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0.0032737 ≈ 1/305.5. #�p*�;MMjEHuoZa�"�W|-w~%�;rP&f�v
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B =

∫

v

(z2 + x2)ρdV ,

A =

∫

v

(y2 + z2)ρdV ,

C =

∫

v

(x2 + y2)ρdV .V?	 x � y � z �6�℄+	 ρ �t		 ∫

v
dV ��m�����rI<A	 H v7��

1/305.5	k�m
%e�	,	� PREM }$zK [1] tntqv H 7�� 1/308.8 [2] � ��}iVC�D4}d�v 1% vI/�T��%Æ PREM zKv�SW%e
<A74} 1% vI/�PF_$� Defraigne� PREM zK?y9}^Æ`<�y�vgX	=WvO	�2(g<rtq
<A7m:vLi�D [3] �℄m+tq���av<�Z(+I/Z�}$25\�`�!�V{
(hydrostatic equilibrium 	�S HSE) �KHv [4] ��gN}X	>	m+�lQbMC<rÆ�F�:�KHm+�\vlQS	(<o:*Pv}$ÆJ`�!�V{�MoundP�"lQG�Li_$(+};	�2(+�C<r�B�V{Nv%e	d.`i H 
<A74}vI-|""�C0g [5] � �`/�� 2 %?	o)�:LLiDGtnY�;
%e�	,`�!�V{N}$�:qO%e�u�"�D
 Denis(1989) [6] v�D8"R��� 3 %?	P�"qO%e�u	't;
%e�	,v,$�SW%e��D,x	�	v�'�BY HPREM M Hobs4}vIv	k(+};Z�6v	�5YrA[v�Iv�� PREM }$zK?	GeM}CZ0m�7v��*P}$>	(DCv�7Tx1ZT50�v�(+(/giCOngn�gv};���� 4 %	 �V)�+*PvGe}�7)�j PREM zK?8|v=W0��7}CY�PYtn	�D,x�dYvtvv� H 00zÆJ<A7�Ær>v��D	 ��� 5 %�PY}i	2.Y�i�
2 �j	�<NNkvp�&�<sQ'g`�!�V{,$�UMv�C}$zK�m+TLvQ=Æyt	u�yDSYuny℄Su08℄DR�Æ�mUMv}$	�OOh5��$O	}$b}Iq},vpm��<rAnqm+8|vy�m$>�^ r �UMÆS}$>m�q}$=Iv-J	 s �F"�y�m$v�#	<tÆ

r(s, θ) = s

[

1 +

∞
∑

n=0

s2n(s)P2n(cos θ)

]

, (1)V? P2n(cos θ) �G2sK	 θ �"�v\�	�vr�"�\	yt	u�yDSYuy
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f(s) =

a − c

a
=

r(s,
π

2
) − r(s, 0)

r(s,
π

2
)

=

∞
∑

n=0
s2n(s) [P2n(0) − 1]

1 +
∞
∑

n=0

s2n(s)P2n(0)
. (2)"�vDSY W �

W (r, θ) = U(r, θ) + Z(r, θ) , (3)V? U(r, θ) M Z(r, θ) �/,XySYMJISY��$FKvQ=j9V (3) Y	 F��vÆo	<r�DSY W ,X�
W (s, θ) =

4

3
πGρ̄s2

∞
∑

n=0

F2n(s)P2n(cos θ) , (4)V? ρ̄ �,$�0t		 F2n(s) Z s2n(s) vK [6] 	Q8 n = 1, 2, 3 N	 F2n(s) <,X�
F2(s) =

(

−s2 +
2

7
s2
2 + · · ·

)

S0(s2n) +

(

1 −
6

7
s2 + · · ·

)

S2(s2n) + · · · , (5)

F4(s) =

(

−s4 +
18

35
s2
2 + · · ·

)

S0(s2n) +
6

7

(

−
9

5
s2 + · · ·

)

S2(s2n) + · · · , (6)

F6(s) = (−s6 + · · ·)S0(s2n) +
3

11
(−5s4 + · · ·) S2(s2n) + · · · . (7)x��yYu> W Zm+O	
 θ %:	9Æ

F2n(s) = 0 (n 6= 0) . (8)8D>V) n = 1 	�Vp�>BF�V (m
%e�	) �8D) n = 2 	!�f���V
(�
%e�	) � �) n = 3 p;
%e�	�V��V (2) ��g�		8);
%e�		tÆ

f = −
3

2
s2 −

5

8
s4 −

3

4
s2
2 −

21

16
s6 −

27

40
s3
2 +

1

4
s2s4 , (9)���V (8) �tv s2n(s) j9(<'t8|�	v f(s) � ��(C��);
%e�	�� PREM }$zK� PREM zKZm+m�COzK	zK?5m�vt	�
"�v\v�#�:��}Cv��}i	t	)_\m�vr� �$<vVS?DR�m+S�)tn�vRVS	"VS/�}Cv��}itn��70t �}C��\)g��� 1 Z �tnv PREM zK%e�u	�?U℄+��0�# s 	X℄+�%e f vn��� �
 Denis(1989) [6] vV)vtn��75�	� �tn�D7QG7q�3
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[6] ?)v�Dtn�Y	�<"���D"��� 2(f � ��D	 fD � Denis(1989) ?�D) ��?<r5q56d7QG7y�v(I	(D;
%e�	v�DZ8℄"Rv�

 1 PREM {L~%�;&f�v�E  2 �!��E� Denis(1989) w#�
3 �vp=�'g��.&�UZ'g�IG?W C v�u	 C <,X�

C =

∫

M

r2 sin2 θdM =
2

3

∫

M

(1 − P2) r2dM . (10)�V (1) j9>V29;
%e�		tÆ
C =

8

15
πρ̄R5

∫ 1

0

δ(x)
d

dx

[

x5

(

C0 −
1

5
C2

)]

dx

=
8

15
πρ̄R5

∫ 1

0

δ(x)
d

dx
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7
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8

7
s2s4 +
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105
s3
2
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dx , (11)V (11) MV (12) ?�0�# s �%W&�# x �j (x = s/R), δ(x) � x �\t	
 ρ̄ v"
(δ(x) = ρ(x)/ρ̄), C0 � C2 �/�

C0 = 1 + s2
2 +

10

21
s3
2 ,

C2 = 5s2 +
20
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s2
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40

7
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2 .V? s2n(s) <�V (8) �t��L	IG?W A �
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1
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, (13)V? xi �� i Cv��	 x1 �}I\	 xL �},\�� PREM zKvt	)M>Ætqv s2n(s) j9tn	p<tq PREM zKv�SW%e H �
C = 8.0376× 1037 kg · m2 ,

A = B = 8.0116× 1037 kg · m2 ,

HPREM =
C − (A + B)/2

C
= 0.0032412 ≈

1

308.53
., 1 [YY�w3v�D�,?<r5q	`/ �v�D
w3i�m
%e�	v�Dm:��a	 �V)0�vtn�n0'vtn�		tqY0�+v%e�u	(Tt �tqv�SW%e
�w3v�+�v�_�[Yai5q	(+�_ZTBv	p(V���vtn�M�'v�		
<A7 (1/305.5) 4} 1% I-k%�A[�e 1 ���o�"b	�z (%�b	�q)E� H 1/H!5 [7] 0.0032367 308.96!5 [8] 0.003237 308.9!5 [2] 0.0032403 308.61

4 �s,R.Ee+R0[�&|Mx�UZ'g
PREM zK?GeM}:v�7Z0mvÆ��# 6356∼6368 km v}CZ0mv>}: (ρ = 2.6 × 103 kg·m−3 ) 	�>Z0mvGeC (ρ = 1.02 × 103 kg·m−3) �k10	*P}$vGeM}�7Z50�v�(giCOngM�gv};��,u �`/�i�Bm,H8 ECCO � GTOPO30 � ETOPO5 M CRUST2.0 y*P}$,Cv)zK	0Y�P�yr�d PREM zK?v8|CC_$(+};�
ECCO zK,S� Estimating the Circulation and Climate of the Ocean 	ZmZOT�BxGeR\t^ (NOPP) vGe)	��Æ�Pd^ (JPL) �lKL2gW (MIT) MS��kGe_$v (SIO) 7��\� ECCO ) %[�	'� 72.5 	vv�}(�y��0G�u9�, 5615 sE\o 	��	ME	^�� 360×247×46�)�?{�	\v�)"'�	\it�")�Jp+�)v�	�℄�M^	�P�GeW5V	<tnYp+�)vt	��;��l�>6�3 [10] �
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GTOPO30Zm+CS�qB}=�H( (USGS) v,$VG�zK�y %,$	2���� 33 +(?�p+(?��& 30

′′

× 30
′′ ^���)�)wbYp+)�q�0G�uvG�'	��;��l�>6�3 [11] �

ETOPO5 Zm+C�� NGDC r 5′ ^��)vG�)�
 GTOPO30 5�vZ	
ETOPO5 a�JhEAWv)�0�J*#�>6�3 [12] �

CRUST2.0 Zm+ 2◦ × 2◦ v,$}:zK [9] �y�}:��1�h�:Rm��Rm�>}:�?}:M,}:y 7 +Cu	wbYpmCvX	Mt	��;��l�>6�3 [13] �, 2 �iW�Yr>-)�e 2 �`�&kl*�� 
PREM ECCO GTOPO30 ETOPO5 CRUST2.0E� ?7!5 [1] NOPP USGS NOAA ?7!5 [9]Ff 12 46 – – 8G� /km 6371 5.615 0 10.376 70.137�*hC – 62� 30

′′

× 30
′′

5
′

× 5
′

2◦ × 2◦/)-zKvE	��	 �8�Y,[r*P},)�dYv}$zKÆ
(1) PREM +[ 5.615 km E,C (PREM NS 5) + *PGe) (ECCO) + *P}O) (GTOPO30);

(2) PREM +[ 10.376 km E,C (PREM NS 10) + *PGen}O) (ETOPO5);

(3) PREM +[ 70.137 km E,C (PREM NS 70) + *P}:) (CRUST2) �Lt	�>b*P},)zK?	:��)vt	o���3�vr �/|DGe�)vt	� 1.02×103 kg · m−3 	�o)8�YvzKW=W
 PREM zK8�CtnY�Ge�)vt	�m0	*PGe
}KHvySL�5�M PREM zK?0mCKHvySL�gZÆSvY�(Tt �8�vv�zK�5�\�`�!�V{,	2 PREM NS 5 n
PREM NS 10 yzK?C�� PREM zKv:�vOOk��v)_	�m9o:(D:�vIG?W�H$)�}$v,CZ�?[!v:��yv=W5q-+}$v 0.1% 	kyZ}$v[�C�6dY*P}C)Y	 �Ii}iC��,C=Wv50��7v};�9��:ySL)_KHv};	�tn?o��6d���Y�m9v2\?	�6d(D};�vr	 �|D8�vzK? PREM NS 5 n PREM NS 10 y:�vOOy0
 PREM zK?vmg��8�v;+zK?v-+:�vIG?Wtn�TY	�yr�/8zp<tq-zKWvIG?W	[Yp<tY(DzK-Sv�SW%e�r>-zKvtn�D#�, 3 ��D1X8�v-+zKv�SW%e�^ PREM zK�0�ÆJ<A7��m9v}in�i#�� 5 %�
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A × 10−37 B × 10−37 C × 10−37}N / kg ·m2 / kg ·m2 / kg ·m2 1/H

PREM(Full) 8.0115651 8.0115651 8.0376170 308.52

PREM NS 5 7.9966287 8.0226249

ECCO(KF049f) 0.0132681 0.0128369 0.0125290

GTOPO30 0.0008458 0.0006980 0.0005578

PREM+E+G 8.0107426 8.0101637 8.0357116 318.14

PREM NS 10 7.9788034 8.0047331

ETOPO5(I�w.) 0.0302578 0.0297138 0.0293896

ETOPO5(I�w�) 0.0009607 0.0007909 0.0006335

PREM+ETOPO5 8.0100220 8.0093081 8.0347563 320.22

PREM NS 70 7.7087284 7.7336553

CRUST2 0.3008642 0.3008114 0.3017731

PREM+CRUST2 8.0095926 8.0095399 8.0354284 310.70

5 �~��k�� 3 %	 ��20'�	v|��J�)t0�+v}$�:qO%e�u	2�m9)t0
�<A7v�SW%etn7�k(+�JZ�6v	�5Yr�\V'4}� 1% vI/��Y_$*PGe
}Æ,$�SW%ev};	 �� PREM zK?0��7vGe
}�d� ECCO � GTOPO30y*PvGe})�PYtn�, 3 1Xvtn�D,x	}$,Cv=W5q-+}$v 0.1% 	ky<^,$�SW%e� 1/308.53��9
1/318.14(g� 3%) �(Zm+Tgv};	kZT�<�v�x��SW%e5�
=WvgB�:0
=Wv�7�:�}$v,Cq0[!	k�\�[�C	Æ,$�SW%e�Dg};�tn�D?a�m+�*v2?Æm�;d},9�0G�u, 5.615 km Ev}C (r
ECCO �j) N	 H ÆJ� PREM zK7�m�m9;d9 10.376 km E (r ETOPO5 �j) N	 H 0�ÆJ��m��m9;d9 70.137 km E (r CRUST2.0 �j) N	 H 3UfJ	">V+zK00
�*P7�}:0VWi<r�\(+2?�}:0VWi��+4QzK	8�A�G��zKn�IGk4�zKy	kyr06�g}hPu>v=Wg�g}hPu,d�v~COVv=WtL�|A��g�4QzK?��m+4Qu	 4Qu0��g}hPu,�ozKv5�	4QuvE	� 30∼100 km 5y�m�;d9 5.615 km EN	��E	�q4Qu	g}hPu,o�8|v=WtL
�>v=W|A	vr*PvG�7^ H ÆJ HPREM �m;d9 10.376 km EN	o'o�q4Qu	 H �m9ÆJ�[Ym;d9 70.137 km EN	g}hPu,Y2=WtL	^ H �
1/320.22fJ9 1/310.70�v�v4QzK�Z(:Qh(Qv	%�tn�KHv,$};	x_ �vtn�D��}:0VWi�3Y}�v1)��  �v=�v}:zKvCnqv}:E	�,$v�725m:	x_��v�Da�r�*YÆ,��mCzK
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<A74}Ivo0d��(<�,x	�Y|A*PG Tv!v};	8}^Æ`yy�v}$0E\v=WvOy.v}; [3] i"4�Ætvig�� PREM zKvÆSQ	 �M�3 [6] mg�
 	 φ 8:v=K+Y�(g�>*P,C)q o�ÆSQ	ktntqvzK�:yt	u�yDSYuyo'ZUMÆSv�(g �v�Dh1���,m9v2\?	
 	 φ 8:v=��6d�C�V (1) ��d�
r(s, θ, φ) = s

[

1 +

∞
∑

n=0

n
∑

m=−n

Hm
n (s)Y m

n (θ, φ)

]

. (14)(g�o)�u$FKvQ=DGÆo5VY	(t;�tn5V	[Btq0�+v}$�:�un�SW%e�(�?Æo5VvFV8m�u	bÆov�D�f�l�<�m����o8tnlv�J	5VÆoq �T	tnVSA��_m?�:+vÆo�tnn�D�)��YT�%?mmU2�h���Æ
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The Contribution of the Upper Crust to Global Dynamic Flattening

LIU Yu1,2, HUANG Cheng-li1

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

University of the Chinese Academy of Science, Beijing 100039, China)

Abstract: Global dynamic flattening (H) is an important parameter in the study of the Earth

rotation. Precession observations give Hobs = 0.0032737 ≈ 1/305.5. The geometrical flattening

(f) profile of the Earth interior is recalculated from potential theory in hydrostatic equilibrium

(HSE) state, and the results coincide with that of Denis(1989). In this paper, H expression has
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been derived to third-order accuracy, and the value of H obtained from PREM earth model is

1/308.5. This coincides with other similar works, in all of which there is a difference about 1%

between them and the observed value.

In order to study where the difference come from, the homogenous uppest crust and oceanic

layers in PREM are replaced by some real surface layers data, such as oceanic layer (ECCO

model) , topography data (GTOPO30 model), crust data (CRUST2.0 model) and mixed data

(ETOPO5 model). According to the depth range of each model, three Earth models have been

constructed with real surface data from PREM, ECCO, GTOPO30 and so on. Our attention is

focused on the effect from non-uniform distribution of mass in the real surface layer, while the

effect from the change of the gravitational field inside the Earth is ignored in our calculation.

So, it is simply assumed that the shapes of the equipotential and equidensity surfaces in our new

constructed models are as the same as in PREM.

From results of the dynamic flattening of each model, the mass of surface layers is less than

0.1% of the whole Earth, but the real surface layers can reduce the global dynamic flattening from

1/308.53 to 1/318.14 (about 3%). It is really a large effect and related to the fact that dynamic

flattening is associated with not only how much the mass is but also how the mass distributed.

The surface layers is the outermost layer of the Earth and plays an important role.

If the surface layers are replaced from the surface to 5.615 kilometers under the mean sea

level (ECCO), H deviates from that of PREM. When the surface layers are replaced deeper till

10.376 kilometers under the mean sea level (ETOPO5), H deviates more. But when go further

till 70.137 kilometers under the mean sea level, the value of H is being enlarged and deviates

less than that of above two models. The isostasy theory maybe can explain why this happened.

There are several compensation models in isostasy theory. All of them thinks that the mass

above the geoid will be counteracted by the loss of mass under geoid with some kinds. There is

a compensation level in most compensation models. The compensation level is under geoid and

the depth of it is assumed from 30 kilometers to 100 kilometers for different models. When it

is replaced that the volume from surface to 5.615 kilometers depth, there is no mass loss under

the geoid to counteract the mass above the geoid, so the real lands distribution makes H deviate

from HPREM. When it goes further to 10.376 kilometers depth, there is still no mass loss under

the geoid, because the depth we replaced is not reach the depth of compensation level, things

become more serious. But when it reachs 70.137 kilometers depth, mass loss under the geoid and

counteracting effect appear, and it drags back H from 1/320.22 to 1/310.70. Although the theory

of isostasy can explain the difference among three models, there is still a difference between the

calculated value and the observed value.

Key words: astro-geodynamics; dynamic flattening; potential theory; isostasy


