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Analysis on typical design rainstorm hydrographs of central cities
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Abstract: The hourly rainfall of the four central cities in the Guangdong-Hong Kong-Macao Greater
Bay Area (GBA) during the pre-and post-flood seasons over a period of about 60 years is studied in
this paper. The maximum 1-hour rainfall (rain peak), the maximum 6-hour rainfall, and the maximum
24-hour rainfall are taken as samples. The asymmetric Archimedean Gumbel-Hougaard extreme copula
is used to construct a typical design of rainstorm hydrographs for the joint distribution of rainfall in
three durations. The main conclusions are as follows: (1) The urban design rainstorm value calculated
from the joint distribution of 3 durations of rainfall is greater than the combined distribution of 2 dura-
tions and the design rainstorm value of a single period, and the overall effect of the design rainstorm
hydrograph with the same frequency amplification is relatively optimal, which provides a new idea for
the research method of urban design rainstorm hydrograph. (2) The design of rainstorm hydrographs
for 4 cities based on the joint distribution of 3 rainfall durations more objectively represents the rain pattern
characteristics of the cities in which they are located, providing a new method for further research on
the design of rain patterns. (3) The typical design of rainstorm hydrographs constructed with the

maximum rainfall of 24 hours is representative. The typical design of rainstorm hydrographs amplified
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with the same frequency can be used as a reference for the city design of drainage and waterlogging
control engineering in flood season.
Key words: asymmetrical extreme value Copula; design rainstorm hydrographs; ‘OR’ return period;

rainfall patterns

A BRA AR AL T BN i G A A, F b il o e TR ok A 5 | & B 3l T PN B T 3 R R A 2 TR 2K
oy X5 8 iy 2 T 2 3 T B 9 IR 9 5 TR X 18 i R 2 R, FH I A8 3k i i T2 i AR Ik T HE K TR i
KB EERT, XPHE T HE K TR B S 4% o B S B 520, SR BT HEK TR R 22 v 2 ib .
T AN 51 DI I T 48 3y R A S A7 55 7 9 D0 1) DRI 78 L A 8 o R A TR &R . 5 1 (2015) 45 H 7l
TR SR 3R 86 R Ao 2 R GEE R SR B AE I ) R A e 72, R i AR A A Al o 4 (2015) 433
AR Ay i S HEZK B 7 R GE BTN O B B2 32, T 30T T ECHE /K 2R e i R R AN A B S HE K o3 b,
ST VA A R A R R R AR . A A (1998 ) X6 6 [ 4 A4 FR 3 0 R B gEA T e S, A8 T
L 7y W R T A ) A AT R, B TR LA, R T — R b A Sl T HE K B EOR B B R
AL OO (2018 ) 36 BT S0 T S 00 174 == Rl 280 T 0 J 190 2 TR T 28, 0 FL PR R ol 2 A 7 ) 41 30 I BB 4
Jift, >R I Copula pRZS I KU A5 BE SR AR AL A3 B 1 AN [R) A 9 Bk BB 22 ) b 300 1 2 W XU o o B 46 (2013) I HT
TRYINF 1 0l 34 4F 52028 I W9 D5 RE, X E 17 AN [m] Y 8 T 15 T TR B 5 5 T A 25 e, FR A Y T A
Copula #fE3K T VRIS [7] 22 304 W 740 110 JRUS: 28 R AR 2 (Y R AT

2 4-1E 0 Copula PR BT = A8 1 /K YIRS MES 0 A AR S R T A A DI . RE2E4
(2010) F11 Zhang et al.(2007 ) 4351 Wi F X % (14 B2 %0 Archimedean Copula pRELZ3 T T 7K =25 B (1 A HE R
Gy A RGARE RS A o BT AR RIAE SR B S dERENLAS 5, S HOME D) L S S SR 2% AN R R AH G
g5, MEHEXTFRIE 2 Copula PRECEA BN 2 % B S BOMSSHIE L, G 1 THVE S 4Eny BEpLAE &
Sy, Grimaldi et al.(2006) . Ganguli et al.(2013) . PR 525 (2016) 43 51 R FH HE XK 1% B B K 48 Copula
(asymmetric Archimedean Copula) F4 8 T AXFFR = A8 fE UK SR BG o A BEAE eitok, Rh2aln
THEAK KBS AR B S TR . H A (2007) FIZE KI5 (2013 ) 43 591 5% HI PR 72 5 A =78 12 ) Copula bR
Bod ST TECE S A AR K B B HE R O 1, iR b G BR R A T —Fok

XRS5 (2018 ) X 38 117 2% W 9 B2 N S R i SR A 1 TR TE, M A5 (2017) iR VF T Ik TiT i 1+ 2 f 4
i WA L SRR N ORI 25 43R A5 D7 TN 2 o (B 2 A NP3k T i 2 W A R O T AR AR A0 AL
JEHOZ N = 4 CRF 2 48) RO B PR W B, R A2 W R ) 24 RUBE 2 I s A i — > 2 W
FEOE SR HEA TR0, MR AR W R R 0 R AR, SRAS IR St 1 T 3 S X 1 A i 1A
R A BT T R T R FTAE N HE K B 05 TR BT S 5K . PR 5255 (2020) {9 AR SE etk oo 72
Lk, UIDIAERK I h i (RIE) . K 6 h it Ml K 24 h I AR, SR AR X FR Y B] 6 K 7
Gumbel-Hougaard Copula #4) fEZR I i 3 4~ BF B f 65 40 A0 1 LR B i FR 4k . A oR 45 R W 3 B B
WG AR B0 BRI A ] R0 3 R e OB, (L e /D Xof SR 5 R ok AR A AU R AR 1 1Y
2 A IRURS: B AR I FE B A 2 BT o AR SCHLEE— 25 R FAE XS ) Bl 6 K £ Gumbel-Hougaard #% {E Copula #4)
HEIRRTE DX A DT B R R L, A SR B T S T 977 U ) IR A B
1 =7%4 Copula PREL
1.1 Copula BEHIE X

WML X (i = 1, 2, -, n)BALEDHMRECNF, (x,) = P(X, <x,), HPn NWBEHAERBDE,
BENLAE X, BE . MK Sklar BRI, X FELL A0 AL F (x,), FALEME—IRA 5010 PR AL

H(x,, %, 5, %,)= C(Fxl(xl), Fy(x,), -, FX,l(x,,)) = Cluyuy, oeyu,). (1)
FIFH Copula pREHE SRS BEAR 50, (A8 500 I {5 BERAAAE T iU SO0 A iR B, AN ST

S
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e AR EREL. A, Copula bR B8 24 1 22728 i K SO 538 0 A1 AT A T L

1.2 =Z%= Archimedean Copula
— A dEXTFK Archimedean Copula 1JE & (Salvadori et al.,2010)
C(ul’ Uy, u3) = Cl(u3’ CZ(U‘I’ u2)) = @Il(gpl(us) +¢,° 90;(902(”2) + @2(“1))), (2)

AP “o7 RRBRBE S, =& IEX K M6(Gumbel-Hougaard) Copula 220K
. 0. 700 . 16,
C(u,,uy,uy) = exp —([(—lnul)+(—lnu2)} +(—lnu3) ) R 0,>0, e[l,%°). (3)

1.3 ZZERAEINHMEGENH
PUSEAT “V7 S0 8 =4ifm s 20 — o oL R RS e S BN

v _ 1 _ 1
P(X1>x1\/X2>x2\/X3>x3) l—C(ul,uZ,u3); (4)
PLSA” @S0 H” = 4Etm S R gl A e T BA Hh
T = !
et P(X 2 ANX, 2 AKX, =)
1 (5)
) 1 —wu, —u, —uy + C(ul,uz) + C(u,,u3) + C(uz,u3) - C(ul,uz,u3).
PSR S A T I AR (52558, 2010)
F(xlleéxz,X3<x3)=W, (6)
FE(X, > 20X, < x,, X, < x,) FEOSOEEI N
1
T“¢&sxp&sxd_I—FUA&Sxp&SxJ; 7)
PG A LR T B SRy
B B B 82F(x,,x2,x3)/8x28x3 B GC(ul,uz,u3)
F(xlle—pr} —x3)— fxm(xz’x}) = du,du, s (8)
WFEE(X, > X, = x,, X, =x,) FASEREII N
1
Tw¢n_x”x3_%)_1—ﬁ(%w2:%“n:xg' 9)
— AR R T B SRR
F(xl,x2|X3=x3)=M, (10)

ou,

D) 2 A — A SRR F A A B
1
T= ; (11)

1-F(x,nX,=x,)"
— AN A R B SRRy

F(xl,x2|X3<x3)=W; (12)
W 2= A — AN A R R SR B
1
r= (13)

- F(xn X, <x)
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2 SEHAEE

2.1 HAREEE5HIERERLE

B IRRTE X ALY 5.6 7 km?, MATZ1700007, R, ESEFETREEBRREX S 545k
SEA I XIRZ —, TEER KRR AT 5 M ShVE A 22 iR i . & s MR, ML IR
DI P IRV X 4 AU IR, AL AR AR ] 2 R BIATIECX T RTR I 2 A T .

AR IR ZE 0 4~10 A iRy, W10 2 BB 4~ 6 A R RETRTTIY, ZhBmmEs; 77 L)E
AR SR , AR R TRI 2 th KSR R R R G AL, R & R . o8 T 68 R [H]
REARGH RIS, RSO —FE, B ZXHTI K T 2 W

BOHEANE . TN AIRIN TG 3 25 )RR S 5ok 1 B ROEAR G 0l A s R T W o 50000 40 ok A
WRH ., W TR BB G )R . AW s u ISR . 77N 1954—20124F; RN 1954—2012
A5 U 1947—20134F; W(]1952—2013 4,

IR AL B, B RIS S AR AT . R TR K 24 h i (R,,) . BEMIZRBGHT . 5 TR R K 1 hili i
(R)FESE K 6 h N (R)BHi o B R, . R Ry, ME R A HTREAS 4348 3 4 A rpts ek 7 /i J5 VRO 3 A1t
BB A I T R Rk
2.2 WBEHHEBREST

NG AR YR SUHABE S35 (GEV)XT R, . RN R, FEAIMUAIA o SBG 2 v (L-5E) 7 v,
ZRYG WA 53T ] Gringorten 2220 . 4645 5 R 1 il 152 22 (RMSE ) I3 fi i AH 5C R AL (PPCC) K
BHAAME . AR TR, GEV /G T 3 MmN E R, . R R, FEAR (L 1),

I XA (GEV) 4315 R gk

w%—b—f«z—uMﬂT%,f#O,

Fy(x)=P(X<x)= (14)

exp[—exp(((z—,u,)/ﬁ)ﬂ, £=0,
K¢, B, uimrilEASE . RESHMAESE.
Nelson(2006) il Salvadori et al.(2010){EM, 4 HAY 2431 % 5347 Fl Copula pRELY I AE AR B, #1&
MBS o3 A5 A JE A8 4345, 1 Gumbel-Hougaard Copula J& Archimedean Copula b8 &% H M — £ 48 B A (i
Copula PREL, 3 FHF W AR 0T . TR R, . R R, WA Kendall A5G 28 IO [R] 17 Hif 22 7

Tl ANRBUINIUE RN GEV /0 i 50500 G 1

Table 1 The parameters of the marginal distribution and the values of goodness of fit test

- HiTYRIY Je )
i B & RMSE  PPCC U B & RMSE  PPCC
R, 31.943  14.218  -0.069  2.979  0.988  21.904  12.579  0.012  2.821  0.984
jlhl R, 65.179  27.693  -0.107  6.709  0.987  52.830  19.218 -0.022  2.990  0.993
R,  97.261  39.179  0.015  5.012  0.995 86.088  29.343 -0.199  9.774  0.980
. R, 28.280  14.694  0.025  2.023  0.994  26.727  12.166 -0.012  2.597  0.986
LTI R, 61.177  29.873  -0.147  7.673  0.987  75.576  32.121  -0.030  8.426  0.979
R,  100.169 44.749 -0.191 14.272 0.981 143.649 55.312  0.057  7.378  0.993
R, 33.790  16.863  -0.106  2.129  0.997  31.890  15.071  0.067  2.318  0.991
z R, 88.533  41.400 -0.078  6.702  0.993  88.304  33.895 —0.039  7.586  0.985
R, 134972  64.720 -0.140 23.817 0.980  165.569  63.157  0.006  9.659  0.992
‘ R, 37.478  19.901  0.079  3.057  0.991  30.595  12.950 -0.073  2.684  0.989
Tf R, 86.431  41.448  -0.131 12.390 0.979  82.540  36.590  0.032  5.154  0.993
R,  132.426 56.896 —0.220 11.899  0.994  140.417  63.620  0.161  8.722  0.992
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BIAELERE S AR e, H R, . R AR, 2Z (0] WY AH JEMEAFAE 22 5], #03% FH AR XF FK Archimedean Gumbel-Hou-
gaard Copula f9 % 4 MG u I AERT . Ja TR EcK 24 h B SR RIBT BRI R, . R FI R, Z [H] Y — 4Lk
G

R (3) 115845 2 9 X FR Archimedean Gumbel-Hougaard Copula Bi-72%8, DI M E 25 ). OLS Flf
SN AIC F LA PEBEAE UL R 2 W p b3 S AG A 4 3T 1) = 4RI or A . A R iR, ARSI
JUMTT L SRR A A e

TR
2,632 2,632 7] 1034/2.632 Lo )
C(u],uz,u3)=exp<—([( —lnu]) +( —lnuz) ] +( —lnu3) ) , (15)
Ji T
2331 2331 7140172331 Laor)
C(ul,uZ,u3)=exp{—([( ~Inu,) +( -1Inu,) } +( - Inu,) ) . (16)
F2 ARXFR =4E Copula Z XAl i+ MU DL B
Table 2 Estimation of asymmetric three-dimensional Copula parameters and goodness of fit
[iRGR:! JE
A
0, 0, OLS AIC 0, 0, OLS AIC
J7M 1.634 2.632 0. 042 -160 1. 401 2.331 0.033 -172
7wl 2.032 2. 649 0. 027 -184 1.797 2.451 0. 029 -180
ik 1. 946 2.595 0. 020 -225 1. 964 2.451 0.034 -194
T 2.315 3.100 0. 029 -189 1.956 2. 488 0. 041 -170

2.3 HABEWMITREWE

MR ARRAE, LSRRI AR A . TR B RIRN e K/NAE . SRR R FR LR (R AR R
. @ BERFEDIETT . 5 24 h R SEI AT 3 @ B2 FR Rk RIS B R, AR K 2 04X 3%
T NET R s R, 26 B B 24 ho e KSR T i A e K | h RS BT e, AR i PR L P
ARBE5 IR ) RS 7R — 3

PEHC AN IR TT AL B R BRI R, . Ry Ry, 55 3 DT BN AV S I WK 3, R 3 a0, BLAUAERY 24 h
WA IR BIRF REE WY, R-Ro-R,AGT =AY “B BCGHEM N T — i B s i), il % &
LW B A AT e — B B RN R T BB PR A o

K3 ADIRTTRTE TS BYAR R, (R (R, e R S i L

Table 3 The maximum precipitation and return period of R, R, R,, of typical years of before and after flood season in four cities

R, R, Ry, R=R Ry,
Wl R SRR
R,/mm I /a R,/mm BEI M /a R,,/mm BEI M /a ‘i /A

. (i} 1955 80. 7 22.2 233.1 107. 4 281.9 132.6 21.6

J& 1964 45.8 7.3 138. 4 70. 6 269.7 58. 8 7.2

A 1966 65.9 14. 6 249.3 86.7 352.5 46.5 14.2
RN

& 1993 68.9 30.4 177.3 21.1 338.6 51.4 17.2
- A 1998 71.7 8.0 192.1 10.3 428. 4 33.9 6.5

Ja 1976 51.5 4.4 168. 6 10. 1 416.3 56.2 4.2
i (] 1982 107.2 61.1 279.6 38.6 613.2 118. 8 35.2
ey

J& 1955 39.5 2.5 138.8 5.4 355.3 131. 4 2.4




6 iR R (HARRRARRD (FR9E30) 562 %

2.4 EMEBZERITRWIREL

MR- =R ER T, |, FE BRI u,, w,, u AL R (4), 2 IR R AR
LR, WER . Ry R, FE3ANMBIREFENR, WA u, =u, =, AIHGIETE S EHY
Ty POURAE (w)s wse uy)o ARABICZH G, i BRAS S E 9 300 50 53 A1 RIS A T 75 1) 3 AR T3] o B i o
BB E BOHEA R (. rey 1), BEMTRABTHEA S HOR MY B B, BRI a] 13 2028 T =28 S A 0 A
BT R R . SR ITAEXT PR M6 BB S BHE T R, . Ry Ry, 55 3 1IN B A [R] 451 32 3 A BK G B HE

/ASWE

r, = F'l(ul),
Uy = Uy = Uz = [1 B (I/Tunuzv“x)]a’ Ty = F_l(ul)’ (17)
ry = F'l(u;),

Arfao= (20 + )75 T, R B I F(u,) MGG R I R

HEARIRUEL, AT AR B P A b, w OB T, 5wy wa OTEBUIT, | Fluy, u BT,
B B3 36 43 A A

F 4 WA B RALSEITH 5 O, W ILRE F R-R-R,, % 3 M B AL ARG 5
FIMIRD, fakAEA . B, AL 3 BT R AL AR 5 IR T,
YL 5 SRR T I T 0K T 3

%5 HE ARG, Fh " JoRRISE. IR -R-R, AL BRI i
T BT HAL T BKOP4L A AR BRI . 1T 2 A7 i I T 2 e et B
SHBEA TN, HIET AR R, RIS KT MR RBRE . R 2% (2016,
2018) BFS4E S o, = AR IR I SN0 4000 A M3 R (AR = At o B
I

22 ST, SR R -Ry-Ra AL 27 P AR 10 3 AN B A0 B0 49 T 4 B o — o B R A 0 1%
HHE, BRT R 2 A B AL A B (E R TR SRR, AR 22, AR
FH Ry R R RV AL 4500 W (T 75 22 S T T T 0 ol SR TSR T RE ARk . SR
Ry-Ro-Ro, 16 I 5 4 R e R L A% A R ST I 42 0 P 7 BRI TR S bRrg B
25 MBEEHRELRESNSHEANRERE

S IR IUR A5 BT (>200 mm) B 4 ASRHTRT . 5 TR0 MU 58 R R0 £ [ 4 B
KEHARK = XX s B X g ORI BT L5 X ST SR SRR I, DI B
HOR R TN 200 a(P=0.05% ) R,-R,-R,, % 3 N BEFT LA A U UEH BRI B . T Heke, 5
SR T Ry-R I R\-Ro, PSR4 50 LS AT IR 3B e SR i T T L S, T S T 3

A AT B A I E L

Table 4 The "OR" return periods of rainfall combinations with different time periods at four cities a
HiTRIY ERiie!
UIRE| Y
R-R, R-R,, R:-R,, R,-R:-R,, R-R, R-R,, R:-R,, R,-R:-R,,

" 200 138.7 123.1 153. 8 113.3 134.2 113.6 148.7 103. 8
S 100 69. 4 61.6 77.0 56.8 67.2 56.9 74. 4 52.0
il 200 146.2 134.6 154.1 122. 8 146. 8 125. 4 150.9 116.2
100 73.2 67. 4 77.1 61.5 73.5 62.8 75.5 58.2
. 200 152.5 123.8 153.2 120.7 150.9 128.6 148.5 119. 8
it 100 76.3 62.0 76.7 60. 4 75.5 64. 4 74.3 60.0
T 200 158.3 139.6 160. 0 130. 8 146. 4 128.2 151.5 120.0

100 79.2 69.9 80.1 65.5 73.3 64.2 75. 8 60. 1




%61 Mgk, 45 BRI X e IR BB TR T AR A BT 7
5 ORIRIT B AU TR IR R A T HE AR — B B A B HE
Table 5 Univariate and multivariate storm design value combined with same frequency
M BEH A HHM/a R/mm R/mm R, /mm R B AL A HHM/a R/mm R/mm R, /mm
200 136.9 296. 2 320.9 200 95.2 177.0  429.6
R-R(-R,, R\-R¢-R,,
100 122.3 261.0 295.8 100 87. 1 161.9  366.1
200 130. 6 280. 8 - 200 91.1 169. 4 -
R -R R -R
I b 100 116.3  246.8 _ b 100 82.9  154.3 -
i M
o 200 133.1 - 314.5 200 93.1 - 412.0
L] R-R,, J& R\-R,,
1M 100 118.7 - 289.3 M 100 84.9 - 350. 8
200 - 275.6 306. 4 200 - 167. 1 387.2
,ﬂ;ﬁ Rs'RM %ﬂ Rﬁ'Rz4
100 - 241.9 281.2 100 - 152.1 329.3
200 122.9 262.6 296.9 200 86. 4 160.7  361.5
R/RJR,, R/RJR,,
100 109.0 229. 8 271.6 100 78.2 145.8  306.8
200 108. 2 338.3 581.6 200 101.0  283.1 421.1
RI-Rﬁ-RZA RI-Ré-RZA
100 99.3 291.6 492.7 100 92.0 256.6  393.0
200 105. 1 321.6 - 200 97.2 271.9 -
S R-R = R-R
o s 100 9.2 276.5 - ® s 100 88.2 2457 -
Yl I
. 200 106. 2 - 560. 4 200 99.3 - 415.8
H Rl'R24 Ji Rl'R24
" 100 97.2 - 474.0 A 100 90.3 - 387. 4
200 - 318.0 542.7 200 - 270.9  408.3
%q Rs'R24 ﬁﬁ Rs'R24
100 - 273.3 458.5 100 - 244.7  379.7
200 101. 1 300. 7 509.7 200 93.2 260. 1 396. 8
R/RJR,, R/RJR,,
100 92.1 257.6 429.7 100 84.2 234.2  367.7
200 171. 6 397.3 726. 1 200 104.9  311.6  528.7
RI_R()_RZA Rl'Ro'Ru
100 150. 4 353.0 628. 2 100 97.6 282.3  486.3
200 161.9 377.2 - 200 102.0  299.8 -
R -R R -R
= b 100 141.5  333.9 - F b 100 94.6  270.8 -
fﬁi 200 168. 4 - 711.3 it 200 103.7 - 521.5
I R\-R,, Je R-R,,
M 100 147.5 - 614.8 M 100 96.3 - 479.0
200 - 376.9 680. 5 200 - 300. 5 512.7
H;H R()'Ru jﬁyj Rs'Ru
100 - 333.6 586.9 100 - 271.5  470.2
200 153.8 360.0 643. 5 200 99.0 287.9  494.5
R/RJR,, R/RJR,,
100 133.9 317.6 553.3 100 91.5 259.3  451.9
200 129. 4 442.3 792.0 200 125.8 278.7 382.4
RI-Rﬁ-RZA RI-Ré-RZA
100 120. 4 383.8 661. 6 100 112.3 257.4  364.2
200 126. 6 422.7 - 200 120.3 270.3 -
3 R-R 5 R-R
S b 100 117.4  365.9 - LS b 100 107.1  248.8 -
E 200 128.2 - 771.9 I 200 123.0 - 378. 8
Bl Rl'R24 Ji Rl'R24
" 100 119.1 - 644. 4 A 100 109. 6 - 360. 2
200 - 421.8 745.2 200 - 269.3 374.5
/H;H Rs'R24 E’q Rs'Rm
100 - 365. 1 621.5 100 - 247.8  355.4
200 123.5 403.0 703. 4 200 114.3 260.7 367.1
R/RJ/R,, R/R/R,,
100 114.2 347.9 585.6 100 101.4  239.0 347.2
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Fig. 1 Comparison among the design rainstorm hydrograph with return period 200 years
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Table 6 The condition return period and risk rate of designed rainstorm in typical years of pre-and post-flood seasons in four cities

P ! R, Ry Flxy, mlXy<x) Fa, mlX =a) F(xlX, <xy, Xy <ny)F (20X, = x50 Xy =x5)
mm T/a P T/a P T/a P T/a P

1955  Hi  80.7 233.1 281.9 25.3 0.039 1.1 0.951 27.7  0.036 1.8 0. 542

A 1964 J5  45.8 138.4 269.7 7.9 0.126 1.1 0.950 8.2 0.122 1.9 0. 536

- 1966 A 65.9 249.3 352.5 19.6 0.051 1.1 0. 870 20. 1 0. 050 5.2 0.192

1993 J&  68.9 177.3 338.6 25.1 0.040 1.3 0.751 104.0  0.010 1.8 0. 552

. 1998 R 71.7 192.1 428.4 8.3  0.121 1.1 0.937 185  0.054 2.4 0. 420

i 1976 J§ 51.5 168.6 416.3 4.5 0.221 1.O 0.985 6.6 0. 151 5.6 0.178

IR 1982 I3[} 107.  279.6 613.2 49.5 0.020 1.1 0.894 426.3 0. 002 1.3 0.747

B 1955 J5  39.5 138.8 355.3 2.4  0.408 1.0 0.999 3.6 0.278 1.4 0.701
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