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ABSTRACT : Agricultural research and development (R&D) investment has contributed not only to agriculture but also to the overall
economic growth of the country. The recent arrival of the fourth industrial revolution has raised the need for agricultural R&D as a
preparation. Agriculture R&D is directly related to the fourth industrial revolution in the agricultural and livestock sectors that utilize
big data, robots, artificial intelligence and cloud. Meanwhile, subsidies or grants are considered the most widely used means of
policy. Therefore, in light of the current situation in which Chinese agriculture values R&D investment, this study attempted to
analyze the dynamic relationship between variables by establishing a model of agricultural environment subsidy representing the role
of government, agricultural technology progress representing existing agricultural R&D investment, agricultural income representing
agricultural development and total agricultural output. The analysis results showed that each variable’s reaction to the rise in China’s
agricultural R&D investment has a positive effect on agricultural development, in line with the theory that the investment in science
and technology in the agricultural sector has a positive effect. In addition, the response of each variable to China’s rising agricultural
environment subsidy is shown to have a positive relationship, which can also be said to be in line with the theory that the

government’s market-friendly intervention is beneficial to economic development.

Key words : Agricultural R&D, Agricultural Environment, China Agriculture, Panel VAR

L M = ATNLEL SAYEHES 53 5 AWM P e
FATH dA9] TP At A tf-g-3t7] $3h
] ] ] Jdvtel e 7EE Y AT AF Al Tt
}JE: Y Toke A4xt Aol mafidtel wet o T 9tk e 2 olnel e FEPL sne
: dsitta & & ok @A iR F7lA Y] wYRE
R&D EAR= 4249 7l R&D 7|d&He T34 5
Corresponding author : Jin, Lin < sl FFREA FEHOE o] FojX|1 gtk
Tel : +86-0433-243-5533 3HH, B ZF(Grants or Subsidy)S 54 AH JHo) &

E-mail : jinlin711@ybu.edu.cn

Vol. 26, No. 3,2020 57



Aglel Fujel AL, A58 T2 AE A S
ol G HAL, FAHOZE WA AAFA 1k

74l JTS n|X]A] FAhKwon and Park, 2009). ©]&
3 olfrE AAFHOEA S HEEE O FEo AN
AL olEY ALY Re 9 IHE o], FXxle}
18-S AEsta, A LS BEsE o O]Q'
T FY AXEE AT V1ES vHEy
A= wge FE N =getar 9;\‘4. ol&
iu}vE— %ﬁ-‘ﬂ R&DS} Q1= 75 g9 grjjol
ek 71%%4 AFE FHs}
. olEgh
Houh
2 =5}
24 y_aﬂc»] 2nE
l-:olo]g],___ PARSES
= oy ®
ER 71044' "113]’\ 59 0143}7}
- Aotk B3, 7eRE2 TE Il Hla|
A3 HEoAA Utk 2~PIE FH(Smart Farm)e] 3A417]
=2 ZAEAS 28, AMERIEY, ICT, YdlolE] 52 o}
]ZPEO] l&ﬂ-, e 2 A

—

2 AlgAgde] WojR . 27
=3 7R gEy A
A T i%‘O] 3
1S 93 R&D FAFe} Hx
© Aol desitia AdEh

Y R&D FAo T84 B wEd w2t g A
So] ZIUQoA 3] M3 QUrk Alston and
Pardey(1993)2 &&H-2 &% R&D FAZ APt =
e olEI F2F 7S A XV\E%—" 2} gol]
&t AAA H2d A FHHe
At Lee and Jeong(2001)2 gt
ANFTFERY T894 34 B4E
ALl Hejo]  FTtsheE
al.2004)= 3+=2] FY R&D FALEF B0l A7l
W B2 avke AR AL 9 VXM ATF Al
¥ A s-8d7iAE A B4 aup) Sket
W 1 o]FREE HAsr] AlAFste] 201d0] A Fof
= AN Ex a9t 002 vepdtia FA5EITh
T3 Kwon(2010a)= 59 R&DAZS A WHFEH
1 9&s Fystaa e ReD FAF ohE a9l
Hoh = 59 A RS EAIE AR A
o3 3ty ¥tk Kwon(2010b)S 5% R&D F4}
o] AAA AFANE AAABREE o) g3te] EAEA
T} Zhao and Xu(2012)E 1996~2009'd 717+ 52t 2874
‘48] Panel AARE o|-83t] A3 A3 FDI, 971<

i rov
L

Il

e

58 N267 ™32, 2020

SEAH,

HolE A= °k(+)°
Yebgth Lu and Yu(2013)&=

LSa WEsS O BRee]
mziTha wsom

A Zke] A sl &A% A
WS AR S5 A7 SAsh <l
73Rl HHe BAE UEHATE P4
TAZ ““ﬂ“q— Zhang et al.(2017)2 &
%"\C 7te] SEiE AAE P
° ’5‘}04 =4 }Oﬂr/]' i‘ﬁﬂixliﬁ %‘%h—_
(FE Yo= E_jl 5ol %
Tl el B

a5l thsl ok(+)9l FEFS MAY FY =Tl

=z

Y 2 oo o
tlo r
O

2
FI-N' o

e oA ENE Uehiths 222 Atk
AT 2R $U7)% WE AEE YEhls
A7)eAR WE ATe] B weh th2A 44w 2

o & Uepsith dﬂe =9, A sHFEY TexEE
A LAAR(TFP)E UePd 4= JAtiZhao and Cheng,
2011; Han and Zhang, 2015). F¢71&€X R} 2500 it
QAZE-S FFHoR =ofehe TAERE o F=E

=EHHH F)EHne] JFS ATV FURTANE
SISt AEE FYRR mEP 71En )

AMFZ Mg 4= Iti(Cheng and Liu, 2013).

2 ATe T4 AgHeRE AU FTHY
AFAT TS RE FYol vlny wdsh

2 HFE AAFL e 5 348 AY

ALY S FYY R&D FAE ToAIGHE
H|Fo] AR A%e tishs sHIHERZT,
R&DE UEINE ¥U71EXH= Zhang et al (2017)
sty FJ7IAISt A=t sHALYFTAAR] ©
ElisE ARSI 283 sPEHe UrEM%
g 109 &5 Y T4 HFE Panel VAR 23
o7 o]g3dte] W 1o FHIA BAE BASHATE o]
E B3 wHUIEIne PRzl P
g SaEAE 27 getstazt sk

=
%
3

Ol
a4
=
5

omlomiéoN

Il 25 =

Panel VAR &

Panel A}5E X 3}3t

Holtz-Eakin et al.(1988)°l &]&}o]
VAR 2oz 3x=]o] 7= ]

Fe
51



T T7Ie RS} s Tl FAEA vA = A Hgad

f
oft
fuj
EYRE
fof
|
it
fo
to —
2
o
fru
¥
o
ot
&
30
&=
-
s

X0
vl
rr
Y
2o
>
)
e
Ao
i
fz
vl
Jo
o
ox
o
o
do
2
X0
e

A=

Sl(panel unit) AERE FHFOEN FEH FHo]
7Fsdtths 3ol Aok

Canova and Ciccarelli2013)E FEIZ J3o&A
(dynamic  interdependency), TAZA ‘FTo]EA(static
interdependency), 12|31 3T o]ZA(cross-sectional
heterogeneity) S Panel VAR E=&¥} VAR =g2| xjo]H
o= AASAT. BE 3id @9 HAgto] shte] I
g Rk FH o) 8EHE S FHIA A&l
st, zbxpeka sid o) 3] AdHEAIvE o] Rl &
Aee 1BA FsofEAoldt dw, sid TeEE
VAR(p) E&o] t& F U< onldhe= Zeo| Jdd
o]d/dolt}. Panel VAR E&-2 919 Al 712 B4&
T 7 JAT, FHshE 2] g 2EEG
7] Wil I¥rRo R FEA Jso|EAe
2=t E3h Panel VAR EFoAE 3d o9
g} exge] ExE 2R ER
7H8E& 3t} 7]22]] Panel VAR

ekt old), AE4S o]

¢

=
ol
on
XN g

o ol
oft

-

off

= g e
Rl o b
ol o oo "
a3
B
=

ofh >
o Y

4 3 b

o
ok
¥R
[
&
I
ofN
A Jl_,),
®
r
rlr
)
N
>
)
o
8

i
ol
x:2

]

e

rr
&
l-uf'

A
o,
o
&
)
rr

to
)
o
o

p s
Yiu :0‘0+Eﬁpym—p+2%xi,t—s+“i,+€i,¢ ey
1 0

Panel VAR E&o| izt F4ol= F= GMM
(generalized method of moments)©] AFE-HT} GMM Zl
A= FD(First Differencing)®} FOD(Forward Orthogonal
Deviation)”} TH¥Z|Q1El], FODE FDEYE A 5= 9l
T TARES 18] T+ Felolth FDY A5 B+
3 Panel AtRE ARSshEH oA #ASFY F71E &
A7l BAE TAAZE 4 Atk Kazuhiko(2009)=
FOD 2jo] FD W4ollA A H= EAE Bdghs F
Zek3lal, FOD Aol HEFgo] o vtom d840] &

= & HYFUTh FOD W2 oo 29 22
FHEHA ARESS WSt BIFS FAHTTE o714

1

T

it
: 2
T, +1 @

yj‘f = (’!//;,t _%)

B dTolA H)E wees EMstan sk W
T2 T T ZEIRAD, FY FHLY
(AP), F4 19" &54n 9] 385 2342 43)
2t =3, FAREEETAS), T FAAAAP),
T 19T 254D T 3HF BRI A4 I

e o} 2t

P s
Asz o + E/BIIJAPL)‘,*[) + E’YISA[M*S
1 1

J
+ Z‘SleTm— itug ey,
-4, ;

J

s P
ALy =ay+ Y 7y AL, + Y16, AP,,
1 1

; 3)
+ Z%;‘ATM—J‘ Fuy Tegy
42 ,
J s
AT, =az+ 263]"471“7]' + XIJ%SA[m—s
P
+ Zﬁsl)AP,;t ptug e,
1
c h
AP/)‘ = 0[4 + Zﬂ&:APLf,*c + E’YAM A]i,‘,f,*h
1 1
+ 2541~AS7‘,,t—n tuy tey,
1
h c
A[i,t =y + 275/7 AI’LZt*h + EBE)(:APi,tfc
1 1 @)

it —v Hi,t

+Z(551.AS Fus e
1

v h
A8 = ag+ EasuASgt—v + Z%h AL,
1 1

[3

+ Zﬂﬁ(tAPi,,f*c + uﬁi + €6i,f,
1

34 A9R34, A4, 5879 1995~20157H4]
A= ARE AESIATE B =RedAMe wd1Ed
) s nzs, v SN, 109 &5
S SR vlolHE EFel] w2l S 84

Vol. 26, No. 3,2020 59



o
o

Table 1. Summary statistics
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Variable Unit Mean Standard deviation Minimum Maximum
AP (Agricultural Product) 1 hundred million yuan 900.43 647.30 301.44 3,015.60
AT (Agricultural per capita Income) yuan 3,753.14 2,928.68 398.00 11,326.20
AS (Agricultural Subsidy) ten thousand yuan 6,780.97 8,178.89 123.27 45,822.00
10 million watt/
AT (Agricultural Technol 2,061.10 1,082.41 661.50 5,442.29
(Agricultural Technology) ten thousand people ? 08 ’

Source :
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Table 2. Liaoning Province Trend
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Table 3. Jilin Province Trend

Chinese Agricultural yearbook, Statistical yearbook of Chinese Science Technology
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Table 4. Heilongjiang Province Trend
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Table 5. Panel VAR GMM estimation(Agricultural Technology)

Table 6. Panel VAR GMM estimation(Agricultural Subsidy)

variable coefficient Z-value p-value variable coefficient Z-value p-value
AF, 4| 1.005%** 18.06 0.000 AF, 4| 0.990%** 16.35 0.000
AP, | AL, 0.072%* 1.98 0.048 AP, | AL, 0.018*** 0.34 0.000
AT, 0.0125* 1.43 0.053 AS, 4 0.010%* 1.46 0.017
AP, 0.172%* 231 0.021 AP, 4| 0.162%** 3.51 0.000
AL | AL, 0.629%+** 12.11 0.000 Al | AL, 0.831%%* 25.90 0.000
AT | 0271 6.50 0.000 AS, 4 0.024*x 2.67 0.008
AP, 4| 0.088%** 3.82 0.000 AP, 0.544x** 1.53 0.000
AT | AL, 0.055%** 6.82 0.000 AS, | AL, 0.209%** 0.81 0.000
AT 4| 1.027%** 39.95 0.000 AS 0.759%*x* 9.41 0.000

* p <010, ** p < 0,05, ** p < 001
V. 24 24

E Ao A Panel VAR #2§0)] A Panel AFE2] Al
AE PG ARE Fdsh] 9ste] @92 AAES
SY3IATE. Panel AF=9] 79 AWHAR] AAE AEel=
22 LLC(Levin et al, 2002) ®4lo]y IPS(Im et al.,
2003) WAE o] &5t AAE FdAgTh ks B =
T2 Yurdo g ARgshes Wl IPS 24 LLC HA
o83t tEY 1 A3} FFEAgolAM S s
AT 2R E AL AAE A
2 IR AT

n3o] AFEZ 93] Panel VAR EF FHZ Azt
23t} MAIC, MBIC, MQIC EA%&

Y NENRAD), 5D FANAAP),
A 10T A5(A)H FHIHRZT(AS), TH FA
11 &5(A1 25 HH Azks 12

N oo A

HEE He] FHE AV EASEA oo st
o] Westerlund(2007)7}F AAS T2 AA IS AN
stk A4 A wY 7IEEAD), FH TN
(AP), &9 107 &5AN) Y “THTHEZF(AS), &
A FAAAP), FD 10T &5A4nE 42 33
WAL EA8HA &= A E UEht VAR B3 34
FEAUES RIS

Panel VAR E&E& 200¥19] ZHFIEZ AlE#HolA
(Monte Carlo simulation)S 3 Hermlet F3H2]o =
TAEHE QN FH WG5S tal GMM 4L 2eYs}
Atk 1 AH 9 TN, 9 199 &5, $97]
£XH, FE;ARET BT A FHAH B &
)‘\jj

H2#S Bt Panel VAR 230 tidk GMM 4L

O e o

* p <010, ** p < 0.05, *** p < 0.01

Hw 2 AAH o R MEE 1o
< HojFm FAFoR
7] 7] WE & =&

T, AFLAREAES

ok
Jt of 32
B s
40w
o m M
oy 2
o E
o Pﬁ‘.’ N
0]
_Etﬁéj
)
= OH‘
» 2 0
b
ol zﬁli
ol of
T ™R
o b
ok 3"‘;
fru
o o o
o X Y of

OIS
[o
fu
i)
)
T
K
X0
2
o
rr
re
-4
[t
oftt
1o
ot
)

T
oN
E‘-Qr, o t
rl
w oﬁ%
s
N
it

22
U

213l AT Table 5).

(A8), &H FANNAP), s 10T
EYE GMM F4 A} pgko] BF
Efton Alg =g H+o] WFe R o]
Uehta glof ol A7Egel Fss 4

3 K Table 6).
Panel VAR E¥ o2 3ARNG Ao} pgte BF
EE3aT FUHE s Hes e B4
ol 24E 9 JAIABAE B8] 380 Grange <1

% i o
h
=

A
]

>,\I

_|_,10
2L

of rlr 1o P

%
>,\I

A Y TN, Y 19T &5, Qs
= & 3}

A FANS FY 19T £S5, Z FUA FFL 1)
A3 A FPUROE FUr)ERne] FATE 27}

g % a5

A

THTable 7).

Vol. 26, No. 3,2020 61



Table 7. Granger causality(AT)

variable I df | Prob. > ¥
InAl _d1 3.905%* 1 0.048
InAP_dl —
- InAT dl 2.045* 1 0.053
InAP_dl1 5.318%* 1 0.021
InAl d1
- InAT d1 42.2]5%%* 1 0.000
InAP_dl1 14.787%** 1 0.000
InAT dl
- InAl d1 46.456%** 1 0.000
* p < 0.10, ¥ p < 0.05, ¥ p < 0.01
Table 8. Granger causality(AS)
variable v df | Prob. > ®
InAI d1 21.309%** 1 0.000
InAP_d1 =
- InAS_dl 27.132%** 1 0.001
InAP_dl 32.253%** 1 0.000
InAI_d1
- InAS dl 20.407*** 1 0.008
InAP_dl 21.878** 1 0.035
InAS d1 =
- InAl_d1 21.638%** 1 0.004

* p <010, ** p < 0.05 *** p <0.01
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Figure 1. Impulse response function(AT)
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Figure 2. Impulse response function(AS)
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Table 9. Forecast error decompositions(AT)

period AP Al AT
1 0.04 0.007 0.96
2 0.08 0.007 0.92
3 0.13 0.02 0.85
4 0.18 0.04 0.78
5 0.23 0.05 0.72
6 0.28 0.06 0.66
7 0.32 0.07 0.60
8 0.37 0.08 0.55
9 0.40 0.09 0.51
10 0.44 0.10 0.47
Table 10. Forecast error decompositions(AS)
period AP Al AS
1 0.05 0.01 0.94
2 0.04 0.09 0.86
3 0.04 0.15 0.80
4 0.04 0.17 0.77
5 0.05 0.17 0.75
6 0.05 0.17 0.74
7 0.06 0.17 0.73
8 0.06 0.17 0.73
9 0.07 0.16 0.72
10 0.08 0.16 0.71
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Appendix

Table Al. Unit root test Table A3. Panel VAR lag length selection test(AS)

Site IPS LLC lag MAIC MBIC MQIC
INAP -L.179 -1.252 1 -27.3244% -87.2028* -49.9525*
(0.1192) (0.1053)
2 -16.7928 -50.4744 -29.5211
InAl 0179 0544 3 2.0954 9.1319 2.1474
(0.4287) (0.2933) i — =
1987 20.779 * indicates the lag length mark to be selected
InA . .
nAS (0.0234) (0.2178)
-0.546 -0.695 Table A4. Panel cointegration test result(AT)
InAT (0.2926) (0.2435)
-4, 102%%* -2.882% Test standard statistic Z-value p-value
AlnAP
(0.0000) (0.0020) Gt -3.745%%* -3.906 0.000
AlnAl 4735w -3.116% Ga 20.637+#* 4,692 0.000
(0.0000) (0.0009)
4 750 HF > 850+ Pt -0.272%** -3.499 0.000
AlnAS (0.0000) (0.0022) Pa -19.061+** -5.853 0.000
R okk _ * p <0.10, ** p < 0.05, *** p < 0.01
AInAT 3.349 2.133
(0.0004) (0.0165)
* kk sk
D*p< 0'1,0’ p < 005, p <001 Table AS. Panel cointrgration test result(AS)
2) Numbers in parentheses represent z value.
Test standard statistic Z-value p-value
Table A2. Panel VAR lag length selection test(AT) Gt -4161%** -4.146 0.000
Ga -10.682 -0.796 0.213
1 MAIC MBIC MQIC
2 Q Pt -6.460%+ 3.188 0.001
1 -28.740%* -77.520%* -46.924* b 0.666%** 1450 0.069
2 -20.346 -52.866 -32.469 z — — :
% sk sk
3 2411 18,671 -8.472 P <010, % p < 0.05 =% p <001

* indicates

the lag length mark to be selected
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