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Abstract

According to the precipitation data of 57 meteorological stations in Haihe basin during 1957-2016, tem-
poral variation of precipitation characteristics was explored used the least-squares linear model,
Mann-Kendall method, and Morlet wavelet. The results showed that: 1) annual precipitation in Haihe
basin decreased with an average slope of —0.57 mm a-Z; 2) precipitation decreased from the rainy region
in the northern plains to northwest and southeast region; 3) no abrupt changes were detected for annual
precipitation; and 4) two significant periods (at a 95% confident level) of 2.5 and 4.9 years and three
non-significant periods of 9.8, 16.5 and 23.4 years were detected on a basin scale, and the significant pe-
riods mainly detected during 1959-1976 and 1986-2005. Furthermore, all of the results indicated that
annual precipitation is less than normal period from 2005 to 2016, and rainy periods (more than normal
period) will come in the recent years.
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W, R &R/ ZFEBE WA Mann-Kendall JESE0K 56 (LA T @i FK M-K ¥2:)F1 Morlet /N AR 55 7775, 0 #r

TR B K AR AR s DA M TR K B U A B DL R RS A R A o IR S K B U R e A ik — i i FLIR
S SR T .

DOI: 10.12677/jwrr.2019.82014 118 IK BRI T


https://doi.org/10.12677/jwrr.2019.82014
http://creativecommons.org/licenses/by/4.0/

I 60 HEHERI K AR 2 M

2. BiEKBSHRFE
2.1. #IEKIE

JEBUERRT IR 1959~2016 4 57 AN Gk s iiE H K SORH T BDRIRIE T B SR 2 L ks ),
http://cdc.cma.gov.cn), RGNS BERIEAT THEANMTIE, RH RIISKFRGFEKF .
FH etk e /N 3R 7 VA0 B Bl mU AR PR 2R AR a3 L MK YRR AR B K IR RASPERRAE s
Morlet /)Nyl 4 [ 7K & i S AR 4
MR R S A, W 1.

112° IO’ 0"E 114° IO’ 0"E 116° 0’ 0"E 118° 0’ 0"E 120° lO’ 0"E
N
& &
o o
7 A ? ' .
g 4 A g
A

& ~\‘ A A &
2 2 ST AN P E

S 0 ‘oA )
2 g/?A 4 2

-4 o ¥
A
& &
S 5
o o W W5 —
e B a
e} o]
o A (ar]
P il
z A >
7 ' = A I
© A - B
i A /I>‘ A [ams |°
AT
A A
112° lO’ 0"E 114° IO’ 0"E 116° 0'0"E 118° 0’0"E 120° IO’ 0"E

Figure 1. Distribution map of me

L BRI S KRR S

22. ARFE
2.2.1. BB S

teorological stations in Haihe basin

SRR — M A i 2R B A B A S 10 )57 . RAREET 20 2 TS, FRoRii-TE R,
SN0 5T PP A x B 21 ¢ () BAREET KR 0

xzzizl(xi—)_c) (1)
x :—Z, X o n RN x RN IXI 20 B B K BB (mm); ¥ FoR 2 TR K E (mm) .
DOI: 10.12677/jwrr.2019.82014 119 TRV


https://doi.org/10.12677/jwrr.2019.82014
http://cdc.cma.gov.cn/

I 60 HEHERI K AR 2 M

2.2.2. Mann-Kendall IES #4180 7%
Mann-Kendall S50 50350 TR I 12]. X T BA n MEREMNEFH) X, x,,-,x, » TEFKFH:

S-St (k=230n) @
X By >x W, r=1, Hx, <x; 1, =0 (j=12,-.i)
TERS B P IR B E T, 8 AT EN:

[5-5]
UF, = (k=1,2,---,n) 3)
Var(S,)

Rt UF, =0, Var(S,). 5, RS, FERBIE, 15 x, x,x ML, A MRES SR, o
HRE AT

s _ n(n+1)
S, = 2 4)
Var(Sk ) _ n(n—1)2(2n—5) )

UF, AWREIERS 3 AT, AL A4 X, x,, oo, x, RIS B P A, 4558 o= 0.05 IR E KT, Rl 7t
U, =+1.96 . #|UF|>a, MNEIHFIAEYEIEBZL. ZRFH x 855 X, x,,x, FEE R
P, FNEUF, =UB, (k=n,n-1---,1), B =0. 734 HH UF,. UB( %k, 24 UF, 5L UB HIfERT 0, M
Bl A 2 BT, N0 MR R T RES . Y UF B UB I ERR I IR R, R8I BT s 235 .
R UF,, UB Wisk M2 mt, HACSTENG SRR I0), T84 58 sk N (1 B {8 2 AR FF AR IR B TR [13] 6

2.2.3. Morlet /3§
NS (Wavelet Analysis) ELET L2 4 HE A, T B o8 7 M 900 ()7 AR JH PR, BBl Mg
SO T 9122 B0 T TR A LN, 76 40 S 4 W 7 S R o s 98, R e
AR R T A PERR 141, /NSO 200 A 5
1 _(t=b
W, (a,b) = a2 IRf(t)W(tT)dt ©)
R W, (ab) WNASIREG () B AR TR o S MR b SR, R,
TEN@L%%@;WﬁfjﬁwG;QME%m@ﬁo@ﬁﬁﬁMM@ﬁ#*ﬁ%mﬁﬂﬁﬁmﬁmmmm
B, HETTA N RH . RS N ST BRI B, BUAB T 47 90T R e P 91 0 e R
KEIE.
3. IRGESHR
3.1. BRI EEK BT B

VAT AU R /K 2R MR ATE 23 IA] R0 A SR (] 2), Al a5 B R A 34 S e 1 A [) DX Al B T (R e TP a3
W IR B AR R IR D, AT % -0.57 mm a 2; 57 Al Ad, SinE A 12 4, ##%8 0.67 mm a
o B B E BN A3 A L T 2.1 mma ). I PEKIA(1.99 mm a ) B E B NN 2.05 mma?; D
TG T 454, HaBON-1.24 mm a”, BRI AT AREME. . 24k, LRSI, D, IR
M LR =, BB N-3.42 mma . WA RE, PUALERL X oo 5 X Ff Mok 35 0
S5 DX AL B N A SR B A

DOI: 10.12677/jwrr.2019.82014 120 IK BRI T


https://doi.org/10.12677/jwrr.2019.82014

I 60 HEHERI K AR 2 M

1127 IO’ 0"E 114° l()’ 0"E 116° |0’ 0”E 118° '0’ 0”E 120° '0’ 0”E
N
= =
b S
o - -
& o
<t <t
< =
= %
i <
2 L
Al <t
< =
o o
e 3 m/—m»f’% L
l/—l AV)
Y / P11 Y
o [ap]
c @ 3
® s
[ ® 4
} e 2 .
= =
1) o ] E)
© - o -1 -
) ’ -2 £
» 4
) 6
0 100 ® -
i mmw—— km w
Q BET A
I ” I ” l ” ' ” ' ”
112° 0’ 0"E 114° 0’ 0”E 116° 0’ 0"E 118° 0’ 0”E 120° 0’ 0”E

Figure 2. Spatial trend distribution
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Figure 3. Annual precipitation anomaly graph (a is rainfall anomaly graph; b is cumulative rainfall anomaly graph)
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Figure 5. Morlet wavelet detection results (a is the wavelet power spectrum; b is the wavelet squared difference graph; and c is the
wavelet transform graph)
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