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Characteristics of precipitation variation in recent 61 years and
its influence on ecological environment in Xingtai City

HAO Ju-fei', ZHANG Gong-wen®, LI Zhi-xia', WANG Xiao-juan', YANG Yun-ling'
(1. Xingtai Meteorological Bureaw, Xingtai, Hebei 054000, China; 2. Handan Meteorological Bureau, Handan, Hebei 056001, China)

Abstract: Based on the daily precipitation data from 1954 to 2014 at Xingtai meteorological observatory in Hebei
Province, the characteristics of precipitation variation were analyzed with the methods of linear trend analysis, Mann —
Kendall mutation test and sliding t test. The results showed that the rainy days in each month declined rapidly along with
the increase of rainfall grades, and the maximum monthly rainfall amount and rainy days appeared in July, being 18.67d
and 150.46mm in average, respectively. The light rain days and light — moderate rain days showed a significant decrease
by —3.17 d*10a”" and —0.61 d-10a™"', respectively, while the days with other rain grades tended to decrease in-
significantly; the total annual rainy days showed a significant decrease by —4.37 d+10a~", in which the most obvious
decline occurred in summer. The climate tendency rate of annual total rainfall was — 18.23 mm*10a” ' in which the
amount of light rain declined significantly by —5.22 mm*10a~'. The decline in total rainfall was caused by both the de-
crease of rainy days and the significant decrease of rainfall amount in light rain days and light — moderate rain days in
summer. Furthermore, it was found that the mutation time of light rain days and light — moderate rain days was the mid
and late 1970s and the end of 1960s, respectively, while the mutation time of total rain days and light rain amount was
the early 1970s and the early 1980s, respectively.

Keywords: rainy days; rainfall; Mann — Kendall test curve; sliding t test; Xingtai

RRENE SR XA HATANTRE RO AR FRIE 24 | 32 B B K 28 AL R AR R A7
RPREE I 2 — =2 O R R — XA AT WSS RTIL S0 a ok, 4 [ A 457 1
AR B BRUR N E DY R R R KA 10 a B8P 2.9 mm, SEAU RS S 4 X K W

Y% B #A:2015-12-04
E£TE A LR H (13KY32) s W68 T & T G BHIFI H (15xtkyl 1)
TEE BN E R(1981—) , 5, By, TR, FEMNFILMSS 598 E-mail: dragonland @ 126 com,



272 T2 X AR AT

o535 &

WD, 10 a b 20 ~ 40 mm™® | B AR AR IR
AR, K R 5 A5 A S IR A S 1 Y R A R A
MR EIOL ) phy T A A A AR B 4 M s A
JEH I B 7K B A8 Ak e 34 5 0 B 45 b O AN o8 4 —
REL ot /N X 38R 7 B R £ 7 X 9F 9 AR X Bk
Z, T3k 2 DX ) R K AR AR X Al A 7 A I
Bl 9k 9 A 5 L E B i 2 -

G XA T A6 A H g AR, KA T LU KR B AR
R, BV AR L B IR R HES |, =3 Ll
2:1:7 SRR R R = X 22—, FEK B A8 f
PR S A EEVER  JUHARET 5
Ab RIS T, R T 22 AR AR S X b T 7K A R R OR
L F K BEIR AL 3 il R KA [ TR
GBI AY R U Sl X M T T R
X4 RIS 56 AR 3 X R K AR IR ST, AT o 22
i G T R A A A 1) A, R RR E B B g AR AR R
BRZ W AR BT S, A SCH B K S5 ORI 5T
B HE X PR ZK 2 A R A, 38 3 48 s LR K A g 5B AR
FEHLE R R KA A, DA X g A 25 3445
TR PR AR A 7= A T BT 9 Ik I A B R A A
1 WRSIE
1.1 &#

BT XA 17 48 KGRI 46
BFIE] DN 1954 4F 3] 1972 AEAN S5, 17 A0 5k 79 47 B 7K
H B0 ¢ 2 BCF 18 07329, 5/ 0.6216, 4EFE K
AR BOEME 0.7232, F /) 0.5666, 1t ] 45 3
W H RN AR A R E A B — Sk B & T
FORMPEARIR A B UM & 17 A 700 e 42 4t 1)
1954—2014 A-HF & 17 1B 58 4l 19 % H K 5
OBHZ R B ™ R 1 B i AR, BRI AT SR
KK HBUE X R 2% 24 h(20:00 2R H 20:00) 7k
H=0.0 mm 4 1K H AL, BEK SRR ES 4
Jr A A B B 7K 58 S R A3 B v (B R 40 ) R4y
SR, R BT I DA B R G K i) % HE R
BAEAE T H A AR AR 2D, BOAR SCH R 2 & L |
QI B K GEFR R KA o
1.2 FHik

TN H K - T 5028, i 45 SR K
FR R R A HUCR G 3553 i 7 i R A2 Ak
AT H R AR AL RRAE 5 )5 A Mann
— Kendall K 32 F17E 3] t 4655 R 5k 5r M i 61 a K
BT R AR EE L L. ZE5 R o3 hr i by« & 2
(FAFE12 0 -5 2 1) FFEGCH—5H) . ZFE(6
H-8H) #ZFEOH—11 H).

Mann — Kendall #3635 2 X BA 0 AMREA R
ST S 27| R b ol e 9B 1 N A 21 Py A
ZVBE R T 2B A B B, 1 B ] e 57
BEHLIR S, BEE T, XEe i, WLal(1) .

(S, - E(Sy)]

= s
X UF, = 0,E(S,) wvar(S,) =214 S, E
05255 UF, RFREIEAS A3, B HE I P51 %),
%o,y x, VR GETHRIT A, 30 B P 5]« 1557
ﬁﬁiﬁﬁﬂ%,lﬁ]lﬁfi UBg = - UFK(k =n,n-1,
~+,1),UB, = 0,24 UF > O WK FH] 5 T
UF < 0 WP R TR Y UF Btk i
B, ZeBH BTN B R O 2 WS P AR I S
Z 16 B 85, R A58 s % 7 1 s 21 B S 28 48 JF 4R
By ]

W80 ¢ KR I B A A AR 22 5
A B E ORI AR X F HA n MDA BB E) 7
B, G R, W (2) .

2 2
X, — X ngxXsi+n,*s
1 2 H 1 1 2 2
t =— —— /\LJF‘ s = —_—
1 1 n,+n, -2
= 45—

k= 1,2,3,“'9n (1)

(2)

Ao, B SRS BT IR 5 a0, B ooy POREAR L0501
K on, T on,, BBET NG R v, Flxy, 220
s M s, BRI ny + ny - 209 ¢ S0 AR NIRRT
B R o2 5 ot 7 — @ iy B MK, )
WA BEER, MR, BN AR IR,
2 R0
2.1 B&EKB.FEAKEHNATH

RAEZR 1 ATAL B G T H W H N 8.12 d, 4
AEEL BT A3 A W R 7 Y 18.67 d, A H
1 19.15% ;1 A FEK H R D, P H 2.46 d,
AN H Y 2.52% 0 /NI SR R KO e AR R K
H e IR B 2 (A K, o5 SRS H %) 60.89% ,
o A/ H S A B E R R, i #)
92.67% ,7 Ay A& N 46.18% . H R Ky /h—H T
SR TE A, 5 H Y 15.54% , Hoth 7 H Ay /h—
W T SR H O e B, R 17.30% .1 A A
N T.33% o BEIKH IR B I R 2 T R 2
TSGR K, BEK B S BT H Y E 9 43 ) ok
1.24%F 0.31% . HA 2 HTE 7 A6y kA R U
Z P 0.61 d, REMERMFEKALE 8 Ak
At R 0.16 do BRKRTN VK ZRMIFEK 1 H 7
I HA#E 8 F 0 Bk B 2 41, HoAth S R K 1)



55 2 1 PE A TR G T 61 4R KARLE

SFAE S H T A= 2SI EE )52 R 273

HAPEIH HE2AE 7 A frik sl i, 3 A8 A ANFE

SRR BT BB R 7K S5 R T T R T

1 19542014 EMETARELRMEKWATE WELKIT

Table 1  Statistics of rainy days and rainfall amount with different grades in each month during 1954 to 2014 in Xingtai
HF-#45 H 284k Monthly mean rainy days variation/d

At bk N bR FE h-kW KW k-BWE R KT

Month Total Light Light - Moderate  Moderate — heavy ~ Heavy  Heavy — intense  Intense Torrential
rainfall rain moderaterain rain rain rain rain rain rain
1 2.46 2.28 0.18 0.00 0.00 0.00 0.00 0.00 0.00
2 3.82 3.28 0.44 0.10 0.00 0.00 0.00 0.00 0.00
3 4.33 3.43 0.57 0.20 0.05 0.05 0.03 0.00 0.00
4 6.21 4.13 0.98 0.57 0.28 0.16 0.08 0.00 0.00
5 8.30 5.38 1.28 0.72 0.49 0.23 0.15 0.05 0.00
6 11.10 6.59 1.74 1.07 0.82 0.44 0.33 0.11 0.00
7 18.67 8.62 3.23 2.52 1.59 0.95 1.03 0.61 0.11
8 16.08 7.85 2.46 1.69 1.57 1.23 0.80 0.31 0.16
9 10.93 6.56 1.89 1.07 0.72 0.39 0.20 0.11 0.00
10 7.43 4.85 1.31 0.74 0.26 0.15 0.08 0.02 0.02
11 5.33 3.82 0.85 0.46 0.15 0.03 0.02 0.00 0.00
12 2.82 2.57 0.21 0.03 0.00 0.00 0.00 0.00 0.00

AT EEAE 4L Monthly mean rainfall variation/mm

s fHEK AN NP R R-km kW K-RE RW SR

Month Total Light Light - Moderate ~ Moderate — heavy ~ Heavy Heavy — intense Intense Torrential
rainfall rain moderaterain rain rain rain rain rain rain
1 3.50 1.53 6.69 0.00 0.00 0.00 0.00 0.00 0.00
2 7.32 1.87 8.13 12.17 0.00 0.00 0.00 0.00 0.00
3 11.19 1.98 8.77 13.54 28.63 35.47 38.00 0.00 0.00
4 23.11 2.22 9.61 14.76 24.78 33.37 39.08 0.00 0.00
5 36.38 2.36 9.07 17.01 23.38 34.26 45.98 72.67 0.00
6 55.85 2.50 9.08 16.21 23.78 33.94 42.90 61.40 0.00
7 150.46 2.47 10.00 15.90 24.76 35.70 46.57 66.11 130.16
8 134.84 2.49 9.46 16.77 26.13 34.16 46.94 68.13 144.79
9 52.95 2.31 9.30 16.00 25.50 32.31 45.84 69.99 0.00
10 28.61 2.10 9.44 14.35 23.66 33.99 43.40 56.20 116.90
11 14.91 1.86 9.23 14.75 23.13 31.65 36.10 0.00 0.00
12 4.09 1.45 7.78 10.55 0.00 0.00 0.00 0.00 0.00
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Table 2 The climate tendency of rainfall with different grades in Xingtai

Wi H Ttem #Z& Spring K2 Summer #Z& Autumn 475 Winter
ST Total rainfall -0.33 -2.29"" -1.10 -0.65
RE 2104-!
M H /(d-10a71) /INF§ Light rain -0.39 ~1.05" " Z1.09%* —0.64" "
Rainy days
JN—HTH Light — moderate rain 0.00 -0.45"" -0.12 -0.04
ST Total rainfall 1.74 -18.49 -1.23 -0.51
SR 1041 ]
Rt/ (mm- 10a”") /INFY Light rain -0.13 -3.02" -1.42 ~0.92
Rainy days
JN—HTH Light — moderate rain 0.21 -3.57" -1.11 -0.26

e ox FoRiiad 0.1 BEMIKE, » = FoRifid 0.05 BFH MK

Note: * means significance at 0.1; * * means significance at 0.05.
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Table 3 The annual change of rainfall with different grades during 1954 to 2014 in Xingtai

FFHH fr b H T H A A ) 3 S UNIEE SN 2N EE i A A 1] 2
S &3id] Annual mean HITH Climate tendency rate Maximum Minimum Climate tendency rate
Rainfall type days Percentage of rain days days days of rain amount
/d /% /(d-10a"") /d /d /(mm-10a=")
ST H Total rainy days 97.48 -4.37°" 144 69 -18.23
/NFN Light rain 59.36 60.59 -3.17"" 88 41 -5.22"
/N = H i Light — moderate rain 15.15 15.46 -0.61"" 27 8 -4.58
FiT Moderate rain 9.16 9.35 -0.07 17 2 -1.16
s — K Moderate — heavy rain 5.93 6.06 -0.13 14 1 -4.37
K Heavy rain 3.64 3.71 -0.16 10 0 -4.73
K — 2T Heavy — intense rain 2.72 2.78 -0.16 6 0 -7.69
#TH Intense rain 1.21 1.24 -0.09 4 0 -4.22
KEEFH Torrential rain 0.30 0.30 -4x1073 3 0 -2.91

T FoRET 0.05 BEPEAKT, » « FoRilat 0.01 BEHEKT,

Note: * means significance at 0.05; * * means significance at 0.01.
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Fig.1 Mann — Kendall test curve of total rainy days (a), light rain days (b), light — moderate rain days (c),

light rain amount (d)in recent 61 years in Xingtai
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