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Abstract By comparing the development of data assimilation in meteorology, Optimal Interpola-

tion (OI) assimilation in one-dimension ionosphere is introduced. OI assimilation is a method that

minimizes error variance of analysis by non-linear least-squares. Based on IGGCAS1D (Institute

of Geology and Geophysics, Chinese Academy of Sciences 1 Dimension) model and Xiamen digital

ionosonde observations, OI assimilation has been validated by simulation experiments. The detailed

information of observations is that, 11:00UT 15 June, 11:00UT 22 July, 11:15UT 31 August, 2009,

respectively. The results show that analysis conforms to observation even if the model background

is far away from it and that OI assimilation is validated. After that, using one of the results from

simulation experiments (11:15UT, 31 August 2009), a residual prediction is introduced. The result
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of residual prediction accords with observation very well. From the difference between prediction

and observation, it can be concluded that the residual prediction is a worthy method to be verified

in future.

Key words Optimal Interpolation (OI) assimilation, Ionosonde, Assimilation experiments,

Residual prediction
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2�?C<@5CDE=FA

" %6-, %0#1�5G�H' (0=)

�*D��0#./ (>B?) 45��4�-+
� [13]. ECI@%J!A7D, �3A>KB+�
��4*>B4 yo * Xb E 'C>64 (D8, �
B9D64 Xt) �5.H', L

Xa = a1Xb + a2yo. (1)

�C, Xa -0=4, Xb ->B4, yo -��4, a1

* a2 -D5F�.

"(�M�H'E*F.5.F� a, Æ�+.
0=4�. 35A"(�C, 0=?�>B?G5A
:+::�HG>H*, 5A:+*;';4 ',

L

Xa = Xb + W [yo − H(Xb)]. (2)

�C, H -���B, W *-:+FI [13−14].

2.1 JÆK�
3"(��C, :+F��5+��. ECI@

:+FI W �&<EFI�:

W = BHT(HBHT + R)−1. (3)

�C, B ->BJGK�G, R -��JGK�G,

H -���B, HT -���BLM.

N= Xa * Xb �HD- n �>>, yo �HD
- m �>>, * W G�4�- n × m �FI. W

�?-H03$>BJGK�G B �O?!)FI
?@.

2.2 NO�P�QPK�
3#158�"(�� %C%IN=)"Æ

M���>JG�)>=�, 7I8J�7JN=.
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OR@� R -%PFI, �%P;��SA-%7
���JG, <%PSA-K, &<I�(EF-

Rij =

{
η × yi

o × yj
o, i = j;

0, i �= j.
(4)

�C, Rij -��JGK�GFI��JSA, i * j

-��N, yi
o -��4, η -L5F�.
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D*4O,  B /POBB�%J50O?�JG
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)
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�C, rij -XN i * j �S , L -� ��B9
DLY>=S , 3LY>=S L Z-P� [12].
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- 40 km.

(4) >BJGK�G
N=>BJG�W",,>BJGK�GL(!

�0-->BJGGJGK�G�3V.
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2.4 \]^_
5A;4"(&#(!!�0-!EMJM0.

(1) ����X,*S$
X,*`$ 2009% 6 a 8b�MJ� �L�
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���cOU (Ne) 
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Fig. 1 Altitude variations of statistical mean electron

densities and errors of electron densities obtained by

Xiamen ionosonde are plotted in the top and lower

panels at about 11:00 UT in July 2009, respectively
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Fig. 2 Errors are plotted against the square of the

corresponding mean electron densities for all the

altitudes obtained by Xiamen ionosonde at

about 11:00 UT in July 2009
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Fig. 3 Comparison of f0F2 and hmF2 between ionosonde observations and IGGCAS1D simulations over Xiamen
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Fig. 4 Observed, modeled, simulation assimilated electron density profile over Xiamen
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Fig. 5 Observed, model, residual predict (15min

prediction by using residual from OI assimilation,

square) electron density profile at about 11:30 UT on 31

August 2009 over Xiamen
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