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Abstract

Based on the daily precipitation data from 78 national meteorological stations in the Xiangjiang River Basin
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during the year of 1965 to 2020, this study quantified the impact characteristics of urbanization on summer
precipitation and different precipitation intensities in the basin by adopting the dynamic urban-rural station
classification method, combined with the methods oflinear trend fitting, Student’s t-test and quantile analysis.
The results show that: 1) The urbanization process of the Xiangjiang River Basin presented obvious phased
characteristics, with slow development before 2000 and a rapid expansion period during 2010 to 2020. 2)
The total summer precipitation in the Xiangjiang River Basin showed a significant increasing trend from 1965
to 2020, and the precipitation at both urban and rural stations presented a growing feature. The growth rate
aturban stations (24.77 mm per decade) was slightly higher than that at rural stations (24.16 mm per decade).
3) Urbanization had distinct impacts on different precipitation intensities, with a negligible effect on light pre-
cipitation, while the enhancement effect on extreme precipitation was the most prominent. The growth rate
of extreme precipitation at urban stations (12.45 mm per decade) was 1.64 times of that at rural stations (7.59
mm per decade), and the high-value areas of increased heavy precipitation in the basin were highly coupled
with urbanization core areas in the Changsha-Zhuzhou-Xiangtan Urban Agglomeration. 4) The increase in the
total precipitation was mainly driven by heavy precipitation in the high quantiles (P70~P100). The difference
in precipitation trends between urban and rural areas expanded with the rise of quantiles, and the precipita-
tion structure presented the characteristic of “a continuous decline in the proportion of light rain and a grad-
ual rise in the proportion of heavy precipitation”. The rapid urbanization after 2000 further widened the gap
in the proportion of heavy precipitation between urban and rural areas.
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1. 5|15

WA R SRR SR R R EE B —, H 18 LK, Sl BRI 5K, B A DR s,
W RO AR AR, A0 AT A & ERE 50%,  F1) 2050 SRR EEE 70% [1]. H EE A A A HERE
RPE R, SRR AEKIREY . NARHRE SRS 2, WSO8 /RS ). 3 S5
R, 6 ZERK I R R K R H a3 RN (2], R RE R BWERmRE K E R, WliE
A sRARRE, RFEBORIRT AW gt Hst o 3 XU [3], B T et Be 22 4 . S BRIl 7 B K B At
A o FFEIR T A B 2 K B, — D7 T RT DA SE S T A e L s AR B KRR
ER, A— T e 3R T B b He s R A i . Bl R AR T SR ARk 35 4]

FE] A 03 T 5 B K o R T Fe B e L, FL) Changnon [5]7) FH 38 [EAF R BN 15 R BIE 40 1) [ K 8 2
Hl S, 48 I 2 S BT N R A B KR O T O R R X35 . Molders [6 5% 45 [ S LL 45 A4l 2
T I FUAGAIE T IR T AT B K o A BB E R, IR T A B R R T K R S . AR T R K =
fs BR=A. RUEESLAR SRR AT, R S A I AR I R R AR K s R R e TR X, I A DT
BRAIX 10%~36% [7]: TKINAEHET WRF BAUNESE, HUEESG T 5K 80T KU il KSR 2%, 50 mm Pk
TR TTHRZEIEE 60% [8].

JUEE A5 O el Aot 2R K D RE M R T OR ST, TESE T T s e N E M B
PSR S 80N B sl SR R R A 7 2, o B R K I o0 A SR R AR AR, AHIUE W ST AR AE
ZRMR. B, EulianEIrE L, 2R ORI BEE BB, UK R — RN iR B Bl (e AT
FE PN G SR IR . SRS SRR A, RS T IR RE O S A AR, SR A 24
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5 LRI A KT, TEi0 S AN [ 358 T A B B ot a8 P8 ) 380 258 Ao oxe B /K MR R S [9 ] LR, F8 23
FON KB M A 787y, 2 R T P KRR B ] « 22 R IR K R AE 734, XiZ H B KO0 a1
FEHRAN AL, e DU i AR M T S 2 K i R e s U SRS AL I NEALARI[ 10T ek, BRAT WF FO ok i 36
TIER G BB, AEG T MBI 2 K 2 4 RAFAERR G 8, it — B AR T OF A AR mT
SEESATLENE, e DURSHE R AR T Aons B 2= K S AR L 5 ok (117 [12]

LA T o [ o g AU rh e X, R ML A U X 325 40 SRR, Xy 1 ORI T
K, OO E R IE X 2 — . H AT T QB SRIZ I KR IT B 2R R, A28 2T 1979~2018
FREAKMBUR,  RYHE R LRI KRR 2 BT aYs, HARp A EREZER, PARBXIEEK
PRI = TP AL X[ 13]. A IS S ERAS o Hrdludls, IRAIRIT iR R I H AR A, [R5
B 7 HHE IR 530 BRI, RN BRI X I K B AR R SR T S R SR [14]. RIS =
HIETXRPHLAURR T ORI AT, T EE 2 AR i R RAFSHTT 0, X LUERC K = 84
HEARRAIE s 032 H R EHR R A2 R A 78 7, REEFE M ZI K H N BRI AR R, RN, 7ER%
IS M AL A AT B 25 SR B DR 1 D R (1 oA 5 T TS A7 AE AR AN A2 (0 1), X 28 SR IRAE — € AR P M 240 T T e
WHRFETES S ME.

AT FC LA T A T8 B RS2 M % W7 B AR, SRR 8l i sh & 0 28071, 45 KN Tal
F3% H K LR T R 7T . WF 78 B e G ARk =02 H FK S LA A, M sh el sl RIghnik &,
R T A KT B A AR AL X ol AT AR, RAAL SEIE e 73 SRR 1510 FLUk, X H B A 34T i %
Hl, R HT A FBhA 7> ek s ZIE H B RIBR L SRSEAZ DR PR RS, Sl Se i ARk iRtk 2 2= K
fRsAnL b . fa, JEIR twh mBRKZE SR, AR T AR ZE K 2 M sk, WA R K AR
T S REN R 2R, LRI A ARSI T ST R R T % SR AT R B R S

2. BIESH*E
2.1. #RXE

I AT A 37 25 B S0, 4 856 km, [ R )AL ZR A M 7 PH « K MR 3017, IR 46 7 110.5°~114°E.
24°~29°N, KAL) 94,660 km?, (HiIRGA S 40%LL E(& 1), JBRE RG2S E, WRFRRE, F£185
i 16°C~18°C, 4FEE/KE 1200~1700 mm HI 273/, HZE(6~8 H)BEK 24 35%~45%[16], IR &
A 50% LA b, IR AR, AR B AR, TR U IR [ 170 s DL e . i,
AR P FE = E R AGER, 2RO S FE KL R, KA R ZE R R UM M2 LR T, AERE
JKEE 1600 mm;  H T P KPR T8 251 5 i [X A2 BE 7K B 1300~1500 mm, 3 7 A ) Ja) B K A7 A2 3 5 RG B[ 18] A
IR AU O X R E R R AR R X Sk —, WIS I A 60% 0L E N, NZRAE A A s F KN
Jl Y KBRS P &, B KA 23 AN 2o gk — 2 i 3 2E A e R 19].

2.2. HAEEE

AT TG RN R B SRR E KGR G, BRI S A E A 35 km Z20 X A
vk i, SRSl BRESM LmREIL G, BT 78 AN 1965~2019 SE1% H B W &5 A it %,
BT EH A 55 B M (http:/data.cma.cn/en/) . X EHRREAT REETIALEE: SIBREERE L 7 HIAEL: KR
8 500 m (138 £, Xof 5 S S0 SR FH AEAT B B /K B P 3B B A A, 5 28 T0 B o U s 32 480 ] 5 1) o T A £ [ 20

AT 1980~2020 4F 8 ]+ F) FH/ 75 36 (LULC)dE, 1F A Ml 58 X AT 40 AR 17 4 ) 6 A8 (1A%
OHARVR[21], BaRKE T b E R B S IR SR H0E 1O (RESDC) ) H ] 22 I 51 - R 8 Ja s Dt 4 .
ZHAEAELL Landsat 251 P EBIEAZ NG B, SN T H WML GR35 BFAME B K 2 IR RIR
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TE: % EEET F AR BEIR AR AR IR 55 W0 3t R B 7 15 GS(2016)1593
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E 1. I*E/I/m.i_y,im.(K@Lﬁjjl*ﬂ/luu.ﬂi, E@ﬂ'ﬁ_‘ﬁ@ %ﬂi, iﬁjﬁﬁ
SBERATERR, CX. XT\ ZZ, LD, PX, HY. YY. CZ SRtz
HRE, #EM. K. 2. %P, 2. #PNEHES)

IEfRfers 2, & FE A toR AL TR EUE S s HoR A — bty SRR R, —ZeE it Mss 6 3%,
SR TSR 73 S, A AT T DX T 2 TR A RS AR A 7 M 75 K o AN 1 8 YA I Py i
FRE R R PRIMES . RER U WA FT DX T AL R P 1) LR TR RS AL, Dy A 7 A i AL ) B
RN AL 1 A] el i

2.3. SRR NHE

WL AU T A K 25 (8] 0 A AR AN S84 . 1980 4R, SR AL FE BRI A 218, IR T Gl i B 5D
1980 2 J5, 19 T3RE FESCEIFBBGE S T AP K &, i i R mik. 2000 LG, kit
TR EE . AEANIRI I T A0 A R B B & 3l s AN T2 [ JE ANAR 1) o STl 2 Al 5K s, %B%J?)%?Mﬂ:ﬂzm
ARG BRI T X, F ARl U AR I T e [RIRE, S A RO SR R N, T
AR DX, 32T Rk T 3 R R AN ik A

N FIIRE A8 G AS Ay SR TC T S sty 55 EATH B VR G RS IR T AR R R B [22], AR Bh A& 8Tk
I3 30 2 vk 5 AHEFCFI 19804 1990, 1995+ 2000+ 2005 2010+ 2015, 2020 4F 8 410 F| %, K 1965~2019
SEWFFCIARI A 8 AN BT, ST AR SR A AR R AR 1 - R R T 42K

AW 7T LA R X T AR 2 BU(BAF) NAZ oA b 456 LRI F Eidls 5 /< 5l s 2 ) A b, JE I =20 5 ik £ o

7
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RANEDR: —RUBIRU OO E 4km PEARBETEZ X, SRPURDIN T @R X Ve iR X
WX AR S EE, 453 BAF {6 IR, s X TTALREE s =€ 4% KI5 BRME, BAF BB A
R RN 2 R

S,
BAF = built-up (1)

buffer

e Sputrer G2 XTI, Suiteeup A& Z2 1M X X AR TRIFH

AT G X AR N 4 km, e HL 4% @ X THIAR 73 BUBAF)E AR 2 0 fish A X7 BI{E . 4 km 42
REA RCRAE /N RS T4 TR ZEA S, P “REARRE” 5 <R e8rE” , MA R R ISR T
2SR H FER T X BB (R 1 o 4% 1) AL B B A 285 ) S2 30 T A Y 3 R 03 1, SCRBRIIE 2 AN 3l 1t F [X 4k
R, SR, e X R R 70 A LA 2 1 FH i B SR — £ 23]-[26]

2.4. BEKFREX R BTN

N FR G5 WA T A o8 A () 56 B K SR IR s, AR AR I B /K R, B B /K A R 2 /IR S TR
KW B SRR BEAED, r Fbnit ™R 1808 B X bR ME GB/T 28592-2012 ([E/KREE) Hah & Xt 7t
ST R E[27]. BARRI T RUWF: /NHE(0.1~10 mm/day). HE(10.1~25 mm/day). KR (25.1~50 mm/day).
F9(50.1~100 mm/day ) R 3ty 7§ 5 (100 mm/day) o 1273 2% 7 S8 T € SRR T A0 55 P2 K L rh &5 5 5 37K S
A [ 7K AL (4 2 e AL 2 T [ 28] [29]

FE T S A B o3 M, ASHIE ST 0 LU T 5 R R R B B R AR S, E B VPG I T AR T
TR =K KA . B, FETEES R R BINIL 2 5 T H, 4 SR S RO S R R R
TS, MR B N IR T 2 e R R [ A1) S R AN BB R N (] A, XV R TRl AT R R B
W, KBTI 2 B B ARRME. PR At B R H N ZRiE#EAT G, BEBMsit R
MR A Student’s t-test (ST K5 7E 0.05 S /KT T AT BAEMERLS, DAL BE AR A 32 75 BoA 4ot
3. R
3.1. WL ReER

MV E 1980 H USRS T PUE i LdEfE . 25T 1980, 1990, 1995, 2000, 2005, 2010, 2015 Fl
2020 43t 8 AN HA R FH YR, B A ) T AN I g Sk AT A T P 2 1) 2 A R B A T AR (K
2), FEET U HRECH T H VLA [ 77 SR AT AR T P AR, 25 SRR | B . S5 SR eI RN, WVT OISR T
A HEFR RIS 22 I BOMERRAE IR T A4 2 (1A SR R P R85 e A T IR e

IR T RS R, 7E 1980~2020 4 HIMRTTALAIIA,  Jatdek o 3k i FH MRS ARG e/, 1980 43k 117 11
FHHLE AL A 1274 km?, (5T AR 1.31%. 78 2000 4E 2 B, I3 P 30 A4 A P R 40 12, 2000 4E4 17
ARG 2 1446 km?, 20 AE[AAIEIN 172 km?, FIREAE 9 km¥/4FE . #EA 21 4, WA T 3R
B INO, JTT FH Mgk A PR S 5K B BL, 2000~2010 SEI T T HBTEIAR AN 1446 km? 3 %8 1847 km?, 10 4[R]30 401
km?, FEIYHGEIRTE 2 40 km?/4F . 2010~2020 ISR A EE N End R I, Ik g skl B (E . 2 2020
CEITT M AR Cak 3396 km?, J2 1980 4E1Y 2.6 £, SIS AR B ELBIHR TE 42 3.5%. 10 4R [A]3 117 FH Hb i3
1549 km?, FH3GH L 150 km?/4F .

NI P 23 (R0 S5 SR ST A A B T B B 2 B h PR R T A A S WA S5 R 2 T 1 O 3
X, SIS AL SRS A SR 5 328 B A% 0o 3 TIT ()b X 388 117 R /K P i AR, T 2% ) 0 A7 22 B EL RS 5/ o
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21 AR, ST TR T AR A A3k X ] A LT DX G, 4T B ) B G K A A ) IE RS . 2010~2020
B, W KE R YK, BYORTTHA T AT R, KR IR TR T C A2 A —

HRAE 8 AN I L A FEH R, AT T IV L IR = Rk ) 23 T it iU 2 Af ol e I 2 il R 2 )
SIATFHEGIE 3 Fse SihddR Bon, AEBEE VT I i A AR (3 et , i Rl s R AP Y
KEH 2 bl f 8 WA RS 47 8. 1980 4F 78 ANk sl IR it s 5 10 >, 12 2020 4 76 ANk i HR i sl
B 37 AN, ST A G 50%, M BCRE . 2010~2020 4RI TT i KR 0 B RN, 10 FEIAE 12
A, BRI 2 b U RS R R AR T IR SRR R B

N (8] 5 AT A% S5 BN A AR K, VLRI 2 3l i 1 20 A7 G [ e 6 I (R AR 2 T BRI E R, JEE
ki I 2 SR VEBEE IR T AR M HEE R A T B3, 1980~2000 4E, 3 3 AN E R A T KR R I T R K
BH 0N 2Bt 2 71 ) o 3R IX, 2 Al U002 7 i 3 P B3 S S X b s 2000 4 i 3T 3l s 1 5 ] 4
FEFEIPOEY Tk, BRIZOIRXAh, BIgirbt 1) 2 Rl s B SR O T s . A, SR ST R, H
oy AR I T B S R (KD W), DIE R I AKCFRARIIRB X, Hod 2 JE M Tl i
NSkl

3.2. TR R F KA

1965~2020 SEIAHVT I 22 0 F /K R 1k 52 1 2 ka3 (1] 4(a)) MEEIASRE, TSN 25 K 2 B0 i A
M ZERE KR IMI KA, HIfEEmER, Hp 2 uhSpiginasiad 78RR . 52T
(A2, ANAE LI P R L S AFAE D B R IS0 D a5 Bk i, FEARTE IR P TE BB S5 (1) K ot o B
AKIB N A X 3 S KRR TR RV N AR SR MR Xk E A, XX IR 02 REARL 6, HEH
T REAAL, HRRBOKMIREE . b, PRI SR L SIS, Rl s AR
e EFZITEE 60 mm.

BT AR, MR T R AT 5 2% B K B[R] 3, R TH R 2Rtk wlE S(a)fm. w4kl
LRI BRI B U P — B, RN T ) B ) S [RGB R . 2RV A Gt 4 R R, A
3 i B ROK B ARG RN 24.16 mm/10 £, SFRAIRFE KT p = 0.015; 3076 A H B RKE AR HE R
N 24.77 mm/10 A, PR EE VK p = 0.014. 3 2 0l B R K E S I H I IS, HLI T R
K RS TR, H A R @ 0.05 1R R, A RERE KBS

VLR I M TR AE AR SR T AL R B A N = A T R BIE A o s AR P =T =, B RIdbs s, A
U SR DX T A KT R, AP IR T T AR R A S 4R, T i Ll R AR R S A R R
WM, BB T KR EEIE ), I AZ O DX AR s B K S B O R, X AR R I R K I
B DX B H T F IS Vi T A A

3.3. LR B F AR IR AR

I M S 5 103 20000+ ,» 5590, 95, 100 AR IE AR LA S, UESE T IMTLAIEE 2 A R KR
FIREINE 6(a))e (HRAS R EU B K8 Kl FE A AE 22 57 AR AL EL(P10~P70) R /K Kt A s, T v 20z
BU(PT0~P100)B /K N e E Rt K, FRIHE 750 B /K & 1938 0 =5 2 i o f /K S DR B

= 1 DR R A ERHACE ST A it E R

1980 1990 1995 2000 2005 2010 2015 2020
I T T AR (FLAL: km?) 1274 1337 1391 1446 1712 1847 2528 3396
Ik AT A TR AR & L 1.31% 1.37% 1.43% 1.49% 1.76% 1.90% 2.60% 3.50%
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( a ) Eézé\ B‘%ﬂ(

(b) /INF
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