el B RSINESZ IR m:

XRiPIZiis http. //www.aed.org.cn

N

e
HHFE R 3R 5 Tobi tALELAE B VG # O & A2 =300 K 2 ma BB+ - o 1 B e v

WEA, ATMT, S¥E, SHABE, Zu, ks, iHE

Sl A

AL, AT T, T, 4. M BRI 2% -5 TobithR 7R 7E B8 Ml XA A 7= 50% Kos i IR 740 R ) L2 FHT . A0l 950505 15

24412, 2020, 37(6): 818-828.

TEZR R View online: https://doi.org/10.13254/j.jare.2020.0482

L] RO BR A A R

Articles you may be interested in

FEF A= i BAPTAL 19 2 /INZZ - B FORFIAE 2R Gl J2 3 A% SR —— LA L R 48 5 4% i DX kg 5]
RIKM, ZE RO, LEmEE, ARIbeEE
Al SRR 2017, 34(5): 473482 https://doi.org/10.13254/j.jare.2017.0180

AL AT 61 I RAVHE 7K FERR ™ i DG B BR At P13 ——L ) M T AR XAy
T, E3E, 5H W, M, woedl, S5
AV B 5 FEE AR 2020, 37(6): 793-804  https://doi.org/10.13254/j jare.2020.0478

AR PR IX AR A SR B fif i e
FLLN, 5KE R, B
AN GRS FRBE AR 2015(6): 517-524  https://doi.org/10.13254/ jare.2015.0093

R AP 7 v R U T A 46

XA, 2RI, KRACHL, B, 3007, RENK, TR, BEW, THS
AN FE S FR B AR 2016, 33(3): 297-302  https://doi.org/10.13254/j.jare.2015.0193

S Eea s - AP R RO B SEZ R 2l S bl T

AKACHT, XIS, R, 00, 3067, GREM, TR, HEW, TH5, FEE
M FEIR S B2 2016, 33(2): 194-200  hitps://doi.org/10.13254/.jare.2015.0192



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0482
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0180
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0478
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2015.0093
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2015.0193
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2015.0192

KA E IR 5 IR S R 2020, 37(6): 818-828

WAL, AT T, D, 45 M RERIN 5 Tobit A5 TR 75 5 P iy DR £ A= 7 4003 K i DR 437 e 3 BB D). Al B8 5 0 455
“#4f%. 2020, 37(6): 818-828.
HUANG Xin-yi, REN Xiang—ning, MA Tao, et al. Comparative application of geographical detector and Tobit model in analysis of grain

production efficiency in the western Guangdong region and its influencing factors[J]. Journal of Agricultural Resources and Environment,

2020, 37(6): 818-828.

TR R SE 5 Tobi A 5070 B0 70 0 X 4 8 £ o 2
T 20 B 53 47 oh i b B R

,}%\%/{Z‘I,Z’ /E‘C‘éjrj‘:-l,Z’ ’27;‘7%‘3, %ﬂ);] H}J 1,2,3,4’ 71%1;);1,2,4’ g_{i-’%;} 2,4,5’ i%ﬂ./ﬁiilﬂ,ét*

(LARRG RO KRR IEIAEE 2B, 1M 5106405 2. R4 BRI H SRR E ML E, T M 5106425 3. 5\ 2R BCE B, 157
810016; 4. A4 +HuE B LREARBIZE AL, 7M1 5106405 5.7 N R B R EFTRBLFH AR BE, | 510642)

T OF I BV Hl DO £ A R B LGSR e TR, SEIOL AL SR IR 0 B R R HE AR A 7 A B, T 1999—2018 4F
EFEHLIX A4S BRIT T 3 TR A B , SR T AE SRR DEA AR RN X IR £ 2R P2 0K 48 /8 3T 20 AEAR A LR PR R 1 I 2%
AV FEAE , I P Tobit A5 70 1t SN 3BT L 35 20 B KR £ A 77 303 1 DA I TR 7 25 SR 3 ] .9 b DX MR £ 2B 7 0 T34
B9 0.77, Hodp B4 M A PR e 5 (0.88) , BHYL AT YR 22.(0.78) , TV T 5641 (0.65) o Tobit #5575 70 b FP 4 0 25 00 525 8 1 3 [XC
M A P Ze 52 ) (BTilk 1) B K a3 A F 2 A MU Bh 1, 4351 - 1.082 F10.942., Tobit BEAIINAE ) 7 448 A B FALARAE
Jiti P (0.015) 55 AR B0 2F 772005 5 0 25 TEAH DG, A6 A0 G 1A AR KR £ 5 A i AR e 245 {8 I 3 4 IR - SR B A P AR A DG PEAS ik
AR R A DO A R AR Bl ) 3 AN Rl A S R DG o i B BRER I 25 DA T B AR AR R
Az E R . BRVL T A A B 1 DOk g 5 8 7 b DX A SSOR ) (R AR RSt P o w ik v A 50 IR I R 0.008 . RV T 5 44 T ke
AR 24 A TR IR TAMAUE B J7 , A 80 W 1 AR Tk Ty S A . (HS 4 TR B R A B B 0 SR RO MO A 1T
A SRRk SRS ff FH A2, WV T AR B o AR5 2R B, 20 4T 0k B G b DXORR £ A 7 0B iy, B AR 2 T AR AR KT R AR AR S
Ko J T (78 A R B4 Bl 25 5 St SR 200 38 238 SR TCAN 8 25 TR A A, 0500 PR -5 ) 7 L Tobit A58 A5 45 TR A2 2 HLAR 1 /) s £l Bl
WA SR 5 e B VY 3 AR A AR AR A 5 T RS [RIA TR B AR 7R 1 IR TR ) 25 R ORI R X A2
A5G YRR A P B R R E T3

R AP TR 5 58 AR DEA 5 Tobit MR A ; 1y RN 5 5895 1 [X.

RESHES F323;F224  XEFEEE:A  XEHS:2095-6819(2020)06-0818-11  doi: 10.13254/j.jare.2020.0482

Comparative application of geographical detector and Tobit model in analysis of grain production efficiency
in the western Guangdong region and its influencing factors

HUANG Xin—-yi'?, REN Xiang-ning'?, MA Tao’, HU Yue—ming'**, LI Bo'**, ZHANG Fei-yang™"’, XIE Jian—wen'**"

(1. College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510640, China; 2. Guangdong
Provincial Key Laboratory of Land Use and Consolidation, Guangzhou 510642, China; 3. College of Agriculture and Animal Husbandry,
Qinghai University, Xining 810016, China; 4. Guangdong Province Engineering Research Center for Land Information Technology,
Guangzhou 510640, China; 5. South China Academy of Natural Resources Science and Technology, Guangzhou 510642, China)

Abstract: This study aims to clarify the grain production efficiency in western Guangdong and its key influencing factors and to optimize

W B HA:2020-08-31 A HH:2020-10-15

YEETEIIv: B4 (1994—) 2 R WL pF 52 A, A A H 545 B BRBFGY . E-mail : xinyi0709@126.com

HEEIEE B E-mail :820934964@qq.com

EETE . HZF S U A5 H (2018YFD1100103) 5 658 [ 4R 564 1 H (U1901601)

Project supported : National Key Research and Development Project(2018YFD1100103); National Natural Science Foundation of China(U1901601)

http://'www.aed.org.cn



BURAC, 55 MR A5 Tobi A7 7E 174 b DR AL AR 7™ R0 S R X 743 BT P ) LA 20204 11 A

the efficiency of resource allocation, promoting the transformation and enhancement of grain production. Based on the grain production data

of three cities in western Guangdong, from 1999 to 2018, a cross efficiency DEA model was employed to calculate the regional grain
production efficiency and reveal almost two decades of temporal and spatial evolution characteristics of the grain production efficiency. The
key influencing factors of the grain production efficiency were compared and analyzed by using the Tobit model and geographical detector
model. Results showed that the average grain production efficiency in western Guangdong was 0.77; Maoming City exhibited the highest
efficiency (0.88), followed by Yangjiang City(0.78) and Zhanjiang City (0.65). The most important input factor (contribution) of the Tobit
and geographical detector models was the total power of agricultural machinery (—1.082 and 0.942, respectively). However, the Tobit
model demonstrated that the seven input factors affecting the grain production efficiency were positively correlated only with the amount of
chemical fertilizer applied (0.015); that the effective irrigated area, grain sown area, and pesticide use amount were not correlated with the
grain production efficiency; and that the remaining factors were negatively correlated. All factors measured by the geographical detector had
a significant influence on grain production efficiency. The contribution of input factors in Yangjiang was similar to that in western
Guangdong Province, but the contribution of the amount of chemical fertilizer was 0.008 higher than that of the effective irrigation area. The
contribution of chemical fertilizer and pesticide input in Zhanjiang and Maoming was second only to the total power of agricultural
machinery and the contribution of effective irrigation area was the lowest. However, the contribution of the area in which grain was sown in
Maoming was higher than that of the employed population and agricultural plastic film, whereas Zhanjiang showed the opposite trend. In
general, the grain production efficiency of western Guangdong during the past 20 years has not been high, and has remained at a medium
level. The data demonstrate that grain production efficiency decreases first and then increases significantly. There are no insignificant
factors in the measurement results of the geographical detector and the influence of detection factors is more stable and less biased than in
the Tobit model. The total power of agricultural machinery is the leading factor affecting the grain production efficiency of the three cities in
western Guangdong, but the contribution of the factors in different cities is quite different, Zhanjiang and Maoming are more dependent on
the chemical fertilizer and pesticide pollution.

Keywords: grain production; input—output; cross efficiency DEA; Tobit model; geographic detector; western Guangdong
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Table 1 Cross efficiency analysis of grain production efficiency in

western Guangdong

PR T B BfE HEF

0 Year Yangjiang Zhanjiang Maoming Average Ranking
1999 0.86 0.68 0.96 0.83 1
2000 0.84 0.65 0.91 0.80 2
2001 0.79 0.62 0.88 0.76 12
2002 0.75 0.61 0.87 0.74 15
2003 0.76 0.65 0.88 0.76 12
2004 0.77 0.67 0.87 0.77 10
2005 0.75 0.68 0.86 0.76 12
2006 0.69 0.62 0.76 0.69 19
2007 0.70 0.61 0.81 0.71 18
2008 0.67 0.58 0.78 0.68 20
2009 0.72 0.64 0.84 0.73 17
2010 0.72 0.66 0.85 0.74 15
2011 0.79 0.70 0.85 0.78
2012 0.83 0.71 0.87 0.80 2
2013 0.78 0.68 0.84 0.77 10
2014 0.81 0.62 0.92 0.78 7
2015 0.81 0.62 0.92 0.78 7
2016 0.82 0.63 0.95 0.80 2
2017 0.83 0.64 0.93 0.80 2
2018 0.83 0.63 0.95 0.80 2

H{H Average  0.78 0.65 0.88 0.77 10
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TR A R A B A E, 3T 1%
KOV 82 e A S A AR I DU, AR FH SRS |
Ml A FURITHLAR & 80 3 B35 T 19 $ A KRB A 7 3%
03 W R B 0.001,0.009 1 1.082., K £ 75 Filr 1 £H
RSO R T RRURT AR 24 R 3 N AR T B SR
A PR AN B (A R I 1) S 5
M) 3 R /INHIE I Ay < A8 20 B T R > AR £ 9 o T R > AR
i R (R2),

R2 Tobit REMZMEAFHNER

Table 2 Impact factor analysis results of Tobit model

S K7 Impact factor it 24U Coefficient  FRUEIEZE Standard error  Z{H Z score  PAE P value
AR IEFP AL Area of grain sown 0.009 0.007 1.32 0.194
A MR Y Effective irrigation area 0.010 0.006 1.67 0.101
AR BB it 42 (3746) Consumption of chemical fertilizers (Purity) 0.015% 0.007 2.32 0.024
A 25 {# Fl it Pesticide use 0.003 0.178 0.02 0.985
A FHBLR S 4 Agricultural plastic film use —0.001 %% 0.001 -3.65 0.001
F—r MO AT Working population of primary industry —0.009%# 0.002 -3.82 <0.001
LM B F) Total power of agricultural machinery —1.082% 0.266 -4.06 <0.001
Cons 1.008 0.079 12.83 <0.001
Log likelihood 107.675 — — —
TE e 03 B IR 5% Fl 1% Gt K500 2 2%
Note: ** and *** indicate significant effect at 5% and 1% of statistics level, respectively.
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Xe>Xo>X>X>Xs, RUAO MUK S 3 7 (0.942) >R B 3%
R AR (0.661) > 55— 7k Mol A 1 (0.617) > R
% 187 AR (0.587) > 4k A Jiti FH £ (0.235) >4k 24 {f F 1
(0.198) >4 I 11 L e JEE A 1144 (0.188) o S MA MR £ A=
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)55 M) g SR A FHT B R RS Y 5 19 5 4, A FH SR vl
I el ) 2 P 52 ) g IeAI o
2.4 Tobit IREYFNH IR LN B[REHME F LR
2%

38 22 Tobit A5 75 1 - R F545 7 5347 25 4% A
FRPRR A 7 R R ) B, W] LAk B, A A AR
AR RZE S BAR E R ILL T KRS - Tobit
5578 5l PRI A5 00 AT A 0 R R A R
S B R TR 1R 45 AR R] L 389 R b BB B 30 77
Tobit 152 1 I B0 KL £ A= 77 0% 52 e R 15 Hh AR B #
TR AR A 8 T T PR A 24 el FH 3 3 s P S H
AR R IEASC (H AN B . WA AR
— 0 FE R A2 AR B R RN A A5 P, 2SR Tobit £
TR 5 R B R A TR B MR B AR 7 RS A A 3 1

SESRRPE G A PR S PR o M BRI R TR A 455
7 oiik 11 (g B 22 5 B3 . Tobit 57 5 1, FRER
T2 A 7R 00 55 25 SR (1% 22 S ARG 1T RS BEATLAL LY Tobit
TR T S A AR B 1 2 55 T AR AF 5% N BB 1) [
J7 370 R b DX DA LA o (AT RS B L 108 T A Ay 3125
AR . BRI SR X 22 E LR M 0 | R skt
B AR w55 DR AR 1A DR A P A v ) A, S FLAA S
JEPE R A R FE 45 BEA R F 123 (0] 4 A1, DB B3 4%
AT LIAR A FE T Tobit A | b PRI 25455 0 76 AR
SEAL AN SV R 2 LA DR 45 2
BREE A RET .
2.5 HERERISE AT B A 3 AR R £ R
For

AT 3 P R TR Ko L G XA A PR R R A
TN EL A BT BT A B, 1l BP0 S AR TR P 45 45 SR o
TNE AT FE o R, SR P St B4 0 g R AR — A
B 3 R E A AR i B T T A, DRI
b ] B bRy DX I T % s AR RICR |, LA R T
R A P R SR AT X PR A I, PRYT T MR A 7 3k
AT vk 1 (g ) o 0.103~0.829, - 1
0.426 , b AILAEEL B0 7 > B 36 F AR>S 5 —
MO T > AR HE it 5> 250 E 10 1 R >4 24 11 7
>R P SR RH LA A s RV TR B AR R RO R
TUHk 77 (g 1E) 4 0.103~0.836, “F-H1E 7 0.346, 71 HL
P BN 7 > A0 A il FH > 24 il FH 3> 20— 7l Mol
N> A P SR A P > A £ 39 R 1 > A R0
WE T B 5 44 AR AR P ROR A Foi ik 01 (g f) N
0.423~0.938, F-H{i 7 0.688 , 4 v AL A 55 F1 > AL AE
Jit FH £ > A 245 01 P o >R R A TR S 26 — 7l Ml
N>R FH SRR RS0 P > A RO R IR R (R 3) .

3 itig

AN B E B AR SRR A PR RICR AT A N AR
)R A A BT IR E B AR DA MR A

F3 ETHERNFERENEABRKRIETLEZEFRUER ()

Table 3 Factor detection results of production efficiency in the western Guangdong on the basis of geographic detector model (¢)

[X 35 Region X Xz X; X, X; Xs X
.74 Western Guangdong 0.661 0.587 0.235 0.198 0.188 0.617 0.942
FHYT. Yangjiang 0.751 0.206 0.214 0.136 0.103 0.746 0.829
HEYT. Zhanjiang 0.198 0.103 0.380 0.374 0.261 0.268 0.836
144 Maoming 0.692 0.423 0.839 0.711 0.523 0.688 0.938

X~ X R T

Note : Xi~X5 is impact factor.
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(1)1999—2018 4, B G My [X AR £ A= 7= ROR A
i AR B R P AERAOK(0.77)  Hid A TR
A PR R 5 (0.88) , BHYL TR 22 (0.78) , WYL T d5e I
(0.65) . B-PUHth XM B AR 77 OR S B 5 T AR 4k #a
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