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The spatio-temporal variation characteristics of short-term heavy

rainfall in Wuhan from 1954 to 2022

JIANG Qi' QING Pengcheng? LIU Huosheng®*  SHI Ruigin®

1 Huangpi Meteorological Bureau of Wuhan, Wuhan 432200
2 Wuhan Regional Climate Center, Wuhan 430074;
3 Wuhan Public Meteorological Service Center, Wuhan 430048

Abstract: Short-duration heavy rainfall is an important unstable factor affecting the safe operation
of the city. Based on the minute by minute precipitation observation data from Wuhan National
meteorological station since 1950s, the sliding accumulation method was used to identify
short-duration heavy rainfall events, and the fuzzy identification method is used to determine the
rain pattern of every single rainfall event. In addition, the temporal and spatial characteristics of
short-duration heavy rainfall in Wuhan were systematically analyzed from the aspects of
occurrence frequency, intensity and rain type, and preliminarily explore the influence of
urbanization on short-duration heavy rainfall. The results show that: From 1954 to 2022, the
short-duration heavy rainfall events in Wuhan showed a small increasing trend, which suggests
that the annual frequency of heavy rainfall, annual heavy rainfall, annual maximum 60-minute
heavy rainfall and annual maximum single heavy rainfall were respectively 6.9 times, 289.9 mm,
98.0 mm and 282.2 mm, while the increasing rates were 0.3 times /10a, 16.7 mm/10a, 1.4mm/10a
and 0.9 mm/10a, respectively.Among them, the frequency and amount of annual heavy
precipitation exhibit interdecadal characteristics, approximately presenting a "W" shape of
"decrease-increase-decrease-increase". The incidence and contribution of heavy rainfall lasting 60
—120 minutes were the largest, 41.6% and 32.2%, respectively. Heavy rainfall in Wuhan mainly
occurs from late June to mid-July, accounting for 33.6% of the whole year. The frequency of daily
heavy precipitation is approximately unimodal, while the peak occurred at 05:11-05:40, and the
trough occurred at 15:58-16:47. The average minute rainfall intensity is distributed in multi-peaks,
the main peak appeared in 16:04-17:34, and the trough could be found in 07:53-08:27. The
average rain intensity during the day was greater than that at night, especially during 14-20. The
average frequency of peaks and valleys per minute in spring is earlier than the annual average. In
terms of individual rain patterns, the heavy rainfall at each station in Wuhan was dominated by the
type I and type IV rain patterns, while the heavy rainfall in 0-60 minutes was dominated by the
type I and type III rain, and the heavy rainfall in more than 180 minutes was mainly type IV . The
spatial variability of short-term heavy precipitation in Wuhan area is relatively small, and the
frequency, duration and precipitation of heavy precipitation in urban area are slightly higher than
those in suburban area.

Key words: Heavy rainfall, Spatio-temporal characteristics, Rainfall pattern, Urbanization
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Chang etal, 2023) , FRFF/KE FRMAIR. SREEAIFREEN 3 kA2 B35 00 (Donat et al,
2016; FLEEAIEE, 2019; Deng et al, 2022; Zhu et al, 2019; 7548245, 2021; JABeEsss, 2023;
K EEE, 2024) , ARSRIRFEK MM AT RERFAEIE SR (Hu etal, 2021) , Hik—D el o s
TR T TR o

VAR, B RA BRI T 3R MK AR AL, RO E AR TG .
Donat et al (2016) #& AL E 60 4 rfr AR5 1y DX I Hh [X 5 B /K Ak B AR fh i 35 AN B
2, (AR H K SR, B R Rk S . FLEAIEEN (2019) KA 1961—
2017 A [H 545 AN H KSR, 070 RIS =R HE AR X S niass, vh
AL X AR aAA B B R Fil%E (2018) FIFHALEI T 20 AN E KA Rk 2011—2015 /NS
B /K EHE, WA T AL T T I SR B /K AR AE, 2R I K AE AR I S X322 e, I A AE —
FREE F3GINT FeKaRaE . B sF L5 (2023) BT R 814 21 AN E KA SR 1969—
2019 4 HFE/KEAE, B TTTE SRR X AR P K 2 R RS, ELAMARA ERE T Fic 0+l [X A
Ui FE K B — 58 I R RN o SR A S PR T T FRUBE DA H BN RBE R 3=, 3 T M 2 AR 7
S8R B K YB3 A ATAREAE , E S U0 DB BRI, A P H Bl /N K S o T i, mTREG 2
AN 3 B B8R A 7K S VR S — A SR AR /K S B U e PR 3 T R R K A, R )
i SR K 2 A e — AN CUBiFs%%, 2024; fHER%E, 2019; 3%, 2023; J5f%t
&, 2020; FBkiHREE, 2023) .
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HFE (2016) I 1974—2013 4E M 7rph K 6L, 2Hr AEE DI (5. 10, 20, 30.
60. 90 #1120 min) Fi KFERYE, 15H) MIHi4EE K 5 min M1 10 min &R 411E 1987 4F
KRG, MR SR AR T, 0 PR sR e BEin. Ass (2021) ETiH
A6 Hu TR N2 F 3k 2010—2015 AR EEUE, St iiiE s RN E K TET
20 mm PR, RIS SR K AR S A BT B H AR AR, aCOH X 5
BEAKFEN AR LIEAE 7, DA RSN (07—14 1) o #boh, FAUAT DIRSA R
I 5 2 I ) FRUBE F 7 B 2, 1 4 5 e e K S50t s e vl P 35 AR K R U £ s B
6], AR 6 7 B s B /K R AR FE I BN 2 . W 8AE 5SS (2021) I R 1961—2018 4F
OBl B K HE X R Y I AR AT 3 SRS, 4R I 58 a M X e A R Y B LRI A (1
BLOIARIIIAD A, FEEEMRRIN 255, BHEE (20200 A 1980—2018 4FE i
I G A G 3 B e A, B T RIS A T2 Huff AL AmvEaf e 1 i
BIX IR 1440 min Bt R ALY G B . fKIAE (2019) FIATPE 51T 1954—2017 4F
Bee K 3 e A T R R R TR AR, R I G 5 TR 3 T Y 9 28 PR R I L S, PR DR
HILERT 1/3. FIRBFUHE T2 BB K O Bkt 487 1 40 17 B 5 P /K ¥ — LS AR AL, AR T7
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SEHEA IS AR, BRI ORI i R, REE R AL, LRI
MRALIR I R X, FEf e . 2B (B 1) o 20 2 RIR, sBOm T b R s 4 gt
BT RN K, ORI, BRI PO X BRI GRIFE5E, 2023)

W EIUR, G T BRIt ag ik (BRES5E, 20200 .
1 sUBUBIX 5 AN 5 G vt 7 2k 7k 800 4 R S R 77 G
Table 1 Minute Precipitation data periods and observation methods of five national surface meteorological
observation stations in Wuhan
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Fig.1 Distribution of terrain height and stations in WuHan
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Figure 2 seven kinds of typical rain type diagram
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Figure 3 Annual variation point plot(a) and interannual variation box (b) plot of the annual intense precipitation
frequency (unit: times) in Wuhan Station from 1954 to 2022
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Figure 4 Changes of annual intense precipitation (a), annual maximum 60-minute intense precipitation (b) and

annual maximum single-time intense precipitation (c) in Wuhan Station from 1954 to 2022 (unit: mm)

% 2 Bk 5 mm. 10 mm. 20 mm. 30 mm 1 50 mm 2 it a8 K B A AR CBR ST (R

min)

Table2 Wuhan Station 5 mm, 10 mm, 20 mm, 30 mm, and 50 mm Cumulative intensive precipitation for the

shortest time period Era Statistics (unit: minute)

5 mm Rl 5RfE
7K S L B[]

10 mm Bit5RF%E
7K A S (]

20 mm B8
7K A S (]

30 mm B8R

JK A B A ]

50 mm Z IR
KB IR A [R]

B CPH B4 TH O wA PB R TH B FH
1954—1959 2 8.9 4 24.0 9 61.5 19 73.2 36 155.0
1960—1969 2 7.3 4 18.5 8 48.9 12 56.0 29 103. 4
1970—1979 2 7.0 5 18.0 12 52.0 32 70. 3 67 133.8
1980—1989 2 8.1 4 20.3 7 53.0 12 69. 1 30 89.9
1990—1999 2 8.3 4 19.8 8 49.7 14 70.9 23 105. 7
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2000—2009 1 6.6 2 17.2 6 51.3 16 63. 4 41 125.9
2010—2019 2 6.6 4 16.6 8 47.0 14 61.3 32 106. 1
2020—2022 2 5.1 4 12. 4 9 42.0 15 67.1 35 124.7

T IR S R /ME

ARG [F) BB 88 U1 A K R g S I [ S AIME AT P34, 1t — 0 20 b R T ) i e K
RSB FSRERIE (£ 2) . FRINE 1954—2022 4E4E P 5 mm. 10 mm. 20 mm. 30 mm
150 mm 25 K BB A 29 5104 7.4 min. 18.7 min. 50.8 min. 66.5 min 1 111.5 min.
FEAFEARBR R L, 5 mm. 10 mm A1 20 mm 581 5i [ /K B i v ) 2 /)M 3 L LAE 2000—2009
4308 1 ming 2 min A1 6 min, P340 RS ME H LA 2020—2022, 437124 5.1 min.
12.4 min F1 42.0 min.5 mm 1 10 mm F1 20 mm 2115 % 7K & i 56 0 [R] RSP 350 (/] 278 2000
FIREUN, A, R BRI, JGHAZ 5 mm AT 10 mmoidid 95% & (S KK .
ARV AR SR R R OK, U2 2000 4R 5, HL A B A AR Hh AR i 4 B K B A BG n Ck
TERERA K, 2022) o 30 mm i P /K = R B R /ME A 12 min (1960—1969 4F-F1
1980—1989 4£) , “F-¥yitial i/ ME N 56.0 min (1960—1969 ££) ; 50 mm £ it # [fA/K R
FELIN (8] e /ME 9 23 min (1990—1999 4F) , P-4t ] A /ME 7 89.9 min (1980—1989 4F) .
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ST 73 ) B8R A 7K R A 2R AN B K T R B B BToR o 5B KT I A 60—120 min (R AE
RMTTERR TR, 29N 41.6%F1 32.2%, £ 0—60 min. 120—180 min 1 180—240 min
SRR K R AE R AT, 5N 17.6%. 21.0%. 10.5%7F1 13.1%. 19.0%. 12.8%,
HoAb I 33/NF 10%, BEAk, 0—30 min 58K FH4F R A RN 0.8%. 60—120 min 2 J5 b
5 [T 38 0 A SR AN T R H AR O 2 ek, T 77 IR R 5 AR K T R 5 R R A SR B8R
N o TERRPEIK AR JIIT /N T 180 min B, % [ a7k R AR 2235 /N T K STk Ae, e
KT 180 min I EHIA .

| ETPS e
404 GEH R
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Figure 5 Occurrence rate and contribution rate (%) of heavy rainfall in different periods of Wuhan Station from
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EAEANFEERERA AR, 60—180 min sRFFEKAARMAE 2010—2019 FALT—F, K
48.6%, 1970—1979 i K (73.2%) ; AFFAFR 0—60 min 3 FEKF R AEFN
11.1%~27.0%, H 238 hniass, Bl 0—60 min [ 5 FF /K S R A 3 ok 0K ; K F 180 min
SRFEIKT Y R AE RN 9.8%~26.6%. L3P K TTRRZ 1 =, 0—60 min A1 60—180 min 7 EL#L
RAFAE —EWA, 73] 13.1%H1 51.2%; 11 KT 180 min & Eu3Gn#) 35.7%, JtH & 2010

—2019 4Efck, H KT 60—180 min 3R A /K TR, X 48.9%.
[ 0—60min [_] 60—180min [__] KT 180min

] i) 9. 8%

17. 8% 16. 4% 18.9% 25, 6% 16. 4% 24. 3% 22. 6%
7 807
®
18] bU -
ﬁ 73.2% 63. 3% 67. 2% 48. 6% 51. 6%
# 1o ] 1. 1% 72. % _—
%
fr
o5 20
27.0% 25. 8%
11.1% 10. 9% 17. 1% 17.8% 15. 2% 16. 4%
0 100
P 19 8% 26. 8% 26.8% |[
38. 5% 37. 0% 32. 6% 40. 1% . - L g0 ~
48. 9% | <
- 60 5
70. 8% 9.9 | E
54. 0% (0 L0 B
53. 2% 56. 4% 49. 1% 32. 5% | %
oo
24. 0% [ =
LT — 13.3% 13. 4% 10. 8% 13.0% 18. 6% : \
T T T T T T T T T T
(=2} @ (=l a = =23 =) o1
w; -l - * * = — [}
™ [} N N = = = =
;1 1 1 1 1 1 1
w; = g =l =3 = — o1
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p— — — — p— (o] ol o1
HEARPR

P 6 ULk 1954—2022 4 0—60 min. 60—180 min FIKT- 180 min [ 45 /K R AE 2 (a) FITTHRZE (b)
ERBRE CRAL: %)
Figure 6 Interdecadal changes of annual heavy rainfall incidence (a) and contribution rate (b) (unit: %) during 0—
60 minutes, 60—180 minutes and more than 180 minutes at Wuhan Station during 1954—2022

2.4 SR REKZEHT A H ARHME

B 1954—2022 A K I FRAE AN [FII Bk A2 o (B 7a) , SRFEZK R A2 40
YRR, WP 6 H T, i 12.4%. UG SREEK I 3 A FAE 11 A
f], Hr5—8 H &K HEN 80.9%, JtHZE 6 H NAEI 7 Ao A, 544 33.6%.
KRN 4 A ERIFRE E A AR S ERKITH NIl FERRK, A8 R RER R
I, AR AR 5 A BUT R B AER, 6 H Bl 7 H B atrmiy, M
Bk Z, FRELmaK, SRpKAER; 8 A MMt NEE, RIUhXwalmEd, &=k
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BB P25 B ks K B (P 7h) FIPP-34 60 min B KK E (B 7¢) AAR L 578
B B K B, $53 AL 2 B AT, WA 3 B B BLAE 6 H A (59.0 mm) AT 8 1) (35.7
mm) . AT 8 H BRI RAERIN K, IR EAKR, [HRGRECR. PR IR
] (B 7d) AR 2040 A, BRI M BILAE 10 A A) (198.0 min) , AAMFANIE(E
A thIAE 6 H Ay (155.0 min) 19 H A (1675 min) » MIRKIEKRE, mARFIRGE
BE/KE. 60 min 5 kiR PR /K B AR A B KRR () U AR AR HE 5 P38 A BT AN E], B A
RUETUEEIE . KPR VGRIE K E M BLE 6 A LA) (2822mm) , 6 Al 7 A LAIRI8 A
TN B B K AR 200 mm, 4504 264.3 mm., 244.8 mm Al 246.0 mm; 60 min
ORGRMKEHIE 8 A NA) (98.0 mm) , 7 A NAIE##ET 90 mm, 4 97.2 mm; HKH
VRS2 1R BLAE 6 H A A) (620 minD , Ak 7 A H A TR A) K (515 min A1 508 min) .
AL 6 H EAE 7 H A s K AR AR A, R PEKER, 7 H FEI8 AR
f5R %7K 60 min F5E A .
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Figure 7 Changes of cumulative frequency of heavy rainfall (a, unit: times), single heavy rainfall , 60-minute

maximum heavy rainfall (b, ¢, unit: mm) and single durations (d, unit: minute) at Wuhan Station

MHZAE EE (K 8a) » st Ae [ I 5 F /K G REAFE 144 70 PG (DL 2 FpLU Y, U
{H I 05:11—05:40, 4y 0.89 ¥k = a*, #HHHINFE 15:586—16:47, 7y 0.38 ¥k - a*, HAKI]
(20—08 i) i4:H 56.3%, KT K (08—20 Hf) o X/ AR SURAEAE I IR 1 54,
JERGE R, ST AR 05 I PO EUR, (R fliimaigem, A8 T RatsmfK R L
Ky AHIEIE PR KA AL FRER I (AL, B SREEKIRINE 2, (HP- 2 70 B RE s B o LT
)03 BN SR U 2 BB A 2 W RS AL, T BLAE 16:04—17:34, £CK 5 BHRT5E 0.43 mm,
KU 19:13—20:05 (0.41mm) , AT HIILAE 07:53—08:27, H/hrBhis8Ey 0.25 mm,
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FEZHTIE R, RN TR, IXRBEARAE R R T SRR, [Hk 14—20 B, 3
DUT R BT SRR, 10734 40 Bh i e K U e 2

AN () 25750 Ak 46 7 P 588 P A R 1 35 73 B B R~ 35 4 e R SR AR A AR E 22 e (]
8b. &l 8c I 8d) o HZE 143 BRI VRO A3 AT~ X076 BT A i, WA H B0 O I PR,
N 0.26 Uk +at, MEHIUE 13 IHTE, 08 0.08 1k « ats SR T4 BTG 0.42 mm,
HILAE 16:30 L. B 2213550 B FS- 1) 23 e s AR 5 45 3 AT, H7Ff5 16:30 HiF
Je P45 43 B R R K (0.95 mm) o Bk R0 P KGR FE T 4 BT VLN, IEE AN 0.1 1K +as
{H P23 ph T SRR R (0.54 mm) , HPLAE 19:30 RiJ5 .
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12:00 12:00
V1 5y B V157 ot P K U B

Pl 8 BUBLk 1954—2022 4F (@) 4F. (b) FZFE, (o) EFEM (d) KR iR bR KIE R P35 40 Bk (B
fr: REO APPSR CGRAL: mm/min) HAZAE1L
Fig.8 Intraday variation of average minute frequency (unit: times) and average minute rain intensity (unit:
mm/min) of the short duration heavy precipitation in Wuhan Station
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2.5 55 7K T BUARE

B0 7 AR Gt 9, Ak BRI R TR, SIRAIZEINALD [ 44.0%, HAF
TEE IR IR, Ny 24.5%; XA (FEVEL, EVIRFIVIIAD 5 31.0%, ¥518 L
N 24.9%:; o, TESIURURIEE VIVR R 24 tH AR SR A0/0N, 3K AT 2 RA S TR 5 VIR Ry 2
TERR KRR RARGE TR, BIRE/K = RN, Besh B H A X, w0 O 2 0 ek R AR AE
RGNERE K 5 o A IR SR KT BE BORZE 5, 0—60 min S8R /K I, LRI )y 3=,
HIME ik 78.9%, HASIRABIIA A TTIRR, X 5 WAMESE (2021) W REHRB
T Y 2 43 A7 4518 B A — 35 . 60—180 min 5 F4 7K 351 5] BURIRLIEE BY 1% 0—60 min 75 AT i,

BAARIUNSEIR, FEIVEL, VRS VI L BRI 5.
C 11 COJnon @mm v v v v

6.5 8.7 . 47.8 9.8 10.9

uQ9—y) UIIQgI—09 UL
b2
=
=}
52
(=1}
b2
x5
o
b2
(=1
-

g 24.5 6.7 - 24.9 14.5
0 20 40 60 80
Al g o AR R A R (%)

K9 RpGH AR AR KN RAR (a: il b: 0—60min. ¢: 60—180 min Al d: KT 180 min Jjj
Figure 9 Incidence of different heavy rainfall types in Wuhan Station (a: all durations, b: 0-60 minutes, c: 60-180

minutes,  d: durations greater than 180 minutes, unit: %)

2.6 I3 5 PR 2 7+
K 31980—2022 4 I & s 5 PR K e it

Table 3 Statistics of Heavy Rainfall at Various Stations in Wuhan from 1980 to 2022
Pl TLEE PR RN Sl

SRR K AR (PO 7.8 7.4 7.2 76 7.3
SPRIESRPEKE (mm) 333.7 3065 3048 3196 3271
SFH4E R K 60 min SEAKE (mm) 46.1 422 471 440 472
SPYE B K BRI IR K R (mm) 875 76.5 90.8 82.0 87.9
P15 B IR BRI KRR ) C min) 1322 1322 1263 1260 1292

T MIEZORARAT RO A M
HRFCRDGR PGB RHAE S M 72 5%, 48— 1980—2022 4FE%f Ui & uf s 4t it
ST (R 3) o DL, 1980—2022 4 P EAEGREFACHIVC, P2 4F i K BRI 85 8 YR

14



O 00 N o u b W N R

P e e e T e = O =
© 00 N O U M W N L O

NN
= O

N
N

23

24

R K Rz 18] 43 5 R 7.2~7.8 TR 304.8~333.7 mm Al 126.0~132.2 mm, e KB ¥ H BLE I
s, fe/IME B SRR ARTR], AR SR B St B sl AT ot o AT ORI U X R R A 7K
25 1R 22 S /N o PR 60 miin BB /K BRI T BIAE B K SRR R K B, B/ NBDNYT
il (422 mm A 765 mm) , EBASHINE AL (47.2 mmD) R (90.8 mm) o XfLL
TLE AN KA, BISh (0 F R B K B ARIT,  (E BBl 4 f K 60 min 3 47K &
TR S5 i R B VR R o 7K B 240 KTV B 3 o T DL Bl R g /K A P R SR R B O AR i
sty P4 B 5

1997—2009 435 [X. 31t (BRI 3t ) 5 FAf 7K A VR AT i ok 7 B K 22 B4 43 KT 400 X 3y (BBt )
2010—2022 AR TR X 3l /N T 2B DXt AR B 22, W] Wi AR X f5 5 3 P AR RN it fe
IR X 2 B B (R 4) o BeAh, 1997—2009 4FEC Ik 5 /K A . 5 A /K 2 A
SR PR KR SEIT IR) 4 5 6.5 V. 280.6 Z£K A1 830.9 min, FEBE B4 N 5.6 YK, 223.9 KA
646.6 min, X u5EFEKIEFR T AR E, M 1.2~1.3 % (83) , 2010—2022 X
S R R0 DX 3l 5 o AR ALK 5 AR 7K B R A /KRR S N TR AH 22 06 T Lo

BB TR AN I R B K 22 5, 0—60 min 4E3R 4K BKAE 1997—2009 4F35 (X
v (L1 ) /NFREXEE (1.5 k) , 2010—2022 XN, HIRXuh e &, X
U (22 ) JREERBIXEE (1.7) . 60—180 min 5k fA/KSRAE 1997—2009 FEH X 3 (4.2
IO KTRBXuG (3.3 ), 2010—2022 FEIR X 2 4.0 ¢, T8 X G2 4.8 XK.
KT 180 min GRFE KB, 2010 A7 JiF B DX ity 5 Ba R ATURC o 488 X3 R XT [X il
K KT 180 min Sl 1997—2009 4141 0.7 A1 0.8 ¥k, MIT T 80— LLAEI /D .

4 P A PR 1997—2009 £EF1 2010—2022 F4¢ i
Table 4 Statistics of Wuhan Station and Huangpi Station from 1997 to 2009 and 2010 to 2022

H B REwidl1 1
SRPEARAIR. (PO 6.5 5.6 1.2
PR SR (mm) 280.6 223.9 1.3
PRFEIK RGN E] ¢ min) 830.9 646.6 1.3
1997—2009 4F
0—60 min BEFEKATR (KO 11 15 0.7
60—180 min #EFFKAR (O 42 33 1.3
KF 180 min SRFFAKAIR (U 1.2 0.8 1.6
R B KR (O 8.1 8.2 1.0
KSR (mm) 362.4 362.8 1.0
SRR KRR C min) 1042.2 1040.5 1.0
2010—2022 4F
0—60 min B&FEKATR (KO 2.2 17 13
60—180 min FEFEAKSIR (KO 40 48 0.8
KF 180 min SRFFAKAIR (O 1.9 1.6 1.2

3 ZiEiTie
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(1) 1954—2022 i FE I 476 R Pt sk S, 19 6.9 Ik, REHFik 13
R, FEBRFEK Ay 289.9 mm, ORGSR IR /K S 282.2 mm, K 60 min G FE/K
24 98.0 mm. 1954 4F LUK P SRR A BRI ARS8 SRR K B AR B KR IR R K
ALK 60 min i A K SRR SRS ks %, #5440 0.3 ¥K (10 ). 16.7 mm +(10 &)™+
0.9 mm (10 a)* A1 1.4 mm + (10 a)™*. Frh, AFEGRFR KSR 4E SR fE K B A7 AEAEACBRERAE
IEAL W2, 2000 4F LUK 8 B KA N A 5 . 2000 4E ), BITE o Bk 0K, 5 mm
H120 mm A1 20 mm 2 T 5 B 7K R f AT R AP S5 6 [A] 1480/

(2) RPUBIX M 3 H A% 11 A pdy, nT R UE DI sEpEK, He 5—8 H 5k
IR 5 ASAE 0 80.9%, TR 6 H FHE 7 Ah), 441 33.6%. 6 H LAE 7 A
RAISRPEK SRS R, RIFREKER, 7 H FA% 8 H FAJ5RIE/KLL 60 min FY#& K.

(3) b X 7 o 5 e AR AT H AR A I AL 2 PR B, U H 2 )R 05:11—05:40,
PAEHBLE N4 15:58—16:47, #[A] (20—08 ) (54 H i 56.3%, KT-FHK (08—20 ) .
S R R R S I TRAE, g M BLAE 16:04—17:34, RIS BILE 19:13—20:05, A H
WAE 07:53—08:27, H AR08 Ry s R T, JoHE 14—20 I RECR. HEFE)
BTV I WL B  AP 50 0 TR R, B 2R 38 4 B AR CORI ST 35) 3 e W SRR AT 5 4P 1A
U, FEETRFE K FE S48 o B AR /N

(4) ECIUH X 46 77 s 538 47K LA 60—120 min JJiHs () R A2 R TR R 5K, 200 1 41.6%
H132.2%, BEA& PIRHEK R AR TTIRZR 1) RARH0 Ahik. 1954 FLK, 0—60 min 5EFF
IR AE A W A s

(5) L HE DX G I 5 37K A4 LI i B A (TR, 24.5%) FI35) 8L (IVAL, 24.9%)
AN A P iR R K N BAFE— 8 2 5%, 0—60 min 5R[F/K LURIER! (78.9%) AE,
HorppiggrBA (180 5 37.9%, HgFEER (18 & 35.8%; KT 180 min #EFE/KLLI
SR (VAL FIXUERU N, Hhig5)5h 47.8%.

(6) T b [X e AF 587 B 7K 110 2 ) 22 S PR A/ o R #5355 19802022 4T 34 4 i [ 7K At
P P55 K BT 25 B R A K AR S RIS L 4330l 7.2~7.8 IR 304.8~333.7 mm FlI
126.0~132.2 mm, 3 X BRI FF SR [B) F0 38 B 7K s v T 3B X
3.2 1Tk

ST 3B K BE RGu R 7R 1 B X A 7 IR S B K (R R AE AR L i LA 2
FH N ARFE, 5355 (2021) FIEHAE (2022) T i 380 oA /IS =40 bt
A4 L IR R B2 7K1 2 A 445 18k — 350, G H AR SO0t QI IX B R AT R 5 FBE £ P 23 A1 R AT 2
9 Y P 220 1 B R, TSR I 7 R A K e XK R R S TR A T R R S
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