Fak Ha4W
2019 4F 11 A

ST 2k

Meteorological and Environmental Sciences

Vol. 42 No. 4
Nov. 2019

BROR, K R R, W02 S R ) e R A RS BT ()] R SRR ,2019,42(4) 1 10-15.
Wei Lixin,Zhang Liangyu,Zhao Chunlei,et al. Analysis on High Temperature Heat Damage and Climate Suitability of Apple in Swelling Period in Hebei

Province[ J]. Meteorological and Environmental Sciences,2019,42(4) :10-15.

doi:10. 16765/j. cnki. 1673-7148.2019. 04. 002

AtEEREAXPSEAETNSEEEES N

mmakl, KRR, REEF?, K

2 e, )RR

’

(L AREWR LA, Wl 52 0710005 2. Wb L REWSE A, A % 050021)

OB, AR AL S AN ERMEE L A 1988—201746—8H =35 CHE B .=0.1 mm BKH %,
20~27 CEHABRIK(FIRFRMEXEGEAII)#THEZ T  HPW ARG ERPAIFTRAFHE A
BE A EROHE LR RETLLA TN, RACIS KRESREXZE0N, WHERXE, 2477
EERBANBEAFZHBE A ABEETCHEHNTEA L ARME, FREZW.FEAPANZTRIHKUE 104509 K
WENR A ETAREIR BAREHSAUE 10£F2.7 1.1 KWEHTHR, FEGERAER%XE 10£F LA
0.3, AGEEREE I0FTHE3 6, BRAFETENREAETELAAEAT LT REFTERNEFTHX , FERNR
RoGEAXEHEANATLY AHAALTFTENABR R, BENCREFELAER LR ERMK, AfF

&

EH KX E R A AR KRR VA RO K

H X A4 £ A 5 A K AT W 38 BT b F R

B AL KR, B FERM MBTHWERMEL, - RETXFELAATLFRFABNEFT K,

K@ T4, ER; BAY, gREAE,ABEETY

FESES . P49 X#kFRiIRAD: A

51

il

T 1l 4 2 Tk 1] o 5 PR R M — | T LR
P R A RO A A6 S % 65 T N 7l 25
BT R MR B TR E R A 2R A
R TR I AL 4 A 7S R S R 246
TG LA R B I kTR R
P 7 KU ek S o | IR 3 2 R AR
Ry Y SRR WP N 3 E RPN
FEIAE 7 0 K SR 1 11 SR VR P 48 (LA Bk 1) M B
o A AEE S H X MO0 5 2, G S
K, AR A AT T o 8 TR AR o 1 B
B 5 0 2 B T A A Al
PR TR RS T 2018 4R
F] o 2 A X B 2 3 R R 7 R R RIS,
SERTAEC TS T RO K VT 0 b X AR 45

B .2018-12-24; 11T H 1 :2019-06-06

ESTA P EALIR 2018 AR TG K H K BUE Ml 55 e d B i H

XEHES . 1673-7148(2019)04-0010-06

S A IR NS N R AR
G KRS TRE | E K R T S B0 R R
R K 3 B, T MR SE SR AR R OR
HIE RS TR SRR R T T H R
Rk X e RS R 4E AR R C F R iR R C
Wit T T D /D B A A i ks
SRR ST R I AR R B AR S R B T R K
57 AR R L SCI[11-13 45 1
6—8 - 14 il 2 R U 32 R bl A A R R
AR T SRR R ST BOC R
TEI) 14 i i R L B W S 2R 7 R TR A R
FESQREZ - REW AW AR ML 35
C,THEBIDEE EFRORE MERELW R, HE
BRI, v T T A P R TR R A
IR i 5T, OF T R AR Wb AR A E D
R SR SN I s R 9 G T i

TEE B AWK (1980—) , & b Pt B A, TR, 2=+, NFR LR 5 5 0 AL 058, E-mail : 8920927 1@ qq. com
WIRESE KR E(1978—) , B idbik &, TR, %+, AR LA L% TAE. E-mail: 51031570@qq. com



41

MMAKF  TAEFRY XA SBA TR AMEE RS 11

RPN B X G K 18 BN B B T T 2
MIOCHESE, AR RED MR TP MR ERMS
R SR 5 TR U K Rl VI E P = SR R
T3 SR R i i A EOR AR A RURS Al R X R
ARLLAE IR SET =0T 0 vl R R R R0 I R X
Rl o AR ST AL A 30 R A 7 5 N R R R O
R o A SO T T3 O v A XU A
IR ISTNCEE 8/ GURTIEI e S2ce N=E AUUMEIR ]
YEX KT, B 7E A BTk I RS RS S5 , By
GEIE T A R A XS A S KR Y X
PTG A S 2R 7l AT R 2 A R B o) E 2 B

1 #EREFZE

1.1 #ERSRIE

TG A S R X 3 A3 A A e LU R B v R Y
KAT I AN AE P S I 45 A~ 7= B G el
DI [l 37 B RTE BRI T R D% RE TR
b EH T BB ER RS S K R
B R B ORAT LR AP R X S L R R I
AN T S NN 2N [ = = S N 1 AN L N
T Ak A R R E R BN TR K
A IV BT RN kT AR TR HLDR

S HREH198820174E6—8 A b4 45 4
R ML MM SR (=35 CRiRH
$.20~27 °C I W1 BOIEE H 50 ek (=0.1
mm FE7K H %) B R A . SR AR AR TR K
18 Rk B GG AR b e 4R %8 ) AT b el K
ST R A R
1.2 HIBABAFFRFE

DA 43 B 32 S5 R 3 %) v 1 A 5 R A0 3 4
B8 2 R FH 6—9 1 B4l 2E 17 43 Br , i AN 48 B L 43
Mr % B, 1988—20174F b4 9 H & H 8 = 1 10 &=
7R 319% , L ~ 3K 1 60% , A 3% 2k i
KA FH IR 78 I8 A GO A 9 H i il R A% SR 5
i I Wi AR AR K, FH6—9 H K AR XE & LI fr 4%
i BT A 48 SRR KA i s

FERBRAMEASBE W 5T, A A DX A A
AR — B A R R R R A 68
Ho AR T 9 HBHE, IFHIR T =35 C & il
M =0.1 mm FE/K &R H B H 5,18 1E B35 500
KB R AR S 6—8 7, (i 1153 25 A TG oz | % 52 B
AT EARRE X,

6 & 8 H i b4 3 H KM, b IE & RS

HoIRZE KK Z RERENZETY, A3GHE I
3 AT T e i AR R (G ) AR S R R AR A
(P,)o
I v R BORT RS /K H B0 e v R B 1 R
R, MM ERR C &Ry
G=N, 225/ Npzos (1)
ECEP,N,fzS J6 A1H-8H 31 HiRES =35 C
B HE, Ny, FIR— B I FEK 5 =0. 1 mm A H
B, WRMEEABEZ KA (R=0.1 mm)
b HAE AT RE R BRI TR S K
Shy TG S W ORI RO Sl M, AR SCH]
i A B K H OB P ROR (20~ 27 C) H AU
W g A 0 A A i A
SRS KIS B AR R P, SR Y
P,=(N, +Npy ) /N, 23 (2)
A, N, R B AR R A H B e O 20 ~
27 °C AR R H X R P 5 P RIS N, (N e
BZ N, s B SRR IR
G, FRAE T WAL AR E " Kl hF 25 &
YRR AR R B, P, W T b R
KA 3E FE
WG AR ¢, P, 4581750 %
K GIS [ HE B AR 1k 25 {E 40 B, M £ DX R 181 5%k L
S HTIRT A0 A8 S R R s T AR RS M
(] 43 A5 FEAE

2 HERE545H
2.1 BAHEERENSBEESESHENEFER
T

T B R K R 5 e S SR R KRR AR
R, Girgs R (E 1) W3 30 Aok SR &
PR R IR (=35 C) H A R R R E T,
20 40 80 UK = 90 4FAC W Ay LTk #4 21
20 2 4w i FOBOH BT gl PR R R T
1997 AF J& 8 3 JE /R JE 35 45 20 B DT AR TR H 8
WA, PEgeit e IR & SRR Ak 78 N A
AFET R F 77 B & i HBGE 30 ~48 K, ik
6~28 K, 75 JLFBHR 5 KUUF , FHEH M 48 Kk,
B B K R H B3k 6~ 10 K, E il
PE R I A B O KR G AR %), 1997
AP R ™ I — AR LAY R T R R
TR B AN, B TS R B K
3, A7 0 A0 BT B R B . 2000, 1999 AR i i H



12 g IR

542 %

R Z . ERRARENIBE ST, &R H B &
10 47 0.9 K% HE LTt

20~27 CFYHIRH . =0. 1 mm FE/K HEE
TRERH, A BILAEE 10 45 2.7 1.1 K HECR M,
1997 AE R R 25, S E g TR R A K
20 42 80 4FAR K = 21 a2 WA U g, 1 21 4
I 10 AP B E .

—8— =>0.1 mmfE/K H %
20~27 CFHSREHE  —e— =35 Cali i

80 - y=-0.2712x+66.361 25
70 |
60 |
50 | y=-0.1133x+32.834
40 &
30 |
20 1
10 F
0

H#uK

=]

Bk SFER B BUR
Eﬂm

> N oD > o
NI L L YA e ST N RN RN RN NN
RO URCHAC RIS IR N PN AN NSNS

A

Bl AdEFEREFTE19882017FEHKE=0.1 mm FEK.,

20~27 CEEBA#H. =35 CHEAHHBTK

2.2 BAXHEERRAERTT
2.2.1 iR AAE AR B (] AR b

HRAEAX (D) ITEA B I 8 = 2K
WL RRAFER(G,) . SIHTRELR(E2) 2
7N, e R IAE S BUAE 10 4 BT 0.03,1997 4EFET 30
AF A E B B R E . 2000 4F LISk AE 4k
AR, AAEIE 10 4F, @il S E R SR I B BT
2017 A7 A T AR B K, AR b T b
K R AAE KU 2 LT, miRAE R

DRSS A P R B SR T Y ) AL

1.2

y=0.0025x +0.2463

1.0r

0.8

0.6+

Sl A AR A

[

0.4+

0.2+

00 T T T T R S
> N o> o P
o

NESESRCUREN

S
Gy
2 A EREFTEINGS 2017TERAHSIE

AERHTLER

2.2.2 EiRIAEFRHA AR L

HE 488 45 %5 BHC 28, 1997 2000 43 b4 2 &
A TR A IR T R ORR, B R S AR A A
PR T =35 C By HFLE IR KR, 40% ~ 60% 1Y
Pk B BT SR A8 R AR IR /N K 405 i R
P S A £, 4 S R B T O [ R R A
S WIE 0 FR 43 SR e VE | R R R SR A
ZEM R LR T R AR, R R b
Wb 2 E 2016 4F il H AR D Bk £
A R B T R 5, AR E IR R SR
A 77 BT R, AR 22 A R e R B XS
Sl A S AR R A IR 45 A SR AR £ X L
O30T R R IR AR AR (G ) N 3 S, HIKGE G, <
0. 15 M 0. 15<6. <0. 45 HHJE 6 >0.45 HE
JE o VAT b A AN ) e i A A5 O 3 R AR K 8 5 e
1,

Rl ALERARSERAETEEANERERKBZ M

o s it T
o SN, LRI S G
e R RE R L A 7 1Y IR AR B WIS, 2518 R B
o AR AR e m e N R
o R ° S U R A

T AE )y 1996 4F 2004 4F

st 0T A

2012 4F 2016 4% 1997 4 2000 4

R GIS A 0w i #4435 918 JOHE A7 RUR: X R
Ao BT A 3 R 32 B R A it R XS X T
(FE3) . & 3 AT RIA i 3 e B XURS X 3=
TP E AL DX PR M X, AR R R R
JEL SRR DA R SE R M ME LA X A
DIl iy, B R e R R YRR
PR LA A 1 e M, B XU, DX 73 A A AT L 48 58 A
RAT L PG B T AL J Y b X, A 4 R 5E

AR YN 5K B YSRGS R A B
RIS X 2 4 A7 30T G 7 i e i A B R X
oA L MK TG A5 S R A A B (F
PR AR B R 43.9 °C I AEKAE X)),
i H R 2 AR X, 5 XRS5 R — 3,
2.3 BAHSEEEUERNZTH
2.3. 1 MBS AR B (a4 b

RAEAX (2) A B b R 7= Bk



%4

MMARF T FRG RS BAET R AMEE T 13

WPy AR A TR B (P,) o P HTEE R (K 4) KRB,
SMEIE H AR KU 10 4E R 3.6, 20 42 80 4EfR K
F 90 AEA T E E AR B b, 20 4D 90
GRAER i ERO N B K (S TN 8 L TR 4\ ¥
30 4R A5 A 1R Bl AR 2 2008 AR, IR OE
1995 4 G S M S AR T8 B ) Ay 02 1997 4F, ik
& 2000 A Bl AR R R AT A0 4 SR K
KGR E EHAE TR,

43°N -
N
o | A
ar S
- ‘,\‘;'
a0 I g
3 S
3P e —,
T QL’; f
P AN
S 2L (5
<<__'.:fi.,"
8 |
37
L RE
6 L I
=
1 1 1 1 1 1 1 1

113 114 115 116 117 118 119 120°E
B3 AtEEREIFEFABIEREELSH

50 y=-0.3624x+21.95

0\\\\\\\\ L

S N H o> D> Q

P PO S S N S

T IS S
Ay

f & O 0>
B4 Mdb&ERFEFTE19882017EB K
SEEEEHTLHE

2.3.2 S E S B AR

68 H IE{E b B %, & 447 A il o i B
S AR 5 AR S A K e BT O R R 0T 3R
T 20~27 °C o 2 R IE J2 3 SRR i 2K i d ok, )
IR B OB B 3 BT, R ) B R A T
KE LT AT KRR 86.9% , bk 51
BT SE R S O R R R A K
PAE7S % S

R B Yo YT I A S R R R T BRI R R A KR

EE I P, 52N 3 P, <6.5 H—RE L6, 5<
P,<20.0 N#EE,P,>20.0 NiFEH, WALEMKE
B TR AN e N 1 A 7 R E A R SO L SE T g B
i B o VAT AU A S [ 3l R A5 DX R A T AR R
HUNEE 2 i,

R2 AXEFARSBREESRAXERMETRN~2

I A R & H X BE A X — i R X
Fift 4 11 AL/ hm® 95926 59221 28506
M E R % 52.2 32.2 15.6
5/ (kg/hm?) 22181 19554 16122

R GIS HAR W =M 3 B AR KO AT XA, 75 3
T 48 S AR T B I R A A 2 XK (L
5) o 3 E DX 3R A A g L XY B A M X P L
R 7 B SE SRR BRI TR R R (X
MBI 3 RE XL ' IR e HE K e L DI A 2
K, H D 28 8 5 ISR oy 3 B IX
0 R 0 DX, B Sy A 7 BT R i X
AR B R L AR X, B T B A A — Tl
FLIX R, 5 DR 25 2R — B B0 H X A3 A AR T L BT A
{18 SR AT L A BTG P J ) R X, o AL A v |
HRHR T 0 32 SR AR B s — B3 L X T B 0 A A TR L
I R R R B FE R L IX

43°N |- N

2 A

41

40

39

38

37

g [ —fER

6 | T —r

113 114 115 116 117 118 119 120°E
Bs5 AtEFEREIF-EFXBSEEERELSH

3 & i

(1) 3R R G A5 1 0 S 3 7= |y o A
[EEE S AEIRGE SN  hE L BT e S



14 g IR

542 %

fE K3 (6—8H ) =35 C i HELLIEE 10 4F 0.9
KIGHE LT, =0.1 mm BYFEK H$.20~27 Ci&E
HIRE B 10 4F 1.1 X 2.7 KRB HECK
% fmiEIEFE B0AE 10 4F BT 0. 03, KRS H AR
B 10 42 T FE 3.6,

(2) e e #5383 Ay g b P D v g S Y 3
T 1 DX, A5 A G K IS HISHE 25 T ) 3 2R A
HEEL 5 v B AU, X0 A 7R T B8 9 R AT L P
K] A Dt 1 A Xl 5 A XU IX 32 G A 7 e
Ly DX 30 B 7R b X

(3) VATt A8 392 B A 35 X 2 A A AE S L X
S B AR M X VG A B A i vl DX A X A0 A
TAT b A8 5% P9 B R AT LA 8 BT A S T A A S DX
A0 AL FE VN IR T A 9 SR A L — i P X
3 A AE T A D b R R B R b X

(4) AR SCARYE W LA SRS K IRIE B R4
RN B 69 A IE 68, A& % WSLFr,
RS ST R 7 PR AR AR | H O 25 48 BE RN AR Y
S 3R T E— 20 2 B 52 e SE R R AR KI R4
PRIZ i 0 5 AR P 48 S0

Sk

(1] SPGB, AR A5 L4 RAT L X484 TF 43R BT 5T
KR LT]. Mok 54: 3582 ,2018,33(3) :237-242.

(2] EML, ERS AR, 5. W4T A% 28 (X & /N2 77 i 11y
i [ 1], T E A AR 2% ), 2008 ,16(6) : 1444-1447.

(3] M. KA AR A i E AR A = I B R [1]. KR 57
Bk ,2015,38(1) :80-94.

[4)EH . 1981-2016 4F T TG 24 4 /N2 7=t % <5 DR 36 28 1k 1 o i
[J]. K% 5 8F%,2018,41(4) :108-116.

[STREH, TRHILL T 5%, 45, 2018 4F B Z S R 4 ME S Al A 7 10 5 i
[J]. HEL&I <4 ,2018,39(11) :762-764.

(61 FLSFHE , A1 &M, XU, 9K PR35 e i % 4 VL oh i i X v e 45
FRM I BLER[)]. KR GRS ,2017,40(1) :73-77.
(7] 52, AR Wedl S AR, 55, R A T &G AR RN 7 i
B35 W BFF 5 — LA ROK Tl 28 I IX R B [ 0] o [ e 2 5@ 41, 2014, 30

(28) :199-203.

(8TFFT, BRIEAR , KB A . <ok 28 Ab R 32 2R 32 7 X B 77 J B 77 3
KA BTIRFFT[T]. b B el R 2% 2 4, 2015,20(4) :82-91.
(93K, Sk e da , Belve R, A5 4% 10 %o i R S SR 7 1 i 0 I 7 1Y 5%

W[ 1] KRG H BB ,2018,41(3) :51-56.

[ 10 Wh/Noe, ThAS 2R, 5. Ble R g “ B4 3 SRR 52 A K gh s L 5 #4
AR hER A% ,2017,38(12) :780-786.

[ UV BRI JE T . b [ 3 5l A A0 58 XA 4R AR PR 28 1k
[J]. A& %47,2016,36(23) :7551-7560.

(127 3k i B 2i 0, 250 ) A5 A A 25 Ak X B i 392 1 Al R A% 35
TR R[], E ROl B R 5 X R ,2018,39(8) :255-264.

[I3TJRHRVL, A k. o [ 4 30 SR AR 0 & RS [T ] R
% 24) 2016,74(3) :479-490.

[ 1400 55, SR Ar, sl 25, 55 R G £ F - 30 SR M BT 48 4 Bk
IEHEAR [J]. P ER A% ,2018,39(9) :611-617.

(151 % XIWEEE ] 3, 45 AS R 88 6 e FH X < 2006 220 SRR =0 |
SRR ISN-FRZE 2 (5% [ )] R AR A% 4R ,2018,29(5)
1412-1420.

[16] 530, WL B L, 4. BRVE B R D A2 0 R B K K 4
FAFHT (], BePEAR AL #2018 ,64(7) :86-89.

(174N, X A% 56 5 45 B vu 2R A s di 3403 R AP AR 43 17
[J]. BEFE R RL2 ,2007(3) :65-70.

[ 18] 7 AR r. MR AR fh % = 1T 0 3 5 A A A S i 43 A [ 0] o [ R 2
S# iR ,2014,30(10) ;237-242.

[19) TR AR — b 55 SR M SER S R e [ )], %
BAOL B ,2009,37(29) 1 14118-14120.

[20] 7= S0, M 28 R, R Bk, S0 728 X 2 78 39 2R A Ko B M S
[J]. AR5 %42,2011,22(2) :241-248.

(21283656 2R 240, 2040 4T, 45, 35 7 I T ¢ 3 45 2000 Bk 04 45 32
RARKKEAHT[T]. T554,2011,29(1) :106—-109.

227 08 AT XU, S8 4k . I WG 48 0 2R % DR 3 v T 56 0 At £ JRU I T
il B X RIBFZE [ 7], V6 b AR MRORE 8 K2 2 4 ( B AR RE 2R )
2014,42(3) :215-219.

[23] R0 PR, fk0 4, 5. 35T GIS (1 = I W 77 S SR A A< %
EHEXR[I]. KL 5 F R ,2015,38(1) :61-66.

[24 T HIBUSE Az dtg, DUTE B, 45 B K €5 S I 1 B 1 3 2R ™ & <0
A 5 0 IR 43 A7 B R 7 i TR [ ] R 5 ARl A= e, 2016, 47
(7):1146-1154.

[25) 4RIV BARZE WRERRE TN L AN S5EMEME)].
S5 5 RS 2008,31 (1 T]) - 178-180.

[26]IPCC. Climate change 2007 ; The physical science basis. Contribu-
tion of working group 1 to the fourth assessment report of the interg-
ovemmental panel on climate change[ M]. UK ; Cambridge Universi-
ty Press,2007.1-50.

[27 1 R AR F ARG MG Z R &, B R E
FPEAE R [M]. U5 Bh2 L, 2011.213-229.

[28] FRear. R G Rss 5ol [M]. dbnt . KL Mt 2010.

[29] W E A MO, FR R FBH#F 5 BE. GB/T 33666-2017 JE /R
JE /AL eI [E) 50 I L [ ST, AL st b B AR i A, 2017,

[30]FEBL. 20 3 R K A S R ARG PR () ] o Rl At
4% ,2009(4) :19-21.

[31]452F XIBT*. 2009 4F B VG 3 AL B W SRS WA (1], By
el Bl ,2010(4) :77-79.



54 4 BWARF . ALEFRE RSB TR AEETE SN

Analysis on High Temperature Heat Damage and Climate Suitability
of Apple in Swelling Period in Hebei Province

Wei Lixin', Zhang Liangyu', Zhao Chunlei’, Zhang Hui', Sun Xiaonuo', Liu Hongju®

(1. Baoding Meteorological Office,Baoding 071000, China;
2. Hebei Institute of Meteorological Sciences, Shijiazhuang 050021, China)

Abstract; Using the = 35 °C high temperature days, =0.1 mm precipitation days and 20—27 C
suitable temperature days ( excluding days high temperature and precipitation appear simultaneously )
from June to August during 1988—2017 in 45 major apple producing counties in Hebei province, mathe-
matical statistic were conducted. Temporal variation characteristics of high temperature heat damage index
and climatic suitability index during apple swelling period in Hebei province were analyzed. The indexes
were graded and evaluated. Using GIS inverse distance weight method, a zoning map was constructed,
while the spatial distribution characteristic of high temperature heat damage index and climate suitability
index during apple swelling period in Hebei province was analyzed. The results showed that the number
of high temperature days during apple expansion increased by 0.9 days every 10 years. The suitable tem-
perature days and precipitation days decreased by 2.7 days and 1.1 days per 10 years, respectively.
Over the years, the high temperature heat damage index increased by 0. 03 per 10 years, climate suitabil-
ity index decreased by 3. 6 per 10 years. The serious risk areas of high temperature heat damage are
mainly distributed in the south-central Hebei Plain. The moderate risk areas are distributed in the mid-
dle, west of Taihang Mountains and the north of Hebei Plain. The mild risk areas are mainly distributed
in the east of Hebei province in Yanshan district. The climate suitable areas are mainly distributed in the
eastern Hebei, northwest and Bohai Rim regions of Yanshan region. The more suitable areas are located
in the middle of Taihang Mountain and the north of Hebei Plain in Hebei province, also including Cang-
zhou and Handan apple planting counties. The general suitable areas are mainly distributed in the south-
central Hebei Plain.

Key words: Hebei province; apple; expansion period; high temperature heat damage ; climate suit-

ability



