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Abstract Under the background of global warming, recently meteorological disasters and their evocable socio-economic losses
have risen, since the extreme weather and climate events occurred frequently. For disaster prevention and reduction, it has
guiding significance to deeply understand the characteristics of extreme air temperature and precipitation events which are close-
ly related to the social life. This paper calculated the probability density values of extreme daily air temperature and precipitati-
on through their percentile thresholds, and, based on the probability distribution of extreme values, the hierarchical clustering
method was used to incorporate stations. Then the number of regions for the extreme meteorological elements in China was de-
termined according to the stability of variation, and the serial numbers for the various regions were determined by their most
probable daily temperature means and precipitation means. The temporal variation and characteristics of the probability distri-
bution of the representative stations that were chosen according to their maximum similarity coefficient to the stations in the
same region, were analysed. The analyses show that the spatial distributions of extreme minimum air temperature (except for
summer) , extreme maximum air temperature in winter, as well as daily precipitation in winter and spring are similar to the dis-
tributions of their annual climatic average values, which shows fair relationship with latitude and altitude, that is, latitude and
altitude have the greatest influence on the spatial distribution pattern of extrema in spring and winter, respectively, whereas
both have great influence in other two seasons; and the spatial difference of the extreme high/low values is mostly determined
by altitude/latitude. It is also shown that extreme air temperature events more likely occur in spring and autumn; serious extreme
high- and low-temperature events more likely occur in spring and winter over the northern part of China, and serious extreme high-tem-
perature and precipitation events more likely occur in summer over the southeast of China. Compared between the extreme values of the
two different climate states, in recent 30 years daily temperature has obviously risen in winter. And the first and second greatest in-
crease in daily precipitation occurs in autumn and summer. The increase in the extremeness and probabilities of low-temperature events
in four seasons (especially in winter) are obvious. And the probabilities of extreme maximum temperature in autumn and winter and ex-

treme precipitation in winter are all increased. The increase in the extremeness of extreme precipitation events in four seasons occurs as
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well. At the end of this paper, some suggestions of disaster prevention and reduction for the regions where serious extreme temperature
and precipitation events more likely occurred were provided.
Key words Extreme temperature, Extreme precipitation, Probability distribution. Percentile threshold, Hierarchical cluste-

ring method
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Fig.1 Curves of the intraclass and interclass variance (a) and their differences (b)

for extreme maximum values of daily precipitation



T OBREE L 50 AF P EAIR R K B AR 23 DX i A AR AL AR AT

A 2% DX I A 3l i A AR R R B AR e A
81 SAEL AR/ IN o 2% DX I 3% 32 349 (DA R E /I F) I HE
P4 .

GEiH N » 75 A 0 2R 40 R A o K B
WKL 12 8l ) HE PR R B 72 UL ) B S A R OUL ) P
G E. DTSR G R R, U RE
A OVIR S BB E nT FGE T 7 3 SR SO0 i )
GEFME . BOH2E S 37 A SRR IR B L X T
A AE S BEAR ZS R IRAL R B8 - R G045 Al BE I OULR 25
BRI A SF 19 . ARG — LB G Wy B o
FEHOR S B GZ A3 A0 T RGE A AT g B SO0k
IREO B 2 53 A1 BRI R, Bk Ry Fe AR O3
it o ARSOR SR ARk — W& T I B 2 AR 5 4
K3z H A LI B A OWURE 7 B TTER MR 1 2 B
AR IR EAREL . SRR BE L2 A AT RE HH BL A
R . A ST AS R FEA N BOR A BT 2 R 5
THOOLIR 25 B 7K P ABLAR SCH 194 B FT RE 23 A TEAR KA
JEE 1t BE AR B0 AR T 0 P A 0 Al S {E A R DRt
MK A TSR UL 73 S HE T i 19 25 72 i DX e 3 1

50°N A

40

30

He+

OO LI I—
[N NN

20

I
Lid 22 4
oI L I—

5
|

T T T T
80 90 100 110 120 130°E

40

30

I
He+

\
PN

SEETTTETYT
S L Ll
RN S

20

5
|

T T T T
80 90 100 110 120 130°E

129

Wt DX 3B 5 B B R
4 R B AR I3 A 2 () A AR

i R MR TG | A B R 9E W AE H e
AR SR L H e MR S /ML DA H 7K A
I ARAF BRI B0 R A AR . PR MOAS SCHE ] 220 B
N N a8 1 | (RO o L R 0 o S P
3 A HE AR AE T B0 - LB TR A T i v [ 3 IX oy T
i B KRR 14 1 BT AT RE 51 6 9 R K I 2 78
1.

A B DR RS 2k 3 Bk o 32 AR I 7R %
BEE A BET | AL S A BF IR X — 7R 32 B (AR5
DX S — BN S A2 EE B A ) DR AR S T 5 o
RFNW I H I KA

ASCHs A5l U R GE R 2R IE 00 28 SRR
DR R A R /NI P Sl A 2 I A ol
JI 10 A2 RILKE H [ 4 X 53 B 10 A DX, 25748 6 o 2
83 5 S AR AR AR X 30 70 DL I 2— [ 4.

50°N -
40
30
+1-1.1
* 2201
= 3-31
1-111
A5-5.1
X 0-0.1
e
20 )g—gil
% 10-10.1
50°N
40
30
1l
u %—%Zl
1-171
A5-5.1
% 661
g
20 ) 9-9.1
* 10-10.1
T
80

B2 H e (SO AR/ (B R AIE 53 X
(a 7 %.b L F .o BF.d L5 BARIBHE 5 KRR

Fig.2 Regionalization maps of probability distribution of extreme

minimum values of daily minimum temperature(a. spring, b. summer, c. autumn, d. winter;

the representative station for each region is marked with black rectangle frame)



KL 2011.69(1)

Acta Meteorologica Sinica

m
=
o
—
=
I
—
=
=
=
=
S
=
=
o B
—cinadoa | | B T l= RN —einncrwo | | o el T | ©
_,_,,_,:U, % fd _,,_,_,,_m\% m = ,_,:,_,,W\OO _,:,_,,_W e}
S S AiehenEr-oe = Q Lihananrosan= & Ldientrnoroean=
FOH AXK AN ~ FOH AXK AN mm ~ O AXKRAK ~ O AXK RN
T T T
Z Z.
= = = = = o = = = =
o ™ sl < o o vy < o o™

W 2 HH Hfm <

Fig.3 As Fig. 2 but for extreme Max values of daily max temperature

& 3

[l P 2 {H S R K A R

Fig. 4 As Fig. 2 but for extreme maximum values of daily precipitation

& 4

130

—eleAsridrlesl T
NN
—OIASHOSo =

oM AXK RN

(c

—clenicsa |
NN
SRS =

O AX KWK

(a)

T
Z

=3 =3 =3 o
v o o

50°N 7

=3 f=3 =3
N N

—eleAsfine e T
NN
—CIHACT0eo—

+OH AX K AN

C

(

—eleiridoea T
NN
KOO0

+OH  AX K AN

50°N+

(=3 =3
on o

50°N

f=3 =3
N N




B OBRSE I 50 A P E AR PR AK AR MR 23 DX I A AR AL AR AT

Xof F ) 2845 A0 3 A8 Rl 43 1 X (A H BRI
AR/ IMEL B 2) F 5 ey R AR R AE A 491 (18 3) AT &
AR 3 AR SR K R /M 1 3 [ 43 A1 R AIE A 4K
SARARL s Sl 3 AR R R METE R B A =L U
R = A B R R4 T R M B 5 2
P PSP A7 1 TR 43 A T 2 U8 B 7 X 48 2 4[] 45
b DX 11 R AR AR A A 3 LA - 24 4 e /DM X A
P52y ZR G B SRR VT M Xk SE R A 5 R IR AR A
EE A o A (B 5a) FEAEAR AL . AR AR/ DMEAE K
T MKRMETER B =F, P 35°N DUk X K E
5 H A 1 U 3 D A AR A3 A RRAE 5 35°N LA R b DX )
SR 5 7R P 1] P AL W A AR A A s AR AT Y
/N DR A e D AR G 5 e H g s AR AR R ABLTE
B K 2 1 S5 T 4B R K D30 30l BRAE R VLR
il DXL B A i b X 7 AN 2 40 JH Al A i 0 2 5 IR A
B IUAE £ 5 B AR 1A g R AR R TR T L X

H B 7K & % KB 78 Y 25 iy (40° N, 120°E)—
(30°N,100°E) — £k LA VG b () B A P b sth X #4645 A 2
B B K M 20 A R AE P 4) 5 52 2R 1 1 116 I 2o ik 114
ORI AL 2 H 4 C R ZR I A T 24 e/ 1 X
WALHE T 4 CHR 4y V6 A AR b b X 7 B B 2

w 0
. ¥
B I
[
-
o

T T T T
80 90 100 110 120 130°E

131

SIS /N DX L B TR R R S R P
FRHIX . FE U (40°N, 120°E)—(30°N, 100°E) —£& L)
ARE R E AR R A IX, B T R K X T Y (E
52— ZR P b e i R AH A 2R A H K
KA S i A AR KA [R] L FE R K B S P 2 (E B
pNGOIES AR SIVE S L RTINSt = R (N i0R =4
R RAB XAV H B AE 45 7 1 1 b DX 17 4% 2 0 40 4%
TR TR I RS A3 DI A AR ARG AR X Y
R K R KRB A AR 9 2 A T 2 X 5 H R K e SR
S A4 4 4 A AE AR AL (&L 5b) T B 2R ) AE KT T i
Hiy DX 7K R 38 0 A1 T AR

PR R R ) 3y 8 X3 4

o [ R R ARV AL AR B VBTV I LD AR R
B R L, DX — 6 90T 3 T 1) AR R K A L
IR 5 ) 26 3 PN Joi 2t DX AS A 3 79 1 0 CRIVJE AN [R] 43
X)) o 3ok Sl fi AR AT BB A7 B IRV AR S

AR B v e R R R e S DX S B
2 55 T [l 3l mSCAS R[] — 4 DX I X 2 IR R A
R A A 08l B Y A R BE AR 25 1000 m A2 AT Y
e LRI 35 T SR T A DX R Al sl e 9 i 8 )
HZ Ak,

T T T T
80 90 100 110 120 130°E

B5  H 20 G R E R K 38 B (b) A8 (19712000 4F ) 4F - ¥ {43 A
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Table 1 Correlation coefficients between the distribution regions of temperature (precipitation) and latitude/altitude
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Fig. 6 Probability density distribution curves of the extreme values of daily variables in spring

(a, c. extreme minimum values of daily average temperature and minimum temperature;

b, d. extreme maximum values of daily maximum temperature and precipitation)
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Fig. 7 Seasonal mean change curves of the skewness coefficient of daily temperature and precipitation

(a,c. extreme minimum values of daily average temperature and minimum temperature;

b,d. extreme maximum values of daily maximum temperature and precipitation)
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Fig. 8 Probability density distribution curves of the daily average temperature on the different climate backgrouns for

Region 9 in winter (a. extreme minimum values, b. extreme maximum values;dashed line:1960—1990, solid line:1978—2008)
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Fig. 9 Difference curves of the difference values between extreme temperature

of daily maximum temperature and the most probable temperature on the different

climate backgrounds (a. temperature, b. probability density)
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