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AO7r.Z_Q (ITRF) 4�9E� }�(.,-Æ+*)
(�PT�>�[T$A��[T 200030)��� �5O�}>AQ_� (ITRF) $q_6W�
AQ�9�_0�d�f��-t��Z
7�1!
j'}>AQQ (CTRS) t�%	 ITRF t�%_hW:�wt^��e
&�Z��}>AQ_�tB$Gb��t,`	"M_��x�mtO�}>AQ_� (ITRF2005) t9�_�d�f��-tD�
7�\x�5X 1Jt��	� V 1�O�}>AQ_� (ITRF) � ITRF 9��}pF	�Fg���#~<`B�P128.1 ��� ��*vh�A

1 �6���|=�/�2p>s7�E�^,ms�B4
��{/�6Es2|=6'|=�1Æ�s|=�PP (TRS) d�}�"3|=�PPsgV�|=�P^� (TRF) s/��Es2|= (|U) Ys�P�ÆAQsHj^��&R��s�D^j��� TRF ?.��0Gs�r^I��r�P�s#/p^	�H�dgV^5VÆ�$s|=�PP�0w
TRF �>�_i
g�Y%|=YN"�s:x�/,m� �us�}�/2|=HjYs8( (APE�^NNw) �℄h�P�s:x�e�1g,m�℄�,ms+Hw8|=�PPs#p^5Vgda��N�|=�PP (ITRS) �i&|=�PP (CTRS) �N�|=�Æ(J~o,Q�$�6&R ITRF dF�gV^5VN�|=�PP��4 ITRF s�P�s�.#pL|UYsHBW�(b ITRF g�Ys#pL|UYs|=�P��

CTRS s�$ VSz�6%" [1] ��� x>sn�2010-06-03 � 
Gsn�2010-07-06HX�k�P��JT�z39#z3 (10603011) � 863 
l (2009AA12Z307) �[TuT�	|7;t
(05QMX1462) ��PT�>9#mi`n=U��b� (5120090304)
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(1) CTRS s8��$Lf6|= ( bS�^f2) s{u~o�
(2) CTRS sX��$3)r[��"$S�B=|=^��sX��
(3) CTRS s�
/N�e�B (BIH) 8[sLn7 1984.0 s|=�Æ��G��
(4) CTRS s�
�e�s�, 	[�2|UEf��Æs?~%"�℄h�$Lj�Ysj^�-Xs�j�_igV69T!��4 ITRF "3 ITRS sF�gV�g�YL8�s�$^/�
�e��,s?~Y�6�0�5 	 CTRS s�$�RC/2HB;�sXy� ITRF s�$^gV9�vs℄��d��h��|=�P^�s#p^5V8gd�fs+_�(b8�)1M�sG
��� GPS � VLBI � SLRw[��{�B;�s�4�|UE�^�2p>,ms�B�
h��
Y���S�Y��|=�P^�sA#rL)u� ITRF dL�$^gVs9�vw�%�Y��|=�P^�sA#Fa��s+_�(b�%;^0I ITRF s9�vw�Q3m4|�2s��
�Z� [2,3] �'>��lsN�|=�P^� ITRF2005 s8�^�
�e��,sC��6u!L^����[w�4W�0Is���

2 ITRF u:�
2.1 5p-Y^P (TRF) 2�8 [5−9]&I|=�P^� (TRF) s8�0W�B��

(1) f6|= ( bf2�S�^�|�) s{u~o (CM)� CM &I."=q�r�^q��r�s#/8��L!=�P�^|=�P�Æq~.s�s���L TRF s#/W23�
XCM(t) =

∫ ∫ ∫

Xi(t)dmi
∫ ∫ ∫

dmi

=

∫ ∫ ∫

Xi(t)dmi

M
, (1)m~ M 3f6|=s�{u�}!s�f6|=�

(2)E�|=s{u~o (CE)��&ILj�|=Hj~.2�
E�|=�r�t,�U,℄	$�w��L TRF s#/W23�
XCE(t) =

∫ ∫ ∫

Xi(t)dmi
∫ ∫ ∫

dmi

=

∫ ∫ ∫

Xi(t)dmi

ME
, (2)m~ ME 3E�|=s{u�}!s�f6E�|=�

(3) E�|=,Ust�~o (CF) �j�YW�$3�[�2 CF �f6E�|=2�s	�H3}�4|=s{u!;Eo*sGP��&I.2|�sf|Bu^t,Bu�s|=Hj��^f|Bu��Æ*.s|=�P^���L TRF s#/W23�
XCF(t) =

∫ ∫ ∫

Xi(t)dDi
∫ ∫ ∫

dDi

=

∫ ∫ ∫

Xi(t)dDi

DE
, (3)m~ DE 3E�|=s2�}�}!s�f6E�|=s2��3wgV^5V% TRF s8�B3 CM � CE w CF �R{
� XCM(t) � XCE(t) w

XCF(t) = (0, 0, 0)T �� CM�CE�.m (1)�(2)dgVs�Ia�s�℄954{u0G�
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x�O�}>AQ_� (ITRF) t9�_Fg��� 323��8_�ssf6|= (
lp,) �[L� CM W&R=q�r�s��dgV� CM �s|==qL/�Æs�r�~o� SLR w=qBu�{s�D^j��&Is���rB|���L=qMqG�~.s|=)rH�rs 3 6�+P�3} (C10 = C11 = S11 = 0) �℄�A
j�1$Y� SLR 0s8��$pw{o��� CF .m (3) dgVA��ir��UQLE�|=2��LD|;`�C�sBW�/℄hBW�Qs���A�)[|h2E�|=2�����st�~oA�)[|h2E�|=2�st�~o��5|'�4 ITRF /s~o (CN) 4 CF 0��sE3�9D Wu wM 2002 !s
� [6] �E= SLR /s~o CN 4 CF �sE�5 1 mm u����LE=)��s IGS /�Æ� CN 4 CF �sE��gr��(bL�4sHB;�S�W� ITRF /s CN :�OQs CF �m (3) s}!AW:�.�^h �
XCF(t) =

∫ ∫ ∫

X i(t)dDi

DE

∼=

N
∑

i=1

Xi(t)

N
, (4)m~�^~s X i(t) �3BWs#/� N 3W��

2.2 d$5p-Y^P|=�P^�"3|=�PPsF�gV�0t���gr����P3�r�|=�P^��s?.L|=MqE�s=q:x"3�P�d�}s|=�P��&Ik.2=qoXP(w=qfeB4w�℄�|=�P�s8�*/�$Lf6|= ( bE�^��P() s{u~o (CM) �� CM ^��y�Ws:xW23�
XCM(t) = XCM(t0) + V CM(t − t0) +

∑

R

∆XCM
R (t) , (5)m~� XCM(t0) 3Ln7 t0(t0 = 2000.0) s#/� V CM 3Yw	�� ∑

R

∆XCM
R (t) 3y�W:xs7��YwE�� b�E�N�SN�~N�f2�S��NN�|2�w{u,I�4,fs|Urk�|`w����P3E��|=�P^��s?.E�L|UYsy�Ws:x"3�P�d�}s|=�P���P3#pL|UYs|=�P� (Crust-based TRF) �&I.2|�sf|Bu^t,Bu�℄�����s/:��w\f|Bu/t�dB��
1$Y'�℄�|=�P�s8�*/sE�|=2� (|U) st�~o (CF) �CF Wj03�[�2��f6E�|=2�s	�H3}�� CF ^��y�Ws:xW23�

XCF(t) = XCF(t0) + V CF(t − t0) +
∑

R

∆XCF
R (t) , (6)Ym XCF(t0) wuLL CF ^�~�$��4s ITRF ?.ssf\ [1] �9D IERS Convention (2003), ITRF *P�3 CF s|=�P^��80 XCM(t) = XCF(t) +XG(t) �XG(t) 3|osE� (geocenter motion) ��

ITRF "3 ITRS sF�gV�j*%/8��$3|=s{o�℄AtQw ITRF 8�s�$^gVs9�v�
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2.3 ITRF2005 �8N,w CF ��,w CM3w�g ITRF 8�Y}�$^gV9�vÆgdss+_�LA# ITRF e�s%8l ITRF s0Rp SLR 0Y (OTsRp SLR �GPS ^ DORIS 0s�D)LY) �U�ls ITRF2005 sA#~�/8��$3�Ln7 2000.0 eY ITRF2005 4N� SLR (J
(ILRS ) s SLR 0s)����/	�3} [2,3] �/b"k ITRF2005 s8�Ln7 2000.04|={o (/ ILRS 0r) �b��8/8�sYw	�4 ILRS "V�v�/2 SLR 0s8�s CM, ITRF2005 s8��h�As CM �g�YF6�Ub�S�!L ITRF20058�sw{ [2,4] �%|oE�!0Q�

XG(t) = XG(t0) + V G(t − t0) +
∑

R

∆XG
R , (7)m~� XG(t0) 3Ln7 t0 eY CF [�2 CM s#/� V G 3|oE�sYw	�a (�J,a) � ∑

R

∆XG
R(t) 3|os
,ww4(,m�/bWr�



















XCM(t0) = XCF(t0) + XG(t0)

V CM = V CF + V G (8)
∑

R

∆XCM
R (t) =

∑

R

∆XCF
R (t) +

∑

R

∆XG
R(t) .

ITRF2005 s8��$3�Ln7 2000.0 eY ITRF2005 4 ILRS s SLR e�|z�s)����/	�3}�℄"9� ITRF2005 0�=R[�2 ILRS 0s�6 14 ��s HelmertÆqf [1] �*0� XITRF2005(t0) = XCM(t0), V ITRF2005 = V CM �℄2� ITRF2005 s8�Ln7 2000.0 3|=s{o��8 Vw|oE�Ywa�j69 V|oE�s�YwE��(b� ITRF2005 s8�Æ9s CM ��9s CF � ITRF2005 8�� CF ^ CM n�sGPW
) 1 O[�) 1 8[ssL CM � CF ^ ITRF2005 ^�~BWsW#/|zsn")�/~ CF 4 CM n�sEAs|oE��CF4 ITRF2005n�sEs|oE�vJ,,m� ITRF20054 CM n�sEs|oE�~s
,ww4(,m� ITRF2005W"3 CM^��.d
�|=s7�J,t,��9�.d
�
,ww4(,m�
* 1 �M CM � CF _ ITRF2005 _��CXtX$0}{o#*�4L#p ITRF �b0e��W#/e�|z?. 14 ��sÆq���#/ju^	�just6 H t 7 ��Æq�g�Y550Iwm (8) ~4tm���00Im
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(8) s�Wm�� ∑

R

∆XG
R(t) is|oE�s�a ( S,) �(b�4 ITRF <"�#p

ITRF �b0s���6�0_i0I CF ^�p CM ^�sÆqC��℄�s ILRS 0s8� (|=s{o) [�2 ITRF2005 8�s,m|z[V �!E�3�s4(,ms8( ( ) 2) �

* 2 ILRS 1t9� (�}>|p) _Y
\�3 ITRF2005 t-n [4]U�� ITRF2005 s8��5�$L CM Y�Rz�L ITRF2005 �Y ∑

R

∆XG
R(t) ℄�a�℄eBWsW#/W23�

X(t) = XITRF 2005(t0) + V ITRF 2005(t − t0) +
∑

R

∆X ITRF 2005
R (t) +

∑

R

∆XG
R(t) , (9)(b� ∑

R

∆XG
R(t) AQ30I ITRF 8��$^gV9�vsG!C��

2.4 5	�:25p�aI!CeJ|oE� (geocenter motion) s|=Hj{ys�mf6|= ( bE�^��) 9x,r".S� CM s:x%L[�"VE��/2|=��{us:��ov��|={u~oE��3kf6|={u~os:x"VE��9DYw�uwes8j�{&RE�|={u~o CE [�2 CM s�
E�d8L�UIE�LE�|=2�sBW%x℄6�
E�sl'�/℄hBW�Qsf|Bu/ (�|=�P^�) [�2 CM �%Fa[*s)��℄As|oE� (CF [�2 CM) sy'8j�|oE�"3�6|={u)dGPsFHs'e�.LE�|=2�sf|Bu//2��,℄sK!;�%Fat,�(b|=2�{usK!;s'�RT� t6-E9's�mLf|Bu/~2e[d��s4{u)d0Gs|os:���s/2,℄)1sE�|=st,�UQE�|=-Es�63��RE�|=2�9�at,�CF4 CE�b�mE�|=s6kw��"3���{u,℄s_*�E�|=2�%Fat,�/�+t,ov CF [�2 CE sE��` X
(CE,CF)
CM (t) 3 t e CE^ CF [�2 CM s:xju��
�m3 [9] �

X
(CE,CF)
CM (t) = −

(

1 + k
(CE,CF)
1

) ρs

ρE







T C
11

T S
11

T C
10






, (10)
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1 = 0, kCF

1 = −(hCE
1 + 2lCE

1 ), hCE
1 , lCE

1 3L CE ^�~s�+{u,℄	$�� ρs3S�s��� ρE 3|=s)L��� (T C
11, T S

11, T C
10)

T 3|2,I��s�+=kP� [9] �m (10) ~% hCE
1 , lCE

1 sphV kCF
1 �Wr kCF

1 ≈ 0.021 �/bWOp CF [�2
CE sE�s�Igs�53[�2 CM s 2% ��4\��B�I�){
"���|��6�:st,�fr��
|=Hj{yO�|osE�[VJ,E�s9fW�s�j
d!p�d!se�X��/4,f|Urk�*2|=2�s4�Rm�S)�s,m�|&��w)1sJ�,,m�%RVJ,,msAr��4�℄h|oE�vJ,,ms�B^D�Os9G�s�9D Argus wM [18] D��℄h(��b+_sJ,,ms	�9MR 0.3 mm/a, Greff-Lefftz [19] D�3 0.2∼0.5 mm/a �|oE�s��,,m b� (1) E�N�SN^~N)1s�P^�P�,,m�a%?3
2 mm u���;G�rm� (2) f2 ��|�^S��NNw{u,I)1s
,w,m����,s!^�!��!a%?3 2∼4 mm u���!a%? 1 mm u� ( 2
1) �W |oE�s�a*s�!E��+ 1 ?`6q�b�{�o6
�;~?Ik|z � x v � �so �7_k��F�O�TO`�O �Q`�Q�. b&A4 2 mm �<H�so �sv<Æ5ID<Æ℄n}v-Jv�-x.o #`�#�. #b& 2∼4 mm jN9v� &K.G
*k�

( OO� K.) �#b& 1 mm5.g~Vsl�5� K�.xK. <0.5 mm/a ℄��z !WNY%1vZSo�T*�v.oy x.o�
2.5 5	�:2[TLyR/C5p�ai!�4|oE��B��0S�W����

(1) /���� (network shift approach) ��P3�a����s% CM 38�s
SLR �GPS �DORIS �rB|sW#/e�|z4 CF 38�s ITRF W#/e�|z�&R 7 ��s Helmert #/Æq�o*rp CF [�2 CM #/^��s 3 6)���se�|z [5,7,9,14,15] �℄6e�|zAs|oE�se�|z�g�Y) 2 ~ ILRS8�[�2 ITRF2005 8�*sm4 SLR w�{�B|o�,E�;��4�\��Jse�|z��/e�|z6u;Rs(+!L�00vr;WRs|o�,E��d�:�!�S1dsqI GPS zMq=q (LEO) GRACE s�M.Q�%.d�B^
�|osE��qI GPS HB�r��M^�a��M8[s=qMq!3[�2
CM ^�^ CF ^��&R 7 ��#/Æq�Brw|oE�se�|z [17] �

(2)�r�����s&RD�|=)rH�+=kP�s��dG�|osE� [11,12,15,16] ���n�sGPUS�
XG(t) = (xG(t), yG(t), zG(t))T , (11)
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













































xG(t) = RC11(t) =
R

M

∫

(s)

∆σ(ϕ, λ, t) cosϕ cosλds

yG(t) = RS11(t) =
R

M

∫

(s)

∆σ(ϕ, λ, t) cosϕ sin λds (12)

zG(t) = RC10(t) =
R

M

∫

(s)

∆σ(ϕ, λ, t) sin ϕds ,m~�xG(t), yG(t), zG(t)3XG(t)s 36!u�M �R3|={u^Zq�?�(C10 , C11, S11)3|=)rH�+=kP��ds 3|=2�s�}7�∆σ(ϕ, λ, t)3|=2�{u,Is,m��� bf2,I��NNS�,I�}�^+K
�,I�/~f2,Is�
WBÆNN�p>6#~o (NCEP) w&�~X�2e6#~o (ECMWF) Æ�?s?��3 6 hs5/|22��y (/q!33� http://dss.ucar.edu/datasets^ http://www.ecmwf.int) �}�^+K
�{u,IB� NCEP/DOE AMIP-II (http://www.ncep.noaa.gov) ��NNS�{u,IB�ÆN[�
�~o (CSR) sS)��r (http://www.csr.utexas.edu/sst) �
(3) �+t,s�� (degree-1 deformation) ��w�2/{u,I)1sE�|=st,�Fas|oE���
�m3m (10) �|oE�s[��{�B.Q4|=Hj�r6#.Qs(��4|=Hj�r6#.Q[(� SLR 0L�!E�sa%^[:'br)[�� GPS ^ DORIS 0/2HBKEs+Hw�'bT�)E��n�i;G�y\0)fEG ( 2 2) �+ 2 \UMzS0D6q�bj��(3"
�;3%l<f

X Y Z�Ee< b& ℄; b& ℄; b& ℄;
/mm /(◦) /mm /(◦) /mm /(◦)

LAGEOS 1&2[14] 2.2 211 3.2 331 2.8 225

LAGEOS 1&2[15] 2.1±0.5 223 2.0±0.5 308 3.5±1.5 228

DORIS[15] 1.8 205 5.0 349 3.0 298

GPS/OBP [7] 1.7 274 3.8 285 4.5 249

GPS[9] 3.3±0.3 184 4.8±0.3 285 11±0.2 214

GPS[5] 4.8±0.4 220±5 3.6±0.4 320±7 9.4±0.5 105±3

GPS GRACE-A[17] 3.3±0.2 244±14 2.4±0.2 286±14 4.2±0.3 344±16

GPS GRACE-B[17] 2.7±0.2 232±14 2.3±0.2 277±14 3.7±0.3 349±16

GPS CHAMP[16] 2.1 3.2 3.1

predited[12] 4.2 224 3.2 339 3.5 235

predited[11] 2.4 244 2.0 270 4.1 228

predited[15] 1.6 236 1.8 239 3.1 254

2.6 K8&��4|osE���%[��{�B�6�4|=Hj�rs6#.Q6u�u()�mBdB�sS��Nl
�
,w^�X�|=�r�t,e�℄he�X�s ITRF sB�wAQ3){P�sC���8℄h
��z�"[[�f|Bu04|=Hj�y0n�s()� ITRF s8�4/�0G�P�s8�n�sGPA){%P����4 ITRF8�s���dT!Fauf�k|oE�s;G�B^�yBdBxp|�2sG
�S
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�~��h0G�P�8�){
"sC��
(1) �4o. LEO =q GRACE 8[s|=)rH=kP� (Cnm , Snm) ,m|z�K�*.2|=p>s�B^
��U4�Rm)1sS)�,m�|2��{u,I,mw�|=2�{u,I,m ∆σ(ϕ, λ, t) ^f|��4�s,m ∆N(ϕ, λ, t) W23�























∆σ(ϕ, λ, t) =
RρE

3

∞
∑

n=0

n
∑

m=0

2n + 1

1 + kn

Pnm(sin ϕ)[∆cnm(t) cos mλ + ∆Snm(t) sin mλ]

∆N(ϕ, λ, t) = R
∞
∑

n=0

n
∑

m=0
Pnm(sin ϕ)[∆Cnm(t) cosmλ + ∆Snm(t) sin mλ] . (13){
"ss� GRACE 8[s ∆Cnm(t), ∆Snm(t) �s[�2 CM s,m�/brps ∆σ^ ∆N LsL CM ^��s,m��M��B^
�s|=p>,m�US)�,m�{u,I)1s|t,w�UIs[�2E�|=2�s,m��L CF ^��s,m�(b�

GRACE s�B.Q){6u|oE�s0i�
(2) �4BdB�sS��vr2|U�YwE�s
���|�/y�WW#/s|U�YwE��d�6uw7�[�f|Bu04|=Hj�y0n�s()�jF�0�RP� ITRF s8�4/�0G�P�s8�n�sGP�*r[ ITRF �VLBI 0^|=Hj�y0y'z2 CF ^��� SLR � DORIS ^ GPS s0Lz2 CM ^��t\s()�){6u|oE�s0i�
ITRF 8�s�$^gVs9�v� ��Æ9s CF �9s CM sw{�kKf ITRF.jT!Fauf�%;^0I ITRF s8�C��sm4A#Y��|=�P^�9TivsG!C���|=�P^�s>�n���"3�B^�}|=�/�2p>s7�E�^,ms�P^��UI?. CF ^�)�+�(3M��B^
�s|=p>,m��s�[2E�|=2�s,m���|=�P^�s~�>� —— �h2f6|=�
�|=sf�)� (|=sMqE�) ^Æ� (|=s�
E�) �*/?. CM ^��~,4=q�r��M0Gs<"��*?. CM ^��

3 ITRF uGh���
3.1 ITRF ��|Æ'2ag=m�[ CTRS �
�e�s�, 	[�2|UEf��Æs℄6?~%"�1(2|=�PPsj�1$��j^s|=�PP*s℄���Es2|=s|EP(�[�2��|=sdLt,�Ef�s�Æ��[�2Jw�PP��s b|=sf��ÆE���|=s�
E� (EOP) ��As?.Æ< Tisserand %"d�$�6j^s|=�PP�/���ds�[�2��f6|=s(�u3} [20,21] �/2�4#ps|=�P��s.E�L|UYs�P� (BW) d�}s�P��gV|=�P�[�2|UEf��Æs?~%"���YW23�

L =

∫

(s)

r × vds = 0 , (14)m~� L sf6|U(�u^� ds s|U�7� v ^ r s/|U�7L|EP~s	�^



� 4 - 	?�
x�O�}>AQ_� (ITRF) t9�_Fg��� 329�:xju� (s) h2f6|U}!�
3.2 
�'℄�:i� NNR-NUVEL1A u� ITRF 2��|Æ'OTs ITRF |z�/gBs	�H;�)E�BWs	�B��:��.!s|{�y#psE=�℄E��r�U NUVEL1 � NUVEL1A �℄eBWs	�W23 [23] �

v = Ω× r , (15)m~� Ω sBWÆL�℄s&
ju���|=3=t�|U{uLD!;� r W:�B"i:ju�f6|U/ 14 6���℄�Q�Rf6|Us(�u L W23�
L =

∫

c

r × (Ω × r)dm =

14
∑

I=1

∫

SI

r × (ΩI × r)dAI =

14
∑

I=1

QIΩI , (16)m~� QI s� I 6�℄sÆ�JuC
�/77� (Qij)I W/Sm�
 [24] �
(Qij)I =

∫

SI

(δij − xixj)dA =

∫

SI

(δij − xixj) sinϕdϕdλ , (17)/~� xk(k = 1, 2, 3) s� I �℄*2s{M�#/� δij s Kronecker '\�QI 5BI2 I�℄L|UYs�aAt SI �s6I�C
 [22] �3wgV
Ef��Æ�s?�� L *
��
L =

14
∑

i=1

Qi · Ωi = 0 . (18)%m (18) *.2|{�|=Hj�℄[�E��r NUVEL1A w�AW#pEf��Æ
(No Net Rotation) s�℄K�E��r —— NNR-NUVEL1A [25] � ITRS(w ITRF) �
�e�s�m�BI2 ITRF s	�H�OTs ITRF |z�BWs	�B� NNR-NUVEL1A �r�/b"k ITRF (ITRS)s�
�e�s�, 	[�2|UEf��Æs?~%"���[�HB�{s�S� ITRF96  fs ITRF |z�/	�H-Ey2[��{sgB.Q�4|{�℄�rEG [26,27] �℄�A�|Uao.gB	�HgVEf��Æ%"sC��[��{gB	�H�-w:�d�!�|UsV4E��d�� NNR-NUVEL1A w�rs/|{^|=Hj�y#ps |{p�3X� (��.!) s)L�r���-ss:�.!�|UsVh)LE��d� Sillard, Zhang ^ Zhu wM [24−27] !3o. ITRF96 � ITRF97^ ITRF2000s	�H#pw-Ey2[��{gB.QsV4E=�℄E��r�℄hV4�r4 NNR-NUVEL1A 0�UsE3 (10%∼15%) �A�℄s[�E��Æ� ITRF2000 s.QUnw4f|Bu�r NUVEL-1A 
f9'�6�kw℄h ITRF |z[�2|ULdLf��Æ��f6|Us(�u L 6= 0 �o. ITRF2000 s	�H ITRF2000VEL ��
s L = 0.35 × 10−2(sterad/m · a) �UI9
�Ef��Æs?~%" [27] ��℄�C���kL ITRF <"��=�80�vs" [28] �L ITRF2005 s�
�$~�5�(�Ln7
2000.0 4 ITRF2000 s�Æ���/	�3}� b"V EOP |zss~w�K�9�[�2|Uw[�2 NNR-NUVEL1A Ef��Æs?~%"� ITRF ~G2�
	�y�sC�OI�0rp0I�
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3.3 tFu� ITRF 2��|Æ'3w�5 	
 CTRS�
�e�s�, 	[�2|UEf��Æs?~%"�s IERSL��W?.A# NNR-NUVEL1A s���#p-Ey2 ITRF gB	�Hs�Ef��Æs�V4E=�℄E��r�℄eA��8d/[��{G�s ITRF 	�H"�6f�s�f�F�s�fs<�US [23,25−27] �

(1) / ITRF gBs	�H#pV4sE=�℄E��r�o.m (12) �&R�D�g�S)EG�7f�℄s&
ju Ωi ��
�mUS�






















vp = v − vr = v −
(v · r)r

r2

V = A · Ωi − vp,i (19)

Ωi = (AT PA)−1 · AT Pvp,i ,m~� vp, vr !33BW	�ju v s�)!u^ao!u� V 3KEju� A 3 Ωi sP�C
� P 3D�W/ v s�EG��3wvrV4WRsE=�℄E��r.Q�
6���℄Yu^��Bp 3 6BW�℄hBW*
�� 1) s~HBu^ 3 a  Y� 2) =i�℄*2^t,|g� 3) 	�;� (�l ITRF �b0s.Q) 42 1 mm/a �
(2) o.m (19) �
E=�℄E�(�un^ L ���<`S L 6= 0 �3gV[�2|UEf��Æs?~%"��

Ωc =
3

8π
· I · L , (20)

Ω
′

i = Ωi − Ωc , (21)m~�I si:C
�Ω
′

i As-Ey2 ITRF	�H#psEf��ÆsV4E=�℄E��r�
(3) [*s	�H"USs�f�

v
′

= v − Ωc × r . (22)/ TRF(r, v
′

) �$ ITRF %�5 	
 CTRS s�
�e�s�, 	[�2|UEf��Æs?~%"��pr
"sC�s�℄es EOPs Pz��"/ Ωc Fas[*�f�℄%ov EOP |zs:19s~w�
3.4 �8W�#& IERSslL�~C℄
 CTRSs�
�e�s�, 	[�2|UEf��Æs?~%"�℄�%�
	�y��[m2 4s IERSL� (IERS Standards 1989, IERS Standards

1992)~0
 CTRS �e�s�, 	[�2|=Ef�)��s?~%"�f�Vw|={o[�2 TRF sE��Lls IERS L� (IERS Conventions 1996, IERS Conventions 2003)~C℄w℄6?~%"�m4 ITRF s#p^5V-Ey2[��{sgB.Q TRF(r, v) ��8[s EOPs|z��*2 TRF(r, v) ^��� ITRF s.jd��*. TRF(r, v) ^ EOP -Es�6�3P



� 4 - 	?�
x�O�}>AQ_� (ITRF) t9�_Fg��� 331�(�*/�0NaC�����69Go TRF(r, v) s�
�e�s�,s# 	[�2|UEf��ÆsC��ÆI�Vm4gBs TRF(r, v)[�2|UdLf��Æ�L fs IERSL�~A*/C℄
[�2|UEf��Æ�s?��qgY�℄wOTs ITRF �/2/	�H-Ey2 NNR-NUVEL1A �
�
[�2|UEf��Æ�s?�,� fs ITRF L8_i
�℄�?� [28−31] ����|=S�sgB^
�<"��0gdNaC��
4 / ��� GPS � VLBI � SLR w[��{s�B;�s�4�|UE�^�2p>,ms�B�
h��
Y���S�Y��|=�P^�sA#rL)u�L ITRF s8�^/�
�e��,s?~Y�dLs�$^gV9�v�%�Y��|=�P^�sA#Fa��s+_��4 ITRF gVs8�Æ9s CF ��9s CM �?. 14 6Æq��#ps ITRF �b0�6�00I CF ^�p CM ^�sÆq�bj0I ITRF s8�C��sm4A#Y��|=�P^�9TivsG!C���2�B^�}|=�/�2p>s7�E�^,m�?. CF ^�)�+���
�|=sf�)� (|=sMqE�) ^Æ� (|=s�
E��
E�Z�^|=s�Æ) � ��2=q�rB|�*?. CM ^��G!C�s|oE�sWR�B^�y��4 ILRS 8�[�2 ITRF2005 8�s,m|z�*sm4 SLR w�{�B|o�,E�;��4�\��Jse�|z��4 ITRF s�
�e�s�,�69 	
[�2|UEf��Æs?~%"�℄�%�
	�y��3wgV ITRF sEf��Æ��4 ITRF s	�H*"�6f�s�f�j℄%ov EOP |z:19s~w�#& IERS slL�~C℄
 CTRS s�
�e�s�, 	[�2|UEf��Æs?~%"�℄�%�
	�y��-Y���
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Origin and No Net Rotation of the International

Terrestrial Reference Frame

ZHU Wen-yao, SONG Shu-li

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: According to IERS Convention 2003, the definition of the International Terrestrial

reference System (ITRS) on the origin and the time evolution in orientation fulfill following con-

ditions: (1) The origin of the system is the geocenter of the Earth’s masses including oceans and

atmosphere; (2) The time evolution of the orientation is ensured by a no-net-rotation condition

with regards to horizontal tectonic motions over the whole Earth (named NNR condition).

As the realization of the ITRS, the current International Terrestrial Reference Frame (ITRF)

to be attached to the deformable Earth is not sufficiently concordant with these definitions of the

ITRS. The research results indicate that the origin of the current ITRF is neither the Earth’s

center of mass (CM) nor the center of figure (CF), and the current ITRF is not an NNR reference

frame.

The inconsistency between the definition and realization of the ITRF origin and time evolution

in orientation will cause confusion and influence the construction of mm-level terrestrial reference

frame.

This paper discusses the nature of the origin of the current ITRF, and the methods of deter-

mining geocenter motion using space geodesy and modeled by geophysical factors. The two ways

have been put forward to solve the problem of the NNR reference frame.

Key words: ITRS and ITRF; origin; geocenter motion; NNR reference frame


