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Abstract: Polluting enterprises represent a conflict between ecological protection and high-quality development in the
Yellow River Basin. Optimizing and regulating the spatial layout of polluting enterprises is an important measure to promote
the coordinated development of ecology and economy in the Yellow River Basin. By constructing a spatial point database of
the polluting enterprises, and using multiple spatial data analysis such as the standard deviation ellipse, kernel density

analysis, Ripley’s K function and the global spatial autocorrelation, this study examined the directional trend, spatial
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agglomeration form, the degree of spatial agglomeration at different distance scales, and spatial correlation of polluting
enterprises in the Yellow River Basin from 1979 to 2020. This study further examined the spatial association of polluting
enterprises with the natural environment, economic environment, and other geographical environments using Geodetector for
factor detection and interactive detection. The results showed that:; (1) From 1979 to 2020, the number of polluting
enterprises in the Yellow River Basin continued to grow. Polluting enterprises were closely clustered around the main
channel and tributaries of the Yellow River, with the spatial distribution range of such enterprises expanding toward the
source of the Yellow River. (2) The polluting enterprises exhibited significantly spatial agglomeration in the Yellow River
Basin. As the degree of agglomeration of polluting enterprises increased, the spatial scope of their agglomeration distribution
expanded, and generally presented four spatial agglomeration forms: central agglomeration, central agglomeration with
multi-point dispersion, central continuous agglomeration with multi-point dispersion, and central continuous agglomeration.
The agglomeration degree of polluting enterprises initially increased, and then decreased, as the geographical distance scale
increased. Furthermore, the spatial distribution range of the polluting enterprises with the highest degree of agglomeration
was expanding. (3) Economic factors were the dominant drivers of the spatial distribution of polluting enterprises in the
basin, while the interactions between social factors and other factors had a strong impact on the distribution. The spatial
correlation type of polluting enterprises and the differences in economic and social development in the basin had a significant
club convergence effect. The polluting enterprises had significant positive spatial correlation, and their spatial correlation
types were mainly high-high agglomeration and low-low agglomeration. The high-high agglomeration type was mainly
distributed in the lower reaches of the Yellow River Basin, and the low-low agglomeration type was mainly distributed in the
upper and middle reaches of the Yellow River Basin. This study provides support for the spatial layout optimization and

regulation of polluting enterprises in the Yellow River Basin.

Key Words: polluting enterprises; spatial distribution characteristics; Geodetector; influencing factors; Yellow

River Basin
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Fig.1 Division of the Yellow River Basin scope
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Fig.2 Directional trend of spatial distribution of polluting enterprises in the Yellow River Basin
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Fig.3 Concentration pattens of polluting enterprises in the Yellow River Basin in 1979,2001,2008,2013 and 2020
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Table 2 Global Moran's I of polluting enterprises in the Yellow River Basin in1979,2001,2008,2013 and 2020

1979 4E 2001 4 2008 4 2013 4 2020 4F
Moran's [ 0.0644 0.2839 0.3077 0.3096 0.3648
Z Score 8.8360 31.3396 33.9561 34.0833 40.0653
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Fig.5 Local spatial autocorrelation of polluting enterprises in the Yellow River Basin in 1979,2001,2008,2013 and 2020
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PRI VY STt IR I N TR YA N 25 12 T GE T Bl SR B 2 MU AR PR 22 SO BR % 12 T Y
s,

®3 AFEERERER

Table 3 Selection of factor variables and indicators

EE S M AR e bRt i
Factor Factorable code Factor variable Factor indicator selection
£5%% Economy X1 NBRAE KT N E P A= A

X2 X BRBOR T B Hb T BT A

X3 GRS Sptox e B BB

X4 Tl fb 7K FUAE L b Tl
#4x Society X5 migHR FEARBAA

X6 Wiz kinne e =8

X7 HARAFAK T BHAZE A AR S5 ol A S5

X8 FEh i yisl| YN N R A
PR Resource X9 KGR KGR

X10 JH EL B R artes i E

X11 2 BE IR AR S 1 TR

X12 BEIEA IR Tl A B 2 %
FREE Environment X13 WAL KT R X S %%

X14 2SR A AR HE R

X15 K IR 15 Tl K HE

X16 HEik#hE S I A gt ot T L

32 EmWMHE
3.2.1 FETFHM

2001—2020 4F, P {H¥4 R 0.000, M Z5 LB BA B m ) B E MK (R 4) . SR RBURTTIE K 2= 58Uy
1Y 25 (B0 A B R E L 2001 4F | BRI ITS e Al 23 1A 43 A A% O 520 [ 72 22 il e R, Toll
K X IREOR SR Wi TRk Meas SR AR ML, 2008 4F B ] 7 38 75 Gk A A\l 2 18] 23 A B A% U 5 0 PR
R MEERE )T AU R R T SR K BTEARGL K T oK . IR EGERE ) (AU R R ) K BT ER
LR T Tl AP IR T FE e as SR a R B A2 02 i R -, 2013 4F B T] i dul i 4 AL 4l 5[] 43
AT IRZ Lo 5 M R - R 28 B R Vs ) RBE i ) SSIEBER TR R K BT IR AL, 2020 4F BRI ETS
YA Al 23 (8] 3 A B AZ O s e PR 2 T 75 2K Tl Ak /K SEBWEIR 280k & v 1 BoK Bk, Tolk Ak
IR BARK BT R L LA A% 0o 5 M R
322 ZHZHM

FESEATAS EAEI v, PR 38 B A PR S0T0T 30t 385 % 80 il 2 () 4375 8 5 i) 1 kg 0L PR - 184 e AT 2 1 34
SR (FS) , ULHARUA ¥ 28 BAE RS M B K T4 BB —52m ), &% thas BRI IR N 2R 28 AR XS
RV 2R [ o0 AR R s . e 2 TS EAERTT 4 & R R 5 HA R 2R 28 B 5 Y B Al 23 6] 437 ()5
Ml 7 e K

X5 G 1 A\l 23 (8] 43 A s iy HEA4 T 10 B9 28 B - #E1 75341, 2001 47, X675 Y B8 sl 23 8] 53 A i B )
BRI AC IR R T R 1 555 8 s IXSREOR ) B 5 BRI R I ASCR | IXBB0R ) 5 2 A iR
A2 PR A R T RCIR GG 55 3 T S T SR K4 d S R R S IR R R A BTG Y A Al 4 8] 43
ATHIFENA )5 K, 2008 45 75 Ye AU Al 23 (] 43 A i B ) s i) 58 B I F R SR Wis e 1 555 8 i g i
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Yt oK 5558 iy Wi R S HEARRIHKE NRA TR S5HW K WK 5 iz fte 1) 5%, 1t
SRR 2P B AZEHXS Ye B A 23 (6] o3 A RS2 T e R, 2013 45 X 15 e 28 Al 2 ] A g 45058
(52 BN R s TR O PR G RE ) Tl AR5 T F B R 52 30 B85 kit A K AR Bk
P EGIR AT ERA AT Tl AR K- 528 TR BL A A 23 DN 3R S PR A 3R 58 0 ¥ e 2R il 22 (8] A (19 52 1
JIER 2020 4F X6 75 Y R Al 2 (8] 73 A fifp ) 50 ) 58 B TN - T 320 oR 5K IR B L T 9 oK 5 55 3
Jimiyy MR S AR B TR SRR T Ak ST RS A S R SR EN R
B G R AR Y 25 6] 3 A B T K

F4 EARETERESWEESHHZMEFRUER

Table 4 Detection results of influencing factors of spatial distribution of polluting enterprises in the Yellow River Basin

Jr= 2001 2008 2013 2020
Serial T W T WA T TE
number Impact factors Impact factors Impact factors Impact factors
1 X11 0.7420 *** X16 0.6707 *** X3 0.6924 " X5 0.7734 "
2 X4 0.6374 """ X3 0.6644 " X16 0.6486 " X4 0.6863 "
3 X2 0.5583 *** X11 0.5952*** X11 0.6368 *** X11 0.5556 """
4 X5 0.4736 " X15 0.5883 " X5 0.6133 " X3 0.5537 ***
5 X14 0.4501 " X5 0.5859 *** X15 0.6084 *** X15 0.5439 ***
6 X9 0.4170 *** X2 0.5828 *** X4 0.6051 *** X2 0.5152 """
7 X10 0.4030 *** X4 0.5775** X2 0.4858 *** X16 0.4771**
8 X6 0.3645 " X9 0.4927 *** X6 0.4665 " X6 0.4024 "
9 X8 0.3644 " X10 0.3684 " X9 0.3844 X10 0.3412 """
10 X16 0.3610*** X7 0.3490 *** X10 0.3740*** X7 0.2873 ***
11 X7 0.3580 *** X14 0.3434 X7 0.3457 *** X13 0.2445 ***
12 X3 0.3560 " X8 0.3433 " X14 0.2767 *** X12 0.2083 ***
13 X15 0.3550 *** X6 0.3161*** X13 0.2428 *** X9 0.1577***
14 X12 0.2570 *** X1 0.2282** X8 0.1863 *** X8 0.1546 "
15 X13 0.2502 *** X13 0.1904 *** X1 0.1649 *** X14 0.1469 ***
16 X1 0.1435 *** X12 0.1831*** X12 0.0693 *** X1 0.1393 "

g AR TR I3RS+ " JoRiBiE T 1909 B KT K

25t Ahe B IR AE N R AU A R AL RVE TR, e 6l 79 e B Aol iy 28 W) o A i T 52 2% 4k, BATh
Yy ok S5 s i AR AR RS LT AR AR B 25 AR LISl B IR AUR I SR P = LU
IR JBERAR B A AR A PRIE IR A A IR e TR All 2 6] 3 A 520 g ek

x5 HARSFRBELUTESHHZWEFZIERUER

Table 5 Interactive detection results of influencing factors on the spatial distribution of polluting enterprises in the Yellow River Basin

. ST W T T ST ST
Serial Interaction 2001 Interaction 2008 Interaction 2013 Interaction 2020
influencing q influencing q influencing q influencing q
number
factors factors factors factors

1 3Ng 0.9747¢ 6N8 0.9605* 14N16 0.949* 5N15 0.9878"
2 2N12 0.9706" 5N8 0.9464* 4N10 0.946" 5N8 0.9727*
3 2N14 0.9684" 5N7 0.9376* 11Nn13 0.937° 5N10 0.9608"
4 11N14 0.9672" N5 0.9325¢ 7N13 0.9105* 5N12 0.9607"
5 8N 13 0.9666" 5N6 0.9294" 4N14 0.9102* 4N5 0.9535"
6 11Ni2 0.9655" 2N15 0.9061" 14N15 0.9093* 5N11 0.9532"
7 7N8 0.9618* 7N15 0.9057" 5N13 0.9051* 4N11 0.9478"
8 8N1l 0.9611" 2N12 0.9032¢ 5N16 0.9041" 10N12 0.9416*
9 10N14 0.958" 4N6 0.9006* 5N14 0.9022* 5N9 0.9403*
10 5N11 0.9545" 3N8 0.8971" 3N13 0.8988" 1N5 0.9335"

1—4 fRRATFHENR , 5—8 IRFHSI5HR, 90— 12 UERHERIEIR, 13— 16 IR IREEFEAR ;o {CR ARG MERE SR | b IQF WA T 1 3, v h X3 5%
W 3 HEA T 10 AR AR AS 5 s 2 A IR 7 1.2 .3 S X1, X2, X3, BEsg g (57 HE P
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B AL A DX T ] A R AL T SRR | LA SR K A AR A 7 e A Ml D) ey 2
B ST R PR T 3 B O T A R, RIS e Al i) 25 TR A RS A DA 2 TR0 A1 JRy , b (ke ik B o s ol A 2 R 4
R e SO R e HAT SR S TSR W AT T G B Al S R A I T A SR | DX 2 S Y )
AL, —J7 T, BT IAT IR A G e A W D e S B Rl 7, TR o R W DR R FE RE A T e B Al
PE— 255 LRI 27 Ml A SRR 22975 Qe il B ST, 975 G 2R il o 7K 9 D5 B MRS P B 0 B 7K HE BB B >R 3 3L
TR IR A T FRy X AN P ) B T , BT A I 1 R 95 e 2R il 3 i i) = S A R 25 () A RfAIE . N2 T
R SRAT T Qe B 2 i BER R A RE IR L 45 75 TR0 AN n] A B AR 7 AR [RS8 PR IS I A B 2
7, T XS BB AR X — T 5 SR BT, S BB 5 T B R A9 DX 9 e B A A e ) i
B FERAARA — BUI1a] P , BT GRCA S Yo Bl R R A AR ) 7 JE AT SR AT AE , DR B A S 22 T 11
PR AR, B B o A SRR TS S TR Al 25 R R LA A e AT o 55— T 1T, T ST oA TR 4 (X)) T
G RIEAKT2 5 B JUE (IK) 15 Yl JR 2 3 ARl 23 (M 4R ROEAS (R L 2 b 2R
G o Bl ORGHE BE A B 32 HH B e o e R R X AL AR 2R T BT A S ) T AE i R S &R i 2 v o
o A P AR SRy T DR 3 Y Al RS AE AR 2 T B SR A AT | AT DX B b D 5
T Al AR Ry 25 18] 52 BR , 15 B Al 0 16 Sl ML X B R | 25 TB] o AR TR k. |l 80 SR 45 Ml IX 2 B A S 22
S TEA 2D RS E RIS T 2 o AR L B IR 45 & e A R 5 15 e Al o, s R AR R 25 1B
ASTAE PR BT A A 2 MR TS B A A5 (1A R 0 A S s PR s g IR AR e e HL
A AR Tl b XA S BUR RSB 7 M AR A SR B AR Al s () A R A B T, BT,
T PR R S8 O™ ML AR UE BEI BE 22 4, U3 AR 8T A0 FE A L, 157 DA ] 5 4 T el X O 51 450, DA 4%
T el XAy i, 328 20 5 5 75 G B A A Tl Bl DX, DT S i v ok 4 JRe M 1R U Je < ], LA g il Bip ]
NEREE VRN 42 Sicl -3

B YA S A ST RE DA T A AT A /N 5 e B S e s BT A
P AR ARG Tl S, 7l T RE O, 2o Tt o e JR AR i, 15 S B Al R SRR AN G20 TRt
I b g T S R el S B O R (R -IRER SRR, BT R LU AR A S2 U TR ST T R AR UK
B AR R R S Y R Al B B T R X, R W Y - A IR o A
AL A I 2 o o R R T 7 Y R il 2 () 4 Rt L ST AR v T W A L PR SRR
Z B P e LAS AR B R T Sl B SR R T W DU LAl B S A Oy 4 gl BT e Sk
AR, B L TR Tt o R KOF- 22 52 i | S LN AR (R AR [ R 3 7 e Al s
(] 73 A S B S AR B R [ 3 . 19 e Al O A Sl Bl IX SR B A i | e AR SR T ) B s mi T 4
LR T T XA 2 R AR T Bl 75 Y A 4R 3R 5 X et 2 0 e ™ A= A LA
PERONE . 15 BB AV AR A 7 0 Sl ke 22 55 A AR 1 [R) I, 3 BT IR T FE R PR T 15 B 25 ) AL H 25 58 1, L IX 22 5%
K SRR AN PR Al DX B P 0 4 X S R e AR PSRRI Y 25 Al AT TRS BRI ST JEE H A8
REFAEH 45 RS2 07w N R L FVERTT , 2 R REUE 75 Qe Ay B 2 [R50 A i T 2 204k

5 #ig

ARSI TG Ye B Al 2 (8] s R I8 3 FAR HEZE A P P32 R lf 45 50 A L J0 AT Ripley's K pREUL 25
] F AR D7 4R ST 1979—2020 4F B TA] i e Al 25 18] 23 A Rk, SR FH PRI 25 04 DAL 74200 S 52 .
SR 34975 Ge T Al 25 (6] A B R WA P 2R, A5 R 454

(1) BT T G B A D B R 08 1K 35 G B A s (8] 231 0 B8 R 8 B ) S oA, ELAFTE [l
BTIRL Y KA A
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(2) SIS e Al AR SRR P e i, AR RO A A 25 BV FRL B 9 5k, SR B < P R 3R < v B
R-Z 50 AR RE R -2 0 e RO AE R T DURP R Rl s T AR RIE A . o Qe Al AR SR AR
J3E ISP R JBE N ST R i i Wl 33 , 7 SRR R e e T 1) 23 [ A Y FRLAE T KoK 2

(3) G5 PR N E i s G Al 25 6] A ) 325 R BR R 2 PR 3R HAd PR 3R A 58 B TR 25 1]
SIAGIRENR SR, A2 MR BETIAL A B b T TS G Al S (R QIR SR AL i R N R A e Kk
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