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Abstract Some progresses in observation studies of climate extremes and changes in mainland China are summa-
rized in this paper. It also discusses the problems to be solved and the direction of future studies. Previous investiga-
tions show that some changes in frequency and intensity of extreme climate events have occurred during the past

more than 50 years in the country, with large differences existing among the categories of climate extremes for the
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whole country and among the regions for a given type of climate extremes.

The extremes related to low temperature, such as cold surges, cold nights and days, frost days, and cool sum-
mers, have been generally decreased in frequency and intensity, and the extremes related to high temperature, such
as warm nights and days, frost-free days and warm winters, have been mostly increased in frequency and intensity,
though heat waves and extreme high temperature have witnessed no significant upward trend in frequency with con-
siderable interdecadal variations. Rainstorms or extreme precipitation events have been shown to insignificantly in-
crease in the country as a whole. However, they have been found to experience an obvious increase in the mid-lower
reaches of the Yangtze River, southeastern coastal region, and the vast western China especially northwestern Xin-
jlang region, and some downward trends in parts of North China, central and southern Northeast China, and South-
west China., For most regions, frequency of light rains has been significantly decreased, but intensity of light and
heavy rains has been slightly increased. Areas stricken by meteorological drought have been shown to increase, es-
pecially in North China and Northeast China. Landing and influential tropical cyclones including typhoons have been
evidently decreasing, and the precipitation amount produced by tropical cyclones has been also dropping. Frequency
and intensity of dust storms in northern China have experienced a significant downward trend. Thunder storms in
summer have been found to significantly decrease for a few regions analyzed so far.

It is obvious from the overview that there still exists large space for improving the studies of regional extreme
climate change in both data processing procedure and statistical methodology. Inhomogeneities of surface air temper-
ature and precipitation data, effect on observational data series of micro-environmental change around the observa-
tional sites and urbanization of cities and towns near climate stations need to be assessed and adjusted for large-scale
analysis. In addition, more attention should be given to comprehensive evaluation of regional extreme climate events

and their changes, and to further studies of the mechanism of the observed changes in climate extremes with high-
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resolution climate modeling.
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Table 1 Commonly used indices of extreme temperature
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Table 2 Commonly used indices of extreme precipitation
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%, 20065 ol F04R 7K Hi . 2008; Feng et al. ,
2008; 4BHIE4ZE, 2009; MEIGZE, 2010), X6y
Mr—mee i, i 2>t 2 FR A 2% 1 1 Bt IXC
AR 2 T H B s i 2 g ¥, HaEr
. WNXIEEF, IR R H 08,
T VLR U R AR R T o6 L X — e 3 22 . s i
iy it S PR 0 1) 3 22 A 7K H BR0AR Ak 5 R K et Rl
i 548 93 7K A0 38 48 Ak B A AR AL I 25 (1) 43 A1 AR (Bai
et al. , 2007) ARG A ZMOAERE S SR K AT ERN
Mok 520 H B H AR, (Ba] DLL B
TS R -t DX 588 ek K A0 50N o /K A L B e
W% (Zhai et al. , 2005; MEFE, 2005;
KA, 2006, 2007; ARFESE, 2009), FkEZE
b DR AR g ik P K R, A& 2, H
R FIVGERIE £, 1t /> (Wang and Yan,
2009), Qian et al. (2007) X F&/K AT G0 M
RIN . AN 98 D, T 2R TR R R A T
W2, MmbE K 5 KR H (1 4 E 24k
Hi DA IS U B R K 2 T BB A AE T W e £E
] & ke S (BRIl FER K. 20085 #4485,
2008), Zhang et al. (2008) & ¥, FEIL T HIX
Wit B 7K 55 S B K AR ) L AEAE 20 22 70 4§
AR 80 MW EAT I BB

VT4t 38 22 500 DA R i 548 ¥4
7K B2 T P /K R A S B K b i B A R
ity 58 o 7K B 2% WO 2% i) 1 A K i R A B 5 T
(Zhai et al. , 2005; PpRAEEE, 2007; MEBEGEE,
2008) . IXFNIMGEAL H IAE B 7Ktk R B it o4 7K
BN A 7 FPE S, L B R K R AR i i
Rk A R AR AL GR B FIG HetE, 20035
INRIEZE, 2007) ,

BRPGHBHL X A1, 3 [E R HB b X B K H 80A
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EY . FREK H BRI, 280 X R K
SR TGN AR YT T T R i T b DX
AR K I 1S 0 2 R H R KR R B 0 Y
TG 7 Hh XA R K A9 2 32 U5 T K H 20
WD GERRLE, 2007), PHERHL X AR K &
FIAY R T ok 7K A0 25 AR 187 ek 7K i J3E ) 4 I 7 2%
B O R A AR, 20005 32 GE e AR IE,
2004) , 4x[E SR IX K H BRI 7E K 2 N
W (CERB5E, 2006),

HEERAEAAT S T, EM&EAKIHA
STREEWR, 8B ARt A2 A T
Ak, JEARAEAS M ) B R 45 845, 2007
DAk, 2007), WELZEAAE TRIEL (CD,
SYHTIE 50 240k h E R4 T 510 28 43 A R AIE
CARIBAESE, 2010) £HY, fEEEAZiad, &
EA LT 25 E R I 2 BPE 20 g 60 45
o 70 4R 2 80 AEAAHT . 80 ARG
PLK 90 AEARIE W& 21 el ). st mmE, &
ESE T R EBTE 1951~2008 4FH A L o 2 1)
g, KR T R AR 2 B B AEd Ty
X, HAFETLRIER . A e, I n] gt S
R, RS T R R R, T RE
EAGOPIRT /B ATE e Ry TR AN PR fy < NG T
A PR o B 3 b s, mial T
SRR R, B T R R R IX
oA E AL 2 T R, dol KA T
Aot M KB R i AOUE I R (A A S
2010),

R (2008) BFFY AL Hb X3 531 4R
e TR F AR, 51 BUREVKE 00 &
BB T T, RBITE 8O B i i i )
O B B 10D 2 A A i T 5 S R B AR, 2
TRER . R4S (2010) BFZE T IR T AR K
U AR T R R R BT S I L, R BB KU
AR E AR T R R B AT
R, sREAEL ., AR b P I AR S X
TR AR X AR R K AR A T R R, FR A
FEEAR (2008) S B, ALl RN it U AE A
BRI U R BE B R A i R L Yu T R 2 T
BHM, AN 30 b X i T R AT RE &
BRI AR R T A E T A A A 2R
S AE B IL [EAE T 25

2.4 MEHE., PEEMESR

FE 1970~2001 4F 32 4F[], B3R E A HHF
e (TC) s — FREka#, Hrb 1998 4
IRE T 30 AR/ IME (A, 20045 BE
A&, 2009), 1950~ 2008 48 Ma), 2RI E 1
PO ST IR AR e D ka3, b 20 g 50
~60 B fli TC B £, 1991~ 2008 4F J&
TC BRI E R R, HHEAF MG —
E BT CEF MK K T, 20065 4R AR,
2007; HEARZE, 2009; XHHME, 2009), &5
Vg R A T 0 OB R [ 1 TC AT B B
LRI X B B 1) TC SR A b, AR
BE (EFHEMIKKT, 2006),

M 1951~2004 4F[A]65 Fifi i B by 588 5 XU 5
GG B ER . — k2 B
B, IR A AUIE R IAE 50 ~70 4EAR,
(ELSF- 2575 i 0T A0 5 B A B AR b, B A
A SE R B IR T ) o AE AE WD i AR AR PR AE 4B, 50
~T70 AEACHTIH A, DUS W55 . 8l B R
THES- A7 S %) ok 555 0 72 5 EE A < A0 R 114 D 2
JEE RS IRE u 0 E R (RS,
2007; TAEELEE, 2008; BXHIEE, 2009).

TE 1957~2008 4FJH ], By < = 2oy v
KRl X P 7K i AR R B S, Rtk
X E R PP AT N % (Ren et al. , 2007; #K
INELAE, 20085 EWKMESE, 2008), X FIE i iE
AERR T — S .

A 2R, R E AL Ty V2 B R A R AR
RIS, EAE I 2 A0 LA VD A B0 %
ISR I GRATAEE £, 2003; fE—K
SF. 2005; JE [E R ARG 4. 20055 F B AE,
2008), 20 {t4g 70 AR IR VR B B AR .
M 80 A IR 4R B /. BRI, 20 ik
60~70 AEAR U B BT, 80 ~ 90 AEAR it B 9 b,
2000 4F J5 3L 28 1Tt ARA B K TR 4R KT
Gk F AT E L. 20035 J& A VLA E 4, 20035
J R R EL O 4r, 20055 gk /N RLF 2B L B
2006) , YHAXBAIART M5 AL I H IXOF B R . K
IR H BRI A SRR O D o8 A — B0 GRA
FAFEEE, 2003; Zou X et al. , 2006; Wang and
Zhai, 2009; Jiang et al. , 2010),

LU, A — S X) T8 2 5 5 M i RS
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MG AR MBESE, (EAF AT MBS Ss, T
7% HBUB AL B 5 22 8 TR 7 2R 0 /0N XSl [T A
KT R 3, i ELAE T A (6] 7 4 B () B2 9
Jrik s ABJLTP 230 6 il A DX A 5] o3 A 5 SR 1 3R
B, TR EAIRA LR A e (B0
¥od, 20045 7KFEF-5E, 20045 MRS, 2005;
EHHE RN S L%, 20065 B MIFRE, 20065 &
W%, 2006; FrE =45, 2007; FeMRAEAE, 2007;
EREL, 2007; TAFREE, 2009), Hir, 1961
~2002 FEBEPE 48 K L X (FE B 45, 2004)
1961~2001 4FA VL =i e X S H F] th i IX (e Jig
Fels, 2005), 1957~2004 4E) G (FhHEH 4%,
2006) . 1959 ~ 2000 4F Ji #B Hb X CBz I A1 B 5
2006), 1966~2005 4F 1R (& =5, 2007)
S5 DA B 28 R AR AR IS S B LA i 1) R R

3 EANR, FHEEESEN

3.1 EEZFRFIAR

ZEA VIR ESE R, AT DL R BT A Rk
FURR i S = A R B AR AL+ B Ak AT
DX B[] 28 AR i Ao A8 A e A R B ) 2 2
2% 3 R T A Fe 2t b [ o A e R
AR A

TEA EEEN . WL R 2810 & A 7 5 R A

KB e A b RO b, 45
IR SR A R S A 22 401 23 M 5t J3E A o B — 5 A
o BT B, R P [ Y 2 ) AR O =1
PR MG A TS, It X AR AR T8
PERAE I D R X AR e 5
PR T R R SRR RO B . MR H
B I Y R (R S
SO B A S R R, R S — M T
L 2 T3 T PAY R i vy = 71 A A A0 AR AT W G
Z . PEAL. AL A AL B A XA — 4
KAILTRIURAR B iR X 1990 AR5 8 THgm.

TEZR I IX L AT T T i DR P4 38 R R
HBIX s BTN SRR S 5 R K S A 2 R
Kl (HAEARILH DRI ZR AL g & V5 e &R 43
b DX 28 I BN i A K AR s T T A T
RRF 3 B DU A 3 ke 4. e b 7 U fe — e L 45
TR WAET REARAFRGLE. TED
LS Hab A I E A A s IR 5 R FE R
RBEPFR AT A G R, TR R AR
R EFBBAAAN . . i 50 45K
SRR i A 7 e o e ] AR 2 XL X AR 15
HAARK I 8T 220 o

i A2 TR ] Py R e L B XA R B
3 s S, WINIC SR /R Rl 50 AR 4Rl 3
] F) R OB 65 B AT T 1 e i Y

®3 20 HE 50 FRUREZEFTERBMHSBETUUNNHARLEL
Table 3 Main findings of studies of observed extreme climate changes during period 1951 — 2008 for China

e e F T B LI AL AL e LIRS
72 [ AR I AR K 1951~2008  AEEHALE. EHARMMPGIEE . IR . 2508k ok ]
P A 22 5t X I A
MR AL 1951~2008 1 HAN 3 H R HARMKEA —E8 i, mirimsme. e
TR 1951~2008  ART R (CD AT R W R EE TR, #db. A6 w54 n vl [
2, BRI AR
JE . GRS 1951~2008  [ERFEHEMIX A w855, JrXIHE, EA 21 I LORA g 2. R
(ENIS VNN ST EE R Gl
RSN 1951~2008  EEBEHARE, ARG, KICPT i K AERPR RS ERSE. 90 4
FHFBEZ .
Bl B 1954~2008 B [ili Tk [E 1 5 Wb B4R 5 XU RS AR R K B AR I Y Rt i 20> =
RS 1954~2008 b7 HLIX K AR AR BIg >, 1998 4ELUR A M £, H5 20 kgl 80 4E4RL R
T LA AT S 5 MR 2D«
kS 1961~2008 AR X BUA BIFFE DX A AR ] B i 20> R
TE: PGS A E B Hd R IPCC 8 M PPAS IR 28 — AR ME . i 2 9000 JLRZIERIY: 5. 2075 8000 JLAEIE

Wiy haE: 20 S0 JLERIEMIY; K. 290 2000 JLARIEMIIY s MRAK: EMIKILENT 10%.
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K AT B R HEA 21 20 DS R il
AL G KO BB R RS 7 . 5
Gby REACIT D AR FRF R AR SME LR
Bk, T 2 W LA A BT BT,
{EASZEAR T 20 4 80 AR ARG 7K,

PG, ARdE B ar o o g 5. R 3 S
S R AR A G A W i R BT L
IR — AR A, S OV T B S ek 55
T 556 A B (A BT 16 22 10 . Ao IR I A2 £k
SRR BT AR TR . TR E AR i
IR A1) 2 R i 54 oA 7K 1 0 3 A Ak B T il ) [XC
WL ST 25 5 E R I e A K i AL T
7 3 I R . R it 5 AR K AT R A A A
55 RS K i 1 AR A R AR AR — 2, T AR it 5 AR UK
S B 00 SR IR AR A L 8 i R R e 3
] 7 e DX 1 A AR B0 T2, de T i X
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TS CRARR, Rk R B AR T
FEA~ g, R 2R AU o S e A Al H
A, AWA R SR 2 08 1 B R AL
ML,

3.2 BERBSRRHARAE

AR i A0 A ) S T 5 ) P A R FR
Gt k. HET R SRS BOR A — 2 R
T BRI A5 Hl X LA DA T el ik e . 7R
AR 5T, G B R MR Y RHE W] g
RS AR A AR A 1 A A A R R
o B B 1) B T L Ay M 1) 3 AE AR e A
TrReRA . Wl M P B 2 B ) 5 A
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PN EEN AL R R 2 NS N o ORI S SR P
ST T SR TR

WA AR B BT & . 1 IR — A
R F— B sl — M o S A, AT — >
X Z Al 2 AR S S I 2R 5 IR 5 ik
FESEAR A R I AR i B 5 b, DR g R
LR AT S, T T R — S X B R 2
e ity A A2 T A AR R 5 A 1) AR AR AR I O
DA AR XA A X N A A5 38 1 ] B ) 1 £
5o DAS S BIA siig A0 S A 0 23 R 5 R A A Y 25
BRTLR, AFEEL (20100 EF % [E 15 5
ST — DR A W S AE SR 8 (SECD, -4 #r

TARFEE ) B ) AR A A A A T TE A AR IR
BORWIR AR TE 2

SN A A 187 — P G I AR T T [ B2 > i
WS T E R — A5 T . BT R AR o
o2/ IMBE AR T AR g SR AR 2 () R A 85
AN UL AR AAEAEAS o3 AT BRI 3 A
PR ZE RS & ik SR B A R BN AR
— 7" 5 e AR AR AR A B I . 2 AR IR E X
SR B Wl i A AR A o3 B S 2 S TR R 2 1 — Ak
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AL 5 HE Y —PEWFSY (Yan et al. , 2001b;
Li et al. , 2004; Li and Yan, 2009), {HLIfE K%
YA 07 38 F 2w i TR AERIT . B AR
WAE R 3 — A Tk AL THRZR BT B (Della-Marta
and Wanner, 2006; Yan and Jones, 2008), it
— 0 i AL AIE Y A AR R R o A2 A, AR
R H AR H R K OB — AL PE BT I AR
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b U0 6 Ak 198 38 T A 52 e i 25 2 R U
Mo —NEER S (EEEE, 2005; (FH*E,
2009) o G s o PRI R AR AL, DL SR
Ak B R 308 T A5 2800 5 2 PR 3R, ] DA AR
Uiy S AGE I B Tl 2 A0 iy IR A8 B8 9 ) e Ak e
WRGEI . B R TR0 R Ge 25 X 4
i 2P BE A& 1 % DX 388 AT 4 BRORL R B oy = TR AR 7K
HOAE o B R AR S AN E M R
B, 75 2 A ISR 51 v 7 LA

TEARALHD DX, 3T Ak 5 | A 1% Jag 38 1 1 %o T [
FRIG B 1961~2000 4F ][] 45 34 b 1h] <l
IR TTER A F] 39% (Ren et al., 2008),
XFAEL 2B AR AR LA ST AR B R
257 Ak IR X S e TR, AP X SR AR AR Y
TR 53 Y0 nT LR Ak e A R CRHETE
FUEREE, 2009, 5EARAHRA R I <R
BELAREFRREH . A &R RE. ¥ (3
WHE. MRS BOM T H B 225 . X SEi)k
Uiy AR HIOLE A o0 BT 0 SR 2 0L PR 45 AR
PR T AL A SE IR . L3 T 45 2R AT B I A7 AE I
MRS Z. 4. F0E 5 SRAH G X IR E
Wi SR o B, B ST S0 B LI R
G AT BB AT TR 1Y 3 T AR 5 e i 22 21T B 2R TR
WX w22 B, IR B L T S T IE .



4 1 FEE A o R g A2 AL AT 52 1 ot 5 Je 22
No.4  REN Guoyu, et al. Progresses in Observation Studies of Climate Extremes and Changes in Mainland China 347

5 REACHE S I B it B 5 B R e R AR
Ui 5i K R 8 B Y 48 BOB AR T SE . AT RER—E
PRI B2 BT AL 7 SRR AT 2 WE A
DRI DI #0815 P 5 72 S BN A RUE A 3
JIZ5A A DA RS TT B 2SO IR
FIRESE 5 B T DA KUy [l R K A2 i) E 2R R .

BJ2 SR o e 7K 728 A 7 BT O 22 7 — 4>
BRI Sy WG 5 1 9 BT R R R 2%
I TR A BT BB . b R I A
BCE PR T B XG50, S0 14 [ 08
WCSRAFE R B X R B3R 22 ((E2 485, 20035
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