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GDP per capita: POP, population, whereas *** = p< 1%, *'p< 5%, and, "p< 10%.
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test statistics are defined by the estimated values shown in the table above. However, p < **1%, p < **5% points, and p < *10%.
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1%, "o < 5%, and, *p < 10%.
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Tl 0054 -0.042" -0012 0105 ~0.067""" -0.038"
(-5.74) (-2.03) (-0.30) 379 (-3.47) (-1.18)
nPOP 1.428"" 0233 1.195"" 1.274" 0972 0302"
(©.47) (6.96) (6.29) 897) @.18) (252
InPGDP 1719 1.134* 0.685* 1.945" 0.901* 1.044%
@.97) 2.04) (2.36) @.15) @11) (2.24)
(nPGDFY? -0.003" -0.066" -0.027 -0.041* -0.082* -0.009
(-2.27) (-1.41) (-0.75) (-1.65) (-1.51) (-0.82)
nFDI 0107+ 0.066™ 0041 -0.039" -0.022* -0017*
(2.23) (2.24) (1.79) (-1.98) (-1.74) (-1.96)
s 1,563 0932" 0631* 0670 -0.941" 0271
3.08) (155 2.07) (-2.08) (164) (2.28)

Note: z-statistics in parentheses, **'p < 0.01, *'p < 0.05, and "p < 0.1.
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Variable

PM.
Tl

nPGDP
(nPGDPY?
InPOP

nFDI

ES
wxinPM.;
wxinPM
winTl
wxInPGDP
wx([nPGDPP
wxinPOP.
wxinFDI
WxES

p
Log-likelihood
F-test

r?

Note: z-statistics in parentheses, *'p < 0.01, *'p < 0.05,

oLs FE Static SDM Dynamic SDM Dynamic SDM
wy) w2)
) @ @ @ ®)

- - - 0772 (7.42) 0661 (5.81)
0,070 (-321) -0.089"** (~4.10) ~0.057* (-1.73) -0052"" (-5.59) -0.054"** (-6.31)
2,165 (3.34) 0851 (2.83) 1,036 (3.92) 0.893" (2.17) 0.874" (2.21)
-0.104"* (-3.39) -0.045* (-2.91) -0.051"* (-3.8) ~0.041* (-1.69) -0.077* (-2.28)
0,062 (3.14) 0082 (2.73) 0065 (2.76) 004" (2.36) 0.086™" (5.38)
0.034 (1.05) 0015 (1.48) 0.039° (1.09) 0.022" (2.15) 0.028" (2.31)
0959 (7.17) 0.335" (2.65) 0.199" (2.01) 0.164" (2.02) 0.308" (6.09)

- - - ~0.627* (-2.28) ~0.619" (-2.19)
- — 0.591+(2.37) 0.602" (2.48) 0631 (2.69)
- - -0.021* (-1.72) -0.069"" (-3.22) -0.086"* (-3.03)
= — 0.721* (2.09) 0417 2.74) 0579 (2.83)
- = -0.009 (-0.69) -0.014* (-1.71) -0.032" (-1.76)
= = 0342 (4.99) 0478 (3.57) 0.221*** (3.90)
- - 0.030" (1.89) 0012 (0.85) 0032 (1.52)
- - 0.113 (0.64) 0.167 (0.71) 0.178 (089)
- - 0746 0975 0869
= - 221.271 250,004 269.723
17.28 34.33 38.43 37.29 41.81
0721 0643 0475 0498 0519

and "p < 0.1
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Time

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

0.344
0.344
0.356
0.338
0318
0.324
0.329
0.308
0.262
0.276
0.259
0.237
0.234

E)

-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034

SD(l)

0.102
0.102
0.102
0.102
0.101
0.100
0.100
0.100
0.101
0.102
0.101
0.100
0.098

z

3.724
3.720
3.835
3.658
3.495
3.671
3.652
3.409
2.947
3.048
2.905
o
2741

p-value*

0.000"*
0.000**
0.000**
0.000"*
0.000*
0.000"*
0.000"*
0.000"*
0.002"*
0.001**
0.002***
0.003***
0.003*

Note : E () is the expected value of |, Sd () is the variance, and p-value represents the

sionificance level, *p < 0.1

< 0.05: and ***p < 0.01
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Time

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

0.344
0.366
0.393
0.368
0.315
0.325
0.328
0.477
0.522
0.514
0.451
0.456
0.418

E()

-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034
-0.034

sD()

0.144
0.145
0.145
0.145
0.145
0.145
0.145
0.144
0.144
0.145
0.144
0.145
0.145

2.630
2.762
2.956
2.776
2.408
2479
2.488
3657
3.856
3.791
3.373
3.397
3.124

p-value*

0.004**
0.003***
0.002***
0.003"*
0.008**
0.007***
0.006"*
0.000"*
0.000"*
0.000"*
0.000**
0.000"*
0.001**
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Variable

Explained variable
Core explanatory variable

Control variables

Moderating variable
Mediating variable

Symbol

InPM
InTl
InCT
InGT
InPGDP
InPOP
InFDI

InEP
s

Variable meaning

Haze pollution

Low-carbon tech-innovation

Clean technology

Gray technology

Per capita gross domestic product

The population density

Actual utilzation of foreign direct investment

Ratio of coal consumption to total energy consumption
Pollutant emission intensity

Ratio of output value of the secondary industry to GDP

390
390
390
390
390
390
390
390
390
390

Mean

3.803
6.999
5.754
6.642
10.44
7.842
12.59
0.431
11.84
0.458

Std. Dev

0.399
1.440
1.400
1.477
0.630
0.449
1.651
0.154
0.981
0.0833

2.754
2.398
1.386
1.792
8.463
6.393
6.100
0.016
8178
0.165

Max

4.513
10.24
9.050
9.994
12.25
8.749
15.09
0.748
14.16
0.590
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Variable Adjacency matrix W®

2013 2014 2015 2016 2017
INVE1 0240 (2.511) 0280 (2.412) 0.278" (2.845) 0274 (2.789) 0279 (2.804)
INVE2 —-0.07 (-0.322) -0.056 (~0.186) 0,004 (0.362) 0,037 (-0.007) 0023 (0.518)
INVES 0.336™" (3.349) 0285 (2.889) 0253 (2.793) 0361 (3.558) 0392 (3.827)
INVE4 0.448"" (4.330) 0460 (4.429) 0.456™" (4.378) 0523 (4.997) 0531 (5.183)
INVES 0.302"" (3.056) 0.204"* (2.980) 0331 (3.329) 0.354" (3.503) 0352 (3.457)
PCI 0.168" (1.823) 0.284" (2.907) 0.208" (2.175) 0.323" (3.243) 0366 (3.640)
APC 0.305"" (3.052) 0362 (3.438) 0430 (4.127) 0.488™ (4.650) 0.418" (4.089)
ERC 0.197** (2.090) 0331 (3.352) 0.143"* (1.603) 0.339" (3.403) 0.433" (3.557)
DPI 0.366™" (3.652) 0364 (3.625) 0364 (3.628) 0.359" (3.685) 0.355" (4.190)
CEA 0.180" (2.028) 0.186" (2.091) 0.188" (2.109) 0243 (2.581) 0.194" (2.124)
UPD ~0.056 (-0.180) -0.060 (-0.213) 0,083 (-0.418) -0.034 (0.013) 0,043 (-0.070)

Moran's | is calculated by Statal6.0. Z stands for Z value.

and * refer to statistically significance at the level of 1, 5, and 10%, respectively. Z value is in the bracket.
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Variables

INVET
INVE2
INVE3
INVE4
INVES
PCI
APC
ERC
DPI
CEA
UPD
IND
TC
LC

Unit

Bilion RMB

Bilion RMB

Bilion RMB

Bilion RMB

Bilion RMB

%

Ten thousand RMB
%

Ten thousand RMB
%

Ten thousand people/km2
%

Sample size

406
406
406
406
406
406
406
406
406
406
406
406
406
406

Mean

784.5598
190.7038
23.8529
23.2475
546.7672
0.281
5.905
0512
1.395
9.999
0.486
40.090
38.700
0.371

Standard deviation

692.5307
117.4932
30.0070
31.2302
567.9043
0.259
4.769
0.394
0571
6.502
0.262
7.199
34.553
0.296

Min

26.1980
15.1710
0.0140
0.0000
0.0000
0.020
0.440
0.050
0.670
2.500
0.090
15.260
1.200
0.140

Max

3732.6360
594.9390
166.2620
184.5740

3116.6600

1.630
39.790
2.980
4.01
44.760
1.200
53.040
133.400
2.500
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Variables Adjacency matrix Geospatial matrix Economic matrix

Direct Indirect Total Direct Indirect Total Direct Indirect Total
effect effect effect effect effect effect effect effect effect

INVEi-1 0679 0071 (1.43) 0.750" 0403 0872*(297) 0776 (633 0725 -0018 0.706"*
(26.79) (13.89) (11.49) (20.18) (-0.71) (19.46)

PCI -0.541"  0048(063)  -0.492" -0.637""" -0.042 -0.679 -0.479" 0.034 (1.15) -0.444"
(-18.16) (-5.94) (-23.22) (-0.29) (-4.55) (-15.41) (-1097)

APC -0.090" -0.025 -0.115™* -0084"" -0.070 -0.156" -0.096" -0017 -0.113"
(-5.71) (-061) (-2.63) (-5.34) (-0.85) (-1.84) (-6.20) (-0.66) (-366)

ERC -0.671" -0.110 -0560" -0.749™" -0.119 -0.630" -0.589" -0011 -0.600""
(-17.23) (-098) (-4.66) (-21.46) (-0.48) (-2.47) (-14.26) (-027) (-10.85)

DPI —0.427 -0.127 -0300"*  -0.040 (-0.53) -0.249 -0.200 -0.233" -0015 -0.248"
(-5.92) (-1.22) (-272) (-1.16) (-1.44) (-4.05) (-0.29) (-3.10)

CEA -0.056" -0016 -0.040 -0.019 (-0.81) -0.163 -0.183 -0.052* -0.064 -0117*
@12 (-021) (-0.49) 0.78) (-0.85) 191 (122 (197

UPD -0027 (-056)  -0.087 -0.060 -0039 (-078)  -1.263" -1.223 -0.108" -0.182" -0290""
(-0.89) (-0.54) (-3.14) (-291) (-237) (-367) (-4.11)

ERC'DPI  -0.009 (-042)  -0.171* -0.161 -0.027 (-1.31) -0.099 -0.126 -0.021 (-0.84) -0018 -0.039 (~0.64)

(-2.18) (-1.89 (-0.48) (-0.58) (-0.36)
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Variables

INVET
INVE2
INVE3
INVE4
INVES

we wP WE
Num R-sq Log-1 Num R-sq Log-l Num R-sq Log-1
377 09860 3765879 377 0.9901 413.4262 a7z 09851 3636117
377 09139 168.4569 377 0.9316 210.1774 377 0.9192 164.8825
377 02199 212,539 377 02003 213220 377 0.2541 —-207.801
377 0.5822 -142.085 377 0.5995 -134.627 377 0.5820 -141.832
377 09740 172.9761 377 0.9856 2623071 377 0.9696 131.5140
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Variable

LM-lag
Robust-LMLAG
LM-error
Robust-LMERR
R-squared

P value
Hausman test

INVE1

0.263
0.104
0.999
0.840
0.7054
0.0015
-30.01

INVE2

0.925
0.082
0.929
0.085
0.5575
0.0348
-32.52

INVE3 INVE4
0.173 0.044
0.635 0521
0.091 0.346
0.553 0.823

0.8547 0.8677
0.0000 0.0000
2056 -64.99

INVE5

0.009
0.754
1.061
1.806
0.7525
0.0003
-9.92
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Fiscal year Thermal Hydroelectric Nuclear Renewable Total generation

2014-15 58,635 32,563 4,996 803 96,997
2015-16 61,448 34,272 3854 1,549 101,123
2016-17 66,468 31,786 5,868 2,937 107,059
2017-18 79,649 28,239 8,720 3,907 120,715
2018-19 61,003 24,931 2,903 7,941 96,792
2019-20 56,320 29,799 7941 2,322 96,382

2020-21 61,052 31,357 8,038 2,204 102,742
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Variables

INVE -+
PCI
APC
ERC
DPI
CEA
UPD
ERC'DPI
R-sq
Log-1
Wald

Standard SDM

0.8640"*(36.66)
~0.2025"*(-4.03)
~0.0897"(-2.02)
-0.2033"(-2.89)
~0.6673"(-3.57)
-0.1863"*(-2.62)
~0.1731"(-2.10)
-0.1364 (-1.31)
05820
-141.8321

Robust SDM

0.7783***(18.14)
-0.1132 (-1.02)
-0.0607 (-0.81)
-0.1214 (-0.78)
-0.9128"(-3.50)
-0.2010"(-2.29)
~0.1015 (-1.04)
-0.1013 (-0.79)
0.4062
~71.0700

RE

0.8886""(43.36)
-0.2383"*(-3.40)
~0.0667*(-1.67)
-0.2431"(-2.38)
~0.5752'*(~4.02)
-0.2045"(-3.11)
-0.1012 (-1.58)
01050 (-1.11)
05712

6172.53
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Variables

INVEi-1
PCI
APC
ERC
DPI
CEA
UPD
ERC*DPI
R-sq
Log-l
Wald

Standard SDM

0.2853"(3.90)
~0.2034"*(-2.76)
-0.1327*(-2.07)
-0.3548"(-2.37)
~0.8281"*(-3.76)
-0.0527 (-0.47)
~0.5798"(-3.04)
-0.0648 (-0.58)
02541
—-207.8014

Robust SDM

0.7788"**(19.44)
-0.0043 (-1.24)
00518 (1.09)
-0.0897 (-0.86)
-0.4421"(-2.56)
~0.0950 (-1.58)
-0.2229"(-3.49)
-0.0021 (-1.06)
0.4849
19.1104

RE

0.7781"(23.70)
~0.1410(-1.63)
-0.1091*(-2.18)
-0.1487 (-1.18)
~0.5657"*(-3.20)
-0.1366"(-1.68)
~0.2125"(-2.64)
-0.0140 (-0.12)
0.1263

3359.21
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Variables

INVE -+
PCI
APC
ERC
DPI
CEA
UPD
ERC'DPI
R-sq
Log-1
Wald

Standard SDM

0.7519"*(22.61)
~0.4800(-9.91)
~0.1939"(-8.48)
~0.6061*4(-9.22)
~0.3072"**(~4.05)
-0.0193 (-0.44)
~0.2681"*(~4.42)
-0.0843"(-2.01)
09192
164.8825

Robust SDM

0.7766***(10.74)
-0.2186"(-3.31)
-0.0839"(-2.11)
-0.2071"*(-3.44)
-0.1553'(-1.63)
-0.0440 (-1.15)
-0.1198"(-1.97)
-0.0293 (-0.71)
09281
194.8346

RE

0.9066"*(46.73)
~0.2201"**(-5.80)
-0.1341**(-6.71)
-0.3015"(-5.59)
-0.2245*(-3.22)
-0.0462 (-1.35)
-0.0127 (-0.39)
-0.0357 (.
0.8754

4707.29






OPS/images/fenvs-10-884401/fenvs-10-884401-t010.jpg
Variables

INVE+
PCI
APC
ERC
DPI
CEA
uPD
ERC'DPI
R-sq
Log-1
Wald

Standard SDM

0.7259"(29.35)
~0.4794*(~14.29)
-0.0963"*4(-6.87)
-0.5855"**(~13.46)
-0.2423"(-4.91)
~0.0466 (-1.55)
-0.0966"(-2.04)
-0.0254 (-1.09)
09851
3636117

Robust SDM

0.8850""(12.09)
-0.1241(-2.08)
-0.0492***(-2.96)
~0.1675"(-2.14)
~0.0478 (-0.72)
-0.0152 (-0.79)
-0.0370 (-1.35)
~0.0367 (-1.46)
09790
319.8833

RE

0.9274"*(88.56)
~0.1851*(~7.37)
~0.0781**(-6.00
-0.2260"(-6.59)
-0.0861"(-1.92)
~0.0911***(-4.15)
-0.0512"(-2.33)
-0.0856 (-1.01)
09751

21968.24
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Variables

INVEi-1

PCI

APC

ERC

DPI

CEA

UPD

ERC'DPI

Adjacency matrix

Geospatial matrix

Economic matrix

Direct
effect

0360
(24.40)
-0.826™
(-21.98)
-0.103"
(-3.97)
-0.968"
(-18.43)
0817 (7.07)

-
(-5.17)
-0.130 (-1.43)

-0.033 (-0.87)

Indirect
effect

0.179" (4.44)
0.170 (1.44)
0.107 (1.36)

-0.239
(-1.30)
-0.786"
(-4.16)
-0.047
(-0.39)
-0.024
(-0.14)
-0.046
(-0.33)

Total
effect

0.540"
(11.75)
-0.656™"
(-5.18)
0.004 (0.05)

0.728"
(-3.64)
0.031 (0.15)

0.169 (1.36)

-0.154
(-0.75)
-0.080
(-0.51)

Direct
effect

0271
(22.74)
-0.754"
(-25.79)
-0.089"*
(-4.13)
-0.832"*
(-19.67)
0.081 (0.71)

-0.036 (-1.01)

0.081 (1.07)

0.044 (1.42)

Indirect
effect

0.153" (1.80)

-0.095
(-0.44)
0.095 (0.73)

0.053 (0.14)

-0.006
(-0.02)
0.101 (0.35)

-1.865""
(-3.53)
-0.292
(-0.85)

Total
effect

0425 (4.82)

-0.850"*
(-3.80)
0.006 (0.05)

-0.885"
(-2.26)
0075 (0.21)

0.085 (0.22)

1.783"
(-3.24)
-0.247
(-0.69)

Direct
effect

0382
@1.27)
-0.813"
(-20.05)
-0.095"
(-3.46)
-0.967"
(-16.67)
-0.403"
(-3.76)
-0.305"*
(-7.36)
-0.185 (-1.53)

-0.048 (-1.06)

Indirect
effect

0.028" (2.24)

~0.124"
(-2.65)
-0015
(-0.31)
-0.059
(-0.81)
-0.317
(-3.27)
0.024 (0.32)

-0.195"
(-2.01)
-0.263"*
(-2.61)

Total
effect

0.410"
(16.36)
-0.689"
(-11.88)
-0.111*
(-1.87)
-0.908"*
(-9.80)
0085 (0.56)

0329 (382)
0059 (0.48)

-0.311
(-2.55)
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Variables

INVE4

PCI

APC

ERC

DPI

CEA

UPD

ERC'DPI

Adjacency matrix

Geospatial matrix

Economic matrix

Direct Indirect Total
effect effect effect
0.868"* -0035 0833
(37.82) (-0.76) (16.95)
-0315™" -0033 -0.349"
(-4.43) (-0.21) (-2.22)
-0.055(-1.18)  0.022(0.22) -0.032(-0.33)
-0317™ -0070  -0.246(-0.90)

(-3.10) (-0.25)

-0.639" -0216 -0.856""
(-2.99) (-081) (-301)
-0.167* -0.109 —0.277"
(-247) (-081) (-2.09)
-0.185™ -0.406" 0591
(-2.39) (-2.28) (-2.67)
-0077(-0.78) 0385 -0.462"

(-1.58) 1.77)

Direct Indirect
effect effect
0851 -0.162"
(35.46) (-161)
-0269™*  -0.024(-0.08)
(-3.65)
~0051(-1.13)  0.140 (0.75)
-0268™  -0.113(-0.19)
(-251)
0624 -0.601(-1.12)
(-2.66)
-0.154"  -0.234(-067)
(-1.97)
-0.287"** —1.675""
(-3.38) (-3.78)
~0.125(-1.27) -0.832(-1.43)

Total
effect

0.688"" (6.62)
-0.293 (-0.98)
0.088 (0.50)
-0.154 (-0.25)
—1.226™
(-2.38)
0,080 (-0.23)
-1.963"*

(-3.99)
~0.957 (~1.56)

Direct Indirect
effect effect
0866 0017 (0.26)
@.71)
-0298"™  0012(0.13
(-4.89)
-0.083" 0063 (0.83)
(-1.70)
-0.303" -0.017
(-320) (-0.11)
~0.667"** -0.038
(-3.57) (-0.20)
-0.186"* -0.067
(-2.62) (-0.46)
0.173*210)  -0.298"
(-2.20)
-0.136(-1.31)  -0.091

(-0.45)

Total
effect

0.884"
(11.80)
-0285""
(-2.60)
-0.020 (-0.21)

-0.285 (-1.46)

~0629"
(-2.30)
-0.118 (-0.76)

—0471"
(-2.45)
-0.228 (-0.91)
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Variables Adjacency matrix Geospatial matrix Economic matrix

Direct Indirect Total Direct Indirect Total Direct Indirect Total
effect effect effect effect effect effect effect effect effect
INVE., 0325 (482)  -0.078  0247"(1.98) 0408"* 464)  -0.067 0340(132)  0286" (390) 0042(062 0328 (3.49)
(-0.79) (-028)
PCI -0.379™  0086(0.42) -0292(-1.46)  -0.392" -0075  -0468(-113  -0305™  -0.122(-1.14)  -0427""
(-3.89) (-3.42) (-0.18) (-3.35) (-3.40)
APC -0.115(-154)  -0.198 -0.314" -0.151" -0091  -0243(-095)  -0.130"  -0.061(-053 -0.191(-1.43)
(-1.37) (-223) (-198) (-035) (-1.90)
ERC 0,431 -0.141  -0290(-085)  -0.437"" -0805  -1243(-157)  -0.376"  -0.246(-153  -0622
(-3.01) (-0.42) (-2.68) (-1.04) (-2.74) (-3.04)
DPI -0.962"* -0.191 -1.153 -0.856™ -0.998 -1.854"" -0.793"* -0.580"* -1.374"
(-3.03) (-0.55) (-3.27) (-2.19) (-1.40) (-2.95) (-3.19) (-2.55) (-4.14)
CEA -0.133(-108)  -0262  -0119(-057) -0.052(-039)  -0469  -0416(-0.70) -0.046(-043  -0246"  -0.203 (-1.59
(-1.06) -0.77) (-1.29)
UPD -0.571* -0.509" -1.080"* -0.484"* -1.243" -1.727* -0.591* -0.436"" -1.028"
(-2.86) (-1.64) (-3.07) (-2.41) (-1.64) (-2.19) -3.22) (-2.34) (-3.90)
ERC'DPI  -0024 (-0.21)  -0.538" -0562"  -0087(-031)  -0242  -0279(-0.36) -0.044(-037) -0327(-1.49) -0.371(~1.40

(-1.87) (-1.83) (-0.33)
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Variables

INVEir-1

PCI

APC

ERC

DPI

CEA

UPD

ERC'DPI

Adjacency matrix

Geospatial matrix

Economic matrix

Direct
effect

0.827*
(19.05)
-0.402*
(-6.58)
-0.145"
(-5.01)
-0517"
(-2.66)
-0.300""
(-2.66)
-0.027
(-0.63)
-0.101"
(-1.84)
-0.081
(-0.71)

Indirect
effect

-0.320"
(-5.33)
-0.577
(-4.67)
-0.052
(-0.81)
-0.533"
(-2.76)
-0.042
(-0.26)
-0.126
(-1.18)
-0.347"
(-2.42)
-0.200
(-1.35)

Total
effect

0.497*** (6.81)

-0.979"*
(-7.18)
-0.197"
(-3.00)
-1.080"*
(-5.08)
-0.257
(-1.41)
-0.098
(-0.86)
-0449"
(-2.59)
-0.231
(-1.43)

Direct
effect

0.895"
(26.29)
-0.202*
(-5.55)
-0.073"*
(-3.03)
-0.374"
(-4.95)
-0.102
(-0.95)
-0014
(-0.41)
-0.108*
(-2.26)
-0032
(-0.82)

Indirect
effect

-0.795
(-8.02)
-0.939""
(-4.74)
-0.235""
(-2.41)
-0.784"
(-2.24)
-0.127
(-0.45)
-0.412"
(-1.78)
-1.378"
(-5.35)
-0210
(-0.70)

Total
effect

0.099 (0.96)

-1.282
(-6.28)
-0.309"
(-317)
-1.158"
(-3.29)
-0.024
(-0.09)
-0.427
(-1.83)
-1.4827
(-5.29)
-0.243
(-0.78)

Direct
effect

0.747* (22.68)

-0.487"
(-10.96)
-0.193"
(-7.69)
-0.617"
(-9.95)
-0.203"
(-3.34)
-0.029 (-0.72)

-0.084"
(-4.74)
-0.076"
(171

Indirect
effect

-0.242
(-6.45)
-0.190"
(-4.08)
-0.067*
(=1.77)
-0.238"
(-3.64)
-0.123
(-1.54)
-0.281"
(-3.87)
-0.665"
(=7.17)
-0.097
(-1.21)

Total
effect

0505
(10.49)
-0.677"
(-11.56)
-0.261""
(-5.87)
-0.855™"
(-10.08)
-0.417"
(-3.65)
-0.310™"
(~4.08)
-0.849™
(-7.55)
-0.174"
(-1.82)
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Variables Standard SDM Robust SDM RE

INVEi+ 03795""(21.37) 0.2620"*(22.76) 0.5355""(28.32)
PCI ~08188"/(-17.45)  -0.5029"*(-11.16)  ~0.6280"*(~10.19)
APC -00963"(-3.86)  -0.1308"'(-4.14)  -0.1137"(-3.53)
ERC ~09652*/(-1529)  -0.7135""(-9.66)  -0.7186"(-8.52)
DPI ~04466'(-4.88)  -0.4534"(-2.41)  -0.3826"(-3.62)
CEA -03006™(-6.65)  -0.0365 (-0.85)  -0.1575"*(-2.71)
UPD ~0.1506"(-1.66) 00205 (-028)  -0.2794""(-3.65)
ERC'DPI -0.0181 (-0.44) -0.0432 (1.09) -0.0164 (-0.28)
R-sq 09696 09758 0.9508

Log-l 131.56140 170.1044 -
Wald - =] 5239.86
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Variable

Dependent variable

Farmers’ pesticide reduction
behavior

Core explanatory variables

Digital technology use

Mediation variable

Environmental risk cognition

Health risk cognition

Agricultural product safety risk
cognition

Pesticide residue risk cognition
Control variables
Gender

Age

Education level

Join cooperative
Consider food security
Labor force

Cultivated land area
Agricultural income

Technical guidance

Follow the instructions

Description

“The amount of pesticide application per hectare in your family is decreasing?” 1 = strongly
disagree; 2 = not quite agree; 3 = general; 4 = relatively agree; 5 = strongly agree

“Whether farmers obtain agricultural information through digital technologies such as mobile
phones”

1= Yes; 0 = No

Do you think excessive pesticide spraying has any impact on the environment?

= Yes; 0 = No
Do you think excessive pesticide spraying is harmful to your own health?

= Yes; 0 = No

Do you think excessive pesticide spraying has an impact on the safety of agricultural products?
1= Yes; 0= No

Do you know what the pesticide residues are? 1 = don’t know at all, 2 = know a little, 3 = know
generally, 4 = know more, 5 = know very much

= Male; 0 = Female
Age of the household head
Education level of the household head

literate = 1, Primary school = 2, Junior middle school = 3, High school = 4 and College graduate
or above = 5

Whether to join cooperative

= Yes; 0 = No

Whether to consider food security
1= Yes; 0= No

Number of the labor force

Cultivated land area of family (i)
Household agricultural income (10 thousand)

Have you received any guidance from agricultural technicians on pesticides?

= Yes; 0 = No

Do you follow the instructions when applying the pesticides? 1 = Yes; 0 = No

Mean

3.10

037

0.64

078

0.69

1.96

056
57.67
2,60

012
036
495
486
076

0.19

0.69

SD

133

048

048

041

047

1.03

049
10.08
091

033
048
1.69
268
077

039

046

Min

25

o o o

Max

85

11
20

urce: Households Survey 2021.
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Variable

Digital technology use
Risk cognition

Environmental risk cognition
Health risk cognition
Agricultural product safety risk cognition
Pesticide residue risk cognition
Control variables

Gender

Age

Educational level

Joint cooperative membership
Consider food security issues
Agricultural income

Cultivated land area

Number of labor force
Technical guidance

Follow the instructions

Log likelihood

LR chi2

Prob > chi2

Pseudo R2

Model 1

Coefficient

0933+

0122
~0.000
-0.007
1.948*%
0.566%*
0239
0.031
-0.121
15817
110274
~764.24539
239.42
0.0000
0.1354

Standard error

0174

0.165
0.165
0014
0282
0.168
0125
0.035
0077
0223
0.181

Model 2

Coefficient

0.725*

0.336%**
0.661%

0.882°%*
0.254***

0353
0.083
-0.029
1.864*%
0.458*
0.224%
0.003
~0.166*
1.629**
0.923%+*
~714.3369
339.23
0.0000
0.1919

Standard error

0177

0.106
0259
0236
0.087

0.172
0.105
0.096
0286
0.177
0.123
0.036
0079
0229
0.184

Note: *, ** and *** represent significant tests at 10%, 5%, and 1% levels, respectively.
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Variables

Gender of farmers

Age group of farmers

Educational level of farmers

Family income

Source: Households

Description

Male

Female

21-30 years

31-40 years

41-50 years

51-65 years

66 years and above
No education
Primary school
Junior middle school
High school
Graduation or above
10 thousands and below
10-20 thousands
20-50 thousands

50 thousands and above

Frequency

319
252
5
25
119
298
124
77
156
261
70

61
60

232
218

Percentage

55.87
44.13
0.88

438

2084
5219
2172
13.49
27.32
4571
1226
123

10.68
10.51
40.63
38.18
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Environmental risk cognition

Health risk cognition

Agricultural product safety
risk cognition

Pesticide residue risk
cognition

Digital technology use 0,575

Other variables Controlled
Log likelihood ~356.82906
Prob > chi2 0.0002

0.917%%
Controlled
~284.45538
0.0010

0.669***
Controlled
~338.80757
0.0010

0.322¢
Controlled
~710.94263
0.0000

Niodies ¥ 0 gl WK pocowancit iiniionsl dtin:oh 100G S0 and 14 livili veapectivily:
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Eastern
gfi ~1.394 (0.181)
open 0.253** (0.114)
Inpgdp 0.777*** (0.147)
eri ~0.003 (0.037)

financeim 0.064 (0.039)

_cons ~1.233** (0.487)
N 196

adjR-sq 0990

AIC -3106

BIC -2123

Central

~5.259** (1.040)
1.105*** (0.357)
0.753* (0.107)
0.093** (0.046)
0.158* (0.076)
0.682* (0.179)
128

0974

-270.1

-1902

‘Western

~1.959 (1.480)
~0.9026*** (0.294)
~0.503*** (0.140)
~0.038 (0.083)
~0.137"* (0.048)
0.283 (0.208)

176

0958

-1439

-456

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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bs_1 ~0.470*** (0.156)

bs2 ~1.085*** (0.402)
Soble ~0.470*** (0.145)
Goodman-1 (Aroian) ~0.470*** (0.146)
Goodman-2 ~0.470*** (0.144)

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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Variable

Path 1

InCO,

Path 2

ur

Path 3

InCO,

ur
g

open
Inpgdp
eri
financeim

_cons.

~1.555% (0.403)
~0.136* (0.781)
0546 (0.044)
1.001*** (0.046)
~0.567* (0.031)
0.286%* (0.794)

~3.247%* (0.462)
0.256*** (0.895)
~0.574 (0.050)
~0.162** (0.053)
~0.157** (0.358)
4514 (0.091)

0.145** (0.396)
~1.085"* (0.418)
~0.173** (0.078)
0554 (0.049)
1.024*** (0.046)
~0.340 (0.031)

~0.367* (0.195)

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.0L
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Variables

Qe
Q

Descriptions

The output of enterprises in the exporting £ country (decision variable
The output of enterprises in the importing / country (decision variable)
Subsidy given by exporting country per unit of product (decision
variable)

Potential price of the product

The sensitivity of price to output

The marginal cost of production for the exporting country

The marginal cost of production for the importing country (¢, > Ce > 0)
Import quarantine fee per unit of product

Export enterprises relevant subsidy
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Variable

FGLS

PCSE

gfi
open
Inpgdp
eri

financeim

~1544%* (0.109)
~0.133** (0.014)
0.549* (0.012)
0993 (0.007)
=0.059*** (0.005)

~1.415°** (0.208)
0.094 (0.075)
0.183* (0.053)
0.030 (0.019)
0.021 (0.019)

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 001.

Note: gfi, green finance; open, economic openness; pgdp, economic growth eri,

environmental regulation; financeim, financial development level.
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Variables

InCO,
gfi
open
Inpgdp
eri

financeim

Pesaran CD-test

61.604
83.061
78.786
80.145
66.025
82.762

p-value

0.000
0.000
0.000
0.000
0.000
0.000
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Variable Obs Mean Std. Dev. Min Max
InCO, 480 1030 0783 -1.833 2714
gfi 480 0.146 0099 0.000 0793
ur 480 3449 0.741 0.000 6.500
open 480 0268 0304 0010 1457
Inpgdp 480 1169 0.699 -0864 2799
eri 480 0517 0529 0000 2585
financeim 480 2948 1147 1400 7.900

Note: CO,, carbon emission; gfi, green finance; ur, unemployment rate; open, economic

openness; pgdp, economic growth; eri, environmental regul

development level.

n; financeim, financial
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Variable

gf

open
Inpgdp
eri
financeim

_cons

1)

~1.526*** (0.168)

1.681*** (0.049)

)

—1.745%* (0.199)
~0.175% (0.078)

1.736*** (0.544)

3)

—1L713%* (0.193)
~0.200°** (0.075)
0.135** (0.055)

1.525%** (0.106)

4)

~1.659** (0.186)
~0.179"* (0.073)
0.136** (0.056)
0.061** (0.030)

1.586"* (0.106)

)

~1.588* (0.206)
~0.182* (0.073)
0.181** (0.070)
0.060** (0.030)
0,029 (0.024)
1.317*** (0.190)

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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Variable

L1 InCO,
gf

open
Inpgdp
financeim
eri

AR(2) p-value

Hansen

1)

0788 (0.102)
~12.293* (4.929)

0242
0201

@)

0.776** (0.118)
~12.520°** (4.890)
~0.239 (0.211)

0246
0267

3)

0.629** (0.107)
~12.671"** (4.630)
~0.276 (0.200)
0.129 (0.313)

0230
0238

)

0.602*** (0.102)
~14.162"* (5.804)
~0.294 (0.209)
0.052 (0.353)
=0.033 (0.190)
0237

0252

®)

0.574** (0.112)
~15.517** (6.920)
~0.392** (0.191)
0.199 (0.428)
-0.281 (0.033)
0.143* (0.081)
0195

0232

parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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Variable

1)

)

Q)

4)

5)

open

Inpgdp

eri

financeim

cons

N
adjR-sq
AIC
BIC

—1.686%+
(0.173)

0703+
(0037)
480
0971
-526
-334

~1.780%
(0.191)
-0.093
(0.087)

0.7200**
(0.040)
480
0.971
=525.1
-3289

~L6417+
(0.183)
-0.121
(0.084)
0206+
(0.058)

0752+
(0.037)
480
0972
5398
-3395

1570
(0177)
~0.095
(0.083)
0212
(0.059)
0,083+
0.032)

07194+
(0.038)
480
0972
-5446
-340.1

1520
(0.190)
~0.113
(0.082)
0271+
(0075)
0,082
0.032)

0.042 (0.028)
0,642+
(0.066)

480

0972

-545.2
-336.5

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 00L.
Note: gfi, green finance; open, economic openness; pgdp, economic growth; eri,
environmental regulation; financeim, financial development level.
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Statistic

Gt

Value

-3.120

-13.180
-17.222
-20.372

Z-value

-5.212
-1.056
-6.580
-10.470

p-value

0.000
0.146
0.000
0.000
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Statistic p-value

Pedroni Modified Phillips-Perron t 66334 0.0000
Phillips-Perron t -8.0345 0.0000
Augmented Dickey-Fuller t ~6.9990 0.0000
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Variables

Level

First difference

InCO,
gfi
open
Inpgdp
eri

financeim

-2415*
-1777
-1415
~0.743*
-1.845*
-1.608

-3.817*
=3.057*
-3.095*
-2.596
=3.875*
-2.671

The symbols * refer to the level of significance at 10%.
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Description

Food is cleaner and tastier using biogas
Preparation of appliances

Workload reduction

Cooking made easy

Easy biogas plant operation

Food preparation and lighting (sufficient gas)
Technicians' availability

Advantages of health

Advantages of economics

Advantages of the environment

Reputation in the society

Others

Case (%)

10.8
4.9
89
6.1
12.8
14.7
206
6.9
12.9
89
109
129

Response (%)

6.4
32
53
42
73
85
1.6
43
7.4
43
6.4
7.4

Frequency

ToNr0 0o

R RCRNEN
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Variable

ABT

AT
AUAOBT
LCCP
OMGS
usPQ

0.559
0.535
0.504
0172
0.427

AT

0.786
0.528
0.176
0.468

AUAOBT Lcep OMGS USPQ

0.514
0.167 0.342
0.400 0437 0.170

Notes: N = 51; AT, availbilty of technicians for biogas plants; OMGS, operational and
maintenance government support; LCCP, low-cost and clear policy; USPQ, user
satisfaction and plant quality; AU, awareness and understanding of AOBT; ABT,
adaption of biogas technology.
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Hypothesis

H7

Relationship

AT->ABT
AUAOBT->ABT
LCCP->ABT
USPQ->ABT
OMGS->ABT

LCCP *AUAOBT->ABT
AT *AUAOBT->ABT
USPQ *AUAOBT->ABT

Beta

0.268
0.125
0.156
0.119
-0.051
-0.334
0.230
0.174

S.D.

0.092
0.067
0.083
0.070
0.046
0.066
0.067
0.056

T-statistics

2.909
1.870
1.874
1.696
1.090
5.077
4.050
3.125

p-value

0.002
0.032
0.032
0.047
0.139
0.000
0.000
0.001

Supported

Yes
Yes
Yes
Yes
No

Yes
Yes
Yes

R?

0.478

0.489

@?

0.248
0.167

°

0.093
0.037
0.110
0.017
0.019
0.021
0.013
0.016

Notes 1: N = 51; AT, availabilty of technicians for biogas plants; OMGS, operational and maintenance government support; LCCP, low-cost and clear policy; USPQ, user satisfaction and
plant qualty; AU, awareness and understanding of AOBT; ABT, adoption of the biogas technology.
Notes 2: (*), the moderating relationship indicated by the asterisk among the variables.
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Variable

ABT

AT
AUAOBT
LCCP
OMGS
usPQ

ABT

0.755
0.508
0.504
0.472
0173
0.393

AT

0.809
0.823
0.496
0.176
0.425

AUAOBT

0.913
0.498
0.172
0.378

Lcep

0933
0.336
0415

OMGS USPQ

0.863
0.166 0.873

Notes: N = 51; AT, availbilty of technicians for biogas plants; OMGS, operational and
maintenance government support; LCCP, low-cost and clear policy; USPQ, user
satisfaction and plant quality; AU, awareness and understanding of AOBT; ABT,
adaption of biogas technology.
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ltem

ABT1
ABT2
ABT3
ABT4
ABTS
ABT6
ABT7
ABT8

AT1
AT2
AT3
AT4
ATS
AT6

AUAOBT1
AUAOBT2
AUAOBT3
AUAOBT4
AUAOBTS
AUAOBT6

LCCP1
LCCP2
LCCP3
LCCP4
LCCP5
LCCP6
LCCP7

OMGS1
OMGS2
OMGS3
OMGS4
OMGS5

UsPQ1
usPQ2
UsPQ3
UsPQ4
USPQ5

ABT

0.588
0.797
0.793
0.646
0.808
0.794
0.788
0.795

0.400
0.453
0.364
0.394
0.396
0.450

0.457
0.470
0.460
0.448
0.466
0.450

0.425
0.446
0.423
0.436
0.450
0.467
0.434

0.225
0.145
0.111
0.091
0.081

0.338
0.351
0.329
0.318
0.370

AT

0.305
0.456
0.459
0.261
0.447
0.358
0.373
0.351

0.834
0.856
0.699
0.763
0.835
0.856

0.766
0.720
0.769
0.774
0.718
0.764

0.456
0.472
0.476
0.463
0.468
0.447
0.456

0.213
0.162
0.069
0.123
0.129

0.309
0.389
0.373
0.376
0.403

AUAOBT

0.278
0.493
0.446
0.244
0.382
0.398
0.359
0.377

0.663
0.731
0.536
0.663
0.662
0.723

0.953
0.829
0.952
0.954
0.827
0.954

0.465
0.457
0.450
0.473
0.462
0.471
0.469

0.199
0.162
0.102
0.096
0.122

0.292
0.342
0.306
0.345
0.361

Lcecp

0.354
0.397
0.426
0.330
0.398
0.304
0.319
0.305

0.388
0.450
0.317
0.398
0.382
0.455

0.457
0.442
0.460
0.461
0.444
0.456

0.930
0.946
0.936
0.940
0.944
0.901
0.936

0.331
0.293
0.301
0.275
0.208

0.354
0.367
0.351
0.370
0.375

OMGS

0.206
0.124
0.095
0.145
0.144
0.124
0.090
0.146

0.180
0.134
0.104
0.124
0.179
0.134

0172
0.134
0.168
0.175
0.126
0.165

0.335
0312
0.300
0.332
0313
0.288
0.317

0912
0.891
0.853
0.859
0.798

0.126
0.130
0.146
0.189
0.136

USPQ

0.187
0.319
0.359
0.233
0.315
0.284
0.340
0.297

0.327
0.355
0.341
0.348
0.330
0.363

0.330
0.372
0.333
0.331
0.372
0.327

0.383
0.403
0.410
0.379
0.398
0.359
0.378

0.173
0.162
0.110
0.118
0.118

0.861
0.872

Notes: N = 51; AT, availabilty of technicians for biogas plants; OMGS, operational and
maintenance government support; LCCP, low-cost and clear policy; USPQ, user

satisfaction and plant quality; AU, awareness and understanding of AOBT; ABT,

adaption of biogas technology.
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Reason

Motivation by the construction body
Motivation by existing plants
Subsidy

Unavailabity of altemative fuels
Environmental advantages

Health advantages

Time-saving benefits

Energy-saving ability

Social reputation

Case (%)

32
42
42
21
19
15
30
31
32

Response (%)

BNl
15
14
8
6
5
1
10
1

Frequency

18
22
22
1

10
16
15
17
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Item Loading Alpha CR AVE

ABTH 0588 0890 0913 0570
ABT2 0797
ABT3 0793
ABT4 0646
ABTS 0808
ABT6 0794
ABT? 0788
ABT8 0795
AT1 0834 0893 0919 0655
AT2 0856
AT3 0699
AT4 0763
ATS 0835
AT6 0856
AUAOBT1 0953 0959 0968 0834
AUAOBT2 0829
AUAOBT3 0952
AUAOBT4 0954
AUAOBT5S 0.827
AUAOBT6 0954
LCGP1 0930 0975 0979 0871
LcoP2 0946
LcoP3 0936
LcoP4 0940
LCCPS 0944
LCCP6 0901
LcaP? 0936
OMGS1 0912 0920 0936 0.745
OMGS2 0891
OMGS3 0853
OMGS4 0859
OMGS5 0798
usPQ1 05861 0922 0941 0.762
USPQ2 0872
USPQ3 0880
UsPQ4 0886
USPQS5 0864

Notes: N = 51; AT, avaiabilty of technicians for biogas plants; OMGS, operational and
maintenance government support; LCGP, low-cost and ciear policy; USPQ, user
satisfaction, and plant quality; AU, awareness and understanding of AOBT; ABT,
adoption of biogas technology.

Bald values show that the factors have a strong relationship.





OPS/images/fenvs-10-887084/fenvs-10-887084-g002.gif





OPS/images/fenvs-10-887084/fenvs-10-887084-g003.gif





OPS/images/fenvs-10-887084/fenvs-10-887084-g001.gif





OPS/images/fenvs-10-887084/fenvs-10-887084-t008.jpg
Variable

Reasons through which users are not fully satisfied with
biogas plants

Uncontrolled reasons for biogas plants

Main problems or common reasons for a biogas plant work
failure

Description

Insufficient gas to prepare food/lighting
Unavailabilty of technicians

Technical problems encounter frequently
Through extra workioad

Biogas plant operational difficulty
Prepared food (not pleasant)

Others

Complete work stops occasionally
To prepare food/lighting gas is insufficient
Unavailability of technicians

Technical problems encounter frequently
Through extra workload

Food is not tasty using biogas

Gas leakage difficuty

Stove's malfunctioning

Others

Poor material applied for construction
Poor instalation service qualty

Old/outdated design

Bio-slurry mismanagement

Workioad increasing

Poor maintenance

Spare parts unavailabilty

Stove's malfunctioning

Empower local gas distribution authority in case availability of
natural gas

Unavalabilty of the skilled operator of biogas plants

Poor operation with unbalanced feed of water and dung
Natural disaster

Un-sacred attachment toiet

Bio-slurry obstruction in the pipeline

Blockage of the pipeline caused by condensed water

Others

Case
(%)

aNwa~NOo-~

Tow~

©o~N~N®

12
20
10

1
10
16

Response
(%)

9
1.7
9
6.3
37
8
6.3

6.5
8.4
95
1.5
8.4
75
8
5.3
95

75
3.4
76
32
5.2
105
8.4
5.3
54

9
166
7.7
25
8.4
1
16.9

Frequency

12
16.7
8
8.8
4.9
1.9
89

12.8
14.7
16.7
19.8
14.5
125
11.9
87
16.8

185
8.7
187
6.9
14.7
26.5
207
8.7
128

227
40.3
18.7
4.9
20.7
18.7
30.5





