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GOCE ��*�xtw�� 436 1,2 5.2 1,2 1�� 1 /-0 1

(1. 9am?��Æea~NÆÆe 200030 � 2. 9am?��CV��Æ"J 100039)#��v CHAMP q GRACEy+�GOCE (Gravity Field and Stead-state Ocean Circulation

Explore),XuY (ESA)�Vj<JqQQM%UDy+
	mLq�{u(//+r 200∼80

km �{r<JF.q 1 cm L��o	?K>
,S���Ik<y+�%��HxY�3��Æ8:� GOCE y+�YT�l=I2�D�����	r���=l8�<Shm�8Z_ GOCE �<y+O���`�hm��
r y i�_℄=�<X��T:� GOCE �<J�y+�HS&�p�s�P139 � P312.1 ��� �����A
1 �f��GQ 1998R7_N< EGM 96zq�q;�IE-\|��lt'�8D0;�ITC��-p�8 —— t'x*n�C�<�$�[Sq;�TC�8D� 21(!�UC11 [1] 	Hj;�x*�SL$��b<\�r$�lE�q��<�$�q|�℄n-�	 CHAMP

(Challenging Mini-satellite Payload)�GRACE (Gravity Recovery And Climate Experiment)x*z� GOCE (Gravity Field and Stead-state Ocean Circulation Explore) +�4$��tUi;�x*�Kr5�Hj;�x*�U%X�2�4E�q����W<kq|UI'�BD	&{+R?��Hj;�x*�$��GwbX�2���9� GOCE x*�XS�k<H1�bC������q���<k7�;Rgl�7� GOCE x*�;�x*N���_�glY^�U%��	
2 �=Æz,�&��I�dZ�4Hj�;�x*AR+ CHAMP p GRACE 	}_u 2000 R 7 ��!.B Plesetsk x*$���SL�$�� CHAMP �qk<BUpgl!x*�"11M���lt'�8�� q���2004-06-07 � �u���2004-08-15



� 30 �������_�|�=�E��������� 23 `�D0;�I�TC0^�^r!.2�U=	CHAMPx*+(>�Ui�l SST (Satellite

to Satellite Tracking) �8�x*�K�l�� – � SST E%\�H��℄|�℄|��q
418∼470 km �x*l GPS 80���\(�fpC�,;��$D��	V4RYz�+�:x*\M��?$D��qu^r�l�J[2N�N'6K}�C�thWO�OO2����q( �px*-℄�� CHAMP x*H��,�3��dip\~zg�qe�℄|���#�6��q;�II8H!�py	 CHAMP x*Q�t\|�[0z�n�<\�b7�{�℄x* (GPS x*) ��℄x* (CHAMP x*) � SST N�	Hj�}_9hR�qk<BU7( (GFZ) [N�l CHAMP x*N��E��ez 72 9j��q;�IE- [2] �bn�>J=K�mz�:��t'..*mz 650 km [3] 	~"�℄|�b;�I)m=-+ CHAMP x*�UCAR
Æ�KW��b
~#'��t'..* [4] 	in�l�$D�Z�LN��� Z ?;���# CHAMP x*I}��;�IE-pn�>J=K��~�'1V�q����W�<<k$��6R	Wgl"F� CHAMP x*p\fS+Uj<T(C�dqK+2j�l,'��s� – �GR�8:s�s;�$D��C�	IY"4nnY�q&�<�K��7#Hj�E-I$ph�u:�8�K�pt'..*;���r;�IE-rO ;D [4] 	 CHAMPx*+z�7_zjX (NASA) p}_t'X (DLR) � CHAMPx*�aOeB5� GRACEx*�7u 2002R 3�SL$�	GRACE x*�℄|o5q 89.5◦ �℄|��q 300∼480 km 	K�l SST–ll �8��e $��i�℄|x*zeUC℄|�(i�_ 100∼400 km ��|GR��!+'���	� (x*'�_�-�) qp9C_CDZK;C��lbU9p.,pt~;�$D�	!n��C-0f�,;�i�p\%C��%:N	F\��Rt��i GRACE x*+'�_��b-�p\%K}�C��"UXC�+x*℄|v4p;�IA<�h<�AR(j7M9;�I�-��pluK}}�;�IE-��9v�<�d"�l SST <\p\�6~z�K��7M9;�I�M9;�I� -�	 GRACE x*���4D+ 5 yr �KI~z�PPp�P;�IK�' CHAMP x*�UC<���t'..* (�9M) q 1000∼200 km 	K�k<H1+YMUCjIur�'��q;�IE-�ARgluU\�q��<�dL<ph�<BU�#�8�dL=$pdL�6��[rIl��=	!n� GRACE x*ARluBU;�I� '-��K+Hj '..*Z��;�x*	℄=.�3C�Cl GRACE x*
30 d <\=E�;�Ip\mzj 30 yr x*w�=N���?Nmz�K� [5] 	F~ CHAMP p GRACE x*^r;e�℄|���qiH�;e�℄|��9_�|�vM:��p\E^UC,Kph��K�M9;�IE-�u+K8�'~z�K���9;�I�diT;pN~^UCK}�zq;�IE-pK��zqn�>J=	U�|A� CHAMP x*+Uj<T2�/K�" GRACE x*�YM��K��PP7M9;�I�;�I� -)
 [6] 	�rn�C���q����q��<pdL<��W�<<k�$�^m6R~zI$K�z9��q;�Ip�:�n�>J=)X (U�Rt/3 1 [7]) �q�1V96t�WtX (ESA) B5�Z'�;�x* GOCE �luC�6�t'..*�;�I	



� 1 a �s1�� GOCE y+<�~�hm 31�d 1 ��rn��}o)�gvjn�+�l�
?��m p
�L?M� v)>�LM� v)00,
/cm /mGal /kmV^
s E�yrÆ
_<�<Q 1∼2 100p(E�y P�Z
 1∼2 50∼100�T 1∼2 20∼100
oQ��Y� 1∼2 100∼500
%�g 1 100eNE�yrE&y�\n 0.5∼1.0 100∼200eN? "[� 1∼2 100

0.2 200NZ[� � 0.1 10006> EÆ 1∼5 50∼1006�f-
� 2 100∼1000p
E�? GPS �L 1 100∼1000gW|sAW�g 1 100∼20000[5yk�g � 1∼5 100∼1000M<�^ � 1∼3 100∼1000

3 GOCE z,
3.1 �,��h

GOCE x*�}u 2006 R�!.B Plesetsk $��K; 1200 kg ��lH���OOe=℄|�℄|��q 285 km �℄|o5 96.5◦ ���` 8 C��ARl��~f1 (�i 1I&) 	

j 1 GOCE y+�BSYTg2 [8]
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(1) ;�W�Z (gradiometry)Q(! 70 RrGe�;�W�C��8 (SGG) -(\|�;�W�Z��B�p��2�bK���[U,W�x*;�W��}�!�	N��R�l(BU�;�W�Z�K�[k�`� 1 E (1 E= 10−9/s2) $�z� 10−4 E �u|�Ox;�W�ZK�rom 10−6 E 	;�W�Z�8�h℄p�℄x*�8�$�l��x*;�W�C�D�!l29�	 GOCE x*+(>�Ui�l;�W�C��8�x*�K�;�W�Z�4�x*�6�7( (COM) 9H�K�m 4 ME/Hz �q 3 ���B�$D�ZXS�luC��q;�v�#9x<	F\�q;�I26�;�I�n>t'\ (R/r)n(R q�q\�T� r q�qn>�^UÆ��(�T� n qe�vq&�e�9<) '
=-�"W�5�f�x*;�TC�8 (��� SLR GR) ?C;�I�t'..*	x*;�W�C�?C�+e�v�#9x<���bJ;�TC�8�K�wu�eUx*℄|��b4;�I�)m+n�

n #�"nx*�℄|��T��d"�tnV�r5�;�IG��=-��[�N,8XC;�I6�9�K:P	
(2) GPS/GLONASS 80�
GOCE x*e �l�� – �x*GRx* (SST-hl) �8px*;�W�C��8 (�i 2) 	K�F�^r 1 s �Q*�C�t_p�vLN� GPS/GLONASS 80��lu}�

1 cm K��x*℄|�M7M9�q;�I�℄|.�#l	 GPS/GLONASS 80��x*��:GRN� GOCE x*D0! K}�℄	e �dI*�8��l GPS <\tp�nhD0&CpBU	

j 2 SST-hl q SGG '_j [8]



� 1 a �s1�� GOCE y+<�~�hm 33�
(3) �W�w5�f�℄x*�Ot-0 �5z,�3���nhW��OO\�p�q( ����ni�	�l�W�w5�f�x*Æ	�$D0,;�:N�p\�tnV�� "%,�3��x*�i�	
(4) OON�Y�p?f (v*GRPPw5�f)OON�Y�YM� GOCE x*Df1I6�N��"?fARluGR�qpOO�85�=���x*$^�/"�\��x*D0PPw5	"�Cf1�+ GOCE x*);p��>.	
(5) �\(�f
GOCE x*���UB�Fr�S�\(�f�qip\�l SLR �8|C� GOCEx*p�q C SLR �=�+'�K}_� (K�� ±1∼±2 cm) �7}�K;�x*℄|�w	l GPS/GLONASS 80�}��℄|D0'6�*op#J	 SLR �85zb�=�.<pXC '��5�5r* GPS/GLONASS 80��℄�8� 'pt'..*)=�o*�uquK�l�V4+�℄1x%M�x*v4��}�2�Hj�+x*�℄pb+x*	0℄`�℄�U:�qr$��81�	

3.2 �|��b
(1) C��K�p�t'..*PP;�I —— n�>J=p;�bK�YMZ'�^r�t'=����K��zq;�IE-pn�>J=	t'=�� (�9M) 4m 200∼80

km �Z�pm 65 km �d"ro�6 250 9�q;�IE-p 1 cm K��n�>J=�t';�bKpm 1∼2 magls 	
(2) 18�q��<7Wu�qM>�*"�#�8��qM>�:P��6XS�;�:P-�rI$����=	
(3) K}C�dL�>J=�:sx*C���}�dL�L$\�dL���	
(4) q�3��/�<kYM6l�lu<\�8�d�Ag��\!�;e�V�f+'��8�k"Il�}��/�e4-��qn�C�5�	
(5) dwDd�/<:s�K}S���5=�w��qBU5=-�YMX\	

3.3 �f�!�
GOCE x*+�Ui;�W�x*�K�;�W�ZN,8?Ce�v�#9x<�e�W����I�l��8+G.$D�C��8	IwG.$D�C��W+\[lu*C6� (�$D��) �e�Gq�&XC��d�$D��IXCz�$D�G|
v;�W����DC.�	
GOCE x*C���&��+��lUix*MUC� CU��� (n� 70 cm) �p.$D�Z|C� 3 C|�e,)��e�����C.���C^$D�Z6(+'�t7��;�$D�G.	"UG.(j�e�$D�.��W���e�v�#9x<	-0f�,e�$D� (
�nhW��OO2���) \eQ�)%i�x*MIr$D�Z�u+wvG. ,e�$D�p\���% `�	quU��#�)�Z2℄1��S��";�W�Z
v�<\+��;�W�Z℄1� (�RX>℄|,5℄1�) ��q,Z2��d"6R4;�W�Z℄1�7�<\D
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XI = RIiXi + BI , (1)"��RIi q℄1D�[&�BI q;�W�Z℄1��Æ�Z2℄1�7�℄1.��

XI p Xi .4q6Æ�Z2℄1�p;�W�Z℄1�7�℄1.�	�%t#9x<~
ẌI = RIiẌi + 2ṘIiẊi + R̈IiXi + B̈I . (2)F\U��#�)�

FI = mẌI , (3)

FI �{e��nhW��OO2���n��� FI = F 1
I + F 2

I + F 3
I + . . . ��`e�$D�qsv6�I5�e��

VI =
∂V

∂XI

=
1

m
· F 1

I , (4)b7 F 1
I qe�.�	J4e�$D�pZ2$D�+Gq

fI =
1

m
· (F 2

I + F 3
I + . . .) . (5)4 (3) � (4) %q� (5) %~

VI + fI = RIiẌi + 2ṘIiẊi + R̈IiXi + B̈I . (6)l RiI(RIi �Q-�) U\%�~z[ Cartan -��qu$D��+H;�W�Z℄1?�RY���7n$D��w;�W�Z6(���v4�X;-�di Ẍi = Ẋi = 0 	�
Vi + fi = Ω̇ijXj + ΩikΩkjXj + B̈i . (7)4 Vi ��u;�W�Z�6( O [ Taylor �<�e�nCv�2�~

fi =
[

Ω̇ij + ΩikΩkj − Vij(O)
]

Xj +
[

B̈i − Vi(O)
]

, (8)b7 Vij(O) =
∂Vi

∂Xj

∣

∣

∣

∣

O

�[B̈i − Vi(O)
]+W�Z,e��i��vG. p\���w`K8	�u�C$D�� A �B �F\ (8) %p~

fi(A) − fi(B) =
[

Ω̇ij + ΩikΩkj − Vij(O)
]

· δXj(A, B) . (9)� Lj = δXj(A, B) ��
1

Lj

(fi(B) − fi(A)) = Vij − Ω̇ij − ΩikΩkj , (10)k"p~XC)V�
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1

L







γx2 − γx1 γy2 − γy1 γz2 − γz1

γx4 − γx3 γy4 − γy3 γz4 − γz3

γx6 − γx5 γy6 − γy5 γz6 − γz5






=







Vxx Vxy Vxz

Vyx Vyy Vyz

Vzx Vzy Vzz






+







0 ω̇z −ω̇y

−ω̇z 0 ω̇x

ω̇y −ω̇x 0






+







−ω2
y − ω2

z ωxωy ωxωz

ωyωx −ω2
x − ω2

z ωyωz

ωzωx ωzωy −ω2
x − ω2

y






, (11)b7� L p\K}�
v� γin(i = x, y, z; n = 1, 2, 3, . . . , 6) 3&+mq n �;�ZI,8C�~z�H i ?�e�.�� Vij(i = x, y, z; j = x, y, z) +e�W�.��K+e�v�#9x<�� Vij =

∂2V

∂Xi∂Xj

	 ωi(i = x, y, z) +;�W�Z;D5D�.�	XC)Vs*�z��+qu;�W�Z℄1���uZ2℄1�;D"ee��fRq;D.�	^\���i�i 3 I&	

j 3 GOCE y+�D���j�u9���p\kXC)m7.�^e�W�)m�(J^�K��q;�IE-�q&�<�~z�K��zq;�IE-pn�>J=E-	e�v�q&�e%p3&q [9]

V (r, µ,Λ) =
GM

R

L
∑

l=0

(

R

r

)l+1 m=l
∑

m=−l

k=l
∑

k=−l

KlmFlmk(I)exp [i(kµ + mΛ)] , (12)



� 36 �������_�|�=�E��������� 23 `�%7� r +�(zx*�_�� Λ = Ω − θG � µ +#HÆ5� Flmk +o5h<� I q℄|o5� Klm +v�<� R q�q�\�T� GM +�qe�K<	q (12) %�℄~z
Vzz =

∂2V

∂z2
=

GM

R

L
∑

l=0

(l + 1)(l + 2)

R2

(

R

r

)l+3 l
∑

m=−l

l
∑

k=−l

KlmFlmk(I)exp [i(kµ + mΛ)] . (13)e�p~ Vxx � Vyy � Vxy � Vyz � Vxz ��e%	'6 (12) p (13) �%��p�E^�q;�IE-�q&�<�~zzq;�IE-	~zdA;=EE-t~'K;�I�D"~z��;�I	�l Bruns N%p~n�>J=��"Æ�lQ Stokes N%Wp~z;�bK	
3.4 �Æz'~

GOCE x*H��<\.q 3 ��
(1) ,8C��<\��{x*;�W�ZC�z�<\p GPS/GLONASS 80�~z��$<\	
(2) �lUC '9��ZfA<px*℄|F<|1#;�W�Z�<\�1#�x*X>℄1�� 3 C)��;�W�<\�� '9�Y��#J�;�W�<\� GPS�℄<\�x*PPw5\�℄|<\	
(3) d�E~^�Zz:b	

3.5 �"m	|�%k(���
(1) }�jIur�z9��q;�Ip�K�n�>J=;�I+�q�UC��V2�Kp\(j�qM>��6.<�	�p-�GP�75��q&��b�Ht'���)1�di}��K�z9���q;�I+�qk<��a2��	Hj�zq;�IE-CC�ux*N��+kx*℄|���XC<\7~z�	quN�;\.�x*℄|�,Zo�P-�di42AIr���ix*�GR<\�s�UeÆ$�=�;�C�N�?N~zr3wA>J��q;�IE-	que�I)m�x*��b[N=-�;� (�qe�IG���$";�=-) �d"9;�I0r3;�I�n3:P	
GOCE x*�℄|6��"-!�;�)m�=-	e �K�lG.;�W��8�r$� `�,e�$D��i��!��;�A[)m�+n��;�I��[>.I$B?�:s�r��q;�IE-�p\~zUCz'���K��;�I	in� GOCEx*p\}�W�Z6C℄1?�6�$D�Z+' 3 d �;�-� [10] �~zw!��q;�II$�3�;�IE-	 GOCE x*}��;�I�$�;�I��[>.�b:�

CHAMP p GRACE x*�t��Y��;�I�K��1V�U%<k�;�IK��6t�#�8rN�S���5=���p\�6��-��3�I$K}�Z2xj�f�I$K;�D0x*�℄�}�6l�lu<\�8��V�f	e Kt+}��K�n�>J=�jYp�a	n�>J=+UC8Hd\=��;�v=���u��mq\=rn� 100 m e4	K�/G�`��)>\=�7�'�YM��/�Ag=�"�U\�q6�.<BU�n�C��d\=-�=-�d$�dL�6\�wi�W��h�B



� 1 a �s1�� GOCE y+<�~�hm 37�Up} �)=|A�+,K;R�	 GOCE x*�EP<\�E3C� GOCE x*}��n�>J=K�'�r�R��C���di"4E�qk<�$�q|BD2�-�	
(2) BUdL�$M`\|��8�udLwhyW���"+;\.��AR+�dL�$*+���tL�hy-�E^J}�} 	dL�$��<�UCZ;R)
+dL3=pn�>J=�/G+G�Rq�P�/ (dynamic topography)�K+,8
~b�\dL�$E%pP�<h�I��&)
+U	
GOCEx*p\
~U%dL�t'..*�;�IN��\9:dL;�N��;V	Utr�"%XC:b�dLn�>J=/GWp\� 100∼200 km t'Z�\ 1 cm K�K}}�	qu GOCE x*YM��K��PP�q;�Ipn�>J= (��uqx*C�~z�Jn�>J=) �nx*~mC�p\\eQ�K�C�!�dL=�/G���!�GW+dLPP ��P�/�Kp\,8%D�SdL=�$	�b:sw���p4|�x*C�<\�"C)'Wp\C�zqnZ��b�dL=�$	b�dL=�$(j�dL�>�L$��b��p#P�S	6/%��"+zqhyE-��M`d\=-�D0=-�jY1	K}}�dL=�$�uBUhy�!Z�-�pS�dL����d>6��-i�.;R�"z!t+�=dL�zqhy7[l��CW0dC	in�dL=�$�BU4rCu.�,�2dL��<�L$�\>.p-�>.+'��|X}W��18rW�qE-pdL}C)=�*"	
(3) BU�n��^p�o�}C�$quXC�8p1��5�U%�[���qo^�`s�5�	$F��$�[��o�XS��[U,z�M�8	�qM>�	�-�d;�Ip;�bK(g^|�di*|��q�;�Ip;�bK�WN(J�q�M>py	
GOCE x*q=a\�[YM�pN	dK�<\p\3��^�vE-�#5z`(vBUr'�D���;�bKD�q;�bK�w�q��q;��'6�N3�zq;�E-�k"Il�=-�^P��u:Npn�>J=e4�	} �$�fI�UC'kT+�4EPP�7nH��g�2��E-I
~�<\w

GPSC�~z�/-.<�'6 [4]�"6R*|D�xp�^�;�bK	0r�lGOCEx*I~z�;�ID0(J?p\~z^rVRK�p=���zq;�P�.<	
(4) lubJ)=�BU
GOCE x*���5Fw��zqdL=-���℄�)=�glw GRACE �;�x*�[l�w�0+KY��K��N~zI$J}�:b	
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4 �;�;�{x*;�BU�k<SW+_�n�C�<> GPS +z�tUjBD2�h℄�K;Cq�n�C�<&��-B��4l�bJ�Wk< |�$��qi��8g��;.pBG"UBU)��\.�l GRACE � CHAMP \��4$�� GOCE x*�N��q�_n�C�<�b�Wk<�$�[^V�	3ak\��C)=�1�

(1) +E7u�_Q��N�b�p}b�V9�q�l;�x*�N�5�	
(2) �l;�x*N��V�!�x*;�C�:bw�=;�C�N��e��:s�_�r�;�IE-p�=Æ�;�N��3��_��K�;�I�;��_X>;�IA<	b7�{'3_#;��J�b:7_n'�;�C�t�u�l�2�^r.:�K�p 10′ × 10′ ..*��_X>n�>J=	�A��_�>�u�;�Æ;�ou	>�u+�>;�-�'	>\�	!n�quXC1��5��_*R�updL�;�Æt��di�l"%;�Æ3��;�IK�L\1V�__*pn�C�<$��6t	\.�l GOCE x*;�N�pb3��zq;�IE-�4�n�K��_�;�Ip>J=	
(3) �l�℄;�x*�e�;nQ~�f} �BU	�u�℄;�x*�zq;�I�B?2�.�X>;�IH�-���d�:s!�3��;�IwQ~�f+'��R+'�W��7&�q�f6�;'.<��Rhy�i��k"�;nQ~�fD0} �q�A�����H5�	e{���

[1] Qdk�E�m?Æ 2002, 25(2): 8

[2] #OKÆ/"��ip??!Æ 2002, 27(6): 553

[3] http://op.gfz-potsdam.de/champ/, 2004

[4] H~m�p
E�y
s��?Æ 2002, 22(1): 92

[5] ��Æ{"K�a~?G�Æ 2004, 22(1): 35

[6] 7x��E�m?Æ 2001, 26(3): 3

[7] http://www.esa.int/export/esaLP/ESAJJL1VMOC goce 2.html, 2004

[8] http://www.goce-projektbuero.de/, 2004

[9] Johnny A J, Miguel A M. In: Bruce B ed. The Four Candidate Earth Explorer Core Mission, ESA 1233(1),

The Netherlands: ESA Publications Division, 1999: 13

[10] http://www.esa.int/export/esaLP/ESAYEK1VMOC goce 0.html, 2004



� 1 a �s1�� GOCE y+<�~�hm 39�
GOCE Program and its Applications

LI Ke-hang1,2, PENG Dong-ju1,2, HUANG Cheng1, FENG Chu-gang1

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

School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Current knowledge of the earth’s gravity field, as derived from CHAMP and Grace’s

data, is incomplete, and the determined geoid can not reach the precision required by geophysics

and the subjects related to Earth Science. GOCE (Gravity Field and Stead-state Ocean Circu-

lation Explore), which will be launched by ESA in 2006, is the Earth Explorer Gravity Field and

Steady-State Ocean Circulation Core Mission satellite based on CHAMP and GRACE. It can

determine the geoid with an accuracy of 1 cm and spatial resolution (half wavelength) at length

scales between 200 — 80 km. This paper briefly introduces the current gravity satellites’ devel-

oping status and their limitations. The GOCE satellite’s instruments, its scientific objectives and

surveying principle, the important applications in geophysics field, etc., are discussed in detail in

this paper. Finally, the applications of the data sources which are generated by GOCE and other

gravity satellites are conceived in our country.
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