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Abstract

Based on the precipitation data of the 11 basic weather station in Qingshui River Basin form 1962
to 2021, the M-K mutation test and wavelet analysis were used to analyze the temporal and spatial
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variation characteristics of annual precipitation and flood season precipitation. The results show
that the average annual precipitation in the Qingshui River Basin is 1235.2 mm, and the precipita-
tion is mainly concentrated in the flood season from April to September, accounting for 74.9% of
the annual precipitation. The rainy areas are located in the upstream and downstream of the basin,
and the less rain areas are located in the midstream. Precipitation is unevenly distributed from
April to September in flood season, with the maximum in June and the minimum in September. In
the past 60 years, the variation trend of annual average precipitation and flood season precipita-
tion was not significant, and there was an alternating trend of decrease and increase, without mu-
tation. The period and oscillation time scale of annual precipitation and precipitation in flood
season are basically the same, and there are mainly quasi-periods of 15~35a and 2~3a. The preci-
pitation has a periodic variation process of less-more-less-more-less-more three times less-more
alternating oscillation, and the relatively significant periods are 24a and 2a.

Keywords

Qingshui River, Precipitation, Variation Trend, M-K Mutation, Wavelet Analysis

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FKILRE T RIK R, RIETHMNEESN, TRAK 459 km, IR 17,145 km®, E 2R
ARSI RILE, JLEW. GILE. SPE, MR, EREERHSING . WL & 5E
&, o, Bl SR EKILIRBIENE AR S — K, JKRERIEE R, AR AR I AR A
At SAFEE T EEMER, SN N IOKE =RIBKERSEFE KT ETHREERERN, KERKM
Wi 185.5 m, JEZ 41 425775k, W AR 85 km?, XFut/K B BA 0 EEAMEH . KRS ER
WS E— B Z R E NI R LRI 0E, SUTBIFRIE . BRI AR oK AE R 2 L H4E %A B 2
B AR RAC L ER 2 LRI 5%~20%, (HAR S P KRk i X FI 21 22 e k. BT AL
2] Fidath: PHRHLIXE 1969~2020 %44k 2 HLF KA AR B K, MomlEKIg 2 fEsh. Fr, 3
1B5F[3] [4] [5] [6] [71%F 76 e i DXFH 53 00 48 Bk AE T IR NI 78 B TR FE R B TR A 2 ) RBEAN ], Hgh
WAEAE — 8 2 e o ARSCRI AN KL SN BB A 11 ADNER YRG0 1962~2021 L 60a FEKS
RERIEAT I AR ARRAE 23 AT, TR K 5 5 AN G B R K B B IR ER (IR 2 2 25 ARk A

2. RS
2.1. ZERISRIR

HRERIET N E B EEMNE LD, B 1962~2021 4FJE K VT T f0 25 B3 i s i 8~ « RV <
PLE. 3P RS Hilb. GI0. SR, 8. FFE. R 11 ANETERER SRR ERRE, FE
k. HFKE. EFHRKMBKEMTNE. HPAEFSAERBN, (EEREm N EEHEHS
M, R, el R aisEN.
2.2. REITE

MRV Z8] [9] [10] [11][12], WHMEEIEE PIE. BR2Z L% BEHITRER
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2.3. M-K ZEE54018

M-K Ak IR Manner-Kendal £r36:3%:[13] [14] [15] [16], &R/ S WA HMEA, R M-K
B BT LA W S48 7 8 o BARE SR RS, WRAZAE, AT e O R AR [R] o %07V TR
BRASALFENE N R T RIUGEHBRNE . AT T, FEH T IriEKILRIER 1962~2021 41T 60a
RIS 35) e 7K B I AR O

2.4. Morlet /N 534

PESCRIT I BB ALl Morlet NBAMHT[17) 1812 BEF Tt 1 R Y R £ LB R AR 23
FAEMETE ST, R 2 R 901353 Y V3 LA 25 ) FRUSE RO 3BT, 753 R IR 1 31 2E RS
U (AR A, SR 51 AR RS AT R A . ARk, 1 T KL ot
1962~2021 4FJT 60a KA TR BLEAT M AT SL, F3EINGE RECHUINS I 2, s 60 B0 h RS
RS 0 0 0 312 i 01
3. TR
3.1. ZEZTFE

WKL) RS 11 Bl 11 /N MK A 1025.6~1451.9 mm, 2 BEH4BL— A/ 5 X A
ALK, WX AAEFRITRRARR . 30F . S0, MR AT, BMER: M2 WIX5
S L E U R IR RSN th DI 4L, BORGE ARSI BE . A 4E R R B AR 4~9 1,

T2 ST HMEN 769.3~1125.6 mm, (5 45 FEKE 74.9%. KR FIFEAAAE DL, Lo AN i
Z WAk R, RNEHDAEAR S, R ME M BUER R . PRSI 1.
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Figure 1. Precipitation distribution in the Qingshui River Basin; (a) Annual precipitation; (b) Flood season precipitation

B 1. EKIIRERKENE; (a) FHEKE; (b) HHRKE

TEKVLIRII 4~9 H BE/K &5 E B K B0 — 80 I LR iR T2 WX, FiEE T AW X,
11 3 A% H KB AR, 6 A%, 2203 mm, 9 A4, 92.5mm; 4~9 H 11 3 H ik
IR KR 376.7 mm, e KAEARSIEIA 486.1 mm, HBLLE 6 H, H/MEN 282.9 mm, HIIFE 4 H; 4-9
H 11 35 H /NP BOKE N 33.4 mm, H/MEA 4.9 mm, HIE 9 A6y, 7 k2, AN 7.1 mm, [FK
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Table 1. Precipitation of each station in Qingshui River Basin from April to September

1. EKILRE 49 A& A& UMEKE
W MR EP Sl R JLE EL BT R BT RE
4 APy 1254 1018 1133 1262 1389 1175 1235 1163 1084 1108 1344

4 ARk 2810 2486 313.7 260.5 284.3 3243 280.8 2992 255.0 2377 326.6
4 H e 39.8 329 333 22.7 494 312 45.1 414 303 23.7 433
5 ¥ 2137 176.0 179.4 186.1 208.9 195.1 223.4 205.7 161.6 179.5 201.6
5 HlK 4388 388.0 390.0 379.2 492.2 335.6 502.8 353.0 311.2 306.0 393.7
5 Ha/h 76.3 78.3 69.5 85.4 83.5 81.1 96.2 80.2 82.5 89.3 94.5
6 H-Fty  283.0 2132 198.9 203.2 211.3 221.1 258.2 250.1 182.1 188.6 213.8
6 HI K 819.7 448.0 4402 433.3 427.2 433.8 562.1 546.7 345.5 323.7 567.4
6 Hi/ 68.7 28.5 61.6 80.3 57.9 33.6 56.5 45.1 413 92.9 559
7 H¥) 2283 166.4 142.0 160.3 155.0 175.5 189.4 202.6 131.1 142.1 155.2
7 Hi Rk 6182 417.7 418.2 520.1 522.8 497.6 533.8 439.9 347.1 3194 473.3
7 A/ 8.3 22.5 9.3 1.9 7.1 7.6 13.2 2.6 0.7 34 1.6

8 HF#y 1652 127.2 116.1 1343 123.2 130.3 150.7 129.0 100.7 132.1 129.6
8 Hm K 3579 3520 2643 304.6 337.6  287.7 440.4 270.1 2423 297.1 316.0
8 Hifwm/h 14.1 7.5 143 16.4 113 6.4 20.0 12.6 10.8 14.5 9.7

9 H¥ 1100 97.9 923 81.0 86.3 85.2 87.8 112.6 854 89.4 89.3
9 Al K 3887 302.6 304.3 299.1 297.4 2781 3474 4586 284.0 303.5 272.7

9 A/ 9.3 143 3.9 0.6 23 3.1 3.5 10.7 1.9 3.0 1.1

3.2. HABRAHE

1962~2021 4EIT 60a T /KILFIERAEF X oK BN 12352 mm, WA FHBNEARNEE, WK 2(a),
AR LA 1 IR, B & TR BN, BB K R 1616.9 mm, HHILTE 2015 4, F&/ME 911.5 mm,
HILTE 2005 4F, ZM4FES5DWAFMZ 705.4 mm. WAEREKEE R8T, WIE 2(b), EZEHI 3 G,
— SR IEFEP R BE A B R, HHILAE 1980 4ELART, B 1962~1967 4FA1 1973~1982 4F; & IE#E-FHEH
W, BRESEZ W, HBLE 1968~1972 4E. 1990~2000 4E. 2013~2021 4, =R AP PR, RlEss/b
M, HHBLLE 1983~1989 £EA1 2001~2012 4.

T 60a W5 /KT IR AR BT B /K BN 924.9 mm, IBAEAR A #a 34 5 B AR AR FR K AR AL 34 e AR — 3L,
EIRG R, &AMH 12154 mm, HILLE 2015 45, &/ME 591.8 mm, HILFE 2011 . ZBFEAUAREK
PP SRR EREBAHE, (EhAE SR ER ., B PRM AT HBLKSED N 1972~1984
L 1992~2004 4 IEAEESEAS B HILE EIN, A AR B I IR RSP AR RO A SR TR, IEREP AR
A B AR 1967~1980 4. 1993~2000 4FE A1 2013~2021 4 f1FHF 45 1 ] = HULAE 1962~1966 4F
1981~1992 4EA1 2001~2012 4F.  IF #E~F4E H HA AN 47 BE P AR BAAA 7R AZ B UL &2
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Figure 2. Annual precipitation anomalies from 1962~2021; (a) Precipitation variation trend; (b) Precipitation anomaly

& 2. 1962~2021 FEZREEKIEFEE; (a) PEKET LIS, b) EKSEFE

X 1962~2021 4EIT 60a I A] 7 51| B /K B HEAT M-K 28784650, WIK 3, o BUE AN 0.01, BfE5AKCFXIE
[2.58,2.58]. [ 3(a)NeEREKE, MEFRTLIEH, UF{ETE 1962~1984 4. 1996~2005 - F11 2017~2021
SERFAEHILIEAE, WA R K, ok, 1962~1984 41 2017~2021 4E UF 1 UB f74EAC 4, (HAL
HEEE 0.01 B, NEAREME. 1996~2005 4 UF 1 UB ANEEAL A, WAEAERE ., UF
{EAE 1985~1995 4EA 2006~2016 F HILFME, ULAHAFrELE/b &S, WA B UF il UB #R A28
YA BA RARME . SRR, TE /KL 60a F FE/K S 8 A D& s, HRA KERAE. Kl 3(b)
NERIAREKE, [FFE, UF{E7E 1967~1984 FHrE: ML IR E, ULAHARFEIE S, (0 UF Al UB (EAC
BRI 0.01 B, ARARAM. UF E7E 1985~2019 fERFE B GUE, W04 FF b
s, UF Ml UB EEA HBIAS A, BEOISA RAESAE . W /i g, EKILAREIT 60a SR K &
ARGk, HRE RAERE.
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Figure 3. M-K mutation test of precipitation form 1962~2021; (a) Annual precipitation; (b) Flood season precipitation
3.1962~2021 K E MK SRERY; () FMHEKE; (b) FHKKE

3.3. FEHAYHE

XKL IR 1962~2021 35 60a [ 7K f AN A TR 4 /K S 8] 77 510 R0 /N 7 32 E /N R 400
NPT, 2] Morlet /NEAR i RS AE LR, W 4. B 4@ REREKE, 1 4(0) NFERIARE K
&, MWERATRUE H, PR ARG ) R RO A — 3, R BAFAE 2~3a I IR 15~35a K JE
Wi, Horp 15~35a KA IIBC B R AFRE, &5 RN AP A R R R, BOKEAAED - 2 -
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Figure 4. Wavelet analysis of precipitation form 1962~2021; (a) Annual precipitation; (b) Flood season precipitation
[ 4.1962~2021 SFREIK BN () SFFEKE; (b) RHAMKE
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11 S I35 A K ED A, 6 A%, 9 AhEb.
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BRI 24a A 2a.
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