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Spatiotemporal migration patterns and relationships between rural water environment policies and pollution
WAN Xin, ZHANG Yi', SU Pengcheng, LUO Xinyi, LIN Jiaxin

(School of Business, Hohai University, Nanjing 211100, China)

Abstract: In order to reveal the temporal and spatial evolutional relationships between rural water pollution and the corresponding
governance policies, the migration paths of gravity centers for the two indicators were plotted based on measurements of policy strength and
pollution intensity. Then, various provinces were classified into different “policy—pollution” types by using the Shapley value
decomposition method, and the causal relationship between policy and pollution under each type was analyzed based on the Granger
causality test method. The results showed that both the gravity centers of policy and pollution located in southeast China, but their
migration paths were not aligned with each other. The former exhibited a “south—west—north—east” directional trend, whereas the latter
consistently demonstrated a propensity for migration towards the south. In terms of the link between policy and pollution, it was observed
that the reduction in pollution intensity contributed to an enhancement in policy strength in “growth-reduced” type provinces. However,
the drivers for this enhancement differ between eastern and western provinces. As for provinces classified as “reduced—-reduced”, the
decrease in policy effectiveness was found to be a result of reduced pollution intensity; however, there were instances of policy deviation
evident in specific dimensions of pollution. At last, the provinces falling under the "pollution growth" category did not exhibit Granger
causality between policy and pollution. Therefore, it was recommended that future policy-making incorporates its association with
pollution outcomes and enhances the precision, synergy, and foresight of policies, which is beneficial to the elevation of efficiency and
effectiveness of policy formulation.

Keywords : rural water pollution; gravity center migration; policy strength; pollution intensity; “policy—pollution” type
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Figure 1 Word cloud map of rural water environment policies
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Table 4 Descriptive statistical results of rural water environment policy strength for each province (municipality )
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Table 5 Descriptive statistical results of rural water pollution

intensity for each province(municipality) (kg-hm™)
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JHRE 18.85 1.47 16.94  21.89
IR AR X 10.62 0.75 9.15 11.99
oK 6.08 0.54 5.45 7.39
THFA 11.15 1.22 9.50 15.55
bR 17.57 2.26 13.61 22.74
Ky 27.10 2.90 22.63 33.33
IR 2.62 0.17 2.32 2.90
iy 13.96 0.83 12.87 16.68
W 15.64 1.15 14.08 18.16
R 4.72 0.22 4.09 5.04
TLHH 29.76 3.02 2675  39.15
RIS 13.06 0.70 11.84 14.90
i 11.47 0.65 10.45 12.40
MEH AR 0.94 0.13 0.70 1.15
THE G AR X 3.27 0.29 2.89 3.69
HilEE 1.60 0.14 1.43 2.06
INRE 35.51 2.75 31.68  42.14
IINiEES) 6.19 0.83 4.44 7.62
[SQutEey 3.46 0.37 3.03 432
g 43.66 4.56 35.17 53.95
UPIES) 6.84 0.41 6.22 7.85
Ry 27.42 3.33 2279 3411
PUjE [ IR X 1.05 0.09 0.87 1.17
AR AR X 1.34 0.22 1.09 1.73
K 3.93 0.11 3.75 4.10
WA 11.64 1.57 9.75 14.84
H KT 7.87 1.03 7.05 10.25
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Figure 2 Gravity center migration paths of policy strength and pollution intensity
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Table 6 Moving distance and direction of policy strength and pollution intensity

BUK 15 Policy strength 15 Y435 FE Pollution intensity _
IH 2l i) 2 - 2o VALl ZEpE i B BITEM onisiency
Item Longitude/  Latitude/  Displacement Moving direction Longitude/ Latitude/ Displacement Moving direction [cos(A0)]
(°E) (°N) distance/km angle/(°) (°E) (°N) distance/km angle/(°)
2004 4 114.71 33.58 — — 115.53 3291 — — —
2005 4F 115.23 33.47 58.73 -11.97 115.69 32.88 18.14 -11.92 0.99
2006 4 114.72 32.47 124.83 -117.03 115.59 32.75 18.92 -129.13 0.98
2007 4 114.33 32.43 42.83 -174.14 115.59 32.80 6.01 -89.65 0.10
2008 4 113.57 32.41 85.17 —-178.94 115.58 32.74 7.15 -94.33 0.09
2009 4 113.30 32.58 34.63 148.73 115.54 32.71 5.32 -140.95 0.34
20104F 113.43 32.57 13.87 -2.03 115.59 32.71 5.57 9.39 0.98
2011 4F 113.68 32.73 32.61 31.48 115.64 32.70 5.19 -15.81 0.68
20124F 113.75 32.80 12.31 44.38 115.61 32.69 3.00 -155.93 -0.94
2013 4F 113.77 32.92 13.60 83.43 115.62 32.70 1.27 70.51 0.97
2014 4F 113.73 32.94 4.57 159.27 115.57 32.68 5.95 -153.34 0.68
2015 4F 113.72 32.98 4.81 100.90 115.69 32.45 28.92 -63.13 -0.96
20164 113.76 33.22 26.55 81.59 115.50 32.61 27.63 137.47 0.56
2017 4 113.64 33.20 12.58 -173.51 115.52 32.57 4.67 -68.04 -0.27
20184 113.87 33.17 25.16 -8.02 115.42 32.51 13.41 -144.95 -0.73
20194 114.10 33.17 25.34 -1.47 115.70 32.46 31.47 -8.99 0.99
2020 4F 114.15 33.15 5.85 -17.10 115.62 32.44 9.75 -163.71 -0.83
ait — — 523.45 — — — 192.38 — —
= \
LT )
289.2 468.31 —
S 8/ 89.26 68.3

R BR-BHROKBE
Table 7 Table of “policy—pollution” types

BUK 1544 Pollution

Policy A K Relative growth  FHXT P Relative reduction
LT T T WK
AR BRI AR R B AR R

RS UNE(HDRER

Table 8 Classification results of 24 provinces(municipalities)
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Table 9 Panel Granger causality test

51 Type J5U35 Null hypothese FE A ) Optimal lag period  FAH F-value P P-value  %%if Conclusion
“HER IR Y InPS A InET A4 24 78 J5E 5 2 0.608 9 0.542 6 ez
InET ARz InPS A% >4 78 J5E 5] 2.538 6 0.0111 4
AR AR 5 InPS A J2: InET A% 2 A% S K 1 -0.156 5 0.875 6 57
InET AR InPS A >4 785 J5E A 3.6152 0.000 3 4
AR A InPS A2 InET A 24 78 J5E A 1 0.001 8 0.998 5 ez
InETARSE: InPS A >4 78 J5E -1.0195 0.308 0 ez
CHER A InPS A2 InET A >4 78 J5E 1 0.1270 0.898 9 ez
InETARSE: InPS A >4 788 J5E -0.5130 0.608 0 ez

19 98N A BRI 4 B2 RS AL | b fh b 1l 72 AH 5% B
W I, BRI AN G S 3 OB K IR A P 2 50K
PRI OR AP AT 3l R I b 5 A N A P S
PRI AR b IR TSR

AR, 1 190 BAF KT, R -3 1 R A
KRR 9 InPS Fl InELZ (B BN AEAERS 22 8 K
R, RVEERTI S , 15 Qe K 5 BOR ) BERE ARl
KBEAPIRKFR . BTG R FRR 74 (), 95
et K724 () BT B3 FUE BRI VR 5 b Y ik
WC E R 22 , BORRNTS e 1R 56 ZR A T AR JC P R B
PIEAFAERL A o BOR IS IGO0 T 1R 58 AT RE -5 B
PATAFIAT G BUR AR 00 T AL R 5 G Y
FERAR AT BE S ph AR ORI 2 250, B N 2
55 KGR OLIE B 2255

3 #ie

(1) BB, R 5 75 Y R TE0 3 T 3R 7R
7[5, B L B i Pl — i P — D e — i 2R A2 A2
B, AR AR B, B BRI e ik B A A 1]
FIAEAS , HL5 BORAR FU BT ) 25 R 7 1 Rt , A2 Ak i
Bl

(2) B R -FRAR T % B3 7T TP il
FESF 5 AN () e T i Jm 2 1A 75 BRIk
JEBURIE AR 2 AN o Bl AR AR A (1)
R ST AT N AR AN 7K 75 G [R]85, s H AR A
LB IBOR TR, FEME AR 5 i3 T4
I 9 2 PR A (T ) A S ek (T ) 2258, i 1k
IS il 7 R S

(3) “FEAR - B A" B4 (D) AR LRt 7 A& (1
PE TR BN PR BT 7 A () IR R R
1A 75 G AR O AR A% 22 N U . AE R A
TS RAEHR F AR BRI R B IR, iK™ SR A TS Y
FAe AN FH IS U EIZ G e o L L7843 7% 1

P 1%) WHARTY

AR R BRI 15 e RO A R AR G B

(4) “FRAR BG4 7 RN “ 38 K -1 K R4 (77 ) Y
BOR G515 R Z A AR AR DURE R I Qe ik
AR B0 T BRS04, Sk AR T BE 5 BOR AT B
S5 IR R S5 ORI A2 1 BE Z AN TR 3R AT K

S 3

(1] Wk%5, Bmn, M0, 55 SR TS -2 0 I IR RYTe L A
b T P S T Y 67 A A s R AR B ST ARk BREE AR A 2 4, 2022,
41(5):1022-1035. YAO J, YANG L J, XIAO Y T, et al. Spatial -
temporal evolution of agricultural non—point sources of total phospho-
rus pollution loads in Tuojiang River watershed based on correction of
social—economic factors[J]. Journal of Agro — Environment Science,
2022, 41(5):1022-1035.

[2] BiiAZ, AR, RRIGE . WA A S ARl AT IR 75 e - 2 1A i £ 5 A R
L] TR R o 4l (R 2 B0, 2022, 28(6) :67-77. LU S,
TANG ] X, XIONG J. Fiscal decentralization and agricultural non—
point source pollution: spatial spillover and threshold characteristics[J].
Journal of Central South University(Social Sciences), 2022, 28(6) : 67—
7.

[3] Al bl . FREERE AL Al 10 55 Yl (9 B0 28 0 24 9 BT Pl
JERFIX E NN A BURFEAR(J]. B 2R 2241, 2023(1) -
70-80. ZHOU Z B. Experimental economics study on regulation of
agricultural non—point source pollution by environmental tax: based on
the samples of 8 townships in Beibei and Hechuan district of Chongq-
ing[J]. Journal of Guizhou University of Finance and Economics, 2023
(1):70-80.

[4] XK, U= E. e, 5. AR S AMETRER A A7 47 R B
Pz B AR £0 ) S JE RS AR B D 0[], o e AR 2 Al 2 e (e
), 2020, 28(9) :1339-1349.  LIU M C, BAI'Y X, YANG L, et al.
Impacts of eco—compensation on the farmers’ production behavior of
Hani Rice Terraces in Chinal]]. Chinese Journal of Eco—Agriculture,
2020, 28(9) : 1339-1349.

[5] BMSHE, R KA. AR S IR BUE R A # ma HL OF S A
WS TR S )] e PR R 2 2 (rE 2 B4 i), 2020, 34
(6):80-91. MA P C, ZHU Y C. Research on the influencing mecha-
nism of farmers’ willingness to participate in river chief system gover-
nance: group identification and cadres — masses interaction[J]. Journal

of Huazhong University of Science and Technology (Social Science Edi-



TIR A ARFDR RSB 515 Y i 28 R AR B G R 895

tion), 2020, 34(6) :80-91.

[6] FEAFMR, SRIAGL, 4 2% . BT SCAC B AL Y v [ ol i 35 i B4
IR SRR 0 BT (D). b ROl B2, 2022, 55(7) 1 1385-1398.
HUA C L, ZHANG J H, JIN S Q. Analysis to evolution characteristics
of policies for controlling agricultural non—point source pollution in
China: based on text quantification[]]. Scientia Agricultura Sinica,
2022, 55(7):1385-1398.

(71 BREKLL, kel Dl . vl ] 3 A0l Atk Dl R S T8 0F < 6T 452 3 B SC
AB ST A hofll R 2 R (AR 2 B2 D), 2022(1) £ 10-23.
CHEN Q H, ZHANG Y Y. Evolution of carbon reduction policies for

animal husbandry: an analysis based on 452 policies[J]. Journal of

Huazhong Agricultural University (Social Sciences Edition), 2022(1) :
10-23.

[8] X%, F3h . XUHE 2 3 T AE WOR FR AR AFA of 9 102 FHAIE 9 - LA
SRR RMITEOR J 110, IREE TR AR 4], 2022, 12(6) : 1838
1844. LIU T, XU H. Application of difference—in—differences model
in policy —based strategic environmental assessment: taking policy for
agricultural support and protection subsidy as an example[J]. Journal
of Environmental Engineering Technology, 2022, 12(6) : 1838—1844.

[9] LU H, XIE H L. Impact of changes in labor resources and transfers of
land use rights on agricultural non—point source pollution in Jiangsu
Province, Chinall]. Journal of Environmental Management, 2018, 207 :
134-140.

[10] 5K 0T, Tha e, oA, 56 BT B HIUR (URER i A A /K PR A5 SR
W HEAI ] B He s A o3 S AR SR (). o A BB, 2017, 25(5)
157-166. ZHANG K, MA C W, FENG J C, et al. Emission reduc-
tion effects and its spatial heterogeneity of rural water environmental
policy based on discrete grey model[J]. Chinese Journal of Manage-
ment Science, 2017, 25(5) : 157-166.

[11] LI X, WANG J M, ZHANG M, et al. Regional differences in carbon
emission of China’s industries and its decomposition effects[J]. Jour-
nal of Cleaner Production, 2020, 270:122528.

[12] FRGHT, SEHEME, B4R, 45 . Pl vy A B B me kTl 2 [ ™ g &
YR B S BFFEL)). M FRRR, 2020, 40(9) : 15131521, WANG C X,
DOU W S, CHENG Y, et al. Spatial expansion and driving force of Ji-
nan City in the stage of rapid urbanization|]]. Scientia Geographica Si-
nica, 2020, 40(9) : 1513-1521.

(3] FEIATE, #ME, F3H, % =M T A 22 i K b
i PR 22 [0]. Hb FRARR 2 3E ), 2020, 39(12) :2068-2082. YAN D S,
SUN W, WANG Y, et al. Change in distribution and growth shifts of
population in the Yangtze River Delta and influencing factors[J]. Prog-
ress in Geography, 2020, 39(12) :2068-2082.

[14] 222 28 Rlsle, 2y —, 45 vl Ja R OR R0 20 O IS R 4
BFERBNIR1)]. ARG, 2017, 32(4) :606-619. LI L
L, XUTT, LI FY, et al. Gravity center evolution paths and growth
factor decomposition of residential natural gas consumption in China
[J]. Journal of Natural Resources, 2017, 32(4):606-619.

[15] ZHANG X, GENG Y, TONG Y W, et al. Spatial characteristics and
its driving factors of low—carbon energy technology innovation in Chi-
na:a gravity movement and exploratory spatial data analysis[J]. Jour-

nal of Cleaner Production, 2021, 295:126481.

[16] FZALLE, P[], SN SCHE . BRI St BORE DR 7R 5 22 U Bk Sk
T RUHTECR (9 IS, T HLTE AL, 2008(9) :25-36.  PENG J
S, ZHONG W G, SUN W X. Policy measurement, policy synergy evo-
lution and economic performance : an empirical study based on innova-
tion policy[J]. Journal of Management World, 2008(9) :25-36.

[17] 5K, THIEHE . 5T BOR SCRTT LAY RO 5 Bl 22 2 BUOR
[l BF 57, i 33 55 55, 2020, 43(6) : 149-155.  ZHANG T,
MA H Q. Collaborative research on open data and data security policy
based on policy text computing[J]. Information Studies: Theory & Ap-
plication, 2020, 43(6) : 149-155.

[18] RERHHR, T AT, BER, &5 . VL0 Rl 0 I T Ye e 23 Rk K 75
KU 23 BT[], 4 lk 26 55 B} 2% 24 4l , 2018, 37 (12) : 2821 -2828.
XIONG Z Z, WANG S Y, TONG Y, et al. Analysis on spatio—temporal
characteristics of agricultural non—point sources pollution and pollu-
tion risk in Jiangxi Province, ChinalJ]. Journal of Agro—Environment
Science, 2018, 37(12) : 2821-2828.

[19] U 25, ARIS 6, WA 7° . BT BT M I s Y A A Ty
L) AR R SR (A AR R, 2004(9) : 1184-1187. LALS
Y, DU P F, CHEN J N. Evaluation of non-point source pollution
based on unit analysis[J]. Journal of Tsinghua University (Science and
Technology), 2004(9) : 1184-1187.

[20] BRANG, i35 T, #2175 YL i) B S5 25 1)
FRAETRAI). o = R EE R, 2006, 26(6) :751-755.  CHEN M P,
CHEN J N, LAI S Y. Inventory analysis and spatial distribution of
Chinese agricultural and rural pollution[J]. China Environmental Sci-
ence, 2006, 26(6) : 751-755.

[21] 38 JF, R, MR, %5 . 1978—2018 4F o [ 4 I BR BT A P O 1
HEAEIE  3E°F 206 Y ECHR SR 95 AT, o A K223
2020, 25(6) :210-222.  PAN D, TANG J, YANG J Q, et al. Evolu-
tion of rural environmental management policies from 1978 to 2018:
based on 206 policy documents quantification[]]. Journal of China Ag-
ricultural University, 2020, 25(6) :210-222.

[22] FEHEEY, B/, THE, 45 . AR BRILKPRIA IR | 5] A B x5
L)), A PR B A FELL 2022, 14(3):54-59. CULY Z. JIA X M,
HUANG Y J, et al. Current conditions, issues, and solutions for foul—
smelling water bodies in rural locations|J|. Chinese Journal of Environ-
mental Management, 2022, 14(3) :54-59.

[23] W AR, BRA T, 4 . A BORFRSE 5 J AR 7 3 [ Al i 9575
YerfF 5 b i L )], A2 A2, 2022, 42(5) 1 1665-1678. FENG
Q Y, CHEN L D, YANG L. Review on the potential of applying the
APEX model for non—point source pollution in China[J]. Acta Ecologi-
ca Sinica, 2022, 42(5) : 1665-1678.

[24] SR . ob el i 5 e S FE M. b T b AR 2R
fit4t, 2013.  LIANG L T. Research on agricultural non—point source
pollution in China[M]. Beijing: China Social Sciences Press, 2013.

[25] GRANGER C. Investigating causal relations by econometric models
and cross—spectral methods[J]. Econometrica, 1969, 37(3):424-438.

[26] M-BH A . FR G0 O T B (Y TR B A 5 ) R LA AR,
2012, 21(4) :559-563. YE M Q. Contribution decomposition ap-
proach to a system’s gravity movement|J]. Journal of Systems & Man-

agement, 2012, 21 (4):559-563.

(DTG - 4T

www.daes.org.an




