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based on Kdppen climate classification
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Fig. 3 The area distribution of typical climate types under different scenarios based on Kdppen climate classification
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Fig. 5 Difference of climate types region of the occurrence (a, b) and next years (c, d) of El Nifio and La Nifna



www.climatechange.cn

43 FE—%, % ENSO Wi TR TRAG R LN IE T2 359

EEGREMY AL TERAE, HALAETL
g, MFE Nl R AE 50 AT,
T AR R TS R R %, % ENSO HiE
Wi, TEJC R RIS AL R0 & A 4 = S R R 4
ZTHRAE, B TFATARRELZK., KR,
H R LM HBKREA 10 T4 F5&T Mok
& P ULHIE T RIE S FIRL R R AR AR TR, &
B N 52 AR b X W RE A Mk 2 K, PRk AR
Fhnk, ZFEEHmMTEE, mEEEHmEE
B b RGO X S, FRE T T X
FAEREHLIX TR 50 AT, EFUREAFHER
Mg S M Cfb, WifERLJEMpaE £ SR S oh %
Tl g < Cwa, HEAZTBSE, RIEKIT
Hh O Tl R X RN A A X R R R AR & =B K
ML ZFETE R

FH R FE B 75 325 38 ok T3 e 7R Je 1 b SR i &
HeRAES A A (B Sc ~ 5d), 153 4 AN E/R
Jeis / hiJe bR X s, BIPY )i ER . Bpg s,
AR, NEHRE. MK TiEbx ., &
FARLIX . A PRI I BT B P B b X AN A JE /R
JRWE KA RAE SR AL A 5 50 SR AR —3L,
FR A BRI SR X

3 RS

16 H# B EF2ERABEAZW T, ENSO
EE UL 0 38 o R S A A AR SR B
R A S5y 25, % ENSO ¥ 5 T A [ AU f
SR HATR b, SR,

(1) B A ok, ENSO MR ot S M
W AR, FREARLL 4 xS XA
F5F: o) Hikm X, DR <E ET A3,
A b & B SR Bsk 404 s b) BHAL TR, LA
HJR S5 Bsk FIPD S Bwk Sh=E s ) RIE e
PAbHb X, A& AR <A E, &5 Ds. Dw,
Df Fow R s EI Y s d) R W AR HbIX., AR
BEHE UM Cw, Cf Bt b a, b PRSI 5

JE, W BA RS RER Aw. Am 51,
(2) JE IR TR 5 B Por JEAR K A A e < B i ) 7Y
MRS A 02, TR ETRE R X . EHiLF
5L X DA R T 98 e SR AR b X . 5 50 AR A
FHEL, FREATRAY . BT A KA A
ZESE, BNE/RIEHE KRk A 4R LA iR
{5k F AL TG e X H B A Z T PRk
A AR DL 8 7 M5 A = 1 A 5 b X B4 2 T
s BN, DAbEEAEA R LT R X
R R JETH & AR AT REH B il T 34, e 2
b % Az 4R FTRE Bl i 3 . RS S bt JE A
S e AR R S T RN B 2 ok B3, R
HR2RE R X B, w5 X UL R N5 7R
X, S5E/RIEE R R K A EA L, TRiE
TS Mo, THF . IR R ER A 22 R D,
B[ it B 7Y Ui > S i e 5 HbIX TR JE R R & AR
WA RE LA 2R T3, (ERLJEb & Rk AR
AIRE LA R i B LA IR A h e
b DX AE B7 R & A vk 4F P RE B A R Tl 3
BN, LAIH 3R e Sy 0 3R E 3 4 6 AL T R X
FE B R R T R A2 kAR AT RE B St dB e 3, 1fid
FERLJRAIR & 4 FTRE B TR 3

(3) JEs/RIEEFRL R R A AE R EAFLE 5 T
IRIE / PSR X, (R HbIX B A,
PO, AR S . WZEE R 2 MR
bR X (AL i X e X ), 55—
I, JO/RIEEFRLEM & A ik IR E - AE 4 e
IRJEHE / bR X (P AR ER. Bl s A,
LR, NEEHRE) 4 A Je/RIEHE X
(KATH T X . fepghbX . = R F )
BRI ).,

VL BT EL B AR T 45 19 ENSO fi7
Fr T ENSO 4EE BRI 4 Hras B, AR E+s
Xt 5 R AEAR CTHEWITER . B oh, AFE
ENSO 15 % AR, b DR 9% B, DA R {828 o
FELAFE B BRI ZE S, X 25 T 3R E S 4y
B A R — . W



S & 2 4t T &t

360 oA BF 5 3t R

www.climatechange.cn

2019 4F

SE

[1] IPCC. Climate change 2013: the physical science basis [M].
Cambridge: Cambridge University Press, 2013

[21 E3C, Db, UFEthi . 36T ENSO if: K Hoxk b [ S BERZ MRS
MIZEAR [7]. KEFHE , 2005, 25 (2): 212-220. Wang W, Ma J S, Xu W
C. A review of study on the influence of ENSO events on the climate
in China [J]. Scientia Meteorologica Sinica, 2005, 25 (2): 212-220 (in
Chinese)

[3] Bronnimann S. Impact of El Nifio Southern Oscillation on European climate
[J]. Reviews of Geophysics, 2007, 45 (3). DOL: 10.1029/2006RG000199

[4] Glantz M H. Shades of chaos: lessons learned about forecasting El
Niflo and its impacts [J]. International Journal of Disaster Risk Science,
2015, 6 (1): 94-103

[5] Cravatte S, Delcroix T, Zhang D, et al. Observed freshening and
warming of the Western Pacific warm pool [J]. Climate Dynamics,
2009, 33 (4): 565-589

[6] Lee T, McPhaden M J. Increasing intensity of El Nifio in the central-
equatorial Pacific [J]. Geophysical Research Letters, 2010, 37: L14603.
DOI: 10.1029/2010GL044007

[7]1 Power S, Delage F, Chung C, ef al. Robust twenty-first-century
projections of El Nifio and related precipitation variability [J]. Nature,
2013, 502 (7472): 541-545

(8] =hy, ML, EHE, 55 . A FRATBETE 5% T ENSO FHIERIZTL [1].
Bl 4238 ) , 2017, 62 (16): 1738-1751. Xia Y, Sun X G, Yan Y, et al.
Change of ENSO characteristics in response to global warming [J].
Chinese Science Bulletin, 2017, 62 (16): 1738-1751 (in Chinese)

(91 X5, T—il . ENSO - e [E =5 ok i B A2 [J]. K
SFFE 1995, 19 (2): 200-208. Liu Y Q, Ding Y H. Reappraisal of the
influence of ENSO events on seasonal precipitation and temperature in
China [J]. Chinese Journal of Atmospheric Sciences, 1995, 19 (2): 200-
208 (in Chinese)

[10] Fiialge , E4% . ] o T AR 2 5 ENSO 96 7 S Hofae o ).
P EFR: D HBERELY: | 2006, 36 (10): 951-958. Su M F, Wang H
J. Relationship and stability between climate variability and ENSO in
China [J]. Science in China Ser D: Earth Sciences, 2006, 36 (10): 951-
958 (in Chinese)

[11] kT, skan—, JklR . R E M =M M), Aest: &
4 % F O+, 1997: 200-208. Zhou S Z, Zhang R Y, Zhang C.
Meteorology and climatology [M]. 3rd ed. Beijing: Higher Education
Press, 1997: 200-208 (in Chinese)

(12] JHiRoT . SR Uesy 241 0], Ll IiER 4244k - AARFHER
1980 (3): 1-14. Zhou S Z. On the classification of world climate [J].
Journal of Shanghai Normal University: Natural Science Edition, 1980
(3): 1-14 (in Chinese)

(3] MIEZ , skWEE . S Tpsy 28 ] HRIBVE 7740 - B SRRk
i, 2000, 16 (2): 102-106. Lin Z'Y, Zhang M F. Classification of world
climate [J]. Journal of Fujian Teachers University: Natural Science,
2000, 16 (2): 102-106 (in Chinese)

[14] Képpen W. Versuch einer Klassifikation der Klimate, vorzugsweise

nach ihren Beziehungen zur Pflanzenwelt [J]. Geographische
Zeitschrift, 1900, 6 (11): 593-611

[15] Kalvova J, Halenka T, Bezpalcova K, et al. Koppen climate types in
observed and simulated climates [J]. Studia Geophysica Et Geodaetica,
2003, 47 (1): 185-202

[16] Kottek M, Grieser J, Beck C, et al. World map of the Képpen-Geiger
climate classification updated [J]. Meteorologische Zeitschrift, 2006,
15 (3): 259-263

[17] Peel M C, Finlayson B L, Mcmahon T A. Updated world map of the
Koppen-Geiger climate classification [J]. Hydrology and Earth System
Sciences, 2007, 11 (3): 259-263

(18] il . A< [M]. Akt : Frez iRk, 1962. Zhu B H. Chinese
climate [M]. Beijing: Science Press, 1962 (in Chinese)

[19] = mTqi . ep B ARIE (). HHLFAR , 1930, 2 (3): 438. Zhu K Z.
Climate regionalism in China [J]. Acta Geologica Sinica, 1930, 2 (3):
438 (in Chinese)

[20] SR, 9% . PESBEX S (1] B, 1936, 3 (3): 495-524.
Tu C W, Lu W. Chinese provinces of China [J]. Acta Geologica Sinica,
1936, 3 (3): 495-524 (in Chinese)

[21] K2, 2B . Koeppen JE2CHY ] Ui X 35 [7]. TG4,
1938, 14 (2): 51-67. Tu C W, Guo X L. Climatic regions of China
according to the Koeppen’s classification [J]. Acta Meteorogica Sinica,
1938, 14 (2): 51-67 (in Chinese)

[22] yg . v B ICHRRTIR (0], PR 224, 1946, 12-13 (1): 1-10. Lu W.
A new discussion about climatic provinces of China [J]. Acta Geologica
Sinica, 1946, 12-13 (1): 1-10 (in Chinese)

(23] M B . b A% bk oy 75 B 2 o BT S R X3 2 T 4y
2 [J]. K & 2 4R, 1949, 20: 43-50. Tao S Y. Analysis of the water
requirements of China & a new classification for Chinese climate area
[J]. Acta Meteorogica Sinica, 1949, 20: 43-50 (in Chinese)

[24] sk KRB R . UKD w0 RS (M. Ab s B AL,
1959: 1-297. Zhang B K, Zhu G K. Climatic of China: draft [M].
Beijing: Science Press, 1959: 1-297 (in Chinese)

[25] B+ . oy M D RIHT 8 (], B2 4R S 1982, 40 (1): 35-48.
Chen X J. A new approach to the climate division of China [J]. Acta
Meteorogica Sinica, 1982, 40 (1): 35-48 (in Chinese)

[26] SRBKER , A7 . A THIA TGSy 209 1961—2013 4FH T X 2%
TR AR [7]. FRXHER , 2015, 38 (6): 1121-1132. Zhu G R, Li Y.
Types and changes of Chinese climate zones from 1961 to 2013 based
on Koppen climate classification [J]. Arid Land Geography, 2015, 38
(6): 1121-1132 (in Chinese)

[27] PG . PR E L (M), AL bR E R | 1979:
222-223. China meteorological administration. The climate resources
atlas of the People’s Republic of China [M]. Beijing: China Map Press,
1979: 222-223 (in Chinese)

[28] TG JR . rAe N R AN E B 2R (M. Lot - b = b E AR
#t, 2002: 6-7. China Meteorological Administration. The climate atlas of
the People’s Republic of China [M]. Beijing: China Map Press, 2002: 6-7 (in



www.climatechange.cn

43 FE—%, % ENSO Wi TR TRAG R LN IE T2 361

Chinese)

[29] wh I BRAEALBIFTERE , BT Grhots . tp e R IE A K bR
A M X R A AR S AR — A A U R XD (GB/T17297—
1998) [S]. At 5t : o [ 47 i H iz #k , 2004: 1-8. China National
Institute of Standardization, National Meteorological Center. National
standard of the People’s Republic of China: name and code of climate
regionalization in China-climate zones & climate regions (GB/
T17297—1998) [S]. Beijing: Standard Press of China, 2004: 1-8 (in
Chinese)

[30] Fsz, Froly, o . vh RN (0] MR,
2010, 65 (1): 3-12. Zheng J Y, Yin Y H, Li B Y. A new scheme for
climate regionalization in China [J]. Acta Geologica Sinica, 2010, 65
(1): 3-12 (in Chinese)

[31] Kz, NIHIH , B4k, 4 . 1981—2010 4Frp T &I [7]. B
43l i) , 2013, 58 (30): 3088-3099. Zheng J Y, Bian J J, Ge Q S, et
al. The climate regionalization in China for 1981—2010 [J]. Chinese
Science Bulletin, 2013, 58 (30): 3088-3099 (in Chinese)

[32] Az, NIRIE, B2, % . P E 1951—1980 4 K& 1980—2010
AR R (7], $BEREFST , 2013, 32 (6): 987-997. Zheng J Y, Bian
J 1, Ge Q S, et al. The climate regionalization in China for 1951—1980
and 1980—2010 [J]. Geographical Research, 2013, 32 (6): 987-997 (in
Chinese)

[33] X . M5 A2 B 15 5% o B U RIS AR L [D]. b5t - i E R
2 B2 W 2¢ B , 2014. Liu J. Change in climate regionalization in
China under the background of global warming [D]. Beijing: Chinese
Academy of Meteorological Sciences, 2014 (in Chinese)

[34] s, Bihse, 28, & QO UK R AT R (0] hE
gl 54, 2010, 31 (2): 277-281. Wang L X, Chen HL, Li Q, et al.

Research progress on agricultural climatic division methods in China

[J]. Chinese Journal of Agrometeorology, 2010, 31 (2): 277-281 (in
Chinese)

[35] EiEE, &0k, BRIFSE, % . GIS BOARTE b B A ll S X R v iy o7
FHBER [J]. hERFEHR , 2010, 26 (14): 361-364. Wang L X, Li X,
Chen H L, et al. Application progress of GIS for agro-climatic division
in China [J]. Chinese Agricultural Science Bulletin, 2010, 26 (14): 361-
364 (in Chinese)

[36] {LARES , 3818, Fh2R)E , 25 . T 30 4 ENSO ff 58 it Ji& | i [7]. <
SRt 2012, 2 (3): 17-24. Ren F M, Yuan Y, Sun C H, et al.
Review of progress of ENSO studies in the past three decades [J].
Advances in Meteorological Science and Technology, 2012, 2 (3): 17-
24 (in Chinese)

[37] Harris I, Jones P D, Osborn T J, et al. Updated high-resolution
grids of monthly climatic observations-the CRU TS3.10 dataset [J].
International Journal of Climatology, 2014, 34 (3): 623-642

[38] [, ELARK, RERLL, % . 3EE CRU s HF e sl BERHE R
Tt A SRR AL [7]. KRR, 2006, 30 (5): 894-904. Wen
XY, Wang S W, Zhu J H, et al. An overview of China climate change
over the 20th century using UK UEA/CRU high resolution grid data
[J]. Chinese Journal of Atmospheric Sciences, 2006, 30 (5): 894-904 (in
Chinese)

[39] Glantz M H. Currents of change: El Nifio’s impact on climate and
society [M]. London: Cambridge University Press, 1996

[40] Zehg , MW , FRE2 . ANTR) 53 A LS R JE T S B v vl el TR 4R L
[k B RTRESZIA [J]. &4, 2012, 70 (3): 467-478. Yuan Y, Yang
H, Li C Y. Study of El nifio events of different types and their potential
impact on the following summer precipitation in China [J]. Acta

Meteorogica Sinica, 2012, 70 (3): 467-478 (in Chinese)



% E o% éﬁ E ﬂﬁ www.climatechange.cn

362 oA BF 5 3t R 2019 4F

Climate classification over China based on Koppen climate
classification in the context of ENSO

LI Yi-Man, YE Qian

Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

Abstract: In this study, the traditional Koppen climate classification was used to composite analyze the climate
of 22 El Nifno and La Nifia years in China during the period 1966—2015, and the results were compared with
those in the 50 years from 1966 to 2015. The results are as follows. During ENSO years, there are no significant
changes on the distribution of the climate zones as a whole. China is mainly dominant by four climate zones.
The climate types and subtypes, however, are changed significantly during El Nifio and La Nifa years and next
years, especially in southern, northeastern and northwestern China. There are five sub-regions in China, namely
southeastern Tibet, the central of Shaanxi province, the central of Sichuan province, Liaodong Peninsula and
eastern Inner Mongolia, which are sensitive to both El Nifio and La Nifia years, and these sensitive regions tend
to be drier in winter. There are still two sub-regions in China, namely the middle and lower reaches of the Yangtze
River and South China, which are sensitive to La Nifia years and also tend to be drier in winter. In addition, there
are four sub-regions in China, namely the central of Shaanxi province, the central of Sichuan province, Liaodong
Peninsula and eastern Inner Mongolia, which are sensitive to the next years of both El Nifio and La Nifia. There
are also four sub-regions in China, namely the middle and lower reaches of the Yangtze River, South China, the
east of Yunnan province and the central of Guangdong and Guangxi Hills, which are sensitive to the next years of
El Nifio.
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