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Abstract

Based on the sc_PDSI data set of 14 CMIP5 models’ ensemble mean, and the methods including
trend analysis and Empirical Orthogonal Function (EOF), the spatial and temporal characteristics
of drought in northeast China in the next 100 a are projected. The results indicate that the north
part of northeast China will become wet and the south part will be dry, and mainly depends on the
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drought in summer. The first model of EOF during the period of 1986~2005, 2016~2035 (EP) and
2080~2099 (LP) suggests that conformation in the whole region, and the variance contribution
reaches 50.2%, 41.2%, and 45.0%, respectively. However, in the middle of the 21st century (MP:
2046~2065), the first model exhibited opposite patterns in the north and the south part, the va-
riance contribution is 31.4%. In winter and spring, it will become wet and becomes dry in summer
and fall, and in summer it will be drier than that in the autumn.
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WAESR, TR AN A BRI B AR I [1] . A E sk, S ) H DX R A FE IX oA
A R AR, FECEHL X SR AR BRI AE BT AN o 32 30 4, FRERHR /X kA 1
FEIT M, FEr TR E ™ E X e X A SIS, SECRE L. Rk, BRSOk
VR R Z . RS ELRA AT A SE — RIS [ R [2]-[9]. Rl R AT E R ARILHX, TR HKiE &
T—RAI e G5, BB, Kk, ST ARIGHX TR SRR S LE K.

PR EILT TR, HiCREF TR EZ0 5. 5210112 CMIP3 24 &Pt 45 it
ARRA R A HE O A2 PR EAC T X T B4R . TR TR EAT T 08, A il A
B AR J=) B AR A A o [ G 7 B X R SR 40 a 2RI 5 AR BB D, Ao T 5 R AR BN, 5,
W RSERY R . B[ AERR KRV & 0 R0 R 7 b0 TS0 2 0 Ak E, 4551 %0, FREdL
iR HIX H 60 FEARLISRIEN T — AN T R B B, 75 B I S i a0 (1 RV BF, e R T (1 g
B P A IR/, TR T A R B R s)), T O AR e BT 5 PR L2143 F A B /K S <
s E L5 T R IX AT R IXGE 60 A AR GREIE & IR HBEAT T 04, 8 R A A b, A
N 50 45 Py R K I o B G 1 X R AR BB IX . 2Rt (133 i R R HIYE 5 Palmer 5545 & 1750
T TR T RARE, A SRR, 20 tH4 50 4E40F1 1980 4FEF 5™ &, 60~70 FALRT
FAE ML IR, 1982 SE A A TA RN T 5, UiiH 20 et i 74 IR X T S g™ &, 2000~2009 4
FRET 5. R4S PR K AR E AR 2 DU M-K ORS00 ARG HE X 1961~2014 4
() BRI AR AT TAEIE, A3 AR AR IEHIX 2 P 1T B R A S 26%~36%, A FERT K
ARSI DL AN B T R KR R R AT, BET 2R R AR, W ARIEH X TR C AT T AR
W9t R[55I PDSI FaH0i AR AL A+ R BE 47 . Rk, AT 14 A CMIPS 47
1) sc_PDSI ##iE[16], % AR b X AR T 2 B AR RE AT TS, 30 AR T X R AR A A X
BA G RFETER KRR SRR 2 S B ME.

2. BiESA*
2.1. ¥iiE

Dai [16]/0MH 503K B sc_PDSI_pm X T 515 25 40 i 58 1R 5 A T Fn ol & . Rk, ARSCER T
FF 14 MR DTFER PDSI Z 3 T A SR 7T, BRI BN 1900~2099. EHX 1986~2005 - NS H4F
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(HIS), ¥ IPCC 55 FLIR AL I F s 21 tHad o A =R B, 2 3 AT I(EP: 2016~2035 4F). H H(MP:
2046~2065 ). J5#A(LP: 2080~2099 4F).

Table 1. The detail of 14 models from CMIP5
5% 1. CMIP5 1 14 MERRER

ML A2 R B K T [ 5K R
CanESM2 CCCMA, &k 128 x 64
CCSM4 NCAR, I[H 288 x 192
CNRM-CM5 CNRM-CERFACS, [H 256 x 128
CSIRO-MKk3-6-0 CSIRO-QCCCE, L AFIIL 192 x 96
GISS-E2-R NASA GISS, *[H 144 x 90
HadGEM2-CC MOHC, #:[H
HadGEM2-ES MOHC, #i[H
inmcmé4 INM, &% Hr 180 x 120
IPSL-CM5A-LR IPSL, % 96 x 96
MIROC5 MIROC, H 4 256 x 128
MIROC-ESM MIROC, HA 128 x 64
MIROC-ESM-CHEM MIROC, HA 128 x 64
MPI-ESM-LR MIROC, HA 128 x 64
MRI-CGCM3 MIROC, H#A& 128 x 64

22. Bk

1) 2256 1E 52 e #0731 )7 (EOF)
2206 1E A B B0 T 77325 (empirical orthogonal function, EOF)F i i 17 458 1k, (6 45 & 47 4> fift 9 ANt I 1] A%
) 23 1) BRI 3 LA B AR RS R [B) A A4 PR IS ) BR 8GR 43 [ 170 THRA SN
X =EOF,  xPC, 1)

A m ARG n INFEF KRS EOF 28 [AIRHIE [l B Bl S (M, 75— e R b IR s
R A o AR R PC NI ) R E, S AR R 7 () A4 B I 18] (1 A2 4
2) ZAH[EH
BN REM G LA BB RN, AN
y=a+hx 2

A, b AR 2, y v PDSI#64, x AISTE], a A% %, 2b>0m, Fox PDSIFaEUERIN, &
WRAE 120 [X B I 8] (1 BT AR IR s 2 b < 0 N RoRiZ X BT A% . b (KRN 1 PDSI
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TR TR BT B AR [18].

3) THORERE X

T RIREH T PR — IR R A R SRR L . FEBUR A A T S5 B2 ) LU PDSI 4 %7, PDSI
AIZEERROR, A A A AORR OB ™ 5, PDSI RIZENERR/)N,  UA AR R AR ol RIS 2 4 T 0]
{HZ BT ZA| W PDSI BB 5/ T 0, #5 5K (8] A PDSI <0, MIAERA 5Kk, # PDSI>0, N
TFFRAEGE 2 PUR).

Table 2. Classification of drought grades
= 2. TEFRMR S

PDSI s PDSI E 377

>4.00 R TR -1.00~-1.99 BYTR
3.00~3.99 P R —2.00~—2.99 HETR
2.00~2.99 SR T -3.00~—3.99 FEE R
1.00~1.99 BRI <4.00 R B -5
0.99~—0.99 EH

3. £k 100 FHRILTFREHRZTHL
3.1. &3k 100 a FILTFEHN=EHTL

K 1 PRy 2006~2099 4 AR M X 185 K 2= 15724 PDSI HIZe A m =M 4. nTLLEH, 7E
R AC SRR 100 a 5 2 BLH AR IR BPIRAS, TAE B IEVL R, 75 AR Sl S5 i U S 9 LR - A gk
o FBERIHMX TR0 AR m S a B, AR A2 B X R AR IR oy 3, LT
AE M X AT WL LB AR TS . TP R ARICMX AR LR T A E, NHALTHX, TREE
#ikF) 0.6~0.8/a, KERIILEE. HHL THIX VIR L FACHERE, BRI AR, T
B TAZE, KA DR A A IR ERES . aAckE, 2006~2099 FARIGHIX 1T R FEZUE
FHRANE, TROKEEEM TR, MR AR, oA Z A SO 1 i s 2
k%] 0.4/a bk .
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Figure 1. The spatial distribution of linear trend of PDSI index in northeast region of China during 2006~2099
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Figure 2. The spatial distribution and the variation of time coefficient of model one of EOF analysis in northeast part of
China from 2006 to 2099 (HIS: 1986~2005; EP: 2016~2035; MP: 2046~2065; LP: 2080~2099)

[& 2. 2006~2099 £ Z&JtH#bX PDSI # EOF S 4155 —4FECEAMZE8) 975 K3t R BIRTE R BUEZE(HIS: 1986~2005;
EP: 2016~2035; MP: 2046~2065; LP: 2080~2099)

M FE B, 7877 SR I(HIS: 1986~2005), LK 21 thad =N HH(EP: 2016~2035; MP: 2046~2065; LP:
2080~2099) ()77 2= Tk 2243 71 9 50.2%, 41.2%, 31.4%, 45.0%. £ [j S it ], &5 — P AF 1) B8 45/ T--0.04,
B fuE, X RFARICT R RBS 2R — Bt 5 —RRE S0 N AR ) R 400 20 4l 90 R4
Gt HAFEREONIEME, £ 2000 4FLUG X H IR A 7AE, R 2000 AR ARIGHIX A H TR, X
HIR R T 1A AR i, AR5 21 2004 42 LUG SRR RiRiE . 2 21 A WIH(EP), ARAbHbIX ikt 23]
XIS, B 21 AR HI(MP), SRk E, fEAE ) B bR A oA, G s E A T R
TG, PR B O AT R RO TR A X3, B 21 2] I B — RS B X e A
FLIF ) R 26t 2 R BRI SS, R ARICAGRA BT &S, 52 MR . 2] 21 K8,
BARACH X R I X — 8t . B rRE, FEDI SRR, 21 Y AR I = AN AR b X 2
23 B oy A P A — B, T 21 2 Hp B 2 0 e A B ) 4 A

RT3 TRARIET R BRE. B 3 A T ARIETFEARM TN 4G UG H, Kl
X AR T ST R AME 0 5% LA, 1B I m X, AR AR HLIX, 372 [ K 43 Hh X
EF T 5%~10%. TR T ARG XA 0.5% LT, 55 MR A4 B i DXORT R 49 1 72 44 ik
BT 1%, HEEHSHXER] T 1%~1.5%. FJET2 R HX T FHRLE 0.05% LA T, 1 8 e IL4E 76
AR X, FHARE R HX, T E IR NAS] T 0.05%~0.1%, HAMHHIXER T
0.1%~0.15%. KB 73 Hb X A B2+ 1 R WAL 0.05%, 1M A RTLHEBHLIX, X748 R b X )ik
F7 0.05%~0.15%. MIFKE, BRPEMTFES, HAL=FREE T 2MRIE LR MK . RARMT
B, ORARSE, Hgmih XABHM = ERNTREE, EHARREAGmETRERE, EET
SRR R 00 R AR AR PSR R m= , TE AR 100 45, ZRAGHLIX B2 40T R A% 10%
IR, HRE X EBEMT R RA, 1 E TR WEA KA, HH S X 7™ 5 A R R
0.05%LL~, i [X 52 7™ 5 T S 52 M K
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Figure 3. The spatial distribution of drought frequency in the northeast part of China during 2006~2099 ((a) Mild drought;
(b) Moderate drought; (c) Severe drought; (d) Extreme drought)
3.2006~2099 FHRILBX FREIMEM=E (@) BHTR; O0) PETE; () EETE; d) REFH)

3.2. &3k 100 a FILTERETETEL

4 4 2006~2099 4 AR AL HL X 4F-~F-34) PDSI IR 1B 5 511 7] RAE H, 2006~2099 4F AN AR AL X T3
) PDSI 2 3L H /D a3, IR A K 100 a R 2B AR TRk H . 21 20 = iR B _E(EP, MP,
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Figure 4. The annual variation of PDSI index in the northeast part of China during 2006~2099
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Figure 5. The annual variation of PDSI index in spring, summer, autumn and winter in the northeast part of China
during 2006~2099
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Figure 6. The variation of drought area in autumn (SON) and summer (JJA) in the northeast part of China during 2006~2099
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