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Pt B S A IRHEGE U R ARG e T YR B e ik et . Rl
PIAIHERY B, 185 290 AN TRI R A i e bl . 5 DXBR gl vk . BikHE OB S [l BRI A 7 IR
AWFFE, B s 1 3T A b A Sl T A0S G 10 2 T v R SO0, 4 H Xk
RATGYEREVR B EPE, MK IS Je it CARFSE T 2 R e ninn . i
B IR ZK R A A KRB B R AR K TS Y HE O 32 A, SR EORE | R A Dy SRR
YR, PRI R B IR . KRB . KA S p e, AR
LU . NS . RS A GH AR EZE T, Witk E
BRSO Mgk Ty . Ho, A BFIREKSN S RE, SRR PR 24 1 24 th 4 imi 1
LUK S5 AT R R E DGR, Jfdad B 58 Tk oK . Tl
Tl [ A5 G 48 A 5 A8 B IGA Z 1R] B AP0 G R AR, A T R A DX R Sk
EKCRBHATIIE . T AN DA IKsh S iarsy, FEELE T NOHE . Wb R
XN R 5 Y W HE il A9 52 e, 38 3 STIRPAT  (Stochastic Impacts by Regression on
Population, Affluence and Technology) #H % B 1" A F Ik 4 Ak 5 P85 15 Y2 2 (8] f7 75 %
B, N AR KRNI A /K P 38 TR 035 1T G HE s = i A B8N R
il . BRGNS Y AR SE , $87R T BRI 8 T G HE R i i
PRSI H T, H A — BT R A ROk RS e i s SRRSO IR 15 YLy 52
We)H A 2RO, TR F AN AN AR B (FDD) A SRR 8 A B TS 4%, 42
VSRR MO, JCHGRTE AR, AR 5 PR PR R 5 AR A 1R T
YL AR P 527 MTA Sl FDIX 2R 38 [ () PR 458 75 e By 5 596387 2007,
R FDIH R BYH AR 2D K i 3 RONRE A A s HE A 7 T A T 24,

LRI, 2 MESE . Bl TR A m s ORI B . B L IR
BT 2B, W R AR B T UK R RK PR S AT . ROk, TR
THETG G iHERD N PR 2 B i R SE /7oK T, 8 38T R A s Y sy 3R 2 [
25 A RIS A T 18 B SR B BN I TSGR, 2 S BT R 22 0 4 2%
SAESWERMES), Sk REEIM . (R, ARG B AR 25 1)
FRUBE R K5 G HE R A 9K 25 B B o3 S ARt 5 LA MTIOUE RS S AR W i Bk AR ks
JLHEBO 2 L], AR YR TR AL S 2 BRIk Bl ) 5K T G HE TR G
FFRAEIX—200, BT, A SRR T = A U0 A Dl o o) R, 3 R i
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Fig. 1 Location and scope of the Yangtze River Delta
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Tab. 1 Regional comparison of water pollutant discharge in the Yangtze River Delta in 2016
COD NH:-N

Hi X XA aEHER s BEHEEGRE HXHE SR SRS B HRGRE
(x10*t) 5 H(%) (t) (x10*t) 5 H(%) (t)

g 14.75 1.41 9219.18 3.84 2.71 2397.84
TLHE 74.65 7.13 6785.98 10.28 7.25 934.24
bR 46.14 441 4394.73 7.30 5.15 695.30
LA 49.63 474 4205.99 5.63 3.97 477.51
K= 185.17 17.69 6071.21 27.05 19.08 886.84
TR 60.16 5.75 3007.81 8.27 5.83 413.43
H=f 96.42 9.21 7903.33 14.39 10.15 1179.16

Model, SEM) #4743 [8] F AH G A 7 Ao Horbr, SLM OSSR ]2 [l Hir 5 WTPFEAk 2 (5]
MEAEA, T BIRTT /K TS5 YWy HEBON AR B sk i 25 (R 6 s RN, HARIRISEAR
Y=pW, +pX+e (1)
Kb YRR, XNAMEMBAE SRR, phas b nlH R 5, R S weas (a4
TR, PARHMGREG wohzs e AR i e ABENLR2E &, T SEM AR fifi ] 25
[I] 152 2 TN B8040 3 L3 AT ) i A A e 22 P X A B s i R, AR R RN
Y=pX+e, ¢=AW +pu (2)
A AN MIRZE R, R MAFAE TIRZED 2 P i 2s ROFERE ; Wo iR 220 () =3
(A E R 5 ok IS
222 REMMIZHER 5% 5 4 38 in A B H B A (Geographically Weighted
Regression, GWR) i rA 0 R R VAR 2 MR VR T HASE AR, 2RI
FLEIJHFERY (Multiscale Geographically Weighted Regression, MGWR ) FRVF IR N £E 25 [8] A1
AR RUEE b AR B R R A 1 22 [A] Y OC R A A AR AR DT B A b3 K 7 G HE s B 2l
PR 28 1) ROBE RO AN 28 [R5 o 2R R

k
yi:z’ﬁb"f(ui’vi)xi/Jrgi (3)
j=1

K BB R A w0 BH R bij R A8 j 1 B R B R 9 (u, v
KRR AS [ AR R 5 e A8 f PR SRR A i I s e 2 FEHL TP, MGWR A5 [0
HZBBESEEE T JRap a3 200, Harse B Rtk . 5 GWRAAH L, MGWRELHY
I HERR A 2 2 R SR O, T T AR ISR A 22, A, MGWRAK
SRIELE GWR HIAZ R BT SEEN] , 0 FH 5 i I A% eRESORT ATC e MR
223 IEIRENES TR PIEBEE AR FRE KT RYHECGE A 2R AT SR,
XF2011—2016 -4 = M3 iifE 305 A~ B e B T o8 o FEPRE S A I an T

(1) BiffReAs G, LI COD FINH-NHEEE i B i, — 7, ERMEH)
X 4% 0 PR B A4 30 1 1A K IR A P 0 ) v DL COD FINH-N Oy Bl Yedy, it —
s ) B ARSI AT B 5 — T, S X PRI K IS Y 7 4 RN VT sk 75 e )
FEIANESR Py YR T LR 0, L HE s A A B K YR AR R A

(2) AR, 7EREA PO HES K SIEMF T 2 00 Skt L, e HUAT GBS MR 7K 5 YL HE
R AT R 2 KR AR A E MR AR B (382), Hifr, POPICEFARWAEN IR, EAF
B AR URACFEIAI A, FAE Sk, A AR K Rt 1k 7k
ST BI04 ARG TS AR, — MR 1 SRS fE Y, PGDP AR ALY
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Tab. 2 Descriptive statistics of the main explanatory variables in 2016

BN T sl ¥i{E bRt STON: ] f/ME BUWIE f A 7
POP FAENTREL(<10°A) 68.37 41.54 295.77 7.62  1E[A
UR WAL AKE(%) 68.20 21.29 100.00 24.18  iF[m
PGDP  &TFRIEKF-OT/N) 85966.22 69992.29 422517.88 754421 E [ S 7 )
IS Tl B KAF-(%) 43.08 13.66 80.10 284  IEM
FDI SN B RBI(T 3E00) 258452.59 416389.60  1851378.00  6109.00  IE[EEHIA
FAI k2 i 2 B PR AL (L T) 335.12 230.41 1825.74 898  IEIA
FD b5 W B AURR B (%) 74.09 39.27 244.10 1322 IEmEf

GDP, R BIRLTT KK, $5 MRIRT I 25 2% i 2 i) — RO, R 22 D A K1
$E7F, A3 GDP 55 eWHiiice IR . A RYE CUT BRSO R IS
AR {5 GDP Y U, RAE B 4545 Tl ARk, Jd s Tl Ak e
S Y AR T i Ml ™ 5K R B T PR I HE O == FDIAZRAI i %A 5
W, HARAE IR 0T iR B, AN BE AT BEAF AR N4 e s i5 G iy 5 e R 2%
7 AT RE B PR AL AR S AT G {5 G HE R T 3OE3R” =5 FATILER
AL EE GO IGUA, RAEELIE A ST S O R R RE ST, RO skl
ARG R HE A B 3E R R FDARGR M) WL — U PO 5 7 T —
BRSO B H(E, SRAEE S 7 W B, R MR IR, WO BURERAT
SR A A AU, R BT A B U i R SO R PR AL, T T TS e
JBCH TE [V A B A

3

3.1 H=EEBRSHT

2011—2016 4F [ 4 = M3k i A7k 15 Y i 2 035 TR, COD I NH,-N HERUS &5
SITFRET 41.36%H135.54%, HFAEAMHILL10.13 F18.41 4 40 S A0 EEps /b . BB 3
HEBR R, K =Mk HE - E COD HEA R B M 2011 4219 10328.42 ¢ N %2 2016 4F- (1)
6056.58 t, NH-NHERHE M 1373.67 t FRFEZ 885.50 t, 45 H 3K {5 Yy HERCHR B 434 4
E 2w, S5REM, KEMMMREERAE . A K75 i HE R SRR J5) B 5 i
e, USRI O X R HE R B A Bk R e D, Rl X Y COD HERCH R T
20000 t fY B3k A 2011 4F 9 22 MBI 2016 4R 14 44~ . NH,-N HERGE KT 2000 t 1) 8235k i
SOMIHZE 11410 2 20164F, K=MK HEEHEBUIX EZ0 A0 F AR . R0 . g
JODKIRDA R i .m0 AR TR, S B PO 3R DX 1 K08 DXL S s e R 2 U 1)
¥ b—ih G XS R

K H Getis-Ord GBI ATt —2 &3 (F3), K =M B 8uKis
HERS J5y i 52 BRASE 1) = (AR AR R SR TR A A 5 5. 2011—20164F: (1], COD HEifa# 5
B PRIV B DX ) BB R R 7R 130 AL, RE A T i AR T Rl . sk T
B . AIEERT B LA R . s . RN i WEAL . WER AL ML T, AAE
% RN GBS RO s NH-N HERGR A G 48 BB N TR & Jaty B3 ) Y
Bt B daast o, Horp, BN IXHE R AR B AR R A . el L, R S AR IR
KT HERE S 2, (K TS Y HE i L e A SR A AOAS SR AT AR T, R K =
FA TR A X VRV RV VT B X DA R A A X b X 52 B I == ) A0
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Fig. 2 Classification of water pollutant discharge intensity at the county level in the Yangtze River Delta

3.2 EHHEEMEIT

ST R AR I 25 COD I NH:-N HERC A TE 25 125 [RIAH DG, SR8 e/ —
I (OLS) Aty A W iy fwis , N F 2% 1E2s (1500 i) 3 i B AR A 7 0K ) R R Ak 11
(%3). ZMARMERRA BN, WU LM-Lag #l LM-Error £:59% .3, fF7E & 1=
)7 5 A2 (] iR 253000 5 Fefd LM-Lag Flfa @ LM-Error k362 B, 2011—2016 419 SEM
FETRIDL B A0 5k A T SLM AR R [R]i), SEMBEHI Y ok vt A5 5 B vENE  (AIC) Fljiti BL
25 MENME (SC) {HEE /)N, H SEM YA R E F InL {H 4R K T SLM A AL | ik — 25 6
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G/ GHEH
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X (-3.11~1.11) — X (-2.98~1.11) —
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Vs Vs
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FE3 K AT Bk T e W HE A B B IR IX 53 A
Fig. 3 Hot spots of water pollutant discharge intensity at the county level in the Yangtze River Delta
3 HEEFEEXERIEER
Tab. 3 Results of the spatial correlation test
COD NH:-N
LT T (LT 2011 4F 20164 2011 4F 20164F
S ATy P4 Siiti P8 S ATy P4 ES AT PAE
Moran's I (error) 0385  <0.001 0273 <0.001 0384  <0.001 0.196  <0.001
LM-lag 36.545  <0.001 34502 <0.001 36.786  <0.001 18.034  <0.001
Robust LM-lag 5.547 0.019 8.728 0.003 4415 0.036 3.539  <0.001
LM-error 98.779  <0.001 49.791  <0.001 98.097  <0.001 25616  <0.001
Robust LM-error 67.781  <0.001 24017  <0.001 65.727  <0.001 11.121 0.001

SEM BTG TEAL s Ty 22K IR VIF ¥/N T 10, RUIBKSR R Z RIRFELETUAR K
ZEIANE, LR LR, RS SEMARIPE E AT, SLMAEEIH] T Blg¢ == 1]
it HH A
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FF R Studio 5 A9 SEM AR AL T E R R (6 4), FAE NI | 341k KF
V% R IR R At 2 [ B e B A T 1% 0 B S R, ZRHH 2011—2016 4[]
X 4N FRERXT K TS Y HE R A A e T i A ) SRS, He, E AR N R G SR s
i L, fE20164EH9 SEM (COD) F1SEM (NH,-N) #8IHr | InPOP Y 3E 2 500>
W12 0.904 F10.851, BRHAE A MU AERTE 1 AN 20 5, K51 B3 COD 1 NH,-N £ /i1
0.904% . 0.851%, SCMH & BT 52 4 = A 3l i 1 Bk 75 Y i HERIO) 324
R WAL ACE X AKTS e W HE B I SRR E R 2, 2016 4F B SR AL R AR T 1 AN E
B B K Eh B COD i NH,-N B44110.587% . 0.516%; InPGDP. InFAIXfEJ{ COD
FINH,-N HEBC R 5t 250K R 0.076 F10.077 . 0.190 F10.211, FEHAZT & K- FE N
BT AT A KI5 G HE R B 1E 1 SR B VR FH

K =AW B TE YR 32 LSt N R R e IR shah, Tl fbaKF . SRS %
BT My B B FEFE 2011—2016 AR [l sE i B — e 5 bk, FRERMAE. T
AP AEAKSEAUGS Bk COD HECR A R IR ShEAT (P < 0.01), 1% NH.-N HEBCAN B
55l U AT 19065 B B0 2011 4F A1 2016 4F COD 34 1110.292% ., 0.276%, FEJX
W T R RK TS Y IR 5k 22 5, Tl HEBCIRAE K = M3 #4525 coD HEIC IR
B AR PR AR P R, T Tl 5 B NH-N HE R B A AR, A B3] Tk PR HE & e
HEfom B i B B s (K14), COD T IEHER M BT 20% 00 i, (954) imZ T

&4 SLMFISEMERZMRE 5SHMHITER
Tab. 4 Tests and parameter estimation of SLM and SEM models

- SLM(COD) SEM(COD) SLM(NH;-N) SEM(NH:-N)
20114F  20164F 20114F  20164F 20114F  20164F 20114F  20164F
InPOP 0.915™  0.756™ 0987  0.904™ 0.893"  0.738" 0953 0.851™"
(16.251)  (10.510)  (19.320) (12.628)  (18.168) (10.729)  (21.345) (12.451)
InUR 0.097 0.507"" 0.103 0.587"" 0.122° 0.431"" 0.152"  0.516™
(1.337)  (7.494) (1.366)  (7.780) (1.939)  (6.691) (2.319)  (7.269)
InPGDP 0.244"  0.060" 0371 0.077™ 0.194™  0.072" 0277 0.077™
(4.800)  (2.351) (6.867)  (2.599) (4.429)  (2.895) (5.887)  (2.742)
InIS 0329 0.099 0292 0.276™ 0.012  -0.153" 0.033  -0.051
(5.181)  (1.498) (4.676)  (3.840) (0.218)  (-2.479) (0.601)  (=0.748)
InFAI 0.079 0.292"" 0.068 0.190™ 0.056 0.252"" 0.098" 0211
(1.423)  (4.298) (1278)  (2.589) (1216)  (3.854) (2.122)  (2.976)
InFDI -0.094"  -0.092"  -0.076"  -0.037 -0.072"  -0.076"  -0.085"" -0.060"
(-3.584) (-3.346)  (-2.174) (-1.074)  (=3.173) (-2.863)  (-2.845) (-1.895)
InFD -0.231""  -0.378"  -0.184" -0.313""  -0.005  -0.142" -0.010  -0.111
(-3.487) (-5.088)  (-2.424) (-3.693)  (-0.089) (-1.982)  (=0.155) (~1.392)
25 [l J5 3 (p) 0.187" 0211 0.199"  0.177"
(6.023)  (5.791) (5.993)  (4.188)
23[R ZEII(L) 0.621""  0.482™ 0.616" 0362
(13.119)  (7.739) (11.897)  (5.186)
R 0.643 0.518 0.736 0.559 0.711 0.588 0.778 0.606
STECRISR R EE (logl) —196.091 -228.885  —165.174 -216.408  -156.995 -222.573  —127.067 -221.332
ARHAE B EN(AIC)  410.181  475.770 346.348  448.815 330.708  463.146 270.135  452.261
i BLZZHERI(SC) 443.664  509.253 376.111  478.578 364.191  496.629 299.897  482.023

W " p<0.01," p<0.05, p<0.1,3FTHN NG iR,
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Fig. 4 Scatter plot of discharge share of industrial source and discharge intensity at the county level

NH;-N (294%), i Bz i Tolb Ak 7K SEXF COD By = 5 BE HE i B B S E [ $i sl e B3
PERBILE 2011 4EBY SEM (COD) H%1 . 2011 4EF12016 4E 4 SEM  (NH,-N) A5 70 i3 4+F
ks, Hp it REUE T -0.09~-0.06 Z 8], KB BEANGEAS 7K 75 G R 2 A B 55 14
IR s M7 W B AURE BE/E SEM (COD) A AU vy i 28, Hdl 22 B0 2011 4R 19
—0.184 [EIKZE 2016 - 19-0.313, B 7 WFEL /3506 COD HERC 30 i 7 Rtk — 2™ &

TERSE, 2011—2016 4F R A BRI 23 [mIAF 5 5 (p) AbF 0.17~0.22 Z 1], Z5[H]
W22 (A1) AT 0.36~0.63 Z (0], HIJiEd T 1% B E AL . 7RI = Mk
%izjvk‘?%i%é%éﬂkﬁk[&%T;@JZM&I%‘%E’J%HI’M, A7 B AAB B FHE B 2, BRI
A B R RN o 3K TT BE SR AN S5 P AR L A5 A L A A RT3 45 O T HA A
P, FELT \Iﬁi%\ /ﬁ%—?%ﬂﬁﬁﬁf Y RAERZILFEIERT, #5485 e % LR
FEMVMELLE AL, SP K TS YWy HE BRI R A2 B 0E ) 2K S o i HL IR RS EE R A R R 2R
ey A R 22 vl 2 X AE A BB HE A R I — AR B A0 2 (R ekt ARV, s YL AR
AU =AY T [l AR HOFE RS | AH AR B IR UK 25 57 5525 (Al 22 .
3.3 REXMMN K= ERRES
3.3.1 REMIMH AR T SLM LR SEM BRI FI GWR AR, MGWR 5 G 38 3o fr
Pt SE o S A TR R 22 AR DR Bl /KI5 GeHERI T i 25 ) 4R PR, A9 MGWR BRI Je
A 2 R A 9K s R R G — 2 RN 08 . MGWR (COD) FIMGWR  (NH;-N)
FPEREXT LLan2e 5 Firs, BRI AL A DR EE(E 4310 0.649 . 0.683, B P TPII GWR £
A, AICc{H 45714 592.088 ., 556.884, I Ak T GWR AR AG 45 FAE, FIH MGWR
RUEATEAFAATTRCR . 25T MGWR AL [ 4R S0 R RAEH R EZ . BEIR T [l
FRECH R EME S AR, [FIET IR A A M (Robustness) , HZESR BN 2 1) RUEERL
;i Je 73 (8] 5 B2 B MGWR BRI T GWR AL A

£5 GWRAIMGWREEEEERSLE
Tab.5 Comparison of model performance of GWR and MGWR

[ERIVE YN GWR(COD) MGWR(COD) GWR(NH;-N) MGWR(NH;-N)
LA 0.597 0.649 0.657 0.683
AICc 1l 625.636 592.088 579.324 556.884
e 110.933 94.264 93.571 86.361
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GWR 1 MGWR #52 #1 Hr AS [6] 8K 2y [H 28 A9 47 96 3% 6 T/, GWR (COD) F1 GWR
(NH:-N) P13 & IR 8 N R A M ERREE, & 565059 1557189, 4515 &
FEA 50.82%1129.18% , 1 MGWR A I 5 /R 4% 3R 50 [R 2K ()71 B8 22 ek, ALREg s
HAEHRE BA B EARR . MR 5B & 2 RFEA St (BW) XS R A1 7B X &
VR, A RSN R 2 e R RE (BW>50%) FJRHRE (BW=50%) M4
EH R ERN . /£ MGWR (COD) #ERIr | {5 R i 42 J5) 31 R 354K Yk PGDP=
UR>POP>IS>FAI>FD, M, 283 LK KT LU E AR B 7 S8 A
e 297 i b, H BWAEHIIZE UL b, nT R 4 Js)2 M A 22 WaRsh I 255 i Tolkfkk
T AR R M T O BB AR B T B8 43 Gl R 140, 116 195, H BW fH/N T
50%, Bk Jay B 2 T A SMOMAR B R 28, X SE P 25 Bk COD HERUAY 5¢ R AFTE i ) 25 (Rl
FEatE; 7EMGWR (NH,-N) B % NH,-N HEi B B 5 ny N W Aefe—Em
IS mrE, VR RUE 2 /21 s K UR>POP>FAI>FDI>PGDP, Hr, 3f#fk/K
SERNE A RS R 43 2 WK 5y, At PR 28 00 e B8 Ry 3 pomAE H

&6 MGWREEEITHRIERHE
Tab. 6 Bandwidth of the driving factors estimated by MGWR model

MGWR(COD) MGWR(NH;-N)

iy — - AR p— -

W ARdTH(%) TR R Wes RRE(%) N

InPOP 297 97.38 35 InPOP 178 58.36 &)
InUR 304 99.67 25 InUR 304 99.67 G|
InPGDP 304 99.67 ESD InPGDP 51 16.72 Jrit
InIS 140 45.90 JRiF InFDI 75 24.59 ki
InFAT 116 38.03 Jri InFAI 137 44.92 ki
InFD 95 31.15 Jris GWR M58 89 29.18 -
GWR [FI3E 4 58 155 50.82 -

3.3.2 TERAMEISE  FIH ArcGIS X MGWR A4 [0 19 22 B0HAT Al WAL AL 3, 23] 43
A s FE 6 frn . Ho, #5455 (Pseudo-t test) K445 3K 2 R 25 Rl 0 R 4K
ARE (P>0.1) WESHREL TR, R H R A2 B IR0 iR B 55

(1) 2RI ER . K = A KI5 G HEa r 4 R 3K 3l P 28 A 45 A A K F
WAEN ORI 25 & JRK . ZBRRR AR ER 2RI e), HEARIEREM. =
(i) S T PR AR AR AR A o LA i) e LS [R5 AT

POP 7% 2 X} COD I NH.-N {4 [0 ) 22 50 7E 43k 2 3 0 1E , R BUE X 8] 4351 4 0.624~
0.710. 0.391~0.750, ARAEZE415140.030. 0.122, FKIH AN DHEAE 4 R i, %
A T OE ) SR Sl B A R LA [R) S PRI o BRIV i N 1 BB ks 44t v i R K T e
B EEEL, FECEEUKTE YRR B E R TEERE, 5 COD R ZS R
AR (FE 5a), A FTRUAR T NH,-N HEGL A 3K 3158 5 m R AT 52 100 7 b DX ) 21 FB) 1o 144
(Kl 6a), Hrp, Zegatk, HAtHIX Frszsgmis K. Wik, M55 E RIE SARHE .
IRRERE . MG ey = a0 I, BRI N KIS S R EE , R T K
AR IR MK IR TS YA

UR 2% X} COD FI NH,-N 4 [0] 5 2 B07e 43k e 25 1E , R BUE X 6] 4 31 4 0.189~
0.206. 0.243~0.281, HRifEZ= 1 0.004. 0.012, KWt bk - EHA EmsshER, =5
) S PR o P L Sb RTET 6b AT, R IR BRI 201X 3B Ak 7K 1A X 4 A1 A g
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c. InPGDP

&

Mo 'v’ )
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o L0
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W B R A R EOR 535 (p > 0. HI AR I s,
K5 CODHERER s R 1 [l 2507 [l A

Fig. 5 Spatial distribution of regression coefficients of the driving factors of COD discharge

PO WTPE . JRdbHLIX, LT COD FINH,-N A4 010 R E0ARS 25 T IR BE 0 X, Ak
i, R AYuE R, AT B AT R R T KIS Yk
FRHEACE, /N . B3 ZE A 75 e A BRI it B A Do TR AR T BN

PGDP A2 5%} COD 1 [0 R EFE a3 0 0 1E, REE X E]H 0.265~0.287, FrifE2:
{h0.006, 1EHAZEHE & K F-%F COD HEA #5157 3K 5l , I HL-FANFAE 2 o] 55
ik, B A COD HESZ B4 3 KR s A A1 E (Kl Sc). MItmis, £
B R JEIKA X NH-N HER AR SR b X R 2, o, 280 A /K V- 458 v 10 93 s A i el
FIBCMIER T B (2016 45 A GDP Hy 139075.797C) S4HIVEN, 128 NEHS T R Kk ri B
NGIXFEAREEIAER (Bl6c) . MILrT UL, 7E& =M 2 coD Huilt 545 &
JEIKSERI A ROV . LA K NH-N HECEE 4 3% & SR /K A T 43769.23 76 EL 48 1) 1E 7] BK 5
FW, MIESL IR = A KA B AL S 3, AT A LU E K AR5 AR Y
RIETTE, BT K E R P K 5 YaE B A UK IS, IR S K BB K
2P IO P 1 T R R T R AR SR o

(2) JRpaksh R Z . & = M3 KI5 Y P HERO Js 9K 2 R R A 3E Tk fb /K
[ G P R0 . AR B A W B AR B . AR 7 R, RN R B A )
FEnE,  HXARRIK TS YR sl 5 25 5 K RE s o EAREZ i K =2 [ s v an s

IS 75 & Xt COD AY [ ) 22 507E ey o 2 ELl & M IE , REUEAY X 0] A -0.124~0.276,
PUERBRIEZE 35070 0.132, 0.115, Sk Tl ALsKSF-XF COD & JRiEB I a1 4K, 4nl&l 5d fr
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a. InPOP

d. InFDI
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Fig. 6 Spatial distribution of regression coefficients of the driving factors of NH;-N discharge
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Fig. 7 Box plot of regression coefficients for the driving factors of water pollutant discharges
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FDIZE & X% NH:-N i [0 5 R BHE il i %, REUEIX[E]-0.875~0.402, HI{E bR IfE
Z551-0.197, 0372, RSN EEALTAE N RERAS &, X B30 NH:-N HEil A W
SENR H 28 (] 5 B s . Wil 6d Firas, — T, AR BRG0P i
TN R . FE4 . TUE . SHLZEHLTT A NH-N HECE IE SRS, SR TG VLRI X
PIRIRZ BRI B AT AN R 5 — 5T, fEgndb. medb . Wirs G832
X AP B IR B, Bl S X AN A b B T AR B SRR AL B AR
e HER BRI A AT, o R E AR A TR T kT IS
I

FAIZE £ X COD F1 NH:-N 9 [81) REE X (8] 24 0.150~0.304 . 0.145~0.474, HrifE2E57
2R 0.040, 0.084, Jz Wit T[] 5 0 B BTN PSS AK V5 Y W HE L B R AR I SR s, M AS[R]
SEME I, FADX NH-NHEECVE A 28 R US R T CODHERC . nT UL, K = ki &
ER AT QAR N AR AN LG e A )20 Y Ras ) & A N S e A =r
fig. AT, MBS K TS Y HE B AR SR E R, X TR W1 S i T Gk
Rt (Kl Se. Bl 6e). ANIRAFHES) @ = B s 4540 5 7 G AL, AiE o il R ok B 4%
PG R Sk —id R A R VR B Y, R R ] TR i i i . HEVS IR
FRFSCHER ARME) DT ET, LI 25 % 1% BB B a5

FD AL i X% COD 114 [ )5 R £ 7E Syl o 35 ELl H A, RAE X 0] -0.618~0.230, F
YIE B UEZ 539 -0.446 . 0.154, JCBRT 37 WHBCH T4 COD HERUEA #HI4EH
Hzs a5 BebE s . eI T B AR BE T 52, RO ASURE B B (o s 5 B AR A5 o8
KEFAURNGE 4 AL, M AT . A L AR &R, M7
KA RE S AR R AR T S o IR BEHE AT TR . IR IR R St o W, an & sERR,
WA o3 BRR B AR T A v X T COD HERCEAT W Z M EH , — e R L oR 1Ty
BURFE ISR BRI B RO .

4

ANTCR A3 (0] 152 22 2 [l e A R0 | LR 7 22 R 43 AT A st s B4 i A [ )1 A
A ERATT T K TS Y HE R B 9K B R R R RO, SR AR IR T B BUR B R ER
BEN I B — B, REAS A PRk T A AN Tl Ab 35 5 T 3k i B K T Y i HE
PR E RS . FEEE SIS .

(1) IR EA KGOS K HERGRE & . 25 a0 MR i R, AR S0
B = A e LG 2 E 4% E L 2sm), RKEHE 2 E 17.69%/) COD 1 19.08% 1Y
NH,-NHEiti . SEM Al SLM AR A (A5 25 F oR, F AR AN TRUSE . ik . &5 k&
JE 7K 5 0 7= B0 /K V5 G HER ™ A 8 28 B IE 3R 8l . 2011—2016 4F A3 X 434
P25 1) i e T AR 22 0 R 1 HAR XTSRRI 25 5L, 2 S et 3nf B /K 75 e HE B A
B 25 (A0 E P, R = A IR T A O X AT IR RNV by . DL AR O X R
AU HiL X 5L B e 2S [A]AE

(2) MGWR AL | 5K sh R AR R 210 . 7B 8RAR T 10 I3 2 850 e s
fRise, T8 AT AR ST v T 2 LUK Bl R 2 1 RO RN B 5 M R JE 10 23 e S ot . K =
AT RS IE R, RN CRURE | SRAFA K N2 0 A B /K- 22 4 ey RUBE 1 7 UL IR
SER, XX K TS Y HERE R sR B A AR . SRS B, 7R = Ak
BRI R, RS R RIE ek A e AR NG AR K TS e e g, B
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T E IR R DX PN 45 T B B K TS e AL B R A, AR iR N . B =
R ) 7K TS Y A BRI S R, [AIESE, XS K TS Y HE L S 25 R K 2 Tl A
AN A R PRI, AR AR A R T, BEIATE A IR g A L 2 0
G Wa e 3 N 11| A W B N W2 WA 1 BT) VA R 20 7 2 i 9 i

(3) X MGWR (COD) FIMGWR (NH,-N) #5409 250 A &k 3, Tolkfksk
o AR E AR . AR B L MO B A AROUZ TR R 2, O R
X7 5 e HE R A e, HAE SR IE s 8 . Horb, Tk K7 i
FKERTIRE . 545 R T e LA S V148 % COD HECAE 1F 13K 5, e e Ak sk Rk 2
rn I AR AR S . 25404 COD ¥5 YL B2 AUl 0 B VR s T e 9 P 4%
ZEXT COD A1 NH:-N B9 s 0 E [ 3K sh B, & = A3k BT 5 2 — DA A 1 e 0% = 4 e 45
M, e AR IR S B A v AT 5 190 S i TR X, 4R i AR Sk B 4w e i sk | b AR
A 4 i R IA BRSO R A Al A AN, AR BB X K TS e HE R 4 1
MrEHAL . fedt . Wisd ST RN S XU, REBORINA Al e 42 B A P R
PR 7= T 208 D7 T BB AR AN MR JERON , DS/ ELs 48 55 e /K #E Sk T Y ik
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FEAT R AR T BURMEA TSR G B 3500 o

(4) KI5 YW HERCER sh R R 1 22 T B RSOV R I, 7EA A SO RISk e k%
AR ST, KGR S S AT LRI R WBETN TR whagim R
BCOATEME, JRH R T A R L AT e b S AR LA E LS A 2 R R A
IEEEIRE S AU S Z RN E IR . ARETN LU s AR BT A0
B REEAE . 20 R KT ZIR SR s e 2 Rt R £, AT — PR X s
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Driving factors and scale effects of water pollutant discharge
in the urban agglomeration

ZHOU Kan"’, YIN Yue"?, CHEN Yufan"’

(1. Key Laboratory of Regional Sustainable Development Modeling, Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China; 2. College of Resources and Environment,
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Revealing the driving factors and scale effects of water pollutant discharges is of
great importance in the study of the environmental consequences of urban agglomeration
evolution. It is also a prerequisite for ensuring collaborative water pollutant reduction and
environmental governance in urban agglomerations. This study, taking 305 counties in the
Yangtze River Delta (YRD) as an example, selects Chemical Oxygen Demand (COD) and
Ammonia Nitrogen (NH;-N) as two distinctive pollutant indicators, and uses the Spatial Lag
Model (SLM) and Spatial Error Model (SEM) to estimate the driving factors of water pollutant
discharges in 2011 and 2016. Then the Multiscale Geographically Weighted Regression
(MGWR) model is constructed to diagnose the scale effect and spatial heterogeneity of the
driving factors. The findings show that the size of permanent population, the level of
urbanization, and economic development level show positive global-scale impacts on water
pollutant discharges, while the level of industrialization, social fixed assets investment, foreign
direct investment, and local fiscal decentralization are dominated by micro impacts at the local
scale. The spatial heterogeneity of local influencing factors mainly presents the following
characteristics. Social fixed assets investment has a strong positive effect on both COD and
NH;- N discharges in the Hangzhou- Jiaxing- Huzhou region and coastal area of the YRD;
industrialization has a positive effect on COD discharges in the Taihu Lake basin and Zhejiang
province; foreign direct investment has a local inhibitory effect on NH;-N discharge, and the
"pollution halo" effect of foreign investment is more prominent in the marginal areas of the
YRD such as northern Jiangsu, northern Anhui, and southern Zhejiang; local fiscal
decentralization has a noticeable inhibitory effect on COD discharge in the central part of the
YRD, reflecting the positive impacts of improved local environmental awareness and stronger
constraints of multi-level environmental regulations in the urban agglomeration. Therefore, it is
recommended to take green production and living style to reduce the discharge base of water
pollutants, to embed environmental push-back mechanism in the fields of industrial production,
capital investment and financial income and expenditure, and to establish systematically a high-
quality development pattern of urban agglomerations that is compatible with the carrying
capacity of the water environment.

Keywords: water pollutants; driving factors; scale effect; urban agglomeration; Yangtze River
Delta (YRD); multiscale geographically weighted regression (MGWR)



