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Abstract

In order to deeply understand the characteristics and trend changes of precipitation in Jiujiang
area and optimize agricultural production, this paper uses the precipitation data of 8 stations in
Jiujiang City from 1961 to 2020, and adopts linear trend analysis, Mann-Kendall test, sliding T-test,
wavelet analysis and rescaled range analysis. The variation characteristics of annual and seasonal
precipitation in Jiujiang City on a long time scale are analyzed. The results are as follows: 1) The
annual precipitation in Jiujiang City showed an upward trend in recent 60 years, and the precipi-
tation tendency rate was 32.86 mm/10a. The precipitation in spring showed a slight downward
trend, while the precipitation in summer, autumn and winter showed an upward trend. 2) At the
significance level of 0.05, the abrupt change points of annual precipitation appeared in 1969, 1978
and 2012, in which precipitation increased in 1969 and 2012, and decreased in 1978. There is no
obvious mutation point in spring and autumn, the mutation point of summer precipitation ap-
pears in 1969, and the mutation point of winter precipitation appears in 1988, both of which are
increasing phenomena. 3) There are obvious periodic changes in annual and seasonal precipita-
tion in Jiujiang City. The first main period of both is 36a, and the change period is about 23 years at
this scale. The second main cycle of precipitation in four seasons is about 20a, and the change
cycle is about 12 years. 4) The future annual precipitation of Jiujiang City shows a downward
trend. Among them, the precipitation in autumn increased, and the precipitation in other seasons
showed a decreasing trend.
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1. 5|8

20 2R LISk, 2 HARN R AKIESIR M, SERARIZHANE . FHB0 T, aTfea B RK K
I AAR R . 2 A B A A PR AR AR AR T T TS Ak o X Fh 2 (8] 20 AT L AN S8 SR (R AR Ak, B A
et EESE T TRARERA, EEEN AR S ST R R E

ST HAL TG b, VL NUfm R, BEASESRHWE, J& T WG 2= S, b3 b s
HH, HZEREmM. —HUSK, 2580004 M UL T A% BURTE A8 L& R . B i Xt
1961~2016 FEVL A HLIX /K AT T I AR WRHE AT 1], SRR 3 56 42K, VLTI FRKE 2K
Ak, 20 Al 60 FA MG, T 90 BACHFAKI; B FEAUEALMLAE K Iy E, HinEs
4 20.0 mm/10a (p < 0.05). EAFZEX LT IE 47 R SAEB WYL /31T [2], iras REKH: 47 FR LT
TER K E /MG B, KRN 22.8 mm/10a; BEFESXHTIE AU 55 TR K 2590 A B
WAL HAT 7047 [3], S5 RRM: T 55 RV PE A KR K L9 Kta %, 1€ 1981 4F. 1984 4F A1
1987 S RAETRAE, AF1E 12~14 -0 2~4 SF R JE ;7 5% ZE S50 JLTL T B 2= Bk A BB AR AE EA T AT 50
[4], WEFCRE: 1961~2018 FJLIL T H =M KEA B3E FIERRRE, Hrd 1998 M, 1968 i
K, ZAEFHFKELN 500 mm, HAEFRACAEENRE 4a (0210 3.
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A B SR B AR JLEL T B4R . 38 2 1 B K B HEAT IR AT, (HSRZ 0 2745 [ AR R G
Bro IFH, RSCERZ BT K BRI, JF AR AR RIS HEAT T R A BT PG4
JULTHEEE . ZEREK BN AT R, WHFITTH N R AAREN 8 N5l mii0iZ H Bk =R,
KL% 70 ik . Mann-Kendall RAKK: 130 T 4G AN LUK AR 7257047 1 1961~2020
FIULTH KRS RAREIRAE, I R R — BUN [l W LT K & S A AT T, S 1E
NI AL S 22 T R AN AT SR PR S %

2. RS AEEN
2.1. &R

AREE T ST 1961~2020 4FE 3 60 4 K& H B /K ¥ R R IR T A B A % 80
https://data.cma.cn/), H Python Fl Excel Ziitf3 3149, FHMEKE, EFETRISE, U 3~5 ANES,
6~8 HNEZE, 9~11 A=, 12 HRRSF 2 H A%,

2.2, KB SHE

H x, FoRFEARR N n MFE—SEE R, H oK x Fod MR, #57 x, 5 ¢ Z [ — o gtk = E
JiFE[5]:

x,=a+bt,i=12,-,n

[ 2K b BT 5 RR SRAL & x SR - 24 b > O I, Ul IR A) ¢ 39 hn K& 2 b T3
Mb< 0, ULHIBER A IR R R T EEES . b IR, SRR S B & .

2.3. Mann-Kendall #3& 3%

Mann-Kendall #E5E(fFR “M-K K467 )T MRy o R Tk, ERENsH
B A 8 5 I 1) P 21 e v 0 5R38 a J SRAR IS [R] o FLAR B2 TE 7 A R PR 0 A » X /> B (B AN UK
HitHEws, JoHE M TR B MG AL & [6]

RBEREK P HR R E ST, B A FATAT BLE XSt &

_ [sk - E(sk )]
1lvar(s,f)

UF, k=120

\
/]
+

n(n+1)
4
n(n+1)(2n+5)
72

Y EMAKE o, 5 UF, >0, WIS BT, N o NN PR #5 |UE|> U, ,
H g2k UF, B 825 K4, RUIFSIR_ BT PR 8.2 %7 UF, 5§ UB AHAC HAZ miAE Im 4
TR AAE 08 LIS 205 e RASTT AR Z, A5 PE A 2R, WITEIE & RAZFEy s 4558 s AE I S 2k
Ab, BEHIAE i RCH I B E AR, MO R A B AR

24. iBE T R
WEh T AI WA R 7 R AR T Rl K I I REAR A R E ER . EREARE

E(Sk):

var(s, ) =
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FEE T L — B BT A A T 5 T B 2 18] TG 5 3 22 ok FIW AR A R B B3 2 R
TN AT RE R 28 AR BTG SS, BT 5 M-K A 4E & 08T LU E B 1% S e B R AERE . tRFHAT
FHRIBERE T4 EEZEMKT, MANEZERET R,
2.5. INESYHT

INBE AT T AR R R AR AR R BE, FRREAS B 41 AR AL RO e ) s, S B B AE AN TR e 1) RBE
AR S . ERFEAR BAE JR IG5 5 0 il A [ R /N 36 R 8, DARZR (S 5 7RI R AR |
B JREARFIE . B AT LLA B SR T A AR AL R, B w] PLE I AR IR A7 &, 6 TS A5 T - 4>
HH .

KT — AR /N R L N N

o, (@)=l &3 1 (1)

iAt—b
a

NETT R
Var(a)=2[a)f(a,b)T

Hr, o (a,b) RANBERZE, o RRERT, bRNEET, f(6) BTG, w() AR,

TN RSB E LR, AT LA BIAE AN [R] B (8] RBE s 8] 7 270 A 1 o e AR A [ 7] /N 22
B & A RO B AR BERR /N T ZE R T, B RO T 5 T A BB I ) R BE AR AL, AT DL SR e R
AN 1] F1 0 3= FE
2.6. EFFRERTE

AR ZE S BT A — i I K AR O AR I 8] 7 0 Al 7 v o T B AR ZE 4 BT AR Hurst $52%
ST T SR 8] 7 S B B 1 1A RO, SR AR R B

SRR {x, ), T TAERMIERE S, BETS

_ lﬁ L2
xf_ft:lxnf_ AN (]
FREZE
X(f’f)=zt:(xu—ff),1£tsf
WZER
R(f):{gi‘;iX(faf)—{gy}X(t,f),f:1,2,...’,1
PREZE N
/ B
S()=| £ -5 ) =120
Hurst $8 %t H N
R(f) _( oy
m—(f)

H AN BRI T BRI (BP0 2 SR RAF @SB . 2 H =051, RRRKKFEKES
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METLR: H0<H <05, FREKERIARRZEMEHELIMK: 205<H <1, FRFEKERARRK
Tl 5% 2.

3. SFREKENFHES R

SUTT AR EIFEK B 200 1500 220K, BEKRM, AR . Ur)LH4ER, LT fFEK e i 2 3L
Fet 58 BIOHE GO I (i % . R, FRATA UL T 1961~2020 SRR KEUR AT S . SRAM 0, LA
IO, N2 JE I R K 73 A S T4 fA 35 ) o

3.1. FhEkEHHES

B 1 RIVLHER KRR &S, WEFTLEH, 1961~2020 ], JLILHT FEKER KK
Ay 1998 4F, BE/KEN 2157.4 mm, S/NREGN 1978 45, 4 936.86 mm, M AHZ 1220.54 mm.
60 AT [ K BN 1535.54 mm. H Sa W30~ FIZTT AL, JLILTT 1961~2020 4E[A] (1) FEK KEA] 40
FAFEL, 1960~1975 (1] fF/K =0 & BT, 1975~1980 4[] 3B T [%, 1980~2000 4F[i] £ 2218 s,
2000~2010 FE A R FE, 2010~2020 S [8] SOZET_ETF o SAEMGIR 2N 32.86 mm/10a, FEREKEHAR L
T,
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Figure 1. Linear variation trend of annual precipitation

B 1. FRkELMTHEE

3.2. PEKTE ST

BUR EH MK a=0.05, B M-K R 2)rr %1, UF ke Bote T, B EThimE PR, 78
1960~1975 4E[A1 1 2000 4F 72 47 UF i 2 & MEKF, RFERK BRI R . UF fhZf UB fhzk
FER AL AFEZ NS, YWHIULH K ERZAE, A M-K #i 2 b oyl HI b AR F 4y« toif, mIeL
SEEME) T KIS 3)RHI W7 5 AR 44

P 3 aTAL, KON 5B, T GiibEAE 1969, 1978 4EA1 2012 4Ei#ERL 7 R E AT, HUIER L
AR ATREHILRAL (1] 3). F4EE MK BRI K, fEX =5, UF Ml UB &IEIGFLANFA A AT
PLLEE I, 1E 1961~2020 4E[8], JLILTHLE 1969, 1978 4EA1 2012 4EH MBI FEK 5878, i, £ 1969
12012 FEFREKE IR, 1978 I FEKE D

BH/mm

il

7K

SR BB T 1 (FRK &)
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Figure 2. M-K mutation test of annual precipitation
B 2. FREKE MK REKIE
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Figure 3. Sliding T test for annual precipitation

B 3. FRKEBEN T 1458

3.3. BEKEARAE D HT

X JULL T 4 B /K AT /N 73 W45 B B K 7 91 7 22 40 W B (K] )RS S R (1) 5). eI 4 w5
JLYLTT 60a FE/KETE 36a F1 20a IR IRRE FAZTEAMIME, 5615 5 nT IR R, BB S — 5 1
& 36a, fEZNIE T, BRI AL L R 23 46, BRAKET T 3 IRk “/ - 27 3k, 55— F FI W& 20a,
B7K R AR AE N 1960 FEFFEEE] 2020 5, 7E1ZE T IFEK B BIZN 14 4E,

>

3
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Figure 4. Analysis of variance of annual precipitation
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Figure 5. Contour map of the real part of the wavelet coefficient of annual precipitation

5. FREKENR ARSI FELE

4. BEETKEWFHED

JUL TSI LB R 2%, MR RO, AR FRAET R R . AR5 A B K A AL
AEASBOS A A7 A7 3 LR, T HL T B AR AU M it By R S TRk, BRI
TR R B AR T A7 AR O TV A A 53R B R 55 5 T A B A T 25
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4.1. BEFHRKELED

K 6 JBR T BT RKERLER S, WK )R LLEH, 7F 1961~2020 Fla], HFE[FKE
% A HELTE 2002 4, FE/KESN 852.98 mm, /b M A 2011 45, 4 243.53 mm, 60 F[HJHEF
BIRg K& 543.55 mm. i Sa dEEIFILR AT, M 1960 EF) 21 thad], HZHEK—EHBEAENL, FHiE
A3 2000~2010 ERF/KEZHT %, 15 2 2020 4E 3980 LT HEFREKES bR R A-1.02
mm/10a, PE/KEBER 2T T A

1000 y=-0.1016x + 745.85 1100 ¢ y=1.8732x-3168.2
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Figure 6. The linear variation trend of precipitation in each season

6. BETRKBLMTNES

M 6(b)F R LU, HZRREKE R 2 FEM R ILE 1998 4, F/KEHN 1063.55 mm; /b HF 4
1968 4, BE/KEA 177.24 mm, 60 FFFTIFFKEN 560.45 mm. HH Sa WEEIFHLAT A, HZEE
KGR ZE A 18.73 mm/10a, BEARE ETREH . Hr, W 20 4D 60 FARE 90 48, B F=RE/KERKSIALN
HAMSS EF: 1990~2000 FBIE FF, 15 LA CGRE N, 21 HEAPIE 2020 4, BFKEZEDS FF-.

M 6(c)HFal A1, KK B 2 ARG HBLAE 2005 4, BE/KEN 579.43 mm, /b IEG HBLE
2019 4F, [E/KEHN 62.74 mm, 60 FHIAFET35[%KEHN 230.5 mm. H Sa 1F3) L&, KEFKE—
HEPE WAL, SEHIREA 1.61 mm/10a, A& ZHES EFEH.

I 6(d) A&, AFFEKERZ NS HPUE 2019 4, /KRN 347.09 mm, /b EG HBLE
1962 4F, [£/KEH 63.85 mm, 60 F[F-FIIME/KE N 201.96 mm. H Sa W31 FIHILmT A1, A2 Kb
[ 1171 mm/10a, A RPE ETHEaS, AN FEARIEREAKR, 5HUATREKEZEN.
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4.2. BETEKET T

E 7 R 8 B R 1L & 2T PR R I MK RARKG IR R 3 T A3 s . HE 7(a)nl A, L
LT EZE KR 2WE BT, 1964 4 UF #hZHid 0.05 BF KL, SN FEK T B o]
[8]. 456l 8(a)RT %1, 7E 2005 F1 2016 AT e K ERAE, (HEHFTE M-K AT, XA s 5
m FTDARZERE KA R RS

B2 [E /K&K UF A1 UB HiZEH 2438 (B 7(b)), HrR, UF #iZE4E 1998~1999 it 1 &5 2 1K
2R, UL E ZERE K EAE LA B R TS S5 A 1 8(b)rT A, B R KETTRETE 1969+ 1973 T 2000
FERARAR, T UF M UB HIZRTE 1969 FEANEAE 55, BT LA RN E ZE MK BTE 1969 R AETRAE, FKE
HELF-

FKZ=RE K B UF ih£k 56 LTt E R R, HAE 1973~1978, 1982~1995 4R R T & A& (E 7(0)),
VIR FEIX AN ) B K & 5 B3 fE B E XN, UF 5 UB #2242 i, H45 G K] 8(c) T 41,
P B A A R R R ARy . DR, LT R RR K & LR AE .
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Figure 7. M-K mutation test of precipitation in each season
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Figure 8. Sliding T test of seasonal precipitation
8. BEETMKERE THRE

ABEKEN UF LRI “36 - 9 - 37 mias, HihgME 5K rn, RWAERKETL
KRB (E 7(d). BT UF M UB HMEAAEZ AN, AU A E 8d)kE. HEFRRTLLEE, &
ZEPE/KEEAE 1977 A1 1988 fEALEE IS 1 W ME/K-F4L, T UF A1 UB M2k 7E 1988 FEALAFERT i 25 LT,
KK ETE 1988 FFRAERAE, FEKERMY.

43. EFETHHEXKBAREN

X FUTL T 2710 B R /K AT /N o B 45 210 BK 7 21 0 B B e A Bl . 1] 9a)wl %, JLYETH 60a %
ZE[EK AT 36a, 19a F1 Sa FIRSTE)REE_EAFTE A IAME . B 10(a)mT 5, B/ AR 26— A 2 36a,
TEZRE R, BoKIARGE AL 23 4, K& 7 =4 “/b - 27 g%, BKERZ NI BTE 2014
SESAT, /DR LE 2008 4E. 55 IR 19a, FoKE AL KR R AE 1995~2020 4, EiZRE
NRIFEK I 12 5 3 = F R Sa, EIRRE T RIBKEIAZ N 4 4, BRI, B m b
IKEAA I

HE byl &, JUIL T H B FBKEAFELE 36a R E AL, Hd, 36a A —EAM, RIN3 K
IR KE D - 27 BREE 100), FBAKEIN 23 4.
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Figure 9. Analysis of variance of precipitation in each season
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Figure 10. Real contour map of wavelet analysis of precipitation in each season
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B 9(c)ul %1, LT AKZEBE K BAFAE 172 B Z AR, 17a NEE—E A, EiZRE FRREK
AT 1145, FREERSE Y 1960~2020 4F, {F7E 5K “Z - /7 BIREKEZE 10(0)).

I o(d)yrr &, FUIT T &K BAELE 36a Al 26a (152 FMAR L. Hdr, 36a N —F W, ER
FE R R KARAG A R 24 4, RN 3R “D - 27 BoKEBHZEE 10(d): 26a HHE - F M, %
R T B AKABALJE A 17 4, FREEmHEI 210 1960~1995 4, 1E4E 3 1k “/b - 27 [pRKEZL, HEH
— U JE AL 3 — R JE I e K SR B0 B

4.4. RFAEBDHT

T XL T AR BEAGE T AT I, A5 ) BRI 22 3 vt S48 B UL T 48 /K B R &% 2=
K B ) Hurst T80T LA RS, W& 1. & 1 Ik, AEREKE MDY Z K B 1Y Hurst $530
35N 0.283, 0.216, 0.307, 0.334 F1 0.285. S ¥R LA RIARSS, KBS A Hurst 5501 R
739024 0.802, 0.703, 0.845, 0.849, 0.805, LA KT 0.7, 4REH KT 0.8, UiHIA B RELF
BT Hurst $88035/0 T 0.5, FrlAE. FROKES S YN KEBS M RESH . K, HREKERNIHN
WEKIE Z sy, ARRE K& HARZ= T S I 9 B K g D #a #5 [9]

Table 1. Hurst index of precipitation and its future trend

% 1. [#7KE Hurst 158 ARFK#EH

I} ] 4 HF HE *E e
Hurst $5 % 0.283 0.216 0.307 0.334 0.285
R? 0.802 0.703 0.845 0.849 0.805
Sk Wb 14 Wb Wb Wb
5. &ig

AR 1961~2020 /LI AR 2 FHRBEKE, RAZMSHa ik, ML 60a 16
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