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 C�!��$�%!�D�����E���F�C�=A?G�HI������F��� �@�J�?
�K!���
HC���%�ก��L!$�CI��M
H!NกK! (16.43 PN  N�F  
102.83 PE) N�F A?G�H�QกR�ก��N���K�
HC�J�?
�K!���L!���%�ก��N�FI��������?�! =�FI�K�C�J�?
�K!���ก�����!����%
L!$�CI��M
H!NกK! ก��I��J�?
�K!���
HC���%�ก��$FI�L!�S�
HC �����F��� �@�J�?
�K!���
HCNHC���H�
(ÅngströmWs turbidity coefficient, β ) >M%L\]
]H�S�����A
]���C����C
HCM�CH����%=L!��!����]HC _̂�����$�กA�` 
(cloudless skies) N�]�!b�c�I��������?�! =ก��
]H�S�>H>d! �����ecH!Db�ก���!���cM] N�F���!����%dQ�CA�f!
]H�S����$�CI��M

H!NกK!   g����cM]?��K� β  ���K�A����%�KH�
A�K�ก��  0.152  0.008  dQ�CH%SKL!Aกeh=
HC���%�ก�����A����������
�K!��� 
$�ก!�D!I��������?�! =�FI�K�C β  ก��
]H�S����!����%dQ�CA�f!�K���%��!A����%�KHAMGH! g����cM]?��K����������?�! =���A\G�HEGH
cM]�KH!
]�C�SC  A�G�H�QกR�ก��N���K����A���L!�H��
?��K� �K������F��� �@�J�?
�K!���
HCNHC���H����K���กL!\K�C
iMSN�]C ( �!���� � ��!���) N�F���K��M�CL!\K�CiMSj! (A�R�%! � ?i�$�ก�%!) 
���	���
": �����F��� �@�J�?
�K!���
HCNHC���H�, �����ecH!Db�ก���!���cM], ���!����% 
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A determination of atmospheric turbidity coefficient from visibility data  
  

 * Sayan  Phokate   
 
 

Abstract 
 

 This research determined the ÅngströmWs turbidity coefficient in Khon Kaen province (16.43 PN and 
102.83 PE) and studied the variation of atmospheric turbidity to find out relation between turbidity and visibility 
in Khon Kaen province. The quantity of atmospheric turbidity was shown in ÅngströmWs turbidity coefficient  
(β ). Values of the β  were determined from direct irradiance calculation, ozone data, precipitable water vapor 
data, and visibility data at the same station in clear skies. The result showed that the average amount of β  
was 0.152  0.008. This indicated the beginning of turbidity. The relation between β  and the monthly average 
visibility was relatively high.  Moreover, the  values of  the  ÅngströmWs turbidity coefficient  were relatively high 
in the dry season (December � March) but were likely to decrease in the wet season (April � November).   
Keywords: ÅngströmWs turbidity coefficient, precipitable water vapor, visibility 
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1. ����� 
        �J�?���%�ก����������CA$GH�!H%SKL!HC�=��FกH�

HC���%�ก��A�f!$b�!�!��ก�b�LI]���!����%L!ก��
�HCAI~!�M�C A�G�H��C��M�CH����%=gK�!���%�ก����%�C
?GD!>�ก$FESกMSMก�G!N�Fก�FA$�C>M%HC�=��FกH��K�C � 

HC���%�ก���b�LI]����A
]���C��M�CH����%=����ก�C   
�!?GD!g��>�ก���K��M�C j��!�FHHC (aerosol) !��A�f!
HC�=��FกH�����b���������g���C��CN�F��CH]H��KH  
����A
]���C��M�CH����%=N�F�b�LI]Aก�M�J�?
�K!���
HC
���%�ก�� j��!�FHHCL!���%�ก�������E�b�LI]Aก�Mก��
�Qกก�KH!
HCg��>�IF �b���%g��I!]�
HC���CกKH��]�C 
!Hก$�ก!�Dj��!�FHHC%�C�KCg�ก�F���KH��
J�?H!���%

HC��F\�\!A!G�HC$�ก��
!�MA�~ก?H���$FA
]��SK�F��
��CAM�!I�%L$�K�!�K�CN�FE�C���HM
HC�!�R%=cM]�b�LI]
Aก�M>��Aก��%�ก���F����CAM�!I�%L$�����DC>��JS��N?] 
I�กcM]���L!�����e��กN�FA�f!A���!�!$FAก�Mก��
�F���b�LI]Aก�M?�CgGMN�FA�f!Ng�L!�HMcM] 
       L!ก��I��K��J�?
�K!���
HC���%�ก�������E�b�
cM]I��%�� ����N�ก�K�Cก�!
QD!H%SKก��
]H�S�?GD!��!�����H%SK
HC
N�K�F�E�!���M >M%�K�!LI�K$FI�$�ก
]H�S�����A
]�
��C��M�CH����%=dQ�C�]HC��D!A��GHC�K�L\]$K�%A�f!$b�!�!��ก  
C�!��$�%!�DA�f!ก��I��K������F��� �@�J�?
�K!���
HC
���%�ก�� (β ) dQ�CN�MC�����e
HCj��!�FHHCL!N!�M��C 
(vertical direction)  ���K�H%SKL!\K�C 0.0-0.5 I�GH��กก�K� 

�b�I������%�ก���ก��$F���K�!]H%ก�K�0.2 (Iqbal, 1983) 
> M % $ F �� � � � � �� � ?� !  = ก� � 
] H �S � �� � ! �� �� % $ � ก
�������?�! =!�D�����E�b�!�%�K� β  $�ก
]H�S����!����%
N�F!b�c�L\]��F>%\!=L!C�!ก����]�CN��$b��HC�b�I���
�b�!�%�J��FJS��H�ก�� (climate model) C�!M]�!ก��
�b���$
]H�S��F%Fcก�>M%L\]M��A��%� (satellite remote 
sensing) A\K! ก��I�ก��ก�F$�%
HC����A
]���C��    
M�CH����%=���?GD!g��>�ก (solar radiation mapping)   
$�กJ�?EK�%M��A��%� N�FC�!�K�C����Aก��%�
]HC�KHc� 
 

2. ���=ก�����
�  
        ก��I������F��� �@�J�?
�K!���
HC���%�ก��      
L!C�!��$�%!�D$FL\]
]H�S�����A
]���C��M�CH����%=dQ�CA�f!

��C����C (direct solar radiation) >M%L\]A��G�HC�GH c?�=A� 
��>H-��A�H�= (Pyrheliometer) ��M����I����%���%A��>!>�%�
��\�C��H���! ���%�A
�
H!NกK! dQ�CA�f!�K�A����%��%��! 
(daily mean) 
HC�
 ?.�. 2550 $�ก!�D!I���!����]HC _̂�
����$�กA�` (cloudless skies)N�F
]H�S�H���!�%����%�
J��?GD!M�!
HC�E�!����$H�ก��$�CI��M
H!NกK!L!
\K�CA���AM�%�ก�! cM]NกK  H�eIJS��  ����\GD!���?�� =         
dQ�C!b���I��K������ecH!Db�ก���!���cM] (Garrison, 1992) 
�����DC
]H�S�>H>d!����FกH�L!ก��I��K������F��� �@
�J�?
�K!���
HC���%�ก�� >M%L\]��ก��
HC Louche et 
al.,(1987)M�C��ก�����  (1) $�ก!�D!!b��K� β  ��I�
� � � � �� � ?� !  = ก� � 
] H �S � �� � ! �� �� % (visibility) $ F c M]
��� ���� ?�!  =��� � �� ��E �b �! �% �J� ?
�K !�� � 
H C
���%�ก��$�ก
]H�S����!����%cM] N�F!b��K����cM]c��QกR�
ก��N���K����A���L!�H��
 

����A
]���C��M�CH����%=A!G�HC$�กHC�=��FกH�
HC
���%�ก��L!�S�
HCก���KCgK�!��C��M�CH����%=I�cM]$�ก 

awgorsc0n τττττIE0.9751I =
 
   
  
           (1) 

>M%���  
nI   A�f!����A
]���C����C
HCM�CH����%=  (W/m2) 

Eo  A�f!���Nก]�K�g�M?��MA!G�HC$�ก�C>�$�
HC>�ก           
scI   A�f!�K��C�������%F (solar constant) A�K�ก��  

1,367   W/m2 (Iqbal, 1983) 
        rτ   A�f!�K������F��� �@ก���KCgK�!��C��M�CH����%=
>M%ก��ก�FA$�C
HC>�A�ก��H�ก�� (transmittance by 
Rayleigh scattering)           
        oτ  A�f!�K������F��� �@ก���KCgK�!��C��M�CH����%=
>M%>H>d! (transmittance by ozone)    
         gτ  A�f!�K������F��� �@ก���KCgK�!��C��M�CH����%=
>M%>�A�ก��ก��dL!H�ก�� (transmittance by unifromly 
mixed gases)   
        wτ  A�f!�K������F��� �@ก���KCgK�!��C��M�CH����%=
>M%cH!Db�L!H�ก��  (transmittance by water vapor)     
        aτ   A�f!�K������F��� �@ก���KCgK�!��C��M�CH����%=
>M%j��!�FHHC   (transmittance by aerosol)    
       �K������F��� �@�K�C � L!��ก����� (1) I�cM]$�กก��
��A���FI=
]H�S�H���!�%����%�%]H!I��C  20  �
 (?.�. 2531- 
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?.�. 2550) A?G�HLI]������A\G�H���!��C�E��� M�C��%�FAH�%M
�KHc�!�D 
2.1 	
���
	�����ก��	��>����
�	=!������?�@A!�ก��
ก�
B������A�B�ก����ก��   
 I�cM]$�ก��ก�� (Louche et al., 1987)        
      ( )[ ]1.01

aa
0.84
ar mm10.0903mexpτ −+−=            (2) 

A�G�H   ma  A�f!���H�ก�� (air mass) ����E�!����$
H�ก��LM � 
2.2 	
���
	�����ก��	��>����
�	=!������?�@A!�A�AC�
 I�cM]$�กN��$b��HC
HC Lacis and Hensen  
(1974)  M�C!�D                    

+
++

−=
2

rr

r
o )m0.000323(m0.04291

m0.02118
{1τ

ℓℓ

ℓ    

             
}

)m(103.61

m0.0658

)m178.6(1

m1.082
3

r

r
0.805

r

r

ℓ

ℓ

ℓ

ℓ

+
+

+
           (3) 

A�G�H   ℓ    A�f!����I!�
HC\�D!>H>d! (vertical ozone 
layer thickness)  L!I!K�%Ad!��A��� 
         mr   A�f!���H�ก��      
2.3 	
���
	�����ก��	��>����
�	=!������?�@���กE�C
F���ก��  
 ก��d�K�!LI�KL!���%�ก�������EMSMก�G!��C��
M�CH����%=cM]�b�LI]��C��M�CH����%=gK�!A
]���%�C?GD!>�ก
�M�C  ����������?�! = (Iqbal , 1983) 

( )26.0
ag m0127.0exp −=τ                    (4) 

2.4 	
���
	�����ก��	��>����
�	=!������?�@A!�H��I��
F���ก��   
 �����e
HCcH!Db�!�%��HกA�f!�����SC
HC
�H���!=
HC!Db�>M%������K�E]�cH!Db�L!�H���!=�����DC��ก
ก��g��>�กก���!���A�f!!Db�I�M dQ�CA��%ก�K������ecH!Db�
ก���!���cM] (precipitable water vapor)  �����F��� �@ก��
�KCgK�!I�cM]$�ก Lacis and Hensen  (1974) 

r
0.6828

r

r
w wm6.385)wm79.034(1

wm2.4959
1τ

++
−=            (5)        

A�G�H   w   A�f!�����ecH!Db�ก���!���cM] L!I!K�%Ad!��A��� 
(Leckner,1978)    
2.5 	
���
	�����ก��	��>����
�	=!������?�@A!�K�L�
�
���F���ก��   
 I�cM]$�ก��ก��  (Iqbal, 1983)  
 

 +−= 0.0162)(0.12445 ατ a    
     )]5123.0089.1(βmexp[)125.0003.1( a +−− αα   (6) 
        ���H�ก��   (air mass)  A�f!��M�K�!
HC����I!�

HC���%�ก�������C����C�KHCgK�! �KH����I!�
HC
���%�ก��A�G�HM�CH����%=H%SK����b�NI!KCAI!GH���RF  
�b�!�ecM]$�ก  (Iqbal, 1983) 









=

0
ra P

P
mm                (7)            

A�G�H     

[ ] 1253.1
zzr )885.93(15.0cosm

−−θ−+θ=         (8) 
>M%���  ma   A�f!���H�ก������E�!����$H�ก��LM �    
          mr   A�f!���H�ก�� 
           P    A�f!����M�!���%�ก�� e �b�NI!KCLM �   
(mbar) 
          P0    A�f!����M�!���%�ก������FM��!Db��FA� 
A�K�ก��  1013.25   mbar 
         

zθ    A�f!���d�!�� (zenith angle) 
      A�G�HN�!�K������F��� �@�K�C � $�ก��ก����� (2)-(8)  
�CL! (1)  N�]�I��K�  β   $FcM]M�C��ก����� (9) 









−

=
BA

C
ln

Dm

1
β

a

                          (9) 

>M%���   

gowrsco

n

ττττI0.9751E

I
A =                                   (10) 

B = 0.1244α � 0.0162                                         (11) 

C = 1.003 � 0.125α                                             (12) 

D = 1.089α + 0.5123                                           (13) 

       >M%��� α A�f!�K����\�D��M
!�M
HCH!�J�����A�f!
HC�=��FกH�
HC���%�ก��A��%�ก������%����G�!L!
�iR��ก��ก�FA$�C��G�!N�KAI�~กc^ _̂� >M%����c�L!ก��

�b�!�e$FL\]�K�  α = 1.3  0.5  dQ�CA�f!�K�A����%�b�I���
���%�ก���ก��>M%�K�!LI�K�����FกH�M]�%H!�J��
!�M
A�~ก (Janjai et al., 2002;  Chaiwiwatworakul and 
Chirarattananon,  2004)     
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3. >�ก�����
�  
       $�กก���b���$��!����]HC _̂�����$�กA�`>M%L\]

]H�S�A�`
HC�
 ?.�.2550  ���$�CI��M
H!NกK! ?��K�
��HM��DC�
�� 18 ��! �K��ก��
]H�S�����A
]���C����C
HC
M�CH����%=  �����ecH!Db�ก���!���cM] N�F����I!�
HC
\�D!>H>d! dQ�CA�f!
]H�S�L!\K�CA���AM�%�ก�! !b���I��K�
�����F��� �@�J�?
�K!���
HC���%�ก������� ���$�%���ก�K��
�� A�G�H!b��K� β  ����b�!�ecM]��I��������?�! =ก���K�
���!����%A����%��%��! $FcM]�K��K� β  �M�CA�G�H�K�      
���!����%��ก
QD! !��!�GH �K����!����%!]H% β  $F���K���ก
N�MC�K ������e����A
]��� C��M�CH����%=��� gK �!
���%�ก���C��%�C?GD!M�!���K�!]H%�C M�C!�D!$FAI~!�K�
N!�>!]�
HC�������?�! =�FI�K�C�K������F��� �@�J�?

�K!���
HC���%�ก�����������?�! =ก�����!����% M�C�S�   
��� 1 >M%�����EA
�%!�������?�! =M�Cก�K��L!�S���ก�� 
empirical M�C!�D 

( ) 0.52590.06(vis)vis0.0022β
2 +−=            (14) 

A�G�H     β     A�f!�K������F��� �@�J�?
�K!���
HC          
NHC���H�  
         vis  A�f!�K����!����%��%��!A����%L!\K�CA���
ก��C��! L!I!K�%ก�>�A��� 
 
 
 
 
 
 
 
 

 

����=M 1   ����������	
��
����������������	�������������
�����������ก���������������� ���!��
��"����ก��#$%�
&�'�������(�����)%����*+�����!�ก&�, �. �.�. 2550  
 

          $�ก�S���� 2  A�G�H!b��������?�! =���cM]$�ก��ก��  
��� (14) ��I��K� β  $�ก
]H�S����!����%dQ�CA�f!�K���%��!
A����%�KHAMGH! $FAI~!�K��K������F��� �@�J�?
�K!���
HC

���%�ก�����K�A����%!N��C���A���L!�H��
>M%$F�� 
�K���กL!\K�CAMGH!�ก����EQC��!���N�F$F�M�C
L!\K�CAMGH!A�R�%!EQCก�!%�%!dQ�C$F���K���b���ML!AMGH!
ก�ก����$�ก!�D!$FA����A?���
QD! $�กก��A���%�A��%�ก��
N���K����A���L!�H��
L!C�!��$�%!�DA��%�ก��C�!��$�%

HC Janjai et al. (2002) N�F C�!��$�%
HC McClatcthey  
(Iqbal, 1983) >M%L\]
]H�S����$�CI��M
H!NกK!L!\K�CA���
AM�%�ก�! g����cM]$�กC�!��$�%���S�N��ก��A����%!N��C
���A���L!�H��
�HM��]HCก�!  �K������F��� �@�J�?  

�K!���
HCNHC���H����cM]$�กC�!��$�%!�D ���������MA��G�H!
������!
HC�K�A����% (Standard  Error of  the Mean) 
A�K�ก��  0.0043  dQ�CN�MCEQC����N�K!%b�L!ก����A���FI= 
!��!�GH\K�C
HC�K� β  �����>Hก��A�f!c�cM]>M%���FM������
!K�A\G�HEGH (95% Confidence level) 
HC�K�A����%�KH�

A�K�ก��  0.152   0.008  
 

 
����=M 2   ������������	������������������������ ก��
&���(�������!��
��"����ก�� �. �.�.2550 !�ก������
��������!� �)3&��) � &�) �ก�������!� ��� Janjai et al. 
(2002) ��� �����!� ��� McClatcthey (Iqbal , 1983) 
 

4. 	���O�
���B	��O�
 
          $�กก���QกR�?��K��J�?
�K!���
HC���%�ก��  
L!$�CI��M
H!NกK!���K�A����%!N��C���A���L!�H��

>M%$F���K���กL!\K�CAMGH! �!����EQC��!���N�MC    
LI]AI~!�K����%�ก��A����$F������
�K!��� >M%A�?�F   
H%K�C%��CL!AMGH!�ก���� �K� β  A�K�ก�� 0.214  0.014  
���K�Aก�!ก�K�Aกeh=���กb�I!MA�~ก!]H%  �GH 0.200  (Iqbal, 
1983)  dQ�CL!\K�C!�DA�f!iMSI!��H�ก��NI]C$QC��j��!�FHHC
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���Aก�M$�ก%�!?�I!FN�Fก��กKH��]�C �̂_Cก�F$�%c�     
�������A�e N�F$F�M�CL!\K�CAMGH!A�R�%!EQCก�!%�%!
dQ�C$F���K���b���ML!AMGH!ก�ก����A�K�ก�� 0.116  

0.005   dQ�CA�f!iMSj!H�ก��������
�K!���!]H% !Db�j!$F
\F�]�Cj��!�FHHCL!H�ก���b�LI]�]HC _̂�N$K�L�$�ก!�D!$F
A�������K�A?���
QD!  >M%���K�A����%�KH�
A�K�ก�� 0.152  

0.008 dQ�CH%SKL!Aกeh=
HC���%�ก��A�������$F
�K!���  �K�
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