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Abstract

Based on the climate data of Julu county, Hebei province during 1959~2016, the characteristic of
climate change and drought were analyzed by linear regression and SPI (Standardized Precipi-
tation Index). The results showed that the annual mean air temperature increased significantly
with a rate 0.19°C/10a from 1959~2016, but has a decline period during 1960-1970, and the
annual total precipitation changed insignificantly at -7.38 mm/10a. The frequency of drought
(SPI3: SPI of 3 months scale) lasted for three months or above was 51%, its occurrence focused
mainly from April to October, and the frequency of drought with its average intensity at mod-
erate or above was 41%. The droughts with effects on agriculture have high frequency and se-
verity. There is no decreased trend significantly for drought during the last 58 years.
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1. 53|

T BT K R A TS B K 2 S TUK B B E AR B, RN R R T K
K. AT HRE R, ULIKEIRFEROE N, TREEez. Bk, T8 -HEA
FREME R —. FEPNAAE AT 2RI P LR 5 RS Al &5 5 T EAT 1) 2 485
B ARAEL KSR EER 1 LUK 1], W22 TR R B0, B bR AELL KSR 5L, BT 7 15 S [R]
BAEH . BE AR R, ST R ESRERHE2] [3] [4]. [ A 223 0 E 2 B 1 5 S AR AL,
IR 2/ i S [S] N AR HEAL R R TR HU(SPY), BT 1 AL R AR AL, FIIEAR[6] 0 # 13k 50 S 1b4
T RAHIE: ZEHEIKEE[7] 0T T = B o T T AR . BeAh, E N SRR i R AR R B b, B4R
BT I R A R BR8] BT SPI RS IR B, A8 [ ] L M2 o, Sttt A R4
AN E PR TR T 58 R FR[9] -

ELRE B AT A0 48 R RAT AR RE M RUT IR, e FRR I, BRAR A T KRR Rk, U
B, BTSN, FEKEFH HAERRLER. BREERMICERE X, R4 N emRIet
2, ZFERRRRFLRE N, SR REZRME, Hi P9 RS AR RR T s sk, A UE
JEE N, IRYFIL 58 £ (1959~2016 F) TR TR, MRAEARHEACRE KSR EL, PRV Z TRASALRFIE S T 5
WARRFAE, 7 A P SR A R SR

2. ZENEHE

AP R R REREIAEE L EE B b, B35 1959~2016 (58 F)EEE SRR/ A TS
FBEKETRL

R LM A TH 7R [10], 20T 41 2 R4 Ff K B R AR AR

PRAELL K FRHU(SPI) 2L T B ARMEKIO T 204, E et OKER T AT, R85 2l IEAS bR
AT, TS BIbRAEAG B K Fa 8. kS vk WSOk [11] . BAR R
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R B K BN BEALAR & x , U T 2040 (26 2 52 Bk 50 -

1
f(x):ﬁar(y)

I(y)= j: X%l *dx

x* e x>0

Hrp: f>0,a>0 23 REMRSE, B M a AT SRR T 7ERSS:
1+1+4A/3

4A
B=x/a

a=

Hr

A= Igi—lznllg X,

i=1
X, x AFEKETEFEA, X AMKEZF THMHE.
B MR R R B S 8 W T2 SRR KR X, » AR BENLAS & x /T X, AR RN

F(x) :j: f(x)dx = A&l on xéte /By
(@)
HF T oMb A E x=0 150, msLhrbEKERT LAY 0, BT BFMERRIRN:

Hyy=a+(1-q)F,

X, g=m/n, ABEEKEN O FIFEMERER, moylKEN O MFEAL, n NEFARE
AR At R AR BEAT IE PR AL AL 2L -

1 © 7)(2/2
H(x)=——=| e /dx
( ) \/g.[o
X L REAT AR A T 45«
Spl t—(ct+c )t+c,
((dgt+d,)t+d,)t+1.0

[ 1
Jett, t= finom s JFEH ) > 08B, Hy) =10-H,» S=1: ¥H, <058, S=-1. ¢, =2515517,
)

c,=0.802853, c,=0.010328, d, =1.432788, d,=0.189269, d,=0.001308 .
AR SPI TS0 BArHEW R (5 1):

Table 1. Classification of drought on SPI
= 1. SPI FEFL

S5 433 SPI
0 HILIER -05<SPI<0.5
1 ®5 -1.00 <SPI<-0.5
2 R —1.50 < SPI<-1.00
3 HE —2.00 < SPI<-1.50
4 & SP1<-2.00
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3. RS54
3.1. |IBTHHE

i 58 ok, EBEJREMTHRIRA 13.3°C, F VR NMEHIAE 1998 4, R Eik 145C, /b
ENHITE 1984 45, {0h 12.0°C. M 1L HrTBAEH, 20 40 60 FARE] 70 4FAR, URHIL T FR&
#, M HE 80 AL IR BT M, SRR 8, 90 FEHIEE T Hm(1998)fE; #A 21
bk, BT —@ErB(2008 LLE)KI FRFE%, 2010 A1 2011 FEHSIRHM T 12.9°CHIMRME. T
58 FE AL 1 20 4 60 AR T 70~80 FARZEIE T, 90 AR R 3G In AT (2008 4 LAk)
N ARG RR, Bk BRI IE Sy, AR IR %0 0.19°C/10a, HiEid TSk WA
U6 (5% 0.01). SURARALAT A MK T4 [F 0.25°C/10a [12], A g 5 ¥RMER KA %

EREES SR AFEAPRZR I LA W SR 4, 20t 60, 70 Al 80 =AMEAMTFHRIER N 12.9C,
90 AR A 13.7°C, 21 tH&lZE—/> 10 458 13.9°C, il 6 4£(2011~2016)4 13.5°C. Al UL, 477 BB
Ab TS IR AR X i P P 3

3.2. BEIKZEALAHE

BT 58 AR T3 /K &N 509 mm. Sk EAEREKE RIS, a2 5-7.38 mm/10a, {H
BTG B F R (1 2). WA FEEARE, 20 4D 60 42T 58 ERE /K £ I, 715 538 mm,
70 B4R 80 EAREE AT YR/, 4359 514 mm F1 507 mm, 90 fEACESR I T T R AE Gy, fL4E 1997
F11992 AERE K& 43 8 247.9 mm K 281 mm, {HAH 2 F4AFEGy, W1 1993 4EFE/KE N 714 mm, #CF R
K# 80 FEARBEAT G N, TAF] 513 mm. FEA 21 ALk, BRI T, 21 a4 10 47
B KEACA 488 mm, L 6 4 (2011~2016) -3 K & A 497 mm. [RIitk, 47T ERE AL T FK & f /D i
.

33 FREXRFHERZMN

AN [ 1) RUBE bR HEAL PR SR BUSP) R A AR & 3, 8% 1A I A RUE SPI EE R R+ 5
Ak, 3 A H I RUE SPI AT BA S Aol AR5, 6 AN H K BL B[] RUEE SPI A] kK L+ 7281k, A
g, AT 3~12 AN A RIER T RIS 0L X T EREAMT E, TR BRI SEm AT R R R
ETFHRAER LS H, VR R (-0.5) 9bRifE, AT RRRT RS 5B NH LULE), UK TR
FREERE M SPI AP IMER R TR0, Horh B ] e KB T S I8

15.0

14.0

13.0

12.0

11.0 y=0.019x + 12.71

R?=0.253

10.0
A N N o 1N O MO NN 341N O MmN W
N O© O INININ OO 0O O O O O O «f
a OO OO OO OO OO O O O O OO0 O O O O
™ = ™ 4 e - " 4 N &N NN

Figure 1. Annual variation of mean temperature for Julu during 1959~2016
1. ERFFHKIRLK(1959~2016)
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Figure 2. Annual variation of precipitation for Julu during 1959~2016
& 2. EREFREKRETEK(1959~2016)

3.3.1. SPI3

{EIT 58(1959~2016)4F-H1, ¢4 3 /4 H K LA i [a] RUBE ) SPI3 538 % 4E 30 Ik, Sk F 1 51.7%,
KRB TR HIAE, WA 3. Hd, HBE 3~10 AMRKI3E 23 W, R AP K. 58
FEfCR A R ILAE 1997 4F 6~10 H, HH KT F46a40h-3.48, Fih-2.4, Hr 7~9 H#4E 3
AN A BB RN R, UG HBAE 1972 4 4~10 A, AR KTRIEECN-2.79, F585% ~-1.81;
HERN1978 F 4~6 H, B AT FH54-2.60, P58 AE-1.73; 1965 4F 7~10 /1, m KT R4E%-2.02, F
BIohE-1.53; A& 1992 4F 6~9 A, AT F%-2.43, THE-1.48; 1968 4F 2~9 A, m AT 58
$-2.34, “FH5RE-1.36. [FN, “FHTREEERP R BT R EAL I 24 K, ZEREEE
B B B S bR — 2

Rk 3 N H KU EIE] )  5AAE 2000 417 HINE 2, B 10 45 H I 5~7 X, 2000 4 RLRAL H I 5 K
MIFFSE 2 AN INFE] T 52 7€ 2000 42 LARTATLUG & P 9 vk, B [a) RO TR A4E 3N 21 405 R AR
HOA AT D, AERE X B ] R 5 B

3.3.2.SPI6

7RI 58 4EH, FEgk 3 AN H K LL LR SPI6 TRILHBL 23 Wk, W 4, KAEMIERN 39.7%. KK TF
PSR D R R AR (S1.0) B 20 IR SR S KT R IAE 1997 45, M 6 H FAARESEE] 1998 4E 1 H,
B H K SPI6 y-3.15, “FYJ(E N-2.23, T HAR R [EFREE 5 N H(8~12 A)s HikFrs: 4 N H UL ERE
BOKNH TR R AR 1992, 1972, 1974 &, Hidh 1972 I 1 Kk 6 N H (6~11 H)IHK S . 2000 4L
RILHIL 5 K, TRARENE.

3.3.3.SPI12

eI 58 A, KFLE 3 AN H UL SPI12 TR ILHI 15 k(] 5), KAESIEN 25.9%. 55 E 5 KK
TR BB 1997 £, ARAKTREEUEN-3.23, FHTEEECN-2.23, FEmEA 12 M Rkl
1972 4, ‘AT RIEECN-2.55, FHTRIEHCN-2.08, FFgmfal 12 ~H; 1992 FEHT R4 THE=,
KT FIEHCON-3.34, P RIBHCON-1.79, HFFERANAR] T 15 AN H . 12 AN H B RUE 2 1 3 %
FERUN: FREERTRIAERT K, — M RI7E 8 MH KU b, BekRrs: 15 M H, AL 4 IREFLERFR T 8 4
Hi N RETREEEHRREEZ, 13Kk, mHZHTEHEA M EZE6~8 A%,

3.3.4.SPI124
ot 4 AN H KL LW SPI24 T RAE3x 58 FEFLHEL T 15 k(K 6), Hrb 13 IRBABFEE, HHBEA
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Figure 3. Time series of SPI3 for Julu during 1959~2016
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Figure 4. Time series of SPI6 for Julu during 1959~2016
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Figure 5. Time series of SP112 for Julu during 1959~2016
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Figure 6. Time series of SP124 for Julu during 1959~2016
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AT 12 IHBIAE 7~8 H, S K RrgEmt A )y 1986 45 8 #1989 4£ 6 H, L35 M. TEBEHRKA
NHBLAE 1992 4E, A KT RIeE0N-2.38, P RIgEN-1.67, FRERTAKIE 15 N H Hikch
1997 4, AT F%-2.05, FHTRI54-1.34, FFgntia) 24 A, STHE=AT52 2002 4 8
HE12003 49 H, Lkt 14 M H, BHRKTFEH-1.99, Y+ FHE08-1.31.

2E TR, I 58 4 EURE A ™ T SR B P AR 20 4D 70 AEART 90 AEAR, T HT R R
K, RSB, XAl AR =5 3%

3.3.5. FRIILFHE

PA 3 A H B R BT 20, B 20 TR HBUNE, mH e ™ ®E, Hrh 2000 457 3 4>
AR UL FFFERET R IL ML 25 Ik, PR R BIAURA 4 I, R 143k, ER TR, KR 1K
21 THEZE LIk T 59 3 A0 IR Y A /b, 3 16 fESLRAE 5 IR T 5, BREAR RS RN 2 K
M3 . MAEAFRT S, 20 4 60 EMR T A4 5, 70 R KA 7R, 80 KA 6 Ik, 90 MR K
AT, 20 R DISRIL R AE 5 K. BART RRAREAERD, HEE ETREA RE TR

ESREREAER KR A 20 2l 60 ALK HIL T AR ZE 1 R s, (HIE 21 el DOk K AR LA
XFPRe, AR R AR

4. &L 511ie

fEiT 58 -, EREAIRH I s E S, Horh 60 AL 7 RIR FEES . Sk ERIRTH
E A % 0.19°C/10a, HEE A B3 2 LAE 20 tH40 90 4R LS, 1 20 4t 60 4R3I 80 AR kb
RARAIR P AR AEFE KRNI T A B T RE&ES, BRI/ MR 2 y-7.4 mm/10a; 4 fF/K &1L 58
SEF35°4 509 mm, 20 140 60 44X 2F347 538 mm, (HE] 21 2055 1 AN 10 5 K il 6 00437124 488 mm
#1497 mm.

BT SPI TR W R 8. ERERRS: 3 A H K& UL B ROl 5 (SPI3) K A AR i i 50%, &K+ FH
BURFIEICA 4~10 H o, PSR A IR 5 % CL B R RAR N 41%, SRRAR T 5 R AR,
SRR, FOMASTE, 7 BRI A R R .

EARSFEANERAS)ET =T, EEETREEEHRILE 20 tha 70 4£48F 90 448, A 21 thad
DK, HARTIRKE TR, TRE000EE SRR EREYR D, ETRETFEFEARHE.

SAFAALBESZ KSR B, RIS AR BE IR A ¢ . hAh, 3l st O 00 5 AR S s A4k
X LI R, I TR A AN A A SR A AT A TR 1 45 2R

B oW

ASCER Gy TAE RS A s AT (RUR) BHIE L T (R % 1) (rh - R R R RHE i —— R IE AL T7
TR R M) H BB AL SRR A SRR I R LS TR, RO
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