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Abstract

In the context of the “dual carbon” goals, clarifying the synergistic relationship between different
urbanization models and agricultural green total factor productivity (GTFP) is crucial for achieving
agricultural pollution reduction and efficiency improvement. This study constructs an urbanization
index based on satellite-monitored nighttime light data and evaluates the GTFP of 31 provinces in
China from 2000 to 2022 using the Super-SBM directional function. A spatial threshold panel model
is employed to empirically test the nonlinear threshold relationship between urbanization levels
and GTFP, the differential effects of different urbanization models, and the path dependence of
GTFP. The results show that as the level of agricultural industrial agglomeration increases: (1)
There is a nonlinear relationship between urbanization levels and GTFP that follows a pattern of
“decline-rise-decline”. (2) The deep urbanization model has a three-threshold characteristic on
GTFP, showing a fluctuating trend of “decline-rise-decline”, while the extensive urbanization model
exhibits a two-threshold effect with “decline-rise”. (3) A nonlinear relationship of “decline-rise-de-
cline” exists between the comprehensive urbanization level, the deep urbanization model, and ag-
ricultural green technological progress; under high industrial agglomeration levels, the effect of
both shifts from negative to positive on agricultural technical efficiency. In contrast, the extensive
urbanization model shows lower dependency on both technical paths. The policy recommendations
derived from these findings have significant reference value for promoting agricultural green cir-
cular development and achieving the “dual carbon” goals.
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BOMVEFERQHET, M0 AR L BORRCR M SIE BT BIR AT RO o 3K — 70 A MEZR BE A% BT I 4B 7 i B AL IR
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A, P BRI, RORHEAR;  y, APEEREROIME;  x, MR ERIE: ¢, NITIRAE
FOIME sy FTIERAE: 1) Fm e g, AR E RN B AR YE e 8 1 (g, <y) S5 1(g>7)
WFRER AP X, B 5 B, 7 mAE T AN F XN iR A 2 i 1 R 3.

B, AR IR FPOINARE R RE AR B 10 73 (B3 Jo 0, RS20 0 Jg DRy — A T 280V 114 72 ) R ] PR
T AR .

Yie = pZN:a}ijyij +181xit](qit < 7)+ﬁ2xitl(q > 7)+:ui +git’i =L Nit=1--,T ()
R, p WEFRETNRY, o, WHIK i SHIK f 2 R REA R HARUE. A SCRIMA DA
(PR (TS R 14]. R, SoRUTIA TR A BCRA A B A LR
TR AT i
2.3. ITIRRE R TR B AR
ST TR AT RS, SN H, < B = B, AUBIH SN H, < B2 5, » T
M%w@%%ﬁiﬁ:i%¥2w§@Q@E@mﬁ@ﬁﬁmwﬁﬁﬁm%,ﬁ¢%5a@vﬁﬁ%

mﬁﬂ%&j?%ﬁ§¥ﬁﬁ,y=Né_WMﬂ%ﬁ%ﬁﬁ%%—ﬁmﬁi,%ﬁ&mm@ﬁM&

B, A P (.
BN TR A HCIATRISG , JRABSON Hyy 2 DI BRAREL PO — AT, X 4B

e TRBO 1 R s kst = LS gy e

UM TTRAEUO Y, 5 §,(71) 155, (72) AP Hoy 55 Hy 1SR BT,

L

é :msl(y?z), K Bootstrap HAUIEAF 2 F, (UHTIE A X P AR [FEEL, R TR EOR AN

DOI: 10.12677/5d.2025.155134 152 CIERE59/°4 2


https://doi.org/10.12677/sd.2025.155134

B B A I, SR B 2T I AT
3. AR
3.1. TERBSEERR

3.1.1. TEHA

Wil g RS EAERAEF R, 5, RGO TZRA RN E A RR TR —5 39
(BHER), W= AR AR 4 B A P2 2 M B, 2 6 R B G GR35 18 . AR, e A P it 2
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Table 1. Index system of AGTFP
F 1. RIFEEERE~RERER
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AR B A SO T A AT BR RS RO SR (A R AR PR R R B 57 8)) 1 UK (LabEdu), HAR
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Table 2. Descriptive statistics of variables

® 2. BEMMERMGEITER

A e AR LA FEA ¥iE RAME S RKRME hedEE
AGTFP folv Gt TR TR - 690 1.027 0.928 1.562 0.070
ATC PSRt F AR - 690 1.028 0.766 1.562 0.080
AEC PN SR TR EE - 690 1.000 0.817 1.220 0.047
Urban WA HEE KP % 690 0.275 0.098 0.848 0.142
Urbanl WA IR AR % 690 0.269 0.101 0.822 0.138
Urban2 WA AR % 690 0.297 0.005 0.980 0.266
Agg LM RFEE % 690 1.204 0.042 4.561 0.666
LabEdu ANV 355 S A KT F 690 7.452 4351 9.912 0.803
Trade RFA 5 24 % 690 0.382 0.001 11.307 0.888
GDP gk 22 55 e it -- 690 1.390 0.949 2.514 0.304
AgrStru TNV A % 690 0.524 0.339 0.740 0.086
AgrPay gl A FLA TR % 690 8.535 0.621 20.384 4722
Damage ZRIEE % 690 0.218 0 0.936 0.162

3.1.2. BIEEKIRE

B EBAR I TR PE, JEHL 2000~2022 4F 30 A48 475 (B 76 980) 1A THI AR B4 AFEAR, &8 I 7 R kT e
PEARIF T WA R 2 E AL S RHE S A . HARFRFR A R B 2000~2022 4 (hEZTHES) (FEAD
MG Y (RERFESE) (hERNSIHES) (CREREGTES) LUGH 4 G4
SR ATFHAE -

3.2. SCIFfERIEE

3.2.1. A
P U 2% () i T AR B A 7R

AGTFP, = pY" &, AGTFP, + Burban, +7'C, + 1, + ¢,

A, R3S AGTFP, Jy ¢ I i X B AV Gt @ BR A 2 BOKF s p ARG ()W 5 IR KL

W, = (a)ij )NxN PR AR R, A SR Y 1 225 ) SRR A D 2 (A AUEE AR B s | A8 & urban, A3 7 )
W MR BR KT a4, R X A HE K

C, = (LabEdu,, Trade,,GDP,, AgrStru, , AgrPay, , Damage,, ) 187 ¢ I 3] i Hu X S Il 00, 4 3 3k 7 2

i

I A R AR g, FORHIC AR 6, ~ iid(O,az) FoRBENLIR Z T

322, RA I
TR K DA 2 8] ] PR i AR B A 2
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n
j#Ei Y

+ X, (7, <AGG)+ p, + &,

KH, X, =(urban,,LabEdu,, Trade,,GDP,, AgrStru, , AgrPay, , Damage, ) %75 & /MR &

Be =B Bro) (k=1 K ) TR kAT IBRI N 5 ARREAS Bk 7 A [ UH R B B e K 9 SIE o 7 3
B RITIIRANEG (k=1 K = 1) VA R T RAE, SRR3R A A E AN ] X T DY 0 e Jo AR A 5
p FRH X MR RN &, ~ iid(O,o-z) RoRBEHLRZET 1, () FntE

4. GeitIE FNSTIE 4T
4.1. Gt

4.1.1. ZEHEX MRS

B4 A R FEROAT D S BB B ek B AR R . A SRR 2001~2022 4EH[E 30 AN Aol G (5 4
BRA TR (AGTFP) T HHE, 1M HA 2 S H0 114)5 Moran $84L, 455w 3 fon. 7 3 7T,
2004 42 J5 142 7 Moran FEEUSTE 5% M T E MK N B3, RIITE 2004 5 RO SR B AT R A =21
AR B AR, (BASRIEA L AU, ROt 4 B g A P A E — 2 I 28 [B) E A G, 28 (Al 4R
RO R OB MATLE

N1 RGBT Bk A, 2l DA B AR 47 1) Moran BSR4 1) BHE 1 T RLE
H, SERIGEEBERAEFRBRZ MRS —. F=2E, 2 - SERMK - K4ER
PIREA, BA RIFMSERRHE, EHE T RA S EREN AGTFP #Ti— 2o e A A
BT

ARICERIE TSR LERT S0 G T & LUK B A rp o AR AR 2 IR G A8 . 2058, Y 1 587 11
(140 ] 5 RS L AL AR R J VR A TR AR B P USR LE AT B G ik & P E I 0, A ] 5 2K R ASE 20 1)
WAL s, BEHLSON AR B4 44 (Hausman 556K 7718 659.030, PB4 0), AN & RN AR 25 Ry
Moo DRI AR S 2348 FH ot A A AR 8] 7 200080 1) 2 RSS2

Table 3. Global Moran’s I test results
#3. 2REZRIEHER

F S IREE A A
2001 0.052 2012 0.372%**
2002 0.050 2013 0.380%**
2003 0.238 2014 0.387***
2004 0.336%* 2015 0.390%**
2005 0.444%** 2016 0.383%**
2006 0.357%** 2017 0.384#**
2007 0.354%%* 2018 0.364%**
2008 0.385%** 2019 0.344%**
2009 0.412%** 2020 0.283%**
2010 0.403*** 2021 0.278%**
2011 0.052%** 2022 0.247%**
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Figure 1. Moran Scatterplots of China’s AGTFP in 2004, 2010, 2016, and 2022
1.2004, 2010\ 2016 A 2022 S ERI G E LERE 2 Moran Hlm=

4.1.2. NSRRI

FET TSRO O AFEMER B P, F, = 935.745, P=0.000, LR KiI67E 1%MKF Fiads 7R %, £
7 (8] B [B] VR Y TV AR P A B P AR (R T RSOSE, R A 2 ) [T BR TR AR AR AL i AT 3 — 25 40t . &3
W TPRZA A, 135 F G800 50.615, PAEN 0, Ui HA A 18] [B] RS 25 /D A7 40 9 A T T . g il 1)
PR SR, ASSOAN T T TRRANEG, AU R (= DX ) 725 ) e A5 B 45 SR AR

4.2. WEAN R FESERE TRYIFL MR

N A A A 1T PR T AR R A UL & R, TRIE 9 S 8RR A A (Y 1), 1] PR AR AR AR (A AY 1)
23 6] [ [ YA TR (R AR TR 2 ) 1] R T ARORR ZR (R AR TV B VA 45 SR (% 4). P2 4 AT L, BEAY T (iR R
R?7490.300, MRS I AVBETY TV [IREE G R2IIAE] T 0.6 AL, FRIAZS [RBTY ) etk 3 o T L& L
PR T AR TV (RIS R 0 HIAE] T 0.592 5 0.705, Uil 51 NARZR 1 I THE 08 AT DAAS 208 s A 70 1)
HERRPE. AR T AR IV [R5 (AR ¢ REL p R/ B RN IE, XKL T IR HEEXS AGTFP
sz LA 25 (8] B IEA G . Ak, BN IV RS IR AR DU A f iy, BRIV (AR RERE JI7E
VUZH i, 2R BA RN 5 N2 [ RN 1] PR A4 REIX — J7 vESE s 1 A B Y ] Sk o

NT R TR AGTFP X HIFIE, ASCH TR ER KT, BGEEARRI D =X H], Hit 5
DX R OREA B P EUE, SR E 5 . BERIKHRT 0.356 BRI “FP Il RERX” (X
I, HEEEAR 10.3%), ERKTFNT 0356 £ 1.677 KIXEA “FAhERX” (K] 1, HREAK
71.2%), ERKFET 1.677 XA “Falm&ERX " (XH] M, HEAFEAR 18.5%).
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Table 4. Estimation results under different regression models

F 4. NEEVIRBTFREITEER

5% N 75 [ | .
i ggm IR i A I%g?ﬂ o ] R AR
S 8
45 ) (IT) (IIT) (IV)
urban 0.063* 0.084%*% (0 272%%% () ]39%k*k (027 —0.096%*  0.079%**  —(.146%**
LabEdu  —0.05%**  —0.004**%* —0.030%**  —0.002  —0.003%**  (.012%**  —0005%%** 0.000
Trade 0.003%%%  (,004%** 0.012* 0.000 0.004 %% 0.000 0.004%* 0.001
GDP 0.065%%%  (,059%%** 0.100* 0.080%**  (,022%** -0.011 0.019%%%  (,03]%**
AgrStru 0.045 0.031 0.265%%* 0.018 0.027 0.062 0.091 %% 0.035
AgrPay  —0.003*%*  —0.003%***  —0.006*  —0.002%*  —0.001%** 0.004 —0.001 *** 0.000
Damage -0.001 0.000 0.037 -0.017 0.002 -0.009 0.002 -0.003
P - - - - 0.603 % 0.597%#*
N 1.575< y 0.348< »
- <1.575 1.660 < - <0.356 1.670 <
MR 4 <1.660 r 4 <1.677 4
R? 0.300 0.592 0.678 0.705
Table 5. Mean values of each regime
=5 ZEXEHIHE
AR B 7y <0.356 0348 < y <1.677 1.677< y
AGTFP 0.701 0.709 0.699
24K 57 ) .
IR ALK 0.570 0.249 0.210
5850 ALK 7.441 7.475 7.370
RO RATE 1.013 0.330 0.237
2855 B 1.374 1.387 1.411
Ak =k 254 0.463 0.514 0.598
A A FEH 4.422 8.429 11.163
ZRFEE 0.113 0.234 0.216

DXl T DXk R A AR 2 B 43 A PE IR A K P38 i (R A M AR B AR I 8 B RIAHILIX, FLARFAE 2 ARl AR
FEE LN, BEIRNC B 2 RO IR DX T A 5 B0 ) SOAK ST R RN 4R B R AR B )
X3k, A SRR TRIVH B m R G B, A& 2 I 5 P A ke B SURURFAE s DXHI) T ) B
AR TR FE N R B RHE, A AR TR B35 & T AP A X H, M5 T R SR 2 R A X, X
St [X PSR EEL AR P R 57 20 KA AR A1 o

WX AGTFP M REE = A X /R F ACRAFE R B E 5, R AR IX 47
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Table 6. Robustness and endogeneity test results
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Table 7. Nonlinear effects of different urbanization patterns on AGTFP
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Trade 0.000 0.004%%* 0.000 0.003%* 0.004%%*
GDP ~0.018 0.022%%* 0.027%%* 0.002 0.038%%*
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Table 8. Threshold effect test of different urbanization patterns on the decomposition of AGTFP
= 8. PEBHEURAN R FELERE RSB IR NG

A FOHE AR SREFARBE
it D (ID
urban ~0.090* 0.144%%% 0. 199%*x 0.009 —0.116%%%  0.109%**
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A <
KF IR A y <0439 04?;;’5 1703< y  y <1.067 1“?;; = 182< g
R 0.665 0.530
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