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Does urbanization intensify chemical fertilizer
non-point source pollution:
Based on threshold effects and spatial spillovers

LUAN Jian, HAN Yijun”
(College of Economics and Management, China Agricultural University, Beijing 100083, China)

Abstract Threshold model and spatial durbin model were used in this study to explore the threshold effects and spatial
spillovers of urbanization on chemical fertilizer non-point source pollution based on a panel data of 31 provinces from
2000 — 2016(the statistic data of Hongkong. Macao, Taiwan Region are not included, the same below.). The results
showed that the chemical fertilizer non-point source pollution showed a dynamic evolution that was transferred from the
east to the west. The impacts of urbanization on chemical fertilizer non-point source pollution displayed single threshold
effect. When the income per capita was reaching threshold value. the impacts of urbanization on chemical fertilizer non-
point source pollution changed from expansion effects to quality effects, namely, from promoting to restraining. The
impacts of urbanization on chemical fertilizer non-point source pollution showed great spillover effects, which was larger
than the direct effects caused by urbanization to the province itself. The rapid development of urbanization in one
province might cause chemical fertilizer non-point source pollution to be passed on to its neighboring provinces.
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Fig. 1 Theoretical chart of urbanization’s impact on chemical fertilizer non-point source pollution
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Table 1 Descriptive statistical indicators of variables

B iR A ¥IE b 2% f/ME R A
Index Symbol Unit Mean Sd Min Max
AR T 95 75 G ik o E, kg/hm? 37.33 25.21 6. 50 118. 64
Emission intensity of chemical fertilizer
non-point source pollution
WAl A U, % 47.03 15. 90 0.48 91. 86
Rate of urbanization
UNIEE: R P, TN 4259.73 2710.48  258.00 11 370.42
Population
Ay GDP A, Jioo/ N 0.94 0.53 0.09 2.99
GDP per capita
AT it FH B AR KT T, Jiot/t 4.72 2. 44 1.87 21.43
Technical level of fertilizer application
HEL A W) o A L A91) S. % 65. 50 12. 10 32. 81 95. 70
Proportions of grain planting area
2.3 HEKIE 3 R
BEPE 20002016 4E 4 [ 31 4 (i H A KD -
) THT A B VR R W SR R AR . R 5 T 5 1) i it 5 90 3% 3.1 {LBEMEIRS 0 3h 7 8 i3 T

Sk B F 20012017 4E A B S AR KO (R
RN G AR S )5S R 4548 M AE 0 10 e AR L A
) Bl A R FH e (B9 SELRD

W 6) B 2000 A 2016 4F 4% A AL AR T
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Table 2 Emission intensity of chemical fertilizer non-point source pollution in 31 provinces of China in 2000 and 2016

N OINCREIES) ENQIINCREIES

Province 2000 2016 Province 2000 2016
b 5 Beijing 83.51 118. 64 W Henan 20. 58 27.50
Kt Tianjin 61.51 75.63 it Hubei 41.74 46. 65
Tt Hebei 38.59 43.58 W7 Hunan 27.74 29. 63
i 7 Liaoning 42.07 41.78 N 527 Inner Mongolia 16. 66 32.54
& Shanghai 91.02 59. 74 ] P8 Guangxi 12. 35 19. 24
T3 Jiangsu 84. 30 76.94 | K Chongqing 14.38 16. 99
WiVl Zhejiang 54.52 70.12 PUJil Sichuan 15. 10 15. 83
& Fujian 49.12 54.29 S Guizhou 20. 41 22.48
11175 Shandong 46.15 43. 54 =™ Yunnan 25.71 39.03
J” 7% Guangdong 61.73 83.42 Pk Xizang 6.50 11. 83
¥ ® Hainan 16. 89 30. 42 BV Shaanxi 37.96 60. 24
1 P4 Shanxi 13.22 15.52 H il Gansu 10. 32 12. 40
AR Jilin 33.99 42.12 1} Qinghai 8. 00 9.32
B 9T Heilongjiang 7.96 11.02 T ¥ Ningxia 31.95 37.07
L Anhui 16. 89 19.41 BriE Xinjiang 15.41 24.52
VL7 Jiangxi 10. 58 12. 14 4> [#3F-#4) National average 32.80 38.83

3.2 AL x4k BE R T e 5 N A 1 Al s R
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{435k 369. 91 F1 2 693. 56, 7E 1% b 2Pk K F
g R AR, R IR IR A OLS B RGHER . RH
B0 A0 [ s 2k I A T80 A 1 25 R 3k 3 v 4] (2) Al
51 (3) fi7n » Hausman ¥ 56 25 3 fy 34, 89,78 1%

F IR b A A DB s 3R I A E ROV B A B,
BEXT T A% N AR AL, 43 0 R B IE Wald A 5
Wooldridge ¥ 4 #1 Pesaran CD 5 36 X 1 A B0 48 20
] 5 J7 22 ZHL N B AR G RIZEL[R] [ AF G [ 80 147 G 36
gR G R . R B R A FGLS 3 3
AT Ry o £ 25 3L 09 B2 gt e [8) B >R JH Driscoll-
Kraay b i 1516 1F [ 5 200 AR, 45 ] an sk 3 h 3
(DOFGIFR . 32 3 o FTA Al 25 R 2 R W Il



180

hoE kR R R R

2020 4F 55 25 %

P30T I T 35 G ) 52 W) B 3 3R B O Al AR D
BERN L EE b Sz we S B Al X A B TR T e Y SR
W o, SR AL Al s, WP R &
O ARCRIE Rk SWNIRPE N

s

PR 2% 0 A HE T U5 5

®3 ZAWMEEESTHEIEER

[ER R DO TR SEE U are e S
il o B R A A Tt B2 R 2R 25 1T A AR T U S
B o S WA S0 AR A 0% M %R L SR TR R0 g
Fr EAT W5

W] o 111 AR EL

Table 3 Estimation results of classical panel model and threshold model
P (D ) 5 D (5) -
AR AL B
R4 OLS ) ) AT X I % 20N \
Explanatory PE‘ . B B I 5 AR Gh—k (DK g, VR
oole B/ N AN HE TR
variables RE FE 4 Threshold
OLS FGLS FE-DK
WAL R 0.137" 0.050 " 0.052" 0.113*" 0.050 "
InU, (0. 044) (0.012) (0.012) (0.022) (0.015)
WA L R (AN A < 0. 064"
8 768 J1) (0.011)
InU,, (income per capita<C
8 768 JL)
WHE AR AR A = —0.072""
8 768 JL) (0.021)
InU, (income per capita_=>
8 768 JL)
PNEEY 0.206 0.628" 0. 442 0.269 " 0.628" 0. 666
InP, (0.025) (0.086) (0.066) (0.025) (0.142) (0.082)
¥y GDP 0.892* 0.125* 0.135"" 0.180" 0.125" 0.070"
InA, (0.052) (0.020) (0.020) (0.025) (0.073) (0.021)
AR VR A AT L A7) —0.511" —0.562" —0.551" —0.172* —0.562" —0. 492"
InS, (0.117) (0.074) (0.076) (0.062) (0.119) (0.072)
Ak RE it FH 2 AR K F —0.233"" —0.117" —0.087 " —0.095"" —0.117" —0.095""
InT, (0.062) (0.025) (0.024) (0.027) (0.062) (0.024)
H B0 2.131" —1.696" —0.226 1.495 —1.696 —2.031""
Constant (0.241) (0.679) (0.531) (0.220) (1.104) (0. 650)
Hi X B0
No Yes Yes Yes Yes Yes

Region effects

TE - R AE S B AR IE R+ o | x|

AR o

Note: Standard error is expressed in parentheses.

* SFBIFRIRTE 100500 F 1094 i1 8 35 MK 1 5 3 R IRl s KA TTHEAE 8 768 S84 2000

respectively. The same below. Income per capita which is 8 768 is the price level of 2000.

ARG BE A% 23 B o 3 B A Xk A T THT IR 95 2 5
A REAFAE )R RO DA S e 4% 48 22 0 R Ji8 /K- 1Y
AR e ST 3B Al 6T A AT T R
15 G R WE 00 T A DA [l )R R L TR Ak R A B 45

NEJWCAAE S T

%%x%, xx, and * represent significances at the levels of 1%, 5% and 10%,

R ANFE OB THEBAI F A 1% 5%
PEIK TR 5 4 {5 (H XCER [] B A Y R R i 4
JEAR R TN Ay 3 B Ak I T VR VS e A A o —
AN
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Table 4 The results of threshold effect test and threshold evaluation of

urbanization on chemical fertilizer non-point source pollution

I AE
Threshold value

95 9% 5 X 1]

95% confidence interval

B A F {H (P )
Hypothesis test F value (P value)
Ho : JCTIAEAH s Ho 50— T4 50. 39
H, : no threshold; H;: 1 threshold (0.0
Hu :Elfl*n?f‘u':’{;Hw XXEI‘]*‘JI‘],}. 14. 26
H, : 1 threshold; H,: 2 thresholds (0. 36)

—0.131 5 [—0.1627,—0.128 5]
—0.131 5; [—0.156 2,—0.128 5];
—0.275 3 [—0.298 3,—0.270 0]

Y PR Bootstrap # i 500 WA B9 %5 .

Note: P value is estimated using Bootstrap method of 500 times’ samplings.

PIHE T 25 R W (55 3 B JE — A1) . 24 Ak
AETF 8 768 ST D (2000 4= A4S M #5) B, Ik £H Ak XoF
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8B AKOT A 36 L 7632 B B A Ak X Ak S T Y
(P A S SR & QA L R AU B ) I
AR R T 5T G 5 2 A A R 3 8 768 I (2000 4R
AN A% ) B A Ak X A T TV V5 G B R ) A T &R
Boh—0.072, Himad 1% W35 kK F A6 56, 7 0k By
B IR Ak X b IES T VR S Y 0 S T 22 R B T
RO S BELA 0) #E K 2 R AR R T IR IS e, 5 R
2048 0y (1 5 5 ME AR I A S 4R B0 A A
2016 A JRIAEL . 4 48 2 75 05 B T A (DK 31 44 0 Rl
Sy RIS TT LA B 2016 4 B S0 T A I R 4
1 2 AR THAE 0y o W28 0y B4R > il Ak AE T Y5 s G
7535 Ay 7 EE o AE IR Ak 0T Ak IE T U TS O Y R e L 42
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U5 G 7] R 5 oA 55 00 1) R 1 48 40y 22 Sy o R R P A
3+ SRR KT R G AR AT b T4 5800 o 46 32
Hb AT 1) B BE o A 2 I 248 3 L T DR A 2 i
S5 B RN ) G T
3.3 Ak R R T 4 A 55 8 i

K 4 J5) Moran 48 £ £k RE 11 V5 V5 Y% RN 3k #8 1k
R 28 [F] A G M E A7 K 5, K 50 5 SR B, 2000—
2016 47 AR AT TR 5 G4 ) Moran $8 5135 4 1F (0. 298~
0. 448) I A Ak 22 1) Moran $5 ¥ [F] £ 47 1F (0. 083~
0. 428, BRASBIAE 3 4h . — 3 B 7E 106 5 VK7 13l
IR, W IR L 5 0 0 1 RS Y A AR
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SDM [ 2 R Ak 145 5 v o 1 o AS 6 B 1 25
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Table 5 Decomposition of spatial effects of SDM

0-1 A i 4 B iy P AR A B
e 0-1 weight matrix Distance weight matrix
Explanatory IR eI V) 25 s 5% QA IR eI (i) 422 ¥4 s ¥ g
variables Direct Spatial Total Direct Spatial Total
effect spillover effect effect spillover effect
AL 0.017" 0.081" 0.098" 0. 001 0.065" 0.066"
InU, (0.007) (0.039) (0.045) (0.006) (0.025) (0.028)
I R AE —0.013 1.342™ 1.329™ —0.400" 1.942™ 1.543™
InP, (0.097) (0.250) (0.248) (0.091D) (0. 382) (0.359)
AN ¥ GDP 0.048™ 0. 246" 0.295™ 0. 040 0.116 0.155"
InA, (0.022) (0.082) (0.100) (0.01D) (0.080) (0.091)
A VR P b AT L 451 —0.531" 0.219 —0.312°  —0.461"" 0.083 —0.378
InS, (0.090) (0. 148) (0.170) (0.073) (0.262) (0. 247)
AT it FH 452 A K P —0.359 0.112 —0.247  —0.386"" 0.126 —0.260"
InT, (0.033) (0.102) (0.107) (0.028) (0.078) (0.092)
PRI AR FE ST AEY AP AE LB b T B T2 T 1R 0 it AT i

N RS A IS T 05 5 e B 22 143 ek ] 4% 34 1
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