʬʥʧʤ ʺʥʴʥʷʬ ʱʧʩʡ ʭʩʧʨʥʡʮ ʬʹ ʨʬʧʥʮ ʡʥʸ 

 

3.5.  ʭʩʩʺʥʠʩʸʡʤ ʭʩʠʶʥʺʤ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ 

:ʭʩʠʡʤ ʭʩʰʥʩʸʨʩʸʷʤ ʯʮ ʣʧʠ ʬʹ ʭʥʩʷ ʩʴ ʬʲ ʤʮʨʱʠʡ ʭʩʷʥʬʤ ʭʩʣʬʩʤ ʬʫ 
ʠ.  ʬʹ ʺʥʸʣʢʤ ʩʴʬ ʤʮʨʱʠʤ ʩʸʷʮ ʬʫICPC  ʥʠICD9   ʺʥʷʬʧʮ ʬʹ ʤʮʩʹʸʡ ʺʥʲʩʴʥʮʤ

ʡʬ ʺʥʡʩʱʡ ʥʠ )ʯʬʤʬ ʨʥʸʩʴ ʤʠʸ( ʺʥʩʰʥʸʫ:ʤʧʴʹʮʤ ʠʴʥʸ ʬʶʠ ʸʥʷʩ 

4930 ALLERGY GRASS ASTHMATIC 
4931 ASTHMA INTRINSIC 
4939 ASTHMATIC BRONCHITIS 
493 ASTHMA 

ʡ.  ʨʱʩʰʥʢʠ ʠʨʡ ʢʥʱʮ ʺʥʴʥʸʺʡ ʬʥʴʩʨ ʭʸʥʡʲ ʭʹʸʰ ʸʹʠ ʤʮʨʱʠ ʬʹ ʤʰʧʡʠ ʠʬʬ ʭʩʣʬʩ
.ʤʰʹ ʤʺʥʠʡ ʭʩʩʮʲʴ ʺʥʧʴʬ ʭʩʣʩʠʥʸʨʱ ʬʹ ʡʥʬʩʹʡ 

ʢ.  ʬʹ ʤʰʧʡʠ ʤʲʩʴʥʮ ʭʸʥʡʲ ʭʩʣʬʩ.ʤʧʴʹʮ ʠʴʥʸ ʬʶʠ ʸʥʷʩʡʡ ʺʥʰʧʡʠʡ ʤʮʨʱʠ 

 

3.6.  .ʭʩʩʸʷʩʲʤ ʭʥʤʩʦʤ ʺʥʸʥʷʮ ʭʥʷʩʮʥ ʸʷʧʮʤ ʸʥʦʠ ʬʹ ʺʨʸʥʴʮ ʤʸʣʢʤ 

 ʸʷʧʮʤ ʸʥʦʠס  'ʱ ʤʠʸ3.1. 
 

4. :ʺʥʨʸʥʴʮ ʺʥʠʶʥʺ 

4.1.   ʭʩʰʥʺʰʤ ʸʥʠʩʺס  ʩʰʩʩʴʠʮ ʬʹʥ ʸʷʧʮʡ ʭʩʴʺʺʹʮʤ ʬʹ ʲʷʸ ʺʥʰʥʫʺ ʺʥʸʠʺʮʤ ʺʥʠʬʡʨ
 ʺʥʢʬʴʺʤ ʬʹ ʭʢ ʸʥʠʩʺ ʳʩʱʥʤʬ  ʹʩ ,ʭʤʬʹ ʤʴʩʹʧʤ.ʤʴʩʹʧʤ ʩʰʺʹʮʥ ʭʩʩʥʬʺʤ ʭʩʰʺʹʮʤ  

 ʤʬʡʨ1:)ʩʺʡʸ ʤʴʩʧ ʸʥʦʠ( ʸʷʧʮʤ ʩʰʺʹʮ ʺʥʣʥʠ ʺʩʸʥʠʩʺ ʤʷʩʨʱʩʨʨʱ : 

ʤʰʺʹʮ ʭʩʸʷʮ 'ʱʮ )ʺ.ʱ( ʲʶʥʮʮ  ʭʥʮʩʰʩʮס 
ʭʥʮʩʱʷʮ 

ʩʮʥʰʥʷʠʥʩʶʥʱ ʣʣʮ 21,831 0.28 (0.888) -2-3 

)'ʮ( ʭʩʤ ʩʰʴ ʬʲʮ ʤʡʥʢ 21,831 75.1 (98.325) 0-430 

)ʮ"ʷ( ʭʩʤ ʳʥʧʮ ʷʧʸʮ 21,831 2.57 (1.87) 0-9 

ʭʩʣʥʤʩʤ ʸʥʲʩʹ 21,263 87.96 (25.67) 1-99.9 

)ʲʡʥʸʮ ʮ"ʷʬ( ʯʩʱʥʬʫʥʠ ʺʥʴʩʴʶ 20,782 8.17 (5.503) 1-28 

)'ʮ( ʺʥʩʹʠʸ ʭʩʫʸʣʮ ʷʧʸʮ 21,831 92.94 (128.145) 0-987 

ʭʩʰʹʲʮʤ ʸʥʲʩʹ 21,831 18.89 (3.3) 15-42 

 ʭʤʦʮʤPMଶ.5  ʺʰʹ(2014) 21,831 16.68 (1.078) 11.7-19.98 

)ʮ"ʷ( ʭʩʩʮʩʫʥʸʨʴ ʭʩʬʲʴʮʮ ʷʧʸʮ 21,831 5.07 (2.016) 1-10 
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4.2.  .)ʺʥʩʬʩʬʹʥ ʺʥʩʡʥʩʧ( ʺʥʠʶʥʺʤ ʬʬʫ ʸʥʠʩʺ  

 'ʱʮ ʧʴʱʰ ʤʠʸ3. 
4.3.  ʺʥʢʶʥʮʤ ʺʥʠʶʥʺʤ ʬʹ ʨʸʥʴʮ ʩʬʥʬʩʮ ʸʡʱʤ. 

 ʺʰʹʬ ʤʮʨʱʠ ʩʸʥʲʩʹ2014 
 ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʬʹ ʧʥʺʩʰʤ ʺʥʠʶʥʺ6-14  ʩʴʬ ʺʰʹʬ ʭʩʸʲʬ ʤʷʥʬʧ2014 

 ʧʴʱʰʡ ʭʩʧʥʥʣʮ )ʭʩʩʬʬʫ ʭʩʰʥʺʰ(3- ʭʤ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʸʹʠʫ .ʠ2.6% ,
 ʡʩʡʠ ʬʺʡ2.2%  ʤʸʣʧʡʥ3.3% ʯʤʥ ,ʭʩʩʬʬʫʤ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʯʤ ʩʫ ʤʬʥʲ ʳʸʢʤʮ ,ʯʫ ʥʮʫ .

ʬʺʡʥ ʤʴʩʧʡʹ ʥʬʠʮ ʸʺʥʩ ʭʩʤʥʡʢ ʭʰʩʤ ʤʸʣʧ ʸʥʦʠʡ ʸʣʢʮ ʩʴʬ ʭʩʷʬʥʧʮʤ ʤʮʺʱʠʤ ʩʸʥʲʩʹ 
.ʭʩʩʺʥʲʮʹʮ ʭʩʸʲʴ ʠʬʬ ʭʬʥʠ ʡʩʡʠ 

 ʯʧʡʮt ʩʺʬʡ ʭʩʮʢʣʮʬ- ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʨʱʠʤ ʩʸʥʲʩʹ ʺʠʥʥʹʤ :ʭʩʩʥʬʺ14-6  ʸʥʦʠ ʯʩʡ
ʬʺʬ ʤʴʩʧ ʵʸʴʮ-ʤʸʣʧʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡʥ ʡʩʡʠ 

 ʧʴʱʰʡ ʺʥʠʸʬ ʯʺʩʰʹ ʩʴʫ3-[ ʤʸʣʧʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʯʩʡ ʷʸ ʷʤʡʥʮ ʬʣʡʤ ʥʰʹʩ ʡt(9.014)= 

-2.375, p<0.05 .] ʬʹ ʥʬʠʮ ʭʩʤʥʡʢ ʤʸʣʧ ʸʩʲʡ ʭʩʸʸʥʢʺʮʤ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹʹ ʪʫ
 ʸʥʦʠʡ ʭʩʸʸʥʢʺʮʤ ʭʩʣʬʩʤ ʯʩʡ ʤʮʺʱʠʤ ʩʸʥʲʩʹʡ ʷʤʡʥʮ ʬʣʡʤ ʠʶʮʰ ʠʬ ,ʳʱʥʰʡ .ʤʴʩʧ ʵʸʴʮ

ʬʺ ʸʩʲʡ ʭʩʸʸʥʢʺʮʤ ʥʬʠ ʯʩʡʬ ʤʴʩʧ ʵʸʴʮ-[ ʡʩʡʠt(16)=1.973, n.s ʤʬʡʨ ,ʯʫ ʥʮʫ .]2  ʤʢʩʶʮ
 ʩʸʥʲʩʹʡ ʭʩʷʤʡʥʮ ʭʩʬʣʡʤ ʯʩʠ ʩʫ.ʺʩʸʣʢʮ ʤʷʥʬʧ ʩʴ ʬʲ ʭʩʣʬʩʤ ʬʹ ʤʮʺʱʠʤ 

 ʧʴʱʰ( ʭʩʰʺʹʮ ʡʸ ʧʥʺʩʰ3-)ʥ 
 ,ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʨʱʠ ʺʠʥʬʧʺʬ ʸʩʥʥʠ ʭʥʤʩʦ ʯʩʡ ʸʹʷʤ ʺʠ ʧʺʰʬ ʺʰʮ ʬʲ

 ʩʣʣʮ ʤʩʤ ʩʥʬʺʤ ʤʰʺʹʮʤ ʤʡ ʭʩʰʺʹʮ ʺʡʸ ʤʩʱʸʢʸ ʬʬʫ ʧʥʺʩʰʤ .ʭʩʰʺʹʮ ʡʸ ʬʣʥʮ ʤʰʡʰDKD 
.ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʮʨʱʠ ʬʹ 

 ʷʤʡʥʮ ʠʶʮʰ ʤʩʱʸʢʸʤ ʬʣʥʮ ʩʫ ʤʬʥʲ ʧʥʺʩʰʤʮ[F(20,782)=1275.465, p<0.001] ʬʣʥʮʤ .
 ʫ ʸʩʡʱʮ40.3% ʣʧʠ ʩʣʩ ʬʲ ʸʡʱʥʮʤ ʤʮʨʱʠʤ ʺʠʥʬʧʺʮ- ʩʮʣʷʮ ʬʬʫ .ʭʩʠʡʰʮʤ ʸʹʲ

 ʩʮʥʰʥʷʠʥʩʶʥʱ ʣʣʮ :ʯʬʤʬ ,ʭʩʷʤʡʥʮ ʥʠʶʮʰ ʤʩʱʸʢʸʤ)β=0.281, p<0.001( ʭʩʤ ʩʰʴ ʬʲʮ ʤʡʥʢ ,
)β=0.121, p<0.001(ʮ ʷʧʸʮ , ʭʩʸʨʮʡ ʭʩʤ ʳʥʧ)β=-0.204, p<0.001) ʭʩʣʥʤʩʤ ʸʥʲʩʹ ,)β=-

0.054, p<0.001) ʤʩʩʱʥʬʫʥʠʤ ʺʥʴʩʴʶ ,)β=-0.351, p<0.001) )'ʮ( ʺʥʩʹʠʸ ʭʩʫʸʣʮ ʷʧʸʮ ,
)β=0.057, p<0.001( ʭʩʰʹʲʮʤ ʸʥʲʩʹ ,)β=-0.03, p<0.001) ʬʮʸʫʤ ʸʤ ʱʫʸ ʬʹ ʩʡʸʲʮʤ ʣʶʤ ,

)β=-0.224, p<0.001) ʭʤʦʮʤ ,PM₂̣.₅ )β=0.187, p<0.001( ʭʩʩʮʩʫʥʸʨʴ ʭʩʬʲʴʮʮ ʮ"ʷʡ ʷʧʸʮ ,

)β=1.43, p<0.001( ʭʩʩʮʩʫʥʸʨʴ ʭʩʬʲʴʮʮ ʲʥʡʸ ʮ"ʷʡ ʷʧʸʮʥ ,)β=-1.403, p<0.001). 
 ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʫʸʲʤ 

 ʧʴʱʰ3- ʺʠʥʬʧʺʬ ʭʩʸʩʡʱʮʤ ʭʩʮʸʥʢʤ ʬʹ ʺʥʰʥʹ ʺʥʶʥʡʷ ʬʹ ʺʩʱʧʩʤ ʤʮʥʸʺʤ ʺʠ ʸʠʺʮ ʦ
ʧ ʭʩʩʬʫʬʫ ʭʩʰʺʹʮ ʩʫ ʠʶʮʰ ʸʹʠʫ .ʤʮʨʱʠʫ ʭʩʸʩʡʱʮ ʭʩʩʺʸʡ- 24.8%  .ʤʮʨʱʠʤ ʺʠʥʬʧʺʮ
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 ʭʩʴʩʱʥʮ ʬʮʸʫʤ ʱʫʸ ʬʹ ʩʡʸʲʮʤ ʣʶʡ ʭʩʸʥʢʮʥ ,ʺʥʩʹʠʸ ʭʩʫʸʣʬ ʤʡʸʷ ,ʸʩʥʥʠʤ ʭʥʤʩʦ ʩʰʺʹʮ
ʫ ʣʥʲ- 15.1%  ʭʩʬʲʴʮʤ ʯʮ ʷʧʸʮʤ ʩʰʺʹʮ ʬʹ ʺʴʱʥʺ ,ʳʱʥʰʡ .ʤʮʨʱʠʤ ʺʠʥʬʧʺ ʸʡʱʤʬ

 ʫ ʣʥʲ ʭʩʴʩʱʥʮ ʭʩʮʤʦʮʤ11.1% .ʤʮʨʱʠʤ ʺʠʥʬʧʺ ʸʡʱʤʬ 
ʧʸʮ ʺʥʬʺ" ʬʣʥʮ ʩʸʥʲʩʹ ʬʹ "ʺʩʡDKD ʤʮʨʱʠ ʺʠʥʬʧʺ ʬʹ 

 ʯʧʡʮ ʪʸʲʰ ,ʯʥʹʠʸʤ ʡʬʹʡMoran's I  ʤʦ ʪʸʲʥ ʸʧʠʮ .ʭʩʰʺʹʮʤ ʺʡʸ ʤʩʱʸʢʸʤ ʺʥʠʶʥʺ ʬʲ
 ̫ ʤʡʥʮʥ ʤʤʥʡʢ ʥʰʩʤ(Moran's I = 1380.871, p<0.001)  ʧʴʱʰ( "ʺʩʡʧʸʮ ̋ ʥʬʺ"ʤ ʬʣʥʮ ̋ ʠ ʥʰʶʸʤ

3-ʫ ʬʲ ʣʮʥʲ ʺʸʡʱʥʮʤ ʺʥʰʥʹʤ ʦʥʧʠ ʩʫ ʢʩʶʮ ʤʦ ʬʣʥʮ .)ʧ- 93.6%  (R²=0.936) ʺʮʥʲʬ ,40.3% 
 ʥʠʶʮʰ ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤ ʬʫ ,ʤʩʱʸʢʸʤ ʬʣʥʮʬ ʤʮʥʣʡ ,ʳʱʥʰʡ .ʤʩʱʸʢʸʤ ʬʣʥʮʡ ʥʠʶʮʰʹ

.ʩʬʩʬʹʬ ʩʡʥʩʧʮ ʪʴʤ ʲʥʡʷʤ ʩʫ ʭʠ ʭʩʷʤʡʥʮ 
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ʺʺ( ʩʸʷʧʮ ʬʥʣʥʮ- :'ʱʮ )ʠʹʥʰ4 

 ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺ ʯʥʧʨʩʡ ʺʥʸʩʹʬ ʭʩʣʲʥʩʮ 
  :ʧʥʥʩʣ ʺʴʥʷʺ ʵʸʮ2015 ס   ʸʠʥʸʡʴ2016  

 
 

1. ʸʷʧʮʤ ʬʥʷʥʨʥʸʴ 

)ʤʴʩʧ 'ʰʥʠ( ʬʠʸʫ ʬʠʴʸ 'ʴʥʸʴ ʩʠʸʧʠ ʸʷʥʧ 

)ʤʴʩʧ 'ʰʥʠ( ʡʥʰʨʸʥʴ .ʠ ʱʩʸʥʡ 'ʴʥʸʴ 
ʬ"ʤʶ ,ʢʸʡʰʩʸʢ ʩʬʩʰ 

ʬ"ʤʶ ,ʩʷʱʰʩʨʷʩʨ ʱʫʬʠ 

 ʭʩʸʷʥʧ ʺʥʮʹ
ʭʺʷʥʱʲʺ ʺʥʮʥʷʮʥ 

ʤʮʺʱʠ  ʤʠʥʬʧʺʤ ʩʢʥʱ
ʧʥʺʩʰʡʹ 

 ,ʭʩ ʺʩʩʸʷ ,ʤʴʩʧ( ʤʴʩʧ ʵʸʴʮʩʩʸʷʺ  ,ʷʩʬʠʩʡʩʩʸʷʺ  ,ʯʩʷʶʥʮʩʩʸʷʺ 
 ,ʠʺʠʩʩʸʷʺ ( ʡʩʡʠ ʬʺʥ ,ʤʸʣʧ ,)ʬʮʸʫ ʺʸʩʨʥ ,ʸʹʰ ,ʯʥʲʡʨ7- ʺʥʸʴʱ
ʣʥʷʩʮ  ʬʹʹʬʮ”ʭʩʡ). 

ʺʩʡʧʸʮ ʤʩʶʥʬʥʦʸ 

ʡ"ʹʬʮʭʩ  ʭʩʰʹʤ ʯʩʡ )ʯʥʧʨʡ ʺʥʸʹʬ ʭʩʣʲʥʩʮ( ʭʩʸʡʢ2012-2014  :
 ʩʴʩʲʱʥ ʭʲ ʩʠʡʶ ʬʩʴʥʸʴ ʭʤʬ ʲʡʷʰʥ ʱʥʩʢʤ ʺʫʹʬʡ ʥʷʣʡʰʹ ʭʩʱʩʩʢʺʮ
 ʺʥʩʣʥʲʩʩ ʺʥʬʠʹ ʬʬʥʫ ʺʨʸʥʴʮ ʺʩʠʥʴʸ ʤʷʩʣʡʥ ʤʦʰʮʰʠ ʲʥʶʩʡʥ ʩʥʷʩʬ

 ʺʰʧʡʠ ʩʡʢʬʤʮʺʱʠ .ʸʡʲʡ 

ʺʩʩʱʥʬʫʥʠ ʸʷʧʮʤ 

16-19 ʬʩʢ ʺʥʶʥʡʷ 

20142012-  ʯʮʦ ʺʸʢʱʮ 

 ʩʰʥʺʰʭʩʡ"ʹʬʮ ʱʥʩʢʤ ʺʥʫʹʬʡ ʭʩʰʥʺʰ 

 ʺʰʹʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʤʴʩʹʧ ʺʫʸʲʤ2012  ʩʬʫ ʺʥʲʶʮʠʡ ʤʫʸʲʰ
 ʡʹʧʥʮʮ(GIS-Geographic Information System)  ʬʣʥʮ ʺʥʲʶʮʠʡʥ

Inverse Distance Weighted) )IDW  ʬʠ ʺʥʡʥʸʷʤ ʸʥʨʩʰʤ ʺʥʰʧʺʮ
.ʣʥʷʩʮʤ 

ʸʩʥʠ ʭʥʤʩʦʬ ʸʥʹʩʷ 

 ʸʥʦʠʡ  ʩʢʥʬʥʩʮʣʩʴʠ ʸʥʨʩʰ
 :ʤʴʩʧ ʵʸʴʮ2015 2020 ס 
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 ,ʤʩʬʲ ʪʩʸʠʺ ,ʤʣʩʬ ʪʩʸʠʺBMI( ʭʩʸʥʢʮ ̋ ʡʥʺʫ ,7- ,ʸʩʲ ,)ʣʥʷʩʮ ̋ ʥʸʴʱ
 ʺʥʬʥʫʩʥ ʤʬʫʹʤ ,ʤʣʩʬ ʵʸʠʥʩʡʩʨʩʰʢʥʷʺ. 

 ʹʡ(ʤʣʥʡʲ ʺʰ 2015:  ʭʩʰʥʺʰʤʮ ʭʩʰʹ2012-2014.) 

 ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʥʺʰ 

 ʥʩʶʥʱʥ-    ʭʩʩʴʸʢʥʮʣ 

 ʺʥʠʶʮʤ ʬʹ ʩʸʥʠʩʺ ʧʥʺʩʰʤʮʺʱʠ   ʧʥʺʩʰʥ ʭʩʰʹ ʪʸʥʠʬ ʺʥʰʥʹʤ ʭʩʸʲʡ
LOGIT ʡʸ-ʭʩʰʺʹʮ 

ʧʥʺʩʰ 

 ʺʥʮʣʷʺʤ ʧ"ʥʣס ʩʶʧ- ʩʲʣʮ ʧ"ʥʣ ;ʩʺʰʹס ʩʺʰʹ ʧʥʥʩʣ 

 

2 . ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʺʥʩʬʬʫ ʺʥʬʥʲʴ  

2.1ʭʩʰʥʺʰ ʣʥʡʩʲ . 
 ʭʩʰʥʺʰ ʩʢʥʱ
ʭʤʩʺʥʸʥʷʮʥ 

ʭʩʰʥʺʰʤ ʨʥʸʩʴ  ʹʥʮʩʹʤ ʺʸʨʮ 

 ʬʲ ʭʩʩʹʩʠ ʭʩʰʥʺʰ
 ʯʩʡ ʬ"ʤʶ ʭʩʱʩʩʢʺʮ

 ʭʩʰʹʤ2012-2014 

 ʭʩʩʴʸʢʥʮʣ ʭʩʰʥʺʰ
 ʬʹ ʭʩʩʠʥʴʸʥ

 ʡ"ʹʬʮ 

 ʺʠʥʬʧʺ ʯʩʡ ʸʹʷʤ ʺʰʩʧʡʥ ʩʸʥʠʩʺ ʧʥʺʩʰʤʮʺʱʠ 
ʭʩʬʴʸʲʮ  ʭʩʮʸʥʢ ʬʥʸʨʰʡ ,ʸʩʥʥʠ ʭʥʤʩʦ ʯʩʡʬ 

 ʸʩʥʥʠ ʺʥʫʩʠ ʩʰʥʺʰ
ʺʰʢʤʬ ʣʸʹʮʮ 

 ʣʥʢʩʠ ,ʤʡʩʡʱʤ
 ʺʸʡʧʥ ʭʩʸʲ

 ʺʰʹʮ ʬʮʹʧʤ
2009  ʺʰʹ ʣʲ2012 

  ʸʩʥʥʠ ʸʥʨʩʰ ʩʰʥʺʰ
ʸʷʧʮ ʸʥʦʠʬ 

 ʺʥʧʩʫʹ ʯʩʡ ʤʠʥʥʹʤʤʮʺʱʠ  ʤʴʩʧ ʸʥʦʠʡ
ʥʹʬʮ”ʭʩʡ ʭʩʸʧʠ ʭʩʸʥʦʠʮ 

 ʭʩʣʥʷʩʮ ʺʮʩʹʸ
 ʩʬʲʡ(7  ,)ʺʥʸʴʱ

ʬʠʸʹʩ ʸʠʥʣ 

 ʩʸʲʡ ʭʩʣʥʷʩʮ
ʸʷʧʮʤ 

 ʤʴʩʹʧʬ ʭʠʺʤʡ ʤʮʱʠ ʺʠʥʬʧʺ ʬʹ ʧʥʺʩʰʥ ʩʥʴʩʮ
ʤ ʬʹ ʺʩʹʩʠʹʬʮ”ʭʩʡ ʣʥʷʩʮ/ʺʡʥʺʫʬ ʪʥʩʹ ʴ"ʲ 

2.2.  ʤʣʥʡʲ ʺʥʹʩʢʴ 

 ʪʩʸʠʺʥ ʭʥʷʮ ʤʸʨʮ ʺʥʠʶʥʺʤ ʸʥʠʩʺ 
 ʤʴʩʧ 'ʰʥʠ

26/10/2015 
 

 ʬʥʷʥʨʥʸʴʡ ʯʥʩʣ
ʸʷʧʮʤ 

 ʬʲ ʭʩʩʺʲ ʭʩʰʥʩʣ.ʭʩʩʰʥʹʠʸ ʭʩʩʸʥʠʩʺ ʭʩʰʥʺʰ ʧʥʺʩʰ 

 ʸʥʮ ʯʥʫʮ 
17/08/2015 
1/11/2015 

10/11/2015 
20/11/2015 
28/11/2015 
25/01/2016 
29/02/2016 

 ,ʸʷʧʮʤ ʸʥʦʠ ʺʸʣʢʤ
 ʭʩʰʺʹʮ ʺʸʣʢʤ 

 ʸʥʠʬ .ʭʩʩʰʥʹʠʸ ʭʩʩʸʥʠʩʺ ʭʩʰʥʺʰ ʧʥʺʩʰ ʬʲ ʭʩʩʺʲ ʭʩʰʥʩʣ
ʭʩʰʥʺʰʤ ʣʥʡʩʲ ʺʩʰʫʥʺʡ ʭʩʩʥʰʩʹ ʥʱʰʫʥʤ ʭʩʠʶʮʮʤ 
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2.3 ʭʩʩʲʣʮ ʭʩʮʥʱʸʴ ʺʰʫʤ 

ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʱʥʨʨʱ ʺʥʸʸʲʤ 
Air Pollution and 
Respiratory 
Morbidity in Israel: 
Review of 
Accumulated 
Empirical Evidence 

Greenberg Nili, 
Carel Rafael 
Portnov Boris A. 

ʡ ʭʱʸʥʴ- IMAJ ʩʬʥʩ ,
2015 

 ʭʰʩʠʹ ʭʩʰʥʺʰ ʬʲ ʱʱʥʡʮ
 .ʨʷʩʥʸʴʬ ʭʩʸʥʹʷ ʸʹʥʠ

ʬ"ʤʶ ʩʮʸʥʢ ʩ"ʲ ʭʥʱʸʴʬ. 

term Effects -Long
Air  2and NO 2of SO

Pollution Exposure 
on Severity of 
Childhood Asthma 
in Young Adults 

Greenberg Nili, 
Carel Rafael., 
Derazne ,  
Bibi Haim, Shpriz 
Manor, Tzur Dorit, 
Portnov Boris. A. 

ʴʥʱʸʡ ʭ-Journal of 
Toxicology and 
Environmental 

Health A 

 ʭʰʩʠʹ ʭʩʰʥʺʰ ʬʲ ʱʱʥʡʮ
 ʸʹʥʠ .ʨʷʩʥʸʴʬ ʭʩʸʥʹʷ
.ʬ"ʤʶ ʩʮʸʥʢ ʩ"ʲ ʭʥʱʸʴʬ 

 

 
2.4. ʯʩʡʥ ʭʩʩʮʥʠʬ ʭʩʱʰʫʡ ʨʷʩʥʸʴʬ ʭʩʸʥʹʷʤ ʭʩʠʹʥʰʤ ʺʢʶʤ-ʭʩʩʮʥʠʬ 

ʭʥʷʮʥ ʪʩʸʠʺ ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʺʥʸʲʤ 
RSAI Congress 
2015, Lisbon, 
Portugal, 25-28 
August 2015 

 2term Effects of SO-Long
Air Pollution  2and NO

Exposure on Severity of 
Childhood Asthma in 
Young Adults 

Greenberg Nili, 
Carel Rafael 

Portnov Boris. A. 

 ,ʭʩʰʥʺʰ ʬʲ ʱʱʥʡʮ
 ʭʩʸʥʹʷ ʭʰʩʠʹ
 ʸʹʥʠ .ʨʷʩʥʸʴʬ

 ʩʮʸʥʢ ʩ"ʲ ʭʥʱʸʴʬ
ʬ"ʤʶ 

 

2.5.  ʭʩʨʰʣʥʨʱʤʤʭʩʷʱʲʥʮ ʩʸʷʧʮʤ ʬʥʣʥʮʡ 
ʨʰʣʥʨʱʤ ʭʹ ʸʷʧʮʤ ʠʹʥʰ  ʣʲʥʮʥ ʸʠʥʺ

ʥʺʬʧʺʤ 
ʭʩʧʰʮ 

ʢʸʡʰʩʸʢ ʩʬʩʰ  ʺʠʥʬʧʺʤʮʺʱʠ 
ʭʩʱʩʩʢʺʮʤ ʡʸʷʡ 

ʺʩʨʰʸʥʨʷʥʣ 
ʸʥʡʩʶʤ ʺʥʠʩʸʡʡ 

ʬʠʸʫ 'ʴʥʸʴ 
ʡʥʰʨʸʥʴ 'ʴʥʸʴ 

    
 
 2.6  ʺʥʸʧʠ ʺʥʬʥʲʴ 

ʤʬʥʲʴʤ ʭʹ ʤʩʺʥʸʨʮ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʺʥʸʲʤ 
ʯʩʠ    

2.7  ʤʠʥʴʸʤ ʬʩʧ ʬʹ ʩʷʰʩʱʬʤ ʺʣʲʥʥ ʩ"ʲ ʸʹʥʠ ʸʷʧʮʤ(#1205-2012-2). 
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3. ʺʥʠʶʥʺʥ ʧʥʺʩʰ 

3.1. ʭʩʰʥʺʰ ʧʥʺʩʰ 

ʧʥʺʩʰʤ ʢʥʱ ʥʺʸʨʮ 
Binary Logistic 
Regression 

 ʭʩʷʣʡʰ ʡʸʷʡ )ʭʩʩʴʸʢʥʮʣ ʭʩʰʥʺʰ( ʤʸʷʡ ʩʰʺʹʮ ʬʹ ʤʰʩʧʡ
ʭʩʩʨʮʺʱʠ  ʠʬʬʭʩʩʨʮʺʱʠ  'ʱʮ ʤʬʡʨ(24.) 

Descriptive Statistics  ʺʥʠʶʮʤʤʮʺʱʠ ʡʤʴʩʧ ʯʩʬʥʴʥʸʨʮ ʺʮʥʲʬ ʤʸʣʧʡʥ ʠ"ʺ 
 'ʱʮ ʤʬʡʨ(4.3a) 

Multivariate Logistic 
Regression 

 ʯʩʡ ʸʹʷʭʩʸʥʦʠ  ʺʥʠʶʮʤʬ ʭʩʰʥʹʤʮʺʱʠ  'ʱʮ ʤʬʡʨ(4.3b.) 

Multivariate Logistic 
Regression  

 ʺʥʠʶʮʤʬ ʸʩʥʥʠʤ ʭʥʤʩʦ ʬʹ ʲʶʥʮʮ ʦʥʫʩʸ ʯʩʡ ʸʹʷ ʤʰʩʧʡ
ʤʮʺʱʠ  'ʱʮ ʤʬʡʨ(4.4) 

Multivariate Logistic 
Regression 

 ʺʥʠʶʮʤʬ ʭʩʩʺʩʩʹʲʺ ʺʥʸʥʷʮʮ ʷʧʸʮʤ ʯʩʡ ʸʹʷ ʤʰʩʧʡ
ʤʮʺʱʠ ʩʰʺʹʮʬ ʯʰʷʥʺʮ( )ʭʩʷʩʷʬʧ ʬʹ ʲʶʥʮʮ ʦʥʫʩʸʥ ʤʸʷʡ 

 'ʱʮ ʺʥʠʬʡʨ(4.5a-e) 
Multivariate Logistic 
Regression 

 ʺʥʠʶʮʤʬ ʭʩʩʺʩʩʹʲʺ ʺʥʸʥʷʮʮ ʲʥʡʩʸʡ ʷʧʸʮʤ ʯʩʡ ʸʹʷ ʤʰʩʧʡ
ʤʮʺʱʠ ʰʺʹʮʬ ʯʰʷʥʺʮ(ʥʮʣ ʭʩ ʬʹ ʲʶʥʮʮ ʦʥʫʩʸʥ ʭʩʩʴʸʢ

)ʭʩʷʩʷʬʧ,  'ʱʮ ʤʬʡʨ(4.6). 

 3.2ʺʥʠʶʥʺ 

 'ʱʮ ʳʸʢʮ4.1  ʭʩʰʹʤ ʯʩʡ ʩʫ ,ʤʬʥʲ2012-2014  ʡʩʡʠ ʬʺʡ ʸʺʥʩ ʤʤʥʡʢ ʤʺʩʩʤ ʤʮʺʱʠ ʺʥʧʩʫʹ
(8.76%) ʤʸʣʧ ʺʮʥʲʬ (6.09%)   ʤʴʩʧʥ(6.68%) . 

 'ʱʮ ʳʸʢʮ24.  ʭʩʰʹʤ ʯʩʡ ʩʫ ,ʤʬʥʲ2012-2014  ʬʺʡ ʸʺʥʩ ʤʤʥʡʢ ʤʺʩʩʤ ʤʬʷ ʤʮʺʱʠ ʬʹ ʺʥʧʩʫʹ
 ʡʩʡʠ(5.31%) ʤʸʣʧ ʺʮʥʲʬ ʩʺʡʸ ʤʴʩʧʥ(3.17%) ʺʩʰʥʰʩʡ ʤʢʸʣʡ ʤʮʺʱʠ ʸʥʲʩʹ .- ʤʠʶʮʰ ʤʹʷ

( ʡʩʡʠ ʬʺʡ ʤʮʥʣ3.45%( ( ʤʴʩʧʡʥ3.79%(. 

 'ʱʮ ʤʬʡʨʮ4.2 ʤ ʯʮ ʷʬʧ ʩʡʢʬ ʬʣʡʤ ʭʩʩʷ ʩʫ ,ʤʬʥʲʭʩʰʺʹʮ  ʭʩʩʨʮʺʱʠ ʭʩʷʣʡʰ ʯʩʡ ʭʩʩʴʸʢʥʮʣʤ
 ,ʤʣʩʬ ʵʸʠ :ʭʩʩʨʮʺʱʠ ʠʬʬBMIʩʬʫʬʫ ʡʶʮ ,-.ʱʩʨʩʨʮʸʣʥ ʭʩʰʥʩʬʲ ʤʮʩʹʰ ʩʫʸʣʡ ʺʥʬʧʮ ,ʩʺʸʡʧ 

ʫ,ʯʫ ʥʮ ʮ ʤʬʥʴʫ ʠʩʤ ʬʠʸʹʩ ʩʣʩʬʩʡ ʤʮʺʱʠʤ ʺʥʧʩʫʹ ʺʥʧʩʫʹʤʡ ʡʸʷ.ʬ"ʥʧ ʩʣʩʬʩ 

 'ʱʮ ʤʬʡʨʮ4.3a ʤʬʥʲ ʹʬʮʤ ʡʸʷʡ ʤʮʺʱʠ ʬʹ ʩʬʬʫʤ ʸʥʲʩʹʤʹ”ʬʺʡ ʸʺʥʩ ʤʥʡʢ ʭʩʡ- ʡʩʡʠ
(8.86%( ʤʴʩʧʡ ʸʹʠʮ )6.96%( ʤʸʣʧ ʥʠ )6.09%ʫ ʡʩʡʠ ʬʺ ʸʥʦʠʡ .)-39%  ʭʩʸʣʢʥʮ ʭʩʩʨʮʺʱʠʤʮ

ʤʤʥʡʢ ʥʠ ʺʩʰʥʰʩʡ ʤʸʮʥʧ ʺʢʸʣʡ ʤʮʺʱʠʮ ʭʩʬʡʥʱʫ (174  ʪʥʺʮ ʭʩʷʣʡʰ442 ʺʮʥʲʬ ʺʠʦ  .)64% 
(276  ʭʩʷʣʡʰ ʪʥʺʮ507ʥ ʩʺʡʸ ʤʴʩʧ ʸʥʦʠʡ )- 48% (45  ʭʩʷʣʡʰ ʪʥʺʮ94.ʤʸʣʧʡ ) 
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ʰʺʹʮ ʡʸ ʬʣʥʮʡʺʡ ʩʩ( ʭʩʩʴʸʢʥʮʣ ʭʩʰʺʹʮ ʬʹ ʯʥʰʷMultivariate Logistic Regression ʳʣʥʲ ʺʰʩʧʡʬ ,)
 ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʹ( ʤʠʥʬʧʺ ʳʣʥʲ ʭʩʩʷ ʡʩʡʠ ʬʺʡ ʩʫ ,ʠʶʮʰ ,ʺʥʰʥʹʤ ʭʩʸʲʡ13% ʺʮʥʲʬ )

ʩʨʱʩʨʨʱ ʷʤʡʥʮ ʥʰʩʠ ʤʠʥʬʧʺʤ ʳʣʥʲ ʩʫ ʭʠ ,ʤʴʩʧ ʯʩʬʥʴʥʸʨʮʺ. 

ʩʰʺʹʮ ʡʸ ʬʣʥʮʡʭ  ʤʮʺʱʠ ʬʹ ʤʠʥʬʧʺ ʳʣʥʲ ʺʰʩʧʡʬʤʬʷ ʤʢʸʣʡ, ʺʡʩ ʭʩʩʴʸʢʥʮʣ ʭʩʰʺʹʮ ʯʥʰʷ
(Multivariate Logistic Regression,)  ʬʹ( ʤʠʥʬʧʺ ʳʣʥʲ ʭʩʩʷ ʡʩʡʠ ʬʺʡ ʩʫ ,ʠʶʮʰ59% ʺʮʥʲʬ )

.ʷʤʡʥʮ ʠʬ ʯʥʫʩʱʤ ʩʫ ʭʠ ,ʤʴʩʧ ʯʩʬʥʴʥʸʨʮ  

 'ʱʮ ʤʬʡʨ( .ʤʸʣʧʡʥ ʡʩʡʠ ʬʺʡ ʤʠʥʬʧʺ ʳʣʥʲ ʠʶʮʰ ʠʬ ʤʹʷ ʤʮʨʱʠ ʩʡʢʬ4.3b 

( ʭʩʰʥʹʤ ʭʩʬʣʥʮʡMultivariate Logistic Regression ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʥʮʸ ʯʩʡ ʸʹʷʤ ʺʲʩʡʷʬ )
( ʤʮʺʱʠ ̋ ʠʥʬʧʺʬ ʭʩʰʥʹʤ ʭʩʮʤʦʮʤ ʬʹ ̡ ʶʥʮʮ ʦʥʫʩʸ ʯʩʡ y ʹʷ ʠʶʮʰ ʠʬ ,ʤʮʺʱʠ ̋ ʠʥʬʧʺʬTotal, 

Mild or Moderate-Severe Asthma),   'ʱʮ ʤʬʡʨ(44. .) 

 'ʱʮ ʸʥʩʠʮ2 ʺʥʩ ʤʤʥʡʢ ʤʮʺʱʠ ʩʸʷʮ ̋ ʥʠʶʮʤ ʩʫ ʭʹʸʺʤʬ ʯʺʩʰ ʺʥʫʩʮʱʡʥ ʭʩʩʹʠʸʤ ʭʩʸʩʶʬ ʪʥʮʱ ʸ
.ʤʩʩʹʲʺʤ ʩʸʥʦʠʬ 

ʡʩʰʺʹʮ ʡʸ ʬʣʥʮ( ʭʺʡʩʲʶʥʮʮ ʦʥʫʩʸʥ ʭʩʩʴʸʢʥʮʣ ʭʩʰʺʹʮ ʯʥʰʷ ʩʷʩʷʬʧ ʬʹ 2.5PM (Multivariate 

Logistic Regression,)  ʺʠʥʬʧʺ ʳʣʥʲʥ ʭʥʤʩʦ ʺʥʸʥʷʮʮ ʲʥʡʩʸʡ ʷʧʸʮʤ ʤʰʺʹʮ ʯʩʡ ʸʹʷʤ ʺʲʩʡʷʬ
ʤʮʺʱʠ ʪʥʺʮ ,5 ʩʦʫʸʮʤ ʺʥʸʥʷʮʤʩ ̫ ʤʡʥʮ ʸʹʷ ʠʶʮʰ ,ʥʷʣʡʰʹ ʭ(p<0.01)  ʬʹ ʭʧʺʮʬ ʤʡʸʷʤ ʯʩʡ

ʠʥʬʧʺ ʳʣʥʲʥ ʭʩʩʮʩʫʥʸʨʴʤ ʭʩʬʲʴʮʤʤ ʡ 'ʱʮ ʤʬʡʨ( ʤʮʺʱʠ4.6.) 

3.3 ʺʥʰʷʱʮ 

 ʬʡʷʺʮʤ ʲʣʩʮʤ ʬʹ ʤʡʧʸ ʤʫʸʲʤʡʥʺʩʰʮʧ  ʤʠʸʰ ʥʰʺʥʹʸʬ ʣʮʲʹ ʬ"ʤʶ ʬʹ ʬʥʣʢʤ ʭʩʰʥʺʰʤ ʱʩʱʡ
ʹʬʮʡ ʤʮʺʱʠ ʬʹ ʺʥʧʩʫʹʤ ,ʩʫ”.ʡʩʡʠ ʬʺʡʹ ʥʦʮ ʨʲʮ ʤʫʥʮʰ ʤʴʩʧ ʸʥʦʠʡ ʭʩʡ 

 )ʭʩʸʩʲʶ ʭʩʸʡʢ( ʥʦʤ ʬʩʢʤ ʺʶʥʡʷʡ ʤʮʺʱʠ ʺʥʧʩʫʹ ʬʲ ʤʲʴʹʤ ʩʬʲʡ ʭʤ ʭʩʮʩʥʱʮ ʭʩʮʸʥʢʹ ʠʶʮʰ
ʩʬʫʬʫ ʡʶʮ ʯʥʢʫ-( ʳʣʥʲ ,ʤʣʩʬ ʵʸʠ ,ʩʺʸʡʧ ʥʠʥʧʩʫʹ ʯʡʥʮʫʥ ʬʷʹʮ )ʺʺ ʺʥʸʧʠ ʺʥʩʢʸʬʠ ʺʥʬʧʮ ʺ

.ʨʸʴʤ ʥʺʥʠʡ 

 ʸʷʩʲʤʰʩʩʰʲ  ʤʩʤ ʥʦ ʤʣʥʡʲ ʬʹ ʤʲʴʹʤ ʺʷʩʣʡʦ ʬʹ ʺʩʸʹʴʠʩ ʭʥʤʩʥʥʠʤʸ  ʺʥʸʥʷʮʮʭʩʩʺʡʩʡʱ 
ʩʹʲʺ(ʩʹʬʮʡ ʤʮʺʱʠ ʺʥʧʩʫʹ ʬʲ )ʤʸʥʡʧʺʥ ʤ” .ʭʩʡ ʤʸʥʹʷ ʭʩʩʹʠʸ ʭʩʹʩʡʫʬ ʤʡʸʷʹ ʠʶʮʰ

ʬʱʠ ʬʹ ʸʺʩ ʺʥʧʩʫʹʺ.ʺʩʠʥʴʸʤ ʺʥʸʴʱʡ ʧʥʥʣʥ ʸʫʥʮ ʤʦ ʠʶʮʮ .ʤʮ  ʡʬʹʡʭʩʩʧʫʥʰʤ ʭʩʣʥʡʩʲʤ 
ʥʰʺʣʥʡʲʡ ʠʶʮʰ ʥʧʩʫʹ ʯʩʡ ʸʹʷ ʹʩʹʸʡ ʷʧʸʮ( ʤʡʸʷ ʯʩʡʬ ʤʮʺʱʠ ʺʩ )ʲʥʡʬʭʩʩʮʩʫʥʸʨʴ ʭʩʰʷʺʮ-
ʩʩʺʩʩʹʲʺʭ .ʵʸʴʮʤ ʸʥʦʠʡ  ʭʩʸʥʩʠʡ ʩʴʸʢ ʯʴʥʠʡ ʭʢʣʥʮ ʤʦ ʠʶʮʮ4.3 Fig ((a and bʤ .ʳʸʢ  ʯʥʹʠʸʤ

 ʸʥʦʩʴʹ ʤʠʸʮʩʩʱʥʬʫʥʠʤʤ  ʣʥʠʮ .ʸʥʦʠʡ ʣʩʧʠ ʠʬʰʩʺʥʠʸʬ ʯʺ,  ʩʫʡʹ ʤʰʡʮʤ ʬʸʩʲʤ ʬʹ ʩʴʸʢʥʴʥʨʤ, 
 ʭʩʸʥʦʠ ʭʩʮʩʩʷʭʤʡ ʩʩʱʥʬʫʥʠʤʤ ʺʩʱʧʩ ʤʴʥʴʶ, ʭʤʩʰʩʡʥ ʭʩʠʶʮʰ  ʩʸʥʦʠʥʩʣʠʥʥʤʺ ʬʮʸʫʤ ʬʹ, ʭʤʡ 

ʩʩʱʥʬʫʥʠʤʤ ʤʬʩʬʣ ʤʡʸʤʡ .ʱʥʬʫʥʠʤʥ ʭʩʡʹʥʺ ʯʩʠ ʵʸʴʮʤ ʩʬʲʴʮʬ ʡʸʲʮ ʣʶʡʹ ʤʣʡʥʲʤ ʯʫ ʥʮʫʩ ʤʩ
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ʥʠʬʮ ʺʥʰʷʱʮ ʺʷʱʤ ʺʸʹʴʠʮ ʤʰʩʠ ,ʤʩʹʲʺʤ ʸʥʦʠ ʡʩʡʱ ʤʬʥʡʸʴ ʯʩʲʮʡ ʺʸʸʥʢʺʮ ʺʫʩʸʲ ʩʰʴʬ ʺ
.ʥʬʬʤ ʭʩʠʶʮʮʤ ʬʹ ʺʥʴʱʥʰ ʺʥʫʸʲʤ 

ʸʡ ʷʧʸʮʤ ʭʲ ʩʡʥʩʧ ʩʨʱʩʨʨʱ ʸʹʷ ʹʥʹʩʠʬ ʸʡʲʮʹ ʯʩʩʶʬ ʡʥʹʧʩ ʺʥʩʹʲʺʤ ʩʰʷʺʮʮ ʲʥʡ
 ʺʥʶʥʮʧʺ( ʥʦ ʤʣʥʡʲʡ ʥʷʣʡʰʹ ʩʴʫ ʭʩʥʱʮ ʸʩʥʠ ʭʤʦʮ ʢʥʱ ʭʲ ʸʹʷ ʠʶʮʰ ʠʬ ,ʺʥʩʮʩʫʥʸʨʴʤʩʸʴʥʢʺ ,

 ʺʥʡʩʩʧʮ ʺʥʩʧʫʥʰʤ ʺʥʠʶʥʺʤ ,ʪʫʩʴʬ .)ʭʩʸʩʲʦ ʭʩʷʩʷʬʧ ʥʠ ʯʷʰʧ ʥʸʹʴʠʩʹ ʭʩʣʥʡʩʲ ʬʹ ʤʴʱʥʤ
.ʭʩʧʩʩʰʤ ʭʥʤʦʤ ʺʥʸʥʷʮ ʬʹ ʺʷʩʥʣʮ ʸʺʥʩ ʤʫʸʲʤ  ʤʫ ʣʲʹ ʭʩʨʬʴʰʹ ʭʩʴʱʥʰ ʭʩʮʤʦʮʬ ʺʥʱʧʩʩʺʤ

 ʲʥʶʩʡʬ ʭʩʴʱʥʰ ʭʩʬʣʥʮʡ ʹʥʮʩʹ ʯʫ ʥʮʫ .ʤʮʺʱʠ ʺʠʥʬʧʺ ʬʲ ʤʲʴʹʤ ʺʥʩʤʬ ʤʬʥʫʩ ʭʤʬ ,ʥʷʣʡʰ ʠʬ
 ʺʫʸʲʤ ʬʹ ʤʩʴʸʢʥʴʥʨʬ ʱʧʩʩʺʤʡ ,ʤʴʩʹʧʸʥʦʠʤ  ,ʳʱʥʰʡ .ʭʥʷʮʡ ʭʩʮʤʦʮʤ ʸʥʦʩʴ ʬʲ ʤʺʲʴʹʤʥ

ʩʮʤʦʮʬ ʺʥʡʩʹʧ ʺʮʩʩʷ  ʭʩʨʬʴʰʹ ʭʩʩʴʩʶʴʱ ʸʩʥʥʠʸʥʦʠʤʮ  ʩʮʩʫʥʸʨʴʤʬʥʬʷʹʥ  .ʤʩʩʹʲʺʤʮ ʷʧʸʮʤ
 ʺʥʸʥʷʮ ʬʹ ʺʷʩʥʣʮ ʸʺʥʩ ʤʫʸʲʤ ʸʹʴʠʬ ʭʩʬʥʫʩ ʤʬʠ ʬʫʥʤʩʦʤʭ  ʺʠʥʬʧʺ ʬʲ ʤʺʲʴʹʤʥ ʭʩʧʩʩʰʤ

.ʤʮʺʱʠʤ 

ʺʰʤ ʧʥʺʩʰʮ ʺʥʫʩʮʱʡ ʸʺʥʩ ʤʤʥʡʢ ʤʮʺʱʠ ʺʥʧʩʫʹ ʬʹ ʤʮʢʮ ʺʮʩʩʷ ʩʫ ,ʤʬʥʲ ʭʩʰʥʩʸʥʦʠʬ .ʤʩʩʹʲʺ 

ʥʩʶʥʱ ʭʩʰʺʹʮ ʯʩʡ ʸʹʷ ʠʶʮʰ ,ʳʱʥʰʡ- ʤʮʺʱʠ ʺʥʧʩʫʹ ʠʮʢʥʣʬ ʪʫ .ʤʮʺʱʠ ʺʠʥʬʧʺʬ ʭʩʩʴʸʢʥʮʣ
ʡ ʥʣʬʥʰʹ ʸʲʥʰ ʩʰʡ ʡʸʷʡ ʸʺʥʩ ʤʤʥʡʢʬʠʸʹʩ ʡ ʥʣʬʥʰ ʠʬʹ ʤʬʠ ʺʮʥʲʬʬʠʸʹʩ ʸʺʥʩ ʤʥʡʢ ʯʥʫʩʱ ʭʩʩʷ .

 ʡʸʷʡ ʤʮʺʱʠʬʩʬʫʬʫ ʡʶʮ .ʬʷʹʮ ʺʺʥ ʬʷʹʮ ʳʣʥʲ ʭʲ ʸʲʥʰ ʩʰʡ- ʪʥʮʰ ʩʺʸʡʧʭʸʥʢ ʤʥʥʤʮ  ʯʥʫʩʱ
 ʭʩʹʰʠ .ʤʮʺʱʠʬʩʬʲʡ ʰʥʩʬʲ ʤʮʩʹʰ ʩʫʸʣʡ ʺʥʩʢʸʬʠ ʺʥʬʧʮʺʥ  ʭʢ ʱʩʨʩʨʮʸʣʥʭʤ  ʯʥʫʩʱ ʳʣʥʲ ʩʬʲʡ

.ʤʮʺʱʠ ʺʥʧʺʴʺʤʬ   

 ʺʥʸʥʷʮʬʥ ʭʩʩʹʠʸ ʭʩʹʩʡʫ ʩʸʩʶʬ ʤʡʸʷʤʥ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʥʮʸ ʯʩʡ ʸʹʷʤ ʷʣʡʰ ʭʩʰʥʹʤ ʭʩʬʣʥʮʡ
 ʯʩʡ ʷʸ ʷʤʡʥʮ ʸʹʷ ʠʶʮʰ ,ʥʰʧʡʰʹ ʺʥʸʥʷʮʤ ʺʹʮʧ ʯʩʡʮʹ ,ʤʬʥʲ ʭʩʰʥʺʰʤ ʧʥʺʩʰʤʮ .ʭʩʩʺʩʩʹʲʺ

ʤʮʺʱʠʡ ʤʠʥʬʧʺ ʳʣʥʲ ʯʩʡʬ ʭʩʩʮʩʫʥʸʨʴʤ ʭʩʬʲʴʮʤ ʭʧʺʮʬ ʷʧʸʮʤ (OR = 1.441; p<0.01 

(95%CI = 1.090-1.907;. 

ʥʹʧʬ ʯʺʩʰ ʭʩʩʺʩʩʹʲʺ ʺʥʸʥʷʮʮ ʤʴʩʹʧʬ ʤʠʥʬʧʺʤ ʯʩʡ ʸʹʷʤ ʺʫʸʲʤ ʺʠʹ ʯʮʺʱʮ ʤʣʥʡʲʤʮ ʳ
.ʭʥʤʩʦʤ ʸʥʷʮʮ ʷʧʸʮʤ ʲʥʡʩʸ ʬʲ ʭʩʱʱʡʺʮʤ ʭʩʬʣʥʮ ʺʥʲʶʮʠʡ 

3.4. ʺʥʬʡʢʮ 

 .ʯʥʰʷʩʺ ʸʹʴʠʮ ʠʬ ʯʥʹʩʲ ʩʡʢʬ ʲʣʩʮ ʸʣʲʤʤ ʤʰʺʹʮʬ ʯʥʰʷʩʺʲʶʥʡ  ʤʰʺʹʮ ʺʥʲʶʮʠʡSES. 
 

 :ʩʠʸʧʠ ʸʷʥʧ 
ʬʠʸʫ ʬʠʴʸ 'ʴʥʸʴ :ʸʠʥʺ ,ʭʹ 

 :ʪʩʸʠʺ05/06/2016  
ʤʮʩʺʧ: 
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4. ʭʩʧʴʱʰʤ ʺʮʩʹʸ 

Title Number 

Study Population Table 4.1 

Demographic Characteristics of the Study Population in Haifa 
Metropolitan and Relation with Asthma (N=7,072, 2012-2014) 

Table 4.2 

Prevalence of Asthma in Different Areas: Haifa Metropolitan, Hadera 
and Tel-Aviv (N=13875, with Zip Code, during 2012-2014) 

Table 4.3a 

The Association between Prevalence of Asthma and Different 
Geographic Areas by Severity (Single pollutant)a  
(N=13875, with Zip Code, during 2012-2014) 

Table 4.3b 

The Association between Air-Pollutants and Severity Asthma in Haifa 
Metropolitan Area (N=7,072 with ZIP Code, during 2012-2014.  Single 
pollutant models) 

Table 4.4 

The Association between Linear Distance from the Petrochemical Area 
[km] and Prevalence Rate of Asthma  
(N=7,072 with ZIP Code, during 2012-2014) 

Table 4.5a 

The Association between Linear Distance from Distance from the oil 
tanks, K. Haim [km] and Prevalence Rate of Asthma   
(N=7,072 with ZIP Code, during 2012-2014) 

Table 4.5b 

Association between Linear Distance from Airport [km] and Prevalence 
Rate of Asthma a  
(N=7,072 with ZIP Code, during 2012-2014) 

Table 4.5c 

Association between Linear Distance from the Power Station [km] and 
Prevalence Rate of Asthma a  
(N=7,072 with ZIP Code, during 2012-2014) 

Table 4.5d 

Association between Linear Distance from the Small Oil tanks [km] 
and Prevalence Rate of Asthma a  
(N=7,072 with ZIP Code, during 2012-2014) 

Table 4.5e 

Association between Linear and Squared Distance from the 
Petrochemical Area [km] and Prevalence Rate of Asthma a 
(N=7,072 with ZIP Code, during 2012-2014) 

Table 4.6 

Prevalence Rate of Asthma (%) in the Several Cities  
(N=13,875, with Zip code, during 2012-2014)  

Figure 4.1 

Prevalence Rate of Asthma and Severity (%) in the Different 
Geographic Areas (N=13,875 with ZIP Code, during 2012-2014  

Figure 4.2  

Distribution of Asthma Cases in Haifa Area           Figure 4.3A 

Prevalence of Asthma Cases per 1000 Examinees   Figure 4.3B 

Prevalence of Asthma among Young Adults over the years 1999-2014 
in Different Cities 

Figure 4.4 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Haifa 

Figure 4.4A 
 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv 

Figure 4.4B 
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Title Number 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv in Tivon 

Figure 4.4C 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv in K. Ata 

Figure 4.4D 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv in K. Mozkin  

Figure 4.4E 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv in K. Bialik  

Figure 4.4F 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv in K. Yam 

Figure 4.4G 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv in Hadera 

Figure 4.4H 

Prevalence of Asthma by Severity among Young Adults over the years 
1999-2014 in Tel Aviv in Nesher 

Figure 4.4I 

ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ Appendix 4.J. 
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ʭʩʧʴʱʰ 
Table 4.1:  Study Population  

(N=13,875 with ZIP Code, during 2012-2014) 
 

City CODE 

Study Population 

Total without Zip Code with Zip Code 

Count N % Count N % Count N % 

4000 Haifa 3699 100.00 318 8.60 3381 91.40 

6500 Hadera 1761 100.00 217 12.32 1544 87.68 

5000 Tel Aviv 5563 100.00 515 9.26 5048 90.74 

2100 Tirat HaCarmel 405 100.00 49 12.10 356 87.90 

2300 K. Tivon 329 100.00 35 10.64 294 89.36 

2500 Nesher 382 100.00 23 6.02 359 93.98 

6800 K. Ata 1108 100.00 65 5.87 1043 94.13 

8200 K. Motzkin 699 100.00 67 9.59 632 90.41 

9500 K. Bialik 677 100.00 67 9.90 610 90.10 

9600 K. Yam 671 100.00 63 9.39 608 90.61 

Total 15,294 100.00 1419 9.28 13875 90.72 

 
 

ʤʸʲʤ:  ʹʬʮ”ʭʩʡ  ,ʩʰʹʤ ʯʩʡ ʭ2012-2014  .ʭʩʰʥʹ ʭʩʡʥʹʩʮʩʥʴʶʫ, ʤ ʸʴʱʮʡ ʭʩʬʣʡʤ ʭʩʮʩʩʷʹʬʮ”ʭʩʡ  ʯʩʡ

ʭʩʰʥʹʤ ʭʩʡʥʹʩʤ, .ʤʰʹʤ ʤʺʥʠʡ ʤʩʩʱʥʬʫʥʠʤ ʬʣʥʢʬ ʭʠʺʤʡ ʫʬ-90% ʤʮʹʬʮ”ʭʩʡ ʭʩʩʷ ʣʥʷʩʮ ʩʡʢʬ ʲʣʩʮ 
ʭʤʩʸʥʢʮ. 
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Table 4.2 ס Demographic Characteristics of the Study Population in Haifa 

Metropolitan Area in Relation to Asthma  

 (N=7,072 with ZIP Code, during 2012-2014) 

 

 No Asthma Asthma 

OR 95%CI P value  N=7,072 

 N % N % 

Country Birth         

Other Countries 666 96.94 21 3.06 1   

Israel 5923 92.76 462 7.24 2.474 1.586-3.859 <0.0001 

Cognitive Abilities        

Low (10-30) 1320 93.68 89 6.32 1   

Average (40-70) 4077 92.87 313 7.13 1.139 0.893-1.453 0.296 

High (80-90) 927 92.42 76 7.58 1.216 0.885-1.670 0.227 

Education (years)        

11 (less than 11 yr) 412 93.85 27 6.15 1   

11 (= or more than 11 yr) 5993 92.93 456 7.07 1.161 0.778-1.734 0.465 

BMI (body mass index)       0.007 

Normal (17.70-24.94) 4396 93.71 295 6.29 1   

Underweight (<17.70) 320 90.65 33 9.35 1.537 1.054-2.241 0.026 

Overweight (24.95-28.26) 913 91.57 84 8.43 1.371 1.065-1.765 0.014 

Obese (>28.27) 764 91.61 70 8.39 1.365 1.041-1.792 0.025 

BP        

Normal 4587 92.69 362 7.31 1   

Hypertension 1817 93.76 121 6.24 0.844 0.682-1.044 0.118 

Socioeconomic status        

Average (5-7) 6323 92.94 480 7.06 1   

High (8-10) 266 98.88 3 1.12 0.149 0.047-0.465 >0.001 

Low (1-4) 0 0.00 0 0.00    

Upper Allergy        

No 6130 95.26 305 4.74 1   

Yes 459 72.06 178 27.94 7.794 6.332-9.594 >0.001 

Dermatologic Allergy        

No 6532 93.43 459 6.57 1   

Yes 57 70.37 24 29.63 5.992 3.685-9.744 >0.001 

 
ʤʸʲʤ: ʤʩʩʱʥʬʫʥʠ ʪʱʬ ʱʧʩʩʺʮ )%( ʦʥʧʠʤ.
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Table 4.3a Prevalence of Asthma in Different Areas: Haifa Metropolitan, 
Hadera and Tel-Aviv 

(N=13875, with Zip Code, during 2012-2014) 
 

 

 

Total 
(N=13875) 

Haifa 
Metropolitan 

(N=7283) 
Hadera 

(N=1544) 
Tel Aviv 

(N=5048) 

N % N % N % N % 

No Asthma 12832 92.48 6776 93.04 1450 93.91 4606 91.24 

Asthma 1043 7.52 507 6.96 94 6.09 442 8.76 

Mild Asthma 548 3.95 231 3.17 49 3.17 268 5.31 

Moderate-
Severe Asthma 

495 3.57 276 3.79 45 2.91 174 3.45 

 
 

Table 4.3b - The Association between Prevalence of Asthma and Different 
Geographic Areas by Severity (Single pollutant)a  

(N=13875, with Zip Code, during 2012-2014) 
 

 

a Multivariate logistic regression analysis adjusted for year of birth, country of birth, BMI, Cognitive 

Abilities. 

 
 

City 

Total Asthma   
(N=1,043) 

Mild Asthma 
(N = 548) 

Moderate-Severe 
Asthma 

(N = 495) 

OR 
(95% C.I.) 

p   
value 

OR 
(95% 
C.I.) 

p  
value 

OR 
(95% 
C.I.) 

p  
value 

Haifa Metropolitan 
(N=7,283) 

1  1 
 

1 
 

Hadera  
(N=1,544) 

0.874 
(0.695-1.099) 

0.250 
0.962 

(0.702-
1.318) 

0.809 
0.775 

(0.562-
1.070) 

0.121 

Tel Aviv 
(N=5,048) 

1.131 
(0.735-1.742) 

0.575 
1.590 

(0.836-
3.026) 

0.158 
0.910   

(0.747-
1.107) 

0.344 
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Table 4.4 ס The Association between Air-Pollutants and Severity Asthma in Haifa Metropolitan Area  

(N=7,072 with ZIP Code, during 2012-2014.  Single pollutant models) 

 

Air pollutants Total Asthma 
p  

value 

Mild Asthma 
p 

value 

Moderate-Severe 

Asthma p 

value Single pollutant 

models 
OR 95% C.I. OR 95% C.I. OR 95% C.I. 

SO2 1.000 0.869-1.151 0.996 0.987 0.805-1.209 0.899 0.978 0.812-1.178 0.817 

PM2.5 0.961 0.910-1.015 0.155 0.976 0.902-1.057 0.549 0.966 0.898-1.041 0.365 

NOX 0.992 0.985-1.000 0.042 0.996 0.985-1.006 0.410 0.995 0.985-1.004 0.277 

 
Multivariate logistic regression analysis adjusted for BMI, for year of birth, country of birth, and SES. a 
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Table 4.5a - The Association between Linear Distance from the 

Petrochemical area [km] and Prevalence Rate of Asthma a  

(N=7,072 with ZIP Code, during 2012-2014) 

 

Total Asthma b 

 

OR 

95% C.I. p 

value Lower Upper 

Year birth  0.860 0.784 0.943 0.001 

Country birth     

Other Countries 1    

Israeli  2.767 1.764 4.338 <0.0001 

Socioeconomic status     

Average (5-7) 1    

High (8-10) 0.171 0.046 0.631 0.008 

BMI (body mass index)     

Normal (17.70-24.94)  1      

Underweight (<17.70) 1.574 1.076 2.303 0.019 

Overweight (24.95-28.26) 1.340 1.039 1.727 0.024 

Obese (>28.27) 1.290 0.981 1.695 0.068 

Distance from the Sea Shore [km] 0.972 0.920 1.026 0.302 

Distance from the main roads [km] 0.778 0.483 1.255 0.304 

PM2.5 0.946 0.895 1.001 0.054 

Distance to the Petrochemical 
complex [km] 

1.054 0.999 1.112 0.056 

 

a Multivariate logistic regression  
 
b Reference category: No asthma  
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Table 4.5b - The Association between Linear Distance from the oil tanks, 

K. Haim [km] and Prevalence Rate of Asthma a  

(N=7,072 with ZIP Code, during 2012-2014) 

 
Total Asthma b 

 

OR 95% C.I. 

p 

value 

  Lower Upper  

Year birth  0.855 0.781 0.938 0.001 

Country birth     

Other Countries 1    

Israeli 2.782 1.774 4.363 <0.0001 

Socioeconomic status     

Average (5-7) 1    

High (8-10) 0.196 0.054 0.716 0.014 

BMI (body mass index)        

Normal (17.70-24.94) 1.565 1.070 2.290 0.021 

Underweight (<17.70) 1.342 1.041 1.730 0.023 

Overweight (24.95-28.26) 1.288 0.980 1.692 0.070 

Distance from the Sea Shore [km] 0.953 0.904 1.005 0.073 

Distance from the main roads [km] 0.800 0.497 1.288 0.358 

PM2.5 0.963 0.908 1.021 0.208 

Distance from the oil tanks, K. Haim [km] 1.028 0.986 1.073 0.192 

 
a Multivariate logistic regression  
 
b Reference category: No asthma  
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Table 4.5c - Association between Linear Distance from Airport [km] and 

Prevalence Rate of Asthma a  

(N=7,072 with ZIP Code, during 2012-2014) 

 
Total Asthma b 

 OR 95% C.I. 
p 

value 

  Lower Upper  

Year birth  .860 .784 .942 <0.001 

Country birth     

Other Countries 1    

Israeli 2.776 1.770 4.353 <0.001 

Socioeconomic status     

Average (5-7) 1    

High (8-10) 0.186 0.051 0.678 0.011 

BMI (body mass index)        

Normal (17.70-24.94) 1    

Underweight (<17.70) 1.568 1.072 2.295 0.020 

Overweight (24.95-28.26) 1.338 1.038 1.725 0.025 

Obese (>28.27) 1.284 .977 1.688 0.073 

Distance from the Sea Shore [km] 0.945 0.895 0.998 0.041 

Distance from the main roads [km] 0.779 0.485 1.251 0.302 

PM2.5 0.950 0.899 1.005 0.072 

Distance to the Airport [km] 1.049 0.990 1.112 0.104 

 
a Multivariate logistic regression  
 
b Reference category: No asthma  

  



 

134 
 

Table 4.5d - Association between Linear Distance from the Power Station 

[km] and Prevalence Rate of Asthma a  

(N=7,072 with ZIP Code, during 2012-2014) 

 
Total Asthma b 

 OR 95% C.I. 
p 

value 

  Lower Upper  

Year birth  0.862 0.786 0.945 0.002 

Country birth     

Other Countries 1    

Israeli 2.769 1.766 4.342 <0.001 

Socioeconomic status     

Average (5-7) 1    

High (8-10) 0.224 0.063 0.794 0.021 

BMI (body mass index)        

Normal (17.70-24.94) 1    

Underweight (<17.70) 1.562 1.068 2.285 0.021 

Overweight (24.95-28.26) 1.337 1.037 1.723 0.025 

Obese (>28.27) 1.276 0.971 1.677 0.081 

Distance from the Sea Shore [km] 0.933 0.872 0.999 0.046 

Distance from the main roads [km] 0.807 0.507 1.284 0.365 

PM2.5 0.939 0.885 0.997 0.039 

Distance to the Power Station [km] 1.035 0.973 1.102 0.271 

 
a Multivariate logistic regression  
 
b Reference category: No asthma  
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Table 4.5e - Association between Linear Distance from the Small Oil tanks 

[km] and Prevalence Rate of Asthma a  

(N=7,072 with ZIP Code, during 2012-2014) 

Total Asthma b 

 OR 95% C.I. 
p 

value 

  Lower Upper  

Year birth  0.860 0.784 0.943 0.001 

Country birth     

Other Countries 1    

Israeli 2.776 1.770 4.353 <0.001 

Socioeconomic status     

Average (5-7) 1    

High (8-10) 0.238 0.067 0.841 0.026 

BMI (body mass index)        

Normal (17.70-24.94) 1    

Underweight (<17.70) 1.560 1.067 2.282 0.022 

Overweight (24.95-28.26) 1.339 1.039 1.727 0.024 

Obese (>28.27) 1.278 .972 1.680 0.079 

Distance from the Sea Shore [km] 0.944 0.880 1.011 0.101 

Distance from the main roads [km] 0.835 0.526 1.326 0.445 

PM2.5 0.944 0.889 1.003 0.062 

Distance to the Small Oil tanks [km] 1.014 0.967 1.064 0.562 

 
a Multivariate logistic regression;  
b Reference category: No asthma.  
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Table 4.6 - Association between Linear and Squared Distance from the 

Petrochemical Area [km] and Prevalence Rate of Asthma a 

(N=7,072 with ZIP Code, during 2012-2014) 

 
 Total Asthma d 

Source OR 95% C.I. 
p  

value 

Distance from Petrochemical area [km] b 1.441 1.090-1.907 0.010 

Distance2 from Petrochemical area [km]c 0.971 0.946-0.996 0.025 

 
a Multivariate logistic regression analysis adjusted for year of birth, country of birth, SES and BMI; 
b For PM2.5: OR=0.943 (95%CI 0.891-0.998), p=0.044; 
c For PM2.5: OR=0.939 (95%CI 0.885-0.997), p=0.039; 
d Reference category: No asthma.  

 
 
 
 
 



  

 

Figure 4.1 - Prevalence Rate of Asthma (%) in the Several Cities  

(N=13,875, with Zip code, during 2012-2014)  
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Figure 4.2 - Prevalence Rate of Asthma and Severity (%) in the Different 

Geographic Areas  

(N=13,875 with ZIP Code, during 2012-2014(  
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Figure 4.3A Distribution of all Examinees in Haifa 
Area           

Figure 4.3B Prevalence of Asthma Cases  per 1000 
Examinees 
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Prevalence of Asthma by Severity among Young Adults over the 

years 1999-2014 in Different Cities 

 

Figure 4.4A 

 
 
 

Figure 4.4B 
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Figure 4.4C 

 

Figure 4.4D 
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Figure 4.4E 

 

 
 

Figure 4.4F 
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Figure 4.4G 

 
 
 
 
 

Figure 4.4H 
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Figure 4.4I 
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 ʧʴʱʰ 4.J.    ʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ ʪʮʱʮ    Appendix 4.J. 

 :'ʱʮ ʬʥʣʥʮ4  
ʬʥʣʥʮʤ ʭʹ: ʬ"ʤʶʬ ʭʩʱʩʩʢʺʮ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺ 

1.  / ʤʸʶʷ ʺʥʸʴʱ ʺʸʩʷʱShort literature survey  

Asthma is a chronic disease characterized by inflammation of the bronchial airways and 

expiratory airflow limitations with episodes of reversible bronchoconstriction (GINA, 

2015). Although previous studies reported that increase in ambient-outdoor air-pollution 

is significantly associated with asthma attacks in young children aged up to 12 years old 

and adolescents up to 18 years old, (CDC 2014; Costa et al., 2014; EPA, 2010; WHO, 

2007; WHO, 2013) little is known about the susceptibility of asthmatic children to specific 

air-pollutants (Bateson and Schwartz, 2008). The present study examined the effects of 

certain air-pollutants on asthma frequency and severity, using a nationwide database 

composed of medical-records of the majority of young-adult men in Israel.    

Epidemiological studies provide evidence that urban air-pollution is related to decreased 

lung-function and increased respiratory symptoms, (Beckerman et al., 2012; GINA, 

2015; Tsai and Yang, 2014; WHO, 2013) as well as increased asthma-incidence. 

(Carosino et al., 2015; Cheng et al., 2014; Pope et al., 2009; Portnov  et al., 2012). 

Several studies indicated that the association between air-pollution and respiratory 

health-effects was stronger in asthmatic than healthy children. (Hernandez-Cadena L. 

et al., 2009; Li Set et al., 2012; Mann et al., 2010). Mann et al., (2010) reported that 

wheezes were significantly associated with short-term exposure to NO2 from traffic 

emissions and that the correlation between air pollution and wheezing was stronger in 

children who had positive skin-tests for cats or common-fungi. Greenwald et al., (2013) 

demonstrated that exposure to traffic-related air-pollution resulted in increased airways 

inflammation and decreased lung function in asthmatic children.   

       Bibi et al., (2002) compared results of positive allergy skin-tests among asthmatic 

children from rural and urban areas in Israel. Data demonstrated that urban children 

displayed a significantly higher response to indoor and outdoor allergens. However, this 

response did not indicate specific environmental factors that were responsible for this 

allergic response. Portnov et al., (2012) examined whether the high prevalence of 

asthma in children ages 614ס years in northern Israel was related to air pollution. 

Evidence indicated   that childhood asthma   was significantly associated with particulate 

matter (PM10) and SO2 concentrations while these pollutants were introduced to the 

models separately. However, no marked association of asthma prevalence was found 

for SO2, when PM10 and SO2 were introduced into the models simultaneously.  

Fireman et al., (2015) assessed lung inflammation that was attributed to exposure to 

airborne PM and observations are in agreement with Carosino et al., (2015). Children 

with airways that displayed high concentrations of PM2.5 exhibited the highest risk of 

eosinophilic inflammation in induced-sputum analysis. Thus it was of interest to examine 

the effects of certain air pollutants on asthma frequency and severity in young-adult 

men, a potentially sensitive subpopulation, in Israel.   
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2. ʺʩʴʩʶʴʱ ʤʸʨʮ   /ʸʷʧʮʤ ʺʩʰʫʺʡ ʤʸʣʢʥʤʹ ʩʴʫ ,ʬʥʣʥʮʤ ʬʹStudy goal 

The fourth module assessed the asthma risk among the IDF conscripts in the Haifa 

Bay Area (compared to Tel Aviv and Hadera). The main objective of the study was to 

examine the association between asthma prevalence and air pollution among the IDF 

recruits who live in the HBA. 

3.  / ʺʥʨʸʥʴʮ ʺʥʨʩʹResearch methods: 

Medical records of 13,875, 16-19-years-old males, who underwent standard pre-military 

service health examinations during 20122014ס, were examined. Air-pollution 

assessment for NO2, SO2 and PM2.5 were performed by using geo-spatial analysis and 

linked to the place of residence of each subject in HBA based on ZIP codes. Assessments 

of past exposures during one years prior the medical examination was been carried out 

by using annual exposure average levels of air pollutants.  Non-parametric test was used 

compare asthma prevalence in different areas in the state of Israel.  The analysis of 

asthma risk factors have been assessed using conditional multivariate regressions 

analysis, to assess the association of air pollution exposures, and asthma prevalence 

and severity (for mild and moderate-severe asthma separately), controlling socio-

demographic variables, for each pollutant’s estimate. In addition was assessed the 
proximity of the Petrochemical industrial area on the occurrence of asthma in HBA.  

3.1.  ʤʠʶʥʤʥ ʤʬʬʫʤ ʩʠʰʺ ʬʬʥʫ( ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤס 
Exclusion criteria , Eligibility.) 

The study population was drawn from 13,875 male 17-year-old young-adults who 

resided in HBA and in Tel Aviv and Hadera, Israel, continuously for at least 3 years. 

All young adults were examined using a uniform and standardized protocol, including 

a health-status questionnaire and information on demographic variables. The 

enlistment health assessment protocol varied for women, and thus, only men were 

included in the current study.   Young-adults residing in localities with at least 50 or 

more recruits per year, to enable generalization, and having at least one air quality 

monitoring station (AQMS) in proximity to their residential district, were included in 

the study population.  

3.2.   ʤʴʩʹʧʤ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʸʥʡʲ ʭʩʰʥʺʰʤ ʳʥʱʩʠ ʺʥʴʥʷʺ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ
ʭʩʰʥʹʤ ʭʩʰʺʹʮʤʥ Time frame for health effects and exposures /. 

      This group included practically all young-males, candidates to the military service, 

who underwent medical examinations during 2014-2012 , as a part of their enlistment 

process to the military service.  
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Health data  

 The medical history of each participant was obtained from the family physician in a 

structured protocol. When there was a current or previous physician diagnosis of 

asthma, or a positive reply to any question regarding symptoms (recurrent wheezing, 

exercise-induced cough, and reoccurring nocturnal cough), the concerned person was 

referred to a pulmonologist for additional evaluation with instructions not to take any 

asthma medication on the day of pulmonary function test (PFT). Pulmonary evaluation 

included a physical examination and spirometry at rest. All young adults, except those 

with overt clinical signs and spirometry evidence of severe airways obstruction also 

underwent an exercise test, comprised of a 6-min treadmill exercise running at a speed 

of 5 km/hr  at an inclination of 10º while breathing room air (22ºC, 50% relative 

humidity). Pulmonary function test were performed 5 and 10 min after exercise to 

determine % decrease in forced expiratory volume (FEV1). Following this examination, 

each asthmatic participant was assigned an asthma severity code, according to the 

severity of the disease, history of asthma, lung function test, and prescribed medications 

(GINA, 2015, Katz et al., 1999). Based on these criteria, asthma severity was divided 

into two categories for the present study:  

Mild-asthma (Intermittent Asthma) ס Young subjects with history of asthma that had 

been in clinical remission for at least 3 years, who had normal spirometry (FEV1 > 80% 

of predicted) and decrease in FEV1 < 10% after exercise, and those with history of rare 

asthma exacerbations that did not require regular-medications.  

Moderate-severe asthma (Persistent Asthma) ס Young individuals with a history of active 

asthma that required regular (controller) treatment and young adults with abnormal PFT 

and response to metacholine challenge (metacholine <4 mg/ml) were placed in this 

category.  

Environmental Data 

The environmental variables include half-hourly measurements of:  NOx, SO2, PM2.5 that 

were conducted by the Ministry of Environmental Protection, Independent Unions of 

Towns (UTEP). The measurements were available from 2011 through 2014.  

Data on air pollution exposure levels at the place of residence of a certain subject were 

obtained from a network of 25 AQMS and averaged to estimate annual concentrations. 

As a proxy for cumulative exposures, 1-year annual averages of NO2, SO2 and PM 2.5 

concentrations were utilized prior to the medical examination of each participant. 

For examinees from HBA a process of encoding the residential address/zip code by using 

computerized tools ס a geographic information system (GIS) was conducted. Air 

pollution concentration for the subject was calculated using IDW interpolation method 

regarding the levels of pollutants obtained from the closest monitoring station to the 

residence of the examinee. 



  

148 
 

3.3.   / ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤʥ ʤʴʩʹʧʤ ʩʰʺʹʮ ʬʹ ʺʷʩʥʣʮ ʺʩʬʥʲʴʺ ʤʸʣʢʤ
Operational definition of research variables  . 

The exposure variables were explained in the 3.1-3.2 paragraphs. 

Data for several potential covariates that are known as predictors for asthma were 

examined, including: age, socioeconomic status (SES), education, cognitive-abilities, 

body-mass-index (BMI), and country of birth, immigration date, and number of siblings.  

3.4.  ʢʮʥ ʭʩʰʥʺʰʤ ʸʥʷʮ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʺʠ ʭʩʰʥʺʰʤ ʬʹ ʩʥʱʩʫʤ ʺʣʩʮ( ʭʤʩʺʥʬʡ
)ʺʥʰʮʩʤʮʥ ʳʷʥʺ ,ʭʩʸʱʧ ʭʩʰʥʺʰ ʳʷʩʤData sources and limitations / . 

Health data and demographic variables of examinees were obtained from the IDF.  The 

strengths of the study are the large population based cohort of young adults and the 

comprehensive medical information on each participant, which included spirometry at 

rest, exercise, and metacholine challenge for each participant. However, the smoking 

habits were not considered in the analysis, since these data were not available in the 

medical records. As a proxy, SES might be used for smoking habits. Several studies 

reported a significant correlation between SES and smoking habits (Dubnov et al., 

2007; ICBS, 2009). Hanson and Chen (2007) and Portnov et al., (2012) found that 

lower income might be a risk factor for teenage smoking.  

3.5.   /  ʭʩʩʺʥʠʩʸʡʤ ʭʩʠʶʥʺʤ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ Description of health measures 

used in the analysis  

3.6.   / ʭʩʩʸʷʩʲʤ ʭʥʤʩʦʤ ʺʥʸʥʷʮ ʭʥʷʩʮʥ ʸʷʧʮʤ ʸʥʦʠ ʬʹ ʺʨʸʥʴʮ ʤʸʣʢʤ 

Exposure matrices 

The study goal was to examine the prevalence of asthma among young-adults who 

resided in HBA* and in Tel Aviv and Hadera. In addition, the relationship between air 

pollution parameters on asthma prevalence was examined in HBA at their point of 

residence in relation to the petrochemical industrial area and the main roads by 

using the distance from these sources. 

*   ,ʯʥʲʡʨ ʺʩʸʷ ,ʠʺʠ ʺʩʸʷ ,ʯʩʷʶʥʮ ʺʩʸʷ ,ʷʩʬʠʩʡ ʺʩʸʷ ,ʭʩ ʺʩʩʸʷ ,ʤʴʩʧ( ʤʴʩʧ ʵʸʴʮ
ʡʩʡʠ ʬʺʥ ,ʤʸʣʧ ,)ʬʮʸʫ ʺʸʩʨʥ ,ʸʹʰ.  

 
4. ʥʨʸʥʴʮ ʺʥʠʶʥʺ:ʺ 

4.1.   ʭʩʰʥʺʰʤ ʸʥʠʩʺס  ʸʷʧʮʡ ʭʩʴʺʺʹʮʤ ʬʹ ʲʷʸ ʺʥʰʥʫʺ ʺʥʸʠʺʮʤ ʺʥʠʬʡʨ
 ʭʩʰʺʹʮʤ ʺʥʢʬʴʺʤ ʬʹ ʭʢ ʸʥʠʩʺ ʳʩʱʥʤʬ  ʹʩ ,ʭʤʬʹ ʤʴʩʹʧʤ ʩʰʩʩʴʠʮ ʬʹʥ

/ ʤʴʩʹʧʤ ʩʰʺʹʮʥ ʭʩʩʥʬʺʤ Descriptive statistics of the research variables. 
 ʺʥʠʬʡʨʡ ʭʩʨʸʥʴʮ ʭʩʰʥʺʰʤ4.1-4.2  .ʧ"ʥʣʡ 

 

4.2.   )ʺʥʩʬʩʬʹʥ ʺʥʩʡʥʩʧ( ʺʥʠʶʥʺʤ ʬʬʫ ʸʥʠʩʺ/ General description of study results 

Table 4.1 presents the total number of recruits form different cities along the study 

period: 2012-2014.  As expected there are mark differences in a number of recruits 

among the different cities reflecting the size of the total population in this location.  

This table includes recruits from Tel Aviv and Hadera for comparison. However, the 

analyses that will discuss address only the air pollutants in HBA. 
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Table 4.2 shows that there is a difference for some demographic parameters between 

subjects with asthma and without asthma. For example, a higher occurrence of asthma 

among adolescents who were born in Israel compared to those who were not born in 

the country. There is a higher risk of asthma in adolescents with overweight and 

underweight. Low socioeconomic status is a risk of asthma. People with allergic 

diseases and upper respiratory tract dermatitis also have an excess risk of developing 

asthma. 
Table 4.3a indicates that generally during 2012-2014 the prevalence of asthma is 

higher among recruits in Tel Aviv (8.86%) than in HBA (6.96%) or Hadera (6.09%). 

Figure 4.2 is a graphical presentation of a table 4.3a. It shows that between the years 

2012 to 2014 the prevalence of mild asthma was higher in Tel Aviv (5.31%) compared 

to Hadera and HBA (3.17%). Moderate-severe Asthma rate in Tel Aviv was similar 

(3.45%) to Haifa (3.79%). In Tel Aviv about 39% (174/442) of the recruits have 

moderate-severe asthma compared to 64% (276/507) in the Greater Haifa and 48% 

(45/94) in Hadera. 
Table 4.3b presents Multivariate Logistic Regression Analysis (MLRA) showing OR of 

asthma risk in Hadera and Tel Aviv with respect Haifa. It shows that in Tel Aviv 

OR=1.131 95%CI (0.735-1.742) indicating non-significant higher risk in Tel Aviv 

respect to Haifa. 

In Hadera the risk is somewhat lower in Haifa but not statistically significantly 

OR=0.874 95%CI (0.695-1.099).  Similar analyses were done for mild and moderate-

severe asthma separately. The same trends can be demonstrated, but not statistically 

significantly. 

Table 4.4 shows MLRA examining the relationship between concentration of air 

pollution levels and asthma morbidity and severity. No significant association between 

the various air pollutants (NOx, PM2.5, and SO2) and asthma morbidity could be 

demonstrated.  

Table 4.5a demonstrates that by using linear distance model in MLRA controlling the 

socio-demographic, geographic variables and fine particles (PM2.5), from 5 different 

facilities, was found a trend for a higher risk of asthma morbidity, and the distance 

from the petrochemical area (p=0.056). 

Tables 4.5 b-e illustrate similar MLRA performed by using linear distance model to 

evaluate the proximity from other facilities such as: the oil tanks, K. Haim, the Airport, 

the power station, and the small oil tanks, on asthma morbidity. No significant 

association was demonstrated between the linear distance from these facilities and 

asthma morbidity. 

However, when the squared distance was introduced to MLRA as described in Table 

4.6, controlling the socio-demographic variables and fine particles (PM2.5), from 5 

different facilities, was found a significant association (P < 0.01) between the proximity 

to the petrochemical plants and the effect on asthma morbidity. 

 / ʺʥʢʶʥʮʤ ʺʥʠʶʥʺʤ ʬʹ ʨʸʥʴʮ ʩʬʥʬʩʮ ʸʡʱʤ Discussion of results and conclusions 

Based on the health data obtained from the IDF, the results of the study illustrates 

the prevalence of asthma among the recruits from HBA is somewhat lower than in Tel 

Aviv. In addition, the present study demonstrated that socio-demographic variables 
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affect asthma prevalence among young adults, such as socioeconomic status, country 

of birth, BMI and allergic diseases. 

The results in Figures 1 and 2 illustrated that asthma cases are not dispersed evenly in HBA.  

It seems that there are certain locations with higher concentrations with asthma compared 

to the other locations.  The 1st figure shows the uniform dispersion of the population in the 

region due to the topography, with a relatively dense population and in the valley of the 

Carmel Mount with the population density is sparse. The topography influences pollutant 

dispersion in relation to residents who live within the petrochemical factories, which makes 

it difficult to draw conclusions. 
The tested pollutants in this study (sulfur oxides, nitrogen or fine particles) did not show 

association with asthma. Thus, it is recommended to examine other pollutants that may 

exist in the area and effect on the occurrence of asthma.  In addition, due to the topography 

of the region other models should be implemented to estimate the personal exposure of the 

individuals in this region. All of these can enable more accurate assessment of stationary 

sources of pollution and its impact on the incidence of asthma. 
Conclusions 

The results of the present study indicating non-significant higher risk in Tel Aviv respect to 

Haifa. The results of the current study demonstrated positive statistical associations of a 

higher risk for asthma related the distance square model of proximity the petrochemical-

industrial facilities in the HBA region, indicating of the pollutants dispersion generated of 

the industries and dispersed typical plume. 
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ʩʺʰʹ ʺʥʮʣʷʺʤ ʧ"ʥʣ 

 
ʺʺ( ʩʸʷʧʮ ʬʥʣʥʮ-:'ʱʮ )ʠʹʥʰ 5 

 ʸʥʨʩʰʸʩʥʥʠʤ ʭʥʤʩʦ ʬʹ ʩʢʥʬʥʩʡ 
 

ʵʸʮ  :ʧʥʥʩʣ ʺʴʥʷʺ 2015- ʸʠʥʸʡʴ2016 
   
1. ʧʥʥʩʣʤ ʺʴʥʷʺʬ ʸʷʧʮʤ ʬʥʷʥʨʥʸʴ 

 ʴʥʸʴ' ʯʮʸʩʩʴ ʩʦʩʬ ʠ"ʺ ʩʠʥʴʸ ʦʫʸʮ( ;)ʠ"ʺ ʺʨʩʱʸʡʩʰʥʠ ʩʠʸʧʠ ʸʷʥʧ 

ʠ"ʺ ʩʠʥʴʸ ʦʫʸʮ( ʩʹ ʸʡ ʸʩʮʠ ʸ"ʣ ;)ʠ"ʺ ʺʨʩʱʸʡʩʰʥʠ,   ʸ"ʣ
 ʵʸʡʥʹ ʤʩʱʩʸʨʴ ʸ"ʣ .)ʠ"ʺ ʩʠʥʴʸ ʦʫʸʮ( ʥʤʩʬʠ ʺʩʬʢ

)ʠ"ʺ ʺʨʩʱʸʡʩʰʥʠ(,  ʱʸ'ʢʨʥʸ ʺʨʩʱʸʡʩʰʥʠ( ʯʩʱʣʥʩ ʱʩʸʩʠ ʸ"ʣ
 .ʢ ʥʩʰ')ʡ"ʤʸʠ ʩʱʸ ס

 ʭʩʸʷʥʧ ʺʥʮʹ
 ʺʥʮʥʷʮʥ ʭʩʴʱʥʰ

ʭʺʷʥʱʲʺ 

ʺʮʰʣʡʩʺʩʩʹʲʺ ʩʷʩʷʬʧ ʭʥʤʩʦʬ ʭʩʴʥʹʧʤ ʭʩʠʩʸʡ ʭʩ- ʩʺʡʩʡʱ
 ʩʷʩʷʬʧ ʭʥʤʩʦ ʬʹ ʤʴʩʹʧʬ ʤʠʥʥʹʤʡ ʤʴʩʧʡʩʺʸʥʡʧʺ. 

 ʤʠʥʬʧʺʤ ʩʢʥʱ
ʧʥʺʩʰʡʹ 

 ʺʩʡʧʸʮ ʤʩʶʥʬʥʦʸ 

 ʭʩʠʬʩʢʡ ʭʩʸʩʲʶ18-35. ʯʩʮʥ ʬʩʢ ʺʥʶʥʡʷ 

 ʫ"ʤʱ5 ʩ ʺʥʷʩʣʡʤ ʭʩʰʹʥʲʶʥʡ ʷʣʡʰ ʬʫʬ ʭʩʩʮʲʴ,  ʹʸʴʤʡ
ʭʩʩʺʰʹ ʬʹ. 

 ʯʮʦ ʺʸʢʱʮ 

ʯʩʠ ʺʥʠʶʥʺ .ʧ"ʥʣʤ ʭʥʱʸʴʬ ʯʥʫʰ ʭʩʰʥʺʰ ʺʢʹʤ 

  ʭʥʤʩʦʬ ʸʥʹʩʷʸʩʥʥʠ 

.ʯʥʬʠʹ ʩʴʬ  ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʥʺʰ
 ʥʩʶʥʱʥ-    ʭʩʩʴʸʢʥʮʣ 

 ʧʥʺʩʰ 

 ʺʥʮʣʷʺʤ ʧ"ʥʣס ʩʶʧ- ʩʲʣʮ ʧ"ʥʣ ;ʩʺʰʹס .ʩʺʰʹ ʧʥʥʩʣ 

  

  ʩʢʥʬʥʩʮʣʩʴʠ ʸʥʨʩʰ
 :ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ

 2020 ס 2015
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2.  ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʺʥʩʬʬʫ ʺʥʬʥʲʴ 

2.1ʺʹʩʫʸ .\ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʭʩʰʥʺʰ ʺʬʡʷ 
 ʭʩʰʥʺʰʤ ʩʢʥʱ  ʸʥʷʮ

ʭʩʰʥʺʰʤ 
 ʹʥʮʩʹʤ ʺʸʨʮ ʨʥʸʩʴ\'ʱʮ ʧʴʱʰ* 

ʭʩʰʥʺʰ ʯʩʠ . 
ʬ ʯʥʫʰ-2/2016 

ʺʬʩʧʺ ʸʲʥʹʮ ʱʥʩʢ 
1.4.2016 

 ʲʥʶʩʡ ʴ"ʲ
ʺʥʷʩʣʡ 

  

2.2 ʭʩʩʲʣʮ ʭʩʮʥʱʸʴ ʺʰʫʤ 
ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʱʥʨʨʱ 

ʭʩʰʥʺʰ ʲʢʸʫ ʯʩʠʬ ʯʥʫʰ ,-2/2016   
 

2.3 ʭʩʩʮʥʠʬʰʩʡʥ ʭʩʩʮʥʠʬ ʭʩʱʰʫʡ ʨʷʩʥʸʴʬ ʭʩʸʥʹʷʤ ʭʩʠʹʥʰʤ ʺʢʶʤ 
ʭʥʷʮʥ ʪʩʸʠʺ ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʺʥʸʲʤ 

ʺʥʠʶʥʺ ʯʩʩʣʲ ʯʩʠ    
 

2.4 ʩʸʷʧʮ ʬʥʣʥʮʡ ʭʩʷʱʲʥʮʤ ʭʩʨʰʣʥʨʱʤ 
ʨʰʣʥʨʱʤ ʭʹ ʸʷʧʮʤ ʠʹʥʰ  ʣʲʥʮʥ ʸʠʥʺ

ʥʺʬʧʺʤ 
ʭʩʧʰʮ 

ʬ ʯʥʫʰ ,ʯʩʠ-2/2016    
 
 2.5ʺʥʸʧʠ ʺʥʬʥʲʴ . 

ʤʬʥʲʴʤ ʭʹ ʤʩʺʥʸʨʮ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʺʥʸʲʤ 
 ʺʣʲʥ ʸʥʹʩʠ ʺʬʡʷ

ʩʷʰʩʱʬʤ 
 

ʭʣʠ ʩʰʡʡ ʩʥʱʩʰ ʯʮʸʩʩʴ ʩʦʩʬ ʴʥʸʴ  ʱʴʥʨ7 ʡ"ʶʮ 
 ʧʴʱʰ5-ʠ 

 ʸʥʹʩʠ ʺʬʡʷ ʤʣʲʥ
 ʬʹ ʤʷʩʺʠʤ

 ʬʺ ʺʨʩʱʸʡʩʰʥʠ
 ʤʮ  ʡʩʡʠ-

21.012.2015  ʭʥʺʧ
 ʤʣʲʥ ʸ"ʥʩ ʩ"ʲ

 ʯʸʲ ʴʥʸʴ ʤʷʩʺʠʤ
ʡʬʥʣ 

 ʭʩʨʰʣʥʨʱ ʱʥʩʢ
 ʺʥʷʩʣʡʬ ʣʥʲʩʱʬ
ʸʷʧʮʤ ʺʸʢʱʮʡ 

 ʸ"ʣ ʤʩʱʩʸʨʴ
 ʸʩʮʠ ʸ"ʣ/ʵʸʡʥʹ

ʩʹ ʸʡ 

ʠ ʸʥʹʩʠʺ ʤʷʩ
ʧʴʱʰ 5-ʡ 

 ʤʣʲʥʥ ʸʥʹʩʠ ʺʬʡʷ
 ʤʷʩʺʠʤ

ʤʴʩʧ ʺʨʩʱʸʡʩʰʥʠ 

 ʭʩʨʰʣʥʨʱ ʱʥʩʢ
 ʺʨʩʱʸʡʩʰʥʠʡ

ʤʴʩʧ 

ʯʮʸʩʩʴ ʩʦʩʬ ʴʥʸʴ ʸʥʹʩʠ ʩʡʬʹʡ 

 ʺʸʡʧʮ ʩʰʮʦ ʧʥʨʩʡ
ʬʡʰʲ 

 ʺʠ ʧʨʡʬ
ʸʷʧʮʤ ʩʴʺʺʹʮ 

ʯʮʸʩʩʴ ʩʦʩʬ ʴʥʸʴ  ʩʰʮʦ ʸʥʹʩʠ ʭʩʩʷ
ʴʱʰʧ 5-ʢ 
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3. ʥ ʧʥʺʩʰʺʥʠʶʥʺ 

3.1ʭʩʰʥʺʰ ʧʥʺʩʰ . 

ʧʥʺʩʰʤ ʢʥʱ ʥʺʸʨʮ 
ʺʥʠʶʥʺ ʯʩʠʬ ʯʥʫʰ ,-2/2016.  

 

1.2. ʺʥʠʶʥʺ 

ʶʥʺ ʲʢʸʫ ʯʩʠʠʥʺ.  ʱʥʩʢʤ ʭʩʷʣʡʰʤʸʲʥʹʮ ʪʩʸʠʺʤ ʡʩʡʱ 1.4.2016. 
 

4. ʭʩʧʴʱʰʤ ʺʮʩʹʸ 

'ʱʮ ʺʸʺʥʫ 
5-ʠ  ʱʴʥʨ7ʩʷʰʩʱʬʤ ʺʣʲʥʥ ʸʥʹʩʠ , 
5-ʡ ʣʲʥ ʸʥʹʩʠʺ  ʤʷʩʺʠʤ ʬʹʡʩʡʠ ʬʺ ʺʨʩʱʸʡʩʰʥʠ 
5-ʢ  ʺʣʥʲʺ ʬʡʰʩʲ ʺʸʡʧʮ ʧʥʨʩʡ 

 
 

:ʩʠʸʧʠ ʸʷʥʧ 

ʴʥʸʴ' ʯʮʸʩʩʴ ʩʦʩʬ 

ʪʩʸʠʺ :23.12.2015 
 
 
 

ʤʮʩʺʧ:  
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ʧʴʱʰ 5- .ʠ ʱʴʥʨ7ʺʣʲʥʥ ʸʥʹʩʠ , ʩʷʰʩʱʬʤ. 
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  ʧʴʱʰ 5-.ʡ ʣʲʥ ʸʥʹʩʠʺ  ʤʷʩʺʠʤ ʬʹʡʩʡʠ ʬʺ ʺʨʩʱʸʡʩʰʥʠ. 
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ʧʴʱʰ 5-.ʢ  ʺʣʥʲʺʲ ʺʸʡʧʮ ʧʥʨʩʡʬʡʰ. 
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ʩʺʰʹ ʺʥʮʣʷʺʤ ʧ"ʥʣ 
 

ʺʺ( ʩʸʷʧʮ ʬʥʣʥʮ-'ʱʮ )ʠʹʥʰ 6: 
 

ʸʩʥʥʠ ʺʥʫʩʠ ʸʥʨʩʰ 
 

  :ʧʥʥʩʣ ʺʴʥʷʺ ʵʸʮ2015- ʸʠʥʸʡʴ2016 
 

1.  ʧʥʥʩʣʤ ʺʴʥʷʺʬ ʸʷʧʮʤ ʬʥʷʥʨʥʸʴ 

 ( ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣʤ)ʤʴʩʧ 'ʰʥʠ ,ʬʥʤʩʰʬ ʤʨʬʥʷʴ ʩʠʸʧʠ ʸʷʥʧ 

   )ʤʴʩʧ ʭʩʸʲ ʣʥʢʩʠ( ʥʸʠʰʩʴ ʬʠʸʹʩ ʸ"ʣ 
 )ʤʴʩʧ 'ʰʥʠ( ʦʴ ʺʩʮʥʬʹ ʸ"ʣ 

 ʭʩʸʷʥʧ ʺʥʮʹ
 ʺʥʮʥʷʮʥ ʭʩʴʱʥʰ

ʭʺʷʥʱʲʺ 
 .ʩʨʰʥʥʬʸ ʠʬ  ʤʠʥʬʧʺʤ ʩʢʥʱ

ʧʥʺʩʰʡʹ 

 ʺʥʴʮ :ʤʴʩʧ ʵʸʴʮ ( ʭʩʲʶʥʮʮ ʬʹ ʤʩʶʬʥʴʸʨʰʩʠ24  )ʺʥʲʹ
ʩʮʤʦʮ ʬʹ ʭʩʩʺʰʹ-ʣʣʮʰʤ ʸʩʥʥʠʭʩ ʰʧʺ ʩ"ʲʥ ʸʥʨʩʰ ʺ

ʩʨʱʩʨʨʱ ʭʩʸʥʦʠ ʬʹ ʤʮʸʡ ʭʩʲʶʥʮʮʥ ʣʸʴʰʡʩ .ʭ 
 ʡʩʡʠ ʬʺ-)ʸʥʦʠʤ ʺʮʸʡ ʭʩʲʶʥʮʮ ʭʩʫʸʲ( :ʥʴʩ. 
 )ʸʥʦʠʤ ʺʮʸʡ ʭʩʲʶʥʮʮ ʭʩʫʸʲ( :ʤʸʣʧ. 

ʺʩʡʧʸʮ ʤʩʶʥʬʥʦʸ 

ʯʩʠ ʯʩʮʥ ʬʩʢ ʺʥʶʥʡʷ 

  ʭʥʤʩʦ ʩʰʥʺʰ ʸʩʥʥʠ ʬʹ ʺʰʹ2003 ʤʡʺʧʰ  ʬʹ ʯʥʩʡʧ ʺʴʥʷʺ
10  ʬʥʣʥʮʬ ʭʩʰʹ1.   

  ʬʹ ʸʩʥʥʠ ʭʥʤʩʦ ʩʰʥʺʰʤ ʭʩʰʹ2013-2014  ʭʩʬʥʣʥʮ ʸʥʡʲ2-
5. 

  ʭʩʰʹʡ ʭʩʩʺʰʹ ʭʩʲʶʥʮʮ ʩʡʥʹʩʧ2003-2014  ʤʴʩʧ ʸʥʦʠʡ
ʡʤʠʥʥʹʤ ʬʡ ʭʩʲʶʥʮʮʥ ʡʩʡʠ ʬʺʡʤʸʣʧ. 

 ʯʮʦ ʺʸʢʱʮ 

2015-2020  ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧʥʣʮʤ ʺʰʢʤʬ ʣʸʹʮ
ʤʡʩʡʱʤ 

 ʭʩʰʥʺʰ ʺʢʹʤ
ʭʩʰʥʺʰʤ ʸʥʷʮʥ 

 2.5PM, and 10PM, XNO, 2SO  ʭʩʩʺʰʹ ʺʥʧʥʣʡ ʭʩʧʥʥʣʮʤ
 ʬʹ ʭʩʩʺʴʥʷʺʥʤʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ. 

  ʭʩʰʹʬ ʱ"ʬʴʮ ʩʰʥʺʰ ʺʷʩʣʡ2012-2014. 
  ʩʺʡʩʡʱ ʸʩʥʥʠ ʭʥʢʩʣ ʩʰʥʺʰ ʺʷʩʣʡ2007-2014. 

ʸʩʥʥʠ ʩʮʤʦʮ -  
ʲʣʩʮ ʺʥʸʥʷʮ 

 ʺʥʰʧʺ ʬʹ ʤʴʮʤʺʥʮʩʩʷʤ ʸʥʨʩʰ  ʭʩʩʴʸʢʥʠʩʢ ʭʩʰʥʺʰ
 ʥʩʶʥʱʥ-    ʭʩʩʴʸʢʥʮʣ 

 ʸʥʦʠʡ  ʩʢʥʬʥʩʮʣʩʴʠ ʸʥʨʩʰ
 :ʤʴʩʧ ʵʸʴʮ2015 2020 ס 
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 ʸʥʨʩʰ ʺʥʰʧʺ ʩʥʴʩʮ. 

  ʭʥʤʩʦ ʺʥʮʸ ʺʫʸʲʤʤ ʩʴ ʬʲ ʸʩʥʥʠʤ ʭʩʰʥʹʤ ʭʩʮʤʦʮ
ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ  ʡʩʡʠ ʬʺʬʥ ʤʸʣʧʬ ʤʠʥʥʹʤʡ

)ʸʥʦʠʤ ʺʮʸʡ(. 

 ʩʥʰʩʹ ʺʰʩʧʡʭʩ  ʺʥʮʸʡʤ ʪʸʥʠʬ ʭʩʰʥʹʤ ʭʩʮʤʦʮʤ ʭʩʰʹ    
(2003-2014) ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ  ʭʩʸʥʦʠʬ ʤʠʥʥʹʤʡ

ʡʩʡʠ ʬʺʥ ʤʸʣʧ. 

  ʵʸʴʮ ʸʥʦʠʡ ʭʥʤʩʦ ʬʹ ʭʩʩʴʸʢʥʠʩʢ ʭʩʱʥʴʣ ʺʲʩʡʷ
ʤʴʩʧ )ʣʸʴʰʡ ʭʤʦʮ ʬʫ ʩʴ ʬʲ(. 

  ʭʩʬʣʥʮ ʺʰʩʧʡʭʩʰʥʹ  ʺʮʸ ʺʫʸʲʤʬʤ ʭʩʸʮʥʧʮ ʭʥʤʩʦ
ʭʩʴʩʣʰ ʭʩʩʰʢʸʥʠ. 

ʧʥʺʩʰ 

  ʺʥʮʣʷʺʤ ʧ"ʥʣס ʩʶʧ- ʩʲʣʮ ʧ"ʥʣ ;ʩʺʰʹס .ʩʺʰʹ ʧʥʥʩʣ 

 

2.  ʧʥʥʩʣʤ ʺʴʥʷʺʡ ʺʥʩʬʬʫ ʺʥʬʥʲʴ 

 
2.1ʹʩʫʸ .ʥ ʤʧʥʥʩʣʤ ʺʴʥʷʺʡ ʭʩʰʥʺʰ ʺʬʡʷ 

 ʭʩʰʥʺʰ ʩʢʥʱ ʭʩʰʥʺʰʤ ʸʥʷʮ  ʹʥʮʩʹʤ ʺʸʨʮ ʨʥʸʩʴ 
 ʭʩʲʶʥʮʮ ʭʩʰʥʺʰ

(24  )ʺʥʲʹ
 ʬʹ ʭʩʩʺʰʹ
 ʸʩʥʥʠ ʩʮʤʦʮ

ʣʣʮʰʤʭʩ  ʩ"ʲ
ʠ"ʰʮ  ʪʸʲʮ(

)ʸʩʥʥʠ ʸʥʨʩʰ 
  ʤʴʥʷʺʡ2003-

2014 

 ʭʩʩʺʰʹ ʺʥʧʥʣ
 ʬʹ ʭʩʩʺʴʥʷʺʥ

ʤ ʺʰʢʤʬ ʣʸʹʮ
ʤʡʩʡʱʤ 

  ʭʥʤʩʦ ʺʥʮʸ ʺʫʸʲʤ
 ʡʩʡʠ ʬʺ ,ʤʴʩʧ ʸʥʦʠʡ

 .ʤʸʣʧʥ 

  ʭʥʤʩʦ ʬʹ ʺʥʴʮ ʺʩʩʰʡ
.ʤʴʩʧ ʸʥʦʠʡ 

http://www.sviv
a.gov.il/subjects
Env/SvivaAir/Air
QualityData/Nat
ionalAirMonitoin
g/Pages/AirMori
toringReports.as

px 
 

 ʬʹ ʭʥʢʩʣ ʩʰʥʺʰ
 ʸʩʥʥʠ ʩʮʤʦʮ

ʭʰʩʠʹ  ʭʩʣʣʮʰ
 .ʠ"ʰʮ ʩ"ʲ

 ʭʩʰʹʡ ʺʥʣʩʣʮ
2007-2014 

 ʬʹ ʺʥʧʥʣʤ ʣʸʹʮ
ʤʡʩʡʱʤ ʺʰʢʤʬ 

  ʭʥʤʩʦ ʺʥʮʸ ʺʫʸʲʤ
ʤ ʸʩʥʥʠʬʲ-ʩʣʩ  ʭʩʮʤʦʮ

ʭʰʩʠʹ  ʪʸʣ ʭʩʸʨʥʰʮ
 ʸʥʦʠʡ ʠ"ʰʮ ʩ"ʲ ʲʡʷ

 .ʤʴʩʧ 
  ʸʩʥʥʠ ʭʥʤʩʦ ʺʥʴʮ ʺʩʩʰʡ

 ʤʣʩʮʡ ,ʤʴʩʧ ʸʥʦʠʡ
.ʺʠʦ ʥʸʹʴʠʩ ʭʩʰʥʺʰʤʥ 

http://www.sviv
a.gov.il/subjects

r/AirEnv/SvivaAi
QualityData/Env
Sampling/Pages

/default.aspx 
 

 
  

http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/NationalAirMonitoing/Pages/AirMoritoringReports.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/EnvSampling/Pages/default.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/EnvSampling/Pages/default.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/EnvSampling/Pages/default.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/EnvSampling/Pages/default.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/EnvSampling/Pages/default.aspx
http://www.sviva.gov.il/subjectsEnv/SvivaAir/AirQualityData/EnvSampling/Pages/default.aspx
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2.2 ʭʩʩʲʣʮ ʭʩʮʥʱʸʴ ʺʰʫʤ 
ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ ʱʥʨʨʱ 

 :ʠʹʥʰʡ ʩʢʥʬʥʣʥʺʮ ʸʮʠʮ 
 

"Application of the Double Kernel Density 
Approach to the Multivariate Analysis of 
Attributeless Event  Point Datasets" 

 ʸ"ʣ ʸ"ʣʥ ʯʮʱʥʦ
 ʺʩʩʧʰʤʡ ,ʯʮʨʩʥʸʡ

ʡʥʰʨʸʥʴ 'ʴʥʸʴ 

 ʭʩʰʥʺʰ ʬʲ ʱʱʥʡʮ
 ʭʩʸʥʹʷ ʭʰʩʠʹ

 ʬʡʷʺʤ .ʨʷʩʥʸʴʬ
:ʺʲ ʡʺʫʡ ʭʥʱʸʴʬ 

Letters in Spatial and 
Resource Sciences 

"Using Double Kernel Density Approach 
for the Analysis of Cancer Morbidity in a 
Large Metropolitan Area" 

 'ʴʥʸʴ ʸ"ʣ ,ʡʥʰʨʸʥʴ
ʯʰʩʷ ʸ"ʣ ,ʯʮʱʥʦ- ,ʸʷʥʡ

 ʸ"ʣ ,ʯʮʸʡʬʩʱ ʸ"ʣ
 'ʡʢʥ ʯʮʴʥʠʷ ʯʮʬʦ

ʩʬʥʥʹʠʸʥʥʣ 

ʤʰʫʤʡ 

 
2.3 ʭʩʩʮʥʠʬʰʩʡʥ ʭʩʩʮʥʠʬ ʭʩʱʰʫʡ ʨʷʩʥʸʴʬ ʭʩʸʥʹʷʤ ʭʩʠʹʥʰʤ ʺʢʶʤ 

ʭʥʷʮʥ ʪʩʸʠʺ ʠʹʥʰ ʭʩʩʠʸʧʠ ʭʩʸʷʥʧ 
 ʱʰʫERSA ,25-28 

 ʨʱʥʢʥʠʬ2015 ,
ʬʢʥʨʸʥʴ ,ʯʥʡʱʩʬ 

:ʠʹʥʰʡ ʤʠʶʸʤ “Using Multivariate 
Double Kernel Density Approach for 

Analyzing Health-Related Geographic 
Databases” 

:ʡʹʥʮʡ 
  "Urban Environment and Human 

Health: Novel Investigation" and 
Monitoring Approaches" 

 ʯʮʨʩʥʸʡ ʸ"ʣ ,ʯʮʱʥʦ ʸ"ʣ
 ʡʥʰʨʸʥʴ 'ʴʥʸʴʥ 

 ʤʣʥʢʠʤ ʱʰʫ
 ʺʩʴʸʢʥʠʢʤ

ʬʠʸʹʩʤʤ ʺʩ-56 ,
 ʤʨʩʱʸʡʩʰʥʠ

ʭʩʬʹʥʸʩ ,ʺʩʸʡʲʤ 

"Application of the Double Kernel Density 
Approach to the Multivariate Analysis of 
Attributeless Event Point Datasets" 

 ʯʮʨʩʥʸʡ ʸ"ʣ ,ʯʮʱʥʦ ʸ"ʣ
ʡʥʰʨʸʥʴ 'ʴʥʸʴʥ 

 
 

2.4 ʩʸʷʧʮ ʬʥʣʥʮʡ ʭʩʷʱʲʥʮʤ ʭʩʨʰʣʥʨʱʤ 
ʨʰʣʥʨʱʤ ʭʹ ʸʷʧʮʤ ʠʹʥʰ  ʣʲʥʮʥ ʸʠʥʺ

ʥʺʬʧʺʤ 
ʭʩʧʰʮ 

ʩʬʩʥʥʹʸʡʣ ʺʩʸʹ ʦ ʺʲʴʹʤʩ ʭʥʤ
 ʺʠʥʬʧʺ ʬʲ ʸʩʥʥʠʤ
 ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱ
 ʺʥʠʥʥʹʤ ʭʲ ʤʴʩʧ

ʺʥʩʶʸʠ 

)ʤʦʺ( .ʠ.ʮ  ʸ"ʣ ,ʡʥʰʨʸʥʴ 'ʴʥʸʴ
ʯʰʩʷ ʬʨʩʬ- ʸʷʥʡ

ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣʥ 

ʺʥʣʢ ʸʩʮʺ  )ʤʦʺ( .ʠ.ʮ  
 

3. ʥ ʧʥʺʩʰʺʺʥʠʶʥ 
 

3.1.   ʧʥʺʩʰʤʭʩʰʥʺʰ 

 
ʧʥʺʩʰʤ ʢʥʱ ʥʺʸʨʮ 
ʺʥʰʧʺ ʩʥʴʩʮ ʸʥʨʩʰ   ʸʥʦʠʤ ʺʴʮ ʩʡʢ ʬʲ ʺʥʰʧʺʤ ʺʠ ʺʥʴʮʬ

ʭʩʩʡʧʸʮ ʭʩʧʥʺʩʰ ʲʥʶʩʡ ʭʹʬ 
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 ʩʴ ʬʲ ʸʩʥʥʠ ʭʥʤʩʦ ʺʥʮʸ ʺʫʸʲʤʤ ʭʩʮʤʦʮ
 ʺʩʩʰʡ .ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʩʰʥʹʤ

 ʭʩʸʥʦʠʬ ʤʠʥʥʹʤʡ ʭʩʴʸʢʥ ʺʥʠʬʡʨ
 .)ʤʸʣʧʥ ʡʩʡʠ ʬʺ( ʭʩʸʧʠ 

 ʺʫʸʲʤ ʭʥʤʩʦ ʺʮʸ ʸʩʥʥʠʤ  ʸʥʦʠʡʤ ʬʲ ʵʸʴʮ
ʰʧʺ ʬʫ ʬʹ ʭʩʩʺʰʹ ʭʩʰʥʺʰ ʩʴ ʺʸʥʨʩʰ 

 .ʣʸʴʰʡ ʭʤʦʮ ʬʫʥ ʣʸʴʰʡ 
  ʩʸʲʬ ʱʧʩʡ ʭʢ ʥʷʣʡʰ ʥʰʧʡʰʹ ʭʩʮʤʦʮʤ ʬʫ

  ʤʠʥʥʹʤ-  .ʤʸʣʧʥ ʡʩʡʠ ʬʺ 
  ʸʥʦʠʡ ʭʩʰʥʹʤ ʭʩʮʤʦʮʤ ʺʥʮʸ ʬʹ ʩʥʴʩʮ

 ʤʴʥʷʺʡ( ʣʸʴʰʡ ʤʰʹ ʬʫʡ ʤʴʩʧ ʵʸʴʮ
 ʯʩʡʹ2003  ʣʲ2014). 

 ʭʩʰʥʹʤ ʭʩʮʤʦʮʤ ʺʥʮʸʡ ʩʥʰʩʹ ʺʰʩʧʡ
( ʭʩʰʹ ʪʸʥʠʬ2003-2014 ʵʸʴʮ ʸʥʦʠʡ )

ʥʹʤʡ ʤʴʩʧʡʩʡʠ ʬʺʥ ʤʸʣʧ ʭʩʸʥʦʠʬ ʤʠʥ. 

  ʭʩʮʤʦʮʡ ʭʩʰʹʤ ʯʩʡ ʩʥʰʩʹ ʬʧ ʭʠʤ ʷʥʣʡʬ
 ʵʸʴʮ ʸʥʦʠʡ ʭʩʰʥʹʤ ʺʥʮʥʷʮʡʥ ʭʩʰʥʹʤ

.ʡʩʡʠ ʬʺʡʥ ʤʸʣʧʡ ,ʤʴʩʧ 
 ʭʥʤʩʦ ʺʥʮʸ ʬʹ ʪʥʩʹ ʸʩʥʥʠʤ ʵʸʴʮ ʸʥʦʠʡ

 ʬʫʡ ʺʷʣʡʰ ʸʹʠ ʤʩʩʱʥʬʫʥʠʬ ʤʴʩʧ
 ʩʴ ʬʲ( ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʣʸʴʰʡ ʬʥʣʥʮ

)ʣʸʴʰʡ ʭʤʦʮ ʬʫ 

 ʬʲʥʡʷʬʥ ʪʩʸʲʤ  ʤʴʩʹʧʤ ʺʮʸ ʺʠʺʩʹʩʠʤ 
 ʤʩʩʱʥʬʫʥʠ ʬʫʬ )ʠ"ʰʮ ʺʥʣʩʣʮ ʪʮʱ ʬʲ(

.ʭʩʰʥʹʤ ʭʩʬʥʣʥʮʡ ʺʸʷʧʰʤ 

 

3.2. :ʺʥʠʶʥʺ 

3.2.1.  ʺʰʩʧʡʤʥʰʩʹʩ ʭʥʤʩʦ ʺʮʸʡ ʭʩʤ ʪʸʥʠʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʸʩʥʥʠ
.ʭʩʰʹʤ 

 ʧʴʱʰ6-'ʠ  ʢʩʶʮ ʸʴʱʮ ʺʠ ʺʥʰʧʺʸʥʨʩʰʤ  ʤʰʹ ʬʫʡʩʴʬ ʤʣʸʴʤʡ  .ʩʴʩʶʴʱʤ ʭʤʦʮʤ
 ̋ ʥʠʸʬ ʯʺʩʰʡ ʤʩʩʬʲʤ ̋ ʠ y ʴʱʮʤ ̋ ʥʰʧʺʺʥʸʨʰʮʤ  ʩʮʰʩʣʥʸʠ y ʨʥʷ ʩʬʲʡ ʭʩʮʩʹʰ ʭʩʷʩʷʬʧ

ʮ ʯʨʷ- 2.5 ʯʥʸʷʩʮ )2.5(PM  ʺʰʹʡ ʺʧʠ ʤʰʧʺʮ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ2003 ʬ-8 ʡ ʺʥʰʧʺ-
2014 . ʸʴʱʮʤʸʨʰʮʤ ʺʥʰʧʺʺʥ  ʺʠʤ ʭʩʷʩʷʬʧʰʤʮ ʯʨʷ ʩʮʰʩʣʥʸʠ ʸʨʥʷ ʩʬʲʡ ʭʩʮʩʹ-10 

 ʯʥʸʷʩʮ)10(PM ʮ ʣʸʩ-9 ʡ ʺʥʰʧʺ-2003 ʬ-3 ʡ ʺʥʰʧʺ-2014 ʸʴʱʮ .ʤʺ ʺʥʰʧʤʣʣʥʮʺʥ XNO 
ʥ-2NOʮ ʤʬʲ ,-01  ʺʰʹʡ2003 ʬ-14  ʺʰʹʡ ʺʥʰʧʺ2014 ʺʥʰʧʺʤ ʸʴʱʮ .ʤ ʺʠ ʺʥʷʣʥʡ

ʮ ʭʥʤʩʦʤ ʺʮʸ-2SO ʮ ʣʸʩ-19  ʺʰʹʡ ʺʥʰʧʺ2003 ʬ-15  ʺʰʹʡ2014. 

 ʥʣʡʲ y ʹʠ y ʥʨʩʰ ̋ ʥʰʧʺ ʤʢʥʶʺʤʮ ʥʠʶʥʤ ,ʤʠʥʥʹʤ ʪʸʥʶʬʥ ʭʩʴʸʢ ʬʹ ʡʥʹʩʧʬʹ ,ʯʩʩʶʬ ʯʺʩʰ
ʮ ʺʥʧʴ ʪʹʮʡ-50% ʸʷʧʮʤ ʺʴʥʷʺ ʬʫʮ (2003-2014  ʭʩʰʹʡ ʸʨʰʬ ʥʬʩʧʺʤʹ ʺʥʰʧʺʤ .)

.ʧʥʺʩʰʡ ʥʸʠʹʥʤ ʺʥʰʥʸʧʠʤ 

 ʭʩʢʶʥʮ )ʸʩʥʥʠ ʸʥʨʩʰ ʪʸʲʮ( ʠ"ʰʮ ʺʥʰʧʺ ʩ"ʲ ʸʨʥʰʮʤ ʸʩʥʥʠ ʭʥʤʩʦ ʺʥʮʸ ʬʲ ʭʩʰʥʺʰ ʧʴʱʰʡ
6-'ʡ ʳʸʢʤ .ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ ʬʹ ʭʩʩʺʰʹ ʺʥʧ"ʥʣʡ ʧʥʥʣʹ ʩʴʫ , ʧʴʱʰʡ6-'ʡ  ʤʰʡʰ

 ʭʩʰʥʺʰ ʬʲʭʩʱʱʥʡʮʤ  ʤʴʥʷʺʡ ʥʬʲʴ ʸʹʠ )ʺʥʩʺʸʥʡʧʺ ʬʬʥʫ( ʸʥʦʠʡ ʺʥʰʧʺʤ ʬʫ ʬʲ
2003-2014  ʺʥʠʸʬ ʯʺʩʰʹ ʩʴʫ .)ʣʸʴʰʡ ʤʷʣʡʰ ʤʰʹ ʬʫ(ʤʮ ,ʳʸʢʭʩʠʸʰ ʠʬ  ʭʩʩʥʰʩʹ

 ʺʥʮʸʡ ʭʩʩʺʥʤʮʤ ʭʩʲʶʥʮʮʤ( ʭʩʮʩʹʰ ʭʩʷʩʷʬʧʮ ʸʩʥʥʠʤ ʭʥʤʩʦ ʬʹ ʭʩʩʺʰʹ2.5PM ʥ- 10PM )
ʹʩ .ʬ"ʰʤ ʤʴʥʷʺʡ ʤʴʩʧ ʸʥʦʠʡʤʰ ʩʥʥʠ ʭʥʤʩʦʡ ʤʰʥʺʮ ʤʣʩʸʩʮ ʸ- XNO ,2NO ʥ-2SO . ʨʲʮʫ

ʥʯʥʦʥʠʤ ʺʥʮʸʡ ʤʣʩʸʩ ʤʺʴʶʰ ʠʬ ʭʩʮʩʹʰʤ ʭʩʷʩʷʬʧʤʥ. 

 ʧʴʱʰ6-ʢ ʭʥʤʩʦ ʺʥʮʸ ʺʠ ʸʠʺʮ 'ʤ ʠ"ʰʮ ʺʥʰʧʺ ʩ"ʲ ʸʨʥʰʮʤ ʸʩʥʥʠ)ʸʩʥʥʠʤ ʸʥʨʩʰ ʪʸʲʮ( 
ʩʬʡ  ʺʥʰʧʺʤ ʸʥʨʩʰʤ ʺʥʠʸʬ ʯʺʩʰ ʳʸʢʤʮ .ʺʥʩʺʸʥʡʧʺʡ ʤʬʷ ʤʣʩʸʩ ʭʩʫʸʲʤ ʭʩʲʶʥʮʮ ʬʹ

 ʦʥʫʩʸ ̋ ʥʶʥʮʧʺʤʰʧʷʯ)  X(NO ̋ ʠʥʥʹʤʡ .ʩʲʶʥʮʮ ʦʥʫʩʸʤ ʤʭʩʩʺʰʹ  ʬʹXNO  ʺʥʰʧʺ ʬʬʫ ʯʩʡ
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( ʺʥʮʩʩʷʤ ʸʥʨʩʰʤ ʧʴʱʰ6-'ʡ( )ʺʥʩʺʸʥʡʧʺ ʠʬ( ʺʥʬʩʢʸʤ ʸʥʨʩʰʤ ʺʥʰʧʺ ʯʩʡʬ ) ʧʴʱʰ6-
'ʢ ,)ʰʥʴʶ ʬʣʡʤʭʩ  ʯʷʰʧʤ ʺʥʶʥʮʧʺ ʩʦʥʫʩʸʡ ʣʡʬʡ ʭʩʰʨʷXNO ʥʣ ʯʷʰʧʥ-ʩʰʶʮʧ 2NO , ʠʬʬ

.ʭʩʰʹʤ ʪʸʥʠʬ ʥʬʠ ʭʩʮʤʦʮ ʬʹ ʺʩʬʬʫʤ ʤʮʢʮʡ ʩʥʰʩʹ   

3.2.2. ( ʭʩʰʹʤ ʯʩʡ ʭʩʰʥʹʤ ʭʩʮʤʦʮʤ ʺʥʮʸʡ ʩʥʰʩʹ ʺʰʩʧʡ2003-2014 )
ʯʥʸʹ ʭʩʸʥʦʠʬ ʤʠʥʥʹʤʡ ʤʴʩʧ ʸʥʦʠʡ-ʹʥʢʥ ʬʮʸʫ-ʯʣ 

 ʧʴʱʰ6-ʣ ʭʥʤʩʦ ʯʩʡ ʱʧʩʤ ʺʠ ʢʩʶʮ 'ʤ ʸʩʥʥʠʸʥʦʠʡ ʹʥʢ ʺʮʥʲʬ ʤʴʩʧ- .ʯʣ ʬʲ ʡʹʥʧ ʱʧʩʤ
ʹʥʢʬ ʱʧʩʡ ʤʴʩʧ ʸʥʦʠʡ ʣʸʴʰʡ ʭʤʦʮ ʬʫ ʬʹ ʭʩʩʺʰʹʤ ʦʥʫʩʸʤ ʩʲʶʥʮʮ ʩʴ- ʱʱʡʺʤʡ ,ʯʣ

ʮ ʬʲ ʥʧʥʥʣʹ ʭʩʠʶʮʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ ʬʹ ʭʩʩʺʰʹʤ ʺʥʧ"ʥʣʡ . ʭʥʤʩʦ ʩʣʣʮ ʩʴ ʬʲ
 ʸʩʥʥʠʤ ʭʥʤʩʦ ,ʲʥʡʷ ʯʴʥʠʡ ʸʨʥʰʮʤ ʸʩʥʥʠʤ ʣʣʮʰʤʹʥʢ ʸʥʦʠʡ- ʸʺʥʩ ʤʥʡʢ ʡʥʸʬ ʯʣʮ ʤʦ

 ʭʩʰʹʤ ʪʸʥʠʬ ʸʴʺʹʮ ʬ"ʰʤ ʱʧʩʤ .ʯʥʦʥʠ ʨʲʮʬ ʭʩʮʤʦʮʤ ʡʥʸʬ ʱʧʩʩʺʮ ʤʦ .ʤʴʩʧʡʹ
ʤʴʩʧ ʸʥʦʠ ʺʡʥʨʬ. ʸʡ ʸʥʴʩʹ ʭʢ ʬʧ ʭʩʰʹʤ ʭʲʹʥʢ ʺʮʥʲʬ ʯʥʦʥʠʤ ʺʮ- ʤʦʤ ʱʧʩʤ ʪʠ ʯʣ

 .ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ ʤʥʡʢ ʸʠʹʰʺʥʠʸʬ ʯʺʩʰ ʤʤʦ ʤʰʥʮʺ ʸʹʠʫ ʭʩʰʰʥʡʺʮ ʡ ʡʶʮ ʭʥʤʩʦʤ
ʸʥʦʠʡ ʹʥʢ ʺʮʥʲʬ ʤʴʩʧ- ʠʬʬ ʯʣʰʧʺʤ ʺʮʥʸʺ ʺʥʤ ʤʠʸ( ʺʥʩʺʸʥʡʧʺ ʧʴʱʰ6-'ʤ  .) 

 ʧʴʱʰ6-ʥʯʥʸʹ ʺʮʥʲʬ ʤʴʩʧ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦ ʯʩʡ ʱʧʩʤ ʺʠ ʢʩʶʮ '-.ʬʮʸʫ  ʤʮʥʣʡ
ʩʧʬʡ ʢʶʥʮʤ ʡʥʹ ʧʴʱʰ6-ʣ'ʬʲ ʡʹʥʧ ʱʧʩʤ ,- ʭʤʦʮ ʬʫ ʬʹ ʭʩʩʺʰʹʤ ʦʥʫʩʸʤ ʩʲʶʥʮʮ ʩʴ

ʯʥʸʹ ʸʥʦʠʬ ʱʧʩʡ ʤʴʩʧ ʸʥʦʠʡ ʣʸʴʰʡ- ʥʧʥʥʣʹ ʭʩʠʶʮʮ ʬʲ ʱʱʡʺʤʡ ,ʬʮʸʫ ʺʥʧ"ʥʣʡ
 ʬʹ ʭʩʩʺʰʹʤʤʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ .ʬʲ- ʸʥʦʠʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʮʸ ,ʳʸʢʤ ʩʠʶʮʮ ʩʴ

ʥʡʢ ʤʴʩʧʤʦʮ ʤʥ ʯʥʸʹ ʸʥʦʠʡʹ-ʬʮʸʫ, ( ʯʷʰʧ ʺʥʶʥʮʧʺʡ ʸʷʩʲʡXNO) ʥʣ ʯʷʰʧʥ- ,ʩʰʶʮʧ
 .ʤʴʩʧ ʸʥʦʠ ʺʡʥʨʬ ʸʴʺʹʮ ʱʧʩʤ ʭʩʰʹʤ ʭʲ ʭʬʥʠʤʥʣ ʺʩʸʴʥʢʮ ʭʥʤʩʦ-ʺʩʰʶʮʧ) 2(SO 

 y ʺʥʩ ʪʥʮʰʸʥʦʠʡ ʯʥʸʹʡ y ʹʠʮ ʤʴʩʧ-ʬʮʸʫ,  ʯʺʩʰ ,ʺʠʦ ʭʲ .ʭʩʰʹʤ ʪʸʥʠʬ ʤʣʩʸʩ ̋ ʮʢʮ ʭʲ
ʹʤʡ ʺʥʰʥʸʧʠʤ ʭʩʰʹʡ ʨʲʮ ʤʬʲ ʤʴʩʧ ʸʥʦʠʡ ʯʥʦʥʠʤ ʺʥʮʸʡ ʱʧʩʤʹ ʺʥʠʸʬ ʸʥʦʠʬ ʤʠʥʥ

ʯʥʸʹ- .ʬʮʸʫʺʠ ʭʩʧʺʰʮ y ʹʠʫ  ̋ ʥʰʧʺ ʩ"ʲ ʭʩʸʨʥʰʮʤ y ʩʥʥʠʤ ʭʥʤʩʦ ʩʣʣʮʤ y ʥʨʩʰʤ ʺʥʩʬʬʫ
 ʠʬʬʰʧʺʤ ̋ ʮʥʸʺ ̋ ʥʤʺʥʩʺʸʥʡʧʺʭʥʤʩʦʤ ̋ ʮʸ ʬʹ ̋ ʩʬʬʫʤ ʤʰʥʮʺʤ ,  ʤʠʸ( ʤʰʺʹʮ ʤʰʩʠ

 ʧʴʱʰ6-'ʦ.) 

3.2.3.  ʭʩʲʶʥʮʮ( ʺʥʣʩʣʮ ʩʴ ʬʲ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʭʥʤʩʦ ʬʹ ʩʥʴʩʮ
ʥʮʩʩʷʤ ʸʥʨʩʰ ʺʥʰʧʺ ʬʹ )ʭʩʩʺʰʹʺ 

 ʧʴʱʰ6-'ʧ  ʺʮʸ ʬʹ ʺʥʴʮ ʢʩʶʮʤ ʭʩʮʩʹʰ ʭʩʷʩʷʬʧʮ ʭʥʤʩʦ2.5PM  ʭʩʰʹʡ2003 ,2007  ʥ-
2014ʹ ʤʠʸʰ .ʤ ʺʰʹʡ ʤʺʴʶʰ ʸʺʥʩʡ ʤʤʥʡʢʤ ʺʩʺʰʹʤ ʺʲʶʥʮʮʤ ʤʮʸ2007  ʸʹʰ ʸʥʦʠʡ

 ʺʰʹʡ .ʠʺʠ ʺʩʩʸʷʥ2014 ʦʥʫʩʸ ʭʩʷʩʷʬʧʤ  ʩʺʰʹʤ ʲʶʥʮʮʤʥʮʰʪ ʨʥʰʥ ʸʺʥʩʤ  ʤʦʥʧʠ ʯʥʥʩʫʬ
ʥʺʩʩʸʷ .ʷʩʬʠʩʡ 

 ʺʮʸ ʬʹ ʺʥʴʮʤ ʭʥʤʩʦ ʺʩʺʰʹʤ ʺʲʶʥʮʮʤ( ʯʷʰʧʤ ʺʥʶʥʮʧʺʮXNO ʭʩʰʹ ʬʹ ʭʢʣʮʡ )
2003 ,2007 ʥ-2014 ʡ ʺʥʸʠʥʺʮ ʧʴʱʰ6-'ʨ. 
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 ʤʰʧʺʡ ʥʣʣʮʰ ʸʹʠ ʸʺʥʩ ʭʩʤʥʡʢʤ ʭʩʦʥʫʩʸʤ ʺʠ ʺʥʢʩʶʮ ʺʥʴʮʤ ʺʹʥʬʹʤ  ʺʩʺʸʥʡʧʺ
ʷʩʬʠʩʡ ʺʩʩʸʷʡ ,ʺʠʦ ʭʲ .ʤ ʺʥʮʸ ʬʹ ʺʥʩʺʰʹʤ ʺʥʲʶʥʮʮʤ ʺʥʶʥʮʧʺ ʩʦʥʫʩʸʤ ʺʥʫʥʮʰ ʯʷʰʧ

 ʭʩʰʹʡ ʸʺʥʩ2007 ʥ-2014  ʺʰʹʬ ʱʧʩʡ2003 . 

 ʺʮʸ ʺʠ ʺʥʸʠʺʮʤ ʺʥʴʮ ʭʩʰʧʥʡ ʸʹʠʫʤ ʭʥʤʩʦ ʺʩʺʰʹʤ ʺʲʶʥʮʮʤ ʺʩʰʶʮʧ ʥʣ ʺʩʸʴʥʢʮ
(2SO ʤʠʸ( ) ʧʴʱʰ6-'ʩ ʺʰʹʡ ʤʣʩʸʩ ʺʩʴʶʰ )2014  ʭʩʰʹ ʺʮʥʲʬ2003 ʥ-2007 ʭʩʦʥʫʩʸʤ .

ʬʮʸʫʤ ʷʸʠʴʥ ʸʹʰ ʸʥʦʠʡ ʥʴʶʰ ʭʩʩʸʷʩʲʤ.  ʺʰʹʡ2007  ʸʥʦʠʡ ʺʩʱʧʩ ʭʩʤʥʡʢ ʭʩʦʥʫʩʸ ʥʩʤ
ʩʸʷ ̋ ʰʹʡ .ʯʥʲʡʨ ̋ ʩʩʸʷʥ ʭʩʩʧ ̋ ʩ2014  ʭʩʦʥʫʩʸʤʤʺʮʸʮ ̋ ʩʶʧʮʫ ʭʰʮʥʠ( ʭʩʤʥʡʢʤ  ʭʩʰʹʡ

2003 ʥ-2007 ) ʬʮʸʫʤ ʦʫʸʮ ʸʥʦʠʡ ʭʢ ʥʴʶʰʠʺʠ ʺʩʩʸʷʥ . 

ʯʩʩʶʬ ʯʺʩʰ ʹ ʺʨʩʹʡ ʥʰʡʰ ʭʤʦʮ ʬʫ ʬʹ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʴʮIDW (Inverse Distance 

Weighting ʺʰʫʥʺʡ )ArcGIS ʸʥʨʩʰ ʺʥʰʧʺ )ʺʥʧʴʬ( ʲʡʹ ʬʹ ʱʩʱʡ ʬʲ ʤʬʲʮʥ ʤʣʩʮʡ .
ʸʥʨʩʰ ʺʥʰʧʺ ʷʩʴʱʮ ʥʩʤ ʠʬʥ  ʧʥʺʩʰʤ ,)ʺʥʰʧʺ ʲʡʹʮ ʺʥʧʴ( ʸʩʥʠ ʺʥʮʩʢʣ ʺʥʣʥʠ ʲʣʩʮ ʭʲ

ʤʹʲʰ ʠʬ. ʤʱʱʡʺʮ ʥʰʡʰ ʸʹʠ ʺʥʴʮʺʥ  ʺʥʰʧʺ ʬʫ ʬʹ ʺʥʣʩʣʮ ʬʲʤ ʬʬʥʫ( ʸʥʨʩʰ
)ʺʥʩʺʸʥʡʧʺ ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʭʩʩʺʰʹʤ ʺʥʧʥʣʤ ʬʲ ʺʥʱʱʡʺʮʥ. 

ʤʡ ʤʬʡʨ ʧʴʱʰ6- 'ʫ ʺʥʨʩʹ ʯʩʡ ʷʥʩʣ ʺʬʥʫʩ ʤʥʥʹʮ ʤʩʶʬʥʴʸʨʰʩʠʤ ʤʨʩʹʤ .ʺʥʰʥʹʤIDW 
 ʭʩʮʤʦʮʤ ʺʰʩʧʡʡ ʤʰʨʷ ʺʩʱʧʩ ʺʲʶʥʮʮ ʺʥʲʨ ʭʲ ʸʺʥʩʡ ʤʮʩʠʺʮʤ ʤʨʩʹʫ ʤʸʧʡʰ

 .ʭʩʰʥʹʤ 

3.2.4. ʺʥʴʩʣʰ ʩʶʧʥ ʺʥʴʩʣʰ ʺʥʩʰʢʸʥʠ ʺʥʡʥʫʸʺ 
 ʤʡʩʡʱʬ ʺʥʨʩʬʴ ʭʹʸʮ" ʧ"ʥʣ ʬʹ ʭʩʰʥʺʰʤ ʸʢʠʮס  ʭʩʰʹʡ "ʱ"ʬʴʮ2012-2013  ʬʹ

ʤʷʣʡʰ ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ, ʫ ʠʶʮʰ ʪʠʩʺʬʡ-ʮʷʴʱ ʸʧʠʮ ʥʰʰʩʠ ʠʥʤʥ  ʺʠ ʯʩʩʴʠʮ
ʤ ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʤʴʩʹʧʬ ʭʥʤʩʦʮʺʥʴʩʣʰ ʺʥʩʰʢʸʥʠ ʺʥʡʥʫʸʺ (VOCs)  ʺʥʮʥʷʮʡ

ʸʥʦʠʡ ʭʩʰʥʹʤ . 

ʲʡʷ ʪʸʣ ʺʥʸʨʰʮʤ ʺʥʰʧʺʤ ʸʴʱʮʥ ʸʧʠʮ  ̋ ʥʴʩʣʰ ʺʥʩʰʢʸʥʠ ʺʥʡʥʫʸʺʷʩʴʱʮ ʥʰʩʠ  ʲʥʶʩʡʬ
 ʺʥʮʸ ʩʥʴʩʮʥ ʧʥʺʩʰʤ ʭʩʰʧʥʡ ʥʰʠ ,ʤʰʮʩʤʮ ʤʸʥʶʡ ʭʥʤʩʦ ʺʲʫ ʸʥʦʩʴʤ ʩʥʡʩʰʬ ʭʩʰʥʹ ʭʩʬʣʥʮ

 ʤʴʩʧ ʵʸʴʮ y ʥʦʠʡ ʭʩʴʩʣʰ ʭʩʩʰʢʸʥʠ ʭʩʸʮʥʧ ʬʹʺʮʢʥʣ  ʬʣʥʮland use regression   .ʭʩʸʧʠʥ 

ʲ ʣʥʡʲʬ ʭʩʫʩʹʮʮ ʥʰʠ ,ʳʱʥʰʡʭ  ʭʩʩʺʮʮʩ ʭʩʩʺʣʥʷʰ ʭʩʩʺʡʩʡʱ ʭʩʮʥʢʩʣ ʬʹ ʭʩʰʥʺʰ ʸʢʠʮ
 ʬʹʤʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ.  ʣʸʹʮʤʺʰʢʤʬ ʤʡʩʡʱʤ  ʬʩʧʺʤ ʲʶʡʬʣ ʭʩʸʮʥʧ ʬʹ ʺʥʮʩʢ

ʠ"ʰʮ ʩ"ʲ ʲʥʡʷ ʯʴʥʠʡ ʭʩʸʨʥʰʮ ʠʬ ʸʹʠ  ʺʰʹʮ ʬʧʤ2007 ʺʥʰʩʮʦ ʥʬʬʤ ʺʥʮʩʢʣʤ ʺʥʠʶʥʺ .
 ʬʹ ʸʺʠʡʤ ʬʹ ʤʩʶʬʥʴʸʨʰʩʠʤ ʺʥʴʮ ʺʠ ʺʥʠʸʬ ʯʺʩʰ .ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮTVOC 

(Total Volatile Organic Compoundsʡ ʯʠʺʮʥʸʥʬʫʩʣʥ ʯʦʰʡ ,) ʧʴʱʰ6-'ʬ ʺʥʴʮʤ .
ʡʺʮ ʸʡʮʨʴʱʡ ʥʹʲʰ ʸʹʠ ʭʩʩʺʮʮʩ ʭʩʩʺʣʥʷʰ ʭʩʩʺʡʩʡʱ ʭʩʮʥʢʩʣ ʬʲ ʺʥʱʱ2007  .

 ʣʥʢʩʠ ,ʭʩ ʺʩʩʸʷʥ ʭʩʩʧ ʺʩʩʸʷ :ʭʩʸʥʦʠʡ ʸʷʩʲʡ ʥʴʶʰ ʸʡʮʨʴʱ ʹʣʥʧʡ ʭʩʤʥʡʢʤ ʭʩʦʥʫʩʸʤ
  .ʯʰʠʹ ʤʥʥʰʥ ʤʴʩʧ ʭʩʸʲ 

3.3. ʺʥʰʷʱʮ 
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 ,ʩʬʬʫ ʯʴʥʠʡ  ʯʩʠʸʡ ʩʺʥʤʮ ʩʥʰʩʹʺʥʩʺʰʹʤ ʺʥʲʶʥʮʮʤ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʥʮ  ʸʥʦʠʡ
ʤʴʥʷʺʡ ʤʴʩʧ  ʬʹ2003-2014.  ʭʩʮʩʥʱʮ ʭʩʮʤʦʮʡ ʤʰʥʺʮ ʤʣʩʸʩ ʺʮʩʩʷ ,ʺʠʦ ʭʲ

ʡ  ʯʥʢʫ- 2, NOXNO ʥ-2SO. 

  ʡʥʸʬ ʤʴʩʧʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ,ʳʩʶʸ ʯʴʥʠʡ ʧʨʹʡ ʭʩʣʣʮʰ ʸʹʠ ʭʩʸʮʥʧʤ ʡʥʸ ʩʴʬ
 .ʠ"ʺʡʹ ʤʦʮ ʪʥʮʰ ʥʰʩʤ 

  ʭʩʰʹʤ ʪʸʥʠʬ ʸʴʺʹʮ ʠ"ʺʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʯʩʡʬ ʤʴʩʧʡ ʭʥʤʩʦʤ ʺʮʸ ʯʩʡ ʱʧʩʤ
 ʤʴʩʧ ʸʥʦʠ ʺʡʥʨʬ.)ʯʥʦʥʠʬ ʨʸʴ( 

  ʺʥʰʧʺʡ ʭʩʣʣʮʰʤ ʭʩʸʮʥʧʤ ʡʥʸ ʩʴʬ ,ʯʫ ʥʮʫʤ ʸʥʨʩʰʤʸʥʦʠʺʥʩ ʸʥʦʠʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ,
 ,ʤʴʩʧ y ʥʦʠʡʹ ʤʦʮ ʪʥʮʰ ʤʸʣʧʪʠ ʭʩʰʹʤ ʭʲ  ʨʲʮʬ( ʤʴʩʧ ̋ ʡʥʨʬ y ʴʺʹʮ ɦ ʧʩʤ

.)ʯʥʦʥʠ 

  ʺʮʩʩʷ ʤʩʲʡʺʩʺʥʤʮ ʤ ʺʥʣʥʠ ʭʩʰʥʺʰʡ ʸʥʱʧʮ ʬʹ ʭʩʸʮʥʧʤ ʭʩʰʢʸʥʠ
ʤʭʩʴʩʣʰ.(VOCs)  ʠ ʭʩʸʮʥʧ ʬʹ ʭʦʥʫʩʸ ʥʰʩʠ ʤʬʥ ʸʡʲʡ ʤʴʩʶʸ ʤʸʥʶʡ ʣʣʮʰ ʭʤ

ʭʰʩʠ ʤʥʥʤʡ ʭʩʣʣʮʰ  ʥʰʩʠ ʤʦ ʡʶʮ .ʸʩʥʥʠʬ ʭʺʨʩʬʴ ʺʮʸʬ ʱʧʩʡ ʺʷʴʱʮʤ ʤʮʸʡ
.ʤʬʠ ʭʩʸʮʥʧʬ ʤʴʩʹʧʤ ʺʫʸʲʤ ʺʠ ʸʹʴʠʮ 

 
3.4. ʺʥʬʡʢʮ 

 ʺʥʡʩʹʧ ʬʹʡ ( ʭʩʰʩʣʲ ʭʩʷʩʷʬʧ ʬʹ ʤʫʸʲʤʤ2.5PM ,ʠ y ʨʥʷ ʩʬʲʡʥʸʩʥʥ ʩʮʰʩʣʯʨʷʤ 
ʮ-2.5  ʯʥʢʫ( ʺʥʮʩʥʱʮ ʭʩʰʹʡʹ ʺʥʸʮʬʥ ,)ʯʥʸʷʩʮ2003 ʺʧʠ ʤʰʧʺ ʷʸ ʤʺʩʩʤ )

ʠ ʸʨʥʷʡ ʭʩʷʩʷʬʧʤ ʩʫʸʲ ʺʠ ʥʰʸʮʤ ,ʭʤʦʮʤ ʺʠ ʤʣʣʮʹʥʸʩʥʥ ʩʮʰʩʣʯʨʷʤ ʮ-10 
)10(PM ʮ ʺʥʧʴ ʬʹ ʭʩʰʩʣʲ ʭʩʷʩʷʬʧʬ ʯʥʸʷʩʮ-2.5  ʺʸʦʲʡ ʯʥʸʷʩʮʭʣʷʮ  ʤʸʮʤ
(0.45ʤ .)ʭʣʷʮ  ʬʹ ɦ ʧʩʫ ʡʹʥʧ2.5 PM ʡ-10PM ʲʶʥʮʮ ʪʮʱ ʬʲ, ʥʣʣʮʰʹ ʭʩʩʺʰʹ ʭʩ

ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʺʥʮʩʩʷʤ ʸʥʨʩʰ ʺʥʰʧʺ ʩ"ʲ ʺʥʰʥʹʤ ʭʩʰʹʡ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʴʮ  .
 ʲʥʶʩʡ ʸʧʠʬ ʥʰʡʰ ʭʩʰʩʣʲ ʭʩʷʩʷʬʧ ʬʹʤ .ʤʸʮʤ 

  "ʳʥʰ ʤʴʩ" ʺʸʡʧ ʬʹ ʸʥʨʩʰ ʺʥʰʧʺʤʸʨʰʮʥ ʺʥʸʤʰʮʬ ʤʱʩʰʫʡ ʸʩʥʥʠ ʭʥʤʩʦ ʺʠ ʺ
 ʯʥʡʹʧʡ ʥʧʷʬʰ ʠʬ ʬʮʸʫʤʥ y ʧʠʮʩʺʰʹʤ ̋ ʥʧ"ʥʣʡ ʥʧʥʥʣ ʠʬ ʭʤʩʫʸʲ ʣʸʹʮ ʬʹ ʭʩ

.ʤʡʩʡʱʤ ʺʰʢʤʬ 

 ʤʰʥʹ ʩʥʡʩʰ ʺʬʥʫʩʥ ʤʰʥʹ ʣʥʲʩ ʺʥʰʥʹ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʨʩʹʬ ʺʥʰʥʸʺʩ ʤʨʩʹ ʬʫʬ .
ʤʬʹʮ ʺʥʰʥʸʱʧʥ ʯʥʢʫ( ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʨʩʹ ʸʴʱʮ .Kriging ,IDW ,Empirical 

Bayesian Kriging ,Kernel Smoothing ) ʣʸʴʰʡ ʭʤʦʮ ʬʫ ʬʹ ʭʩʰʥʺʰ ʺʸʦʲʡ ʥʰʧʡʰ
 ʺʰʹʡ2003  ʤʨʩʹʤʥIDW  ʭʲ ʤʨʩʹʫ ʤʰʧʡʰʤ ʺʥʲʨʤ ʸʺʥʩʡ ʤʫʥʮʰʤ ʺʲʶʥʮʮ

.ʺʥʸʧʠ ʺʥʨʩʹʬ ʺʩʱʧʩ 

  ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʥʣʣʮʰ ʠʬ ʺʥʴʩʣʰ ʩʶʧʥ ʺʥʴʩʣʰ ʺʥʩʰʢʸʥʠ ʺʥʡʥʫʸʺ ʯʥʢʫ ʭʩʸʮʥʧ
 ʥʬʠ ʭʩʸʮʥʧ ʬʹ ʺʥʡʥʸʮʤ ʺʥʨʩʬʴʤ ʺʥʸʮʬ ,ʭʩʰʥʹʤ ʺʥʮʥʷʮʡ ʤʴʩʶʸ ʤʸʥʶʡ ʩʴʫ

 ʯʤʹ.ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ ʩ"ʲ ʺʥʧʥʥʣʮ 
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ʤ ʬʲ ʭʩʮʸʥʢʤʫʮʱʥʮ ʭʥʤʩʦ ʺʮʸ ʺʠ ʪʩʸʲʤʬ ʬʫʥʰʹ ʺʰʮ ʬʲ ʬʥʲʴʬ ʭʩʤ ʸʩʥʥʠ
.ʥʬʠ ʭʩʸʮʥʧʮ 

    
4. ʭʩʧʴʱʰʤ ʺʮʩʹʸ 

 
'ʱʮ ʺʸʺʥʫ 

 ʧʴʱʰ6-'ʠ  ʸʩʥʥʠ ʸʥʨʩʰ ʺʥʰʧʺ ʸʴʱʮʤ ʩʴ ʬʲ ʤʰʹ ʬʫʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʺʥʬʲʥʴ
ʭʤʦʮ. 

 ʧʴʱʰ6-'ʡ  ʭʩʰʹʡ ʭʤʦʮ ʬʫ ʬʹ )ʷ"ʮ/ʢ"ʷʮ( ʭʩʩʺʰʹʤ ʭʩʲʶʥʮʮʤ2003-2014 ʸʥʦʠʡ 
 ʺʰʢʤʬ ʣʸʹʮ ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ( ʤʴʩʧ ʵʸʴʮ

)ʤʡʩʡʱʤ. 
 ʧʴʱʰ6-'ʢ  ʭʩʰʹʡ ʭʤʦʮ ʬʫ ʬʹ )ʷ"ʮ/ʢ"ʷʮ( ʭʩʩʺʰʹʤ ʭʩʲʶʥʮʮʤ2003-2014 ʸʥʦʠʡ 

ʤʴʩʧ ʵʸʴʮ,  ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ( ʺʥʩʺʸʥʡʧʺ ʸʥʨʩʰ ʺʥʰʧʺ ʠʬʬ
)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ ʬʹ ʭʩʩʺʴʥʷʺʥ. 

 ʧʴʱʰ6-'ʣ ʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦʹʥʢʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʱʧʩʡ ʤʴʩʧ ʵʸʴʮ ʸʥ-)ʺʥʰʧʺʤ ʬʫ( ʯʣ. 
 ʧʴʱʰ6-'ʤ ʹʥʢʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʱʧʩʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦ- ʺʥʰʧʺ ʠʬʬ( ʯʣ

)ʺʥʩʺʸʥʡʧʺ. 
 ʧʴʱʰ6-'ʥ ʯʥʸʹ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʱʧʩʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦ- ʬʫ( ʬʮʸʫ

)ʺʥʰʧʺʤ. 
 ʧʴʱʰ6-'ʦ  ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦʯʥʸʹ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʱʧʩʡ ʤʴʩʧ ʵʸʴʮ- ʠʬʬ( ʬʮʸʫ

)ʺʥʩʺʸʥʡʧʺ ʺʥʰʧʺ. 
 ʧʴʱʰ6-'ʧ  ʭʥʤʩʦ ʺʥʮʸ ʬʹ ʩʥʴʩʮʤʭʩʮʩʹʰ ʭʩʷʩʷʬʧʮ ʸʩʥʥʠ  )2.5(PM  ʸʨʥʷ ʩʬʲʡ

ʮ ʺʥʧʴ ʩʮʰʩʣʥʸʩʥʥʠ-2.5  ʺʥʰʧʺ ʩ"ʲ ʭʩʸʨʥʰʮʤ )ʷ"ʮ/ʢ"ʷʮ( ʯʥʸʷʩʮʤ ʸʥʨʩʰ
 ʭʩʰʹʡ ʺʥʮʩʩʷʤ2003 ,2007 ʥ-2014. 

 ʧʴʱʰ6-'ʨ  ʭʥʤʩʦ ʺʥʮʸ ʬʹ ʩʥʴʩʮʤ( ʯʷʰʧʤ ʺʥʶʥʮʧʺʮ ʸʩʥʥʠXNO )ʷ"ʮ/ʢ"ʷʮ( )
 ʺʥʰʧʺ ʩ"ʲ ʭʩʸʨʥʰʮʤʤ ʭʩʰʹʡ ʺʥʮʩʩʷʤ ʸʥʨʩʰ2003 ,2007 ʥ-2014. 

 ʧʴʱʰ6-'ʩ ʥʣ ʺʩʸʴʥʢʮ ʸʩʥʥʠ ʭʥʤʩʦ ʺʥʮʸ ʬʹ ʩʥʴʩʮ-( ʺʩʰʶʮʧ2SO )ʷ"ʮ/ʢ"ʷʮ( )
ʸʨʥʰʮʤʺʥ  ʺʥʰʧʺ ʩ"ʲʤ ʭʩʰʹʡ ʺʥʮʩʩʷʤ ʸʥʨʩʰ2003 ,2007 ʥ-2014. 

 ʧʴʱʰ6-'ʫ  ʺʥʨʩʹ ʬʹ ʷʥʩʣ ʺʬʥʫʩ ʯʩʡ ʤʠʥʥʹʤʤ ʭʤʦʮ ʩʴ ʬʲ ʺʥʰʥʹʤ ʤʩʶʬʥʴʸʨʰʩʠ
 ʺʰʹʡ2003. 

 ʧʴʱʰ6-'ʬ  ,ʯʦʰʡ ʬʹ ʩʺʮʮʩ ʩʺʣʥʷʰ ʩʺʡʩʡʱ ʭʥʢʩʣTVOC  y ʡʮʨʴʱʡ ʯʠʺʮʥʸʥʬʫʩʣʥ2007 
(µg/m3). 

 ʧʴʱʰ6-ʮ ʩʺʰʹ ʧ"ʥʣʬ ʺʥʸʤʡʤ 
 

:ʩʠʸʧʠ ʸʷʥʧ 

ʯʮʱʥʦ ʤʰʩʸʮ ʸ"ʣ :ʸʠʥʺ ,ʭʹ 

ʪʩʸʠʺ :23.02.2015 
 

:ʤʮʩʺʧ   
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ʭʩʧʴʱʰ 

 ʧʴʱʰ6- :'ʠ ʸʩʥʥʠ ʸʥʨʩʰ ʺʥʰʧʺ ʸʴʱʮʥʬʲʴʹ  ʩʴ ʬʲ ʤʰʹ ʬʫʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʢʥʱ
ʤʭʤʦʮ  ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ(ʤ)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ. 

 

 
 

 
 ʧʴʱʰ6- :'ʡ ʭʩʰʹʡ ʭʤʦʮ ʬʫ ʬʹ )ʷ"ʮ/ʢ"ʷʮ( ʭʩʩʺʰʹʤ ʭʩʲʶʥʮʮʤ2003-2014 ʸʥʦʠʡ  

 ʤʴʩʧ ʵʸʴʮʥʣ ʪʮʱ ʬʲ(" ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧʤ)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ. 
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 ʧʴʱʰ6- :'ʢ ʭʩʰʹʡ ʭʤʦʮ ʬʫ ʬʹ )ʷ"ʮ/ʢ"ʷʮ( ʭʩʩʺʰʹʤ ʭʩʲʶʥʮʮʤ2003-2014 ʸʥʦʠʡ 
 ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ( ʺʥʩʺʸʥʡʧʺ ʸʥʨʩʰ ʺʥʰʧʺ ʠʬʬ ʤʴʩʧ ʵʸʴʮ

ʤ)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ 
 

 
 

 ʧʴʱʰ6- :'ʣ ʸʩʥʥʠ ʭʥʤʩʦʹʥʢʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʱʧʩʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ-)ʺʥʰʧʺʤ ʬʫ( ʯʣ 
 ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ(ʤ)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ 

 

 
 

:ʤʸʲʤ ʹʥʢ ʯʩʡʬ ʤʴʩʧ ʸʥʦʠʡ ʭʥʤʩʦ ʯʩʡ ʤʥʥʹ ʱʧʩ ʯʩʩʶʮ ʭʥʣʠʤ ʥʷʤ- ʭʩʰʩʩʶʮ ʭʥʣʠʤ ʥʷʤ ʬʲʮ ʭʩʫʸʲ .ʯʣ
ʹʥʢ ʺʮʥʲʬ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ ʺʥʤʥʡʢ ʭʥʤʩʦ ʺʥʮʸ-ʯʣ, ʮ ʭʩʫʥʮʰ ʭʩʫʸʲ ʸʹʠʫ-1  ʺʥʫʥʮʰ ʭʥʤʩʦ ʺʥʮʸ ʭʩʰʩʩʶʮ

ʹʥʢʬ ʱʧʩʡ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ-.ʯʣ 
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 ʧʴʱʰ6- :'ʤʹʥʢʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʱʧʩʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦ- ʺʥʰʧʺ ʠʬʬ( ʯʣ
 ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ( )ʺʥʩʺʸʥʡʧʺʤ)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ 

 

 
 

:ʤʸʲʤ ʹʥʢ ʯʩʡʬ ʤʴʩʧ ʸʥʦʠʡ ʭʥʤʩʦ ʯʩʡ ʤʥʥʹ ʱʧʩ ʯʩʩʶʮ ʭʥʣʠʤ ʥʷʤ- ʭʩʰʩʩʶʮ ʭʥʣʠʤ ʥʷʤ ʬʲʮ ʭʩʫʸʲ .ʯʣ
ʹʥʢ ʺʮʥʲʬ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ ʺʥʤʥʡʢ ʭʥʤʩʦ ʺʥʮʸ-ʯʣ, ʮ ʭʩʫʥʮʰ ʭʩʫʸʲ ʸʹʠʫ-1  ʺʥʫʥʮʰ ʭʥʤʩʦ ʺʥʮʸ ʭʩʰʩʩʶʮ

ʹʥʢʬ ʱʧʩʡ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ-.ʯʣ 
 

 ʧʴʱʰ6- :'ʥʸʴʮ ʸʥʦʠʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʯʩʡ ʱʧʩʯʥʸʹ ʸʥʦʠʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʯʩʡʬ ʤʴʩʧ ʵ-
)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ( )ʺʥʰʧʺʤ ʬʫ( ʬʮʸʫ 

 

 
 
ʤ:ʤʸʲ ʯʥʸʹ ʯʩʡʬ ʤʴʩʧ ʸʥʦʠʡ ʭʥʤʩʦ ʯʩʡ ʤʥʥʹ ʱʧʩ ʯʩʩʶʮ ʭʥʣʠʤ ʥʷʤ- ʭʥʣʠʤ ʥʷʤ ʬʲʮ ʭʩʫʸʲ .ʬʮʸʫ

ʯʥʸʹ ʺʮʥʲʬ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ ʺʥʤʥʡʢ ʭʥʤʩʦ ʺʥʮʸ ʭʩʰʩʩʶʮ-ʬʮʸʫ, ʮ ʭʩʫʥʮʰ ʭʩʫʸʲ ʸʹʠʫ-1  ʺʥʮʸ ʭʩʰʩʩʶʮ
ʯʥʸʹʬ ʱʧʩʡ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ ʺʥʫʥʮʰ ʭʥʤʩʦ-.ʬʮʸʫ 
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 ʧʴʱʰ6- :'ʦʯʥʸʹ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦʬ ʱʧʩʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʸʩʥʥʠ ʭʥʤʩʦ- ʠʬʬ( ʬʮʸʫ

 ʬʹ ʭʩʩʺʴʥʷʺʥ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ ʪʮʱ ʬʲ( )ʺʥʩʺʸʥʡʧʺ ʺʥʰʧʺʤ)ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮ 
 

 
 

 ʭʥʣʠʤ ʥʷʤ :ʤʸʲʤʯʥʸʹ ʯʩʡʬ ʤʴʩʧ ʸʥʦʠʡ ʭʥʤʩʦ ʯʩʡ ʤʥʥʹ ʱʧʩ ʯʩʩʶʮ- ʭʥʣʠʤ ʥʷʤ ʬʲʮ ʭʩʫʸʲ .ʬʮʸʫ
ʯʥʸʹ ʺʮʥʲʬ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ ʺʥʤʥʡʢ ʭʥʤʩʦ ʺʥʮʸ ʭʩʰʩʩʶʮ-ʬʮʸʫ, ʮ ʭʩʫʥʮʰ ʭʩʫʸʲ ʸʹʠʫ-1  ʺʥʮʸ ʭʩʰʩʩʶʮ

ʯʥʸʹʬ ʱʧʩʡ ʤʴʩʧ ʸʥʦʠʡ ʸʺʥʩ ʺʥʫʥʮʰ ʭʥʤʩʦ-.ʬʮʸʫ 
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 ʧʴʱʰ6- :'ʧ ʭʥʤʩʦ ʺʥʮʸ ʬʹ ʩʥʴʩʮʤ ʩʮʰʩʣʥʸʩʥʥʠ ʸʨʥʷ ʩʬʲʡ ʭʩʮʩʹʰ ʭʩʷʩʷʬʧʮ ʸʩʥʥʠ
 ʬʹʮ ʺʥʧʴ-2.5 ʯʥʸʷʩʮ) 2.5(PM  ʺʥʰʧʺ ʩ"ʲ ʭʩʸʨʥʰʮʤ )ʷ"ʮ/ʢ"ʷʮ(ʤ ʸʥʨʩʰʥʬʲʴʹ  ʭʩʰʹʡ

2003 ,2007 ʥ-2014.  

 

 ʺʰʹ2003 

 

 ʺʰʹ2007 
 
 
 



  

173 
 

 ʧʴʱʰ6-:'ʧ ס  ʪʹʮʤס  
 
 

 
 ʺʰʹ2014 

 
ʥʣʣʮ ʠʬ ʸʹʠ ʺʥʰʧʺ* ʬʹ ʺʥʮʸ 2.5PM ʥʣʣʮ ʪʠ ʺʥʮʸ 10PM ,ʬ ʥʸʮʥʤ ʺʥʮʸ2.5PM ʬʲ-ʩʴ 

ʭʣʷʮ ( ʤʸʮʤ0.45.) 
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 ʧʴʱʰ6-:'ʨ  ʭʥʤʩʦ ʺʥʮʸ ʩʥʴʩʮʤ( ʯʷʰʧʤ ʺʥʶʥʮʧʺʮ ʸʩʥʥʠXNO)ʷ"ʮ/ʢ"ʷʮ( ), ʣʣʮʰʤʺʥ 
 ʸʥʨʩʰ ʺʥʰʧʺ ʩ"ʲʥʬʲʴʹ  ʭʩʰʹʡ2003 ,2007 ʥ-2014. 

 

 
 

 ʺʰʹ2003 
 

 
 

 ʺʰʹ2007 
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 ʧʴʱʰ6-:'ʨ ס  ʪʹʮʤס                                                                     
 

 
 

 ʺʰʹ2014 
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 ʧʴʱʰ6-:'ʩ  ʭʥʤʩʦ ʺʥʮʸ ʩʥʴʩʮʤʥʣ ʺʩʸʴʥʢʮ ʸʩʥʥʠ-( ʺʩʰʶʮʧ2SO )ʷ"ʮ/ʢ"ʷʮ( ) 
        ʺʥʣʣʮʰʤ  ʸʥʨʩʰ ʺʥʰʧʺ ʩ"ʲʥʬʲʴʹ  ʭʩʰʹʡ2003 ,2007 ʥ-2014. 

 

 
 

 ʺʰʹ2003 
 

 
 

 ʺʰʹ2007 
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 ʧʴʱʰ6-:'ʩ ס  ʪʹʮʤס                                                                     
       

 
 

 ʺʰʹ2014 
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 ʧʴʱʰ6- :'ʫ ʺʬʥʫʩ ʯʩʡ ʤʠʥʥʹʤʤ ʭʤʦʮ ʩʴ ʬʲ ʺʥʰʥʹʤ ʤʩʶʬʥʴʸʨʰʩʠʤ ʺʥʨʩʹ ʬʹ ʷʥʩʣ 
         ʺʰʹʡ2003ʥʸʷʩʮ ʬʹ ʺʥʣʩʧʩʡ ʭʩʢʶʥʮ ʭʩʫʸʲʤ .-.ʡʷʥʲʮ ʸʨʮʬ ʭʸʢ 

 
Pollutants Mean Error Max. 

mg/m3 

Min. 

mg/m3 

Methods 

SO2_2003 -0.016 7.86 2.62 Kriging 

 -0.031 7.86 2.62 IDW 

 -0.007 7.86 2.62 Empirical Bayesian Kriging 

 0.05 7.86 2.62 Kernel Smoothing 

PM2.5_2003 -0.002 17.1 22.05 Kriging 

 0.458 17.1 22.05 IDW 

 NA 17.1 22.05 Empirical Bayesian Kriging 

 -0.387 17.1 22.05 Kernel Smoothing 

NOX_2003 -2.056 13.16 124.08 Kriging 

 -0.301 13.16 124.08 IDW 

 0.209 13.16 124.08 Empirical Bayesian Kriging 

 4.964 13.16 124.08 Kernel Smoothing 
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 ʧʴʱʰ6-:'ʬ  ʬʹ ʩʺʮʮʩ ʩʺʣʥʷʰ ʩʺʡʩʡʱ ʭʥʢʩʣTVOCʮʥʸʥʬʫʩʣʥ ʯʦʰʡ ,ʺʯʠ.  
           ʸʡʮʨʴʱ2007 (µg/m3). 

 

 
TVOC 

 

 
ʯʦʰʡ 
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 ʧʴʱʰ6-:'ʬ ס  ʪʹʮʤס                                                                     
 

 
ʮʥʸʥʬʫʩʣʺʮ( ʯʠʺʯʬʩ-)ʣʩʸʥʬʫ 
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 ʧʴʱʰ6- :ʮʩʺʰʹʤ ʧʥʣʬ ʺʥʸʤʡʤ ʪʮʱʮ  

 'ʱʮ ʬʥʣʥʮ6  
ʬʥʣʥʮʤ ʭʹ: "ʸʩʥʥʠ ʺʥʫʩʠ ʸʥʨʩʰ"  

 / ʤʸʶʷ ʺʥʸʴʱ ʺʸʩʷʱShort literature survey: 

ʤ ̋ ʥʰʹʮ ʬʧʤ-30  ʤʣʡʫʤ ʤʩʩʹʲʺʬ ʱʩʱʡʫ ʹʮʩʹ ʤʴʩʧ ɻ ʸʴʮ ʸʥʦʠ ,ʭʩʸʹʲʤ ʤʠʮʤ ʬʹ
 ,'ʧʠʥ ʯʺʩʠ( ʬʠʸʹʩʡ ʸʺʥʩʡ ʤʬʥʣʢʤ2010 ʭʩʬʥʣʢʤ ʨʴʰʬ ʷʥʷʩʦʤ ʩʺʡ ʭʩʠʶʮʰ ʸʥʦʠʡ .)

ʥʸʢʠ ʩʬʲʴʮʥ ʭʩʩʮʩʫʥʸʨʴ ʭʩʬʲʴʮ ʭʢ ʥʮʫ ,ʬʠʸʹʩʡ ʸʺʥʩʡ- ,'ʧʠʥ ʡʥʰʨʸʥʴ( ʭʩʰʨʷ ʤʩʮʩʫ
2009 .) 

 ʤʩʩʹʲʺ ʩʮʧʺʮ ʬʹ ʭʥʷʩʮʤ ʭʩʩʣʥʧʩʩ ʭʩʩʢʥʬʥʸʥʠʨʮ ʭʩʱʥʴʣʥ ʸʥʦʠʡʹ ʤʩʴʸʢʥʴʥʨʤ ,ʥʬʠ
ʫ .ʸʩʥʥʠ ʭʥʤʩʦ ʬʹ ʩʣʥʧʩʩ ʡʧʸʮ ʭʩʸʶʥʩ-37 ʫ .ʤʴʩʧ ʸʥʦʠʡ ʭʩʬʲʥʴ ʭʩʬʲʴʮ-20  ʭʫʥʺʮ

( ʤʴʩʧ ʵʸʴʮʡʹ ʤʩʩʹʲʺʤ ʸʥʦʠʡ ʭʩʮʷʥʮʮIMEP, 2015 ʭʩʬʲʴʮʤ ʺʠ ʭʩʬʬʥʫ ʤʬʠ .)
ʤ ʺʥʩʹʲʺʥ ʷʩʨʱʬʴ ,ʨʴʰ ʩʬʲʴʮʥ ʷʥʷʩʦ ʩʬʲʴʮ ʭʢ ʭʤʡ ,ʭʩʩʮʩʫʤ ʤʬʠ ʭʩʬʲʴʮ .ʩʮʥʢ

ʫ ʬʲ ʭʩʱʥʸʴ-66% ʫ ʬʹ ʧʨʹʡ ,ʸʩʲʡ ʩʺʩʩʹʲʺʤ ʧʨʹʤʮ-2.9  .ʭʩʲʡʥʸʮ ʭʩʸʨʮ ʯʥʩʬʩʮ
 ̋ ʰʹʬ ʯʥʫʰ2009 ,37 ʫ ʥʷʩʱʲʤ ʤʬʠ ʭʩʬʲʴʮ-11.5%  ʥʥʩʤ y ʹʠ ,ʸʩʲʡ ʤʩʩʱʥʬʫʥʠʤʮ3.3% 

 ,ʩʸʠ ʯʡ ʸʥʨʷʴʱ( ʬʠʸʹʩʡ ʭʩʷʱʲʥʮʤ ʬʫ ʪʱʮ2014 .) 

( ʭʩʷʩʷʬʧ ʸʮʥʧ ʯʥʢʫ ,ʸʩʥʥʠ ʩʮʤʦʮPMʶʥʮʧʺ ,)( ʯʷʰʧ ʺ2NO ʺʥʴʩʣʰ ʺʥʩʰʢʸʥʠ ʺʥʡʥʫʸʺ ,)
(VOC( ʯʥʦʥʠ ,)3O ʭʩʩʥʹʲ ʤʸʩʲʡ ʩʫʩʬʤʺʥ ʺʥʩʹʲʺʮ ʭʩʨʬʴʰʤ ʭʩʸʧʠ ʭʩʬʩʲʸ ʭʩʮʤʦʮʥ )

 ʬʹ ʭʩʷʧʸʮʬ ʺʥʧʥʸʤ ʭʲ ʳʧʱʩʤʬ ʭʩʬʥʬʲ ʭʤ .ʺʫʹʥʮʮ ʤʴʥʷʺʬ ʤʡʩʡʱʡ ʸʠʹʩʤʬ
( ʤʨʩʬʴʤ ʸʥʷʮʤʮ ʭʩʸʨʮʥʬʩʷ ʺʥʠʮEPA, 2009 ʧʥʥʨ ʺʫʥʸʠ ʤʴʩʹʧʹ ʪʫʬ ʺʥʧʫʥʤ ʹʩ .)

ʬ ,ʯʨʸʱ ʯʥʢʫ ʺʥʰʥʹ ʺʥʩʺʥʠʩʸʡ ʺʥʠʶʥʺʬ ʩʸʷʩʲʤ ʯʥʫʩʱʤ ʭʸʥʢʤ ʺʥʥʤʬ ʤʩʥʹʲ ʥʬʠ ʭʩʮʤʦʮ
 ,ʺʥʩʢʥʬʥʸʩʥʰ ʺʥʩʲʡ ,ʯʥʱʩʧ ʺʫʸʲʮ ,ʭʣ ʩʬʫʥ ʡʬ ,ʤʮʩʹʰʤ ʺʫʸʲʮʡ ʪʥʸʠ ʧʥʥʨʬ ʲʥʢʴʬʥ

( ʤʩʩʡʸ ʺʥʫʸʲʮʥ(EPA, 2009; Morello-Frosch et al., 2000; Pope & Dockery, 2006; 

Samet et al., 2000; Suh et al., 2000).)  

ʸʥʨʩʰ ̋ ʥʰʧʺ ̋ ʹʸ ʬʠʸʹʩʬʹ ̋ ʥʸʮʬ ( ̋ ʥʰʩʣʮʤ y ʠʹʬ ̋ ʩʱʧʩ ʤʴʥʴʶLarssen et al, 1999 ,)
( ʺʥʮʩʩʷʤ ʺʥʰʧʺʤ ʡʥʸ107 ʩʦʥʫʩʸ ʺʥʸʨʰʮ )X,NO 2SO ʭʩʰʩʣʲ ʭʩʷʩʷʬʧ ʺʥʸʨʰʮ ʺʥʧʴʥ ,

(10PM ʥ-2.5PMʥʬʠ ʭʩʮʤʦʮʮ ʤʴʩʹʧʤ ʺʫʸʲʤ ʬʲ ʺʥʹʷʤʬ ʤʩʥʹʲʤ ʤʣʡʥʲ )  (Portnov et 

al, 2009.) 

ʸʴʺʹʤ ʬʠʸʹʩʡ ʸʩʥʥʠʤ ʺʥʫʩʠ ,ʭʩʰʥʸʧʠʤ ʭʩʸʥʹʲʡ ʺʥʩʢʥʬʥʰʫʨ ʺʥʩʥʧʺʴʺʤʮ ʤʠʶʥʺʫ ʤ
( ʺʥʸʩʮʧʮ ʺʥʩʸʥʨʬʥʢʸ ʤʣʥʡʲ ʺʥʨʩʹʥIMEP 2015 ʬʹ ʭʩʩʴʸʢʥʠʩʢ ʭʩʸʥʦʠ ʤʮʫʡ ,ʺʠʦ ʭʲ .)

 ʬʹʡ ʺʩʦʫʸʮ ʤʩʲʡ ʤʥʥʤʮ ʸʩʥʥʠʤ ʭʥʤʩʦ ,)ʤʴʩʧ ʯʩʬʥʴʥʸʨʮʡʥ ʯʣ ʹʥʢʡ ʸʷʩʲʡ( ʤʰʩʣʮʤ
( ʺʸʡʥʢ ʺʩʺʸʥʡʧʺ ʤʲʥʰʺʥ ʺʡʧʸʰ ʺʩʺʩʩʹʲʺ ʺʥʬʩʲʴIMEP 2015.) 
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1. ʺʩʴʩʶʴʱ ʤʸʨʮ   /ʸʷʧʮʤ ʺʩʰʫʺʡ ʤʸʣʢʥʤʹ ʩʴʫ ,ʬʥʣʥʮʤ ʬʹStudy goal 

 ʭʠʺʤʡ ʭʩʬʥʣʥʮʤ ʸʠʹʬ ʤʴʩʹʧʤ ʩʰʥʺʰ ʺʠ ʷʴʱʮʤ ʪʮʥʺ ʬʥʣʥʮ ʠʥʤ ʩʧʫʥʰʤ ʬʥʣʥʮʤ
 ʭʩʰʥʺʰʮ ʸʷʧʮʡ ʺʥʬʬʫʰʤ ʭʩʰʹʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʡʶʮ ̋ ʠ ʪʩʸʲʤʬ ʥʺʸʨʮ .ʤʠʥʬʧʺʤ ʢʥʱʬ

 .ʭʩʩʺʰʹʤ ʺʥʧʥʣʡ ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʩ"ʲ ʭʩʧʥʥʣʮʤ 

ʴʩʶʴʱʤ ʤʸʨʮʤ ʺʥʴʮ ʺʥʰʡʬʥ ʸʷʧʮʤ ʸʥʦʠʡ ʺʥʮʷʥʮʮʤ ʺʥʰʧʺʤ ʺʠ ʺʥʴʮʬ ʠʩʤ ʺʩ
ʠʤʦʮ ʬʫ ʬʹ ʤʩʶʬʥʴʸʨʰʩʭ  .ʬʥʣʥʮʤ ʩʫʸʶ ʩʴʬʥ ʭʩʧʥʥʣʮʤ ʭʩʰʥʺʰ ʩʴ ʬʲ ,ʤʰʹ ʩʴʬ ʣʸʴʰʡ

 ʺʥʮʸ ʺʠ ʺʥʥʹʤʬʥ ʭʩʰʹʤ ʯʩʡ ʭʥʤʩʦ ʺʥʮʸʡ ʭʩʩʥʰʩʹ ʸʧʠ ʡʥʷʲʬ ʠʩʤ ʺʴʱʥʰʤ ʤʸʨʮʤ
ʩʧʥ ʤʸʣʧ ʯʥʢʫ ʭʩʸʧʠ ʭʩʸʥʦʠ ʯʩʡʬ ʤʴʩʧ ʸʥʦʠʡ ʭʥʤʩʦʤ .ʤʴ 

2.  / ʺʥʨʸʥʴʮ ʺʥʨʩʹResearch methods: 
2.1.   ʤʠʶʥʤʥ ʤʬʬʫʤ ʩʠʰʺ ʬʬʥʫ( ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤס Exclusion 

criteria , Eligibility.) 

 ʤʰʹʡ ʺʥʬʩʲʴʤ ,ʺʥʮʩʩʷʤ ʸʥʨʩʰʤ ʺʥʰʧʺ ʬʫ :ʸʥʨʩʰʤ ʺʥʰʧʺ ʬʹ ʤʬʬʫʤʬ ʭʩʰʥʩʸʨʩʸʷ
ʤ ʸʥʦʠʡ ʺʥʮʷʥʮʮʥ ʩʴʩʶʴʱʤ ʭʤʦʮʤ ʺʠ ʺʥʸʨʰʮʤʥ ,ʺʰʧʡʰʤ.)ʩʺʡʸ ʤʴʩʧ( ʸʷʧʮ  ʺʮʩʹʸ

 ʭʩʰʹ ʸʥʡʲ ʺʥʰʧʺʤ2003-2014  :ʠʩʤ 

 

 

:ʺʥʩʬʬʫ :ʺʥʩʺʸʥʡʧʺ 

ʬʮʸʫʤ ʷʸʠʴ ʬ"ʷʷ 
ʭʩʩʧ ʺʩʩʸʷ ʺʩʺʸʥʡʧʺ ʤʦʥʧʠ 

ʯʩʮʩʰʡ ʺʩʩʸʷ ʺʥʠʮʶʲ 

ʯʰʠʹ ʤʥʥʰ  

ʸʹʰ  

ʠʺʠ ʺʩʩʸʷ  

ʺʥʩʴʬʺ ʷʥʹ  

ʯʥʲʡʨ ʺʩʩʸʷ  

ʯʩʷʶʥʮ ʺʩʩʸʷ  

ʷʶʰʩʸʴʹ ʺʩʩʸʷ  

ʯʩʩʨʹʰʩʩʠ  

ʷʩʬʠʩʡ ʺʩʩʸʷ  

ʭʩʣʩʱʧ ʸʴʫ  

ʩʺʴʸʶ ʬʮʸʫ  

ʬʮʲ ʬʺ  

ʤʦʥʧʠ  

ʸʥʣ ʯʡ  

ʭʩʢʥʧ/ʩʦʫʸʮ ʬʮʸʫ  

'ʶ ʭʩʸʲ ʣʥʢʩʠʨʱʥʴ ʷ  

ʭʩ ʺʩʩʸʷ  

ʷʩʸʱʮ ʸʴʫ  
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- ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʩʺʰʹʤ ʧ"ʥʣʡ ʺʥʧʥʥʣʮ ʺʥʰʧʺ 
-  ʺʥʰʥʸʧʠʤ ʭʩʰʹʡ ʷʸ ʭʩʮʤʦʮ ʸʨʰʬ ʥʬʩʧʺʤʹ ʺʥʰʧʺ 

 :ʸʷʧʮʤʮ ʤʠʶʥʤʬ ʭʩʰʥʩʸʨʩʸʷ 

 ʺʥʧʴ ʥʬʲʴʹ ʺʥʰʧʺ( ʺʸʷʧʰʤ ʤʴʥʷʺʤ ʩʶʧʮ2003-2014 ʺʥʸʨʰʮ ʯʰʩʠʥ ʥʬʲʴ ʸʹʠ )
.ʺʥʰʥʸʧʠʤ ʭʩʰʹʡ 

 ʺʥʰʧʺʤ ʸʴʱʮʥ ʸʧʠʮ .ʺʥʩʺʸʥʡʧʺ ʺʥʰʧʺ ʯʩʡʬ ʺʥʩʸʠʰʥʩʶʨʱ ʺʥʰʧʺ ʯʩʡ ʬʣʡʤ ʭʩʩʷ
ʫ( ʯʨʷ ʤʩʤ ʺʥʩʺʸʥʡʧʺʤ-3  ʭʩʰʥʺʰʤ ,ʪʫʩʴʬ .ʣʸʴʰʡ ʯʺʥʠ ʧʺʰʬ ʥʰʬʥʫʩ ʠʬ ,)ʺʥʰʧʺ

ʰʧʺ ʬʬʫ ʬʹ ʺʥʴʮʬ ʥʴʱʥʤ ʺʥʩʺʸʥʡʧʺʤ ʺʥʰʧʺʤʮ.ʸʥʨʩʰʤ ʺʥ 

2.2.   ʤʴʩʹʧʤ ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʸʥʡʲ ʭʩʰʥʺʰʤ ʳʥʱʩʠ ʺʥʴʥʷʺ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ
ʭʩʰʥʹʤ ʭʩʰʺʹʮʤʥ Time frame for health effects and exposures /. 

 ʬʥʣʥʮ ʸʥʡʲ1 ( ʭʩʲʶʥʮʮ ʭʩʰʥʺʰ ʥʧʷʬʰ ,)ʯʨʸʱ(24  ʺʰʹ ʬʹ )ʭʩʩʺʲʹ2003  ʩʺʰʹ ʧ"ʥʣʮ(
ʥʩʡʧ ʺʴʥʷʺ ʬʹʡ )ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹʫ( ʯʨʸʱʤ ʺʬʧʮ ʬʹ ʯ-10  ʸʥʡʲ .)ʭʩʰʹ

 ʭʩʬʥʣʥʮ2-4( ʭʩʲʶʥʮʮ ʭʩʰʥʺʰ ʥʧʷʬʰ ,24  ʺʰʹ ʬʹ )ʭʩʩʺʲʹ2014  ʺʩʣʩʩʮ ʤʡʥʢʺ ʬʹʡ
 ʺʩʩʱʥʬʫʥʠ ʡʸʷʡ ʺʩʣʩʩʮ ʤʡʥʢʺʥ ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʮʸʡ ʤʩʩʬʲʬ ʤʮʨʱʠ ʺʬʧʮ ʬʹ ʺʩʱʧʩ

( ʭʩʩʺʰʹ ʭʩʲʶʥʮʮ ʥʷʣʡʰ ʭʩʬʥʣʥʮʤ ʬʫ ʸʥʡʲ .ʸʩʥʥʠʤ ʭʥʤʩʦ ʺʮʸʡ ʤʩʬʲʬ ʺʥʷʥʰʩʺʤ24 
 :ʭʩʠʡʤ ʭʩʮʤʦʮʤ ʬʹ )ʭʩʩʺʲʹ2SO ,XNO ,10PM ʥ-2.5PM ( ̋ ʩʴʩʶʴʱʤ ʤʰʹʤ ʤʺʥʠ ʬʹ2003 

 ʥʠ2014 ʯʥʢʫ ʭʩʸʧʠ ʭʩʮʤʦʮ .)BTEX , VOCs , ʯʥʦʥʠ,CO  ʸʥʱʧʮ ʬʹʡ ʥʠ ʧʥʺʩʰʡ ʥʬʬʫʰ ʠʬ
 ʸʣʲʤ ʬʹʡ ʥʠ )ʸʷʧʮʤ ʬʹ ʭʩʰʹʡ ʥʬʬʤ ʭʩʸʮʥʧʤ ̋ ʠ ʺʥʷʣʥʡʹ ̋ ʥʣʣʥʡ ʺʥʰʧʺ( ʭʩʰʥʺʰʡ
 ʤʠʥʬʧʺʤ ʩʢʥʱ ʯʩʡʬ ʤʦ ʸʮʥʧʬ ʸʩʥʥʠ ʭʥʤʩʦ ʺʥʮʸʬ ʤʴʩʹʧ ʯʩʡ ʺʩʲʣʮʤ ʺʥʸʴʱʡ ʸʹʷʤ

  .ʸʷʧʮʡʹ 

ʰʹʡ ʭʤʦʮ ʬʫ ʬʹ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʴʮ ʺʩʩʰʡʬ ʺʥʰʥʹ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʨʩʹ ʥʷʣʡʰ ʤ
 ʠʩʤ ʤʸʧʡʰʹ ʤʨʩʹʤ .ʺʩʴʩʶʴʱʤ  IDW .ʸʺʥʩʡ ʤʫʥʮʰʤ ʺʲʶʥʮʮʤ ʺʥʲʨʤ ʤʺʠʸʤʹ

 ʤʬʡʨʡ ʺʥʢʶʥʮ ʺʥʠʶʥʺʤʥ ʣʸʴʰʡ ʤʰʺʹʮ ʬʫ ʸʥʡʲ ʤʺʹʲʰ ʤʠʥʥʹʤʤ6-.'ʫ  ʥʰʡʰ ʺʥʴʮʤ
.ʩʺʡʸ ʤʴʩʧ ʸʥʦʠ ʸʥʡʲ 

 ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʭʩʩʺʰʹ ʺʥʧ"ʥʣ( ʸʥʷʮ ʥʺʥʠʮ ʥʧʷʬʰ ʤʸʣʧʥ ʡʩʡʠ ʬʺ ʸʥʡʲ ʭʩʰʥʺʰ
ʤ ʭʩʸʥʦʠʡ ʪʠ )ʤʡʩʡʱʤ )ʬʮʸʫ ʯʥʸʹʥ ʯʣ ʹʥʢ( ʸʥʦʠʤ ʬʫ ʬʹ ʭʩʩʺʰʹ ʭʩʲʶʥʮʮ ʥʧʷʬʰ ʥʬʬ

    .ʩʺʡʸ ʤʴʩʧ ʸʥʦʠ ʸʥʡʲ ʤʹʲʰʹ ʩʴʫ ʺʥʨʸʥʴʮ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʴʮ ʥʰʡʰ ʠʬʥ 

2.3.   / ʭʩʸʩʡʱʮʤ ʭʩʰʺʹʮʤʥ ʤʴʩʹʧʤ ʩʰʺʹʮ ʬʹ ʺʷʩʥʣʮ ʺʩʬʥʲʴʺ ʤʸʣʢʤ
Operational definition of research variables  . 
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ʡ ʭʩʩʬʠʥʣʩʥʥʩʣʰʩʠ ʭʩʰʺʹʮ ʺʰʹʮ ʭʩʰʥʺʰ ʸʥʡʲ ʸʥʨʩʰ ʺʰʧʺ ʬʹ ʤʮʸ2014  ʺʸʨʮʬ(
 :ʭʤ )ʭʩʰʺʹʮ ʡʸ ʭʩʬʣʥʮ 

  ʩʫʸʲIDW  ʬʹ2SO  ʩʫʸʲ ,ʷ"ʮ/ʢ"ʮʡIDW  ʬʹXNO  ʩʫʸʲ ,ʷ"ʮ/ʢ"ʮʡIDW  ʬʹ

2.5PM  .ʷ"ʮ/ʢ"ʮʡ 

  ʺʰʹʮ ʭʩʰʥʺʰ ʸʥʡʲ2003 ʩʫʸʲ :IDW  ʬʹ2SO  ʩʫʸʲ ,ʡ"ʬʧʡIDW  ʬʹXNO  ,ʡ"ʬʧʡ
 ʩʫʸʲIDW  ʬʹ2.5PM  .ʷ"ʮ/ʢ"ʮʡ 

  ʬʫʡ ʬʫ ʸʥʡʲ ʭʩʣʩʧʠ ʭʩʮʤʦʮ ʬʹ ʤʣʩʣʮ ʺʥʣʧʩʡ ʥʰʹʮʺʹʤ ,ʭʩʩʸʥʠʩʺ ʭʩʴʸʢʤ
.ʷ"ʮ/ʢ"ʮʡ ʯʤʥ ʤʠʥʥʹʤ ʩʫʸʶʬ ʭʩʰʹʤ ʬʫ ʸʥʡʲʥ ʭʩʮʤʦʮʤ 

  ʬʡʩʷ ʭʩʸʥʢʮʤ ʺʡʥʺʫ ʩʴ ʬʲ ʺʩʴʸʢʥʠʩʢ ʤʴʮ ʩʡʢ ʬʲ ʭʷʥʮʮʹ ʸʷʧʮʡ ʭʣʠ ʬʫ
 ʭʤʦʮ ʬʫ ʬʹ ʺʥʢʬʴʺʤʤ ʩʴʬ ʩʴʩʶʴʱ ʭʤʦʮʮ ʸʩʥʥʠ ʭʥʤʩʦ ʬʹ ʩʺʰʹ ʲʶʥʮʮ ʪʸʲ

ʤʴʮ ʩʡʢ ʬʲ  ʤʩʶʬʥʴʸʨʰʩʠ ʺʨʩʹʡ(IDW  .) 

 ʬʹ ʭʩʰʥʺʰ2SO ʥ-XNO  ʸʷʧʮʤ ʺʰʹʮ ʥʧʥʥʣ ʤʡʩʡʱʤ ̋ ʰʢʤʬ ʣʸʹʮʤ ʬʹ ʭʩʩʺʰʹʤ ʺʥʧʥʣʡ
2003  ʺʰʹ ʣʲ2011  ʺʰʹʮʥ ʡ"ʬʧ ʺʥʣʩʧʩʡ2011  ʪʹʮʤʡ ,ʪʫʩʴʬ .ʷ"ʮ/ʢ"ʮ ʺʥʣʩʧʩʡ

 ʯʩʡ ʭʢʩʶʤʬ ʺʰʮ ʬʲ( ʷ"ʮ/ʢ"ʮ ʺʥʣʩʧʩʬ ʡ"ʬʧ ʺʥʣʩʧʩʮ ʥʮʱʸʥʴʹ ʭʩʰʥʺʰʤ ʺʠ ʥʰʸʡʲʤ
ʥʶʡ ʭʩʰʹʤ:ʭʩʠʡʤ ʭʩʲʥʡʷʤ ʭʩʮʣʷʮʤ ʺʸʦʲʡ )ʤʣʩʧʠ ʤʸ1.88   ʸʥʡʲXNO ʥ-2.62  ʸʥʡʲ

2SO. 

2.4.   ,ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʺʠ ʭʩʰʥʺʰʤ ʬʹ ʩʥʱʩʫʤ ʺʣʩʮ( ʭʤʩʺʥʬʡʢʮʥ ʭʩʰʥʺʰʤ ʸʥʷʮ
)ʺʥʰʮʩʤʮʥ ʳʷʥʺ ,ʭʩʸʱʧ ʭʩʰʥʺʰ ʳʷʩʤData sources and limitations / . 

ʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʭʩʩʺʰʹʤ ʺʥʧʥʣʤ ʠʥʤ ʭʩʰʥʺʰʤ ʸʥʷʮ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʴʮ .ʤʡ
ʬʲ ʥʰʡʰ- .ʤʰʹ ʤʺʥʠʡ ʺʥʰʩʮʦ ʥʩʤ ʸʹʠʥ ʩʺʡʸ ʤʴʩʧ ʸʥʦʠʡ ʺʥʠʶʮʰʤ ʸʥʨʩʰ ʺʥʰʧʺ ʩʰʥʺʰ ʩʴ 

 ʥʰʩʣʩʬ ʥʸʱʮʰʹ ʭʩʰʥʺʰ ʯʩʡ ʭʩʩʴʩʶʴʱ ʭʩʰʹʡ ʺʥʰʧʺ ʸʴʱʮʡ ʤʮʠʺʤ ʩʠ ʤʺʴʶʰʥ ʸʧʠʮ
 ʭʩʰʥʺʰʡ ʷʸ ʥʰʹʮʺʹʤ ,ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʺʥʧʥʣʤ ʯʩʡʬ ʤʴʩʧ ʭʩʸʲ ʣʥʢʩʠʮ

ʤʮ ʭʩʩʮʹʸʤ .ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʭʩʩʺʰʹʤ ʺʥʧʥʣ 

 r ʩʲʱʡ ʤʦ ʪʮʱʮʡ ʯʩʥʶ y ʡʫʹ ʩʴʫ2.3 ʬʹ ʭʩʰʥʺʰ ,2SO ,XNO  ʣʸʹʮʤ ʬʹ ʭʩʩʺʰʹʤ ̋ ʥʧʥʣʡ
 ʸʷʧʮʤ ʺʰʹʮ ʥʧʥʥʣ ʤʡʩʡʱʤ ʺʰʢʤʬ2003  ʺʰʹ ʣʲ2011  ʺʰʹʮʥ ʡ"ʬʧ ʺʥʣʩʧʩʡ2011 

ʬ ʡ"ʬʧ ̋ ʥʣʩʧʩʮ ʥʮʱʸʥʴʹ ʭʩʰʥʺʰʤ ̋ ʠ ʥʰʸʡʲʤ ʪʹʮʤʡ ,ʪʫʩʴʬ .ʷ"ʮ/ʢ"ʮ ̋ ʥʣʩʧʩʡ ʺʥʣʩʧʩ
 :ʭʩʠʡʤ ʭʩʲʥʡʷ ʭʩʮʣʷʮ ʺʸʦʲʡ )ʤʣʩʧʠ ʤʸʥʶʡ ʭʩʰʹʤ ʯʩʡ ʭʢʩʶʤʬ ʺʰʮ ʬʲ( ʷ"ʮ/ʢ"ʮ

1.88   ʸʥʡʲXNO ʥ-2.62  ʸʥʡʲ2SO. 

 ʥʰʹʮʺʹʤ ʠʬ ,ʭʩʴʸʢʤ ʺʩʩʰʡ ʪʸʥʶʬ ,ʸʷʧʮʤ ʺʴʥʷʺʡ ʥʣʡʲʹ ʺʥʮʩʩʷʤ ʺʥʰʧʺʤ ʬʫʮ
 .ʨʷʩʥʸʴʡ ̋ ʸʷʧʰʤ ʤʴʥʷʺʤ ʩʶʧʮ ̋ ʥʧʴʥ ̋ ʥʣʣʥʡ ʭʩʰʹ ʥʣʡʲʹ ̋ ʥʰʧʺʤ ʯʺʥʠ ʬʹ ʭʩʰʥʺʰʡ
 ʥʣʡʲʥ ʺʥʰʥʸʧʠʤ ʭʩʰʹʡ ʣʥʡʲʬ ʥʬʩʧʺʤ ʪʠ ʤʴʥʷʺʤ ʡʥʸ ʥʣʡʲ ʠʬʹ ʺʥʰʧʺ ,ʺʠʦ ʭʲ
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ʸʴʱʮ ʨʥʸʩʴ .ʧʥʺʩʰʡ ʥʬʬʫʰ ʯʫ ,ʤʲʥʡʷ ʤʸʥʶʡ  ʺʥʸʠʥʺʮ ʧʥʺʩʰʬ ʺʥʰʩʮʦ ʥʩʤʹ ʺʥʰʧʺʤ
 ʳʸʢʡ6-    .'ʠ 

ʩʰʥʺʰʡ ʸʥʱʧʮ ʬʹʡ 10PM ʥ-2.5PM  ʬʹ ʤʸʡʲʤ ʭʣʷʮʡ ʹʮʺʹʤʬ ʥʰʨʬʧʤ ,ʣʸʴʰʡ0.45  
ʬʹ ɦ ʧʩʤ ̋ ʠ y ʠʺʮʤ 2.5PM ʡ-10PM ʭʩʩʺʰʹ ʭʩʲʶʥʮʮ ʭʩʰʥʺʰ ʬʹ ɦ ʩʱʡ ʬʲ ʡʹʥʧ ʭʣʷʮʤ .

  .ʩʺʡʸ ʤʴʩʧ ʸʥʦʠʡ 

 ʬʹ ʤʣʩʣʮ ʺʥʲʨ ʤʬʧ ,ʤʴʩʧ ʭʩʸʲ ʣʥʢʩʠ ʩ"ʲ ʥʰʬ ʧʥʥʣʹ ʩʴʫXNO  ʸʥʦʠʡ ʺʥʰʧʺ ʩʺʹʡ
 ʺʩʩʸʷ ʺʥʰʧʺ( ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʩʺʰʹʤ ʧʥʣʡ ʧʥʥʩʣʡ ʺʥʲʨʬ ʤʬʩʡʥʤʹ ʤʴʩʧ

 ʺʥʧʴʬ ʬʹ ʤʴʥʷʺʡ ʷʶʰʩʸʴʹ ʺʩʩʸʷʥ ʯʥʲʡʨ2010-2013 ʣʸʹʮʤ ʩʧʮʥʮ ʩʸʡʣ ʩʴ ʬʲ .)
 ʭʩʠʡʰʮʤ ʭʩʩʸʹʴʠʤ ʭʩʫʸʲʤ ,ʤʡʩʡʱʤ ʺʰʢʤʬ ʬʹ ʺʥʣʩʣʮXNO  ʬʲ ʥʡʹʥʧ ʥʬʠ ʺʥʰʧʺʡ

 ʭʩʰʥʺʰ ,ʪʫʩʴʬ .ʤʡʩʡʱʤ ʺʰʢʤʬ ʣʸʹʮʤ ʬʹ ʩʺʴʥʷʺ ʧ"ʥʣʡ ʥʰʷʥʺʥ ʺʥʮʣʥʷʤ ʭʩʰʹʤ ʪʮʱ
 ʬʹXNO  ʭʩʰʹʡ ʥʬʠ ʺʥʰʧʺ2013-2010     .ʩʺʰʹʤ ʧ"ʥʣʤʮ ʠʬʥ ʩʺʴʥʷʺ ʧ"ʥʣʤʮ ʥʧʷʬʰ 

2.5.   /  ʭʩʩʺʥʠʩʸʡʤ ʭʩʠʶʥʺʤ ʬʹ ʺʷʩʥʣʮ ʤʸʣʢʤ Description of health measures 

used in the analysis  
ʩʨʰʥʥʬʸ ʠʬ 

2.6.   / ʭʩʩʸʷʩʲʤ ʭʥʤʩʦʤ ʺʥʸʥʷʮ ʭʥʷʩʮʥ ʸʷʧʮʤ ʸʥʦʠ ʬʹ ʺʨʸʥʴʮ ʤʸʣʢʤ Exposure 

matrices 

 ʺʰʫʥʺ ʬʠ ʸʥʨʩʰʤ ʺʥʰʧʺʮ ʲʣʩʮ ʬʹ ʤʩʶʮʸʥʴʱʰʸʨʤ ʪʩʬʤGIS :ʠʡʤ ʯʴʥʠʡ ʹʧʸʺʤ 
 .ʺʩʴʸʢʥʠʢʤ ʤʴʮʤ ʩʡʢ ʬʲ y ʷʧʮʤ y ʥʦʠʬ ̋ ʥʫʩʥʹʮʤ ̋ ʥʮʩʩʷʤ ̋ ʥʰʧʺʤ ̋ ʠ ʥʰʮʷʩʮ ̋ ʩʹʠʸ
 ʬʫʬ ʲʣʩʮʤ ̋ ʠ ʥʰʫʩʩʹʥ ,ʣʸʴʰʡ ʤʰʹ ʬʫ ʩʴʬʥ ,ʣʸʴʰʡ ʭʤʦʮ ʬʫ y ʥʡʲ ̡ ʣʩʮ ʭʲ ʵʡʥʷ ʥʰʩʰʡ
 ʤʴʮ ʩʡʢ ʬʲ ̋ ʥʮʷʥʮʮʤ ̋ ʥʰʧʺ ̋ ʡʫʩʹ ʤʬʡʷʺʤʹ y ʧʠʬ .ʢ"ʮʮ ̋ ʰʫʥʺʡ ʤʮʠʺʤʡ ʤʰʧʺ

 ̋ ʨʩʹʡ ʤʩʶʬʥʴʸʨʰʩʠ ʺʥʴʮ ʥʰʶʸʤ ,ʭʤʦʮ ʬʫ ʬʹ ʲʣʩʮ ʭʲ ʣʧʩʡIDW  ʬʫʥ ʭʤʦʮ ʬʫ ʸʥʡʲ
ʩʰʥʺʰ ʺʠ ʱʧʩʩʬ ʺʰʮ ʬʲ .ʣʸʴʰʡ ʤʰʹ  ʺʩʩʱʥʬʫʥʠʬ ʺʥʴʮ ʺʥʲʶʮʠʡ ʥʬʡʷʺʤʹ ʭʥʤʩʦʤ

 ʸʷʧʮʤ ʺʩʩʱʥʬʫʥʠ ʺʡʫʹ ʭʲ ʥʣʧʥʠʥ ʭʩʸʥʨʰʥʷ ʬʹ ʤʸʥʶʬ ʥʸʡʲʥʤ ʭʥʤʩʦʤ ʺʥʴʮ ,ʸʷʧʮʤ
 ʩʬʫ ʺʸʦʲʡspatial joint  ʭʥʷʩʮ ʱʩʱʡ ʬʲ ̋ ʥʡʫʹʤ ʬʹ ʤʦ ʣʥʧʩʠʮ ʤʠʶʥʺʫ .ʢ"ʮʮ ʺʰʫʥʺʡ

ʱʤ ʤʰʹʡ ʸʷʧʰʹ ʭʤʦʮʤ ʥʺʥʠ ʬʹ ʪʸʲ ʳʱʥʥʺʤ ʸʷʧʮʡʹ ʭʣʠ ʬʫʬ ,ʩʴʸʢʥʠʩʢ.ʺʩʴʩʶʴ 
:ʭʩʠʡʤ ʭʩʸʥʦʠʤ ʬʫ ʺʠ ʥʬʬʫ ʸʷʧʮʤ ʩʸʥʦʠ 

ʤʹʥʠ ʠʺʠ ʺʩʩʸʷ 

ʬʠ ʺʩʩʬʠʣ-ʬʮʸʫ ʷʩʬʠʩʡ ʺʩʩʸʷ 

ʤʴʩʧ ʯʥʲʡʨ ʺʩʩʸʷ 

ʬʮʸʫ ʺʸʩʨ ʭʩ ʺʩʩʸʷ 

ʸʥʢʩ ʯʩʷʶʥʮ ʺʩʩʸʷ 

ʷʩʬʠʩʡ ʸʴʫ ʩʬʲ ʱʠʸ 

ʩʡʫʮʤ ʸʴʫ ʭʩʱʫʸ 

ʠʩʴʱʥʲ ʸʹʰ 
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3. :ʺʥʨʸʥʴʮ ʺʥʠʶʥʺ 

3.1.   ʭʩʰʥʺʰʤ ʸʥʠʩʺס  ʬʹʥ ʸʷʧʮʡ ʭʩʴʺʺʹʮʤ ʬʹ ʲʷʸ ʺʥʰʥʫʺ ʺʥʸʠʺʮʤ ʺʥʠʬʡʨ
 ʭʩʩʥʬʺʤ ʭʩʰʺʹʮʤ ʺʥʢʬʴʺʤ ʬʹ ʭʢ ʸʥʠʩʺ ʳʩʱʥʤʬ ʹʩ ,ʭʤʬʹ ʤʴʩʹʧʤ ʩʰʩʩʴʠʮ

/ ʤʴʩʹʧʤ ʩʰʺʹʮʥ Descriptive statistics of the research variables  

ʨʡ ʺʥʠʸʬ ʯʺʩʰ ʩʴʩʶʴʱ ʬʥʣʥʮʡ ʭʤʦʮ ʬʫ ʬʹ ʭʩʸʥʠʩʺʤ ʭʩʰʥʺʰʤ ʺʠ ʺʥʩʸʥʠʺʤ ʺʥʠʬʡ
.ʬʥʣʥʮ ʬʫ ʬʹ 

3.2.   )ʺʥʩʬʩʬʹʥ ʺʥʩʡʥʩʧ( ʺʥʠʶʥʺʤ ʬʬʫ ʸʥʠʩʺ/ General description of study results 

 ʳʩʲʱ ʥʠʸ3.2  .ʧ"ʥʣʡ 

3.3.  / ʺʥʢʶʥʮʤ ʺʥʠʶʥʺʤ ʬʹ ʨʸʥʴʮ ʩʬʥʬʩʮ ʸʡʱʤ Discussion of results and 

conclusions 

 ʳʩʲʱ ʥʠʸ3.2 .ʧ"ʥʣʡ 
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ʺʥʰʷʱʮʥ ʭʥʫʩʱ 
 

)ʥʫʩʱʭ  ʵʸʮ ʩʺʰʹʤ ʧ"ʥʣʤ ʩʠʶʮʮ2015 ס  ʸʠʥʸʡʴ2016( 
 
1. ʸʩʥʥʠʤ ʭʥʤʩʦʬ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʯʨʸʱ ʺʥʲʸʠʩʤ ʯʩʡ ʸʹʷʤ 
 

1.1. ʥ ʤʠʩʸʤ ʯʨʸʱ ʩʸʥʲʩʹ-NHL  ,ʩʶʸʠʤ ʲʶʥʮʮʤʮ ʸʺʥʩ ʭʩʤʥʡʢ ʭʰʩʤ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ
 ʧʥʺʩʰʡʹ ʭʩʸʧʠ ʭʩʩʰʨʩʬʥʴʥʸʨʮ ʭʩʸʥʦʠʡ ʯʨʸʱʤ ʩʸʥʲʩʹʬ ʩʣʮʬ ʭʩʮʥʣ ʪʠס  ʯʥʢʫ

ʬʺ-ʤʸʣʧʥ ʡʩʡʠ. 

1.2. ʡ:ʣʧʥʩʮʡ ʭʩʤʥʡʢ ʤʠʩʸʤ ʯʨʸʱ ʩʬʥʧ ʦʥʫʩʸ ʭʩʸʥʦʠ ʩʰʹ  ʺʥʫʥʮʱʤ ʺʥʩʸʷʤʮ ʷʬʧ
ʤʩʩʹʲʺ ʩʸʥʦʠʬ; .ʬʮʸʫʤ ʱʫʸʥ ʯʥʺʧʺʤ ʸʣʤ 

1.3.  ʭʲ ʭʩʣʷʥʮ:ʯʨʸʱ ʩʸʷʮ ʬʹ ʣʧʥʩʮʡ ʤʥʡʢ ʦʥʫʩʸ  ʩʸʥʦʠʬ ʺʥʫʥʮʱʤ ʺʥʩʸʷʤʮ ʷʬʧ
ʤʩʩʹʲʺ; ;ʸʣʤʥ ʬʮʸʫʤ ʦʫʸʮ ʭʥʸʣ-;ʤʴʩʧ ʡʸʲʮ ʭʥʸʣʥ-.ʯʥʲʡʨ ʺʩʩʸʷ ʧʸʦʮ 

1.4.  ʺʥʩʱʥʬʫʥʠ ʡʸʷʡ ʺʸʡʢʥʮ ʤʠʥʬʧʺ ʬʹ ʭʩʣʷʥʮ ʬʩʢ ʣʲ ʭʩʸʡʢʥ ʭʩʹʰ( ʺʥʸʩʲʶ65): 
;ʬʮʸʫʤ ʦʫʸʮ ʭʥʸʣ-;ʯʥʲʡʨ ʺʩʩʸʷ ʧʸʦʮ ʩʸʥʦʠʬ ʺʥʫʥʮʱʤ ʺʥʩʸʷʤʮ ʷʬʧ .ʤʩʩʹʲʺ 

1.5.  ʣʣʮʰʤ ʸʩʥʥʠʤ ʭʥʤʩʦ ʬʹʥ ʤʩʩʹʲʺʬ ʤʡʸʷʤ ʬʹ ʺʩʱʧʩʤ ʭʺʮʥʸʺ ,ʥʰʺʫʸʲʤ ʩʴ ʬʲ
ʯʨʸʱʥ ʤʠʩʸ ʯʨʸʱ ʺʠʥʬʧʺʬNHL   ʤʥʥʤʮ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡʫ-20%22%ס  ʩʥʬʺ(

)ʯʨʸʱʤ ʢʥʱʡ. 

2. ʡʶʮ ʭʺʥʠʩʸʡ ʬʹ ʺʥʷʥʰʩʺ ʭʩʹʰʥ ʯʥʩʸʤʡ ʸʥʦʠʡ ʸʹʷʤʥ ʭʥʤʩʦʬ 
ʸʩʥʥʠʤ 

 
2.1. " ʺʥʣʥʷʰ"ʺʥʮʧ (Hotspots ʭʩʫʥʮʰ ʹʠʸ ʩʴʷʩʤ ʬʹ ) ʬʹ ʭʢʥ ʭʩʫʥʮʰ ʤʣʩʬ ʩʬʷʹʮ

 ʺʥʠʸʰ.ʤʩʩʹʲʺʤ ʸʥʦʠʬ ʭʥʸʣʮʥ ʯʥʴʶʮ  

2.2.  ʯʩʡ ʩʡʥʩʧʥ ʷʤʡʥʮ ʸʹʷ ʠʶʮʰʤʮ ʷʧʸʮʸʥʦʠ ʤ ʳʷʩʤʥ ʯʨʷʥʮ ʤʣʩʬ ʬʷʹʮʥ ʺʥʩʹʲʺ
.ʯʨʷ ʹʠʸ 

2.3. ʬ ʤʴʩʹʧ ʯʩʡ ʷʤʡʥʮ ʸʹʷ ʠʶʮʰ ʠʬ-XNO ʭʩʸʧʠ ʭʩʮʤʦʮʥ  ʣʥʬʩʤ ʬʷʹʮʡ ʤʣʩʸʩ ʯʩʡʥ
.ʣʥʬʩʤ ʹʠʸ ʳʷʩʤʥ 

3.  ʺʥʮʢʮ ʭʥʤʩʦ ʭʲ ʸʹʷʤʥ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺʡ ʭʩʩʥʰʩʹʥ
ʸʩʥʥʠʤ 

 
3.1.  ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʮʺʱʠʤ ʸʥʲʩʹ6-14  ʬʲ ʣʮʥʲ2.2%-3.3%. 

3.2.  ʭʤ ʤʮʺʱʠʤ ʩʸʥʲʩʹ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ2.6% ʡʩʡʠ ʬʺʡ ,2.2%  ʤʸʣʧʡʥ3.3%. 

3.3.  ʦʥʫʩʸ ʭʤʡ ʭʩʸʥʦʠ ʤʹʥʬʹ ʭʰʹʩ ʭʩʣʬʩ:ʣʧʥʩʮʡ ʭʩʤʥʡʢ ʤʮʺʱʠʤ ʩʬʥʧ ʷʬʧ
ʥʫʥʮʱʤ ʺʥʩʸʷʤʮʤʩʩʹʲʺ ʩʸʥʦʠʬ ʺ; ;ʬʮʸʫʤ ʱʫʸʥ ʺʩʺʧʺʤ ʸʩʲʤ  ʺʩʩʸʷ ʡʸʲʮ ʯʥʴʶ

.ʯʥʲʡʨ 

3.4. ʣʣʮʰʤ ʸʩʥʥʠʤ ʭʥʤʩʦ, ʫ ʭʩʥʥʤʮ ʭʩʩʹʠʸ ʭʩʹʩʡʫʬʥ ʺʥʩʹʲʺʬ ʤʡʸʷ-16%  ʦʥʧʠʮ
 ʩʠʬʩʢʡ ʭʩʣʬʩ ʡʸʷʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʤʮʺʱʠ ʺʠʥʬʧʺʬ ʺʸʡʱʥʮʤ ʺʥʰʥʹʤ6-14. 
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4. ʬ"ʤʶʬ ʭʩʱʩʩʢʺʮ ʡʸʷʡ ʤʮʺʱʠ ʺʠʥʬʧʺ 
 

4.1.  ʭʩʩʮʩʫʥʸʨʴʤ ʭʩʬʲʴʮʤ ʭʧʺʮʬ ʤʡʸʷʤ ʯʩʡ ʠʶʮʰ ʷʤʡʥʮ ʸʹʷ ʯʩʡʬʠʥʬʧʺ ʳʣʥʲʤ 
ʡʤʮʺʱʠ .ʬ"ʤʶʬ ʭʩʱʩʩʢʺʮ ʡʸʷʡ 

4.2.  ʩʸʩʶ ʥʠ/ʥ ʤʩʩʹʲʺ ʩʸʥʦʩʠʬ ʺʥʫʩʮʱʡ ʸʺʥʩ ʤʤʥʡʢ ʤʮʺʱʠ ʺʥʧʩʫʹ ʬʹ ʤʮʢʮ ʺʮʩʩʷ
.ʭʩʩʹʠʸ ʭʩʹʩʡʫ 

4.3. ʥʩʶʥʱ ʭʩʰʺʹʮ ʯʩʡ ʸʹʷ ʠʶʮʰ-ʤʮʺʱʠ ʺʠʥʬʧʺʬ ʭʩʩʴʸʢʥʮʣ:  ʤʮʺʱʠ ʺʥʧʩʫʹ
ʵʸʠʡ ʥʣʬʥʰ ʠʬʹ ʤʬʠ ʺʮʥʲʬ ʵʸʠʡ ʥʣʬʥʰʹ ʸʲʥʰ ʩʰʡ ʡʸʷʡ ʸʺʥʩ ʤʤʥʡʢ;   ʯʥʫʩʱ ʭʩʩʷ

ʬʷʹʮ ʺʺʥ ʬʷʹʮ ʳʣʥʲ ʭʲ y ʲʥʰ ʩʰʡ ʡʸʷʡ ʤʮʺʱʠʬ ʸʺʥʩ ʤʥʡʢ;  ʡʶʮʩʬʫʬʫ-ʩʺʸʡʧ 
 ʭʩʰʥʩʬʲ ʤʮʩʹʰ ʩʫʸʣʡ ʺʥʩʢʸʬʠ ʺʥʬʧʮ ʭʲ ʭʩʹʰʠ .ʤʮʺʱʠʬ ʯʥʫʩʱ ʥʰʤ ʪʥʮʰ

ʯʥʫʩʱ ʳʣʥʲ ʩʬʲʡ ʯʫ ʭʢ ʱʩʨʩʨʮʸʣʥ ʤʮʺʱʠ ʺʥʧʺʴʺʤʬ.   
4.4. ʹ ʯʮʺʱʮ ʤʣʥʡʲʤʮ ʺʠ ʺʫʸʲʤʬ ʤʠʥʬʧʺʤ ʯʩʡ ʸʹʷʤ ʭʩʩʺʩʩʹʲʺ ʺʥʸʥʷʮʮ ʤʴʩʹʧ

ʯʺʩʰ ʬʳʥʹʧ  ʭʩʬʣʥʮ ʺʥʲʶʮʠʡʤ.ʭʥʤʩʦʤ ʸʥʷʮʮ ʷʧʸʮʤ ʲʥʡʩʸ ʬʲ ʭʩʱʱʡʺʮ 
 

5. ʸʩʥʥʠʤ ʭʥʤʩʦ ʨʷʴʠ ʬʹ ʩʢʥʬʥʩʡ ʸʥʨʩʰ 
 

5.1. ʬ ʯʥʫʰ-2/2016.ʭʩʰʥʺʰ ʯʩʠ ʯʩʩʣʲ , 

 
6. ʸʩʥʥʠ ʺʥʫʩʠ ʸʥʨʩʰ 
 

6.1.  ʭʥʤʩʦ ʺʮʸʡ ʩʺʥʤʮ ʩʥʰʩʹ ʯʩʠʤ ʤʴʩʧ ʸʥʦʠʡ ʸʩʥʥʠʭʩʰʹʤ ʯʩʡ 2003-2014. 

6.2.  ʺʡʥʨʬ ʭʩʰʹʤ ʪʸʥʠʬ ʸʴʺʹʮ ʠ"ʺʡ ʸʩʥʥʠʤ ʭʥʤʩʦ ʯʩʡʬ ʤʴʩʧʡ ʭʥʤʩʦʤ ʺʮʸ ʯʩʡ ʱʧʩʤ
ʯʥʦʥʠʬ ʨʸʴ( ʤʴʩʧ ʸʥʦʠ 3O.) 

6.3.  ,ʤʴʩʧ ʸʥʦʠʡʹ ʤʦʮ ʪʥʮʰ ʤʸʣʧ ʸʥʦʠʡ ʸʩʥʥʠʤ ʭʥʤʩʦʪʠ ʭʩʰʹʤ ʭʲ  ʸʴʺʹʮ ʱʧʩʤ
( ʤʴʩʧ ʺʡʥʨʬʨʸʴ ʬʯʥʦʥʠ 3O.) 

6.4.  ʺʮʩʩʷ ʤʩʲʡʺʩʺʥʤʮ  ʬʹ ʸʥʱʧʮʡʤ ʺʥʣʥʠ ʭʩʰʥʺʰ ʭʩʸʮʥʧʤ ʭʩʰʢʸʥʠʤʭʩʴʩʣʰ.(VOCs)  
 ʥʰʩʠ ʸʩʥʥʠʡ ʤʬʠ ʭʩʸʮʥʧ ʬʹ ʭʦʥʫʩʸʥ ʸʡʲʡ ʤʴʩʶʸ ʤʸʥʶʡ ʣʣʮʰ ʭʤʭʰʩʠ  ʭʩʣʣʮʰ

ʤʥʥʤʡ ̋ ʥʸʮʬ ,ʭʺʥʡʩʹʧ ̋ ʥʸʮʬʥ , ʺʫʸʲʤ ̋ ʠ y ʹʴʠʮ ʥʰʩʠ ʤʦ ʡʶʮ .ʸʩʥʥʠʡ ʭʺʥʠʶʮʩʤ
.ʤʬʠ ʭʩʸʮʥʧʬ ʤʴʩʹʧʤ 

7.  ʭʥʫʩʱʩʬʬʫ)  :ʭʩʰʹ ʹʮʧ ʪʥʺʮ ʤʰʥʹʠʸ ʤʰʹ2015-2020( 

 

7.1. ʬʺ ʭʩʸʲʬ ʤʠʥʥʹʤʡ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠʡ ʩʺʥʲʮʹʮ ʤʠʥʬʧʺ ʳʣʥʲ ʠʶʮʰ ʠʬ- ʡʩʡʠ
.ʤʸʣʧʥ 

7.2.  ʺʥʩʸʷʤʮ ʷʬʧʡ :ʩʡʷʲ ʯʴʥʠʡ ʺʥʮʧ ʺʥʣʥʷʰ ʸʴʱʮ ʥʠʶʮʰ ʤʴʩʧ ʵʸʴʮ ʸʥʦʠ ʪʥʺʡ
.ʯʥʲʡʨ ʺʩʩʸʷʥ ʬʮʸʫʤ ʱʫʸ ,ʤʩʩʹʲʺʤ ʸʥʦʠʬ ʪʥʮʱ 

7.3.  ʥʠʶʮʰ ʭʩʸʷʧʰʤ ʭʩʬʥʣʥʮʤ ʬʫʡ ʬʹ ʩʴʸʢʥʠʩʢʤ ʭʥʷʩʮʬ ʭʩʩʨʰʨʱʩʱʰʥʷ ʭʩʠʶʮʮ
.ʤʠʥʬʧʺʤ 
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EPIDEMIOLOGICAL MONITORING OF THE HAIFA BAY 
AREA: 2015-2020 

1st Year report 

ABSTRACT 

Background 

Measured air pollution in the Haifa Bay Area (HBA) has been declining in the past 

decades. However, there is still uncertainty whether these positive changes are 

accompanied by significant reduction in morbidity and improve health status of the 

local residents. 

Data of the health status of the Haifa Bay Area (HBA) residents are rarely published and 

the actual epidemiological situation in the HBA is largely unknown. Although there are 

some indications that cancer morbidity in the area has started to drop after the year 

2000, it is unclear whether these changes signify a sustained trend or just temporary 

fluctuations.  

Research Goal and Objectives   

The study aims to determine whether the ongoing reduction in air pollution, observed 

in the recent years in the HBA, resulted in a sustained improvement of the health status 

of its residents.  

Specific objectives of the study are:  

 To determine the geographic patterns and prevalence rates of population 

morbidity in the HBA, relative to the cities of Tel Aviv and Hadera, used in the 

study as comparative baselines;  

 To monitor prospectively annual changes in the geographic patterns of 

population morbidity and morbidity prevalence rates across the HBA relative to 

the ͞baseline͟ cities of Hadera and Tela Aviv;  

 To investigate the strength of association between population morbidity and air 

pollution in the HBA;  

 To trace annual changes in the strength of association between the observed 

population morbidity and air pollution exposure in the HBA.   

Monitoring Approach   

The present health-monitoring project uses existing health monitoring data sources 

that are computerized and readily available. 

The project includes six research subtopics (monitoring modules) and analyses cancer 

incidence, health status of the newborn, children's asthma morbidity, and asthma risk 

among the IDF conscripts. In addition, biological monitoring of air pollution impact will 

be performed. The last module is air quality monitoring section which supporting 
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module for other modules in the project, suppling these modules with relevant air 

pollution information. 

 

Subtopic 1: Cancer incidence in the Haifa Bay area and its association with air pollution 

(Prof. B.A. Portnov (PI; University of Haifa); Prof. B. Reiser; Dr. I. Dattner, Dr. L. Keinan-

Boker, Dr. B. Silverman, Dr. M. Zusman, Dr. Z. Kaufman, Mr. H. Ship, Ms. N. Rybnikova, 

Ms. A. Svechkina, Ms. S. Davarashvili). 

The first module analyses lung and NHL cancer incidence in the Haifa Bay area in 2012 

and its association with air pollution and other environmental attributes and compares 

the incidences rates of the subject cancer types with the incidence rates of these 

cancers in the Tel Aviv and Hadera metropolitan areas. Non-parametric tests and 

multivariate analyses were performed to examine the associations between cancer 

types under study and environmental conditions in the HBA. In addition, geospatial 

analysis was used to identify potential cancer hotspots. 

According to the results of the analysis, age and sex adjusted standardized incidence 

rates of lung and NHL cancers in the HBA in 2012 were higher than the national 

averages but similar to the rates of these cancers in other metropolitan areas under 

comparison (Tel Aviv and Hadera). However, the study detected a number of hotspots 

with elevated cancer incidence rates. These hotspots are located in the Krayot area 

near the industrial zone, around the Carmel ridge, and in the southwestern part of 

Kiryat Tivon. 

According to our estimates, residential proximity to industrial areas and air pollution 

(measured by the existing monitoring network) help to explain up to 20-22% of the 

observed variation of lung and NHL cancer incidence rates (depending on the cancer 

type). The absence of data on air pollution (and/or soil contamination) by volatile and 

semi-volatile organic compounds makes the analysis of the association between these 

types of air pollution with cancer morbidity unfeasible.  

 

Subtopic 2: Health status of the newborn in the Haifa-bay area and its associations with 

air-pollution (Dr. I. Kloog (PI; Ben-Gurion University for the Negev); Prof. B. A. Portnov, 

Prof. J. Schwartz). 

The module analyses the health status of the newborn in the Haifa Bay area (HBA) and 

its association with air pollution and other environmental attributes. The data on 6,614 

newborns were received from the Ministry of Health computerized system, and 5,702 

records were successfully geocoded. Non-parametric tests and multivariate analyses 

were performed to examine the link between the health status of the newborn 

(measured by birth weight and head circumference at birth) and environmental 

conditions in the study area, controlled for several individual level attributes of the 

newborn and their families. In additions, geospatial analysis was performed to identify 

potential hotspots.  

Several hotspots of low birth-weight and head circumference were identified. These 

hotspots are located around the Carmel ridge and in the Krayot, near the industrial 
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zone.  The multivariate regression analysis revealed significant associations between 

the observed health status of the newborn and several environmental variables, 

including proximity to the main thoroughfare roads and proximity to the industrial 

zone.   

 

Subtopic 3: Trends and changes in children's asthma morbidity and its associations with 

air-pollution (Prof. K. Karkabi (PI); O. Steinberg, S. Vinker and Prof. B.A. Portnov) 

This module studied the trends of asthma morbidity in children, based on Clalit health 

services database. Population of 6 to 14 years old children was mapped using GIS tools. 

Asthma incidence was measured either using the diagnosis of asthma by a physician or 

based on the prescription of medications for asthma. The associations between asthma 

morbidity and air pollution were assessed using non-parametric tests and multivariate 

analysis tools. Geospatial analysis was performed to identify potential hotspots. Rates 

of asthma in children in three metropolitan areas (Tel-Aviv, Hadera and the Haifa bay 

area) were also assessed and mutually compared with asthma incidence rates observed 

in the HBA.  

Asthma rates among the study population were estimated to be between 2.2% and 

3.3%. Asthma rates in Hadera were found higher than those in the HBA. The measured 

air pollution and distances to industries and main roads helped to explain up to 26% of 

the asthma cases among children in the Haifa bay area. Geospatial analysis revealed 3 

areas with elevated asthma rates: the Carmel ridge, the lower city, Kiryot and the north-

western part of Kiryat-Tivon. 

 

Subtopic 4: Assessment of the asthma risk among the IDF conscripts (Prof R. Carel (PI); 

Prof. B.A. Portnov, Ms. N. Greenberg, Dr. A. Tiktinski)  

The fourth module assesses the asthma risk among the IDF conscripts in the Haifa Bay 

Area (compared to Tel Aviv and Hadera metropolitan areas). The main objective of the 

module is to identify asthma incidence risk among the IDF recruits who live in the HBA 

and to investigate the association of the observed asthma risks with air pollution to 

which the conscripts were exposed prior to their recruitment. Non-parametric tests 

and multivariate analyses and, in addition, geo-spatial analysis were performed to 

examine this association.  

Results: under review of data safety board of the Israel Defense Forces. 

Subtopic 5: Biological monitoring of air pollution impact (Prof. L. Fireman (PI; University 

of Tel Aviv); Dr. A. Bar-Shai, Dr. G. Eliyahu, Dr. P. Chuwers and Prof. I. Udasin) 

The goal of this study module is to analyze the actual exposure of adults in the HBA 

through biological monitoring of a cohort of residents, represented by students and 

policemen. The study aims to demonstrate the actual levels and chemical composition 

of air pollutants accumulated in the bodies of young, healthy subjects. Helsinki and 

ethics committees have already approved the procedure for this research. The study 

will start in 2016. 
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Subtopic 6: Air quality monitoring (supporting module) (Dr. M. Zusman (PI; University of 

Haifa); Dr. S. Paz, Dr. I. Finero and Mr. Tamir Gadot) 

This module provides support to other study modules: it assembles maps and analyzes 

air pollution in the HBA, using data reported by the local Air Quality Monitoring Stations 

(AQMS). The module summarizes the annual 24h averages of SO2, NOx, PM10, and PM2.5 

air pollutants for individual AQMSs located in the study area.   

According to our results, there were no fundamental changes in average annual 

concentrations of the above mentioned air pollutants during the period of 2003-2014, 

albeit some decrease in the annual concentrations of NOx and SO2 was detected. On 

the overall, the observed levels of the subject air pollutants were found to be lower 

than those in the Greater Tel Aviv area and similar to those in the Hadera metropolitan 

area.  

Relatively to Tel Aviv and Hadera, the measured air pollution levels in the HBA appear 

to have improved over the study span. However, sue to the lack of information on 

volatile organic compounds (VOCs), which are not continuously measured by local 

AQMSs, we were unable to estimate and map concentrations of these pollutants and 

analyze them in conjunction with the observed morbidity patterns.    

 

 

 


