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Abstract

On basis of the daily maximum temperature data of 7 national meteorological stations in Shiyan
selected from 1963 to 2013, change characteristics of maximum temperature were analyzed by
using trend analysis, Mann-Kendall abrupt change test and wavelet analysis. The results showed
that: the oscillation of maximum temperature days in Shiyan is much larger; the linear change of
inter-annual is not significant; the trend appears increase first and then decrease, and has reached
the minimum value in 80’s; the prone area of maximum temperature is in Zhushan; the maximum
temperature days in north are much more than the south geographically; the difference in south is
big; the extreme maximum temperature has the most frequency between 37°C and 40°C; the daily
average maximum temperature increases with a rate of 0.205°C/10 a; Yunxi has the greatest con-
tribution to the increase of Shiyan; the maximum temperature periodicity is obvious as 3 - 4 years,
10 years and 36 - 38 years; the colder and warmer period has appeared alternately; the inflection
point appeared in 1994 when the warmer period turned to the colder period. This is a significant-
ly warmer aisle in the present.
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B 20 D 80 FEARLIR, R MIL T 20 L LUOREWIER ETHES, HriRy], 1T HEREE
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BIRHIT T, ZH00X 21 8 min . PR EIFRIRA ATRERS N3], (HRE ., . K
i~ NG Bh AR DR AR IR 3K R R2 0, 48 i 4 RSP 0 i 7 2% AN ), B T 25 1 DXV E RS I [4] (5]
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PR RHOK I AT« — AR, BIBHIR R 2 7 o ARIEH, ARII[6]55F MRS IT H 704 17+
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3. ZRE S
3.1. iR HEFHES

3.1.1. EEAHENERTK

MR =il TS 5 RATHE, s s N — iR (35°C~37°C) BE =i (37°C~40°C). %
FiR @0 CLL L), Hif— B EC N PRI T AR EHBE 4~9 A, 51 FE R =MHSHET
IR BB 5N 19.9 K. 6.6 K. 0.5 ROLE 1); 35CULEmEiR HEHRE B IE 2013 455 403 K, #&%
D HILAE 1983 4FAX 4.1 K; 37°C LA EAT 40°C LA F i H i 2 ¥ U BILTE 1966 407108 20.7 K\ 4.7 K.

MHBIR A ARG, = Fh S5 mi H 3 H A 2 TR, dbi =sfimid H X stk = A K. 2+
HE R = R AN B AR, ATl A s B I 2 1 X, 15 FAHRE 50 km TR AN EL A
R iR BB D R gy, AR E AR LT 40°C LRSS, X AT A 5T LM A s B R
R IA AL B A (6], il B DmEERL, iy FiE Rl SR, B g, T k)
T KBS /N K B @i i 7 B s BT B — i Ba S, SO (iR A s, AR OKPH B
SETHRMS, SRR REERGRDIE, BN RESRIEE, mATsi e T Bk on g, F
SifE e, SEmIG, HRKIATE KR & RSB R 56T, ThREBHbs, HERE,
I AT LRI 7 J& FEAR G P I TC Y, 7 5 FHR I ARG, BRI 16~17 B, BT 3EH Al
I TE] K

3.1.2. SR HEERRTWNK

M 1963~2013 4E = ilE HECER DA B LE 1)RAL, 51 4R =R m iR HE0S 280 “ e E 1
&, HINE 60 AR EIRZ . 70 4. 80 UKL, 80 AR > 35°C. >37°C il HHIYEF
BARME, XATAES 80 AFARTHEMIX PRk IR %, [RIMICH —ERR: 90 FRES, THEHX 1 &R H
R IMFFEEIG KT . >40°Cmin HBUR AR EUN,  BACE HILAE 90 4E4K.

Table 1. High temperature days of > 35°C, >37°C, >40°C in each station of Shiyan
# 1. HESE >35C. >37C. >40CHBEBH

T e [ 11 rib e FHL S
>35°C it H 44 112 23.2 22.1 19.4 27.9 14.6 20.3 19.9
>37°C e ifi H 4 2.1 7.3 7.8 6.8 11.7 3.8 6.3 6.6
>40°C i H % 0 0.5 0.7 0.7 1.0 0.1 0.5 0.5
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Figure 1. Interdecadal variations of > 35°C, >37°C, >40°C high temperature days from 1963 to 2013
B 1. 1963~2013 £>35°C. >37°C. >40°CimiR HHERRE K
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3.2. FiiREEES T

T 50 FE SR A-HEH X AF R A KA HBLAEAT 1L 1966 4F 43.4°C, WL# 2. Mo s A5 7E 37°C~40°C 2 [H]
Bk, THEHLIX 32 R 63%; KN 40°C~43°C 204 11 K15 22.4%; 51 4EfH< 35 CH i
VHE I —CH 1983 4F 34.8°C. MM/ iR, A0 sl o fE S sy TR 3, (H 51 AE ) RE 3B AT L)
s S R f K X, AR AR R I AE 37°C A E
3.3. EEIRTEFFE
33.1. FHEESERERTL

A HE b DX P2 e A B B (AR 2 (LI 2) &L, 3 50 AFE BT P s RN 21.0C,
EHHBLLE 2013 4E 22.6°C, IARHBIAE 1984 4 19.4°C. XFiBE PR iR AT &bl E, g X 55
AR D THES R, REGIR RN 0.205°C/10 a, & T AT 50 FHE#E %K 0.13°C/10 a, HET42H
FHEIER 0.22°C/10 a. 51 1M X s SR BT 1.05°C, Ha B ia R s shie, #g
LRI, BEHIHPIE 60 E48. 70 FEACK Y], 90 EARES AW I 70 FEACHTHI. 80 A,

M4 EF, HHEHLIX 7 bR R REL B BT, bR L A b H A % vk 158
i 0.01 BEMAINE 3). AEEEL 70 AT SRR, WHET REERR, BT AR ED);
70 FARLUGIT 33 4E R LL 0.227°C/10 a FIEER EFF, HIE 0.01 BF/KFAEK, HEERHE. N
BRI = B AR R T A =B, (RS Sk - HE X AR BE TR B K, B R E
FHILH) T 0.291°C/10 a, e 1963~2013 - F = 7 1.48°C.

3.3.2. FHEESEEKREL

N HE X 1) e T K TR IR BE PR HFTUAER H, 3 50 4 A R BT sl 4 1
o Horp 90 FEARZ AT EHEIE T HCN FE, ALEIUREES, B 60 £8-0.2°CI/NE 80 H%-0.6TC, F|
90 fEARAE Y E IR BE S N IEAE, THRAAHGENT S . 90 FACTFIA 1B X IEFEF 5 2 H 4 K sh, o
Ho 21 A DUk 13 F B MK R AR E.

Table 2. Frequency distribution of extreme high temperatures in Shiyan stations from 1963 to 2013
2. 1963~2013 FHERWRIHESIRIVR 5

H# <35 35 < Tonax <37 37 < Tonax < 40 Tonax > 40
(URS 1 21 28 1
g 0 3 36 12
JIEC 0 4 29 18
R 0 3 25 15
ril 0 0 33 18
7R 0 9 39 3
FHLO 0 3 35 13

Table 3. Annual average high temperature tendency rate of each station in Shiyan area

3. TEMX B FFERmER

T g i 5 +1 i BiE FHIH
i #(°C/10 a) 0.181 0.291 0.113 0.264 0.223 0247 0.175
HXRER 0.140%* 0.249%* 0.048 0.178% 0.184% 0.236%* 0.124%*

VE: =@ 0.01 EFACTAER, @il 0.05 &EAKCTELR.
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Figure 2. Annual average high temperature trend in Shiyan area from 1963 to 2013
B 2. 1963~2013 FEHEMX EHSRTLES

[ i e~ 25 e Ul R BT (L IET 3) W], AR e Uil R T BRT BRI, 1993 FRIERE, ¥
HIRT 31 SF LABE T O B A 1, 1994 SEITURIERE-TIE 2, AU nIR, RitEE- T R E S, 1993~1994
A NN R

3.4. FiRAYVINES

TR ET-35) i 5 A EAT Morlet /NBE 4o #r,  LARE 7~ 3B X v i R 4 B R AR A B A . BRI 4 7]
A, B X P R IR T SUAELE 3~4 ay 10 av 36~38 a WIS S ROV S, BEEI KT 0.5, 70 £ LLRT
PA3~4 a AR, BEJEREMIMEEES, o8 10a KBEIARILEE, BEKT 2.5, MERFUEASEH
BLH— B R3] 90 R0, BEREIE ORI N IR IR S . WISEAS. 90 ERFIIES, 36~38 a KJH W
YR EEALE, AN REONIE, BEEE B, U E SRR, R X AT R BE A .
3.5. EimAYSEEEFHIE

Mann-Kendall 7242 —FHESHGHRR77:, HA AT EFEAEN—E o, WAZDHRFE
THRIRE A, Bl 2 B TR AR R AR &, %7 VEANMB TSR, i BT DB AR R A i T
Fa AR X3, A — R 0 SR 50 725 7] -

F Mann-Kendall S8R5 5670: . -1 H8 00 X P15 i i 7 ) BEAT 5B 56, 4578 3 /K P (o = 0.05,
Bl Ua=+ 1.96) %1, THEEREE W R[8]:

SRS o UF 2k, 60 AEARH S 70 SEARIH . 90 SEARUSIHZES 3 ASHTH UF > 0, i BI4-F1y
e SRR R0 BT, 2006~2013 FAEPE R E AR EA SR RE . FIERLX 1994 4
TGP SRR TR IR, LA WA B, R PR AR R B, X S5F R
AR BRI EE L 3) s A —. AR R AN 20.7°C, RAEN 21.5C, FET 0.8C.

NI RAEW R, Giit TiE 50 S5k BRI O, RIS RERHE01% 7y, /T K
1963~1993 FEE K BRI 2 ke, DUBHEM NE, 1994~2013 FREA B R MmO, UTREDAN
F .o S SPSS A Ge it /M T AT 50 R K AR i i A OC R, I 2 R E AU S R EL R
=-0.574, P<0.01), HHITIAI: 1963~1993 FFIRiEHFMH, il EEERAK, M 1994~2013 £ 544
O iR A O
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Table 4. Average high temperature anomalies and high temperature positive anomalies in Shiyan area

%4 HEBXFHOSRETRSREEFH

1) 1963~1970 1971~1980 1981~1990 1991~2000 2001~2013
A3 e LR —-0.2 -0.2 -0.6 0.3 0.5
TR i IF BRSP4 4 (50%) 4 (40%) 4 (40%) 6 (60%) 10 (77%)

| —e— B R L

1963 1968 1973 1978 1983 1988 1993 1998 2003 2008 201

Figure 3. The cumulative average anomaly of the highest temperature in the past 50 years in Shiyan area

3. HEMXIE 50 FEFHIRS[RRITETE

Re (RR wavelet of y?) n = 51 Mode (RR wavelet of y?) n =51
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Figure 4. The real high temperature sequence of the Shiyan region Morlet wavelet transform real part (a) and the modulus
value (b)

E 4. HEMXEIERFS Morlet /)L ER (a) FIHEIE (D)

4.0

3.0 o Tl P

2.0 5

Lo f - .
.
‘\ . 'I\l “
S
0.0 T
P A
-0 f

-2.0

-3.0
1963 1968 1973 1978 1983 1988 1993 1998 2003 2008 201

[—UF ----UB ——0. 055 EKF

Figure 5. Mann-Kendall mutation test of the average maximum temperature in Shiyan area from 1963 to 2013
5. TEHIX 1963~2013 F 15 & &SR Mann-Kendall R
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ST A DA TEEA 90 SEAVE Tk A ANt MW A D Sud K, mEERHEEL, ks,
AR R 2 BT YR A RS, LIS B PRI A 5 52 BT A RONE PR M RO
T EUR R BT

4. BE5IR

BRI, i X R R E I 4~9 H, 1963~2013 iR HEILE L Fradl, (B
2 HILAE R ERAT L, 1% 5 KA TS 5 R AT LR () B P PR B8 56 22 55 D7) 5+ e b X AR o vl 1 BEAE R E 37°C
~40°CZI0], ~Figfmr iR L 0.205°C/10 a R K, SRR R TI0E, Sek BRI, H
JE S PG S MR X SRR DTk s R BRIAAS B I, 90 FREAS L TWBER, JUIHE 21 A RSN
BN E, 1994 FERTE N B w2 IR AR AL P 2, 5 MK 36—, HRfiEdF— N REEE
IRIE . Sl T HIFLE 3~4 a. 10 av 36~38 a AR, 90 FAUF IR S, 36~38 a KJHHH 4 - 2 A7
B, HARME, TFARK 10~20 F3EH X miR g b TRERHA, Sus iR K S @iy, (AfFEE
G AN R AR G A, N B A BRI, 3T A RSOKS SRR R, e A AR
R HAR G B iR A ST SR, AR = AR R R S AT 5 v O

=
WALA SR RRH R B3 42(2014Y03).
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