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PR sggx Uols ARG A EEAZY, BRI SHERPEGRTERED AR EA
WRZ —, BRI TG, A ST HAED J7 AR B S5 MBI R — 2 5 M PRA, @
WA B SR EZ ISR 25, RO 55 SR LI b g B B it 55
A (A3X) BOREEE. BATHY R EE TAENZEM RN A O Rn2m L, RZ&KERE
A (TREGY P ARRGTE—E, @ WY, FEIHRFEMNHE L.

P T sedpsk, M E W AUAMBE R A T BORMEERE, MR, IfEARBREL,
Hg X CRETY Rl R LML R T, fASOREAD.
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2.1 (REHY FEA LR

LRE BB BEEAR 7 AINEEE, RA-CNHES MR (R F BT
EREBEQE. LY AE A

(1) KM =55.0600 d, KR HLAE (B 1280 4 %) EEHFHRH, BIXAETZ.

(BT SEMARZICFEE (1281 4F) FRIAE N CARH FIEREE 6 2, EEHFFHTIE
K 55.060 0 d.

(2) R =20.2050 d, A FIc4 B EEIZ A MR H , BI4& 2 Al Z3CH )R 20.185 0,
FIE = —4F (1294 4F) BCEH 20.205 0.

(3) B8 =13.0205 d, AP TA R AHAE (o A) WARH, HLZiEsAA
. Z3cdEh 13.190 4, B =1 —4 k&R 13.020 5.

(4) 2. =26.0388 d, LA B R HE () AR H. £330 26.018 786,
ZBIL=T—FHE R 26.038 8.

(5) AR =315.1075 d, K I oe4& 2N RBHA ZRE R BE (& 10°). BTy #LE
RGBS A N B 6°, [ 6° B& 10°F1 315.107 5°. [[AIR, (AT B EFR
=365.2575° , B AL M IR 360° BT EEILL 360° /365.2575° =0.9856.

FAAEENAMTNHTYHETE, HEARFRITEELEARF.

(6) B R = AR 5HETZETE X Ta) ZEEE.

(7) ¥ = TR HL H sUEZ e P& i H i E7-& 5 P e & Z Ry .
L5 E NS, Mgt aER O LS /A, XHRhTFamARE, B
I FENTE =T - §5)) BEER, HiEER = HETR PR HEE, WAhYRE
TR F Y (HEF).

2.2 SHEEFRLKE

CEET DY 2 HEMESCILIIREEITEE (T - RNy , 3= 108 (REHY 4
W IR REARE. i, FAX = LENSEHAM, HE=nENEERY, HE/
BEAR = NP (365.2575°), IR = H EAHEE BT W B/ NARE. & BRI B2 R 7 SCIL
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Table 1 The fundamental data for planetary calculation in Shoushi Li and their

modern corrections

TR

ARE KB TR SR KE

% (d) e 398.88 779.9290 378.0916 583.9026  115.8760
BIEME 398.88 779.94 378.09 583.92 115.88

Pig (d) #EEHE 4331.2964865 686.958043  10747.884566  365.2575  365.2575
MBI 4332.589 686.98 10759.2 224701  87.969

EH (yr)  BE 11.8582 1.88075 29.4255 1.0 1.0
BEM  11.861739 1.880810 29.456479  0.615185  0.240841

&R (d)  BE 117.9726 56.7545 17.5643 571.6330  70.0437
MBI 116.0707 73.5588 16.5380 201.2975  116.0707

BN (d)  #BEME S 1899.9481 547.2938 5224.0561 11.9639  205.5161
BIEMHE  1954.5859 614.3310 5232.8447  150.7397  206.6952
RI(°) 13 19 18 10.5 16.5/19

E: KEMRRAPE, #ARKS RE, FAZRRIE. BEEN GRS 28R,
G IEAE N ARIEBARK SO R T 545 t R 508%.

e E AT RZN R, E—-NSEGAMN, ITREH TR, fr. 8. @
7. B AT, R WP HEAE, (BEHY SMET REIDRE, ERHH&BT
o FIRET R A EEE, SBE. BH (). B (). BREE(°) . W7 (°/d) &H, H
HEERWERER, KBS 148, K2 18E, +E 128, &2 20 B, /K2 10 B (L
#2).

TR 2 H, BEHEZEAR. BHRTELZBE K. TERITEOZEY
T f . PR T AT BT BN R B AR AR B WIAT RIS R AL %
BRI ah A B

HARHE T HEL T KB B PRI AL EARES, M4 P retEArraeE, H
KW E 7 B 20 AR TR

3 HLHEBE

CERETY WL HEIAS BRI BHRS W, RSN 18 MiEpAR U
Jo\ 1280 FEA BN AMEICREL R, RFRTE, BHHEEINSE, HEBRHH +
B, HHASEBIESRIEME. Z BBk S 008578 g3t Ry MEEMS
VEONBEIRE, A SCOORH D B AR i T

(1) Kfgs-TiEE (&, . RS ZRFRELXZLATRE — 8L FE:

Bie =MOD(IESL x %52 + &R, JH%),

JaE =HAE-fig = et =FaHE
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HAREE4ZERITE0HE, FEALXZHEIE TG HR, WHERAYN A
B = POoRAR -1281(yr), 5% = EFFER (d), AR = 2&HH (d). FREAY 4, F 2
B © . F P EBREITCRERIELZ B RENFR, BAON d BAFEHY ©
NHE.

#®2 (RERY AEDEE

Table 2 The movements of five-planet in Shousht Li within a synodic period

TR BRH EKH TR (353 IERES TR EKH BH TR FREE  WiTE
(d) () () (°/d) (d) () ) (/9
&k 1686  3.86 2.93 0.23 FEXIN 69 50 46.50  0.73
By 28 6.11 4.64 0.22 =3 0] 59 41.80 38.87 0.72
ByR 28 5.51 4.19 0.21 BER 57 39.08 36.34  0.70
X RBYW 28 4.31 3.28 0.18 JRIREA] 53 34.16  31.77  0.67
JRIBK 28 1.91 1.45 0.12 RIRER 47 27.04 25.15  0.62
B2 24 BiRY) 39 1772 16.48  0.53
BB 46.58 4.88125 0.32875 ko REBXR 29 6.20 577  0.38
KB 46.58 4.88125 0.32875 0.16 =34 8
4 24 BB 28.9645 8.65675 6.46325
&iBY 28 1.91 1.45 A3B 28.9645 8.65675 6.46325 0.44
B HBE 28 4.31 3.28 0.12 i 8
AR 28 5.51 4.19 0.18 B AB¥W 29 6.20 5.77
HPER 28 6.11 4.64 0.21 KRK 39 1772 16.48  0.38
Ak 16.86  3.86 2.93 0.22 KWRBER] AT 27.04 25.15 0.53
Ak 2040  2.40 1.49 0.12 HFRER 53 34.16  31.77  0.62
=323 31 3.40 2.11 0.11 K BH] 57 39.08 36.34  0.67
BW¥E 29 2.75 1.71 0.10 HBER 59 41.80 38.87 0.70
+ BR 26 1.50 0.83 0.08 KR 69 50 46.50  0.72
=14 30 FEXIN 39 49.50  47.64 1.275
BB 52.6458 3.62545 0.28455 K] 52 65.50  63.04 1.265
A3IB  52.6458 3.62545 0.28455 0.10 HBER 49 61 58.71  1.255
4 30 KWRBER 42 50.25  48.36  1.235
B AR 26 1.50 0.83 HWEK 39 42.50  40.90 1.16
HWHE 29 2.75 1.71 0.08 43R %] 33 27 25.99  1.02
V23 31 3.40 2.11 0.10 &  HBXR 16 4.25 4.09  0.62
AR 2040  2.40 1.49 0.11 A 5
AiB 10.9513 3.6987 1.5913
Ak 1775 3425 29.08 2.1558 £ BAR 6 4.35 1.63  0.61
V23 15 21.38  18.16 1.7034 £IBR 6 4.35 1.63  0.82
K HB 12 10.12  8.59 1.1472 B2 JRIE 109513 3.6987 1.5913  0.61
4 2 RH¥ 5
A3BR 11.1880 7.8120 2.1080 BiRy 16 4.25 4.09
3Bk 11.1880 7.8120 2.1080 1.0346 BiRK 33 27 25.99  0.62
=H¥ 2 RWREER 39 42,50  40.90  1.02
B2 RE 12 10.12 8.59 RRER 42 50.25  48.36  1.16
B 15 21.38  18.16 1.1472 =3 0] 49 61 58.71  1.235
Bk 1775 3425 29.08 1.7034 BER 52 65.50  63.04 1.255
SRR 39 49.50 47.64 1.265
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(3) K& TFEE (P&, W, RS ZPRERELAZAWERE — EF. €&

FERER = FBRPHR + BHFE
FERER = FBRTE + BHE
FBRMEER = HBER + RIEAZ N HEH
B H RATRE B = I e B + IGE s

Her, sy = @& /AR < BT, MBSy, BB NG, BORIEAZ et
& HE =MODJES x #52 + FMN, JHKR)-305.1575, WA NG 0°, b5 F@nt 2
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=((REHE - REFE)x FER)/ RER + HER

(4) RS EER (Ea. W, R Wz, 2 H 28
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Hrp, &l BeiZz RN A B SRR R A EUUETR, WEGEZR =153
B thx B4, A TR E RN b & By P RER A Z YRR, WFaER =
SR+ B%E EaRPEESZHSUENGES SR, FESZEIIENGES
E. WEZEH, BEEERESTENBREARNE.

B2, (e LEMEPRMTERNER, BHASCHRES H—SERNHEL A
.

14 HPHEER

HAETHEMIAREY, BRNERT (REHY LEMELIE. HE, AEEHR
SCHRSE W HES O IR ER T, BRI SR BER SR (01996708 Se AR HiD S5 RAE LR, RS,
% 92 =365.2425 d, WMAHRN B IL =+ —4F (1294 4F) JERABE, #AIHRITH 1299
FARER, BRgRDHIFR 3~4.

®3 (GRERY #F 1299 FRERE (1)
Table 3 The ephemeris of Jupiter in 1299 calculated by Shoushi Li (1)
FoOBEH PR ) PR C) AI(C) WIRR () B%E (°) BH () EH W) R () meEkR (°)
1 Hfk 88.6224 88.6224 356.8534 -8.4041 -0.8961  87.7263 57.1513(FH) 87.7263 96.6981

)
2 BYPEY] 105.4824 92.4824 359.7834 -5.4741 -0.5884 104.8940 14.3190(j% ) 91.8940  100.8658
3 R¥EK 133.4824 98.5924 364.4234 -0.8341 -0.0907 133.3917 42.8167(H4) 98.5017  107.4735
)
)

4 JRIE4] 161.4824 104.1024 368.6134  3.3559 0.3627 161.8451 11.2701(Z2) 104.4651 113.4369
5 RIBR 189.4824 108.4124 371.8934  6.6359 0.7110  190.1934 39.6184(%%Jl) 109.1234 118.0952
6 R 217.4824 110.3224 373.3434  8.0859 0.8629 218.3453 7.7703(FA#) 111.1853 120.1571
7 BB 241.4824 110.3224 373.3434  8.0859 0.8629  242.3453 31.7703(Z&) 111.1853  120.1571
8 AR 288.0624 105.4412 373.6722  8.4147 0.8972  288.9596 18.3846(L:4+) 106.3383 115.3101
9 AH 334.6424 100.5599 374.0009 8.7434 0.9314 335.5738 4.9988(JkJE) 101.4913 110.4631

10 #iB4] 358.6424 100.5599 374.0009 8.7434 0.9314  359.5738 28.9988(F:/%) 101.4913 110.4631
11 #BEK 386.6424 102.4699 375.4509 10.1934 1.0814  22.4813 57.1488(¢H) 103.5513  112.5092
12 A ¥%H] 414.6424 106.7799 378.7309 13.4734 1.4154  50.8153 25.4828(Z ) 108.1953 117.1532
13 A ¥R 442.6424 112.2899 382.9209 17.6634 1.8309  79.2308 53.8983(TE) 114.1208 123.0787
14 A4k 470.6424 118.3999 387.5609 22.3034 2.2753 107.6752 22.3427( &) 120.6752  129.6331

15 &k 487.5024 122.2599 390.4909 25.2334 2.5468 124.8067 39.4742(% ) 124.8067 133.7646

HE: PIARRPEEAVIR, QEARE; BFEPHPOEMHE, FROE “EH” MEEESET BFTF =0,

T 3, WA IRHE BRI 2 Bk iR 16169 Hi454 106.338 4° f1 115.310 2°,
573X # 0.000 1°.

TER 4, (LHBFEN 7~10 47, 13~15 fTRIZ8 T X2 7~15 4Ty St 16 P
G5k RER S 01099703 e 25 ARZE 0.000 1 d. A4k, F 15, JkikEns (61699-703 48 4
H 28 H, &3¢k 3 H. E#WIH 1300 4 4 A 17 HWT X500, A#H 26.807 5 d, #Eit
FIZHAMH A 1300453 A 22 H, WK 4 A 20 H, FIHEFEHHCKEH-ITE 0 B
HIKFHE 2k 8.85° 1 37.08°, ix H & 3 AHARAW (B4 30°), HUKIEHAEHMAE
ZHABEAT 3 A. BFF 4 M9 H kRS (6699-703 /8 1299 48 5 H 24 H, {HiZH TX
RHE, TIKH 1299485 H 25 T HZZ.
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T4 (REHY P 1299 FREHE (2)
Table 4 The ephemeris of Jupiter in 1299 calculated by Shoushi Li (2)

F A/ H AR () ST (d) mgEs (°) RECEEER (°) BCERE (°) WH (&) #Z (°)
1 2/10 8.3823 48.7690(LT) -0.0348 96.6633 BE 2.3058 1299-03-12  356.43
2 2/27 25.5500 48.7690(LF) -0.0702 100.7956 BE 6.4381 1299-03-29  0.50
3 3/25 24.5171 18.2996(L4) -0.1715 107.3020 % 3.6045 1299-04-26  6.91
4 4/25 23.4399 47.8302(F%¢%) -0.0486 113.3883 % 9.6908 1299-05-25 12.91
5 5/23 22.2576 17.3608(F%E) -0.0742 118.0210 % 14.3235 1299-06-22  17.48
6 6/22 20.8789 46.8914(FFRk) 0.0000 120.1571 % 16.4596 1299-07-20  19.58
7 7/16 15.3483 16.4220(B¢)R) 0.0000 120.1571 % 16.4596 1299-08-13  19.58
8 9/04 29014 15.4832(T4N) 0.0615 115.3717 % 11.6742 1299-09-29  14.87
9 10/20 19.9850 45.0138(CH) 0.0000 110.4631 % 6.7656 1299-11-14  10.03
10 11/15 14.4544 14.5444(J%H) 0.0000 110.4631 % 6.7656 1299-12-08  10.03
11 12/14 13.0738 44.0749(J%H) -0.0179 112.4913 % 8.7938 1300-01-06  12.04
12 1/13 11.8772 13.6055(7 ) -0.0869 117.0663 % 13.3688 1300-02-03  16.55
13 2/11 10.7622 43.1361(T &) -0.1886 122.8901 % 1.3226 1300-03-02  22.29
14 3/11 9.6760 12.6667(NT) -0.0754 129.5577 % 7.9902 1300-03-31  28.86
15 3/28 26.8075 12.6667(NT) -0.1091 133.6555 % 12.0880 1300-04-17  32.90

T IRRNEERE 3, SBEARTTHFSHE. A/ REWABA. A, HHAAREIE; 28T 0B M6 H
T3 (BRT =0), MEERPRRZ], b HE/NG IsiE o HIR BRI E, BEBUEE. AERERTL 28 15
PR 1 B

M3 3~4 AL, BAIIRE M BT fibik ik 010967708 feab iy of
FRBRAMZEL 0.000 1° (8 0.000 1 d), MLATEHINASIIKE T (REHY 2HEWRE, T
Je AT A I — 2 KBRS DY T ERHES B B o A

5 REWHISHEE

Iy M2 B R ERREE W, XHFESICHAEETIE. W55
CF&E. K. AR5 ZIrRERELXZAPWERE: SBEER = FBTE £ AFE, Hif
B HRETBRCEER = @R + e sr. T, WRREHEA

A=MOD((BEHE + B4 + MIKES)x360.0/ EF -90.0, 360.0).

ASCHE KB ZHEAR, AR T 1280~1650 4F[H H 2 IEE W H TKH (A
Jb30) BB ZIR B 2AE, (HiE MR BIE . fER R, HATRAKERK DE406 [
FHHEAL 1164 W TRNZW L ERLAE, FUREZEHE (BRFHY BiESR

7, VRS R WA 1.

B 1R (IREY KEESITHERSAIRE RO EE LENRERRL
BERE, ARES. WKEBEKE., KBELETR, &8, 1 REEER R 0 B R
K, REMRBEIEARIK, EHAEHNZRH .
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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 L1

KOG T (AP R 1280~1650 47 8] F R TEA BEY) H BCE B 20 T ¥ iR E,

RER (Y HAES AT RERZE, HAA RS,

T, 5 RiRELAEN . T,

x5

o hRE

€Ty TEAT RSN, KRERHEDEE RE,
REMAIHMETH R 0.49°, ELE, REHR 0.70°, WIFRAE 1.91°, & 2.82°, &
WAKE 5.01°. AT ILANATERREN B & THAMTE. BiBRKIRENS, KEN 1.93°, £

(RETRY AEHSRER (1280~1650)
Table 5 The errors of celestial longitudes of the five-planet from 1280 to 1650

calculated by Shoushi Li

TR

RE KB +E &R KE
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°
BRiRE 1.93° 11.72° 2.56° 11.57° 15.26°
BEURE 2208 2576 2024 2760 1840
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B 2560, AR, &8, KEH# 10°.
6 JLRitie

B H BT E AR LR TS, (R MRS S RN,
HRAE LR, BOEEHRAEEZTNE. —Bme, REDY #2HEMERN
WERETLHE, EEETE: (1) HEMGhERAPSSHNREE; (2) TAEAEL
PLE R L RORE B, (3) X B SFLH SRR, (4) AEIISRIOBE; (6) A%
ZEWIREEE;  (6) #HEL AR H SEER ML

BAEMLIRET S, sKIERSE 070718 3 eI m(R BT AR,
TEMREEA R 1°~2°, KEA £3° AAMIRE, RRAMIRERE S ~6°, KE, &5
HXHRZEAIA 100 A . H46, dkfg U7 G CKSHY #1531 FE H REEZ, %
RE, KB, LE. &8, KEMEKIREZESFIH 0.60° | -1.69° . -1.35° , 9.23°F
14.98°. 5 18] 2522 1282~1302 4 A i CRELITY AIMTEMREE, BARRE. AEM
+ EREIREAIHE TR 0.61° . 0.98°F1 0.38°. XLEELER HA LG HA —
.

EFE 1B, BOBEEN M E IR AERN, XA 78 Beop) H K
HREAME, MHEEWIHE ERMEH G0, XH)E IEED 2 . 1o,
HRUE CERETTY MERAME, W AR ELER /N FE 1 EE. 76 1280~1650
ERHIEIEN 0 BEHIMER] 0.13 1k JREMT: #AXEEHE = AR - a6 = F%E-
MOD(JEFE x %5 + G157, %), F] 1650 4F, FEH =369 yr, K «BETHY LR, FKT
B E AR —4, 018 1645 4, K /IME =369x%0.0001/100=0.000369 d. ZHHUH R Sl
K, BIRA «RGHY FRE, B8 FEE < % 52) BERE I 369x0.000369=0.1362 d, [
I {ERE NN 0.136 2 d, T2, B HERIK> 0.136 2 d. TiAH H 47 360/365.2575=0.9856°
WS BRAEFE 25 L IH KB 1650 FRF08 0.13° . T 5 52Pr i SEH 45 A0 A

AW (BB DY FERT = — RSO R AL E TR, HHTE
BRI R, FotS AR, 5. KLY ZEm. WS R RBR T
REJE R THRS (AT X—a b E. (HmEEmE R EEmy A, WEM
RELTAETRSH, B, EHSEHPe €.

A SCE R FIsk RS 01685687 b ik L R BARBE LA 28 (BT BRI A
B SEOREER W, WEEAE, R, TAESMIH SEEE HEX =X
/ HE = FR&R /365.2575, LN =(270- ié;ﬁ%)x365.2575/360 VIR TFEENTE :(Jﬁ}f‘z
- BN B, AFLGEHSMAE = FAATE + &5, THSERS =270- £ F ST
H & MBE x360/365.2575. TRAEMER, GNP A S, BIEEEEIR
FF# 1

ASCRE B AER G BE, SFEEN. HN R IEEM&MERNBIEE, /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 Li
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The Accuracy of the Five-planet Locations Calculated
by the Chinese Ancient Calendar Named Shoushi Lz

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

ABsTrRACT 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



