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Spatio—temporal patterns of climatic changes in Hainan Island in
recent 55 years

SUN Rui, WU Zhixiang, CHEN Banggian, QI Dongling, YANG Chuan
(Rubber Research Institute, Chinese Academy of Tropical Agriculture Sciences, Danzhou 573717, China)

Abstract: Based on the observation data of major climatic variables (i.e., daily mean temperature,
precipitation, average wind speed, relative humidity, sunshine duration and pan evaporation) in seven
meteorological stations from 1959 to 2013, the spatio—temporal patterns of climatic changes in Hainan
Island were analyzed. The results revealed that (1) the spatial variation of major climatic variables was
obvious in Hainan Island, e.g., the average annual precipitation and relative humidity were the most in
the central mountainous area and the least in the west of the island, whereas the spatial distribution of the
rest four climatic variables was the opposite. (2) The annual mean temperature and precipitation of the
island displayed a significant increasing trend while the rest four climatic variables exhibited a
significantly decreasing trend during the last 55 years. According to the Mann —Kendall method, the
abrupt changes of the temperature and average wind speed mainly occurred in the early 1980s, the
precipitation jump mostly occurred in 2007 around, and the abrupt changes of the relative humidity,
sunshine duration and pan evaporation primarily took place in the early 1990s. (3) The warming rate
was the fastest in the central mountainous area and the increase rate of precipitation was the highest in
the south of the island. And the dropping rates of relative humidity, average wind speed, sunshine

duration and pan evaporation were the largest in the northeast, east, north and central mountainous area
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of the island respectively. (4) The intra—annual distribution were uneven for temperature, precipitation,

sunshine duration and pan evaporation while the intra—annual variations of relative humidity and average

wind speed were relative small. In addition, the inter—annual variability was relative small for monthly

temperature and pan evaporation and relative large for monthly average wind speed, relative humidity,

sunshine duration as well as precipitation from May to October.
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A BRAR AR AR 24 4% B BUR AR 2= 512 56
TR, A AR A N 2B A7 3R B Al
A PR EAR A R R 2 A 2001 4R, 4Bk
AR AT S 1 575 A B BRI 11 H S 2 — R A O
i DXCHEAT OGS R B 5T, AR 8 A 3R A IR B AR
LB A R S AL, oAb A AL & i RE 5, B
A PhRE B Rl L b R AR A R M E S R g A
PR S L, R ERGE RN EY Z 5
FE X SR R T R AR B T B A
BIREE L EMESS , XA A HCHT 1 DA sz B AR 2
WA ¥ 55 L 48 7 1 5 SR R R A
AAGRFAE , XTS5 AR ROl & R D Bl T X
B S A1 s R T st ) LA Y B A S
B X

AR, N — S8 X R S R AR T R
THSCHEGE T G5 R 1961 4F: LUK 5 22
AR AR P34 e AR A R R AR 1 T
0 & S X ROR SRR BT ES B AR
A6 X R P R DR TR B R T kKT &
T B R S R RS R
ok T 184 0 A A s 5 4 B R AR VIR A
GEN TN R E B RE s  BIIF S P S i 3
DCARSF S B K S 7R A B RUBE B i sh A K10 AR X
W e B X RegCM4.0 Al 4 Bk A & 2 58
BCC_CSM1.1 i H &5 5, 5 ik 22 fxi) b 22 045L oy 21
TH 2000 g 5 A S AR AR A A 3 s )R G STk
SR, A MR ZE T ERIR MK 2 R
56 2R I 23 A RFAE T T, 5 2 X A A B R
253 A GRS EAR TS, A B TIX
JrH RS . TR BRI, AR 1959-2013
AEHE R B 7 ARG E W AR BEK O RGE A
XPREEE | H MBS EOR 25 Kk i 5 6 AN B i
ERL, A AT I 55 Aok % AR EE R I 23 43 A RRAE A
A B IF R T Mann—Kendall ¥ 46 56 4% S 5 &
MR AR L e Bl AR e 5 A AR 4

1 HESTHE

1.1 SRR

W5 (18°09°~20°11°N,108°37°~111°03°E ) fi;
TACENH L LA, A W KBl i o iy, A 6 700 i e 7Y
VR PEPE R = XU, A ARIR B . M)
1o O FEAR, Lk | B b P SRS R IV 26 B P %
rf e Ly ) S R 2 P A T I S IR e e
i JE 1 s TR & (K1),
1.2 #HFERIBESHHFE

WA TR 2 S Ve SR R I B PR S bR, ik
WtE e By 7 DRR A (1, W 51)1959-2013
G H R BRI ARHEEE | H IR
I 50 2 T ORI e ekt TR A 4 i 1) AR M R R
HEZRIEE Bt JF Haid 781
Jo e A A A AR (A B | P[] — B AG g A Y — Ak
R, Hir, 19592001 4778 & 2 0k Ry /N 2K e 2%
(20cm 114825 & L) WL, 20022013 4F-2% % 42 %R}
R AIZE 2% (20m? 25 it ) UL, %8 F % Rk 5t
J& T 1991 4R 2 2001 4[5 Bt FH /N 2 e 25 TR
RUZE % 25 W 26 e b, AR SO [R] B30 1) W A 2 2%
L0 4l A R [ R, R AR A RSk
1959-2013 4F /N2 g WL 1) 28 e 12 )P 91

AR UL EE R AR | IR § AE
WAk R R, R R RN R
B, ST R A RS 45 5T Mann—Kendall #6556
BSOS W FEIEAT SR FR A B A A TR SR
H T A Iz R AR var 1Y) R B g A i 4 {1 s
(IDW) HEA T4 (B 122 ] 25 1) o3 A1 L A 1 R 5 38
H 2500 B K i P2 XU AR X EE | H R )
B, A&k EIPIEE IR T AR RS AR
ESUNIT-REETIN
2 BERBSRBREZFENSHMERET
4
21 FEHRSH



2 1 NG, FeEAE, BRISEL, ARHRR, T 55 AR R B SO0 R I A 4 A 5 AR Ak 3
7004 90+
304 ;
. 600 1
L _.‘_]‘#E|$ 86 T
% 3 g $‘ .. 004 2 a | I o
- e £ S
© 2 ‘::I I 5 w0 RICE } I :
5 R = = ¢ cw L)
1 T & 300 = %1 | ]
TJ‘ 784 - ‘
] E| ) 200 E . I
184 ,:I_‘ 6
100 ol
164 -
S . e
h 23 33 4R SA 63 TH eA 9A 104 1A 127 1A 28 3A 43 53 69 7A 83 93 108 1A 128 1A 28 38 4 54 64 7H 8\ 9 104 114 128
40+ HE 300 280 4
260 -
35 20 ’ T 240
| ) 2204
,é 304 ; = [ ‘ | o g -~ :}
7 25 ﬂ o |50-—— || ¥ 160
.3 [] =8 140
= in I ="
20 100 l T
100 [ T
80 !
s 50 ~— T T T T T T T T T T T T T T T T T T T T T T T
1H 27 37 47 59 64 7A 8A 97 10A 1A 128 19 28 38 44 54 64 7A 8A 9A 108 1A 128 19 28 34 47 SA 64 7A 8A 9A 104 1A 128
B2 BEBRSBEZRENSTA

HEm & & BEERENTHER (K 2),
1959-2013 4F ¥ g & & H AR BRAS AR X 870N
SEN AR Eem E H BLAE 6 H (28.3°C) , SR {E
HILAE 1 A (18.7°C), BE/KAENE 5-10 H , H4F &
B K E1 82.6% LA b, Hobdg A 9 H
(306.0mm) ; I H. 5-10 A FEKAS SRR, 3 &
55 AU 8 A% R R I R ST B IR A PR AR SR A
KAENAFE AR RN, o X EE T 9 H e
(85%),12 A £l (80%) ; -3 ik F 8~9 H A X} 4%
f&(2.2m-s"), 11 A 55 (2.8m-s™),

VR B H R ES 2K R AR N AR AL, PR
A7 AR 2 AR 2R R E, Hix
S R Z L 1.9, Hd 3-5 7 H B g

= 34)

MZE L m KR, 5 A H BEF 56k 227.8h 2K Kk &
ik 215.9mm;6 H H RO 78 A it W T [, O
T 7 AR 3 S 1E (239.7h #1218.3mm) ; Z 5, H iR
BRI Z8 A BB W T RE, T AR 2 H A B AR
(128.4h A1 113.4mm), SR, 2 & 55 4RI g 5 45 H
H BB 05 78 ki A PR AR SR [a] . H B B4R B AR
RAEXT RIS, T 28 R AR PR AR A X BN (E] 2)
22 FREL

8 FE 5 2 AE - AR B K R AR T
WG | H BRSO 25 Kk o ) D 24.4°C (1718.6
mm.82% .2.5m -s ™' 2171.4h I 1988.2mm (& 3),
1959-2013 4 R & ~F- 349 0 R A 7K f 3 Ak 347 52 34
Kia#, BEES5 R 0.18C - (10a) ! Fil 50.34

. i 2200 - . - y
B o G Jr— T m»g- JU— i e SERGER I s WSG woenmer B
2200 :
53 24
z et
- 5 - £ [
Py f\/\ M nm/\ PEAYAL AT VAW Y DR
e = g ¥ N YT A
;2&5 A ;"\ - 1600 [{f V sos V —————
= & 14 e
i ap x
PR s L] B an E o Q0B+ BE52
35 R .35 . y= 503&-!—13‘}”& = TE 8l= 022
A% = 867 T
238 260 : : E— % : : . .
1950 1664 1960 (6741570 1654 1950964 1958 7004 3000 1855 164 196D 1574 197D 104 2089 1994 1999 2004 004 SO56 1964 1050 157 1079 {084 100D $004 1058 2004 1008
By iy B
34 - . - . 2600 4 2=00
P M — P mBs — DR — TE - FRE o FIHE e
32 - 2500 - 2ERD
~ 30 - 2400 - 2500 -
g2 -, A\, [_V 22306 - é 2380
S 26 - . LA RN U s y g A ﬂ 27
= KA $220u F\“ T
=, = 23100 or 2000 I\ f "
322 - =
2 y=-0.01x+2.74 = 2000 # 500
’ R?=0.20 i y= 553x+2325 14
8 - 1500 R:=0.33 100
16 1802 1700

B2

| | | i | | | |
19591964 19691574 1979 1584 1989 1394 19892004 2009

B 3

| | | | | | | | | | |
1959 1964 1965 1974 1579 1984 1989 1994 1999 2004 2008

43
BERESBGERERZL

1952 1264 1969 19741970 5364 10 1964 1909 04200
it



4 LS 37 %
V=2 =N e T
R ) B s e g (D) BEKEE PR (< B () B
[ —196 —-1.96 3 - — L8& —1.56 34 — 136 —-186
s - ~ 2 P T
4 ’—“\."s, 2 = Y ra & M’\/ 4 1 \/\/\/ ,/, ~‘..""’\\
3 " 1. A 0 - 3 % ,
= 3 b = = 1 - L]
g A %o SAN B
| \ Lk ) P Y
o] L T 3 5 -
_; B Ny K 3 —: :’—'/_,
- . 4 -
P R

3
1959 1964 1368 1974 1979 1984 1939 1994 1999 2004 2009
E4

1950 1854 196D 1474 1850 1054 1999 1904 1600 2004 2008
A

-5
1959 1964 1969 1974 1979 1984 1989 1994 1599 2004 200¢
F4

v
Sy Ng IR
(d) AR (e) I %L (f) Z&%H
4 —VUF -==-UB N 49 —uF ----uB 4 —Uur ----uB
3 —186 ——-13 PN 4 —186 ——-19 —196 ——-136
i
2- 7 0 2 2 X
1 Fd \ 1 1 "N
,
0- e s 0 A, 0 L ad
= - e v = -1 YA | 4 Y\ /
T L b~ A lm v T \
5 -2 - P 5 -2 W =4 ~7 5 2 7 3
2 P e 3 4 ,/ 1 /‘ u
e’ o~ ROl ey -
4 e \-"’ -4 Ten el o= * 49 PR
5 - 5 5 e~

1959 1964 1969 1974 1975 1984 1989 1594 1999 2004 2008
S

& 4

mm -« (10a) ™5 HHXPIR BE S35 KU | R 4528 &
YRGS FEIE S 58 -0.61%- (10a) -
0.07m +s™ +(10a) "', -55.26h + (10a) ~" I -42.09mm -
(10a)™, Horfr ARG K G 35 5 AHXHR BE SF$5 XU
H AR Ef 2% & B G St 17 0.01 5 B
EVERS MR A R IE AR RS
it % 55 ARk s A AR HARR B, R
T H R EORN 78 e b R S B R T R K A
Xof 3 R 4 KR 1 3

it 55 4F MR B 45 S R AR PR AR AL B Y
R, Hop SRR T 1998 4 d i, ik 25.6°C, 1971 4F
AR, 12 23.4°C; FE/K & T 2009 4F fir £ (2249.8
mm) , 1977 4E % /0 (1030.6mm) , & 2 ik 2.2; 4
YRR H 20 22 60 4E40H0) 2 90 4E AR iR
FERES , F 21 2w IF 4G T B, - F 2005 45
A I8 B AK (77% ) , 30 JLAR )R P b T #3455
B HE T 1964 45 K, A 3.1m-s™,2006 4F I, 1L
2.0m-s™; HIEAFECH 20 42 60 41040 2= 90 4FAL
HHFE LR BT B 8, A 90 AR MRS T 4 ek R
M K ki BRSO N RS s BB 1977 4F
(2367.4mm) , F IR 1 BLAE 1997 4F (1822.6mm)
2.3 RTHEIE

1959-2013 4F: ¥ B I ~F- 5 S RN B 7K i AR 3
LR I DO BT AN G I DR(RT SNIE I 0 B 1 B
Rt AT S, XA Ak R 5 8 B 5 AR K
SN 2 BT, R R B A R B Y Mann—
Kendall 28725 K5 55 25 8 (& 4) 0] 1. 4 0.05 15 B K-
T ,1959-2013 4F 1 g 5 S MR E R kA= AE  H

-5
1959 1964 1969 1974 1979 1984 1989 1994 1599 2004 2008
Ff

BEEEEKEEELN Mann-Kendall RER IR

1959 1964 1969 1974 1975 1984 1989 1994 1939 2004 2009
SE

Hh PS8R T 35 R A 2 AR 1 ] e - 4 )
RAHAE 1980 A1 1983 AR 5 T3 ik H 28 228 i
) 24.0°C L F+ 3] 24.6°C, i F 3 XGE i %€ 28 /i 59
2. 7mes™ TRER] 2.4m-s™ o AR L | H BRI BOM 28
A R AR A ¥ K A AE 20 48 90 AR HTH, 45
F 1991 4F 1995 4E 1 1992 4E i Ji & A= 28748 5 At
M EE . H R B 2K R B AE R AR 4 5O 83%
2234.0h 1 2040.3mm, 2748 J5 5354 81% ,2042.8h
F11903.9mm, 43 HIFEAK T 2% . 191.2h F1 136.4mm,
R K I R AR R AR I B) B e, & AEAE 2007 4ETT )
R K 4 N Z AT 1674.0mm 54 i1 %) 2082.5mm

3 BRERSEERZTEASHAEL

31 ZEFHTESH

T B 0 2% R B 2R 22 AT B 38 S A g IR
oy (B S), Ho, 2850 ¥ 505 P RGE | B R
B PR 2 (] 3A SRR BN R 1L X D PR
IR 22 T WA 7 RV G B R B R i X 22 g
TR IR /D B 23 18] A3 A R AE

TR RGN, R 2T AR R
IR A DR 1) b 1 3k 08 A ] i D AR B A T
FERG I AR, (AR 5 2 AT AR T L
DX I 37 96 i 57 5 R M T 1 52 i, Ve 2 P /K 2 P
RS L DX DO FE A U, LV R O T 2 DR BE T
W ZR A0 Ty ) 3k A A5 v Ly X B e B K B £,
L 2140.0mm-a™, AL T[] 26 B /Y 2R 5 B O R K
/b, /DF 1240.5mm-a™ RAH X 5 R [R] B 32 16
TV B LY AR A I S g 1 B PR S 1 B &



2 1 PR, RAERE, BRI, R, )

1

LI 55 AR U T & A TR I 23 A A S R AL A 5

FLRE s
L1-16
1.6-20
20-23

-33-38
-—38-44

yERE L 0 20 40km

& 5
AL« T 1A e 5 A L DA AR PR A e v, 7 A A R
/b IR By H ORI R 23 () 3 A R AR IE 4 R X
D JRE R I o 5 FLIBLIRL | A O P iy DX, 5 e
AR R AT 5 ARG B X, = 55 0, B IR
I R G o LA, P 357 XU S 2 B 7 96 e &5 PR
DX g/ | DU RIS T R A 3 2 PR g T g 8 v S L RS
AR B EAT BRSSO 74 S0 96 2R 7 Jf o 5%
RO PR B, DT (A5 32 DI R B 4 | 2
e
AR USRI R U2 R, kR
AR T B BEK S . R B AR O AE R LA %
R AR 3 X A5 K VR A A R R R
xR it X 55 AR B AR KBS HESIT R E Rt
FrRE oM ke B 96 T B A B 2R i S H R e
IR A2 M AR S B3, 15 2 SR AR X R
FERRPER/ N (R 1), o 28 k5 H I Bo-F
PYRGHEAR R IEARSG, Hzg ki H RO et
B, A Z A R BOE 0.737 5 28 ki S K &
e 25 AR 5G| 3 Z T AR OC R BN -0.547 5 5 ARXS

MR (%)
78-79
79-80

=80-81

mm8l-82

—-2-83

-—3-84

mm84-85

7:
0
0 20 40km
i 24,

>z

0 20 40km

BERESBRERZTALSH

T ) AH DG /DN M DG R 0.015, 5 B[R] B, °F
Y XU 5 SR Bl 2 B G 5 ARG Bt 3 A DG
HLrp P2 R 5 57 B SR I A DG PR R K, MG R B
iK£-0.604 , X LW H MR B BOR 6 S 5 3 2 55 AF7E R
AR e BN ER B K B AT X XN 28
A SR 22, T T 3497 AR R B X 25 R
AR BT UK o e, DRI T S S R R S Xk
H I8 2 B/ SF 3 KR 2R A
X ARG, T R 1L DA AR bR X 3 H R s b | R
KR SRS P SORAR AR R g Bl
MR 5 2 AF T I 28 i R B O PR M R A R
PRI AR A 3800 A1 ) DX IR AR
32 FERTANZESH

1959-2013 45, g pg 5 4 K 43 X 3 - 35 <R
S E TR, AR BRI XA S
R I #a # (<0.06°C - (10a) ™) 5 £ T I #a # IX 1 11 18
MRS 0] 22 AR, B R E A 0.21~0.24°C -
(10a)~", H 7 il X Byt o B 0 3 1 o A e (1 6)
it & 55 AR R B AT K R R R S i 2

1 ERBRERTHENEXRHY
R Rk it S P-4 R AFX H &R %

R 1 —0.547% -0.221 0.318%* 0.015 0.737%%

[k & -0.547% 1 -0.027 0.185 0.185 -0.608%*
SRR -0.221 -0.027 1 —0.604% —0.455% -0.159
- 24 R 0.318% 0.185 —0.604%%* 1 0.335% 0.100
AHX P i 0.015 0.185 -0.455%* 0.335% 1 0.126
H &R % 0.737%% -0.608* -0.159 0.1 0.126 1

HORARSCHEE L T 0.01 5 B R F VEAG S+ XA SCHEE T T 0.05 5 2 R #F PG



6 % 0 EresIall 37 %

6 BERESEEZFREZAEBHN=ESH

Kot AR RS, ELREK B 2% K AR AL R 1 2 (]
G A0 25 S YR W Horh BRI R T R B
5 = B AT X 3 AR, 38 98.22mm - (10a) !, H 1L
DX 35 B 3 1 4 R BRI, A 6.10mm - (10a) 5 78 & it
R A SR T 00 B 0 R R L X B A B T A ok, ik -
77.95mm - (10a)~", 4% w5 Bz 7K B 3 DX 3 o8 1K 236 e
/N, H=7.59mm- (10a)™",

it & 55 4 M EE S AT R 72 R AR
I 50 52t AR A 1 X B T T 22 T R R A A DX
(P 3) o o R X I 8 PR A 23 ¥ T 5 AR b 8 IX 4
e KT -0.78% + (10a) ™" R # =3 B 3z X3k 2 7%
553 KA 0.19% - (10a), 1359 KU FEAIG
BT AR AR B T X R K AR T -0.15m 57!+ (10a)
= oS L R P T S X A K R A B A
0.02m-s™+ (10a), H R E AR A T AL A it 11 B O
X3l B K, 35 -117.59h - (10a) 5 #0110 X H HE i %k
B KSR KR 48.47h- (10a)™,

4 BER5IR

4.1 it

(1)1 pg 5 ¥ A0 KK i | H A SR 28 &
AN A AR, TR X T R 34 XU A Y AR £k
AR/, 1959-2013 416 R & 4% H F- 24 SR F 28
K AR B AR SR AR XTI RN P2 KGR | R
I LA K 510 H B K A7 BRAs A K,

(2) 32 55 1 F 5 V-4 MR K i 2 K
LR TR ED O RS e DA B SN E A - T B Y )
SR ER A, Hd CPEROR KR AR
FE L OEHRGE | H RO 2% & B4 AE 1980 4F |

2007 4F 1991 4 1983 4F 1995 4 H1 1992 4F /i J5 &
A gEAR . MeAN, A SC AT R B H R AR R S A
2% 55 AR INZE K m AR A B R R B OK AP
Y XU Xof 78 e e AR AR IR S MUk 22, TSP 25 SR AN A
X Wb J3E X6} 7% AR A TR A BT DK

(3)id 25 55 47U g 5 AN [R] KB A A 2 K 2 [A) 43
AT RIS AERRAE 22 5 0 2 Horp, Z4R P RUR P8
AT R B B 28 R Y A ) 0 A R B R L X
A PRI IR 22 T A 7K 8 RTRE X R BN v
TR X 2 | PRI R/ 1 2 (8] 23 A R AIE 5 7 38 i v
T RAE R X A, B K 0 K SR A R 0 = 0 B
Sl =1 E DO LT L M OB D6 N = LY i
SR 3 AE T T B AR G0 DI 2R 9 Bt B ST AL
T I AL IR K
42 g

(1) VR 5 AN ) D3 A 2 38 AR AR AR 1 255
Fedss, ik 5 A [ X el 1 A A8 A o 5 1 A
PR . AN SC 1959-2013 4RI [ 15 45 < e 52
25 [B] 43 A 1 43 A 45 3 5 ] K5 R 5K R 28 X R
A IX R g R B R X (RS R L
b | Fr B VAT 1) by 0 T A5 X, PR I (R
BRFIT ) Ry R U X, RIS &R R AR
BT EE i 5 VU T I T
PSR R R K R R R A R X I B A1
KPR AR 3R 055 1 HL 3% Xk R R R
R KR T 22 2 Ml X100 PR A X 12 X8 A A<
559 EME R, W 5 12 X Sl B R R, %%
AT B R B RIS TAE

(2)3E A3k Bl AT 2 ek S AR AR AR &



2 1 I, SR, BRIERC, AR, BT 55 4R R B R R I = A S AR 7

BRI Sty 2 4 e Joi 5 0 23 A R 7 R
BL2E RIS M 4 5 22l T U A R 5 %7
LW E S AE T SR 4 S o o TR
FL1260 o0 iy R A R ™ TR R 27 A e BRI AR
SO AN SR ER S DL R R
A B 45 AR AR IR I, A S TR S e /e )
A ity AR R A B K TR | DA B AE (AL
R IR ) 25 M i M = R O 4F 15 24 A s AR A S
it 24 Hb A AR & 4 R W RIS S5 22 T

(3) MR & E R AR 1 F =X, 2
2013 4EAF AR 3% 10 AL E 38 54.02 7 hm® ) H Fi 42
Jie B 1 A ¥ T 8 A SRR P PR W B R
VAR XUk 25 55 AR R 5 7 4 IR RN R K Y
K T3 XU ARS8 A B T AR I A K R i 7=
7 1T P ek L | AR X T A AT U T i o A A A
KA P e A AN R i % R 3 i 25 55 4R
AR A AT T P I B A KRR 7 i B e 473 7 o
— RN, WA SRR A KRR R
B VT AL & S I 23 AR A R R S &
BE Y 52 M IR AR TARE M A,

S E Lk

[1] Lobell D B, Tebaldi C. Getting caught with our plants
down: the risks of a global crop yield slowdown from
climate trends in the next two decades [ J]
Environmental Research Letters, 2014, 9 (7) :
074003. doi: 10.1088/1748-9326/9/7/074003.

[2] PiaoS, CiaisP, HuangY, etal. The impacts of climate
change on water resources and agriculture in China
[J] . Nature, 2010, 467 (7311). 43-51.

(3] Brms, BReesh, Hehk, % 2R UamaiRy
B O[)] . HiZERiZ, 2002, 9 (1). 11-18.

[4] H%, BRMHEZ, &EAE, S 5 502 [ 454
b [0 . AR, 2001, 21 (1): 20-27.

[5) #hdr, BOAZE, BEAKAN. 1971-2011 4 pg M2 fb
o B HR RO ) 5 DLt g A M i g ) [T] .
KR FE, 2013, 19 (2): 45-49.

(6] BR/NIN, RE. MR DI 42 ESRARE [J] . X
%, 2003, 30 (8): 27-31.

(7] #&55, EN, HEREHT 550 RABAST [T] .
KEME SR, 2008, 29 (S2): 56-58.

(8] Mk, R g & AR PR A2 b 5 R 0 % &
[J] . KRR ERA, 2009, 30(4): 38-41.

(9] VRN e md e il AR AE [J] . B W o 5N,
2008, 29 (3): 12-13.

[10] ¥t A, SBIROK, W2, 5505 50a AR B A
A XA IE R [J] LA R BEIR FIR
2013, 28 (5): 799-810.

[11] EME, SRobbh, BRI 1961 4F LIk I Hg 5 Fe K A2 4
BESHT [J] . T IERS, 2006, 27 (1) 24-27.

[12] #EZ, 0k e X 5L 1961~2008 4 5 [ A8 1k i
GATRE [J] . ARG, 2011, 33 (1): 24-27.

[13] Z=&4, BRWE, AWK, 15w & 5 W 51T 50
[J] . KBRS0 H, 2008, 29 (S2): 57-58.

[14] M, X0/ Z 0 rE 21 2 < A2 Ak BA 23 B
[J] . S5 H, 2013, 34 (S1): 55-57.

[15] RE. g 4 B K B 0 1E 25 00 A 8 AE 2 1E 25 1k 78 46
[J] . 77&RA%, 2005, 02. 12-13.

[16] =3, EMNI, EAH, 5. 50a i HdiEKEY
gkl [J] KU SN, 2009, 30 (1):
19-22.

(171 BRBCH:. i g 2R AR K RRAE 5 T 5 S N T3 W 0 00 43
Bro[J] ARSI, 2008, 29 (2): 52-54.

[ 18] Mann H B. Non—Parametric Test Against Trend [J] .
Econometrika, 1945, 13. 245-259.

[19] Kendall M G. Rank Correlation Methods [M] . Oxford:
Griffin, 1970.

[20] #b%, shZ, ffdefe S b e R AR A LA A i K
HR K F AR LREAE [J] KRR, 2008, 19
(6): 786-791.

[21] fapk®, skiH 3% M BB X R [J] . AR,
1985, 40 (2). 169-178.

[ 22] Retchless D, Frey N, Wang C, et al. Climate
extremes in the United States: recent research by

physical  geographers [ J] .Physical Geography,
2014, 35 (1). 3-21.

(23] Rife, HER, WiBE, 48 1961-2008 4] 4 &
i SR A 2 AR [J) . )T ARAER, 2012, 34
(6): 20-25.

(24] %, GKEREE, VF30OK. 1962-2013 455 3 7 % 5 55
MK [T] . JTARAR, 2015, 37 (4): 6-9.
[25] FEfR, TR KIL=/MUMIT ST AR o~ S F 22 e
BCJEH B [J] . 7RSS, 2012, 34 (5):

29-34.

[26] FhME, X2, HOUWE, . MR 6 KK E & R
WM [J] LR SME, 2008, 29 (4): 7-9.

[27] #FmRim, FBHERE. W BRBEM IR KEDN [J] .
L H R, 2014, 35 (3): 54-57.

(28] MgmAgeit)a, K GeitJa il mg o A G BN, i B g it
% M] P ES ML, 2014,

[29] UPREE. P EBMAL Y [M] . E MOl 5 AL
2001.



