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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-
jiang 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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Table 1 Commonly used indices of extreme temperature
=2 K5 E4: EX E-Tna

1 FDo EHRBE HEMSE (TN) <0°CHE&HBHK d
2 1Do kA% ABFSE (TX) <0 CHEMAHK d
3 TXx AMHBRSR HANHERSHEOBEKRE °C
4 TNx ABEABHRAE BANHREXROBKRE C
5 TXn AERSRTR/ME HBHABRRIHRNEB/ME ’C
6 TNn ARG E SR /AN ERESBOR/ME °C
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£2 EAMRBEKIES

Table 2 Commonly used indices of extreme precipitation
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REXH “EEM” MELEBS, BYRILT
WX FRUAMEERE. XI—FREBRLESHE
Aot B3 TRAE (40 Qian et al. , 2007),
XFREXEE, ERmIBEEMLZ FHEE
HEMBENE L, BWRBTEREIRRS
BB R LB,

FE X B’ RENFENERRE,
VTAERT UR(ETEE (GEV) TERRHIKBRI.
GEV JFERI_EAKRE T IR B R BER 2 1 AR 1E, (X
BEFC AR O (30 43 OB, BB T % A R 0 o 2
BHSBEREGEREENIEGHIAR (Zhang et
al., 2004), Tuetal (2010) MELHTZETE
e Edb X B K BET GEV BI8a 7, R
RERBEKEMAZHEKENF (BERFES
BEERLD, ERBJAFHE 1970 ERLIRNE

., XN EE LRIERE, BT
BE—EXBMABEEAER. BEHTFARRLR
WIERKEAR, FEERAKRERELAEARR,
GEV it h A Z 2 —E RR.

I XE&HEUE (GLM) ARKEEESTR
WRBETAEBRERARTRMET -0 HIA.
GLM BB “RR” HAREMSED 16 Bk Pl
BREA, EdRKMAR B ERFEIA#
AR (EEHRE B EIRME LKL GH S5
BHfEl, HE SR RAEE FREL); FEd
FE4E% (Monte Carlo) H =4 KEEIHE
A, WIS R 5 16 BE & F AT R IR R T K A4 B
A5 4k (Coe and Stern, 1982; Stern and Coe,
1984; Chandler and Wheater, 2002), @ FIEfT
HERAFEHHA—DRF o6 EFEHEMRED



433 FEE%: FEHIETARRTR DS RE
No.4  REN Guoyu, et al. Progresses in Observation Studies of Climate Extremes and Changes in Mainland China 341

HWPFRIER, ZRAEFRBHATEEE. Yan
etal. (2002b) Rif] GLM 47X 8% H K< 1%
AHEURHESAKRESBERTFHER, BRT
GLM 7E#7R X R4 B LA 434 7 18 A 1
#iff. Wang et al. (2009) F|f GLM 38 7 HEH
IR H K R AR EERE, AREILTHE
REHZXNX “BHitE” mBEHsRTaE
HSRREERA XK.

ZRB B E F ER RSB
Yan et al. (2001a) FIF/MEF B, 480 T BRI
RELBEXZARBFEI PR K HEL.
ZRERY, SETRSEFHTHEDIES, &
GEXERRS LHEERS) BTHEES,
MMERERZEAHES; M RGEXHESX
KEHEEEEROME, THESIEERETR
TEERBXMBAHERIERAER, MUREES
BYKEBTHE. BREMINERAWTE
EBHIA R B R .

H BT ER AR T AR X SR RS
REAKBAHTEYNENTE, ZHFBRNREET
HEHES RS FFIRRERaEEN, ¥
MREELEETREFTRNWELFEL, WAk
IBEERFBEAEERNE (HEKSE,
2008) . A Fnrp EAR K B 5 4345 1 0 4L
B, HEN TS50 5O EIEEREUR, B
EHAZX—ANE W, B 5P rRkE
BEzet, PMEEBEFHNRREZNTRRS,
BOTHTFRENHEEERMEYN (B¥%,
2009), & FFFF I AR5 ST HX
R, BT (A HR I J7 i 68 5 A 3O S Bl o
SEEHRNEXTHER (EREME L4,
2008), MTE% (2009) XiEE KPR SR FHHE S
BRI T A BB A, ARSI
T T P ERR IR B A METRE,
He et al. (2008) 4txitkmBE M 5RBREMRR
RETET S R ERRERN ik, H0A
FEREERBREFIIHRN G5 EHKRE, 2006;
FERE, 2006; X%, 2006; Zou M et al.,
2006) ,

SERGEWTAEE BIDILRHIE, ESBRN
B3 BAFTEE KB XM, BREMTARE
BERSM (FREE, 2008), BFRHESKER

RaEitmkmREREREZ DI AN SDM T
BHRERS, FERTREAFSEFHEHLREY
ik, HPEsATE: (DFA) #3218 DFA 5
BERMERGEXE M EREANRLMKEM
*tk, MAZBEHKBHAEARZREEHN
FmREmERAN. HERAYREMRLL TR
WRAE, RERXEHmR AN RE KB MR
HILFREEMEWR; Y4REHEAREHIER
Wi, EBRAEIERSRAEGH DFA S8 H K2
FAERKESR, BHE (2008) BEFX—FHiE
T H#If DFA FEERREGREN T, 3#F
AR T A,

SBERARR—NERFBHIEREREBRLE,
REGHE X EMERR RS RWFE, X
SBAAEX—FR, BEBREF (2009) 5IAEH
Mg TH (FRIE%E, 2009) HIRFEHKRBE
AR SEEHFHRARBERLEREHXR,
EXAMXEFRE 48 B SOR e =
TALEHE, 83 8 MARFM ) R IEX Y
SREAMFRSIBERAXBKEKERENR
F, URARSEB+EE 58 £ R 6EE
W, TR, 3 El Nino/La Nina £, §
BAREX RO E 4R ENAN T, B
FT T B I 7 (] b 6 bR i 2 X SR SR TR P 48
TR BB B D0 4% YE TR X AR RE O PT RE SR 14

RS (2010) M T 4 ¥ X HF SR
WMRBEEHHTERRRNHF L, ZTERA
BWZEHSRFERRN, WRLHASRKEAEEW
T, SRR E B G, RER
TEAWHGHEMTE, XM HEXNTREXEHF
GURRSBEEHER R R LB AHKRER
e M E .
2.2 RHKEE

E N2 N &M mveR, Xt E s E
BORRBAEAETTHR (Fm. BERHLE
B, 1997; ™Hh4EM# R, 2000; Qian and Lin,
2004; ZIE R MEBE, 2004; Zhang and Wan,
2008), BEMAMERSBRPARES—K. &
1951~2008 £ 6], £EFEFHRRER RS
B EE, Hin#E%0.16 T (107,
HRBABFEREEREN 10 RE (ERE
&, 2003; FELES, 2005), FHHEHSELY



| & 5 F % # % 15 %

342 Climatic and Environmental Research

Vol. 15

WS, MAKBIEHEARHE; HiNk
Zr X EERILICEH, LB FAILILE,
HFEEEEMBBHE GUP /%, 2000; Zhai
and Pan, 2003; FEAE%, 2005; REfEFMTE
%, 20100, BV EHEEFKEKRE, LFHHY
MEAHAE, MEFHEHESEN EAFTRREK;
ES VT HERSE MBS

HZTFEESE, FETHRRIKBELZEL
BEAZAHEN BB ERMEE. SHEFR
HWEBASIE B EREL RGBT E,
FFAEREF0.29 C - (107!, tHHE EFH
FnE, HEAEEAMEEENES (EER
MB&R, 1998; FHAES%, 2005; FEMEEMIE
EE, 2010), SEFHSBELEEMEL, £
RSB M HE KX BRI, £, B
B EFRERANARERE., EFFEHE
BB EMmas, LFENEWE, WEF
WRESBE EFsERE K.

BE BRSBTS X5 A A 7E
2R, MR ABEELHEESEE THEYS
¥, FHBRABITEETIHBRRSRSEE
T, EBLFEEIRLF; ZHEYRES
BEAILAE—KEFA, HEETHE (HEK,
1999), AFHKMKIPTHRES KB TE
HE, FERHTRRSEHETHRERN (T
EE%, 2005), FEREILFHX, TR
., EZNEZTVHBEKEIHARHEHT
Feladh (ETH, 2008),

A, XELHERIRBRATFHEEIEAR
BUASHHBRANE. £Z5ENAR LT,
ESH “BE” FHHLHIERE (Fin%,
2009, LRFEAREZET, FHEESBMEE
BEHHERTFEHRESR (EHR%, 2005;
{EE E%, 2005; B4 E%, 2005; BEKSE,
2007; G4EE%, 2007; PRIEME, 2009), 7t
MENZIHE, FEHBRBKBFEEEASH
HEAZETFRERE, F&FEE 20 4L 80
FERPPIUERALHBEH EFBE (EE%,
2004; {FEEZ, 2005; BHEEE, 2007),

BT EHRESBYEN—REEHRESE
EhmwE. Wik, REFEYEREEBETR
B, TREERANBR EEERIL. £1LEK

L&, FELFNERSRE. 2ESEEHHEE
EHETHES, BXZENTHRALBENVE
(BLE%, 2005, NHFRAFLHRMKKEL
FHEZFHESRBEFAR, REZEHXSR
BAREMFEN B ERAZ.

1951 LA F 2 H 25 H 508 55 W0 &
#, {H7E 20 4 90 FERP BB AR —EHm.
EARMX, BiRAHHBRERRFR, KL
TUMEREHXAE B ENBDBS, PEFERY
oy X N A ¥ m## (Zhai and Pan, 2003),
BORRIT A8, EER SRR E
50 SEpE T BT, T AR AR g (0 ) 0800 A A
W, X5EFEEHEMMMTER—-B (EXL
MR, 2008), FEZ MG b, BREGEHIX R
SIUGESh, G 50 AR e KR 4 M AR AR IR 3 1
BRI R SR TRED, MikwERESRZE
PR ER B RENEED . AR
MES Ak (EREMBBE, 2008),

Ding et al. (2009) M HTEH, FEBRR
REMFET A BA B RmERRE SRR, Tt
WX 1990 FERFRARAE KBS KK 20
g 60 FERARAFHRmE, 70~80 FHIWD,
90 FRUBEHEZMH AR, BRELEES
REHE, A E KRR X 2 (95 R B s
BB R 5 (Zhai and Pan, 2003; T —i{L#M/{EE
%, 2008; Ding et al. , 2009), #EHZE (2009a)
SHEZEHBESKBERETSHER, FEP
A X R R SR FH P RA R BHK
BHEM, FEBRKNICIZHERE, &5 3 Hm
BREGEXEBXESKE; M, ARTP
. HRAEe X KBRS, XL
RHR.

BEZRFHERMIBEHHERRALA. &
SRTBRFRT, REXHERFHREHKENR
AEE MR RS (BEMKE, 2009b), LA
LRERLCFREFHBREH L, MELRKR
HUYHBE D EHRLREHRE L, SREH
BEASSEHXBAEER, MKBFFREE
Ba4EHX EHE. FREENA -85, 3
HEREHFRRBXEHEREH B R RES (BT
E 4, 2009), FH4L% (2009) F Atk EHR
(EVD) i) XEFELH (GPD) BRAHEE



44 EEES: PERBIETHRMFR @S RS
No.4 REN Guoyu, et al. Progresses in Observation Studics of Climate Extremes and Changes in Mainland China 343

X EAR R A B W, RAKE
BTk ER A MR MBS EAA B W, W
MRS HAEPEERESRPOXEMELE
FACBIARRIE XA R M, 03 M X X3 S 5
AR AR R A B

2HEFHEE (R HEAE 20 4 80 F4R
FHLUE R BEMEMES (Zhai and Pan,
2003; FAREEFUEEE, 2010), LK, FH
WXFMAERELXBRERFAMEYE, MK
LA THRMERFHMNARDO B, BEA Y
MEHERHE, BRKEDENX B RAERRE
WX, EERZHOLIX, BHEHHE BENED,
20 42 90 AT B EFH R H L 60 SER B
10 XZE4 (Zhai and Pan, 2003), 555 92,
ZRHXBEAKBN SR B mES (RE
FEIEEE, 2004),

2EYAE BRI 2 F 5D
B, 20 g 80 ERTBLIE RO KB E., &
L, WX AE AR BE, MEh
Ho X A 55 9 #a#% (Zhai and Pan, 2003; &
BHEMEEE, 2010), 2EFHARHEAHE
B, AR 20 e 70 FRPHLERR
BERAR, KIS AR BEEE B E B
2, MR MBS ERERTETHX,

EHHRFHEMKEN EFBRERABRTF
THERSE, XRBTPHRRAKENEE
B, NBEHEER, RERZSHCLXBEHR
B ER MRS, JLT H X AW IR R LR
FHE K, KBH—0.86~—0.94 C » (10 a)7!
CEmila%, 2004; B E%, 2005,

Hit, EREMEMEER, RESSR
HI5E B AR 35 < Mt B 11 530 2 o A A — MRS
20 th42 90 FAALNE A 1R SRBEX
R, o A A0 2 5 U A S B, (B
21 2 LORMER F A B AR, W3]
R, RREAMEMRET LS EPHEESIR
FARHE, PHEREESEEABEBENRR
TL—H.

2.3 RERpEIKTL

xR B B K B R 2 1L HR 4 i R 9
1951~1995 FE A 2= F# 1 B 3 HEKREK
BERALAHE ML, EIBXETHLD, W

AL AT (BRR%E, 1999). &b
BT R T AL A4 R, 1956 ~2008 4F i8] 2
¥ 1 HERREKRRAR AW BB Lk,
ERT LA B & B FEFRE, M 20 48 50 4F
g 70 FREW,. BABKEERLHAR: M
M 70 FERFHIB] 1998 E KK BAHE EF
fae, WEMEXTRE (FKis%, 2010),

AR 2 F] 4% b 4 Sof AR oF B P A S S
WmsR R K E, HTE 5 50 MR R K 4R
B E MR (Zhai et al., 2005; X&
%, 2006; [l F0 4k K B, 2008; Feng et al.,
2008; BB, 2009; BRiA%E, 2010), X4
—EH, SEENMHLREAZRHABKX
MEFHRHEBREMSRLSBER. HEALRE
Z. NKE L&, ®IMERIKEZEN HHwD,
MERIF THMNREREBX — B, &RR
SRR I B3 22 K B B 5 B Mk B Ak
S K ST R AR AL B M BLRY 25 [H] A3 AR AR AE (Bai
et al. , 2007), ARIEE SEE K HIFRFE KSR
BAKESRW AR BEMAU, BaURARN
ERAHS 5 oo 1X 32 o K AT B A K B A LA B Y
W4 (Zhai et al. , 2005; BEHFZE, 2005; ¥
iK%, 2006, 2007; 4FFIB%, 2009), REZHK
WX ERGGREKB L, £2—-REE, BF
BAMAERE L, mdt FE 4 (Wang and Yan,
2009), Qian et al. (2007) XFEKHTEIE T
KR, £E/NHEBELD, MERHAKENEF
WL, wEEKESHRKEENEEESESZH
XA BT AN, 6 K B AT RETETE AR SR AL
B KRS (MUl &K, 2008; BHEIRS,
2008), Zhang et al. (2008) K ¥, FHEILHHIX
Ao o 7K 5 5 R K TR L BT 20 40 70 4
KRR, 80 FERIMERAT WERHB AR,

EHa i, R E L 50 KRR 9558
KEHBEWFEKEAESREKEPHHLESREM,
W KRR HEANM R KB EOERT
(Zhai et al. , 2005; FhRVHEZ, 2007; BRBEIEEZ,
2008) . X FEE G AN H BRAE R K B FIAR S 5k b K
Wk MTES, B2 0 B R K B AR di ok
Rk B RIE R RAL RSB, 2003;
R, 2007),

BrEER X S, REKFBBXFEKBEE R



5 & 5 % ¥ W K 15%

344 Climatic and Environmental Research

Vol. 15

EHRL . TR BN, S5 KBEK
BWEA M ERKIPTFHRAEFEEERLX,
SRR B B3 hn 3 B R o R KR B B s A
Tt 77 X AF B K B s B F T 0K B0
BEFL> BEKZ, 2007, MK EFKE
P 8 B 7K 4 S R - 3 8 K iR BE S [R] 38 i 9 45
B (% Mg AR, 2000; 2B E i A EE,
2004), 4 EZHHX MK B REBOEKRTER
HE (EXB%, 2006),

E2RSBEEAERT, 2EMSIXES
HTRRENAR, BRENRENEAETHRAT
Tk, RMEAREMEE BRREE, 2007;
LA, 2000, MEEAEKETREEK (CD,
SHIE 50 ZAEK P EKSR TR E 2% 1
(RfE1E%E, 20100 FBH, ¥ 24P, R
HRETRERENN P FEHHE 20 4 60 4
. T0ERFHE 80 FRATH. 80 FAPEH
R OERGHPE 21 ey, BBENE, £
ES K TRERIE 1951~2008 F£HA LB B EH
#wmEad. KETEEAnEE S RAIL T
X, HPmmmis, Smms, 5 R m
BHEEE, BNHNTREARARY, MAKE
BRI ARS S TRARNELESRHE,
RERBEMREEE R ENB OB, BERT
BEANHEAHABRRY, RRTREEEREAX
EARERBEFOLTREHX, PORBLTF
E R ETPTHEAETRE BE%
2010).

B (2008) B35 T AL HLIXGE 531 41
WA TRHEAREE, HE5HERKS 0 F
BT T X, RBE 8°0 & BH & MEH
U RAMS T REFHBRRERMK, RZ
FR. BRK4L% (2010) IR TABFAEMEK
BOERSG TREEHE P ML E, RAREKE
PPARPEHARTEERMNEERE. BT
EAHX, FEEL. RIEERGILRBEBXE
FRALHE SR LRk BT Uk, #ER
FEEK (2008) KM, FICRLERBREISR
BKEMNBARS KL BER, BB WEET
BHEMA, HANIE 30 EI MR M TFRLTERE
HRASBLEEARBERERATANSBELMER
SBEEFRILRFEEAMLER.

2.4 PESHE. YLRNER

£ 1970~2001 4F 32 4 (6], B G B O#RH
SjE (TO) BB —E TGS, Hb 1998 4
KBTI 30 R B/ME (FH%, 2004; HE
B 2009), 1950 ~2008 £ W[E], &R ER
PSR BT %, Firp 20 k48 50
~60 LB R TC Hisks £, 1991 ~2008 2
TC BiER H B, BH#AFMENEE—
FEF (EFHEMEKAT, 20065 B HH %,
2007; HELE, 2009; RWMME, 2009, £
BAEREBXEHREN TC MR THEYE,
BRI XS TC HhE R, HEHA
BE (EFHMKKT, 2006),

M 1951~2004 4F [ B3R B b R & KU 35
AERPE SR E LT, —REBERDE
#o, BRBRE B S BESR E B 50~70 4K,
{HIFEpE ko e R B P BB, B
WA BRI 1 A7 B BN AE R BR 4L, 50
~T0 £ BAWIR, LA RIIRSS . BRAHS
T K95 B 40 ik 55 1 50 38R B A HF SR A K ) L 0
R RMABABHNEERR (ZEH%,
2007 B‘;?EE%, 2008; XHHZE, 2009),

7E 1957~2008 4 #i16], AHKIEFHEPHE
KEGHIX kB Bk R T RRES, Rt
XL EE (Ren et al. , 2007; Ak
/NI, 2008; FOKAGSE, 2008), X FIB R HAH
SEBEETHRE—BH.

EFEMER, RELHF D LRRERERE
SO, BEMLZTHILEDLRAR
FsREA BT (RAAEEE, 2003; H—XK
&, 2005; BEEFH FE L, 2005 FEBE,
2008), 20 42 70 AR A WL RABME
M 80 SEA B IA B EMD. BHEWE, 20 L
60~70 ER W 3h LT, 80~90 FER KB WA,
2000 4EJ5 X 2B T, B 8K T % FEKF
GKFTFEE E, 2003; B HILFMEEF, 2003;
B E A AR A, 20055 o/ BRI ZELER,
2006), WAERHETHESHHT R TFHRE, K
RABFBHSERBR O BE T LB GkH
F{FEE, 2003; Zou X et al. , 2006; Wang and
Zhai, 2009; Jiang et al. , 2010),

BEJUE, RE—SMTERFRABBRS
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REEWTTR, EEIFRBEMES. XTEF
RHBTUMAREZEFERB DI EHEEAR
KIS BHE, T BB TS [8) 49 4347 B ja] B 9%
T, BILEEREHMR BB REE
W, BRREFRALBRABHBOHE EH
B4, 2004; TRFEFSH, 2004; MEEESE, 2005;
WA A L %, 2006; BXYRAIPRE, 20065 5
Bi%F, 2006; FWz=E, 2007; RAFEE, 2007;
HMES%, 2007; TR, 2009), Hd, 1961
~2002 FEBR A R PR (EHH%E, 2004),
1961~2001 FERIT =Wk fE X R R X (i
F2, 2005), 1957~2004 4E"KRYE (ML,
2006), 1959~2000 £ AR b X (BB 71 B &2,
2006) ., 1966~2005 4EIIAKRE (HEE%, 2007)
EXRERBRREAMRYERIKHABHTRE.

3 BEXANR, FREAESEN

3.1 FEHRFIAR

SGEUEMRSRE, TURAKRESERX
B R H R EMRE R+ 'R, AR
XA FR MR RE SRR ER.
# 3 BAE T E¥M L P EHEERBHRIR
AHIFT R

E2EGEN, WENELREESSRME

KRmSERESHE; AEXREBREL, SRS
7R 5K B S 0% 26 930 3 15 JE o o B — R AR
fe. SEEAMEL R, R E KR MG 4
BEMREA TGS, XL LFERRE
HREFRABEL, KILHXEFRERES
HRFET TR RERRMREXRI. FEKH
B—HEEBL B, WeRIRRERE; 5
FERBERXNRE. B B R— B9 BEM,
1514 90 B A0 4 i 180 0 2B 0 R AR R IR T R0
%, Fdb. LMK RS0 XA —E M,
KITHIBAAR A A X 1990 SEARUF # FHein.

FEREHX . KITHT iz X f 7R
WX, RWSBRGEEKEGAES, REAE
K% HERX AR PER. mHEBY
X B T B R K SRR, TR
RS E A EE. RELTR—B R
T, FETREEHREFRRRLER, EFT
HEPRAMEARE; MEHIRLREE, ¥
FREEHERH RE, TREFRERENE
FEEBEBEAANE, B, i 50 F50KHM
KR AR A HE AR E X BRI,
HARKE 0 W .

BRI B B AR SUiE . B BB R
W ERREY, WHDR BREBUL 50 £ ERR
Rl B 3 RN 8 MR B T e L R

%3 20#H2 50 FRURLEFTELVRBBRTURAARS R
Table 3 Main findings of studies of observed extreme climate changes during period 1951 - 2008 for China

s HE BroEmt B SR B A5 4k R e HKrl st

B BIHEMEK  1951~2008 AEBHAEE, HABEMGILES, LABRILEDS. RAESHORRME K -
RIS € S 30t X 3 .

BRI 1951~2008 1 A# 3 ARMBEKEKEA—EHN, FHYMEAE, h%

FRER, BE 1951~2008 SEFEHES (CD MTEERLRLEHTHEM, %t FRiLp s -7
B, BiNERED.

8, KRR 1951~2008 2EAEEMKES. B5H, LHFBRALAE. EA 21 HELUREHTEE, ;71
HEPTHERRARE,

REFHRK 1951~2008 2EBHAFEE, EEILBRME, KILPTILEKEREFEREDFERLE, 90 %
FREHE.

PHESIE. &R 1954~2008 BEERENSRERBD, SEERERNMBEKRMYERERQED. -

PR 1954~2008 LA MR RAESEHERL, 1998 ELUGHEMBME, (B5 20 #42 80 L0 -1
R BERD.

T2 1961~2008 AR XIHA BRI EA SRR B, RE

e XAELEREE MR R IPCC B MU ISR  TRANRE. B 07 0% LREERN; &: 44 0XILERE
Hallys PH. AF SONILRRIEHRE; 1§ AF 20%JLERZEHN; MK ERKLENT 10%,
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KEEBREWHBR B, #A 21 HHE LGB
HILRERFRERE R PBAELTE. 57
5b, REILTHDLBEHREMENEKRLE
AHE OB, EHLZRMILESFERA,
EAEARTF 20 42 80 AR LIRTHIKF,

FHit, REEMKMFRLER, REFERS
SREGREAEEHER, RRSBHEAT
BHE—RHNEL, BERSEEHEERES,
5 R E B A BT 2R, BonIRKZEL
5758 LA B FEBTRR. RERGRE
KESFI AR S P K R B AR B
MEFMEBLHER, BEFRMGRMEKEEREMNE
BEEs . WmEREKEGRRELBS
5apok 8RB LB —B, TRGE Rk
HYREMINKREEARERE. SREMERRE
EARRBBR AR TELD, X
WO LREHNEHNEREERETAEGHE
BTBOES. SAER, E2MIBEHDER
AN EE, REETRUERER IR
Hik, ERARNE SAEEHMBEHBE TN
.

3.2 HEOESKREAESE

WA AL AR T 7 A LA R B S
Giit k. BRI SRS R IEBURFETE—RE BRBG
FEREE TR EEERAEMSTE, X
B ERT, SREXERD 1 HAFE T /8
B, 4150 A R R I A R R A
EEESH R TR E A K R NS %
HERES. RIBEFIEEBENITERLS T
AR T o (8] RUBE S B, Rl B S KR T
)0 Skl (B O S e e K, BRI B D R B
FHITE ., DRFIEATAE FE— SR

BEmEE RS E, BRRRE BRI
FHEFE MR —RRRIEEE, WX TF—1 i
R EMELEXMHSEEGNEEHRER bR,
FES AL AR T A B, ARERX K
BELMTEP, BETHR -THXIERXEH
PR NB S & A O R 5 B B B AR R AR L
PABE AR R 3 S A8 % A Ky 138 381 £ BT B W B £
B, DREMIEHSREAIREMEE BN
BEWMBE, FEES (2010) x4 EEEA
LT —MGFARIFBSIEHRH (SECD, HaHr

TiZEHE AR, EXFTENTEETR
BEAREEARMEE.

ST ) 2 — P A D 03T T [ AR X iy
HRPFEMBE—AFHE. B FREIRRS
BRR/MEREMF, TERRRIHS EREBE
N, SRIMFEI G RAEREA AR, Wl FF &
FiREHFNEG TN FEAARNRRBWEY
—HEE R EE A, FERREX
BARRRIBELGHBEELEREY —
BATRIWR I T LR LR, IR FEREEEE
BRI FFIAE Y — ¢ (Yan et al. , 2001b;
Lietal., 2004; Li and Yan, 2009), BRI K%
B R EERMEFIBEITRIT. FEBIE
AR — A T i M AL FRE W B (Della-Marta
and Wanner, 2006; Yan and Jones, 2008), Jif
— % E R R S EWAE N IR SRR, 18
IO K H SR B R K SRS — IO FITIE THE
RIFFETER.

I TR A T AL R R TR E TR
WE—-AMEERYE (EEE%, 2005 £EE,
2009) , SZ M5 HHE I F BB AR, DARIR
TLEI R RS BAMRER K, AU
SRR ER R R R IERUF P A BT
R, SIARBARTIRMRGEWE, X8
i 2= 9] HE £ 1 A X 358 4 BR R A i SR AR K
HYEmE, BEARTAIRAHEEMEER
B, FEMNBA IR T T AR

X, Wik EWREERYTHE
REK KA 1961~2000 46 Y £ V0 <R
ER#atm wEk k3 39% (Ren et al, , 2008),
SMFE. 2, AFHERIBRURFHSEAR
ETBEHNHETERER, FPFHRKRIBER
Tt 53% T AR iR R (RIRE
HEEE, 2009, 5REKBAE XHREIER
BIEAFBHAAS. ARKSBERE. ¥ B
KHE, EUHFSEHINSBHEES. X8R
SESEIE B AT B AR 3 BT ER 5
R TLREE, EANERITEEFENR
MAEGHE. 55, RESKEMXMXHERE
BOmSEAEN T, HETEX AWM F
3| e] B 77 7E 1 30 T 40 R W I 22 AT BHE R AT
WEXFREAE, BFENHHFITIELRITIE,
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SRR PR IRIIBRE, 157 R RIER
ISR MK B TR BB LB, W BBt —E
BE 2T, TFERRKTEWTEN.
AEH X TREREETFEMORER. 3
NEEZA, UERBT ESERMIBEREE,
WRERFIRMTX AT X KB FER K,

B2, BwakmbEKELTTRERN—E
BREY N EFEF BOWET “BRHR” RE.
mTRRT R E, mERERERNRE
WE K" HBRRGERE W, A 8 R K
ICRFEHENESFHMRE EZHE, 2003;
Yeetal., 2004; Ding et al. , 2007), fEEME
ML, ERKE WIE R8T 2 X K X5 2
HERBETHES EEE%, 2005; Jiang et
al., 2010), XMTFRAEMRAREE L SWNFHE
BT T WA X XEEE, 2009; FEXK
%, 2009, FHit, RiARE RS E MR fRE
ARREANKRESHERREWIC TR KRR
IR KBIER T REMERE, BUEMRMEK
HEmREkEMRESRERESAR. LHE
BEWMAFHRKBERAUBABKIMEZEE, P
WAE—ERE LS XE “MRmHK” 275 B %%
KUEHRAFAHBE X,

HTHRBTERmREKELTITER, &
BERWIEM . T 160 I 35 58 A4 4k F s i 4k 51 2 0
FEAMAE R ARG M. BT, HAITFEER
YEELRE EVE AT IE S R A R E A RERE
TG AR R RZE

110 = 11D 0 s e o s 1 P 8 i
SARMIERES, AXER. RENFRLE
RS FHH[BEENS AR T RtiEE,
DX 458 R B R o <4 A8 AL PR FE ) B R AR A
W, 45Xy TAER R B .
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