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(1) Geogiadiou q8��xe,� [1]%�3oÆM
V TEC = a1 + a2B

s +

n
∑

i = 1
j = 2i + 1

{ aj cos(ihs) + aj+1 sin(ihs)} + a2n+3B
shs ,Æ�
 V TEC �d�;�4k�
 Bs �Y�ahÆ�=pÆS�^xeÆS��G� hs =

2π

T
(t − 14h) MyXG
 T M�5 24h 
" t �VB�oahÆ�	-��

(2) �>Vm�xe,� [2]%�3oÆM
I(λ, ϕ) = J0 + J1 sin ϕ + (C11 cosλ + S11 sin λ) cos ϕ ,Æ�
 λ � ϕ M(6 – 	VC1s,��V'C1� J0 � J1 � C11 � S11 MVÆm��m��=,�EP(� $�Tx3
Z`G0T���,��

(3) $O }Æ,� [3]
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V TEC =

n
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i=0
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Eik(ϕ − ϕ0)
i(S − S0)

k ,Æ�
 ϕ0 MB\��Æ�	�S�� S0 MB\��Æ (ϕ0, λ0) p=���5�o t0 ��(6�8
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 λ M�r�V^xE7Æ P ′ �	�S�
 tMVB�o�zVB��N�M 4h �B\+L9Pf�G%�
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(4) Klobuchar ,� [4]%�3oÆM

Iz(t) =











A1 + A2 cos

[

2π(t − A3)

A4

]

, |t − A3| < A4/4

A1, t MK$� ,Æ�
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M + α4φ
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βnφn
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(5) ��E-WÆm�xe,� [5]

Ψ(t) = C0 +

n
∑

i=0

(Ci cos(ωit) + Si sin(ωit)) ,

ωi = 2π/Ti .Æ�
 Ψ(t) � t �o��E-W[�m�� C0 ML�}� n M��E[�/��#I�
��i� 5 �#I� 11 � 1 � 0.5 yr s 14.77 � 1 d � Ci s Si �VÆm��OZ� i G#
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 Klobuchar ,���q8m��T�T��Z
yX
�)�pgH	eS�vp�5�-�v
 VTEC �q�[spz	�
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C 3 2004 ; 10 n 13 j:?Q�T�w VTEC �$j0�

C 4 ��Uwi
℄ GPS :xPUI��℄4-!"�}� 2002 ; 11 n 1 j SHFX (wi6q}) t
SHBS (wi�u}) wq���F0�

3.2 IRI _n2O
LT���EP3��P3e���,��v Chiu �Bent�Penn State Mk III �
SLIM � FAIM �
" IRI ,��2O�W	Q(Z,hm�P3e���E,��=,�



� 1 J �{F����F.X?�-�:� 23��pa#p-+WQg� (Committee On Space Research, COSPAR) sa#bw�Qg�
(International Union of Radio Science, URSI) �
w1)p
j 1960 :e
V IRI NB?;f 30  :�=�
�TmF�|�#W�\1� (�v ionosondes �/y�sy{o�Y�1��+p�11�) 3
�1.P3,� [6] �%l�� GqM��,�
Mn�(6	�s	e AP ���mEa��
(��b�Y��Ep	e<T92p-��-�-�	Ævp 50∼2000 km +L6��4&���4Z���4 (O+ �H+ �He+ �NO+ �O+

2 ) Z���4R0��4k��mEa��2OP;���,�� IRI2001 
Z 2003 :&;�j 2000:e

 IRI NB?Y+Wmv�bV��E,� (Global Ionosphere Model, GIM) sK$p-bw�+B���VBAd{n IRI ,�
F/CKN��>�<i�v(�4CC��Ys�\��E�e#	O�,�R0�B 5 �a$�T IRI2001 ,� !�vh	\vp(6	��qs��:�
s4>�
VTEC C�0;�=B3*
��E D E;Lp(6	�4:[s
�5[s� E E|�Fvm8�/�~�����55�-� VTEC ,FvC 5∼10 '
�
� VTEC p(6	�4:�,R:C 2∼3 '�

C 5 �wiwq)7
��rt��;��dt5?� VTEC D�1<M�0i IRI2001 ,� !Ad�W	�
a$,:�(6	�4: (2001∼2003 :) Y�bVVB�|� VTEC^ IRI2001,�
 ��GI
mB 6#���#v
���-�6��EEPP[�	e<T�92+L�B 6 3*
d�-�v IRI ,� !�|� VTECAd^ GPS VBAd ()�M��) �-�iEaGI���Z 8 TECU 
�5�IVB�ev�GI��M 10∼20 TECU �"��:� VTEC ��p 100∼200 TECU �-
Sd�-�v�qM 10 TECU �iEaAG��5�I�e� 10∼15 TECU a-G3*
 IRI2001,�mFW	�^��E-W�Y�&y�bw��rQ|��#v
B 6 J[�(6	�C4: IRI2001 �3s
"p(6	���:�	e<T92p
 IRI ,�mFyN
	(�5� TEC 0;�B 7 J[� 1996 : 10 m�(0�G�I�>% 6 G IGS |vVB���E-W^rI� IRI90  !Ad�,: [7] 
3 1 u�K�O� IRI 
 � TEC ^ GPS  !� TEC �-�GI�
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C 6 �)7
�5; IRI _<�5l� TEC �C��BH
(a) kGb� (b) 1bi�_�

C 7 1996 ; 10 n�)1AH�J7?& 6 H IGS }wWC}� VTEC � 0�_x_
IRI90 !"Be�-; [7]
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Madrid −0.7 1.5

Grasse −0.4 1.8

Matera 0.5 2.3

Brussels 0.2 1.5

Wettzell 1.1 1.7

Onsala 0.3 1.5jB 7 s3 1 m0
 IRI ,�p(6	���: !� VTEC ^�#VB�AG:�
��p 1∼2 TECU 
�O�_�M 20∼30 cm 
,(6	�4:� 10 'AX�i�|���-6bVEa VTEC <:�
��M 10∼20 TECU 
�(6	�4:� VTEC ,(6	���:� VTEC C 10 'AX
Lf
 IRI ,��y�N�p(6	�4:s(6	���:q2v�yz�
>�	d�p 60% Fv�2O
 IRI NB?�i�� GIM �AdMn|
IRI ,��
Ux� IRI ,�J[� TEC Ad��p(6	��qI<mFN
	(� TEC�bV0;�
4 ����CY�{o�XmA�
��E-W��Gy!9�hGh�M�W	�p=hGh�Q|
/C{o�X�N�
�9"s�Gyp���E-W>�,���Z9>�T�"/
��E-W>�,��N�9Y9�8
���9Y<9Ky>�Mf
a$,:zo	,:0i�{oY�mA����E-W>�,�
5G��yO�0|�;L
��E-W>�,�mF0M
 ,����,��|_�,� 3 |���|,���TB{omA (m GPS,

Galileo) �
 ,�
�$|,�JJTBZ`G0���E-W��
�q|,�uLLTB�|��\0i��fD
a$�/90i�a#�i��E IRI ,���#>�	d
5��
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Brief Review of the Ionospheric Delay Models

ZHANG Hong-ping1,2, PING Jin-song1, ZHU Wen-yao1,3, HUANG Cheng1

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China; 3. Key Laboratory of Advanced Engineering

Survey of SBSM, Tongji University, Shanghai 200092, China)

Abstract: Usually, the ionosphere delay models can be sorted as three types—the forecast

model, the real-time model and the post-processing model. Different purpose for the application of

these models is required to choose one that can be used to correct the ionospheric delay efficiently.

Here we compare several ionosphere delay models often used, such as the functional model used

for Wide Area Augmentation System (WAAS)—trigonometric series function, polynomial model,

and low degree spheric harmonics function. The three models are roughly equivalent to each

other in the ionosphere delay correcting for WAAS. The TEC harmonic expansion trend function

can be used to analyze the long-trend variations of the ionosphere. The International Ionosphere

Reference (IRI) model, as an empirical one, can reach 60 percent of the correcting effect. The

Klobuchar model as the GPS broadcast model can also achieve same effect although there are some

shortcomings in the parameters setting. This model will be discussed here and some improving

methods are presented.

Key words: astrometry; ionospheric delay model; review; Klobuchar model; GPS


