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Abstract

Based on daily temperature and precipitation data in Liupanshui meteorological station from
1961 to 2018, precipitation Change and the characteristics of drought and flood in the growing
season of crops in Liupanshui were studied by using the methods of climate tendency rate, cumu-
lative anomaly and M-K mutation detection. The results showed that the precipitation in the
growing season in Liupanshui had a decreasing trend in recent 58 years. There was less precipita-
tion in spring and in autumn but more in summer. In recent 58 years, heavy flood, medium flood
and light flood occurred in growing season in Liupanshui accounting for 17%, 7%, 29%, and
drought 14%. There were respectively 8%, 13%, 22% years of light drought, medium drought and
heavy drought in spring. There are relatively few years of flood disaster in spring. There were re-
spectively 55%, 9%, 7% years of heavy flood, medium flood and light flood. There was much pre-
cipitation in summer, which is prone to flood disaster. There were 61% of droughts at all levels in
autumn, of which 28% was heavy drought, others levels flood disaster accounting for 22%. The
precipitation of growing season in Liupanshui occurred from more to less abrupt in 1987, and the
abrupt point of drought and flood characteristics appeared in 2001.

Keywords

Liupanshui, Precipitation, Cumulative Anomaly, Drought and Flood Features, Change Suddenly

NEIKTRIEVE KFFKTUWER
S HEFHEST I

X HEET, A B ke, A% RIA

(e
BRIt

SCESIH: XUFE, B, TKIER, L, MONS. SEUKTTRIEM K TR R S R B E AT ). SRR
LR, 2020, 9(2): 93-100. DOI: 10.12677/ccrl.2020.92011


http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2020.92011
https://doi.org/10.12677/ccrl.2020.92011
http://www.hanspub.org

XFE 5%

RIMEANEKT SRS/, H=M Nk
MBEERLRE, =M B
BMARMT R, S M
Email: zym0827@126.com

ks H i 20204E3H6H; A HBE: 20204F3H20H; &AHB: 202043 H27H

HE

FIRAANEAKT AR 41961~2018FF H S EAFEKERN FTRE, RASEMRRE. BiHEPE. MK
REBMMEGITHE, TR T ARKTREDEKRFRKEZH K FERES, SGERA: L58FKA
FKTAEKERAKE BRI ES, HPEFFMRFRKD, BEERKE; ASEKTRIEMEKSE
SSEHBERE . hE. BEEBRERSIINLT%. 7% 29%, HIRBERN14%. K, FEFEHIR
2. F 8, EEFERSHN8%- 13%. 22%, FEHIMLERENEND, FEUTENRNE; EFH
BLEREE . T BREEMSPIN55%- 9% 7%, E=5 NI ERE; KFEHAEETEL5H61%,
HPBERN28%, HIEZBLE 522%. ANEKTIESSERRIEMEKFEKE1987ERE T HEE
SRS, BERERRZ S HIAE20014E.
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1. 518

B K BB A SR . AR F SR R R 2R 6 R, BHES A AEWI &, IPCC 28 5 1K
PSR 5 (L] Fi R R Bl SRR, — S Mo kS R R AR R B S ik, e T R Ak By
SR AR A o SRS [2)55 0 7 5 MR RAE I A K22 (5~9 H) Bk Zibieass, Bt AskAKFHK
AT IR DS . 31T T BERRIEY A KE T R ECRRE, RS, D
BTk, RMERTREEREFEREESHE, TREESESG LS. TS E
T 4~10 HARAEWA KRB K & RIS, EH V2 3 AN R X R RAE I A KRB . R B
AR T R E[5] 6]

ANFKTTHIAL 2 B R A b L, AT TR 1700~1800 K, J& T KIRIHSMEX, WL
ARFEZE, HBREL. FERREDNTK. N KRS WS, RIEVHEKEESS2RNERZEDIM
Ko TRHEME[ 715 7T 13T 50 4F /N #E 7K T MY R PR 1 AR e, /K L 522 R e 3, B /KA 18 W SR IR 4 B
SEARPRAARFAE s A S [BIWF 7T T /SR /K S B AR B I B /KRS 1 S I 0T, R B KA AE B 25 9
ARG, T R AR AR EE K 2 H . AR AR 700 T AR AE W A K ZE PR KRR AIE 2 52 85 AR AL
ZoHT, I, ARSCEAEXT /SRR 1961~2018 AR MEP)AE K15 Ha] (B K B AR 0 Je S 7 4R B0 AT 4%
B, T RRSET R E MR, N A R K B, > R R E AR R IR, te S
J7 AN A PR — R S H R -
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2. BERE G
2.1, BERIRIE

I 1961~2018 = /NH/K T AR HIiZ H K SERVZ HP Y SIREERE, R AniE: HF24-~5
H). BZE6~8 A). #ZFE(9~10 H). RIEWAEKZ(4~10 A TFHS0E KT 10°CRIEA KB4 50t
B, SEFHREAE A 1981~2010 4F 30 4E 1 FHIME .
22. ARFZE

2.2.1. SIEEEFE9]
AT ) 323252 TR P LR [ U1 10 75 0 TR [R) s B A @S 2R MR AR, #Rs B K AR A 3
AHA:
Y, =a+ht, 1)
Horr, YOASRRER, tOARE: b NEMEEHAIL, 10 x b AV RERE 10 FURBITE. b>0,
RYIBERS ]t RN Y, B ETHEH: b <0 MIBER ] t KGN Y, 2 FREES.
222 BiHEY
R HOR IR — B 0 B K R 5 Rl 7R K B2 LSRR AR [10] [14]:
K=R/Q 2
Q=0.16>t, ®)
A K HRHHREL R OAMKE, St NFEH>10CHIE, Q NaReAkE, WHRLFKE. RyE5E
BiTRECH TR o N T A, WA 1.

Table 1. Drought and flood standard of (K) during the growing season
= 1 £ KFRGFFRKRDIRE

BB HAY K¥a4
1 H K>23
2 rhgi 21<K<23
3 B 19<K<21
4 1EH 1.7<K<19
5 B 15<K<17
6 g 13<K<15
7 HE <1.3

3. B{RE S

3.1. RIEMEACTEKBIFMEDHT

FH 1961~2018 4E/NH/K T AE KK ERERRE(E D)RTLLE |, SNEKAE KRR E 2B shb
a, JE/b 2 )y 25.6 mm/10a. it 58 AR A K=K & 1063.7 mm, /K B 2 B4 O L ILTE 1967 4,
oK BN 1376.2 mm;  BR/K B/ F4EA HHLAE 2011 48, MK BN 620 mm, P& M2 756.2 mm, %
B AR KPR B G R . A B SRIE B8 2ok B (B B £R), AR K=K & oA B S B B E AR ALy
fiE. 20 20 90 4EAR LART A J LA Pk &4 T 22 (S 31, 20 tHh4d 90 AFEARFIE N 21 tHEd i aT 10 40 F%
KD (B 1 o
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Figure 1. Annual variability of precipitation during the growing season in Liupanshui from 1961 to 2018

& 1. 1961~2018 FE BT E KT EKEMERT L

Giit R, ANEKTBRERKEGE TN 189.1 mm, HERKKER 16.1%, HRIEWAEKER
17.8%. It 58 452 K B fe/b ARy HBLLE 2011 4(48.7 mm), £ I4E 43 HBLE 1981 4(350.8 mm).
M 2 ANEKTTHZETRIECTF Y BFKERTUIE 1, 20 e 60 03] 80 EREFEZFMHKMmZ, #EA 90
AR D, HEN 21 )5, 2002~2010 FERE K BT HF, U LERBE KA R .

INEKTTE ZE K& A E N 644.5 mm, (HEFEKER 60.6%, HRIEVEKZEN) 54.8%. =
ZEfE K & /b A HILE 2013 4F(380.4 mm),  # Z [F4FE 4y HE BLTE 1985 4F(909.5 mm). 20 4 60 44X
80 FEARE KM Z, 70 448, 90 AR AHEN 21 e LIRS BK T H =B K &35 b o

ANBK T KERK R TIEFME R 230.1 mm, (HHEFEKER 21.6%, HRIEVEKZER 19.6%.
P K B /D B ELAE 2009 4E(79 mm), 2 B HEILEE 1964 4F(419.5 mm). 20 20 60 448 K&
90 FANKER KM Z, 21 thadblsk, KEERFKIH Z w0 .

ANEEK T AE KR MK & D4R T 3ME 8 1063.7 mm, (7 45 B 7K & 1) 90%. B 7K & 5/ ARyt BLAE 2011
FE(620 mm), FxZ KAEA HIIIAE 1964 4(1376.2 mm). 20 {40 60 4EAL L HEN 21 4 LUE, AT 10 4E[4K
BRI Z, L RAERKZFER AR .

HE AL, 3T 58 4ESRTE SRR AR T 5t R, ANEKTTRIEDEKFER KRR TRES, KR
AR B AR AGRRE, SRR MM, IR A S B R B E 5 .

Table 2. Inter-decadal mean temperature of each season in Liupanshui

2. RBEAHEFTHFRFEKE

A RIS HF HZE Bz
PR 5 FokE SEERE BOKE SEERER KR SEEHRER
1961~1970 1174.0 1103 2258 36.7 668.2 237 279.9 49.8
1971~1980 10716 7.9 200.6 115 629.7 -14.8 2413 11.2
1981~1990 1079.8 413 202.6 135 677.4 329 225.0 -5.1
1991~2000 1091.8 -14.8 174.1 -15.0 615.7 -28.8 259.1 29.0
2001~2010 1134.0 941.8 190.7 16 640.3 -4.2 206.2 -239
2011~2018 1106.9 -49.1 180.7 -84 614.7 -29.8 219.2 -109
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3.2. RIEMEKFHEFIFEDHT

3 NANEIKTT 1961~2018 fF %7 M AE KR PR, ATRUEH, RAEWAKZRIT 58 4 H I E B
10 4, (HEER 17%, 57 5 BERUN 7%, BE IR R, 5 RERUN 29%; HIR R,
R BREMGSIIN 12%. 1%, 2%; IEFEG N 1446, RS 14%. H, SEOKTTREYE
KB HFF 58 A MBS PRty KA, HIELE 6 Ik, B4R, HIBLERN 10%, 2
RBRE. PR EREEGSHN 8%, 13%. 22%, IEFEMA 5 F; BT 58 FRA HHLERRSA,
HILE LB N 32 Ik, HEFEE 55%, TEF . BRI N 9%, 7%, HILEHT R EA 3L 10
y KEHILE R %, 558 (FILHIL 16 4, (HEAFEH 28%, L RRIE R 1345, MR R T
MER W L, B, . EEEM DN 9%, 6%. 7%. BT, ANEKTESMRKERKD,
B KERILRREME, BEMKE, HIEERKEREZ . FERZRBTMN 5 A TS, Skl
ZVGF AR, BEKIERHE 2, MoK EZHIIE 6~8 H, FUEEANE K Z v i 53 2 R A k7 o 5 11
WHIR %, FEWMT 5285 5 SR O EAE sz m, 7R/ 8K T 858 9 28 5 T ikl J7 1 () 341
&, ZEGRS, HHEAEEREAR, HHIERRS. KEMEWEEER, HlTEAREERMAER
JEFERMZ B EHY, BT RREBEE .

Table 3. Years of drought and flood and percentage of total years in Liupanshui City from 1961 to 2018
= 3. 7EKT 1961~2018 FR R RIGHHIMFER R S FHNB I

s ERE 2 #E E2 wE

4 10 (17%) 6 (10%) 32 (55%) 7 (12%)
g 7 (12%) 0 (0%) 9 (16%) 6 (10%)
B 17 (29%) 4 (%) 7 (13%) 9 (16%)
EH# 14 (24%) 5 (9%) 2 (3%) 7 (12%)
B 7 (12%) 8 (14%) 3 (5%) 4 (7%)

G 1(2%) 13 (22%) 5 (9%) 9 (16%)
HE 2 (3%) 22 (38%) 0 (0%) 16 (28%)

3.3 RIEMEKFHEAKERRETEL

FRPET R DU R R AR A, A I AR A v . BRI T TR A
X, FER-—BFZ t i SRR [12]:

Xx=Y(x-X), t=12,-n 4)

i=1

@, X=23 % OWE IR HSLERAGRBUE T, RO T, EARR SR

PRI, R RENERIR REPEPAE D, 2R A R A U A B A A

K2 g T NEOK T RIEW A KRR E RREEF I, wTRLEH, SEKTTRIEDEKRRIFEK
i RAHEE T M 2R B AU IRAE 1987 4R, B AU IRAE 2013 4F . 3T 58 AR AEM A K Z=FR K & £ 25 A LA
TN BL: 1961~1970 45 B /K B TR~ (3 DR #A3 F Bae 7K B 22 AR 3, 1971~1982 [ 7K &t AH T A g 1)
I, 1983~1988 4 A MK B £ (I 1], 1989~1995 4F Jy /K & 4 BT 5 40 3 i) B /K 2 20 f s 341,
1996~2005 4= N B /K S AH X Fe g HIRT 3, 2006~2018 47 g B /K i/ B 3
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Figure 2. Variability of cumulative precipitation anomaly during the growing season in Liupanshui from 1961 to 2018

2.1961~2018 FAREBKH RIEME K Tk E RINEF L

3.4. RIEMEKFRKER P HFHERRERIE

Mann-Kendall & —Ff FH (094G 715 [13], SR AT 51l 26 (UF) 5 S 51l it 26 (UB) HE B AZ £, JF
ARG TR AR IR, JUAS O . B ZE S RAR AR ), SRR I 1 I SR ya e, At e & o
PLGRARI (] X 3o SR ZAS TR S M /S 87K 58 EIIRIEYIBE K B K B PR 5 o i, & 3 2
Mann-Kendall 4t it i £k (B B 26 0.05 35 Mk 40 {H £1.96)

Figure 3. Mann-Kendall statistical curve of annual precipitation during the growing season (a) and drought and flood features (b)
in Liupanshui from 1961 to 2018
3. 1961~2018 F7x BIK RAEWME K K () FNRIHHFE (D) Mann-Kendall Ziit & fhzk

& 3(a) /N #EKE 58 E A MEY A K24 K (1) Mann-Kendall 45 it-& ik v W, 20 42 60 FEAR TG
W ar BKES, 60 FAKH] 70 A IE RN EEY, 80 ARz Al 21K, 80 A
PUR— B2 N, UF F1 UB A8 M AR 1987 48, (HAF SHBEE IR AL 2 6], RUIANFKH K
TEMAE KRR BRI TR AT B3 @ 0.05 M5 EAL, RTBHENEE.

3(b)AI AN, FSEAKTTRAEY KT B EFRAE I RALREE, B35 Ha 407 51 (UF)ZE 20 tH4d 60 4R+
JEHAZ T R KES, 60 KRB 70 EARWIHE R NS, 80 FRE AT R KES, 80 FMRS
WILUE — B 2 B8, UF F UB K2 A IR 2001 4F, {HA S EIELE IR R 2 18], FWINEK T
RAEYEKZE PR B T oK R, REaca b rasy, BAEKZE RIS 9 A 1N r
%, YA 0.05 MEERLE, RALBHBAEE.
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1) AFKEKFRKEZB DB, BAOERA 253 mm/l0a. FFKE A IH BB AR
fiE. 20 tH4d 90 AEAR DART A J LA Pk S Ad T 2 (S 1, 90 AEARAIIEN 21 4 DUSIIRT 10 4 4R K
/D B .

2) NEDKTUL 58 A KK R HERKER 90%. HEMKE S RIEWAEKZEN 17.8%. 20
40 60 £EARE 80 FEREFME/KMZ , HEN 90 AR I JLAER B KA b o 3N 21 20 LU 10 4ER%
KB AR . H KR 5 RIED A KZEN 54.8%. 20 4T 60 E4R % 80 AR E = /KIm%E, 70 4E4R.
90 A SN 21 A LUEREKEI D . FEERFKE S RIEYEKZER 19.6%. 20 tH4 60 48K 90
ERKTEREAKIZ, 21 20 DORFKCER FEK B Bk b .

3) ANELKTTRAEM A K= FK E R il e my AU IR 1987 4, KA HILAE 2013 4.
1961~1970 47 ) Ay B 7K B TR R~ 5 AR 35 B 7K B O 22 TR RT3, 1971~1982 47y B 7K B AE R AR o 1R I 34,
1983~1988 4=y [ 7K & i 22 [ s] 31 : 1989~1995 4y [ 7K & A1 ~F~ o A0 #5  Foe 7Kk 2 v 20> BT 38, 1996~2005
SRR\ MK AT R E (T, 2006~2018 45 A [ 7K B i 20 R R 30

4) NERBRAEW A K ZRIT 58 FEHBLEELE . . B R BN 17%. 7%, 29%; HHLFE
KN 14%. Horp, FEHWEE, bR EREMDHIN 8%, 13%. 22%, IR FRERD>, &
LUTRENE: ERBIEIY . i BEEM 0 55%. 9%. 7%, HFEMRKZ, 5Bty
KE, KEHMEHT R 61%, HAEFEN 28%, HIEHKME L 22%. FERMNS5 H NUZitmEs
RIS, FEAGEWTIE 2, DRI E 2R R Ak R U 2« 2Rt T2 5 e i B SO R UTSIR
ER MR, FEABKTTENE S Y SH ERI#VRE, 2B RS, GHIERE RS KERHEWE
B, ML R EERZ . N EKIE 58 FFRURIEVI A KR IIKTE 1987 KA T HZ BI/D R
R FETRHER RAR S ILE 2001 4.

ESmHE
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