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Abstract The widely use of automatic weather station has greatly improved the accuracy
of meteorological monitoring, providing important support for forecasting and warning,
meteorological services, climate analysis and scientific research. Based on the daily
precipitation data of the national and automatic weather station in 2015-2021, the multi-scale
spatial and temporal distribution of precipitation, the spatial category and intensity
characteristics of heavy rainfall, and a brief weather background were analyzed. The main
conclusions are as follows: (1) Based on the area-density weights of the rainstorm stations in
each district, the spatial classification index of the heavy rainfall is developed with 4
categories of local, partial, wide-range and territory-coverage considering the independence
of the assessment factors and the non-uniform distribution of the stations. Based on the area
weight of the number of rainstorm stations and the disaster-causing effects of different
magnitude rainfall, the assessment index of heavy rainfall intensity is developed. By using
the percentile method to determine the intensity grade of heavy rainfall, the spatial range and
intensity of heavy rainfall are closely connected. (2) The precipitation in Xiamen was
characterized by significant regional heterogeneity and local characteristics due to the
topographic and geomorphological characteristics of mountains, sea, bays and city. The
mean annual precipitation and heavy rainfall frequency increased gradually from the coast to
inland, and the frequency of rainstorm was closely related to the distribution of topography.
(3) In 2015-2021, there were 106, 37, 16 and 5 rainstorms of the aforementioned category in
Xiamen, respectively. Heavy rainfall occurred in every month, and concentrated in the main
flood season from May to September, with peaking in June and August. There were 8
extremely heavy, 24 heavy, 33 relatively heavy and 99 general cases, and the total and

average intensity ranked firstly in 2016 and the weakest in 2020. The spatial category of the
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8 extremely heavy events was wide-range or territory-wide scale, while the 99 general heavy
rainfall were local-range events. (4) The main influencing systems of the regional torrential
rain processes included warm-cold air activities, tropical cyclones, southerly stream,
northward uplift of convergence zone, low-level wind shear and strong convection, etc. The
wide-range especially the territory-wide heavy rainfall caused mainly by warm-cold air
activities and tropical cyclones. A rare territory-coverage winter heavy rainfall event
occurred on 9"Dec 2015 due to the impacting of weak cold air and the strong warm moist
airflow.

Keywords: heavy rainfall, automatic weather station, spatial classification, intensity

assessment

155

bt 5 A BRATARAS IR (NI, FRAl iR R MRIEm . ARImsRpE K. HE5E AR
A5 W s RS A R ot B B2 H 20T R (Zhai et al.,2005; 5K R 25 25,2008; 52 SC T
4 2013; 2 4% 1% 45,2017; Zhou et al.,2018;Liu and Wang,2020;Wang et al.,2021) . % [ 5i4%
i SR P AKAE iR L B o AR R EI AR KT, WAL I @ IgiaL 22(2014)
FE L3 v B o g K BIE 0 1) it L, DI — =0 EL A FH g B0 s i K Y It Al A 3 e 7K
(R E LA AT FEREAT T A4 o B0 S 25 (2018) %t bt 1 HE T 1 X Ry i PR AR 3 e /K 2o
ARAY I AT RGN, Fi ORI AL AT I AT S A8 A R A B i A i T TR B AR i B K
(B EDR 2R, T PR A o P /K 11 = S R 2 =) MR 38 s 9 45 (2021) 43 BT 45
o [ 2R 30 B R W i P 7K 1990 4 T UG R AR AR AR DR A AR, HE pi AR HE 1 e [XC ) 0 i o 7K 1
Bk H 0 hn, B IREN PR 22— P8 PP W X e 5 T il s Bl ) Pl 22 k> o A
F A8 1AL IR Ko 2R P 0, 52 ety 2 JRURT ] Rty 2 VIR SR TR s, 2 3R G i 7 il
(X 3 —, o ] 2 R R IX 3R 8 5 P /K (143K IX. (Chen and Zhai, 2013, 2014) .
T T (R i E AL FE VI TS ZR (W BE T 2R R« A R /2R 0 P S50 T B J) 3 i
FIT B30 2% 0 (WK 530 1) 2 1%, 1997; & IAF 6, 2008; 7] 75 45, 2010; ¥ th 2 F1 25, 2012; 5 B4R
5,2021), BEAME A ARG KRR RGN G KIL[F 5 800 2 W (355, 2003; 2% 2
£5,2021) o K12 NG 25 (2003) H) H 151 3 1 370 X ) HE S IR I 07 12 ke S A 2 4 RN X
Yol WY TOURASEAY, I AE SEBR TR 55 AT R IG N o JET T TAR R4 0, AR S
TR BB AU X, s O R RCRR I T, 12 Bk A0 R AR B P E A X, —
FPUZES R IS AR . AR T R EE O RS AR 2 REERHIE. R R Gl AL
FNFRARME S AG AR ) 45, Z2 TN 45 (2010) 45 Hh, (8] g X 3T 50 4E &M HAEH7E 5~9 H. K

3



FWHEFHN 6~9 H, BEWHBA B L, SRR, EMENK ; 255 (2003)
Vo ] i 4 X JE 5 RV IR X380 WY 52 SR G0 g e v U1 4 (B0R) sema Bl . /i XU
i, E R AL (L9 5578 2 SR I IR X ) | R 3R 200 3 2241l (2004) % JE 1)
Y2 5 AR IS S B W R REAT 20 A7, 99 T AL S R e 5K 55 (2017)H 7R
12015 4 5 H 20 H HARJZE Ve 23 7L 18 B I i S VDT I V) AR 2 5 e — Ik & i i
2 o ROBE XL R e 0 = 4 A3 S5 AR o e P R (s ) R VR AL TE [0 R T T B
AR B B S R i R LA B (R 45 51 T 3 W R R T 3 (WRfid e 55, 2019; i A
55,2020, 736 45, 2022) . BFRMA R G (& G R AR RXBEEE) RiEE ]
A W RS (B EFMEN21,2017) ;2016 FHHR G X “ 287 BIEGHRIET,
S, BT HIORYE B RN B KRN R KRN, B oA E (i
a5 2017;8% T #45, 2018;8X K # A1 F 41, 2019; F H41.45,2019) .

HF R IFIES S &, BA R R R R, DU R ERE . SR
G BT RSB S IR DA PP Ak — MRS T [ R R Rk BRI (52 0 9545, 2006 1 44 1 2% 2
1%,2006; 4 3655,2014) , {5 BT~ [H X G0k £ ZEATRAETT &, 1Al EE B BUR, TikAR
b Z 1 2 B SR R . 1 2018 4 5 H 7 H, S2m e 1) i rE Bz sz e, TR T TTIX
22 X FE R 3L 38 Sl tH B AT R R DA_E B K, SR A XORHRE A 2t H R & s 291 220K (0
MEF45,2020; 31 26 42 55,2022) 5 17 3w H /N R 9 50.0mm PA_E i B S B 7K (2= 82
4,2013a,2013b; R AHAVEE,2019) , 5 K/ R #IE 107.5mm.h, f5 K = /N R A
274mm, {H 5 73 A0 [R] 22 38 P A [l 52 0k 1) 24 H K 524X 0 45.5mm 1 25.7mm . F 41 2020
R T H, FR X2 X IR TR R, e 222 X A Rty fie K/ IS R i s ik
99.6mm.h, T [ 13k A1 [F] 223 1% H s Bk &= A0 13.2mm Rl 25.6mm. FH I A] L, A4
FEV S R 5% SRl 0 RS B R il o PR 7 1 23 ) 23 AT 5 I Wl M B G v 6, %
JTEURF IS GRS T I sl o Bl DX 1 3l ) 2 1 1) H e, 18 Blit Bk B0k
B S T2 (0 S FH, F DX IR 7 M PPt R i e K O LB 23 A B S 4 (W et
al.,2019;Li et al.,2019; {1 21 F £%,2020;Jiang et al.,2020;Gao et al.,2021;Zhang et al.,2022) .
PR, I F T X3 B 3l GOty (AT a0 X dsoty) Bk ERpRG 4B A0 - PPy S AH O
TIF 5, 4R A1) A2 2550 AW i 4 7K DR ALE R RS R, T DA A0 7 81 5 A G sl (g e i) i
[F] R 25 FE (R A%, 2021) , 0 THRFHRE A S R R 5% e ) AT B 22,

FH T~ i3k Je 28 55 R R R B 22 e, 8% 3 DX 3l ) 25 S AN () L AR A 2kl s B AN ] o
b5 B T AR I BB B HERE, (KFE 2015 2“5 — e H FHFia g7 & 2017

4



e E AT NE T2 SGRORBEAR S L, BT A GW M REREE . kit
PR SE I A BT, Nt — D s AR R O I L TR R N e . e 4R T
SCHE S AR, ST 2L VPAY R R T R A A R & — AN T 0 DABIE T R . PRk,
AR SCADAE 3BT 1) 11 P 7RO 200 A B 2 0 AT PR A b, % o A [) 2 [0 5 L 2 R ) 2 9 o
AT BE VPG T AR, 2 A LI 2 22 ROBEARARRFAE, LA A DXl A5 s U 7 £ % 2
R IR I TR T R 5 3R S iRk A . A SCE 2 H R B8 WA AR AW
OBk ACERTTVE LR BT (4 2 R I RV A R bR, BB = N BT T B K BREAE S AT
S VYT LR A VT Al 2 R IR M B 25 2 A AR BERFAE, 36 T N A .
2 BRI R Ab
2.1 BRBERIE

WG < IX S REA G B R , 2014 fERGE T X A0 > H A8 1] 4 A
ANEE], XA AR SS, 2015 4F 5ok s 4R Sk b R DU I a3, I3 2021
F, REGEBEREENS, HERamEaas, FIbARSCER T 2015~2021 4%
PR DS A 02 H K BB (B Bl 5 G, 6] 124 2015 4R A1 2021 ARk s s Ah
S TR T 2 N I R 0 23 A o 53l gl DA SR P B oK H 7K 2 AR e K /DN R 2 LA Dy o
U /T

RVAGN R IR OR RS, T 20156~2021 4 NCAR/NCEP )3 H F 43 #ir
Bt OKE#E% 2. 5°X2. 55 Kalnay et al.,1996) FIAHM ) 1991~2020 £S5 AF
#). 2015 £ NOAA-CIRES-DOE [ 20 th&lix HFE ¥4 V3 OKTFa#x
1.0%1.09 , ERBFEETIHAUL MR WE . BRI E K ESE,
Hh [ S G R #AGH U BB O R AR B R ER 42 BB (Ying et al.,2014; Lu et al.,2021)
TIPAl & AR AR o
2.2 BRI HE

AT DX B R 05 T W0 R A S A TSR VRS, R AR (D) IR
Sty Hh B R T 22 Bl R (2) X H /N K B AT S B S b, I B AN
PRMARE R BCRARABRS 2+ If TR) A2 [A) — SepE e A (3) #EHX 1 2015 42 9 H 29 H K& 12
H 9 AW R BB BRI AR, 275 005 (2021) VAl DX il /K BRI AT SEE T 7%, BniE
T DXk FK ORI AT SR . 2 1 45t 2015~2021 SE AT IR 455 ) e /b A
B 22 B KU sS4, 2017 4FRT 2021 AERE/K ML B 22 ek, mrE il “ SRt K
GG NE M SRRBE RS T RAHBCR, o5& F B SHEEXBUT LTI B K S2at

5



W TR RA K,
£ 1 JETTTH 2015~2021 4 K W Ik o5 %

Tablel Precipitation monitoring stations in Xiamen during 2015-2021

F4 2015 2016 2017 2018 2019 2020 2021

2 84 105 139 153 149 148 182
) 65 93 89 145 145 143 141

(b)

1 2015 4F (a) F1 2021 4 (b) J& [ 11 Bk a3k A5 0 A7

Fig.1 Distribution of rainfall monitoring stations over Xiamen in 2015(a) and 2021(b)
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Table2 Spatial classification of heavy rainfall
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Fig.2 Distribution of annual mean precipitation (a, unit: mm) and heavy rain days (b) in Xiamen during
2015-2021.
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Fig.3 Maximum daily (a) and hourly (b) precipitation in Xiamen (units: mm)
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Table3 Frequency of heavy rainfall events over Xiamen during 2015-2021

E4y RN RN KEBRN Ex=E ] iR
2015 16 6 3 2 27
2016 13 9 5 1 28
2017 10 3 2 0 15
2018 16 3 3 1 23
2019 14 8 1 1 24
2020 18 4 0 0 22
2021 19 4 2 0 25
Bt 106 37 16 5 164

M 2015~2021 £ & [ ] % WL FE 25 (A Ja FE AR vk i) B Brdr A (B 4) vT AR 3, JE T
T AR FE R 11 A4S A ¥, 75 0L 5-9 A AR A, Horh, 8 A 17 35 88
%, RifmEM U LidfEZ kT 6-9 H, A8 A9 AR 43zEE AL, 2 H.10 AR 11 A
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35
30 - AR W RN L PN s

151- . I- | l L i l L ——

1 2 3 4 5 6 7 8 9 10 11 12 H

Kl 4 2015~2021 455 11117 5 ML RE AR B H B o A
Fig.4 Seasonal variation of heavy rainfall events in Xiamen during 2015-2021
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Table4 Extra severe heavy rainfall events during 2015-2021
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4 mRE O R &1 it}
1 2021 0801 08-06 252 114 KH 252.39
2 2016 09-15 09-18 52 76 A, 201.46
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4 2015 07-20 07-21 63 27 PN 138.31
5 2015 12-09 12-10 58 24 L3, 129.36
6 2017 07-31 08-02 95 18 PN 126.1
7 2018 06-20 06-23 137 15 PN 120.82
8 2015 09-29 09-29 57 24 Gt 115.87
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LRI (RIS SR 78 57, 2021 AF B M AR (Y A0 R R DA RSSO &= T 2016 4, fH A
RIGHE # M RE (KEIEg) , 2016 429 H 156 HZ&M L 98 35 e 425, 1
2021 £ 8 H 5 H NI LA L 148 BB 1 By A B BB XA HLIX L By A e X A4
FKX, GEE 1 BRI L UM R, BB EUE T BT i T AR A E K
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JUFEl X RSEEE SR EE RSB R, 34TSR (HEREAIR 48 /MR IR T 6°C,
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EHOE AT, HoRER. KRN L RWI AN mERZ 6K (G
WRE) AR A LIRS, BRI, RG], R AT SR A
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2015~2021 4 21 W REBFEFN A LR EEAME B R FEHE MR IRAHE 5 4
H, ATRGHEN L BRI RAEERRTR (8 « EREMGFEE (93
APER ARSI (23%) , JGH 5 RN 3 At 2 7% S 3 3 & Rl AT IR E
RGIERL, AT WA R LR RAE G & R RN . 45& W& 4 K 5, 8 17k
SREE N R R S R G LA & KR Z (5/8) , i ELFE A BE 25 0 IR FAa 48 A AL da & i
Rl

%5 2015~2021 RN LIRS SUm R R G

Table5 Wide-range rainstorms and major weather systems during 2015-2021

4 FFUGITTE] SRR RPEEREd EERE FEEMR[RA
2015 5H19H 5520 H 2 K A
2015 TH20H 7H21H 2 PNl ol I |
2015 8 H 24 [ 8 H 24 H 1 PN & KGR
2015 9H29H 9H29H 1 e AL
2015 12H9H 125 10H 2 e Al
2016 3H23H  3H23H 1 K Al
2016 47 13H  4H13H 1 K A
2016 5H21H 5H22H 2 PNl P e I A
2016 MERT 7HI11H 3 PN & KGR
2016 9H1H 9H18H 4 Eoe_ & K
2016 9H28H 9H30H 3 K EANAL
2017 6 H17H 6H18H 2 PNl KRR 2
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2017 7H31H 8H2H 3 KR EN-AL

2018 1H7H 1H8H 2 Kb - Al
2018 6 H20H 6H23H 4 PN 7 e BRI A
2018 8H28H 8H3LH 4 41, PR R
2018 9HT7H 9H8H 2 PN Al
2019 3H9H 3H9H 1 el Al
2019 8H25H 8H26H 2 K & REZH
2021 6 H21H 6H2H 2 K - Al
2021 8H1H 8 H6H 6 PN PertE Ao Aia & 6 X2
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BILAVE, R KM mIR R sR, AR T 51 8 fiiE G R s O m, a6 KRl
Bty ik (CUR AR PE I ) P fha, AR T 51 /KR R4 g S AR AR ik s X e
[ T AU IR BE P 2R R H X s {IC)Z2 850hPa 48 #4248 N — B b XL, PR OKEI &
PEAN S o] (9 PG P R S AL RER S, SIRKEIRR . B 5b 45 T 9 3 & REi i (K&
SIERHRER L ) & B4R, a0, FEONTEILERE (2015 4F 21 S G X <k
HS” | 2016 4F 14 Sifsm e W “ L2257 55D R AL i 17 ZR AL g JE 1] 117 (n
2017 4F 10 ST X E “HESE” M 2021 4 9 SR “TEET ) BEER4E, 1L 2015 4F 15
SHRE R RS NN E. 2016 4E 5 H 21 H (K 50), EEIHEEREREN
i % 1) 7 T R U, B 2 R T B BB e 50mm, 48 8248 7 EIC 2 47 78 W 2 1) XU
by, BB X RN (ff 37 5 45,2016, X3 85 55, 2019) o #A e &y db R S B B
K 5d Firas, XHZ 2 e s i ] 2015 45 7 A 18 H 850hPa #ii4a & A T 22N
DR ma AL, I R R AW, 20 HAGRAHILAE 24N UdbA
SRICTERE A A, fREA ST M SR BERA KRBT 60mm, KA
A7
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5 BT AR LA R 3 8RR R S0(a.2018 4 1 1) 8 A7 s JH (0 il 1
A B F-:hPa, BB 5228y 500hPa fi7 34 5 1 47 dagpm, 1 (1 4% By 850hPa /KT X3z:m.s ™ b. & il s
JE & Rk A, A8k 6 X €.2016 45 5 H 21 H PG RS ARSI S 8 7T K & mm, 2R 6 520
500hPa 13734 =i )% 175:dagpm, £1 4 i £k 9 850hPa /% 17: °C, i (4 K &4 850hPa /K- X3z:m.s™; d. 3y
E e AL AR R SF 8 O AT B K B mm, 28 15 S22y 500hPa iz 35 2 47 dagpm, 21 5 (1 t9) < & 2015
47 A 20 H(7 A 18 H)925hPa /K7 X7:m.s™)

Fig.5 Major weather systems of wide-range rainstorm cases (a. cold-air impacting case on 8" Jan 2018,
positive sea level pressure anomalies are shaded, black solid lines are geopotential heights at 500hPa with
4dagpm interval, and blue vectors are horizontal wind anomalies at 850hPa; b. typhoon tracks of landing
(red line) or impacting over Xiamen; c. same as a., but for southerly stream impact on 21* May 2016,
while the precipitable water is shaded, and red dotted lines indicated 850hPa temperature with 4°C
interval, and blue vectors are horizontal wind at 925hPa; d. same as c. but for northward uplift of tropical
convergence zone case, while red and blue vectors are horizontal wind at 925hPa on 20" July and 18"
July, respectively)

2015 4 12 H 9~10 HE T I e dkp s B g (& 4 MR 5), sKJE = . M 12

H 9 HEITHFKED (8 6a) R, il 3uiRikFRMNER, 24 A KEMNE

9, ARAR T P AR AE I A, B OB 120.0mm H AR R ] IXRLEG 2, ST 106 0 113.2mm.

NMOZ/INE B K TEAR (BN Sk, BE/KAN 9 Hig IR, 10 H BAikisgs i, FZEH
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BIfE 9 H 17-19 I, f KMk 17.5mm.h s 0 H &0 R 1] S U B 22 B R IA Rt
AR, RIS I R G PR KRR, AN g Rl ip 0 M TR R AR T
[ i A R T . A 1705BST 1 S 264347 (1] 6b) KRG, & 1711743l
BAERBOR, O TN, R 50dBZ.

118.25°E 1185°€ S

6 2015 4 12 J 9 H & [T P /K &4 A7 (a, B A :mm) A1 1705BST &[] 2 8 ik
S5t % (b, 1.5 1, HiA: dBZ)
Fig.6 Distribution of precipitation on 9"Dec 2015 over Xiamen (a, units: mm) and reflectivity of
Xiamen Doppler Radar at 1705BST (b, 1.5<levation ,units: dBZ)
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WOR XA, AR RE, R RO AR AR S R SO S IR IR, 2T 105°E LA
7K, FEHT 700hPa J P4 X AR A AR AR A 4 o i DAL — A7 AE AR S S (), JRGdik 12~
16m.ss PEREIF R 4ERF iR A%, 588 LA T RIMEILEE) RIS HEL, AFF 51 56
MARIA R E R AR, T AL TR SRR U R R R B S B TR X
PR b, SRR NI, S BT I U5 » AR i R A T 1020hPa. 850hPa
KT X7 (K] 8a) R HEAL R A L BE U R BI AL b, AR T R R e i
AT BRI R AR, SRR R AR I T 3 1 AT 2641 . 500hPa 3 B ) I,
TR F 7 AEE R0 EFHIZ 8. A ML %2 300hPa & BLAR 73 1) 7KV diick 18 5 50U 43 A1
(15 8b), JEITHAL TRk E G X, BE T FHKERTL 48.7mm, /KiTFEif. 4

16



BT, IER TR S A R R AR T T AR, K R A SR At
T, KIEMEERRME, FERIFE RN AT 2B REETRE.
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72015 4F 12 A 7 H (@) 9 H (b)500hPa 7 3 i B 37 (858 2%, 57 dagpm) A it 1< 3% 4>
i (15, 547 :hPa)
Fig.7 Distribution of geopotential height(contours in 4dagpm interval) and sea level pressure (shaded

in 4hPa interval) on 7" Dec 2015(a) and 9™ Dec 2015(h).
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Fig.8 Distribution of (a) wind field at 850hPa (vector,units:m.s™), vertical velocity at 500hPa(shaded areas,
units:Pa.s™) and (b)moisture flux divergence integrated from the surface up to 300 hPa (shading,
units:10°kKg.m%.s™) on 9" Dec 2015.
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