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(1) _� =55.0600 d, 0*���R (� 1280G�R) e)r����
��RHC��4��	#C~R�<N (1281 G) Ya�R��
�r@j�| 6u
e)r�r@j�� 55.060 0 d.

(2)	�=20.2050 d,����ReA$PI���
��R$��XÆW�� 20.185 0,R���lG (1294 G) CÆ� 20.205 0.

(3) j� =13.0205 d, ����ReQ	$2 (Q�	) ���
��R�Q	$$��XÆW�� 13.190 4, R���lGCÆ� 13.020 5.

(4);� =26.0388 d,����Re;	$2 (:;	)����XÆW�� 26.018 786,R���lGCÆ� 26.038 8.

(5) ^� =315.1075 d, ����R&�ac�[}T� (� 10◦ ). �4��	dÆ[}T�]V	�UT 6◦ , U 6◦R� 10◦� 315.107 5◦ . t�
�4��	�dÆ^l
=365.2575◦ , 8Y��)t� 360◦U�TfXt 360◦ /365.2575◦=0.9856.��w�t��
�9�A V
x7t�IAYH7t�

(6) w� = ���R�YaAAPw (��Pw) E+��e�
(7) �� = IAtQ�	zR��Pw\T��1&�Pw����R+��e����w�Nw
2sQ_�A��Pw��PQ	<
�T��Pw����
����Pw��� =(�� - w�)/ ��
YW�� = �AIl 1◦\T��@
h��A{A^V ({AG).

2.2 �X`+�I4�4��	9�A�XÆ2/P�\k��$ · �PL	
0 1 ��4��	Q_�9�A~�'@b�YW
^� = �A�	w^V
�� = �A�{A^V
�� /�� = �� (365.2575◦ ), 92 = �A/e</s2�~7<e�w�t���vw2
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Table 1 The fundamental data for planetary calculation in Shoushi Li and their

modern correctionsKC;C 
C zC KC EC` (d) 6!J 398.88 779.9290 378.0916 583.9026 115.8760QBJ 398.88 779.94 378.09 583.92 115.88� (d) 6!J 4331.2964865 686.958043 10747.884566 365.2575 365.2575QBJ 4332.589 686.98 10759.2 224.701 87.969� (yr) 6!J 11.8582 1.88075 29.4255 1.0 1.0QBJ 11.861739 1.880810 29.456479 0.615185 0.240841y� (d) 6!J 117.9726 56.7545 17.5643 571.6330 70.0437QBJ 116.0707 73.5588 16.5380 201.2975 116.0707�� (d) 6!J 1899.9481 547.2938 5224.0561 11.9639 205.5161QBJ 1954.5859 614.3310 5232.8447 150.7397 206.6952:3 (◦ ) 13 19 18 10.5 16.5/19h�EC�:3��J�b�Q:!3J�}�!:Q3J�6!J��6!���Z]+Bc�QBJ�Sc+vn�.(!W�a�Bc��Wi\t�IA(��.>
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(1) jEOPa� (Pw�2�9�) R\jGl@�R	�PM� — W��WA�aw =MOD(eV × Y# + w�
^�) ,|w = ^� - aw = |wW� = |wWA ,
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:w
k� d. eV = \jG -1281(yr),Y# = �eGM (d), ^� = 	w^V (d). W��w
� d, WA�w
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w
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Table 2 The movements of five-planet in Shoushi Li within a synodic periodKC �= �� R� .� ^K KC �= �� R� .� ^K 

(d) (◦ ) (◦ ) (◦ /d) (d) (◦ ) (◦ ) (◦ /d)y: 16.86 3.86 2.93 0.23 y: 69 50 46.50 0.73Q�^ 28 6.11 4.64 0.22 Q�^ 59 41.80 38.87 0.72Q�6 28 5.51 4.19 0.21 Q�6 57 39.08 36.34 0.70; QZ^ 28 4.31 3.28 0.18 Qk�^ 53 34.16 31.77 0.67QZ6 28 1.91 1.45 0.12 Qk�6 47 27.04 25.15 0.62Q� 24 QZ^ 39 17.72 16.48 0.53Q� 46.58 4.88125 0.32875 
 QZ6 29 6.20 5.77 0.38!� 46.58 4.88125 0.32875 0.16 Q� 8!� 24 Q� 28.9645 8.65675 6.46325!Z^ 28 1.91 1.45 !� 28.9645 8.65675 6.46325 0.44C !Z6 28 4.31 3.28 0.12 !� 8!�^ 28 5.51 4.19 0.18 C !Z^ 29 6.20 5.77!�6 28 6.11 4.64 0.21 !Z6 39 17.72 16.48 0.38!: 16.86 3.86 2.93 0.22 !k�^ 47 27.04 25.15 0.53y: 20.40 2.40 1.49 0.12 !k�6 53 34.16 31.77 0.62Q� 31 3.40 2.11 0.11 !�^ 57 39.08 36.34 0.67Qk� 29 2.75 1.71 0.10 !�6 59 41.80 38.87 0.70z QZ 26 1.50 0.83 0.08 !: 69 50 46.50 0.72Q� 30 y: 39 49.50 47.64 1.275Q� 52.6458 3.62545 0.28455 !�^ 52 65.50 63.04 1.265!� 52.6458 3.62545 0.28455 0.10 !�6 49 61 58.71 1.255!� 30 !k�^ 42 50.25 48.36 1.235C !Z 26 1.50 0.83 !k�6 39 42.50 40.90 1.16!k� 29 2.75 1.71 0.08 !Z^ 33 27 25.99 1.02!� 31 3.40 2.11 0.10 K !Z6 16 4.25 4.09 0.62!: 20.40 2.40 1.49 0.11 !� 5� !� 10.9513 3.6987 1.5913y: 17.75 34.25 29.08 2.1558 !�: 6 4.35 1.63 0.61!� 15 21.38 18.16 1.7034 y�: 6 4.35 1.63 0.82E !Z 12 10.12 8.59 1.1472 C Q� 10.9513 3.6987 1.5913 0.61!� 2 Q� 5!�: 11.1880 7.8120 2.1080 QZ^ 16 4.25 4.09y�: 11.1880 7.8120 2.1080 1.0346 QZ6 33 27 25.99 0.62Q� 2 Qk�^ 39 42.50 40.90 1.02C QZ 12 10.12 8.59 Qk�6 42 50.25 48.36 1.16Q� 15 21.38 18.16 1.1472 Q�^ 49 61 58.71 1.235Q: 17.75 34.25 29.08 1.7034 Q�6 52 65.50 63.04 1.255������ Q: 39 49.50 47.64 1.265



1 W � 	��6!���C};�W�__ 47�-Hf�A�b0 (0 2) s~�O�W� = |wW� + Yaa���Et ,O�WA = |wWA + Yaa�P�Et .

(2) jEOPa� (Pw�2�9�) �Q�	 (��) ��@��ZH�O��� = |w�� + Yaa�-�Et .YW|w�� =MOD(eV × Y# + �� + |w
��)/ ��
w
� ◦ , x~�EP�m>H V�a����P�t-�@bks��A�b0 (0 2) E_�z|
����s{_�����Z�@H�j�ZH\T�]5-H
,t�X)jE�ZH��ZH =[ÆH ±(PH ± �H × ]5-)× ]5-]× ]5- .�A�P���Æ 3 H@H�X�*�k�S [7]51 48�4��	�@ZV`e>� 3 	�Yl�9H; — �jHAD (P���Æ 3 H); Y$�~&M ;�Y��"�-t$"�-V&�{2AV&E[f�i�
�X�T�ZH�srm�A�Z�VAD~{�xA�V0�4��	
*
2��qu�	�
(3) jEOPa� (Pw�2�9�) R\jGl@�R	�ÆM� — Æ��ÆA�O�Æ� = O�W� ± �ZH ,O�ÆA = O�WA ± �ZH ,O�&�ÆA = O�ÆA + l@�R&��}�� ,a�]�Paj�ÆA = &�ÆA ± &/Æ1 .YW
&/Æ1 = Æ�7� × Y�]I�
F��/1
~��&1�_l@�R&�[}�� =MOD(eV × Y# + ^�
^l)-305.1575, iu��T 0◦ , X|,rm�XW� “�[}�” �V0W�/�?@jl@�R&��}���l@�R&��}��

=(([}�� - [}��)× �}�)/ [}� + �}���
(4) jEOÆa� (Æw�2�9�) �+��Æ��ÆA�Æw+� = PwÆ� ±k× �ZH ,YW
�9A��A�xA
 k=0; �IA
 k=1; �CA
 k=2.ÆwÆ� = Æw+� ± ewH� ,ÆwÆA = Æw+� ± ewH� ,
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OÆa��+��/�OPa��Æ���ZHC@ ~
�Æw+� = PwÆ� ±k× �ZH�OPa��Æ�2�O��W���ZHC@ ~
�PwÆ� = PwW� ± �ZH�Æw+��ewH�C@2~ÆwÆ�
�ewH�C@2~ÆwÆA�ewH��ewH�-�IHt�ZH�a���xE
�4��	�A{9�%B>�))
Ri'ÆO-Q_l:�'�{9X)�
4 T�! #m2'���A{9;XÆ
�*<���4��	�A{9,&�X|
�nF'Æ�<�{9,&�mwM
�*�7L�� [6]696−703 'V�{9Ck�(��te
mY# =365.2425 d, a�HumR���lG (1294 G) |>
�H
�*h V 1299G9A�
\~Ck1�0 3∼4.� 3 �FA:
R� 1299 ?>a:� (1)

Table 3 The ephemeris of Jupiter in 1299 calculated by Shoushi Li (1)X �= X� (d) XC (◦ ) �� (◦ ) ^6. (◦ ) �[J (◦ ) �� (d) �� (d) �C (◦ ) (!�C (◦ )

1 y: 88.6224 88.6224 356.8534 -8.4041 -0.8961 87.7263 57.1513(=Æ) 87.7263 96.6981

2 Q�^ 105.4824 92.4824 359.7834 -5.4741 -0.5884 104.8940 14.3190(��) 91.8940 100.8658

3 Q�6 133.4824 98.5924 364.4234 -0.8341 -0.0907 133.3917 42.8167(4�) 98.5017 107.4735

4 QZ^ 161.4824 104.1024 368.6134 3.3559 0.3627 161.8451 11.2701(sp) 104.4651 113.4369

5 QZ6 189.4824 108.4124 371.8934 6.6359 0.7110 190.1934 39.6184(g#) 109.1234 118.0952

6 Q� 217.4824 110.3224 373.3434 8.0859 0.8629 218.3453 7.7703(=�) 111.1853 120.1571

7 Q� 241.4824 110.3224 373.3434 8.0859 0.8629 242.3453 31.7703(s�) 111.1853 120.1571

8 !� 288.0624 105.4412 373.6722 8.4147 0.8972 288.9596 18.3846(|�) 106.3383 115.3101

9 !� 334.6424 100.5599 374.0009 8.7434 0.9314 335.5738 4.9988(�O) 101.4913 110.4631

10 !Z^ 358.6424 100.5599 374.0009 8.7434 0.9314 359.5738 28.9988(|O) 101.4913 110.4631

11 !Z6 386.6424 102.4699 375.4509 10.1934 1.0814 22.4813 57.1488(=Æ) 103.5513 112.5092

12 !�^ 414.6424 106.7799 378.7309 13.4734 1.4154 50.8153 25.4828(�\) 108.1953 117.1532

13 !�6 442.6424 112.2899 382.9209 17.6634 1.8309 79.2308 53.8983(�O) 114.1208 123.0787

14 !: 470.6424 118.3999 387.5609 22.3034 2.2753 107.6752 22.3427(4S) 120.6752 129.6331

15 y: 487.5024 122.2599 390.4909 25.2334 2.5468 124.8067 39.4742(g#) 124.8067 133.7646h�^6.XBJ�^.�?J�6.��[JX�oBJ�[o?J� “��” �?B=31ID�o*s =0.-0 3 W
N ~�ÆAt&�ÆA7L�� [6]699 {9� 106.338 4◦t 115.310 2◦ ,�'ÆNH 0.000 1◦ .-0 4 W
N$�|� 7∼10 I� 13∼15 ItXIHC|� 7∼15 I�x 16 N@H�7L�� [6]699−703 �{9Ck/H 0.000 1 d. ��
W 15, 7L�� [6]699−703 ~ 4$ 28 �
'Æ� 3 $�{]� 1300 G 4 $ 17 ��HCf"
$�� 26.807 5 d, b VA$I�� 1300 G 3 $ 22 �
jI� 4 $ 20 �
, V
I��q��,� 0 ��ac�X� 8.85◦t 37.08◦ , _A$q 3 $W_^� (�X 30◦ ), _m@$7~MsÆA$�|� 3 $���W 4 �]�7L�� [6]699−703 ~ 1299 G 5 $ 24 �
xA�HC�)R
 j� 1299 G 5 $ 25 �HC�ro�
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Table 4 The ephemeris of Jupiter in 1299 calculated by Shoushi Li (2)X % / � %� (d) ZJID (d) (0�3 (◦ ) Qbk��C (◦ ) k�C� (◦ ) ^� (Y�) �Z (◦ )

1 2/10 8.3823 48.7690(|s) -0.0348 96.6633 + 2.3058 1299-03-12 356.43

2 2/27 25.5500 48.7690(|s) -0.0702 100.7956 + 6.4381 1299-03-29 0.50

3 3/25 24.5171 18.2996(|�) -0.1715 107.3020 x 3.6045 1299-04-26 6.91

4 4/25 23.4399 47.8302(=p) -0.0486 113.3883 x 9.6908 1299-05-25 12.91

5 5/23 22.2576 17.3608(=O) -0.0742 118.0210 x 14.3235 1299-06-22 17.48

6 6/22 20.8789 46.8914(US) 0.0000 120.1571 x 16.4596 1299-07-20 19.58

7 7/16 15.3483 16.4220(UO) 0.0000 120.1571 x 16.4596 1299-08-13 19.58

8 9/04 2.9014 15.4832(�#) 0.0615 115.3717 x 11.6742 1299-09-29 14.87

9 10/20 19.9850 45.0138(�Æ) 0.0000 110.4631 x 6.7656 1299-11-14 10.03

10 11/15 14.4544 14.5444(��) 0.0000 110.4631 x 6.7656 1299-12-08 10.03

11 12/14 13.0738 44.0749(��) -0.0179 112.4913 x 8.7938 1300-01-06 12.04

12 1/13 11.8772 13.6055(�\) -0.0869 117.0663 x 13.3688 1300-02-03 16.55

13 2/11 10.7622 43.1361(��) -0.1886 122.8901 � 1.3226 1300-03-02 22.29

14 3/11 9.6760 12.6667(4s) -0.0754 129.5577 � 7.9902 1300-03-31 28.86

15 3/28 26.8075 12.6667(4s) -0.1091 133.6555 � 12.0880 1300-04-17 32.90h�B1B�A1 3, P�=2Ut
Xry��% / �M}�%���[}�%o�B�ZJID?B=3M�ID (o*s =0), 8B=31!v����8B�(0�3XG�o?J���oBJ�k�C�M]e 28 UX8U�U���0 3∼4 st~_
�*�<��4��	{9&�7L�� [6]696−703 {9�Ck~q/HN� 0.000 1◦ (� 0.000 1 d), �isw�'Æ�<��4��	9�A&
�-s�
YOl9��4��	�A{9�U�1��
5 [cT�2� ��4��	{9�A
T�U��v
;Tf�)t�VHOI(>�{OPa�
(Pw�2�9�) R\jGl@�R	�ÆM��O�ÆA = O�WA ± �ZH
da�]�Paj�ÆA = &�ÆA + &/Æ1��-
i��XH�

λ=MOD((O�WA + �ZH + &/Æ1)×360.0/ ^l -90.0, 360.0) .'Æb�4��	9�A;
0% V� 1280∼1650 G+�Aa�]��q� ()%S) j��u��XH
xa�m0VH�V���(>
�*>
M^V� DE406 �0 V�X 116.4◦�rj�u��A�X
T
5t
:EHwÆ�4��	�{9�H
0%Ck2v 1.v 1 \*��4��	�A�X VCk�)t�VCk�HH��A��HgwO�g	
vFOz�lMVmCA��A(>P�
IA�xAXo�+�{n=7&q
9A�=7M5
&q
x
Tuc6&n�
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w 1 �6!��}; 1280∼1650 I-�Cb�^��s� (&T) k�!v�Z��J
Fig. 1 The errors of celestial longitudes of the five-planet at midnight of the first day in every segment

from 1280 to 1650 in Beijing, calculated by Shoushi Li0 5 Q_��4��	{9 1280∼1650G+�A-O�]�j��X�Pk�H
�Hm�4��	�VH�)t VH�HH
Yw
 ◦um)LFJ� “ : ” a��HPkH
|��Hi�H�kH�s2
�4��	-I
VA
9A�{9U�~J
�H�i�HPk� 0.49◦ , �j-xA
�H� 0.70◦ , z|-�A 1.91◦ , IA 2.82◦ , ~j�CA 5.01◦ . s2AIA��H/(J��IA�`~q�H `
9A� 1.93◦ , x� 5 �FA:
YaR�\�� (1280∼1650)

Table 5 The errors of celestial longitudes of the five-planet from 1280 to 1650

calculated by Shoushi LiKC;C 
C zC KC EC
1280∼1379 0.73◦ : 0.73◦ -0.45◦ : 1.77◦ 0.09◦ : 0.38◦ -0.99◦ : 1.98◦ -1.79◦ : 4.46◦

1380∼1479 0.33◦ : 0.37◦ -0.65◦ : 1.85◦ 0.29◦ : 0.50◦ -1.38◦ : 2.62◦ -1.92◦ : 4.87◦

1480∼1579 -0.16◦ : 0.28◦ -0.73◦ : 1.98◦ 0.67◦ : 0.84◦ -1.74◦ : 3.25◦ -2.09◦ : 5.29◦

1580∼1650 -0.64◦ : 0.64◦ -1.15◦ : 2.11◦ 1.14◦ : 1.23◦ -2.01◦ : 3.69◦ -2.16◦ : 5.63◦

1280∼1650 0.13◦ : 0.49◦ -0.71◦ : 1.91◦ 0.50◦ : 0.70◦ -1.49◦ : 2.82◦ -1.98◦ : 5.01◦�s�J 1.93◦ 11.72◦ 2.56◦ 11.57◦ 15.26◦yBc
 2208 2576 2024 2760 1840



1 W � 	��6!���C};�W�__ 51A 2.56◦ ,  �A�IA�CAkNm 10◦ .

6 .�N< �9�A-Wi\t�&(>y@�<1��4��	��A{9df-a#a�
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Fig. 2 The errors of celestial longitudes of the five-planet at midnight of the first day in every segment

from 1280 to 1650 in Beijing after correcting fundamental parameters, calculated by Shoushi LiH~lh�-
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The Accuracy of the Five-planet Locations Calculated
by the Chinese Ancient Calendar Named Shoushi Li

LI Yong
(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012)

ABSTRACT The calendar Shoushi Li is one of the most famous calendars in ancient China,

which was recorded in the Lizhi (ancient calendar book of China) of Yuanshi (annals of the

Yuan Dynasty from 1279 to 1367). There are seven important calculation parts, including

solar terms, syzygies, corrections of the sun and the moon, eclipses and so on. The locations

of the five-planet are also in the list. Almost every part has a corresponding section in

the modern astronomical year book. It is the last calendar formulated only by Chinese

astronomers and its period of usage (from 1281 to 1644) is the longest one in ancient China.

It was also a new calendar system which cast off the traditional method by which calculations

were carried out from the epoch of the distant past. The basic constants were obtained by

meticulous observations and then used in calculations.

In this paper, the calculation methods of planetary locations in Shoushi Li are inves-

tigated and recovered by studying the official texts of Yuanshi. (1) The locations of the

ephemeris of Jupiter in 1299 are derived and our recovering method is affirmed by compar-

ing with other studies. (2) The calculated accuracies of celestial longitudes of the five-planet

from 1280 to 1650 are obtained. For Jupiter, Mars, Saturn, Venus and Mercury, the average

values of absolute errors are 0.49◦ , 1.91◦ , 0.70◦ , 2.82◦ and 5.01◦ . Jupiter and Saturn have

comparatively higher accuracies. (3) Zhoulu, Lilu, Dulu, Heying and Liying are used for

planetary calculations in Shoushi Li. Their accurate values, instead of those adopted in

Shoushi Li, are derived and calculated by modern astronomical methods and then inputted

into Shoushi models. It is found that the accuracies of planetary locations are not improved.

The errors of Jupiter and Saturn are 1.83◦ and 1.21◦ . But the errors of Mercury, Venus and

Mars ascend to 30.04◦ , 54.86◦ and 10.82◦ , respectively. It is indicated that the accuracies

can not be increased by revising some of the important parameters based on modern science.

Key words history and philosophy of astronomy, ephemerides, planets and satellites:

individual: Jupiter, Mars, Saturn, Venus, Mercury


