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Abstract: The effective implementation of emission reduction strategies through economic structural transformation and technologic-
al progress has become an inevitable choice for achieving low-carbon economic and social transformation and development in China.
Considering that the disposability assumption of the shadow price calculation method is inconsistent with the realistic theory in the
existing literature, a new calculation method for the carbon shadow price based on the data envelopment analysis (DEA) framework
modeling and satisfying the principles of economic theory and material conservation was applied, in which the expected output pro-
duction sub-technology and the undesired output production sub-technology are linked according to the generation relationship of pol-
lutants. Improved By-production technology was used to accurately measure the agricultural carbon shadow price in 31 provinces
from 1997 to 2020, and kernel density was used to analyze the dynamic evolution characteristics of agricultural carbon shadow prices.
A feasible generalized least squares (FGLS) model was used to examine the impact of structural transformation and technological
progress choices on the shadow price of agricultural carbon emissions. The results showed that: 1) the shadow price of agricultural
carbon price showed an increasing trend, which was 7759.69 ¥t ' in the east region, 4192.35 ¥t ' in the central region, and
3997.51 ¥t ' in the west region, and the rising rates decreased in that order. 2) Kernel density analysis revealed that the kernel density
value of the agricultural carbon shadow price had an increasing trend. The kernel density curve in the east region was right-shifted, in
the central region left-right shifted with increasing regional differences, and in the west region it was downward and widened.
3) The overall regression analysis showed that the shadow price of agricultural carbon was significantly increased by structural trans-
formation and labor-saving technological progress but that this increase was inhibited by capital deepening. Meanwhile, the level of
economic development, the scale of agricultural operations, urbanization, and the level of opening up all played important roles in the
agricultural carbon shadow price. 4) The regional regression analysis results highlighted that the influencing factors of agricultural
carbon shadow prices differed in different regions. Structural transformation significantly increased the carbon shadow price in the
east region but significantly inhibited it in the west region. Labor-saving technological progress reduced the carbon shadow price in
the east region while significantly increasing it in the west region. Therefore, it is necessary to promote the transformation of the in-
dustrial structure, formulate differentiated green and coordinated development policies, and establish an agricultural carbon emissions
trading market to promote low-carbon, green, and high-quality agricultural development.

Keywords: Structural transformation; Technological progress; Agricultural carbon emissions; Shadow prices; By-production techno-
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Table 1 Estimation results of impact of structural transformation and technological progress choices on agricultural carbon

shadow price

AF 1 Variable

%5 Symbol

R Model 1 FIEI2 Model2 FII3 Model3

ZEMFE Y Structural transformation
S AT LRI AL Labor-saving technological progress
AR F AR A4 Capital-deepening technological progress
Ll 2275 HAL Scale of agricultural management
2255 K /K- Economic development
IR Ak Urbanization
XFAIFTL Opening-up
“#$3il Constant
Wald test
Ftest

Frees test

0.299" (0.171) 0.794™ (0.168) 0454 (0.021)

—0.366 (0.250) -1.275™ (0.190) 0.455"" (0.067)
cd 0.778™" (0.144) 1.12777(0.198) -0.171"" (0.018)
sam -0.139 (0.092) —0.150 (0.100) -0.084™" (0.016)
ed 0.038 (0.037) —0.010 (0.019) -1.096"" (0.086)
ur -0.5437(0.262)  —0.539"(0.234) 0.5957 (0.072)
op 0.619 (0.476) 0.921°(0.512) —0.597"" (0.041)
cons 0.120 (1.333) -2.863 (1.941) —289.916"" (20.564)
54329.05""
3.9327
1.969"

R (1)~(3) 530 FHBERLBORAR Y | ] R R AS B A4 T AT AT B SR/ N “ 3 (FGLS) o * s 43 5l 7R [l )4 RALTEP<10% . P<5%7il
P<1%/K 2 3, 355 N AHRiEZE . Model 1, model 2 and model 3 are random effects model, fixed effect model and full feasible generalized least squares
(FGLS). *, ** and *** denote the significance levels of the regression coefficients of P<10%, P<5%, and P<1%, respectively. Data in parentheses are the

corresponding standard deviations.
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Table 2 Analysis of influencing factors of agricultural carbon shadow price in eastern, central and western regions

A5 HE Variable F75 Symbol 4 Model 4

RIS Model 5

#i#16 Model 6

ZERYFEI Structural transformation st 1.496™ (0.197) 0.368" (0.164) -0.293™ (0.064)
SFEh AT LRI AR PEA Labor-saving technological progress Is —0.483" (0.336) 0.116™ (0.016) 1.986™" (0.407)
BANK I FE ARG 4% Capital-deepening technological progress ed —0.142"" (0.039) 0.0277 (0.133) —0.502"" (0.085)
Al 2275 HAAL Scale of agricultural management sam —0.124" (0.074) —0.010 (0.028) -0.336"" (0.083)
2595 & 7K Economic development ed 0.457" (0.182) 0.303 (0.319) —1.549"" (0.387)
R4 AL Urbanization ur 03247 (0.098) 0.462 (1.000) 1.566™ (0.299)
Xt4MIFRL Opening-up op —0.119 (0.131) -4.932"" (1.160)  —1.704"" (0.640)
H I Constant cons —113.352"7 (34.211)  —60.546 (91.962)  —479.476"" (65.956)
Wald test 2640.73" 2721647 13 967.00™"
F test 2.540 2.739 0.672
Frees test 0.338"" 03017 0.930""

R A)~(6) /T BRI . EE . VUMD MIAEER . * . RS B3R MU RETEP<10% ., P<5%HIP<1%/K 5.3, 55 PI 0 brifE2 . Model
4, model 5 and model 6 are regression results of the east, central and west regions. *, ** and *** denote the significance levels of the regression coefficients of
P<10%, P<5%, and P<1%, respectively. Data in parentheses are the corresponding standard deviations.
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