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Abstract

Using a dataset of daily maximum and minimum temperature of 1957-2010
from 90 stations in Northeast China, 74 circulation indices provided by the National
Climate Center of China, NCAR/NCEP reanalysis data, I analyze the variation of the
Northeast China winter mean temperature and extreme temperature events and the
effects of urbanization on the long-term trends of the extreme temperature indices,
with an objective to reveal the temporal and spatial variation of winter temperatures
in the region, and the in-phase and out-of-phase relationships between the
temperature series and the circulation indices. I also develop a statistical prediction
model for winter temperature anomalies by applying a few of key factors. The main
conclusions of the paper are as follows:

(1) Northeast China winter undergoes a significant warming, with an average
rate of 0. 45 "C/10a, and a more rapid rate since the mid-1980s. Winter mean
temperature fluctuated without obvious linear trend before 1980s, but it showed a
significant rising trend since the mid-early 1980s. Cold winters concentrated in the
1960s and 1970s, and the warm winters occurred more frequently in the 1990s, with
the intensity of warm winters significantly increased and the intensity of cold
winters significantly reduced.

(2) Using the method of REOF decomposition, The Northeast China region is
divided into two sub-regions, with the centers located in southwestern Liaoning and
northern Heilongjiang respectively. In the two sub-regions, cold and warm winters
see a quite different occurrence. There were only 3 common cold winters and 7
common warm winters between the two sub-regions during the period 1957-2010,

(3) I analyze the characteristics of change of the 6 extreme temperature
indices, and I find that warm nights and warm days all significantly increase, cold
nights, cold days and continuous cold days all significantly decrease, and diurnal
temperature range (DTR) gradually decrease in Northeast China. The decrease of
cold nights is the largest, with the rates of -3.335 days / 10a in the North, and -1.85
days / 10a in the South, and the regional average rate of -2.431 days / 10a for the
whole region. The decreasing trend of the regional average cold nights is significant
at the 0.001 confidence level.

Urbanization effects on the extreme temperatures indices series are
investigated by comparing the regional average trends and the rural stations, and it is

found that the effects are mostly significant, especially for the cold indices.
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(4) Northeast China winter temperature is significantly related to a few of
circulation factors over the same period. The correlations with the Eurasian zonal
circulation index are relatively good in the south. The winter mean temperature is
also related to the previous abnormal circulation factors, including the previous
January to November subtropical high and polar vortex area index. It is found that
significant correlations exist for 5 Subtropical High Area indices and 2 Polar Vortex
Area indices, with their relationship with winter temperature being better in the

north of the region.

(5) Cconsidering the confidence levels of the single- factor correlations and
partial correlations and using the method of the backward selection, the 3 best
predictors are obtained. They are the August eastern Pacific Subtropical High index
(175W-115W) in August, the Asian Polar Vortex Area index (Area One, 60E-150E)
in October, and the Northern Hemisphere Polar Vortex Area index (Area Five, 0-360)
in August. A "best" regression equation is established, and it is verified, showing a
good predicting skill for Northeast China winter temperature anomalies. It is also
shown that the key predictors, the eastern Pacific Subtropical High and the Polar
Vortex, are not independently affect the Northeast China temperature. Rather, they
are interrelated and synergistically affect the variability of winter temperature of the
study region. The underlying mechanism needs to be further investigated.

Key words: Winter temperature; Northeast China; Extreme temperature;
Urbanization effect; Circulation indices; Climate prediction
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I B EZ BRI AR, B LA s AR B AN B0 D e s A1E 1) 2 R 4 p o

(3) JH North 45 AIEAE 15 2 0 R 7 fig e A A 17 2 ) S48 pe
RS Pearson tHEXRE A E

T HER G B I, A A XA AN L e, SRR . JER
SEHHEAZ A I FEATTE, R B Jg ) (2R i) 2 1A B O . R
VERTRAOY A RO Ry D50 BE T VA FE T MR I 1558558 . AEIX
BB, JRIROTVE R I — BN, FE LT &8s s I, 28
TR, AREIEPATHE B LG o JZ RS T R MK H AR AR A S M £
Py B A BUERR B o HERRHIR GIRR I WA TN AR H I . MR E
N, FFEIATPRAEGA R, ARG T 2

AR (RARI « B FERgEm ik, M TR AR 2 N A AT
fAehr, LMEFEH]IDE . AR ARV KA RN, #UAEERD. 8
SR AL 0 152 2 A P ARBL 2R 2, 3 A LR B0 Pearson #1125 2 4, Pearson
FASRRECRI M BN R A A B R 5 R A — 44 L. kAU
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£-51#/R(Mann-Kendall) /57 3%

MIPHX, =(x,,%x,,A, x,),G0HET AN IBE(x,, x j>)F x, 5 xRNSR
?\Sa

=

=1 j=r+1 e<0

y 1 0>0
z ZSgn(XJ xi)sgn( 01) 0=0
-1

n(n-1)(2n +5)

Var(S)= T
AR I G138 oN
(S-1)//Var(S) S<0
Ui = { 0 S=0,
(S+1)/Var(S) S<0

B0 KT 10 0, U, BOSUTARIEIEA S o SR P 81T 48 R O
PRI FE 4 BB T o T FEIE S AR BRI S8 U, M| U l< U, W,
B S B e, IR R 58,45 U, [ 07, WA, B A R 2
W A& ET AR A4S 5

CERE L 4 KBTI AN, SR Jones 6694 Y 17X 5074 (506 )
R 7. AT SRR L BRI IR, RS RSl 20x20, 3 40 A
K BRI TR LT AT St A R AT, 5044 A (0 T4 B
R RIS A TR S P, 944 I AT PR I IR 1. 44
o PRI T RUIRCT LI 25 2k 0

> (cos6,)x ¥,

y == (D

i(cos@,)
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X (D S K ERECEAME, i=1,2, ..., m, (m ML), 7, 85 i1
AR k EICTME, 0,85 | AL .

HEAXRHELEEM TIRE
X 2 ANEFTR 51 x(0)FT y(t), 45 5 T3 A1 B R N EAT 122 18] I AH ¢ R onT BAIE
o R

ﬁ[x (-xJy ()-y]
szlhl 2 2
‘B?J[ W-x[fy (©-y]

I & 1 &
Hpx=—>x (D,y=—> y (Do
WSOV

MR K S VR R t K. SO N-2,38 5 5 K P o, R AT

2
X R = L -
N=2+t,
AR, > RIS R A B I GE v R o
% LEl)AK F 191

Z ool AR e R BN y, kK ADNBEREDHIN x1, x2, ..., xk,
R AR R y IO B AR x1, X2, ..., xk MEEZEIR & HOTHRE, FRohZ ol
B (multiple regression model). 22 JT[A A — L4 -

=B, +Bx +B,x, +-+B,.x, +&

i, By, By By s BRESH

R Ky 1 2 T IR) Bt 1AL

y A& xl, x2, ..., xk [EMEREL

RS F:

S M VR N
SSE)(n=k=1) Y (3= 3 /(n=k-1)
ZJuEAEF T Spss [ /5 £ BRAR BRI
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£ Spss [MIJASM AT o —Fh AR R E PR LB, K BT A7 AR R N BT R, AR S it
JPts 2. R SRR R () IR o A O M NI AR R B — AN 2. GRBAMAH G2
fa: XTI R S HA QAR S, OB 2 A B AR % A AR R TR
N2 g, PIARREZ AR A . AR RERMETREN, e R HHE
BCE DG A IRRA MG, D R e R R A, MR LR 2. BB A
BRI, %N AR AR A BAT BN ORI AR R 2. H
BT FE AP AL BR AR B, R REA A XS B RN T [ REAS
Iﬁl o 1531

RIGERH T R S RBARS /I SEEES k. H
2 JuRIA SRR F S, £, (3, 40) =431, A< REN B ETERI R ¢

Rrges, A N=53, W) ,,=0.44, 7, =035, 7, =0.27.

13
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F=EXFPHRIRTHHEHE
3.1 AR HIZEER

il R S5 B OSSR R = gm0 4 [ 756 AN SEASEHES i RIE H, &
HARBIRE R X EVOR S b B . AR B R T RE— 3, 1k
HY 1957 4F Je CARy gt uhi () i, HEBR T 1957 45 LU i (il by 1) o A0 s 4l
FeH LI 1957 4E2) 2010 4F . o, BOmuhshb 1958 45 7, 8 Hidsk, ZERKulifh
/b 1957 4F 12 Hadsk, HIIE 3 ANl H SORb il 12 ] S EEAT T4 4h. 430
NIEGHHR 90 A (E 3.1) o XEEH BRI A A 5], v A A2 AR b X 4
BRSBTS 8 U0k BRI 24 3, A5 23 i,
AR 20 3, LT 23 wh.

DN .

224 -

a0 -

48

46

40

116 118 120 122 124 126 128 130 132 134°E
B 3.1 Z:E 90 N AR B IR B 70 X AR
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W AT ORI R

32 [ EFRENFNTER

T RIS AR DG X AR R 25 S, TR T ARAE X 2P 1 R 1957~
2009 AL SR RS S REBRRS RE A R EGrilEx 5FAMEZ
LE) LE bt 22 T e 58 HH AN [R) 2R AR I AR B AR R B o &2 SCAARAE 12 TR R4
1A 2 e ZZFFEM 12 HFERSE RN, W 1957 412 H K& 1958 4 1 J]
T2 AN 1957 fE4ZE. G iUk 1957 4R 31 2009 3% 53 MAZFE, ik
3.0 A BUE Y, ARACHLX & R IEARHE . WU, HERRRAEKR, KF
N2, XX, HFERAD, WHE. REURERRNR, &FRe, HFS
T FR) AT B AR A B 7N o

G, KGR BT SRS, (BRI 1 TR SR A
BHERF SRR, BUAT SO IR BRI BT IEAS 70 AR5, 45 ISR DR A
B AN N IEZS 1A, WA 75 B0 25 ST A6 380 1 350 40 2K JU s BORLHEAT F AL Ak
B, A EPUES N WESRE S REBUE R IR A G 152 2T WA
ettt SREARUD TR S A R AR S REGE I — @ F B IRE, n] {1
MIER M. R T BRI IES S0, AT WUZE RS R EC
WA RHL VUM AS RED, 2N TR, s R % gl1]<0.65, RUJAZT
BEMES AT MR KEMETIEmE, HAMMES . WS RE, B
THFEUSL, HAth =R REOYHMIES M (1g2[<1.23), L5 LRl A=
AL IE A3, 1S = AT IR AT o
% 3.1 AL A2 1957-2009 SERFEIME . ARfETE . AR R HL. WS R BN 25 R 2

it H H H7 &= AT
SPHEIME O 5.8 20.8 54 -13.6
PrfEZE (°C) 1.2 0.7 0.8 1.5
B RE (%) 20.1 3.1 14.6 -10.8
A RE (gD 0.7 2.9 0.7 -0.3

AR (g2 0.5 23 -0.1 0.8
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3.3 W A AR RFTE

AT 53 FRARALL T TS H TP E S, ASCRH —Hi R
HOMBCT LJEXS bt AL I 8] e 51 A 3 2P 1, IR s~ 78 K B 5 e 21 A
[, FOBCLA R I0 d5 A) A 1) Ja 3B, o ORAr B 5 00 BT IR Ml AT R
LFEZBCR, DRI g ¥ RE AL 1 S WA 1 R A AR D

K 3.2 KB, RIGAZFEPRMEA EREE) ETHIRAS . Wl 5 R 3F il
2] LRI PIE 53 SRR AL AT TIRAAL Ve B 0] nTLAE MY, 20 40 50 A0
80 FACHH W RFELIN TR (v 9], Forp 50-60 FEACBBIRIBIR K, 2 JRdRiEiE
TN, 1986 FLUR 245 MO RFSEmIE, BEhikiEig R, i 53 Gkl % 3.2
¢ AR IEA S SR HAARHE . 20 T4 60 A4, 70 FFACTFUAZRE, 90
AR . B IBOR, ARIEAZAE W A .

IR

2= S5aly & 71y

PR IEF

‘1‘9‘6‘0‘ I1I9‘6‘5‘ ‘1‘9‘7‘0‘ ‘1‘9‘7‘5‘ ’Iéslqﬁ ‘1‘9‘8‘5‘ ‘1I9‘9‘0‘ ‘1‘9‘9‘5‘ I2‘0‘0‘0‘ ‘2‘0‘0:’5' ‘2‘0‘10
K 3.2 ZR b A=l AR AEAL IR [0] 281 K 5 43 Bl-F 25 i 2o (R k)

R ARICHIR (0749 R — TR PRI, H T L F R =0
SR T AT, GRAITR 330 W0 (DI AGR I RE A E L B
LY B, LR A IR R, AR RN B A B, (R
Wi, KT, ERN. ()P BB L 0.05 11 5L HEACTR
%o, VUIZRICHUKPUBMIE L, RALRAT . WAL AT TR TR K,
54 A Z LT SR A £,
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%32 RAK AT URAERIOTIE ., BPEOM T

C 60 1Y 70 AR 80 AR 90 FAX 00 FFAR
FIME -15.2 -14.5 -13.9 -12.5 -13.2
PP -1.49 -0.84 -0.23 1.13 0.51
iER L] 0.65 0.61 1.36 -0.62

R 33 ALK 2L K LA R AR A

HESI HZESR MR AT
T R% b( 'C- (10a))  0.364 0.238 0.249 0.451
MRAE 0.52 0.34 0.36 0.56

(IR 0. 05 # B VEKPAED

3.4 ZF A 43 AR

B 3.3 45t T AR AL X A= SRR Ao A . 75 1957~2009 4[R]3 e
VLA AL T X {3t A W 3%, 145 0.8°C/10a , TG #BHE KA 8018, A b
X AP T 0.45°C/10a BA b B HEH A5 R AL HBIX 91 AN Gk mi 4 HT4%
A 50 FEIRF I AR AR 0.6°C/10a; e AR45EHE H 43 Jbdth X /<L f K THiR i it
T 0.7°C/10a. “F347F+ 0.5°C/10a LA L. thi—3K,
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0.85

r —0.75

——0.62

—10.52

—10.42

= —0.35

—0.25

—10.05

T T
118 118 120 122 124 126 128 130 132 134 'E

K] 3.3 ZRJbHLIX 1957~2009 FEAT PR EHR DA (Hf7: C/10a)

BT BN 2R, RIEAFRMX AR BE —E R 2. MRIEAZ
SULEET- 134T REOF 20t 5, IR R 2= e, % 3.4 KW, AU MSAE
)5 15 ZE on R ok 46% A1 37%,  F = ANERE [ 12 1) 231 5 2= si kil 3] 87% .

® 3.4 R JbAFF U REOF 2} 3 ANMRFALE ) 58 ) U7 2 SOk A SR 5 22 ok

e JERFE RS 1 2 3
e 5 7 72 DTk 0.462 0.370 0.039
Bty ZE Dk 0.462 0.832 0.872

& 3.4a~c 45 HARILA R ER Y REOF Z3 i (AT 3 ANEfir ) & (1) 25 18] 40 A7
55 1R ) A O EAE, Hod b B oR, UL T FO R E D, 53] 0.93;
55 2 FFAE [ R O R, (B AR RHE AL R, FERTL R SRR R
HOAMRAE L, X3-0.89; 27 3 Rk EARBLI 40U (1 22574840, bt BLAE
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= AT R KA RIE

RMZWRLIP, 10 ZRIB AR o

R 2 ANMREAE SO IEE I AR HE AR/ 0.8 LA L, R ey BRI A e
(¥ 2 A F B R AR X S B8 3 AMREIE R PO M e S BB, T EEE
PIAN S IR RFIEE R 0.6, FO7 ZE DURRIR AN, AN R B oy XA HE

ARG L Lo B g S, 4 AR X R 43t LA 7 VG R R R R A A o i B A
Ja AR SR (18 3.4 B52ER 93D 5 B8 —FFAE I B 0.6 HIBM Ze N 2E Ak 7] & 0.65
(33 o £ LU BT

XA IX R e, A IR0 Pearson AHSCTE /X G2, 6k Ak 15 AN X 5
A FEHbAT (3 RN BA S DX S5, R B8RP 1) i 0.6 (1 280mr 2k 40 X SE AT 2R
K. wEHEWME 3.1 Frosi R bR AR 2 A 71X JBIXIEAT 35 3, HIX
A 55 .
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] 1 |

N 7
324 2 -
w| o Sw X I
e ¥
N SO
48 e ¢ B
' ¥ "y
¢ w Tk
L P % 57
46 : fr W r -
e +
77
&4 — -
42— -
40 -
T T [ T T T [ [ T T
116 118 120 122 124 126 128 130 132 134 E
d

K 3.4 ZRALAZSIEIE Y REOF (W23 1~3 FHiERE (a~c) i
Bl d: SR

SR s AR IO T 325 DX BT R R I 8] 3 81 o ARG AEA X sl 4 22 26 P )
Gr IR, WA ST 20%2°, L 40 ANIRE o AR KBRS I R LT i a5 R Hd A
ARPL, 20 BRI 3ME . doeim I IR I ST AT WS rU ) PI40E, 3R
145 XA PR BN 1, T34 X LA S % 43 XT3 R A 3

MIE 3.5 PR LA, 1957~2009 4F 2R A6 A X AP0 ETHE R AR B 2,
FHE#FAIX 0.45°C/10a, JEX X 0.47°C/10a, B X IA 0.44°C/10a; L5 3CHRSO4E 1951~
2001 A ETHES, SR SR 0.36 'C/ (10 a) bW & . 53 FARILA
ZP 2R BT T4 2.43°C 0 B E 2R 1980 SEATTAR . 1980 FEACLART, <
WAEE/NMATE N B BEh, M 80 AW LG, R R LTS

MR E, 20 20 80 AU LA S IMECRE I I £ . 80 FEARLLAT, &
AR T ANARUEZE IR, T UGSV T 8 AN 1 ASFRUEZE (¥ g 4
B, T LI B (0 R A R K« e s P R IR 1Y) 2006 AR FE FESPELIA 2.3 F5bnift 22,

i 20a & A LA TEE RN 20a , 2006 FAZ= LR IEN 1a.
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P A B TR R A A (8 5

| [ it BT
JuIx , | gt y =0.473x - 939
______ 5aift 5 F 1)

Fabs y = 0.443x - 881

3

B

ind}

j=2=}

oo

Juc] ]
7 = 0.459x - 911

e y=oaesxe .
1 B i "\7 1
] L " NG "'ﬂﬂ \ P -
. o " L1 1|

T T T T T T T T T 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

3.5 X 5%y XA L 1T 31 2

3.5 4 BRAFERRID KA

XPAXHNEG . b1 X &2 PR~ 20 AE EOF 43, A o — = Al A
AR U (0 SN T A B X S A2 P B SR AR A L, JEI IR 41 IR IX ko1 1)
SRRV R AR R 0.99, Jb. B FIX FI4AX EOF 25 1 HRfiE &7
ZEDTRRE A 3 A 83%- 86% M1 78%, LB EOF 5 —RHIE n) & 55 REAR I Hh
I 2R A4 XA 5 X IR A28 P38 0 e 25 (DA

PI, ASCH4X . B9y 671X EOF 5 1 45 15 0 B (6 I 1) 28 BobmviE AL
(B AR Y DX 3 AR P 1) SR T I 51, R IR A= P38 R R4 B8 S 8 Ak . %
BRI TR, 53 4F, WIRAEIAUEMR A TR, MAEKA, AXUAE

22



W AT ORI R

SRR R T O 1.0 (- 1.00 fbrifE 22 /E A i 8 A 2= R bRt .
% 3.5 RAEAIX A IEAAE

JEix Rl 4%
i BA i BA i A
1964 1988 1966 1958 1967 1988
1965 1990 1967 1988 1968 1991
1968 1994 1969 1991 1969 1994
1969 1995 1976 1994 1976 1997
1976 1997 1980 1997 1980 1998
1977 1998 1984 1998 1985 2001
2000 2001 1985 2001 2000 2003
2003 2000 2003 2006

2006 2006

2007 2008

F 3.5 KW, KA. AL TFXIA . BREATHBRARN, JLFRREAREL
EARL R R 50%. £E 1957~2009 4F 8] 5 & 3L 7] (A K464 3 45, 230
72 1969, 1976, 2000, ' 1969 4FEE-A 2 2 fE bRk 1) H 24F, ILH g
AR TAE, 4)00E 1988, 1994, 1997, 1998, 2001, 2003, 2006, M. 2006 4
PETEIR 3 2 ARl 22 [/ EREAAE . W AESEPRALE 20 e 60-70 4E1Q, 1R
KAFERHURAEAE 90 FEARLUG,  FLBE AR AR s B IAIAAT W2 B i %y, A48
R R P R ) Gl 2 il o 3K 55 R A AF IR R AR b X A ) AR
W40 — 30, il 5 4 VIR AT 45 R LEen, AR Ab A2l S A R AT
P, JUF 1969, 2001 54 [ A2l — BUAR L 2 5 1 v et .
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3.6 RE/gk

(1) RACAFIGIRBIE, P ETHEAREH] 0. 45°C/ 10a, Jbifmgs, 34
WL 20 tH22 80 AFEACF T LA . 1980 4EAR LLRT, AEAER /NI N EF
VB, 1A 80 AR FFAA, AL AR T, YA &AFEE TR AETE 20 A 60-70
AR, BEAAFAR T URAEAE 90 AEAR UG, HBRAAF R AR TS R A i 3 1 nfass,
VA AAE A AR T R R ) S 25 Uk N

(2) S AZ= P 1R EEF REOF 3 AR IRTHT 3 ANRFAE o] S B0 R 23 R 204,
AR A DA 43t BAIE 7 G B A RE e VAR ok At B AN SR AR X . KBRS b
I BEAAER BRI« £E 1957~2009 4F ) B 3L [F] A &4 H A 3 4,
B AAEAT T 4F o BRACATE R AR SRS FIAURAT B I Iy, v AP R A i B AR
VO S ek o X RS I TUSRAT 14 AR AL DX A A B AR R 1 41— 2
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FNE 2FERR[ETURESEHH U mAIXR

TEABRARBE I T 50 N, Al sl AR I A R A, 4 ARl ok BRI K A 2k,
WA BT M Ge Tt AR5 AR A AR G IR A st A A1 i J 19 28 G i R el 26
50a HF3 BT T 10 4% o A BRSO T AR s AT AB A AR R R AR A RS T
THRKIE BRI L4, 2 5 X 5 S5 %R E IR 5 5 VA B0 U S5 9
I AU R ST S D IN S N AR R SR

Easterling 25604 i vy S SF A VA 525, Beniston S599fA] LIS 40 15 H A 5 XL
s S = FhRiE, TAR HI AR4 #O0 Wi R AU S 1 IR E SC o,
R RN ), B R A2 MR A (R A R, AR N
FAF, W IHRE MR R RTINS 10%, SR IR E X,
e R A IR A A2 B h SRR T o B A At 2 A — s P, K i
RAGI PGB, XA PIPIR AN T2 IR A G S5 T 2 A AR A 11 o
e A AR T A R AR A (R S 2 BURK, SR I N AR e T e 5 LR )
Ui AR AR . AR AR o A3 AT RIS s A )R A R 0 3 e S5 Ao
PEARRIACH AR R £, B i R ISR 5 5 SRt 20 T AR BN RFAE e
J52 AR i A (AR A AR 0, T R T i A R ) 43T e A R i S P A AR
SR AT (] AR 4K, o

ETCCDI(Expert Team on Climate Change Detection and Indices)i& X T 27 <%
PR EEUEXG SRR, o 16 AN EIRIEE . Alexander %5052
X LSRR 528, AFFU D IU 22 AR ORI, W3 FH LT 40 LU A TR AT
FRH. IR LA IR AR B R DA st A AN [ 2 T A4k, HAT g9 R Pk . I
P W TERRIRE . ARSCEICT o 6 MEEL IR KBTI

4.1 B R IR

KA 6 AW il 4 B H A AR L AR L SN e S B
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1971-2000 424 Z % 4, 4 H] Relimdex A v 532 3l W s Ul i 20 18] 32 470 R ek
Fah, IR G B AT VAL .

RN LT AR GF 8 BB R E, IR R, QRS B R). BEE (1K)
HA ¥ HRFEEARECSE, X SR BN v 5205 LR G 3 1971-2000 47 H 58 H (#1855
(%) SRR ER 90(10) AN 1 A AEAE Jy it iz H &V HREU 1 (F) B, Wil
H S SR () ECROBIME, W IZH A — AR Bk, FRE, i

H AR SR (T ECPOBIME, WA IZH A — AR I K T 7
L AR TSRS L, K 5Ok SOl () = (M) BRI F 73 B e o i (fik
T ECH)BMER % 55 =8 T s A I B A e B I Fe 4, fRipRga x4
B, GRS HKZE., Bkw LK 4.1,

Le RS R e/ — Rk, it Gt W AR 50 R ] Mann-Kendall JF
SRR 70 XIRT Y I 8] 7 51044 B8 Jones A THIARUINABCT- 3407453 21, A% ST
Hh2%2, GrRlHE T A, B, EX XIS A

e 4.1 AR B E X

T

F5 RA 44k 'S 45
1 TN10OP A& B4 H S AKAR (TN) < 10% 2421869 B %% d
2 TX10p A& B4 RS AR (TX) < 10%542 1869 B 4 d
3 TNOOp BEZ H 4k B &AKEIR (TN) > 90% 52869 B 4k d
4 TX90p BZEH# HRSAE (TX)> 90%5 {21869 B 4k d
5 DTR ¥ Hi&KRE HR SRS RIKREZ Z6 A -F3H4 d

6 CSDI A B#HEZ#H4k HFZ2VE586REDKIKAE (TN)<10%5{21E d

9 B £

4.2 o SR IAE A

MK 4.1, K42 a UG, ZRAEBEAREV RN, Bea H A5 oy
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1.4d/10a, it 0.05 AP WA, JE6IXIAF] 1.9d/10a 3L 0.01 7K 2 2 M
K, FXAXEUN, 4 1.2d/10a. MIEZRAL RS R, AZ=RE A H B A 60 AR
& 70 AR LART AL TATHRAE X, FHRECh 6.5d. 70 AR ILUG 4 T80k
W LTt B 1995 I aEwsh N &, EIHESmIR W25, 1996-2010 -1
HHECh 12.1d, Hrp 2006 FFiA 2 53a KK ENE 22d. B H BB InE o,
1.0d/10a, JEIXiAF] 1.1d/10a, 1995 FLLJE AL THOKH LR eshd, Hrp 2006 4k
F3 53a K1) HKH 25d.

MK 4.1, % 42 TTLUE H, RACATEA TR AR A3 5l BV H 4L
AR H AL v AR A Y75 08b o Horh A 2 H &k D 5 2, J6IX LA 3.3d/10a
(I R %, BEEETIX 1.9d/10a, XIEFILL 2.4d/10a FOMEIE R, b 1985 4E LI
R H BRI B2, 1958-1985 -2 H Ak 14.7d, Hrf 1976 EIAFIT 53a K
KA 32d, 1985 AELUE A HEOT R 5 9 2 FRE&#,  1985-2010 4F-T- ¥ HECH
6.2d. 53l S X1 H B ) AR G #5238 0.001 KR 8 351k FASSG, SX it
VA H AU AR 25 1. ¥ B HAU B Ee i e, 6 IX L 1.6d/10a
HOME R B, Pl TIX 1.1d/10a, XBCPEILL 1.3d/10a (MRE T B i 0.005
IOV R E F RS . ¥ HRREARE 0 T HALL D, FIRIREA R IR S, (12
S HAE TS, 80 EAALUS LA BIES HRFEREIN AR, BIARE
A HIL 6 KHEBAVTH (TN) < 10% 8K H 3L K255 1980 4ELUS K 50%.

FRe 2 o H e iy SR S BRI 22 (. SR 4.2 LA, ARGl K X 4k
SR B ZE I RR I R, U0 HRZEEZ TR, Hh b X AR K,
$-0.40°C/10a. FEifT X 4-0.15C/10a. X F344-0.25°C/10a, 50k A X 3k 73
H A AR AT 0.005 ACE IRV FAS:, T I ARIEAZE D82 Rb i
LA ) 2 R . AR ZE A ] DL i, 20 20 60 A AN &
EHX, FHHBEZER 13.9C; 70 FAY] % 80 AR FHMEN 13.2°C: 90 AT
#12.6°C, BCPBIMEAC0.7°C. 1984 2 KB =AMIGMEFES, 43510 1959 4,
1968 £.1979 F, HA Z 143 12.6°C12.3°C.12.3°C, B BOTF ¥ HEE % 4 12.7C,
1984 LR H 22 H7E 2001 FHIL— AN @i, 4 13.0C, HRBRTPFME, it
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NBAEXAFHBZEN 11.9°C, BOPWER 0.4C. XF X P HRZERHEW
TR, 20 2D 60 AN EE X, 70 A4S, 80 AT FFE, 90 FEA A
%, 60 4FAE. 90 AEACTHANTBEAI 22 1.2°C, $3E 1T 95% = B ACE IR« A4t H %%

Z N, e E ARG 3

9@ NP
Linear trend y = -02431 X+ 49302

------ 5a Running average
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Linear trend y = 01431 X- 27453

------ 5a Running average
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Linear trend y = -01290 X+ 26610

------- 5a Running average
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