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IF 23 435, R S AT B BT b DX % e B HIE TR AR IX N K TS G B 3R sh R R . B9 45 SRR B - QO] i
IR Ml DX 20 T B A R B SR A S I A, 2 S RN 2 S CHET o0 30 o DX S HE TR A 1Y) 38.94% .39.23%
(22005 4F LAk , PRI i Hiu DX 7K 15 Gy o HER XN TR B A0 1034 A A A%, e IR 2P 5 R g © Rk ks
ey HER 1 B X 3. I b X 7K 75 YW HE i E AT 35 25 ()3 AN , L2 [ OGHRRE B S B ka3 /K
5 YR S T 1) PR et el AR A VT VAT AR I T A R, TV DX T B M X
FIIA T DRIV ARIX, $A X 7 55 3 L P VT ) YT S 3 T o (OANIR)7K 75 Y R R SR 3 [H 38 22 5 1 3 )
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K 8 I8 IRKIG YW HERL s 25 S5 25 6] S0 ; BR Bl & 5 BRighifie X

1515

UTAE SR, BT L X 7K 75 e s HE ik, 7K 3R
B AR AE ) B A B B R, KT e ) ™
29T N JE RS B T, L 3 O P 2 R &
it B 5 A i 4 4 (R i 4%, 2011; T 58 4%, 2015).
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4, 2009; JE L, 2016), I A& BK 15 G4 HEC S N H 43
A7 Tl A 7= ) 1) 42 58 S 3075 e i (Hosseini et al,
2013; X1 WA, 2014; 4R MR 45, 2015), uESE T JF
JR 1 X 38K 75 YL IBE A 96 B AR s B | 3 LG B e 1
AR 1 BOR 5 15T (£ 5 B 4%, 2015)., 7E7Ki5
YL HE A BK B0 R 2R A b 7 T, A RS AR — [ R
It S22 R, F IR A K
575 Je HE B 5] “ U7 B it 22 5C % (Grossman et al,
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TR B (R A4, 2006; 4 v 4 2012; 4T
45, 2013), JE I EE TN 80E Tl AL e
WARREE 7l e A% B0 A% e A DR FOe TS Y HE i
HAE S (A 45, 2009; JE1E A", 2009; FRlg g 4,
2010). A ihifs X () SEUEMF o, R NE B2
T HEA T 7K 75 e RO JR 43 B (5281, 1997; 22 it
45, 2012; FF TIAE4E, 2015), 1% H K Bl K &= AT 5
ZE LTI KR 1 (I A G5, 2013; &
15, 2013),  FHUILASKER 1, SRl f2 % R i it b [X 7K
15 YRR B BIA T R, I i X 38k 75 Y e Y 25 )
NS, TP 23 [AIA% Jm) 2 TR BE 36 7 X 3
T HE R B R B S AL AT B 4 o BT . PRI,
AT MR AT TT I 7K 5 Y W HE R At 2 48
TR , e HU b A U VA 2 00 EEK T
YIHEAE B, 18 1 2005, 2012 45 75 YLy HE TR i a3
XFHG, S MK TS Y O HE R SRR AE S 2 (R A S
FEM SR TAy s P 2R T AR | S AT PR
T L DX 5 5 HE TR AR X A SCER B R 2, DA
AR KT YIS PR A DG BOR PRS2

2 W5 X HEN

IR o XA T E AR AL ARG PEdE =KX
b S I S R TIF I BN bk D W& S TR
B AAAETL  PIBEAT IR, Hh VI S XA B P
YRR R, /& G s R b LT
BRNLRA G EEIE LA MRS AKX (E
KR EMIEZE, 2015), Phighifs HiIX 2014 47K 1F
AN 31442, i [X A 7= S H 18.5 TTAZTT, 4351 i 4
[l 7Y 23% F11 27% , R P N TS5 P2 3 4R IX, 76 4
S 54 R s A . R, 12 X
S 4 ] 7K A ) Al 5 174 IX sk (B2 42, 2002; J&]
LA, 2016), FRighifE b X 4= E E 1 AR e 19.4%,
MAR T eEArTAE AAHRLED
26.77% .21.72% , MHERCHR B F | PR b X 7K
15 YW HETCR B — B T A E B KO 2 R

W ETHSH(R L), 20124, P b T AL 2 7 A
L EUA H HERCE S 9.48x10°t F110.81x10°t, 47
1) v 4 AT HE B 1Y 35.43% L 9.46% , T 5
2005 4FAH L, PRI Mo T (8 Ak~ 75 S = A HE L
5P I T LLAE A 0.54%

3 W55k

3.1 #iEkRIRESHELE

AR SCHRE AT T PR IT AY K TS e HE S A 2
CUF I SRS MR P, PR b X 2 K% A 1A 7B
LA 67 A, A HEIL AT R 24 B FETH 165 4 Hb
i ML . FEKTE P HEBOR T S 2 5 s
FEOR A Ch E XI5 s RSO Ch E R T ge
AR O B PR e 1A 2 ) DA S b B PR AT 45 )
8RR GE TR AN S8 R Y S ] BT, i — 20k
BT 748 1 s b T e B T HF SE A 57 . 7SR A
R EEE T, BRI L TR b b, LAt bk fi e AR
o AR AR bR R FH 2012 48 . H T 2012
A Hb T HLTT AL AR AR IR 5 TR R
B HHAR SRR XS BN, AR SR 2010 4R 56 75 4
FEL I3 vl A 10 RO I A HE R4 2012
AR T BATTIRAE AL KO . 1:400 J7 48 G At 0 4 7
B EA T 1 i A A AT S Rl B A R R e )
VHARE . M T RATC A I e AR B K R R4
DX P B — 2 X S E
32 MRAE
3.2.1 ZE (Al HAHE A M

% L8 3 My T T R] /K V5 Y HE A SC BN
Sl A4 JF2s[a] [ AHE Moran’ s |8 550 32 23 18] 41 35
DX 3 A AR (DU J3E D SC R RRAE , A Xl
(& INREE, 2015)

I= ;jzlwij(\(i -Y )(YJ. -Y ) / szg‘gwu (1)

S s S R 15 e W) HE B 9 7 2 i, B
= L3 (v - ¥) n oA n=6T): YR Y, 4

F1 2005-2012 FIREBH X FEKISTERYHHS EE L
Tab.1 Comparison of water pollutant discharges between the Bohai Rim Region and nationwide in China, 2005-2012

o i b2t A AR
AR 20054F 20124F 2005 4 20124
HE R /%10 IR H X 302.15 635.30 36.98 54.23
ENERSS) 1364.92 2372.81 145.45 249.73
AN HE /10 IRt b X 451 9.48 0.55 0.81
ENRE] 4.03 7.00 0.43 0.74
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i\ H T BRI TS YR i 5wy A A T ) 4R
K RSB ; ¥ s e W HE R -1
fH. Moran’s | IIUEE B M[-1, 1], KF 0 Fm 17
FEZ3 AL TEARDG ; /INT 0 S FAE OG5 4 T 0 IR WA 2L
FAHOCH: , BN RRE
K FH Ry 323 18] H AF 56 Getis-Ord G484 &
TAFTEGE T 25 1 v (B (B IX) S AR R (2 X))
PRZIK TS YW HE Y 25 M AE R 5 43 8o )R , G i
AR (FRERSS, 2016):
G = iW%.,.(d)Y/. ZYJ @
BVIiANETIR, G MIrELEIE XN
2(6)=[¢: - E(c))] / Var(G)) . i, E(c))
Var(G;) 435K G I BRIy 22 , Wy Dy 45 TR AY
AR RSB PRUERA € . #7 Z(GY) MIEH B 3%,
FEWTHL T BT i 8] B A (AR T 85 v, S e (B SR 1)
PO X #7 Z(GO) R B H R 3 W B JE AR 4 2R 1)
¥ A IX
3.2.2 s KR [ AR AL
{8 %5 BEA BT 1) [ I BE 035 2 2293 (Ehrlich et
al, 1971; “F #6455, 2012; £ MKIE 5%, 2015), e i
T TTEE nT AR AR |, R 3 KI5 Y HE i A
Wl A AR e, U R R AR K 22
R RK- PRGBS
BT 1 B P B 0T AR AR A RS 1, J B 36
T b DX b T BRLOC K T G HE R R A 23 22 55 A TR
FEARSC R, IR FIXTEOE BRI 5 5 25 FnE A
P IR 1 sZ i PR R AR R
INQPD=a+p;InTPi+y, INUR+4; INPGDP;+
G INGRGDP;+#; InIS+6InFDIi+
wiInFAlL+é; 3)

Ao, QPD R Fe b2 T AU sl A HE LR A (8), )
B 2% b T BTG 1 V5 G T HEIOK T s TR R AR H
EYNEE S (PSR T-S i oW NS
UR I L R (%), S5 A5 Hb T BT ) 3k f /K
F-; PGDPi % A4 GDP(JT/ ), 2 il 45 Hiu i1 B e
(28 T K J€ 7K ; GRGDPU3 GDP M K % (%) , [z
B4 Hb T R IT A 28 T R R 5 ISR 3R 58 =l
Han{E 5 GDP Y LL 5 (%), e Byl 2548 5 Tl 4k
FEEE ; FDL ARSI i 4% e85 (7 35 0T), I sh
Pl LA T A 5 FAL I 3 4k 2 [ 0 =
B(fZTT) , S W[ 7 B8 P B HE ; By 6. G i O
LMK Ry 25 i R A% 2 (1) [l U 2R 505 ook 8 000 5 6oR
BEALIR 250,

4 ZER

4.1 INghiEH XK SERYHMBI R =185
4.1.1 JKI5 YW HEO DX BRRE S5 722 Ak

2012 4F , A ¥ T M X 32 40 0K 05 e 4 HE ik i
635.3x10"t, Hirfr VIRl S A P 40 TS R K Y
D38, 2 ek A 2 T e A RCHE o S o A i
HEC AR Y 38.94% ,39.23% , 3L T | Ik IA] I B4l v 4
W2, 432 S HERUS R 2 (6 2) . MHERIRE 1)
WK A, 2005-2012 4 8], F it X 32 2K 5
P HERC R U, fh 2T S R RS i A 2005
AEAY 302.15% 10" t 144 &= 635.3x 10" t, H i i5 1.1 4%,
7 S U A e () 18 M 3k 46.65% i — 2B X L
SR 7R PRIV X 3G s, 3B I A I
TA] AL TR K T e st 5% Y, A [ 2005 4F , 2012
AT T 9 30 A 25 T S A N T 116.6%10° ¢
84.76x10't, R T5 YL WIHERTTHR A (R X 3875 YL
BT Y R BRI M DX 5 Gl ) BT G i < 100%) , 43 AT
T AR K 5 e D HEOE A 0) DTRRER B, D3R4

2 2005-2012 FIREN I X F FoK IS R HAG A RIE R L
Tab.2 Comparison of water pollutant discharges in watersheds of the Bohai Rim Region, 2005-2012

- AT E/X10% HEUX10'
2005 4F: 2012 4F TTHRRI% 2005 4F 2012 4F DUEREI%

T 130.79 247.39 35.00 14.05 21.27 41.87
SIR) 68.07 152.83 25.44 9.76 12.24 14.41
HET 4321 112.94 20.93 4.96 11.07 35.47
HA] 50.72 87.78 11.12 6.87 8.14 7.39
FAAETT. 5.50 21.08 468 0.70 0.97 1.53
GRE) 3.87 13.28 2.82 0.64 0.53 -0.66
I 302.15 635.30 — 36.98 54.23 —
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LRI, 2005-2012 4F , AT5HR S8 V] 1T I gt 30 X
K TS e HE R ) DRk R AR, fh 2 T R
A HE A DTk 243 1) R 35.00% 1 25.44% , ANHE
B il JE ot B A R IR, XK TS G A e
TR 243 B, 10T A SR A W 458 im0 v e
JEE TR S i Y55 e g AT A R (A v Ve 3 Y
S ABE  EE— A0

2005 4F A, T IREA VR X Y =28 WA T 2 30 v
KI5 e Wy 328 X e, HoK 5 Qe o o5
DX Jak e ) O T YT 8 . FEVTIE A AR X, 4
TN 10 17 A H T 7K 35 Y P HE o AR A 4R
T, 2012 A 4R I T 1) A2 T e HE O N
10.93x 10" t, 1fij I 4P g Hby i HE 5588 5k 11.61% 10" t5
FEP B EMEX P, L PE 7K 75 Y HE IO B A
P&, 2005-2012 4[], 1L PE 5 P S T Ak 2 T
AT EE L 2.28x10° tHE K & 2.80%x10%t, 1fij N 5%
T dE AL 2R T A HE R BN 1.10x 10° t 3 K
3.27x10%, V5 YW HER o 13 2 /% . 2005-2012
AF VA AR XX B i b X K 35 G By HE e K
TTHRAR B IR, LAk 2 T A A U RS HE i ) BT
MR35 4 79.69% .90.14% ,  7E N Rl MELX, 1L PG
FI 52 Tt AN [R) K TS Yo HE O 4 %) BTk e B 22 5
R, S Xk 2 T A RO K 1 BT RR N
86.70% , Ifii Ll P4 % 24 20 HE i 3 4 19 5T ik o
84.12%. HILT] UL, FEARS IR SRV X 7K 5 Y HE
A ) P [ B, X B it A ki L %) 7K 75 G i
AT IR, T A T N S Tl
DLl v R ARG P R A
4.1.2 KI5 GWIHER 3 Ak e S AR

5 I it b DX b T T A fb A T AR R

a. 20054F

Ml PR
I

B s

— R

2 > 8x10't . (6~8)x10*t . (4~6)x10t . (2~4)x10*t Fll/|»
F2x10 AR IR 3 e e AR BRI A5 A
L 1B R T 2005 451 2012 ARk 24 5 U HEAR
1725 [H] G A A Jay 5 AR AR B - DAk 2% 55 4 i 1) s HE
TR DX N B 53 A [l 3% A A s SRy e A2 e HETR XA
2005 4F 4 8 4™ His 17 384 55 2012 4 (1Y 35 4~ b 17 , FE v
AT RS AR (R LA S R IIX
HEHC X TG AR 3k 105.19%10° km?, (5 B i 7 b X [ -
SRR 57.87%. ) HERORNEL = HEL X A 43 7
A AT AL A G AT U ) P i £ B, 2005 4F = HE
TR AT v HE R X 32 A T T A 3 e S X, 3]
2012 A DU 2R AE PG 47 28 V9T YT 09T LA K N SR
R BT B, PR M DX A T A HE
AT TE R AR O (L iR
AR, X BUK PR 2 A ML e H o™
o T I 0 K 2 4 AU o

MR A H R, F% > 0.8x10°t,(0.6~0.8)x10"t,
(0.4~0.6)x10"t  (0.2~0.4)x 10"t il < 0.2x 10"t ¥ &2 &
HE S Gt AT i BG4y, 25 R an i 2
TN o PR DX S ACHE O R 2 DA EEARRE (D
2005 4F, 2 A A HERCIX 32 B4 A R R b X R
Ayb T REE A ZE R FA R I R B IX
FITRBH AR R AEHT L RN S8 003k, HL sk
i IX JE i 2 )8 TR HE X, 5B )E % R 3
2012 4%, v HEk DX ki il DA 10 M1 22 26 1,
i X TR AR A 33.53% 10° km?, 7 PR A b X ] - i i
P 18.45% , st R P i 0 D A v HE R IX 4%
A5 HERCOX . @ ZR P B A AR AR T 5
i, 2005 4 55 P JC K T 0.8x 10" t il T B C , #
2012 4, BRI AR E B AR A, A 10411

b. 20124

e U 5 4%

0 300 km
|

11 2005-2012 £F it X Ab it RO Jmy
Fig.1 Spatial distribution of COD discharge in the Bohai Rim Region, 2005-2012
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12 2005-2012 43 it X S R HE AR 7
Fig.2 Spatial distribution of NH.-N discharge in the Bohai Rim Region, 2005-2012

T EA R A R HEIX . Z 7 L X & A HEBUE S
H TG SN SR 28T R | L I 55 T Y
ARHER TR,
4.1.3 7K¥5 Y HERUR 28 [ R S5 A5k

FIIH ArcGIS 10.2 ) Hb S0 T H T 7K 75 YL HE
Ji () Global Moran's | B AH & F8 bR AT 005 . 45
W 3 PN , It b DX A~ 7 S A R CHE il i
i) Moran's | #5835 0 1E , HAER S 2 Z (H ¥ it
WEMERE R, 2005-2012 4E 6], {2 A e
A HECE B Moran's B8 [ IHEHY, — &4
K4 hn'y 0.0186.,0.0884 , 3 B PR ighifg L X /K V5 4L ¥ HE

AR ZS 18] 15 AR 56 , HAT W 38 25 1Al 3 H 000, HL
T BTG 0] 9 25 (] SC G RR FBE S 3 Kka . At — 4
AT A T SRR RFAE , 23 Il 155 2005 4F- 2012 4F- M Tl
B0 F EK TS YW HE LAY Getis-Ord G 1841, Fifst
G 8O 2 B A0 30 X R R4 XIS
FUIX A FR2EAY AR B R R s ] C AR TR 1A . A I
E A X K TG Y HE O SEA RS T T
Tia] DAY ot 328 D ) A B, YT A DX AR B 3 o T PN i
PMEIX, FLI ek 3 Ab A X
A2 R HE R A X AR AR (18] 3), 2005
AP A S DX T 07 F o S X, g L

&3 B X EZ K RMHAE Moran's | f1H1E
Tab.3 Moran's | of water pollutant discharges

FEhrI AR Moran’s | Iy 2% Z(I) PAE
b2 A 2005 0.149037 0.005675 2.179537 0.029292
2012 0.167632 0.005992 2.361349 0.018209
A 2005 0.111121 0.005730 1.668120 0.095292
2012 0.199535 0.005872 2.801669 0.005084
a. 20054F b. 20124F
ME K 5 HEE AR 5GH

R X(1.31-3.17)
WK (0.26~1.31)
[0 % 1X.(-0.76~0.26)
W X (-2.01~0.76)

W X (1.55~2.57)
RHAIX(0.47~1.55)
0 KL X (-0.80~047)
I % X (-2.52~0.80) { 77

€13 2005-2012 4F PRI b IX AL 2 5 U HERL R A2 AL
Fig.3 Spatial change of hotspots of COD discharge in the Bohai Rim Region, 2005-2012
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BUORHEE PRRE JEEEE RAE R TR KT
TR 45, YR I BA3A5 T 5t S Ah L AR 5
WA XA A F IR ALAC ALY ¥ 5 X AL G N 52
ek, F20124F, #k X O 2005 4119 9 -8 £ 8
AN IRIRIX N 13788 28 20 4>, AR Al 1L RIS E
P IX AR SR UK TR AN AR A A X I AR 4
B A AR SR IR IR IX 5 1L 7R 21 B AR X AS S R v
X, 552 VG 1l DX R 1L P 435 A8 m IX 5 5 7R b DX A I
IR %48 BpRER i) R0 4 B () Wl v S X
BCRRIE X o 5351, FR it b DX 0 2 HE R X AR
A48 5 (P 4), 750 T, 15 IX T A 2005 47
[ 8 /™4 2 2012 A1 18 1, T ¥4 1. IX M 24 4k =
134, 2 B DX ol 2 S HE 3 1 2 () ik 1 350 8 5 1
CLT O €280 o T 23 (0 7 W 2 o= P 7 7 N T
F] 2012 4, J& A5 DX Ml T BE AR B 55 96 YA gt ek 4
BE , WET L 2005 35 48 S A X, M $1) 2012

a. 20054F

PR 5GHE
X (1.31~3.17)
[ YC#X (0.26~1.31)
[ Y X(-0.76~0.26)
B % X (-2.01—0.76)

AE I A RIS DU R M X AR 5 D T TR
YT R BFT 7T E SR S X, KA
Y8 FIRIAIX, X F0H 2005 4F LA, ] A0 TAT AL
S G RO e e B AR SR A AT ARSI
4.2 INEEH X KT R MHER R IR 3 B =

Fig HE IR 14 52 W PR 2R (] A A7 7 SPSS 23.0
B S 3 R s F A fie /) 3R (OLS) HE A7 Il 9 2
Bflith . fh2s A A A HR Y S HA T Sk
g R NER 4 5 R, Hi, SRR LR X )
T Ml X A B T BT I SR S I R S8k . %
SR HECE R IR AE IR S R L 22 ek ifE— 2
Fa A KA | Xof Je 82 (1) S Hh Ak —F A DRI
IR ) T BT HEA T SR
4.2.1 Ab2Et A HE Ok 3h K 2 i

FE PR b DX b 2 T S HE R S AR AR R
DR,y 22 43 BT Y F (4 1 o 26.7017

b. 20124F

RARK ST

B S X(1.55~2.5T)
0] WX (0.47~1.55)
[ ¥ X(-0.80~0.47)
B 5 A X (-2.52~0.80)

(K14 2005-2012 4 Fh it IX Z AR X AR 1L
Fig.4 Spatial change of hotspots of NHs-N discharge in the Bohai Rim Region, 2005-2012

x4 LFEFTEEHRMSEHHITER
Tab.4 Estimation and test results of ordinary least squares (OLS) model for COD discharge

sk SRR FRIX AR
EX brifEiR 2z t Sig. EX4 B 2E t Sig.
constant 11.6640 2.6526 4.3972 0.0000 16.2826 2.7216 5.9826  0.0000
InTP 0.1984 0.2156 0.9203 0.3611 -0.0996 0.1885 -0.5283  0.6029
InUR -0.9504™ 0.3536 -2.6874 0.0093 -1.4097" 0.3813 -3.6973  0.0013
InPGDP -0.1331 0.1978 -0.6728 0.5037 -0.2982" 0.1775 -1.6804  0.1077
INGRGDP 0.8730" 0.4792 1.8216 0.0736 0.1837 0.4687 0.3919  0.6991
Inls -0.7999” 0.3599 -2.2226 0.0301 -0.4772 0.3979 -1.1995  0.2437
InFDI -0.0240 0.0429 -0.5587 0.5785 0.1178 0.0721 16332  0.1173
InFAI 0.6986™ 0.2247 3.1085 0.0029 0.6658™ 0.2206 3.0180  0.0065
P{H 0.0000 0.0000
F1E 26.7017 11.3521
5 R? 0.7316 0.7213
D.W{H 1.9225 2.0711

e xR 3R i MK P-4 0.01,0.05 #10.1,
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Tab.5 Estimation and test results of ordinary least squares (OLS) model for NH:-N discharge

e AR HUX
FHU FrifEiRE t Sig. 2R FrifEiRE t Sig.

constant 4.7835 1.5686 3.0496 0.0034 6.2443 1.9030 3.2813 0.0026
InTP 0.5822" 0.1275 45674 0.0000 0.5072" 0.1367 3.7105 0.0008
INUR -0.0943 0.2091 -0.4510 0.6537 -0.0566 0.2615 -0.2163 0.8303
InPGDP -0.2502" 0.1170 -2.1390 0.0366 -0.4285™ 0.1313 -3.2643 0.0027
INGRGDP 0.4116 0.2834 1.4523 0.1517 0.1617 0.3595 0.4496 0.6562
InIS 0.0426 0.2128 0.2000 0.8422 0.3048 0.2800 1.0886 0.2850
InFDI 0.0488" 0.0254 1.9206 0.0596 0.0820° 0.0455 1.8014 0.0817
InFAl 0.2851" 0.1329 2.1456 0.0360 0.2892° 0.1458 1.9834 0.0565
Pl 0.0000 0.0000
FAH 76.7771 39.1698
P R 0.8893 0.8784

D.W {f 2.3247 2.1168

T 2 oI 43R i 25 /K P-4 0.01,.0.05 F10.1,

11.3521, HABA(E 47 0.000, /N T 0.01 i i M7k BB AR 16 UL (24.57%) 1 LU T, BR AL st wli LASE , Rl
“F-, Durbin-Watson(D.W){E 435124 1.9225.2.0711, 9 b\ F & S5V AK P2 FR 5D S5 4l A 72 16 Sl ip
5 RO 0.7316.,0.7213, BEMT OLS MEBUIH 1S A i el A R FE SR XV Py 2 1 (7 5)
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Spatiotemporal patterns and driving forces of water pollutant discharge
in the Bohai Rim Region

ZHOU Kan'?, FAN Jie'?, LIU Hanchu*?
(1. Key Laboratory of Regional Sustainable Development Modeling, CAS, Beijing 100101, Ching;
2. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: A clear understanding of the spatiotemporal patterns and driving forces of water pollutant discharge
has a crucial practical significance for regional joint reduction and prevention of water pollution. Based on the
cross-section data of water pollutant discharge and socioeconomic parameters in 67 cities at the prefectural level
or above, the spatiotemporal patterns and effects of spatial association of water pollution are quantitatively mea-
sured in the Bohai Rim region. Meanwhile, the socioeconomic drivers of water pollutant discharge are estimated
by using the econometric model, and some suggestions for the reduction and control of regional water pollution
are put forward. The results show that: (1) The Haihe River Basin is the largest and the most prominent water-
shed with regard to the total quantity and increment of water pollutants in the Bohai Rim Region. Its COD and
NH.-N discharges accounted for 38.94% and 39.23% of the regional total discharges, respectively. (2) The spa-
tial pattern of high water pollutant discharge areas has changed greatly, from scattered to continuous distribution
since 2005. The Beijing-Tianjin-Hebei region, the Central and Southern Liaoning region, and the Shandong Pen-
insula region become the superimposed areas of high discharge zone of COD and NH;-N. (3) Discharges of wa-
ter pollutants have significant spatial association effects in the Bohai Rim region, and the significance of water
pollutant discharge presents a general decreasing trend from the coastal area to inland areas. Moreover, the Bei-
jing-Tianjin-Hebei region has been situated in the hotspots for a long period, and the coverage of hotspot and sub-
hotspot areas has expanded continuously from the Beijing- Tianjin-Hebei region to the Haihe River and Huaihe
River Basin since 2012. (4) By means of an ordinary least squares (OLS) model estimation, it is demonstrated
that there are significant differences in the driving forces of water pollutant discharges. Economic growth rate and
fixed asset investment show marked positive correlation with COD discharge, and the level of urbanization and in-
dustrialization act as a disincentive to COD discharge. Population size is the primary driving factor of NHs-N dis-
charge in the Bohai Rim region, and fixed asset investment and foreign direct investment also show marked posi-
tive correlation with NH;-N discharge. There is an appreciable association of high capital investment and high
water pollutant discharge in the Bohai Rim region. But high economic development level depresses the discharge
of water pollutant, especially in the accumulation zone of high intensity discharge.

Key words: water pollutant discharge; spatiotemporal pattern; spatial association; driving force; Bohai Rim Re-

gion



