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T� GRACE oYG{ieIrC
Oy� � 1,2† ��� 1

(1 +!
℄�!XÆ&� / �9Æ&� �4 650011)
(2 +!
℄�azi� �q 100049)
� �yaR/�#P GRACE (Gravity Recovery and Climate Experiment) 2005= 1 	 ∼ 2010 = 4 	I\ 64 �	Xx}�r( 18aU&a{?��>nS x
�k# 3�[YsOX
��x (R = 600 km) 0�(yx}XF�q�/8��uq�/��G~ GRACE x}x
X18&a{?�5,axv 2010 =:X18)P�QUE ts?b��ts`��LJ	n�ÆuN℄R	 P128; x}=lf	 A

1 �� �
2002 < 3 � GRACE .�"OW5�ug��.�.o0`y
��N��{W	rlW*�w|�\�+�x GRACE w|q%`z>��=�"B(��=�`�ZmR`y�#XV~~W5"�Wahr Z [1] �Æ GRACE ugNkqKx}℄*z%�%eFsmR�|.��;�%`-,l�=�o�`y�2F} GRACE w|wb%`ZFz	�=rl�G 2 mm, %__�G 0.1 mbar; Yamamoto Z [2] �x Level-2 w|qrlÆPW 4 �0g3$$�%`z�=mR|.��:h{�x GRACE w|W?�`y�bC �5 Z [3] q GRACE "OWÆ[|�)/Kx}`�z�=rlmR�|.�℄?Z [4] wb1
$�z>��=�o;`Z [5] mR:B`�N9.�.o0`y��%�x GRACE `Q.�"O 2005< 1� ∼ 2010< 4�H[ 64 Æ�Ww|�q07`T%`z>�mR�wb�j"�2�ZXrNW	�Æw/�'xw|WE�p�.7��tp�.��F} GRACE w|wbW07%`z>�4+`wu��7�k�Se�WM8/ 2010 <9W07(O�

2 pZD^MK	h�
2.1 GRACE \�mX�j��l
W�tp�.�l�p�

G∗ = G
∗

+ G
′

(t − t0) + δGst(t) + δGot(t) + δGpt(t) + δGa+o(t) , (1)
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∗ �v	p�.�G

′

(t−t0)�p�.W1H�=B�δGst(t)�δGot(t)�δGpt(t)�
δGa+o(t) |!���3�%3�M3�HM/%eW{35�=pLWp�.�=�Æ GRACE 	\w| Level-2 -D*��x�*"�U�"W),a��`z7l;v	p�.WU�" δĜ(Ts), �l Ts lo:p�." G̃(Ts) �

G̃(Ts) = G
∗

+ δĜ(Ts) . (2)h{q}Æ Level-2 -DWA�$7*��$��3�%3�M3/HM�%eW{355Qj<�qp�.WtA��_ Level-2-D*p�.W�=wuW0gq%`z>�W�=�N\��&K��5Q=W`Q,�<C�
� Level-2 -DW{U�d�H\Æ[`y*L (UTCSR) �*�BM�mmdt (JPL) �U�`\`y*L (GFZ). z}
GRACE��O![WA& (b��T	l��O[�) nVKq J2 B%0� [6−7]. ChengZ [8] 
��F} 5 �L�"O LAGEOS-1�LAGEOS-2�Starlette�Stella �Ajisai W
J2 B��=Y!l��x}�B Level-2 -D*W C20 B�� 1 *W> CSR-GSM-J2 /
CSR-SLR-J2 � JPL-SLR-J2 � GFZ-SLR-J2 |!�;�B C20 N9z UTCSR � JPL �
GFZ w|V;WZFz	�=�69�Lg� 2005 < 1 ��`y�2� C20 BwuW%`z>��=�5	�G 10%[2]. GRACE "Oq.�.n$BW*�-,�$1�nt^��H�l$})vwup�M-W�=��QIBgw5+D} 80 g�5	%;2$ 100 g [1].

� 1 [G|�mY
G��?
Fig. 1 Monthly average variation of equivalent water height

2.2 dHqBa<Sg�Zhz(�.K|&pLW,l�=� ∆ρ(r, θ, φ), �?sWQIB6w�=��p
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{

∆Clm

∆Slm

}

=
3

4πρave(2l + 1)

∫

∆ρ(r, θ, φ)(
a

r
)l+2P̃lm(cos θ)

{

cos(mφ)

sin(mφ)

}

sin θdθdφdr ,

(3)K* r � θ � φ |!�(��`L�����is� l � m |!�.�.QI��Bg�E� P̃lm ��i=Wf2�℄UsBo� a � ρave |!�`QE�Æw�`QE�,l (X a = 6371 km, ρave = 5517 kg/m3).hn`Q�--,l�=
∆σ(θ, φ) =

∫

∆ρ(r, θ, φ)dr , (4)z (3) ∼ (4) os$i6!�Q�V; ∆σ(θ, φ) � ∆Clm � ∆Slm W�6o�
∆σ(θ, φ) =

aρave

3

∞
∑

l=0

l
∑

m=0

2l + 1

1 + kl
P̃lm(cos θ)[∆Clm cos(mφ) + ∆Slm sin(mφ)] , (5)K* kl ��. love w�q}�. lovew%= [1] *�;�MT`Q5QÆ6HgW"�q}K� l < 200 gW kl "�l�$>T+"�;�zDpLW-,D} 0.05%. �(R`QW)MTq klWtAÆ 1% 6| [1]. z} GRACE "OqQI6w0�7l�gwWj	td\�	gQIB6w-,fH��^D	gBp
W-,�'x	�Z'w wl q	gQI6wmRdZA�� wl �gw l W�Hte^� wl 'w�Go*W	�Æw R ��Æ[|�)� R ^Dl�Æ[|�)VR
	�� 2 �;� wl Æ%�	�Æw R 8�gw�=WW>�z��l�;Æ^D R WO�8� wl � l W�H8d^A�YH�	gQIB6wWZ.�Æ	gQIB6w-,fDWO�8��l�$^D R 
	Æ[|�)�z} GRACE �pM�"O��KO8g�K��l�	�,N�mt	�l`T�{�	WÆ[|�) [9]. �$w�Wq�U�u<�07`T�ly�ZX	�Æw

R = 600 km l�Æ[|�)f+� wl ��$b8We��o�;�
wl+1 = −

2l + 1

b
wl + wl−1 (l ≥ 1), w0 =

1

2π
, w1 =

1

2π
[
1 + e−2b

1 − e−2b
−

1

b
] ,K* b = ln 2

1−cos(R/a) .	�YZ9W`Q�--,l�= ∆σ(θ, φ) �p�
∆σ(θ, φ) =

2aρaveπ

3

∞
∑

l=0

l
∑

m=0

2l + 1

1 + kl
wlP̃lm(cos θ)[∆Clm cos(mφ) + ∆Slm sin(mφ)] , (6)b	�YZ9W`Q�--,l�=ZF5z	l�= ∆Hwater(θ, φ) �

∆Hwater(θ, φ) = ∆σ(θ, φ)/ρw =
2aρaveπ

3ρw

∞
∑

l=0

l
∑

m=0

2l + 1

1 + kl
wlP̃lm(cos θ)[∆Clm cos(mφ) +

∆Slm sin(mφ)] , (7)
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ρw �z,l (X ρw = 1000 kg/m3). z��|.� �,���'x�VJ 'WO�8� ∆Hwater(θ, φ) J � m.

� 2 [7y wl Y�?
Fig. 2 The variation of weight wl

2.3 ;W�_AF�k�tp�.7��.�.?q�=WF1�z�.�.��tp�.?^VRQI6wW�=� ∆Clm � ∆Slm. GGM03C q UTCSR W Tapley Z^�x 2003 < 1 �
∼ 2006 < 12 � (2004 < 1 �<����*g� 2005.0) 4 yr W GRACE w|SVWE�.�. G∗

03C
[10].

G∗

03C = G(t0) + σ03C , (8)

G∗

month = G(t) + σmonth , (9)

G
∗

month = G(t) + σmonth . (10)K* G∗

03C � G∗

month � G
∗

month |!� GGM03C ��.�.�E��.�.� σ03C �
σmonth � σmonth O G(t0) � G(t) � G(t) |!�qsW�I-,O�"�v:'+� GGM03C 7��tp�.��;qz}�.�.��xW*�w|ff�%;8|�x�UM3biH5Q/*��I-,j<�� σmonth �H} σ03C , �.�.rl\} GGM03C. z}�.�.M3W%q4�Q%QIB6w�=� ((9) o� (8) oW,) *&{fHW�I-,��H�I-,�$�
W{>T�6CeR (7)o*�l$}'+V;Wj"%����l'+'x (10) o�P��.�.�rlW 64Æ�.�.WE�"�7��tp�.� σmonth � σmonth �{?��Q� (9) o� (10)o?^9�l{F`j<�I-,�"�z�-�t.�.l�zv� �GGM03C *%&{SiT�=M3�t 64 Æ�.�.WE�"*&{SiT�=M3WE�"��
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3 pZPzz
 2 i�;W5Q�zv�q 2005 < 1 � ∼ 2010 < 4 �H[��� 21.33◦ ∼

32.78◦ �is 100.65◦ ∼ 108.88◦ T�W`Q�-ZFz	l��=Y!'x UTCSR �
JPL W 60×60 g/ GFZ W 120×120 ghX 60 g9W GSM -DmR�U��b� 1 �p�F�*�l�; 2009 <_Lz>�$j�lf!N{�^D�wu;07`TW(O�z}q GFZ Ww|-DmRdgA��F�*�l�; GFZ � UTCSR / JPL W>,ofH� 2009 < 8 �� 10 � UTCSR w|;<�Æ$��32 2005 <l�Wz>�$j���=���D$�%qzz>��=pL�� JPL / GFZ w|q�9��l_h�$�qz} UTCSR w|o0pLW�wuW#%q�mW`Q,�<C�� 3 |!�;� 2009 < 4 �/ 2010 < 4 �'�07`TZFz	�F�*�f�l�; 2010< 4�?� 2009< 4�07`T%`z>�2;Cf��2�5k��f�7? 2010 < 4 �%`z>�ZFz	|!� -5 cm � -1 cm � 3 cm � 6 cm, t 2009 <�H|!� 12 cm � 8 cm � 18 cm � 17 cm 6|�wu;� 2010 <9'�07`TH-JW�(�
4 �V	�vzN�iW|.�l�;�ZXrNW	�Æw (R = 600 km) /�'xw|WE��.�.7��tp�.�F} GRACE w|wbW07%`z>�4+`wu��7�k�Se�WM8/ 2010 <9W07(O�L�l'+h�RF} Level-2 w|W|.�Æ[�l[|�)W%4�	WlÆ|�)gS'+�x GRACE Eb�'+�W2RugW*`"Ow|�2Rl�	gE�	rlWp�.QIB6w��q}�.sTu��F=	\`y�{.gmn�
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� 3 2009 > 4 
 (e) 1 2010 > 4 
 (9) 29bV[G|� (K!
 cm)

Fig. 3 Equivalent water height of April 2009 (top) and April 2010 (bottom) in southwest China

(Unit: cm)
~ �J UTCSR � JPL � GFZ 
�W GRACE Level-2 w|/h�^
;W��m_� > [ w |
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The Analysis of the Southwestern Landwater Storage
Based on GRACE Data

LIU Wei1,2 MIAO Yuan-xing1

(1 National Astronomical Observatories/Yunnan Astronomical Observatory, Chinese Academy of

Sciences, Kunming 650011)

(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT Based on the 64-month data of GRACE (Gravity Recovery and Climate Ex-

periment) from January 2005 to April 2010, the inversion of the landwater storage in the

southwest China is carried out in this paper. GRACE is a near polar orbiting satellite, so

the subsatellite points become dense with increasing latitude, and thus the region with a

higher latitude has a higher spatial resolution. By repeated calculations and comparison,

it is found that with appropriate Gaussian radius (R = 600 km) in the southwest China

and taking the monthly average gravitational field as the background gravitational field,

the landwater storage estimated from GRACE data well reflects the climate change and the

drought in early 2010.

Key words astrometry, celestial mechanics, methods: numerical


