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Agricultural green total factor productivity growth in the
Yangtze River Delta region from the perspective
of urban—-rural integration

XIA Tingting', LIU Qiang"*, YING Shijia’
(1. Zhejiang Rural Revitalization Institute, Zhejiang A&F University, Hangzhou 311300, China;
2. School of Economics and Management, Zhejiang A&F University, Hangzhou 311300, China)

Abstract To investigate the effects and underlying mechanisms of low-carbon city pilot programs on the
agricultural green total factor productivity, a theoretical framework was developed based on urban-rural
integration development theory. The impacts of low-carbon city pilot policies on agricultural green total
factor productivity were analyzed from three perspectives: factor integration, industry integration and
technology integration. An panel data from 41 cities in the Yangtze River Delta region, covering the period
from 2001 to 2022, were utilized in this study. The multi-phase Difference-in-Differences model was utilized
to empirically evaluate the effects of low-carbon city pilot policies on agricultural green total factor
productivity. The findings indicate that: 1) Compared to non-pilot cities, the agricultural green total factor

productivity of cities designated as low-carbon pilot areas displayed a notable increase of 6. 6%. The above
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conclusion remains robust even after conducting a thorough robustness analysis. 2) In the context of

mechanism analysis, the low-carbon city pilot projects primarily influence agricultural green total factor

productivity through the integration of urban and rural elements, industrial convergence, and technological

advancement. 3) Based on the heterogeneity analysis concerning geographical location and resource

endowment in the Yangtze River Delta region, the impact of low-carbon city pilot programs on agricultural

green total factor productivity is more pronounced in peripheral cities and non-resource-based cities.

Therefore, it is essential to expedite the integration of urban and rural elements, advance pilot initiatives for

low-carbon cities, and foster the green development of agriculture.

Keywords agricultural green total factor productivity; new quality productivity; integration of urban and

rural areas; the Yangtze River Delta region
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Fig. 1 Regional distribution map of pilot low-carbon cities in Yangtze River Delta
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Table 2 Measurement index, coefficient, and reference sources for agricultural carbon emissions
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Table 3 Description and measurement of agricultural green total factor productivity indicators

—ZAR bR YR bR A e e i B
Primary index Secondary index Variable explanation
75 B A S — 7l Molk A5 8, 5N
LA A Wy 5 b A Al AL, 10°hm?®
. BUB A ol BL b 30 9, 7 kW
B s A Al 2 7 6 PG 57460 B 5 4
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VSEIEV PN PRl T i, Tt
HEW A A A RGHE B T AR, 10°hm?
RS A A IR L RS A T L T
kL e A B fE L AL oT
Output indicator A W B Al B HE A T ¢

3.3.2 HUMBLTE
1% 0 il B AE 1 S AR I T i 8 DID,,, BT 5
AR
DID,, = treat, X post, (15
A treat Sy 4 A1 HUL S S, 7 30T B S ik R
W, BRI AL BRAH | IR treat TRAE R 1, JE 38 5 T
R FEHI A treat BUE Ry 05 post Ay ][] i #0448 £, K¢
2010 4F (2012 4F | 2017 4 X B HOSK i 2 4F e 2 )5
) B 1] B, post BB A 15 [ Z, post HUE A 0. % &
1) B N HEAT 2 77 AR S BRI 8 F AR AR — R
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PR 0 R U6 AR o % T8 SR T 2017 4R
1A IE 30 A 3T 44 B a2tk Ui i O 56 it 0
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Table 4 Tow carbon pilot cities and non-pilot cities and year

oy 26 2 Ay A
City type Year City
2011 HUIH
R (1845

2013 B T IRV TR N U AR M
2017 R AL MEDE CEUL CEOM R N AN B IR %

N
el s kT (234 EWREB EW RN E L M N S TE G % N
Low-carbon non-pilot city (23) FH A I K B TR N R MR R e O BN R R =
T BB IR T 5K R TR U 2 R A Y = HEAR BRI 11 3 44 PR

Low carbon pilot city (18)

=

Note: Source: The National Development and Reform Commission released three batches of pilot lists for low-carbon cities.

AR Bl 38k T 3 A 1B SR S 5 A B Al B e 4
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e, AR 3k T 3 BOSR OE X S R L 1 T R A B
AR AY P 2SI T ) ARl S (0 4 B R A 7 R 25 B
Mgy ks, HIRmNE X —2ZEMN
2010 4 1 0. 02 % A 38 K 2 2022 4F 1% 0. 17,32 47 3k

I AE A 2 €0 4 B3R AR 7= Ry I R B T
FERL AT 5 BEAE, 2013 4F 2 ), Al S (0 A BE R AR
75 AR IR AR TF AR R 5 2 2017 4R, 3K R
EUpSRTE A R W A RS | e Wse A i LT U A
SRR TR AR YT ) LR B
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Based on the data collected from the published articles, values presented are the average annual agricultural green total factor productivities for both

pilot cities and non-pilot cities.

B3 ARt EElrBimRlEEEEREFTERIIL

Fig. 3 Comparison of total factor productivity of agricultural green practices in pilot and non-pilot cities

R A DAY AR % (B 4 B R A ) R EAOK A [
B BAERFREAR Z A B 22 5 . 2 HESE
TE R 3 AN [7] DX A 5 0 4 30 30 AR 77 R i T 5T

x5 TEHRESI
Table 5 Statistical description analysis of variables
75 B2 AR B A WiE brdE RAME RBORE
Variable type Variable name Unit Mean  SD Min Max
Bl AL Rl g (0 A BR A R
Dependent variable — Agriculture GTFP L.z 0.39 0-65 4
0 il R AR 8 ik T 3
Independent variable DID 016 0.36 0 !
WS ERERA (OB RS
Refinement of urban and rural integration 127G 36.25 48.78 0.43 523.10
(Fiscal funding for agriculture)
2 7l A Gl 25 4 T 9 R O
L) AR Urban-rural industrial integration 2.31  0.15 1.41 2.74
Mechanism variable  (Coefficient of industrial structure upgrading)
R 2 PR B A CROl % @R B AH G % FLED
Urban-rural technologlcal integration ( Number of A 009 0.21 0.01 195
patents related to agricultural green technology and
low-carbon initiatives)
ﬂﬁ%ﬁﬁﬁ}i % 44.4  18.64 12 91
Urbanization rate
Iz X/ 7
EWRZRKTY Ji 1028 1.60 1.16  12.2
Level of economic development
97 10* kWh
Z?J‘kﬁﬂ‘ﬂﬁ&&: . . X 2/ 0.83 1.22 0.22 12. 26
) A 5 Agricultural machinery density (10° hm*)
Control variable L RE
Llfefgr - % 47.65 8.60 22 75
Degree of industrialization
24
AR . % 62.91 15.17 14 95
Structure of agricultural planting
N IEAS 7
K K % 50.12 17.69 4 128

Level of rural infrastructure
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BYC2) 29 R 2 58l T 55 4 Oy [ 5 28000 B9 A T 5 R
(3D 52 T A ol o7 A0 4 3 11 5 800 i BT 45 81 £ ] )91 25
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Table 6 Baseline regression results of different models

2 i BT (L) BT (2) RET(3)
Variable Model (1) Model (2) Model (3)

RS B T K A 0. 376%*% 0. 203%** 0. 072%%*
DID (0.033) (0.035) (0.018>
B AL R 0. 690%** 0. 569
Urbanization rate (0.063) (0.100>
G R EKT 0. 067k —0.016
Level of economic development (0.008) (0.036>
Al LB 5 —0. 03] % —0.029%
Agricultural machinery density (0.010> (0.015>
Tl Ak B —0. 009k —0.002*
Degree of industrialization (0.001) (0.001>
Al b AE 25 4 0. 002%x 0. 000
Agricultural planting structure (0.001)> (0.001)>
AR 2 Al B e K —0. 002 —0. 0023
Rural infrastructure level (0.001) (0.000)
"W Bt 1. 211 0. 684k 1. 383
Constant (0.013) (0.102> (0.330>
I TI7 28 AL City FE o 2 il A 1l RECE
A4y [ 2E RV Year FE o 7 1l A 1l RECE
A& N 902 902 902
R’ 0.123 0.291 0.893

T o o o G RORTE 1020 .50 1% Bk 1 B3 465 oA R bR ik . T IR,

Note: * , ** _ and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Standard errors are in brackets. The same applies below.
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Dynamic effect of policy
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B 4 Policy implementation time
B4 REEETHESFITEEREER
Fig. 4 Results of parallel trend test of low-carbon city pilot
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PfH P-value
— (38 W £y wn (=)} ~ oo
— > T 5 =

Al Z %X Estimation coefficient
HE ATl L A 2 R AR L BRI R AL

The intersection point of the dotted lines on both the horizontal and

vertical axes signifies the actual regression coefficient.
5 REHETAANREAREER
Fig. 5 Results of placebo tests for the low-carbon city pilot
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Table 7 Robustness test results

5T o) 45 43 G T - LT 22 3 4

bR B T

Exclude Central

45 FE Ak 1

Tail reduction

iy Je — 49

. PSM-DID Lagb iod
GBIk 48 by one perio Government therapy
Variable
(1D I (2) I (3) TR (4) P (5)
Model (1) Model (2) Model (3) Model (4) Model (5)
AP 308 713 3 0. 062%x* 0. 057 0. 072 0. 076%xx* 0. 061 *xx*
DID (0.018) (0.017) (0.018) (0.018) (0.016)
3 2 =X
fﬁﬁj*i . 2 4 il 2 4 il £ il 2 4 il 2 4 il
Control variable
BT 1. 272%%x 2. 198%#x 1. 395k 1. 393%xx 1. 664 %%
Constant (0.006) (0.369) 0. 332) (0.343) (0.269)
%mrﬁﬂzﬂﬂ 2 45 il 2 4 il 2 4 il 2 4 il 2 45 il
City FE
3 I 5 2
RN £ P £ £ £ £ P
Year FE
kAR N 740 740 861 880 902
R? 0.930 0.941 0. 900 0.893 0.903
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Table 8 Results of mechanism test
BRI 3 2 HRM A BEALC2) 30 S P& A3 30 S AR A
AR i Model (1) :Refinement of Model (2):Refinement of Model (3):Integration of
Variable urban and rural elements urban and rural industrial technology between urban
integration integration and rural areas
A A 39k 71 3K 0. 014%%* 0. 025%* 0. 126%%*
DID (0.004) (0.01D (0.019
Pl 2% i e "
S el el el
Control variable
RO 0.022 2. 383%% 2. 195%*%
Constant (0.067) (0.20D (0.343)
. R
el B EA B B B
City FE
= I\ [E] 52 2
O E R Bl £ B
Year FE
A N 902 902 902
R* 0.722 0.729 0.669
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Table 9 Test results of regional heterogeneity and resource endowment heterogeneity

BERLC3) ARBTIRRIRTT  BERI (4D BE IR I

AR BRI . b FRI(2)  FRty
X‘E BA( %EI el . BRA( EP . ﬂﬂiﬂi Model (3):Non- Model (4) :Resource-
Variable Model (1) :Peripheral city Model (2):Central city . .
resource-based city based city
PR 3k 7 4K 0. 050%* 0.043 0. 045%x* 0.097
DID (0.020) (0.032) (0.021) (0.080)
o< 2| s
R Bl =t =t il
Control variable
H R 3. 046%%x* —0.697 1. 545%** 5. 163%**
Constant (0.362) (0.577) (0.423) (1.008)
PRI 4l B 4 SRt 4l
City FE
5 I
O RO £ il £ el £ il £ il
Year FE
FEAR N 594 308 638 264
R? 0. 844 0.943 0.909 0. 895
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