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����	�� � ����� ����� 1 ���� ����� ���!� "#$��% "#$��% ���&'� 
��� ����
� 

���( &)(* 
��+ ,��-	. &/�0 �12 3,�4�#�� 52 60�1�� 78�
�� 9�:; � 3<�=0�>� ?
�@�A�.  
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���&C
�� ,��-	�� ���	
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�D��� ,�E#
��� &.�� ��	
� �.�12 
�F�� ,�G H@����� 
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 �����1  

1  ������ ��	
�� ������ �
� �����  

 89�� �:� !"
����;
��� <* =�>?� @A���� ��� B
C'* ����.��� ��DE
:� �0
F�� @A��% G
E�� ��H� 3�����.  

1.1 �	
��� �
���� ��
�  

��� J�K� �:� L� !"
���� �M�N��� �
�	�'� !"
���� �:� OP�Q &'* 3�����1976 RDA S� �:� T�� U�K.� !V�� �
 W9X�� Y�P /D� 
CZ �M"��2� ��"�� B
�[\ B�5,� W]^ ���
��% �
KD_1.  

 M"��2� ��"�� �P�T `
a�"	� �.* h�[A��� &[�?� :  
(1) T(h)  =  Ti  +  Li (h  –  Hi)               K  

c�d:  
(2) Ti  =  T(Hi) 

�Li `
a�"	� $% B
e
[E� M"��2� ��"� O"�� 30 Hi f��:� g &[��� �1.  
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 f��:�1 

 ��
���� ��
� �
��Li 

(K/km) 

 �����
��Hi
  

(km) 

 ������i  

6,5– 0 0 

0,0 11 1 

1,0+ 20 2 

2,8+ 32 3 

0,0 47 4 

2,8– 51 5 

2,0– 71 6 

 85 7 
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 M"��2� ��"� O"�� ��9� 
%�.*0 ≠ Li���
��� �[A��� &[�?� @,#�� �h� � :  

(3) 

i
L

iii

i

i

HhLT

T
PhP

/163.34

)(
)( 









−+
=                hPa  

 M"��2� ��"� O"�� ��9� 
%�.*�0 = Li���
��
� @,#�� &'* W�i 
.Eh� �:  

(4) 






 −−=
i

i

i

T

Hh
PhP

)(163.34
exp)(                hPa 


j 4"k� ���A �.* �
��K�� @,#��� M"��2� ��"� ��9�:  

(5) 
T

P

0

0

28815

1 01325

=

=

.

.

K

hPa

 

 $% <Z� `
a�"	 �TE� �Fd
% "�lkm 85� 3'H� !"��2� 3%
.���� ��m�	� �Ka� �:� �h� � ��9� Vn�.* ���
���
�� 
o�'* J�K� p�� ���
�A�"��q� �K�
��� �	�
�5r���DK% .  

2.1 %��� 
�&'� �()�� �	
��  

���
��
� s��K��
� s�N?� �� $9t T.9� �5,�% �� J�C��� &'* �:� g 7
�� "
u R�+�� ��:  

(6)  ρ(h)  =  ρ0 exp (–h / h0)               g/m3 

 `
a�"
� 3����� U'��� `
a�"� c�d(km 2 =h0)������ ��
]9��� ��9� 4"k� ���A �.* 7
�� "
u $% �:  

(7)  ρ0  =  7.5               g/m3 

v ���
��� �[A��� T��
]Z $% B
e
[E� 7
�� "
wD� 3nm:� @,#�� &'* W�) ��x���� �FE�ITU-R P.453:(  

(8) hPa
hTh

he
7,216

)()(
)(

ρ
=  

y� 7
�� "
u ��
]Z ze
.��{A�"	� |d �`
a�"	� ��m� 
%�.* B
� `
a ��9� !V��@'}� �D�EG�.*  (e(h)/P(h) = 2 × 10-6) .
���
~ &KD� @'}� �D�E �� 4��a?� �&'*k� �
*
a�"	� �.*�.  

3.1 *+���� ,�-�.� /��� ���  

 7
�� "
u 5r ���:� ��+
,�� ��
]Z �N.% �
K��� $9t")�
:� �:� (" g M"�ZV�� @,#��� M"��2� ��"� �
�.N.% $%
�� M�Ka1.1.  

�
�2�
y� �V0 ��
]9�� �N.% ��9� �/0���� {A ���
�C'� B
KD_ �B
D��K� B
�)6 (R%:  

(9)      kmh
0

6=  

2  ������� �	
�� �
�� �
���� �
�	�� 
��  

 �#aw.�� 4���� ��[} �D�.�
�) $% We�°22( ��5,��� ��9� 	 �������F% f
C��A� $9t� �Co% ��  ��d� �E
� �o
�.��� W9�.  
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 M"��2� ��"� &[�?�(K) T `
a�"	� �.* (km) h�[A��� :  
 T(h) = 300.4222 – 6.3533 h + 0.005886 h2 for  0 ≤ h ≤  17 
 T(h) = 194 + (h – 17) 2.533   for 17 ≤ h ≤  47 
 T(h) = 270     for 47 ≤ h ≤  52 
 T(h) = 270 – (h – 52) 3.0714   for 52 ≤ h ≤  80 
 T(h) = 184     for 80 ≤ h ≤ 100 

 @,#�� &[�?��(hPa) P�[A��� :  
 P(h) = 1012.0306 – 109.0338 h + 3.6316 h2 for  0 ≤ h ≤  10 
 P(h) = P10 exp [– 0.147 (h – 10)]  for 10 = h =  72 

 P(h) = P72 exp [– 0.165 (h – 72)]  for 72 = h = 100 

 c�dP10� P72 
j  �.* @,#��10� 72 km������ &'* .  

 7
�� "
u ��
]Z &[�?�(g/m
3
)�[A��� :  

 ρ(h) = 19.6542 exp [– 0.2313 h – 0.1122 h2 + 0.01351 h3 
  – 0.0005923 h4]    for 0 ≤ h ≤ 15 
 ρ(h) = 0      for       h > 15 

3  ���
��� �	
�� �
�� �
�	�� 
��  

��� 4���� ��[} �D�.�
� �[A�) /�°22� °45(7
�X��� L���� g ���
��� ��DE
:� �0
F�� f
C��A� $9t �.  

1.3 0�1�� 2 �34���� 5�!�� 6�37 89��� �:;��  

 M"��2� ��"� &[�?�(K) T `
a�"	� �.* (km) h�[A��� :  
 T(h) = 294.9838 – 5.2159 h + 0.07109 h2 for  0 ≤ h ≤  13 
 T(h) = 215.5     for 13 ≤ h ≤  17 
 T(h) = 215.5 exp [ (h – 17) 0.008128]  for 17 ≤ h ≤  47 
 T(h) = 275     for 47 ≤ h ≤  53 
 T(h) = 275 + {1– exp [ (h – 53) 0.06] } 20 for 53 ≤ h ≤  80 
 T(h) = 175     for 80 ≤ h ≤ 100 

 @,#�� &[�?��(hPa) P�[A��� :  
 P(h) = 1012.8186 – 111.5569 h + 3.8646 h2 for  0 ≤ h ≤  10 
 P(h) = P10 exp [– 0.147 (h – 10)]  for 10 ≤ h ≤  72 

 P(h) = P72 exp [– 0.165 (h – 72)]  for 72 ≤ h ≤ 100 

 c�dP10� P72 �.* @,#�� 
j 10� 72 km������ &'* .  

 7
�� "
u ��
]Z &[�?�(g/m
3
)�[A��� :  

 ρ(h) = 14.3542 exp [– 0.4174 h – 0.02290 h2 + 0.001007 h3] for 0 ≤ h ≤ 10 
 ρ(h) = 0       for       h > 10 
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2.3 %��<�� 2 �34���� 5�!�� 6�37 89��� �:;��  

 M"��2� ��"� &[�?�(K) T `
a�"	� �.* (km) h�[A��� :  
 T(h) = 272.7241 – 3.6217 h – 0.1759 h2 for  0 ≤ h ≤  10 
 T(h) = 218     for 10 ≤ h ≤  33 
 T(h) = 218 + (h – 33) 3.3571   for 33 ≤ h ≤  47 
 T(h) = 265     for 47 ≤ h ≤  53 
 T(h) = 265 – (h – 53) 2.0370   for 53 ≤ h ≤  80 
 T(h) = 210     for 80 ≤ h ≤ 100 

 @,#�� &[�?��(hPa) P�[A��� :  
 P(h) = 1018.8627 – 124.2954 h + 4.8307 h2 for  0 ≤ h ≤  10 
 P(h) = P10 exp [– 0.147 (h – 10)]  for 10 ≤ h ≤  72 
 P(h) = P72 exp [– 0.155 (h – 72)]  for 72 ≤ h ≤ 100 

 c�dP10� P72 �.* @,#�� 
j 10� 72 km������ &'* .  

 7
�� "
u ��
]Z &[�?�(g/m
3
)�[A��� :  

 ρ(h) = 3.4742 exp [– 0.2697 h – 0.03604 h2 + 0.0004489 h3] for 0 ≤ h ≤ 10 
 ρ(h) = 0       for       h > 10 

4  �
��	�� �	
�� �
�� �
�	�� 
��  

 ��a���� 4���� ��[} �D�.�
�) $% &'*�°45 (7
�X��� L��'� ���
��� ��DE
:� �0
F�� f
C��A� $9t.  

1.4 0�1�� 2 �!����� 5�!�� 6�37 89��� �:;��  

�2� ��"� &[�?� M"�(K) T `
a�"	� �.* (km) h�[A��� :  
 T(h) = 286.8374 – 4.7805 h – 0.1402 h2 for  0 ≤ h ≤  10 
 T(h) = 225     for 10 ≤ h ≤  23 
 T(h) = 225 + exp [ (h – 23) 0.008317]  for 23 ≤ h ≤  48 
 T(h) = 277     for 48 ≤ h ≤  53 
 T(h) = 277 – (h – 53) 4.0769   for 53 ≤ h ≤  79 
 T(h) = 171 for 79 ≤ h ≤ 100 

 @,#�� &[�?��(hPa) P�[A��� :  
 P(h) = 1008.0278 – 113.2494 h + 3.9408 h2 for  0 ≤ h ≤  10 
 P(h) = P10 exp [–0.140 (h – 10)]  for 10 ≤ h ≤  72 
 P(h) = P72 exp [–0.165 (h – 72)]  for 72 ≤ h ≤ 100 

 c�dP10� P72 @,#�� 
j  �.*10� 72 km������ &'* .  

 7
�� "
u ��
]Z &[�?�(g/m
3
)�[A��� :  

 ρ(h) = 8.988 exp [– 0.3614 h – 0.005402 h2 – 0.001955 h3] for 0 ≤ h ≤ 15 
 ρ(h) = 0       for       h > 15 
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2.4 %��<�� 2 �!����� 5�!�� 6�37 89��� �:;��  

 M"��2� ��"� &[�?�(K) T�"	� �.*  `
a(km) h�[A��� :  
 T(h) = 257.4345 + 2.3474 h – 1.5479 h2 + 0.08473 h3  for  0   ≤ h ≤  8.5 
 T(h) = 217.5       for  8.5 ≤ h ≤  30 
 T(h) = 217.5 + (h – 30) 2.125     for 30   ≤ h ≤  50 
 T(h) = 260       for 50   ≤ h ≤  54 
 T(h) = 260 – (h – 54) 1.667     for 54   ≤ h ≤ 100 

 @,#�� &[�?��(hPa) P�[A��� :  
 P(h) = 1010.8828 – 122.2411 h + 4.554 h2 for  0 ≤ h ≤  10 
 P(h) = P10 exp [–0.147 (h – 10)]  for 10 ≤ h ≤  72 
 P(h) = P72 exp [–0.150 (h – 72)]  for 72 ≤ h ≤ 100 

 c�dP10� P72 �.* @,#�� 
j 10� 72 km���� &'* ��.  

 7
�� "
u ��
]Z &[�?�(g/m
3
)�[A��� :  

 ρ(h) = 1.2319 exp [0.07481 h – 0.0981 h2 + 0.00281 h3] for 0 ≤ h ≤ 10 
 ρ(h) = 0       for  h > 10 

���������	�
  

BRUSSAARD, G., DAMOSSO, E. and STOLA, L. [October, 1983] Characterisation of the 50-70 GHz 

band for space communications. CSELT Rapporti Tecnici, Vol. XI, 5. 

 ���
�2  

1 ���
�
�� ��
�� ������� 	��!�"� ����	#��� $���
��  

 �� ��D�.�� ���_���� @,#��� M"��2� ��"�� ����C��� ��DE
:� �0
FC'� ���oX�� �
[A���� �D�d353 7
i� g B
�e�% 
 �
A� &'* ;
��� $% �e�a�% ���.A �X* f��_ !����" �x" "
D�� 
o'�>�� � p�� �
Fd
��(1989-1980) . GV0�

 �
�[��� $% �*�C��(DST.STD) ���oX�� �
[A���� &'* !���� ��
�	
� ��������� �	
��	� s�9% =�� �d
�% 
 �.* ��D�.�� ���_���� M"��2� ��"�� @,#'� ����C��� ��DE
:� �0
FC'�UTC 00,00� 12,00 UTC)  3�
��� ��e����

��.�� .( /� ������ ��[�� 1
�r g s�N?� p�� ��DE
:� �0
F�� GV0�0� km 16 M�[\ WZ �'D�� �500��%  . �����
 �
a'% g ��DE
:� �0
FC'� ���oX�� �
[A����ASCII M
C��� <WMO_code>.dat  M�a� c�dWMO M�a� UA� 30 

�CF.C'� B
K�� Re��� ���:� �
x"�� ���
��� ) Y�P f
]%�03496.dat c�d �03496 �[� M�a� 30 WMO �.��� 
Hemsby-in-Norfolk .( f��:� g ;
��� �dk f
]% ����2 . L'% g Re���� �Cn
e ����ASCII)  U�K�� L'% J��w�A
�
 �'�a.�� �
K.�� ��P(CSV)L'�� ��E � ( &C�� !V��dst_std_lst.csv .v� f
�� &'* L'�� �V0 g W>A WZ !��

�
��� :�ND�� =���% ��� `
a�"	� �f�[�� @\ �4���� @\ ��[K�� ��[H� UA� ����:� �
x"�� ���
��� �CF.�� M�a� .
 f��:� g ����3W>��� �Vq f
]% .  

:� �0
F�� J��w�A
� f
C9�A	� 7��� $9t �&�ek� �2� `
a�"	� +�
>�� 
%�.*� �N'�� g M�"���� ������� ��DE
1 .
 ��x���� g M�"���� ����� f
C��A� 3,D.��ITU-R P.4537
�� "
u ��
]9� �K'[% U�e S� ��D�.�� ���_��� ����� � .  
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 f��:�2  

 ,�9��'�� >.9DST.STD – ��'9��� �+�;?@� A�:<�� �4���� B�CD ) �3F�10410(  

YYMMDDHH NL  

99 199 0 33  

Press (hPa) Z (Km) Temp (K) RH (%/100) 

1 016.905 0.00 273.62 0.864E+00 

956.686 0.50 273.33 0.830E+00 

898.555 1.00 271.74 0.754E+00 

844.014 1.50 269.59 0.665E+00 

791.860 2.00 267.15 0.591E+00 

742.661 2.50 264.56 0.518E+00 

696.285 3.00 261.89 0.470E+00 

651.977 3.50 258.94 0.458E+00 

610.086 4.00 255.88 0.448E+00 

570.467 4.50 252.69 0.445E+00 

533.076 5.00 249.33 0.451E+00 

497.767 5.50 245.90 0.453E+00 

464.123 6.00 242.32 0.450E+00 

432.441 6.50 238.75 0.450E+00 

402.414 7.00 235.16 0.443E+00 

374.177 7.50 231.59 0.437E+00 

347.236 8.00 228.12 0.433E+00 

322.281 8.50 224.88 0.427E+00 

298.474 9.00 221.89 0.421E+00 

276.492 9.50 219.27 0.416E+00 

255.527 10.00 217.08 0.411E+00 

236.297 10.50 215.62 0.402E+00 

218.415 11.00 214.79 0.393E+00 

201.366 11.50 214.14 0.348E+00 

186.214 12.00 214.02 0.205E+00 

172.093 12.50 214.24 0.104E+00 

158.709 13.00 214.66 0.368E-01 

146.492 13.50 214.94 0.351E-02 

135.813 14.00 214.88 0.120E-02 

125.690 14.50 214.50 0.117E-02 

116.027 15.00 214.01 0.113E-02 

106.798 15.50 213.56 0.110E-02 

98.291 16.00 213.26 0.107E-02 
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�������� 	�
��:  
YY  = �.���)99��DE
:� �0
FC'� ���oX�� �
[A��C'� (  
MM   = �oX��)1 =  ���
.�2 =  ����<�(......  
DD   = �oX�� J��)99��DE
:� �0
FC'� ���oX�� �
[A��C'� (  
HH   = J���� �*
A) 3�
��� ��e���� ��.��UTC(  
NL   = ����C��� �
����� ��*)NL = 33 W�� $% STD.DST(  

(hPa) Press   =�
��� !�:� @,#��  
(km) Z     =4"k� �[A ��� `
a�"	�  

 (K) Temp   =7��q� M"��d ��"�  
(%100) RH   = ��D�.�� ���_���)������ �D�.�
�(  

 �Fd
��1 –� M"��2� ��"�� �
����� U�e R�� $9t W>�� ; �P� �a��� �.* @,#��.  

 f��:�3  

 �3F� HI ,�D�@!�� 0@DDST_STD_LST.CSV –�@J.�� ��$'@� B�CD   

 ���
��� �CF.�� M�a�
���:� �
x"�� 

�[H� UA�  �'D�� 

4���� @\  
)�
�"��
�(  

f�[�� @\  
)�
�"��
�( 

Asl  

)"
�%k
�(  
10 410 ESSEN DL 51,4 6,967 153 

�� ����1 �  ��	
��� 
������� �	��� ��� ����� �� ��� ����) �!51,4 = 51º24'.(  

  

 ���
�3  

1  ���
�
�� ��
�� ������� 	��!�"� ��%���� $�&���"� ���'
�� $���
��  

 B
K�� �a�9% �7
�� "
u ��
]Z� @,#��� M"��2� ��"�� ����C��� ��DE
:� �0
FC'� ���oX�� �
[A���� 1
�d =��

*
�� �
�[�% �*�C� J��w�A
� �J���� �(ERA 15) ECMWF �e�,�A� p�� �15W�'N��� M�
*� `��X% $% �B
%
*  .

 GV0 �
E
�D�� �*�C��(ESA_STD_PROF) �
[A���� &'* !��v� �
�	
� ��������� �	
��	� s�9% =�� �d
�% 
��"�� �
��� 7��q� @,#� ����C��� ��DE
:� �0
FC'� ���oX�� ��e���� �.* 7
�� "
u ��
]Z� 7��q� M"��d 00,00� 06,00   

�12,00� 18,00 UTC������ &'*  . S� 4"�� 3'H� �[��� f�d RK� 3���% `
a�"� $% ��DE
:� �0
F�� GV0 ��^�
 ���dkm 30 &'* !��v� 4"k� �[A ��� 32 OP�C.�� �
��A $% �K�X% ���A ERA15 .� ������ �
�[���� /  

0� 360 $%� f�[�� @\ g 90+ S� 90– �'D� �E
D�A� ��"�� �4���� @\ g º1,5  ��[\� 4���� ��[\ $% WZ g
f�[�� . /A�.o�� �o�% T��� !V�� �Cn
��� �[K.'� ��d��� �e��� "
��% f
C��A
� �
a'% g �
�[��� R�� �m��

 /�E���9���� /�n
��o9��)4� �
��
� 32���  (�� g 5D9�� �
��E�� ��.(Big-Endian).  

 &C�� ��.�.~� �
a'% g ���:� �
x"�� �C'�% W9� ��DE
:� �0
FC'� ���oX�� �
[A���� �����<param>_<hh>.bin 

 c�dparam  ���:� �
x"k� �C'�% UA� �0)pres  = �
��� 7��q� @,�[hPa] �temp  = 7��q� M"��d ��"�[K] �
vapd =  ��
]Z 7
�� "
u[g/m

3
]� �hh J���� �*
A 30 ) !�00� 06� 12� 18] ��.�� 3�
��� ��e���� .[ ���?��

 &C�� �W�a.% ��.~� L'% g ��DE
:� �0
F�� �
��A �
*
a�"�hght.bin ����C��� ��DE
:� �0
F�� &'* !��v �
�
����� �
*
a�"	 ���oX�� �
[A��C'� . f��:� $C#���4C'� B	
]% /�% �.D� �
E
�D�� M�*
e g �
�[�.  
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 f��:�4  
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[hPa] 

M"��2�  
[K] 
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]Z  
[g/m

3
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668.309 939.255 298.373 9.823 

701.645 935.673 298.125 9.617 

819.406 923.092 296.598 9.302 

1 029.200 900.957 294.292 8.811 

1 312.119 871.693 291.459 8.099 

1 653.510 837.298 288.287 6.992 

2 042.286 799.373 285.107 5.706 

2 470.212 759.191 282.116 4.555 

2 931.283 717.723 279.045 3.641 

3 421.197 675.691 275.934 2.692 

3 937.159 633.633 272.913 1.855 

4 477.475 591.936 269.707 1.286 

5 040.996 550.876 266.183 0.911 

5 627.126 510.656 262.354 0.636 

6 235.769 471.427 258.213 0.428 

6 867.105 433.307 253.687 0.277 

7 521.528 396.390 248.780 0.173 

8 199.571 360.767 243.521 0.103 

8 901.801 326.527 237.971 0.058 

9 629.047 293.764 232.319 0.034 

10 382.883 262.580 226.984 0.019 

11 167.396 233.064 222.845 0.009 

11 990.928 205.263 220.483 0.003 

12 864.380 179.195 219.279 0.001 

13 799.389 154.827 218.154 0.001 

14 812.536 132.043 217.057 0.001 

15 934.765 110.604 216.026 0.000 

17 228.709 90.110 215.674 0.000 

18 821.158 70.037 216.262 0.000 

20 964.607 50.038 219.300 0.000 

24 270.756 30.039 223.166 0.000 

31 430.756 10.320 232.854 0.000 
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