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Fig. 1
distribution of summer extreme high temperatures in China

The positive skew, negative skew, and normal

(the histogram is experience distribution, with Gaussian
fitting in hollow points line, skewness fitting in solid points line)
(a) Dongfang station in Hainan, (b) Hangzhou station

in Zhejiang, (¢) Huade station in Inner Mongolia
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Fig. 2 The skewness index of summer extreme
high temperatures in China during 1961—2008
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Fig. 3 The most probable extreme high
temperature in China during 1961—2008
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Fig. 4  The changes of the skewness index

of extreme high temperatures in
China before and after 1980s
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o T 3 A B, L O R R L R i
SER 018t DX ASE T G A AR S RIS AR LR L R eT
ik 18 CAE A s T A5 3 [ v A< 08 R 7 558 3 B e Mk
SR TRAR A Ty 19 R (L X, SR MR SR 150 AR 200 22 9
N T VL BEUE P S LA KR e ) P b S R
T R E S R [ AR R 8 1.8 C 2 4

3.3 IBRARARESEREMNBSIELMRER

SiRRERNZE

PR S5 HL A 128U I T HE 5850 A T IR 1
AR A, o S TR B A A A R s L AR AR E
s BT A AR AR TE R [ S P T R LA R A RRAE
SR E A [ B ] RUBE R W] g B AS [ i B A, 2 50
I SR B R RUBE P A s Tl A L TG 38 2 1 R Y
T AR L P9 50 o T AR L P 3 3 2 TR A L 1 2R
OB B AT BE 2 = BIOH: o A R e M AR e TR (A
Ty RAEUAE . % F B0 AR SO 0125 58 T 1 30 B B
2 4 5 AE 10 AR AR 3 AN [) Hef () R 114 R R R 1
Ji e AL 3 A 140 s 25 i 500 e ABE SR v TR A 11 52
M, DAY S5 BR 2 48 ROBE (A% A8 R 1 43 TR AN 5 B
2 A RUBE (W AR AR5 20 i 55 5 B AR AL ) 5 R 5
PRl A fe 802 22 LA 2 45 5 KO sh A B 2 4F
WMl T LR REE BFIIRE.

L6 Sy 53 o A ) R BE WAL D A5 4 5 A A2 1R
BIE 534 o [ 6a, 8 6b, 18] 6¢ 430 IR 2 48 .5 48,
10 AE 1B BL. MIEL 6 AT %1, BIBR 2 45,5 4,10 4F
Ja AWM TR A AR BARAEBUE A 25 5 B
VR RN PN S S NIPO K RO (8 WA T e
R AE i 25 36 HOAE A0 1 28 18] 43 A ) EL RS ARL L T8
SIBR 2 4.5 48 S 10 AE B AR AE  BR K VLA R liE LA
T R0 M X A A5 4 R A R R R A R A L 3R
A% KR L IX 32 B (145 Wi AR BN

Bl 7 o T sh 5 B S [ RO A AL IS S R4 =
TR AA T, AT EE 5 A7 B B T2 [ 7h L& 7c
Gy IR 2 45 AE 10 AR R 0L . TCie /24
B 2 4.5 AR S 10 4F ROBE AR B ) - S E 2K = T
WA T oy J97 32 20 1 52 MDA AR /N o HL S5 ABE SR w25 30 A
T V- 249 722 W 1) 25 ] 53 A1 e AR — 250, 4 [ 0l [X
) I B AR B IR AEL T, - X8 MR AE 0. 2 C LA . WT
UL 2 5 5 10 A5 RUBE N A A% {5040 » S AR SR o T A
(E Ty M ZE AL AR XS LSRR A . X R B e WE SR i T
RAEL T A2 A5 S A i o5 TR AR B S 2 —



&2 JA

A FRE B 2 AR A AR R 0 A A B i A

it

50°N -

0.2
40

0.15
30 A

0.1
20 A

0.05
50° N~

0.7
40

0.5
30 A

0.3
20

0.1
50°N |
40 A
30
20 A

C
50°N A

0.2
40
30 0.1
20

0

110 120

A e

A SR BESE A B LT A5

50°N A

40

30

20

50°N 4

40

30

20

110 120 130°E

B 6 SHIBRAS R RUBE B A s 25 46 B2 4k
BB 43 A B o IBR 2 4R R
(b HIBR 5 4EREE, (O HIBR 10 4F RUEE
Fig. 6 The changes in skewness index after
removing different scales extreme high temperatures
(a) removing 2-year timescale, (b) removing 5-year

timescale, (c) removing 10-year timescale

(ol

0.2

0.1

100 110 120 130°E

B 7 SR AN ) R A% A )5 5 iR 4%
e AR A AR A 1 X 4 4 A7 [
(ORI 2 £ R, (D HIER 5
AR, (o S BR 10 48 RE
Fig. 7 The changes in the most probable
extreme high temperature after removing
different scales extreme high temperatures
(a) removing 2-year timescale,
(b) removing 5-year timescale,

(¢) removing 10-year timescale

1) 1) P Al 285 4 S50 e A8 4K ol A0 (L T 5 3 [

L7 e AR A A AE 23 03 A AL 235 SR T - I R
3 65 ol 57 g A L 74 ABE 3R 03 A Ay TE i 23 A B Y
T B DX AR T 0 L Al Dy WL T Y R T 9 LA R



150 M OH A

%

Eird 22 %

D07 i EE B I . 3 A B A v A L ) e (L IX AL
T AR 0 P b DX PG AR L AR b M X R N SR R
T A U e (L DX P8 It i DX R S A Y R XK S A
AKX

2) 20 {42 80 AFAXRHT & » 3 [ A A ES L Vi R
M DX H S KR S TR P 5 vl AR IS A e i A L
AR A FE A 3 - T i B R A 00 B R 4 B B Y
A B ABE K v T AN (P 1T 1) R R A M B (B E
T S A AR i A (L PR o L X 22 Pl B 3 s S RO s
IR AU L ) R X e (B RMER (RE X A  l R

3) Bl S B A ) Bk 8] ROE 8 48 L« i 285 45 R A
TE AL TR Ui AR DX A AR DR 26 L T e R Ay
ORI i DX A0 L 2 A1 TR 8 52 W AR /) 5 i P 1) R
AR K i A5 45 KB 2 S R ORI o, RO 1 S B
X e AR e L AR B L P A B2 i ) AL B R A FE#R
R AR R LA Oy 5 SO S 55 i 2 F 9 L 7Y — ol
TRER BT R

S £ X o

(1] W B HESCA AT 5. 21 T 2040 B o oK <A< 00k 35 R 0F 5% ik
. HLERALE HERE . 2007,22(10) ; 1066-1075.

[2] B, 824, FRidE. 20 fih40 80—90 4R Hh [ A 6 434 % 3k
G F L. B AR, 2003,14(1) : 79-86.

(3] EREEE. T T4F ok 3R AU AR B8 5% i BF 98 9 45 T 30F . 0
B, 2002,13(6) :755-766.

C4]  BRBER . RSCSE. T30, %, WP EGE 45 4F 6 S A8 1k 1 F 55
S 4247 ,1998,56(3) ; 257-271.

[5] T—ILAREE. A7 E.5%. A E R AR (D%
P A A8 Al B o sl R R SR R gL AR AR AR F 5 3 g L 2006, 2
(1) :4-8.

C67 a5y, W w45 . 14 08 B 45, oA ol T A0 o 0 13 3 A8 A A 5t
M. RS 4R, 2008,19(6) :655-660.

(7] B XUER £ 6,45, I 40 45 38 = M o 6 % 28 1k 3o
ZEAREAE. RS, 2010,21(1) £ 29-36.

(8] i, HFEM, XA 4. 25 1) f ad 7 B9 7 4 o A< 0k 3
PR HEFE. AR F R .2010,21(3) :352-359.

[9] Render S, Petersen M R. Role of global warming on the sta-
tistics of record-breaking temperatures. Phys Rev E, 2006,
74; 0611141-06111414,

[10] Gyorgyi G, Moloney N R, Racz Z. Extreme statistics for time se-

ries: Distribution of the high relative to the initial value. Phys Rev
E, 2007, 76: 0411191-04111912.

(1] B EM E R B 5. R G 1 1 R R A Sk

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[27]

[28]

[29]

YIFR 4, 2009,58(4) ; 2853-2861.

TR A BB R P (R R I 7 v BT 50 4F i AR 0
AR R . PrBEAE . 2008,57(7) : 4634-4640.

R B B B BRI R T O A AR AR B AR Al B LR
. Y B 2F 4R . 2008,57(6) : 3932-3940.

SRR, EEIH 3O, 45, P T 58 4F IR B i 1 11 X AR
RRAE B H 5 A AR IR &R ) B A7 4. 2008, 58 (6) : 4342-
4353.

REZET0. AT A it i 52 5 W 30 oP ROBE R K R S0 e 434
NS B2, 1995,6(4) :496-500.

Sabhapandit S, Majumdar S N. Density of near-extreme e-
vents. Phys Rev Lett, 2007, 98. 142011-142014.

Gyorgyi G, Moloney N R, Ozogdany K, et al. Finite-size scal-
ing in extreme statistics. 2008, 100:
2106011-2106014.

Labraga J C, Villalba R. Climate in the Monte Desert: Past

Phys Rev Lett,

trends, present conditions, and future projections. Journal
of Arid Environments, 2009, 73 154-163.

Clarke R T, Paiva R D de, Uvo C B. Comparison of methods
for analysis of extremes when records are fragmented: A case
study using Amazon basin rainfall data. J Hydrol, 2009,
368 26-29.

Xu Y, XuC H, Gao X J, et al. Projected changes in temper-
ature and precipitation extremes over the Yangtze River Basin
of China in the 21st century. Quaternary International .
2009, 208 44-52.

T X 0, SRR A TR A T Y AR R
23 SR A MR 6. KBS ,2004,28(5) ;. 771-782.
TR R AR HZLHE. A A L A T 9
£ 4.2008,2(6) ; 1-5.

BROGHE. 7 SCHAH 3 A 36 7E T BT s i . KR 508
FKWF5E .2008,31(4) ; 52-54.

BRI L BRAR L T A5 4 42 T i BT SR B R T X R
ot o, AR R T A42009,18(2) « 4-14.

Box G E P, Cox DR. An analysis of transformations. J Roy
Statist Soc (Ser B), 1964, 26, 211-252.

B

Buchinsky M. Quantile regression, Box-Cox transformation mod-
el, and the U S wage structure, 1963—1987. Jowrnal of Econo-
metrics, 1995, 65; 109-154.

BEER B3 4T, Box-Cox 7% 4 J5 1 K I 78 W 45 b 2R IE 45 43 A
R B AT R 2244, 2005.29(5) « 627-630.

B A RaE AR, A7 A8 B iR 22 JE IE R A g Box-Cox
A BTG B AR 1997, 20(1) ¢ 85-90.

Bonsal B R, Zhang X B, Vincent L. A, et al. Characteristic of
J Climate .

daily and extreme temperature over Canada.

2001, 14: 1959-1976.



% 2 3 Ji A 3 B 2 AR PR AR R 0 A A B i AR 151

Characteristics and Evolutions of Probability Distribution of

Summer Extreme High Temperatures in China

Zhou Yun” Qian Zhonghua” He Wenping” Feng Guolin"?
Y (College of Physics Science and Technology , Yangzhou University , Yangzhou 225002)
? (National Climate Center , Beijing 100081)

Abstract

In view of the non-normal distribution existed in summer extreme high temperature (SEHT) in Chi-
na, a skewed probability distribution function is proposed to study the SEHT, which derived from Box-
Cox Transformation of SEHT data. Based on a skewness index (SI) and the most probable extreme high
temperature (MPEHT), the characteristics and evolutionary rules of the probability distributions in the
SEHT are described before and after 1980s. The results show that from 1961 to 2008, the probability dis-
tributions of the SEHT at most meteorological stations are positive skew, and particularly in the south-
eastern Southwest China. While the probability distributions show negative skewness in most areas of the
south to the middle and lower reaches of the Yangtze River. The highest magnitudes of the SEHT lie in
the central-eastern China and the western Northwest China, secondary magnitudes lie in Northeast China
and most of Inner Mongolia, and the smallest magnitudes in the central Northwest China and most parts of
Southwest China.

Before and after 1980s, the probability distribution changes greatly in most parts of central-eastern
China, central Southeast China, most of Xinjiang, and northeastern Inner Mongolia, respectively. The re-
sults indicate that there are some weakening trends for both positive skewed distribution pattern and nega-
tive skewed distribution pattern, and the MPEHT has a common trend to approximate the mean values of
the SEHT, which show that the changes of the distribution patterns can reflect some change direction of
the MPEHT. There is a significant cooling trend in those areas especially for the MPEHT, while in the
secondary or smallest magnitudes regions, obvious warming trend is found.

Further study on the responses of SI and MPEMT to different time scales of SHET suggests that slid-
ing removing some sequential SEHT has influences on SI and MPEMT. The SI is affected obviously to
south of the Yangtze River, but changes relatively less in other areas. The larger time scale of SEHT is re-
moved, the more significant impact appears on the probability distribution. MPEMT nearly remains the
same when removing different time scale of SHET, so it is a relatively stable value, and can be regarded as

a possible new way to define a threshold of extreme high temperature events.

Key words: Box-Cox Transformation; the skewed distribution function; the most probable extreme high

temperature



