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Abstract

The frequent occurrence of extreme weather poses a serious threat to agricultural production and
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the development of food industry. This paper takes 31 provinces (municipalities and districts) as
the research object. On the basis of clarifying the influence mechanism of extreme climate on the
high-quality development of grain industry, this paper firstly constructs the high-quality devel-
opment index system of grain industry and uses the entropy method to measure its comprehen-
sive development level. Then, the spatial econometric model and Tobit model are used to analyze
the influence degree and spatial spillover effect on the high-quality development of grain industry.
The results showed that: 1) the high quality development level of the national grain industry
showed an upward trend, showing that the main grain-producing areas were larger than the ba-
lanced areas of production and marketing, and the main grain-selling areas were larger than the
regional characteristics, and the development level of the sub-systems showed a steady growth
trend; 2) Extreme weather, under the combined effects of output effect, input effect, structural ef-
fect and technological progress, significantly inhibited the high-quality development of grain
industry in this region, and adversely affected the high-quality development of grain industry in
neighboring regions through spatial spillover effect, with regional heterogeneity; 3) The output
effect, input effect and structure effect of extreme climate inhibited the economic welfare, green
sustainability, structural efficiency and food security of the sub-system food industry, while the
technological progress promoted the scientific and technological innovation of food industry. It is
suggested to ensure the high quality development of grain industry through external adjustment
mechanism and internal influence mechanism.
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Table 1. The concrete manifestation of the impact of extreme climate on food industry
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Figure 1. The influence mechanism of extreme climate on the high-quality development of grain industry
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Figure 2. Time series changes of the comprehensive index of high-quality development of grain in-
dustry and its subsystems

B2 REFAIRAETFRESRELARGAIEHNNFEL

WA HE A 523 oAk E (L3 4), w4aE 31 A, X)ARREIEEX 2011, 2020 FFHR &=k
Ji R LA R BT B K R ATHE4, 2020 FHER 55— IR AL TR 177 X 1 BT 0.6365, HE4
B Ja AR RS IX I 1 0.3368, A MR ZER . A B Al s i & LR /KFHEL RT3
PFRRE 77 X o A ERR A R R HES J5 5 AL R &P XA 2 AN(BM S B, R
TFREXA 3R WM ). MEKE KRR RE, REPEXBONRE, M. PR,
FE T o ]G 2020 AR T R SR KK R AE 19% 0L b, B ERHE 4 BITE S — 1
WAL FEVUAL BN BB NOIRIES )AL, HHE KR AT N, HARET 10 A7 DY A7 4
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HRME E XN BN SRR TG X, TR & R KPR R e 2 X Rl 7
MEBIBREALAE 20 4 VUG MWRBEIIREX AT 2K KF, 2011, 2020 4F BRIk &
RIEACTHEZ A KA R B T 7IX > PP X > REEHKX), HEBRRALH T EX > )
FEMX > WA X, KA 0 KIS 418 AR Z AT AR “ AR s B Sl sl

H T BEACA PRl ot i oA, R S X K R IR T A, TRV R AR SR B X s, LSRR

BORY BN, 8 JE MR8 A7 IX 8 OB T g O R B T S R

Table 4. Evaluation index and ranking of high-quality development of grain industry in provinces and regions

F 4. FREMHEXERESISRELREATFNEH LA

R ThEEX Ay 2011 4E g%ﬁ?gﬁ 2020 4E é’?‘éﬁ?ﬁﬁ B (%) ! Jéj‘
Gkl 0.4337 6 0.4827 7 0.1131 25
3 0.4554 3 0.5680 2 0.2471 3
Uy 0.4236 8 0.4662 13 0.1003 27
Ak 0.4915 2 0.5346 3 0.0878 29
BT 0.5461 1 0.6365 1 0.1654 13
5 0.4303 7 0.4933 5 0.1463 20
MEFTX T 0.4061 11 0.4802 8 0.1825 9
AN 0.4120 9 0.4653 14 0.1295 22
i %R 0.4367 5 0.4870 6 0.1152 24
=) 0.4511 4 0.5017 4 0.1122 26
ikl 0.4022 13 0.4756 10 0.1824 10
b)) 0.4054 12 0.4662 12 0.1499 19
iplll 0.4112 10 0.4777 9 0.1617 15
1L 75 0.3903 15 0.4422 19 0.1328 21
il 0.3596 22 0.4293 22 0.1938 8
HER 0.3980 14 0.4602 15 0.1562 17
M 0.3408 27 0.4270 23 0.2527 1
P 0.3555 24 0.4323 20 0.2161 6
PR P [X (i 0.3767 17 0.4702 11 0.2481 2
(il 0.3902 16 0.4265 24 0.0932 28
H 0.3638 21 0.4237 25 0.1649 14
il 0.3570 23 0.4436 18 0.2424 4
TH 0.3638 20 0.4469 16 0.2284 5
Wi 0.3367 28 0.3648 29 0.0836 30
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Continued

Jbnl 0.3647 19 0.4297 21 0.1781 12

T 0.3764 18 0.4447 17 0.1817 1

kg 0.3188 30 0.3368 31 0.0565 31

MEFHX T 0.3469 26 0.3914 27 0.1285 23
iy 0.3242 29 0.3761 28 0.1601 16

IR 0.3535 25 0.4066 26 0.1503 18

i 0.2905 31 0.3491 30 0.2016 7

e F X PE 0.4389 1 0.5027 1 0.1454 3
PR X T EE 0.3666 2 0.4333 2 0.1821 1
e EHXTIME 0.3393 3 0.3906 3 0.1514 2

4.2. RIRSER RIS RE L RESGELR S

421 WRFIBRERROTEEHEXMGITER

NTRZERE LR R R 2 1 B A AR S, ATz ] Stata 16.0 0 HbAT 22 7] B AR SR AGL 06 o 4%
FEPITRIE 7 X 3ok P SR 5 B DA S 285 S A SO0 ) S B AT B s [ R B BRI 0 2 (R REL R L 22 50 2 [ JE R
LA 5 2% ) L K DU 2 [ S R P X R 7 M v Jo o R e AT S 2 4R K (Moran’s )5, 45 R 0E 5
Fs o

Table 5. Moran’s | index value of high-quality development of grain industry in 31 provinces and cities in China
=5 2E 3 EHRBISRELEMN Moran’s | F581E

RUEESaIEIE e v I ) A 2o (AR R &

7AN
i Moran’s | p-value Moran’s | p-value Moran’s | p-value Moran’s | p-value
2011 0.464™" 0.000 0.353"™ 0.000 0.178" 0.014 0271 0.002
2012 0.463™" 0.000 0.343™ 0.000 0.180" 0.013 0.266™" 0.002
2013 0.455™" 0.000 0.330™" 0.000 0.160" 0.020 0.240™ 0.003
2014 0.434™" 0.000 0.310™ 0.000 0171 0.015 0.243™ 0.003
2015 0.4177" 0.000 0.299™ 0.000 0.149" 0.028 0.217™ 0.007
2016 0.435™" 0.000 0.309™ 0.000 0.161" 0.021 0.231™ 0.005
2017 0.398™" 0.000 0.273™ 0.000 0.135" 0.039 0.199" 0.012
2018 0.358™" 0.000 0.233"™ 0.002 0.151" 0.027 0.205™" 0.010
2019 0.384™" 0.000 0.242" 0.001 0.161" 0.021 0.219™ 0.007
2020 0.394™" 0.000 0.246™ 0.001 0.137" 0.036 0.198" 0.011

* Kk

W LT T RIERR 10%. 5% 1% 7K R B,

|
>
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B 72 5 A1, AR A A S AR PR 055 22 F 500 7E 0.35 BL L, HAHRE 1%H/KF FEERIE, BUkRE
FRAT P Ml 5 T 5 R PR AT A0 S5 e 1 I [ 25 () A S o B 85 2 ) A L R o AR 4 25 2 ) A L R PRt K 22 #RTE 1%
AT, BRI BRI, 5 4847 (R A R AH bE 25 [R) AR O AR 4 55 T 28 5% 2 (R A
FEMEAE 5% /KT T3, I HSE 2 SR BB, 1 B3R DR A7 b s T B R R /K AE 2 5% 25 (B R 4R
BTN 25 () SR AR PE TGS o DRI AR SO 38 40042 72 ) AN B P gk AT 404

BT BRI A O RT 56, 2 B B B A7 M v o i RS B S AU AR G, BRI AT DA 93 2% R o
SR TR T oty AT FEEE I 3BT o N R AR SCAE P 00 25 B - AR R S T (A [ JE A Y | s )R ZE A Y
A A AR, iE A LM A, 7 LM ARG, SEM R LM AT RobustLM #6556 {8 %3 % v 108.645
F1 3,536, 2% A N 48T A% (B R ZE 0 JEAR 158 SLM BEAL ) LM AT RobustLM £ 564E 43 51 A 125.133 F
20.024, HiEd T 1% B MK, FE48 T oS WA e DU AR ¥ . A8 T LR K058, R iefi o
8 58.67 F1150.96, H. P {HINTE 1%H7KF &3, i B SDM AEEiR 1L A SLM FIl SEM. & )5 1T Hausman
K, K56 p (>N 0.0068,7F 1%/ 5 2 KT b 35 48 BE AL RN ) JEAR % o

422, FEIBERS

AT RIS e £ 3 [ T SN A AL TE AR 2 (SDM)BIF S AR i S0 KRR £ 72 M i ol e K
DRCME RS R 25 (e AR, 9 T ARAIE S, SRR M RN 50 T A5 B, AN S [RINHE B A3 () e A R L 4% )R
FERRAY TR Tobit BEAYHEAT X LA #r, Aliih 25258 W3 6.

Table 6. Estimation results of quantitative model for high quality development of grain industry

# 6. WEMUSHRELRITERBMHHER

TiH At SDM SAR SEM MR Tobit
I : —0.0483™" -0.0516™" -0.0368"" —0.0845™"
HARR R exclim (0.0107) (0.0113) (0.0106) (0.0141)
it -0.0013™" -0.0005 -0.0018™" 0.0001
y (0.0005) (0.0004) (0.0004) (0.0007)
Inad 0.0091 -0.0183 0.0220" -0.0258
9dp (0.0136) (0.0129) (0.0132) (0.0187)
invest -0.2685" -0.0458 -0.2551" 0.2433"
(0.1081) (0.0985) (0.1066) (0.1421)
edu -0.0136™ 0.0004 -0.0125™ 0.0144™
(0.0053) (0.0051) (0.0050) (0.0070)
—cons 0.6006"
(0.1691)
0.0029™
var(e.Y) (0.0003)
Log-likelihood 574.0172 467.45013
tho 0.6268"" 0.7205™"
(0.0577) (0.0501)
sigma2 e 0.0013™ 0.0015™" 0.0014™
gmac_ (0.0001) (0.0001) (0.0001)
0.7833™
lambda (0.0423)
N 310 310 310 310

W T T T RIERR 10%. 5% 1% 7K R B,

DOI: 10.12677/0rf.2023.136668 6796 BE 51


https://doi.org/10.12677/orf.2023.136668

RS

3 6, XL ARG SR, TR 5L ERM TSR RS B KT
BON— 20 R AL R BAT e AR R . SRR SCE R 0y 0.6268, JF7E 1%[K 2 3 /K1 i
i Z K5, U B AR AR AR b T R R R 1%, H4 3 ORI DR f 7 b e o R K e N 0.6268%
R WD 7 b vy i R A A7 A I 35 ) A o 2 R HY RO, AE S [A)A Jy b R L SR IS 34, RIARIT
DX TR R B b e T B PR DL ELAR R E B [FIR T AR SE RFAIE o b4k, M DURRAS IR 1 i1 45 R
A% oo PR A SR AW B AR P 0] VA R B8 19 100 52 35 1R /KT TR D A7, SR WITAI B C AR 7l  FR R RE BLAY
BE AN, BAE R H5.

ARSI T (AR SR, P ok 20 7 it 2 [ N2t — 2B o0 i, SRR Co R AR B PR B RN )
PRI, WA 7o WERNRE, 2O MR A Rl 5% 8 E VEACE N Z ke, HIBARECY
—0.1746, FRWIMK I BT AR B 7 b e o B JR BAT S B R R A o A AR R, I KT R 5%
R A N ONIE, TIHLIX 255 R /KPR 1% 235 MK oA, RT3 oA
b Jo e A J AT WS R S A P T4 X 22 55 R AT BAT H i /T e S PR T3 A ke R T
i/ 2 R, AR 2 Bl ke, T SCE B IX (ka5 M, HESD P AL TR R BT, T2
R R KT v A DX B AR ) 58 L =R R R . LIRS R DR AR 1%K/K-F T 3%,
ELZAON ATV R KN —0.0584, & MR S S AGIE R 32 RN 1%, K S BRI DOR &b e i K
JEACT A% 0.0584%. MIEFZRAN KRG, FEARIZL MAEIERE T, O fre A il & e i A5
A7, R IR S M B A A7 1] R 2 R S 2SO Ot 418 S b DX FRRR B 7 i o A P LA 25 Al A 1
BUE 7 RU HE. SRS, ke, TR iR, KE. e SRR SR SE AR RSB E R R E
AN 5 A 1 DXORR B0 7 b v Jo i R R ™ B B, 30 S e 4 ) S R0 o 408 3 X R 7 L vy o
SR EAKNGE , P 1H 1 A I SR BRURH 5G4 Tt ol 5 M1 7 AR iy “ A6 3 Rl ) A7 TR 2o

Table 7. Spatial spillover effect decomposition based on spatial Durbin model
= 7. BT zEEER Rz 8] R 6

BN Bz A SR

B

RE Z1E ARH Z{E RE Z1H
exclim -0.0584™" 0.0134 -0.1162" 0.0640 -0.1746™ 0.0729
city -0.0007 0.0006 0.0072™ 0.0027 0.0065™ 0.0031
Ingdp -0.0217 0.0153 -0.3585"" 0.0776 -0.3802"" 0.0867
invest -0.2605" 0.1143 0.0971 0.5574 -0.1634 0.6092
edu -0.0089 0.0065 0.0537 0.0328 0.0449 0.0373

W LT T IR 10%. 5% 1% 7K R B,

4.2.3. XigRRMERLE

ARG 56 A ity A o R B Ml v R R R PR X SR B M, AR SCIG AR B 72 X PERS AT IX . AR
B A X LR AT B R S PR A A T, L 8. AR R A b R R M B AT S (X
WESR, W8 4K, MRE T X O R E R EE N . (AN FLUS RN I TE 1% K i
FENF BEEERARMATERAL, EREEX N, RS R E SR E ST A X &% A8
b DR A Al e R SR A BB B M S R 3R X A AR ] SOR A e e R ) R B
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S i

DX, HOMS B R AP AR BOR HA 7 DA S b, — BB U, R S EURIBUR & 2468, LK.
KL REERANERTREL, HILRIORA ZRTE M ERACE, ) 7 PO 7l s B R
J o R TAE T X O AR AR B R RN B N B, TR RN AN B 3 o MR AT X 2 R T
BORAXVE S5 PR ANTE AL 43, HAEP IR B ZL5 AERR, AR —BOVBE S B 2, 8 3 m T U%
ST IS ARORAR AR 2 RO A BE P, PR 950 7 Wi A 7 1 1 DR B ™ b ) (e B, i
TS HOAR B 7 b o R R RE R/ o AR A X I BRSO IEHAN B3, (RN A T R EAE 10%
AP RENIE, XU BB A 27 A T e PR 2 T O, R e At DR B 7 oMb v o e A e 7 AR R
F RS R BRI PL AL SO BT, A RO A AR R AR i AU X b, AR
IREONYIE, I A a3t BRIV BRI A Y, R BRI R R 2 R R e, T A
R A IR RO A Hb™ A i RN, AR FOR A8 AR AE 7 > S Bk B B BKCF 1 R 2
WHRZ S, AR B AR SRS, It R a ™k m ik e .

Table 8. Estimation results and effect decomposition of spatial Durbin model for grain functional areas
7= 8. MEMREX T EHEREHITER R 5 #

WEE~X P T IX METEHX
A h BN 4y iR BN i BN 4y fif
EPEESA4 EPEESA4 EPEESA4
BEERNY BN RN BN MRS SN BEERNY MRS RN
exclim -0.0528"™" —-0.0643™" —0.1470"™" —-0.2113"™" -0.0135" -0.0116 -0.0084 —0.0201" 0.0024  0.0042  0.0116"  0.0158
(0.0189) (0.0204) (0.0512) (0.0600) (0.0066) (0.0074) (0.0113) (0.0105) (0.0040) (0.0046) (0.0069) (0.0100)
it -0.0024™" —-0.0028™" -0.0037 —0.0065~ —0.0006" —0.0003 —0.0020"" —0.0023"" —0.0014™" —0.0010" 0.0028"™"  0.0018
Y (0.0007) (0.0009) (0.0026) (0.0032) (0.0003) (0.0003) (0.0005) (0.0005) (0.0005) (0.0006) (0.0007) (0.0012)
Inad 0.0652™" 0.0829™" 0.1857" 0.2687"" 0.0402™" 0.0423™ —0.0056 0.0367"" 0.0038  0.0049 —0.0119 —0.0070
9% (0.0193) (0.0254) (0.0800) (0.1017) (0.0076) (0.0085) (0.0143) (0.0124) (0.0252) (0.0281) (0.0294) (0.0556)
invest 2.0943™ 2.5348™ 5.1603™" 7.6951"" —0.0614 —0.0397 -0.1353" -0.1750" —1.6303"" -1.1218" 3.0667""  1.9449
(0.2614) (0.3518) (1.5359) (1.7643) (0.0523) (0.0583) (0.0746) (0.0570) (0.4648) (0.6819) (0.9430) (1.6117)
equ 00078 00153 -0.0919™ -0.1072" —0.0077"" —0.0136™" 0.0321™" 0.0185™" 0.0101 0.0112™ 0.0103  0.0215"
(0.0104) (0.0121) (0.0389) (0.0475) (0.0021) (0.0025) (0.0054) (0.0050) (0.0046) (0.0047) (0.0063) (0.0095)
Log-I 302.6272 355.1283 238.0984
R? 0.6160 0.4254 0.8255
e LT TR 10%. 5%, 1%KE TR 23

4.3. BIRSIERR MR IELER 534

AR BT SO S AR AR 7™ b v S A R PR R L 7, BB A0 7 RN . BENRIONE S54
RSN ARBE D PR L m R A ST R G —— B %e. MEastEmpl. mar ks
AT RFEE B P L G AR SR B P MR B 7= A2 5o o PR ARSI YT Tobit AR 7R X4l i U P
SN BEAT RS, AR RN 9 Fivn. HSHIEZRAL, WE2e., WEXME., GO, 25
M 2R G 1A [l VA 2 500 S 25 D A7, R IR i A D7 S RSONE 5 N 28800 A 45 g 28 3o 2 e B AT il
HILBHIE 10 FER B HL. H2 A1 H3. R LR BT B Al v R e 100600 B35 /K- P TN IE, R
i A I B D IR AR B BAT 83 IR R, bk isE 7Rt SUB ik Ha.
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Table 9. Estimation results of the econometric model of the effects of extreme climate
= 9. MIRSIEMNE AT EEE TSR

A WaEws FRAE R S th ] FESE PRES Rtk Zn el

exclim -0.0229™" -0.0083™ -0.0420™" 0.0033" -0.0147""
(0.0055) (0.0036) (0.0074) (0.0017) (0.0045)
it -0.0001 0.0004™ 0.0001 0.0000 -0.0002
Y (0.0003) (0.0002) (0.0003) (0.0001) (0.0002)
Inad -0.0153" -0.0047 -0.0421™" 0.0153™ 0.0211™
gdp (0.0086) (0.0051) (0.0078) (0.0020) (0.0039)
invest 0.1092" 0.0594" -0.2168™" 0.1073™ 0.1842™"
(0.0593) (0.0328) (0.0815) (0.0185) (0.0377)

edu 0.0133™ 0.0065™" -0.0132"" 0.0004 0.0074™"
(0.0027) (0.0015) (0.0048) (0.0011) (0.0019)

cons 0.1173 0.0149 0.8135™ -0.1609™" -0.1842""
(0.0757) (0.0459) (0.0848) (0.0227) (0.0410)

vare.Y) 0.0005™ 0.0002™ 0.0009™ 0.0000™" 0.0002™
: (0.0001) (0.0000) (0.0001) (0.0000) (0.0000)

N 310 310 310 310 310

W T T TR R 10%. 5% 1% 7K R B,

5. &it5RR

ASCUA 4 [ 31 48 (717 [X) ik FUS 5, 5 R M 0 s R 7 b ey Jo A e FRD S R AL ) 1 2t
iz P2 (R TH AR AR AT TIAR. Tobit A5 7Y SRS B R s IR AR B 77 b i o e Jo 14 SR TR P58 % 3 i 28K
Bio FEBALGRWT: 25—, 2011~2020 FHREM B EFRERK R EKCrE BT, B2, &
IEDAR 7 b g o A FRR A S (A A Jr) S B A SR A 3, A o UMk 3 S0P AR R T AN 4 A L DR £
b e i b e e ™ B PO 5 3 S 308 T A ] i 50 4 DX (AR 7 vy Jo A R 7 A AN L
HAFAEX R 5=, om0 N BN GRS T RGO B2 GrAa ) 4k
TATFESE . SERRCR O 2 e R R A, T SR BED R R BT R A (et AR

BT DA BB FUA R A5 DA R S L

A A PR A5 263 A L DXORR  7 b v i e A Jee s ™ LB, 3 2 3 4 T i ) RO X AR b X
FRTRR A 7= b e JR SR P AR AR e, R U R S SRR Bl v o R R I IR . 1 5, W
AR SMEIA I R 2 9N SRR B 7 b e o B A JR AR 2 o R R i Ao KR B B LR v B e A A
EAME =AITT, WA R R B A . — O E A BT AT, TS A R
AR REAL M IR AR B T B, I A i R RE AR GEv AR R, IRt 4 [ K 48 b X U fie
ARG DU ICFAE AR I RS AN T o 55—, NORARM T B U T SR AL B RN, v b
AR, S ST e R0 R R s Ak 7 AR 3% o i 3 e At R D B TSO 4 sV 2 05 AT A S (B AME
TR A 5E 3 A ST A PR R, I AR A WO ANAR A 25 3 B MR b PR M i Mo s - b
B, KRBT b o R R R T B N R DR 2R TR S R . Rl R R SR AR R R BIBUR . T3
RAE RS AR KRR SR Z S5 T, A RZERNZS 5 2R S AE R ENL S &
PERL, S8 H MBI R EE, 525 AR AR, B R e L e, IR e Es. 47
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