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Impact of digital transformation on the innovation efficiency of
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Abstract To promote agricultural and forestry enterprises to better share the dividends of digital
transformation, improve their innovation efficiency and achieve the driving role of common prosperity for
agricultural and forestry enterprises, based on panel data of 235 A-share agricultural and forestry listed
companies from 2009 to 2020, this study uses the two-way fixed effect model to empirically analyze the
impact of digital transformation on the innovation efficiency of agricultural and forestry enterprises. The

results show that: 1) There is a significant inverted U-shaped impact between digital transformation and the
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innovation efficiency of agricultural and forestry enterprises. A moderate level of digitization is beneficial for
improving innovation efficiency, and when the level goes beyond a certain critical point, the improvement of
digitization has a negative impact on innovation efficiency. 2) Digital transformation affects the level of
enterprise risk taking through the inverted U-shaped curve effect, thereby affecting innovation efficiency
and promoting the inverted U-shaped relationship between digital transformation and innovation efficiency.
3) The academic experience of corporate executives negatively regulates the inverted U-shaped
relationship between digital transformation and innovation efficiency of agricultural and forestry enterprises.
To sum up, not only should enterprises and executive teams play an active role, but also the government
should speed up the construction of new agricultural infrastructure and standard system, strengthen the

pertinence of policies, improve the public service platform for digital transformation, and accelerate the
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pace of agricultural modernization to promote the construction of agricultural power.
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Fig. 1 Mechanism of digital transformation and innovation efficiency of agricultural and forestry enterprises
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Table 1 Variable description and descriptive statistics
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Table 2 Regression results of benchmark model
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Model 1 Model 2 Model Model 4
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Al il 0. 004 0.004 0.003
Gro (0.020) (0.020) (0.020)
FEE QM —0.001 —0.001 —0.001
Tobin (0.001) (0.00D (0.001)
JE A i —0. 001 x5 —0. 001 *xx —0. 00T
First (0.000) (0. 000) (0. 000)
IR ES iR 0. 020% 0. 020* 0. 020%
Inst (0.01D) (0.012) (0.01D)
o AR 0. 001 0.001 0. 000
Board (0.002) (0.002) (0.002)
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N BIHHFE ET
Variable T 1 B 2 LT 3 R 4
Model 1 Model 2 Model Model 4
Sy # 2 LA —0.019 —0.019 —0.022
Indep (0.048) (0.047) (0.049)
Tl 4 b E 0.014 0.014
HHI (0.014) (0.014)
2 R IR 0. 013
Pgdp (0.006)
VINNER T —0.001
Fdi (0.003)
" H it —0.049 0.088 0. 080 —0.038
_cons (0.044) (0.12D (0.120) (0.139)
B RN Y ear Fs il il 1
£l 38 Industry Fs il i il eyl
Al ALRL Firm s il P 1l Eeyiil|
R? 0.112 0.130 0.130 0.132
A N 2135 2135 2135 2135

TE o ol SRR AE 1006 500 ALY KT B I 250, 45 5 P9 S SR 288 3 i ol J22 AT 69 A s o 8, 4 TE R R U, R IR
HBEAY T 53 930 A9 AT A28 T Z2 A A Aoll 22 042 ) 7 ek AT M 23 0 4 7 e Il T 23 o e Y I R

Note: *, ** and *** indicate significant at the 10%, 5%, and 1% levels, respectively. The robust standard error of

clustering to the enterprise level is shown in parentheses. Unless otherwise specified, the same applies below.

Model 1 to 4 show the regression results with no control variables added, enterprise level control variables added,

enterprise and industry-level control variables added, and enterprise, industry, and city-level control variables

added, respectively.

B N T U RLC &R A A At g Ak
BBEWY , Y4 Dig B /ME Dig,.,, I i 28 &R R 1F 24
Dig HU e KAA Dig,,. i HhZe RN . 55 =, P s (H
FEREA KR W BUE TS Bl . 3R 345 R By 1~
4R B L A 2 R 3. DIAREAY 4 ), Dig 453 5
R 1. 793, &b F B DX (8] 0~5. 011, 22 diig 45 F1AT v
SRR B R 0. 013 F1—0. 024, A% T & HAE I
Ja A, G A X R R A g . 2R b, R 2
13 1 25 R 3R W B A 7K P X AR AR Al BT R 1
5 W0 A7 7E DX TR RN, B A 53 05 22 1, 20 A K 7 11
P& TE AT U 2F 4l BT 2503 (B B B 507 A K 1
R 5 1 e 6 2ok 3 A0 Al T I A R 9 BB

BT BOR TG TR LR R RO A T BA SR 4R
15 A8 2207 TR 1, dee 2 X BIH RCR T A R AR A
REH e LI E TR U B AR C R R
H1 73 2 5

HE— 20 G My 2 2 AL HY 4 B 48] U B i 28 25 55 1 )
FEAI 70 A R AL, 7223 ) ZE AT 1 597 A4S B A L
1B, R WA 74. 8% ByR M. L 2 R4k T 85 A e
TUR) I, B A 7K P B9 52 T X i ol 1 357 2R RE 8 R
B RN A ol B A B AR T o AT 538 AN REAS 2 A A 51
U B 5 A 0, R WA 25. 200 iy Aepoll i 24
F AR BT 7 I R A K 2 R A A
SO, 30 73 2% ) A 2R 4k 2 R AT KT A B TR 2
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Table 3 Results of inverted U-shape

Untest B 1 B 2 B3 o4
b x4 Model 1 Model 2 Model 3 Model 4
X fil] THR 0. 000 0. 000 0. 000 0. 000
Interval B 5.011 5.011 5.011 5.011
07 FE v 0.014 0.014 0.014 0.013
End slopes i —0.027 —0.025 —0.024 —0.024
SRR RIEE g (3.06) %+ (3. 01)**+ (2. 97)%#x (2. 97)%#x
Significance of
end slopes A7 (—2.53) %k (—2.40) %5 (—2. 35) %k (—2.35) %k
% 45, Inflection point 1.741 1.791 1. 805 1.793

Fieller & {5 X [i1]

Fieller confidence interval

[1.066,3.058]

SN

H1 overall significance

(2. 53)%kx

[1.046,3.370]

(2. 40)%kx

[1.044,3.483] [1.032,3.467]

(2. 35)%xx (2. 35)kx

T« it AR R B HLL R 30 B AR Wl 5 Pk 4 5 9 B BB R (B 5 B (1 4 Fieller B 15 X A] (19 &5 /K7 R 95% . H1: 8 U A HO:

B aG U B OB B ET s /i B8 4 Dig #1 Dig®)

Note: The values in parentheses for endpoint slope and overall significance of H1 test are t-values and the confidence level

of the Fieller confidence interval for extreme points is 95%. H1: Inverted U-shaped; HO: Monotonic or U-shaped

(Explained variable: ET; Explanatory variables: Dig and Dig”)

il 28w NSRRI 0 AN R o P AR AR
A1 5 AIE 2% B B B B o [ R A e Aol B 1T 28w AT
Ab T BT A B AL B AR T A KT R I, 2 B
Al Ak T PR R B AR A TR AT A B R R
B RSE Z .
3.2 FREMEAw
3.2.1 EHHFUKRFHEF X

185 s Ve ity 2 A5 A I 5Y, R B0 A A G B 1
FRAT B 5 % 5 Aol S5 7 19 T E (Dig O AR S 4R
FAC A () 2 45 U 48 b, i ACF D7 W (Dig D JE Y
MY EEE S By R NS CI I E E P e
K K I Jr ) & 00 B AE 1026 Fi 506 K
WO IERCR L, Hil ok 1T U-test 8] U B¢ R K
55, ST a5 25 SR AH [ .
3.2.2 ZHAUFHAEHETFT X

i SR/ S B W5 SR A L R Y
B A A BT B A . R T 3 A L A X A
b B R Y TT R A AE 22 e A BE SR B S
RN T A 1:1/2:1/3 BY b ) B 5 4

LR AL, IF 5 0 R B X B 2 LA R
B RCR ) b o R 5 R a0 3 A AL 2 BT
7N BT AR KT B O O T R BB AE 10 B 3K
ST 4y A E AR fr, Halad T U-test 8] U A1 S5¢ &
K, iF— 25 0E B TR UL H .
3.3 MEMEDH

HY T AT B8 A7 76 W 76 (14 5 ) PR AR 3t e 28 &5 (7]
I N I i < S I = N o T Tl =" 7 N S
(2SLS)ZZ fff N A= M [m) it

T HARR M L5 — SRS
WFGE, B8 B A M I3 2 b BT 8 28 0y 1) EL IR I 5 5 g 11
B2 ABUAE 5 — A4 T BLAF i (Internet) . — 5 1d , H.
T 90 55 45 3t 11 2 AR AT DA F M X3 15 I 4% 5 15
BEAR M K R SR A2 E Al i BT K il
JEAH SEVE S 5 Oy — T T, A4 0y 2 TH Y BRI B Al
Uiy 1432 N BOOFAS 23 B AR T T 504~ 4l 19 815 2%
RO RN S . B L % Tang 1Y F
G, BB A I 28 Ml T A 3R T A N34 RS Bl L A
Y R 85 — A4~ T B8 & (Mobile) . —J5 1, Hi X (5 A
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Table 4 Results of robustness

BIHBEET BB ET
Variable AL PRI 2 Variable B 1 FIAY 2
Model 1 Model 2 Model 1 Model 2

BF K 0. 014 HLAE 5 i L 171 0.019% 0.015
Dig (—0.005) Inst (—0.01D (—0.012)
oA rJr o —0. 004 ik ey 0. 000 —0.001
Dig’ (—0.002) Board (—0.002) (—0.002)
BF K 0. 255% o Sr #E LA —0.028 —0.053
Dig _ (—0.139 Indep (—0.048) (—0.056)
oA F Jr i —0.905%* e 4k b E 0.015 0. 005
Dig * (—0.397) HHI (—0.016) (—0.021)
i ol HEA —0.002 —0.004 28 R R IK - 0. 014 0.016%x*
Size (—0.005) (—0.006) Pgdp (—0.006) (—0.008)
il A 1% —0.008 —0.007 PN =R —0.001 0.003
Age (—0.007) (—0.008) Fdi (—0.003) (—0.004)
BEr I ES % —0. 029% —0. 0523 g el —0.081 —0.091
Roa (—0.016) (—0.02D _cons (—0.146) (—0.167)
BEE A 0. 006 0.012 A N Y ear il it
Lev (—0.010) (—0.01D k8% Industry 2 4l 1
Al K M 0.011 0.030 Al AR Firm s il il
Gro (—0.02D (—0.022) R? 0.130 0.161
L= QfH —0.001 —0.001 FEAE N 2135 2135
Tobin (—0.00D) (—0.00D) U-test K B (1.83)%* (2. 53)xxx
JEAEE o 2 —0. 001 %*x —0. 00Tk
First (0. 000) (0. 000)

VE  U-test A 55 4 45 19 2 48] U 210G 2R8Ik k2 PR A8, B IR o B 2 i BRSS9 T 20 AN S WL e T R 1) PR i 4% 1:1/2:1/3
B AL 43 C 5 P 1A% X B fE 5 F i 45 A S A BB . B T G R Rl 36 2,
Note: The U-test test report shows the t-value of the overall significance of the inverted U-shaped relationship. The same below. The
innovation efficiency of Model 2 is the ratio of the logarithmic value of invention, utility model, and design patent applications distributed
ina1:1/2:1/3 ratio, plus 1, to the logarithmic value of R&D investment. The innovation efficiency of Model 1 is the same as in

Table 2.

R g R R AR e S R BT RORTE R P TR Al A TR R DL RO R YR T R K S
e R oL A o g O PR BT AR O A S — IR AR T S AE )

D7 T M X N A% v T RO L 2 R R K SHA T 2SLS M A 45 R Ho, 5 — B B
B Aol 9 BT %R W AN EME SRR I, X2 (] 25 R 7R T HL S B A A B I 3 A O
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Gt KT BE, BEEgL T HARIRNRE "/
SRR eSS T HARER R, K-Prk Wald F 4t it
17 K F Stock-Yogo 78 10 % 7K L 091G FHAE , 1 B A
FEAEss THASR RS, T THAR RS WAL R

B AE 100 00 525 MK R B S i i, B AT
TEWN A PEIRIRE . 58 B Be iy [l )9 45 5 s 805 4k K
S XoF AP A b BB AR Y R MR AR IR S 2E D R U R
I T U-test Kz 6 , AWEFE A5 1B MR AL

x5 TELTEEREER

Table 5 Results of instrumental variable method

A5 % — By B Phase 1 % By Bt Phase 2

Variable B 46K F Dig B AL 7 5 Dig? QIF R ET
HF K 0. 256%**
Dig (0.067)
B A7 5 1 —0. 082
Dig” (0.022)
ERIEE AR E PN 0. 000 029 0. 000 145%+*
Internet (0.000 014) (0.000 049)
YN ZSIIERTE 6 0. 006 0.011%
Mobile (0.002) (0.006)
il A 0. 181 0. 407 —0.016%*
Size (0.023) (0.072) (0.006)
il 47 —0.037 —0.171* —0.001
Age (0.029 (0.095) (0.004)
BEr I G A —0.512%* —1.512% —0.036
Roa (0.260) (0. 848) (0.040)
B i R 0.129 0.347 —0.007
Lev (0.103) (0.325) (0.014)
Al B A 0. 4565 1. 239w 0.029
Gro (0.137) (0.405) (0.023)
EEQM 0. 033% 0. 090 —0.001
Tobin (0.013) (0.039 (0.002)
JBA B v i —0.000 —0.002 —0. 000%*
First (0.002) (0.005) (0. 000)
B Fr i L 151 —0. 006 —0.066 0.016
Inst (0.113) (0.376) (0.014)
g LA —0. 006 —0.026 —0. 005
Board (0.012) (0.034) (0.002)
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AR B 25— B Bt Phase 1 5 "B Bt Phase 2

Variable HF 467k F Dig ¥ 467 I Dig” BIFR ET
pLiigeva: o A 0. 775%x* 2.431%x —0.081*
Indep (0. 352) (1.15D) (0.048)
ATk g 0.034 —0.810 —0.039
HHI (0.213) (0. 646) (0.03D)
G K SRR 0.063 0.146 —0.009
Pgdp (0. 044) (0.122) (0.006)
LN I-RE e 0. 0415 0. 113 0.001
Fdi (0.014) (0.041) (0.002)
" B — 5. 442w —12. 659 0. 526%
_cons (0.608) (1.814) (0.187)
B ) R400, Y ear s il P il P 1l
AT 38 Industry T il T 1l il
Al Firm Fs il P il il
FeAs N 2135 2135 2135
ANA RN 36 (K-P rk LMD 19. 136
53R 46 (K-P Wald rk F) 8.193
U-test # 5; (3. 34)*xx

3.4 ZMmHLE 3T
SRy A 56 T AR AL L A VT AE S O ik B
TREELC6) AT R WA B 3 Hr .
Risk, = g, + . Dig, + B.Dig; + sControls,, +
>Year + > Ind + > Firm + ¢, (6)
% : Risk,, S Al KURS: 7 FH K SF- | LA AR f 55 0 8
(S)HHTA] o & 6 LR 1A 2 () [n] )9 25 5 R, B0k
IRV Ko V-7 TR 43 i) S 3 Ok O AR £, H B
T U-test Kz . ME AR RE,ME S

DRI 7 HH B0 5 B R R B R 4 T, Ol T AR XU Wi
g, Al 23 T w2 B T BE R LGB 3 T AE B9 BIL
o3, (H e R — TR, Aol g XUBS: 7 HH RE 5 5
BT RE 1 AH & L AT VC B, s B e B R XCRS: S A
T Al AR R BT U AR AL 2 BEAR T Al
BB o 25 b, BT A K CF 6 KU 7R HH K /Y
{8 U 2 52 0 2 ol B0 3B 00 R AR AR g AR A, o T e
BT BT A K SR R Z IR R U R R
Kk TR H2 .

F6 HMMAHRBATIELIELER

Table 6 Results of the impact mechanism and regulatory effect

AR AL 1. KU 7R FE K 1 BT 20 KUK 7k H 7K S 2 T 3 A 37 3R
Variable Model 1: Risk 1 Model 2 Risk 2 Model 3: ET
B Ak 7K S 0. 007%x* 0. 0145 0. 016%*x*
Dig (—0.003) (—0.005) (—0.005)
Ko AL - 75 B —0. 002 —0. 004+ —0. 005***
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F6 (4
A5 R 1. KU R K 1 B8 2. XURS AR K F 2 B 32 A 7 3%

Variable Model 1: Risk 1 Model 2 Risk 2 Model 3: ET
Dig? (—0.001) (—0.002) (—0.00D)
A ol B A 0.002 0. 009" —0. 005
Size (—0.003) (—0.005) (—0.002)
4l 4T 3 —0.003 —0.015%* 0. 004*
Age (—0.003) (—0.006) (—0.002)
B A —0.005 —0.028 —0.041"
Roa (—0.013) (—0.025) (—0.022)
P A R —0.002 —0.001 0. 000
Lev (—0.006) (—0.012) (—0.009)
Al K 0. 006 —0.012 0. 04 7%
Gro (—0.010) (—0.019 (—0.012)
EEQM 0.001 0.003" 0. 000
Tobin (—0.001) (—0.001) (—0.001)
JRE AL A v 0. 000 0. 000 —0. 000%**
First (0.000) (0.000) (0.000)
HLHS 45 1 L 1) —0.007 0. 007 0. 021%x*
Inst (—0.006) (—0.012) (—0.009)
L 0. 000 —0.002 —0. 005%**
Board (—0.001) (—0.002) (—0.001)
pLiva N ] —0.023 —0.075' —0. 079
Indep (—0.022) (—0.042) (—0.028)
A7l 4 v —0.015 —0.032 0. 037+
HHI (—0.010) (—0.020) (—0.019)
25 K R OK - 0. 000 0.012 —0.006%
Pgdp (—0.005) (—0.009) (—0.004)
ST e R —0.001 —0.003 0. 002
Fdi (—0.002) (—0.003) (—0.001)
AR 0. 033%*
Aca (—0.013)
AR X E ARG —0. 0775
DigXAca (—0.029)
BT X S E AR 0.015%
Dig”xX Aca (—0.009)
H H 0.017 —0.175 0. 239k
_cons (—0.074) (—0.140) (—0.052)
B ) B8 Y ear 5 il 2 4l 32 1l
5\ 2% ¥ Industry 1l i il 12 il
Al BN Firm 2 1l 2 4l 2461
R? 0.327 0.319 0.170
FEA R N 2135 2135 2135
U-test & 56 (2.07)%x* (1.82)*x*
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B — B S H0CR O, LB B g 453 5, 5 05 h
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