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Application of time series model on the temperature variation analysis in Weihai in recent 50 years
WANG Peng peng, CHENG Jie, YU AN Feng,ZH AO Shtwei, YANG Jian, LIU Yong

(N O. 63863 Army, Baicheng 137001, Chi na)

Abstract: The time series model with the statistical methods, such as trend analysis, wavelet transforms, and M anr Kendall muwr

tation test,were used to analyze the annual variations of average, maximum, and minimum temperatures, seasonal variations and

time frequency characteristics of annual average temperature, and to conduct mutation test of average tem peratures in Weihai

from 1964 to 2013. The results showed that (1) the annual average tem perature in W eihai increased from 1964 to 2013 with an
inclination rate of 0 35 C/(10a); (2) the inclination rates of seasonal temperature were 0. 427 C/(10a),0 268 C/( 10a),
0. 241 ‘C/(10a) ,and 0 287 ‘C/(10a), and the largest contribution to the average annual t em perature in the area was spring; (3)

spring temperature appeared the alternate variations with dowrr up dowr up down trends, and spring was the season with the

most significant variations; (4)the mutation of annual average t em perature occurred in 1987; and (5) temperature in each season

increased significantly after the mutation.

Key words: time series model; Weihai station; trend analysis; wavelet transform; Manr Kendall mut ation test

VR T T IR AR 2 By R o, Hu gk b2 3641 — 3735 R
212011 - 12242 2 . LR M =i Wil 50, b5 75
B RIETTHIN, 7545 s e 5 R0 H AR 51 55 8% A 22, 79500
B, RIGHRAREE 135 km, bR AN EE 81 km, ifF
FZK 985 9 km.o HuAb HHZERE, JE TG iR 2R XU K B
A, DUZRAR A R 2R R IR AR I o 5 ) 40 B T P i M X
FHEEG, HAMK 35 RIS SR R RE A R B 32
PERE VR, XA A B BCBE L &, BRI 2 N
P E RSN NAIE 2 BTN A B R U S SRl i o
¥R 11 9 C, PiAET B /K& 7300 2 mm, JI AR ¥ H R
4% 2 538 2 ho

: 2014 1F 24 :2015-08 26

H % 1 e X U AZAR K WE 5T 0 A 2 W, 3 50 4F
AR PCTEFO AR WA, JUA RGN JE R R Lotk
FaFAEXT 1965 - 2004 £l 7> AT THIIE, 485 75 T 8
I TITAE 40 471357~ 38 0 R T S 88 B IR PR 4
B AR A AL AN 25 A AR

AR AT it 50 4F (3% H I e, SR )
GURERY, G R AT NI e M K RARAG B S5 ST 2y
A7k b B T AN DY 2 1) AR A i 5 e 22 I [ RUE 2
RTEAT Z3 M7, B ALK A Je WF T e DX A2 Ak, DA Rl
AR PR T I S AL e PS8 SR /K S SRR R Wi S g it
2%,

12015 1103

: http: // www. enki. net/ kems/ detail/ 13. 1334. T V. 20151103. 1112. 018. htm1

AT AE R BE 400 H (SY FD1300808)

s FHIM(1985), Lo, \WZRBFRE A, TREI, 32 % NG G /K SO R 5 K 58 JTTHIT 7 o Br mail: wpp851118@ 126. com

KILKEIR < 1051



F13%E RESI M mALFAGAFAE 2015 F 12 A

1

1.1 FTHRER

30 LA [ S G R 2 el S = R A e o ] b T A0
BEHAE SIS T s 1964 4F- 2013 4E32 HAFIY SRk
B ANEOE o B SR A A I TR AR AN — PG,
ikt g se g . Sl TR BRI, $4JRUAH DG 8 oy Sl T 47
7= AT
1.2 HRFiE

I [ J 3 FURE B 7 3 17 41 B B AR R (R Y . AR
AN G 8] P S S S AR oy 1 TG R ) R b
Blor 81 o A SR 2 AT 1) AT L B BE T T
WESERIATS S HT T R T AR ZEE R R P R R
TR ST B4 B TG/ ) AR A A 4, o A Al A AT 25 A
B SR /NG 23 BT 12 H8 IR AR SF B AR Ak SR, I
M- K S8R AT 50750 150 WY A 4F 1349 A 5878 R I ), AN T L
WA T £ 48 7 T I A A R A

(1) et

NI HINTA]  — Jo et AR AL

x=a+ b (1)
e a RV H I, b R R E SR B 7 26 ), b>
0 F R BB I LT, b 0 =R BE IS 1) T B

MRRBFRT R T v 5 e Z 10 Rk A6 %
PIRRE . Mr= O, A REL b4 0, U8R il « 107
E WA e TE5 2 r> OB, b> 0, ULIHAZ B AR » Bl 11 ¢
MBI B R Mr< 0 1, b< 0, YA BARHR « Bl
o) e PRGN R TR | K, SR BRI o IR
WIS AT DGR . A T AT R AR A A R R T B
B A O R AT B MR . A BEMAKE o # el >
1o, WAL « BERTA] ¢ 1R ERGE BER, TWARE.

(2) W B V- f Rk ik

W BT B AR 2 TR S B 2%, B 98 1 vE b P8 T
W BV A0, AT B8 B SR S AR . AL
RS ER 5 a.

BV IS RE S WS J A i 2 SIS IFR B X8R
THPESEHET B2 PR S0, SR A2 St kg Ui ik, e
R Z o 48 E AT o, MR AN A 2 HfE 5
H Zo, #51 Z > Zao, WEHIKTAZ b2 B35 0,

(3) N HT o

NG KT TR 22 43 FR 253 BT, 6 RE U W )4 7S H BT
IHIE) 3 4 e ) 22 AR AR JE Y, 7843 IR B SR GEAEAS R JE 3 o )
AR, HREN RG AR KA BT . ARSUR
FH Morlet /NBeo» BT BEAT 008 741 J8 300 PE A8 4603 AT, P
AL A (1 e 35 5 g B A A [ B 38 £ R P R 5 R A

(4) M- K S4B

Manr Kendall ¥5( M- K AR K ) 2 — M AES S iR
051k HAR PR GIFEA N ZR BRAG T, FEAA D TF A5 22 1
IMT, AT 20 B A TP, ST 4R R AR I I T J 584
DX A8 v LU s, A0 T v, R i I S AR U v

M- K AR 960 vk o 2845 31 Fe It () J7 800 5548 1) B A28

* 1052 ¢« kXK HIR

HEF L UF 1 UB, 45 UF 5% UB W KT 0, WER
AR BT, R MR R TRES . BE BEE
KFa, RKy UF R IEAS 23 A, 25 1525 530 i 3¢ 13 2 S
Uso 21 UF| > Uy, WKW T 50 AR I 2. 8 I A2
114 0 ik A R IS AR (R TR X 8. an SR UF R UB H45 iih

2 M LAZ i, HLAT mUAE N I 22 1), A A8 s 17 (1) i 220 £
FERARTFUR K I 18] o
2

2.1 AEBFEA
2.1.1 TFHAE

M 1(a) 7T LA H, 3 50 4 oK g mi4E 7 35 A 8ok
12 5240 C, B4k A B 58 4R35 L a4, K8 5l & 1987 2
i, BT B, AR 1 el LU, P BRI 2
%24 0 035 C/a, HEFHREN 0 709 1, i BIF- 2l
BET ] (389 0 2 L T #A. #i e B KT a= 0 001, Sk
R R A KT B MO, 8 8RR 56, R TS
MBI ) (AR AR B, S a W8BT3 i gt LA
EDWME 2 1987 4207 B4R Ve L FH, 1987 4E 25 Bt

M 1(b) FIE H, Bt B i 2 52 U7 8, g i 2
50 A KA RSB BL: 1989 4F 2 i, & 1T EEFE
BB, 76 1989 4F A gy B vHHE P 7k #05 /, 1 B 1989
FEZRTRIE T FME 12 524 0 C; 1989 £ 2 )5, Bil
PRSP 0, 5 BT S8, AR TR P M
12 524 0 'C. XF R HEFREAT B35 MR, 7 0w W K-
a= 0. 05, A BNZFHIM G Z= 0. 471 0, THHAFH Zo 05=
0. 191 3, \T WL Z> Zy s, BIUETT DUHIKTAR i 3 2 B 1 .

1

Fig. 1 Annual average temperature trend analysis

and accumulated variance curve in W ei hai
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Tab.1 Trend analysis of annual temperature in W eihai
. LMW R LA .
/= yH ol AL E? ISy
i bI(Ce al) P ke BEIKIE
SRR 0.035 0.709 1 * 0. 001
ST R 0.021 2 0.460 9 * 0. 001
S BRI 0.043 5 0.776 1 t 0. 001

H:0.001 IR (rg = 0443); 0 05 MRFEAKF(ro.05= 0 273) .
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Fig.2 Annual maximum and minimum temperature trend

analysis and accumulated variance curves in W eihai
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Fig.3 Trend analysis of seasonal average temperature in Weihai
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Tab.2 Decadal variations of seasonal tem perature in Weihai
HE CE= E X7

It 441 AL PR 2 Mt 1) EAEXIIPS 2 M M 1) % LIPS 2 M M 1) % RVEAIG LR 2%
RHr b/ (Ce a) E g, bl (Ce al) E g, bl (Ce al) E g, b/ (Ceal)
1964 4F— 1970 4 - 0.346 4 - 0.1286 - 0.724 2 - 0.196 4 - 0.436 0 - 0.089 3 -0.1952 - 0.0929
1971 4F— 1980 4 0.047 2 0.007 9 -0.175 1 -0.043 6 0.318 9 0.073 9 - 0.1944 - 0.0636
1B814E- 1990 4 - 0.2154 - 0.0636 -0.3853 - 0.0618 0.297 0 0.078 8 0.3730 0.103 0

191 4E- 2000 4 0.7389 0.1509 0.384 2 0.139 4 0.290 6 0.071 5 -0.3109 - 0.08
2001 4~ 010 45 - 0.4545 - 0.1424 -0.036 3 - 0.008 5 0.186 5 0.050 3 - 0.4548 - 0.1758
1964 4E— 2013 4 0.6261 0.0427 0.462 3 0.026 8 0.461 7 0.024 1 0.3650 0.028 7

0. 001 B EACT(rg oy = 0-443); 0 05 REAKTF(rg gs= 0.273)
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Fig. 4 Modulus and norm of wavelet coefficients
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Fig. 5 Significant test of wavelet cycle
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Fig.6 M-K mutation test of annual average temperature



FRARA S« o 67 A A A B 3 T AL 50 4 SR R AL AR AR

3

(1) 1964 4= 2013 4F g ¥ i Hh XA P 3 <l & B THE
B SR F N 035 'C/ (10a) ; 1 Wk m S RIS
AR A A 3 5 AT ) SR AR A AR AR — B H AR T
AL 17 A 5 328 /N T AF P B B I AL I AR AL IR, 4R P
AR I v R T AR T AR AR AR 1 TR

(2) FE A DY 2= i) 2255 i 0 427 °C/( 10a) -
0. 268 C/( 10a).0. 241 C/( 10a).0 287 C/( 10a), Hrh#ZE
B A i X A AR kR K, BRI B - TE- B
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(4) FE P8 Al R AR R AEAE 1987 4F, 1988 4F J5—H I
Th HZF KRR S AR RS 1987 EE 4T, H RIS
A RHAEAE 1990 4F, LR AL R ATE 1971 45 /AT
TE R G ¥ il a3 i 2

(References) :

(1] B 9 AR ARG T2 W5 SO0 R [ M. A& R,
2008. ( WEI Feng ying, Modern Climate Statistics Diagnosis
and Prediction] M]. M eteorological Press, 2008. (in Chinese))

[21 A, 5T, (53K, 1951 4F— 2010 455t TR AL (LAHE
SAHTLTT. BEAKAL I 5K MR, 2011, 9(5): 31-35. (LIU Zhar
jie, YU Jing shan, et al. Characteristic analysis of tem perature
in Guiyang from 1951 to 2010[ J]. Soutlrto-North Water
T ransfers and Water Science& T echnology, 2011,9(5): 3F35.
(in Chinese))

[3]  AEm4e, $hTIE, B3R, & 2 I (e REZMTE 60 £ X <
WAL T). BF A S TR, 2013, 13(2): 1566-1573. (LI Ye
ni, SUN Wetguo, SHI Jun, et al. Multiple time scales analysis
of tem perature changes for the past 60 years inY ingkou[ J]. Ser
ence T echnology and Engineering, 2013, 13( 2): 1566 1573. (in
Chinese))

[4]  FZ, GRAGE, 20, & KB 57 a AR S H 2 IR
BEgr T I Gk SCHE P AR, 2009( 1) : 80-83. (WANG
Hong, MA Feng lian, LT Yurr qgiang, et al. Mult i time scale &
nalysis on change trend and characteristics of air temperature in
Chengde for the last 57 y ears[ J|. Meteorological, H ydrological
and Marine Instruments, 2009 (1) : 80 83. (in Chinese))

[51 Xl BEmEH, B, &5, mat i 53 457Gl R /K R AE 23
ML 0] . /K BBV AL 2%, 2014, 32(8) : 14 17. ( DENG Shan, LU Xt
ac ming, LU Bao hong, et al. Varation analysis of annual mean
temperature and predpitation near 53 years in Nanjing City[ J| . Wa
ter Resources and Power, 2014, 32(8) : 14-17. (in Chinese) )

[6] FELLER, fTRFR, XAFAR, 45, 28 W BOMET JRAT Jaly v 2R fik
50a SURASACKFAEST AT [ J]. 0 R B0 T K22 224 AR B4R
2009, 28(5): 670-674. (ZHUANG Hong juan, HE Tar rong, LIU
Curr dong, et al. Characteristics of air temperature change in the east

of transitional region between Qinling mountains and Huanghuai

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

plain in resent 50 years[J]. Joumal of Henan University: Natural
Science, 2009, 28( 5) : 670- 674. (in Chinese) )
IR i Pl R LT R KR A AR A R 2 M 0] . W KB 5 KR
B, 2010, 8(8) : 164- 167. (SHI Zherr ge. Analysis to precipita
tion sequence variation in Tangshan City[ J]. Southrto North
Water T ransfers and Water Science& Technology, 2010, 8(8):
164-167. (in Chinese))
XU, PR, AR, 1960 4EFE 2007 4F U TSIk AR B A
FPER AR AL BT[] BEURE A, 2011, 33(3): 489 496.
(LIU Yu feng, SUN Hu, YUAN Zht hua. Annual and seasonal
change characteristics of temperature in the Fenhe river basin
during the period 1960-2007[ J]. Resources Science, 2011, 33
(3):489-496. (in Chinese))
i, WRALAR, YA P ZR. SRR T AT 40 4R AR AL AFAE 3BT ]
RHE Q1B F4]., 2013(3) : 160. ( GU O Lei, CHEN Lichun, FAN
Qing dong. T he tem perature variation in Laiyang for nearly 40
years| J]. Science and T echnology Innovation Herald, 2013(3):
160. (in Chinese))
W2, BB, M. 3T 15 a th EARAEIS ST b
L4955, 2014, 8(5) : 3438, (FAN Lan, LV Chang he, YANG
Biao.Trend of temperature in recent 15 years in China[J]. Desert
and Oass Meteowlogy, 2014, §(5) : 34 38. (in Chinese) )
Bl N5 g se R R, B3R ERAR. BT AR#E YD ) v, AT 52 4P R
A T AL A K R AR AL R AR AT ). TR B UL R
15,2014, 28 (12): 45 49. ( Avyijiamali keranmu, Nuerbayi Abu
douzhalake, Analysis of temperature and rainfall changes in recent
52 years in Turpan city, Xinjiang[ J]. Journal of Arid Land Re
sources and Environment, 2014, 28( 12) : 45 49. (in Chinese))
XU, BRI, R 22 A, S5 B0 = A P X I KIS 28 A R
LI KU 47, 2012, 28(1):22 28. (LIU Jian, LIN Lin,
CHEN Xue qun, et al. Characteristics of variation of precipita
tion time series in Yellow River Delta[ J]. Water Resources
Protection, 2012, 28( 1) : 22-28. (in Chinese))
BN, R FE T Manm Kendall (#5575 1170 2R 164 345 % R
M. BF B  R: B ARER, 2012(1): 96 101,
(HU Gang, SONG Hui, Analysis of Air Temperature Varia
tion Trend and Abrupt Change in Jinan Based on Manmr Ker
dall Test[J]. Journal of U niversity of Jinan: Sci. and Tech,
2012(1): 96 101. (in Chinese) )
FETHT. 3T 57 SRR SR A B (B 3 R AR RRAE 43
ML I1. mE/KAL 5 KR BH, 2014, 12( 4): 3841, (FU Lixin.
Tendenyy and mutation analyss of annual temperature and precipr
tation of Hefeng county in recent 57 years[ J]. Soutlr to North
Water Transfers and Water Science& Technology, 2014, , 12( 4) :
38 41. (in Chinese))
TR, RN, WRAL, 55 I JRIE T AL 50 45l 1K) 5 AR RF AiF
AP T] . P E A TR, 2011, 27(6): 313 316. (ZHANG
Jirr feng, ZHANG Ltjuan, CHEN Hong, et al. The Variational
characterstics and trend predidion of temperature in Harbin past
50 yearq J]. Chinese Agricultural Science Bulletin, 2011, 27( 6) :
313316.(in Chinese))
DU, JA RS A T I 40 A7 ASARFAE] 1], BUACAR LR}
Hi, 2009, (15): 356 358. (Y AN Shur lian, ZHOU Shur ling, The tenr
perature variation in Weihai for nearly 40 years[ J]. Modern A gricuk
tural Science and Technology,2009, (15): 356 358. (in Chinese) )

KILKEIRE < 1055 ¢



