Statistics and Application §iit22 58N, 2023, 12(2), 306-317 Hans )0
Published Online April 2023 in Hans. https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2023.122032

ZEERE - RSN EVFRE PR SS
X KRS8 E T

KRB pe, B Pa%

ks HiH: 20234F3H13H; FHHEM: 20234F4A3H; KA HM: 20234F4718H

H E

2% ()i Ja IR B AT R AR (5] AR S A 2 S B G T AR, 43 T AR B AR 2 1B B AR S B B Ak
K%, [HRZEACE RN A 206 B AR R R R AR R LS BOREBE . AT R B R B
REMRFE, RIEBEEUEGROR, A CHE S M E R R A A B AR R 2 b k. &
SATXT BRI R, A SRS E R BN E AR XA, Kk, E5 X ARSI
AZEK R, SHEEMEE - BB E AR, HRE TR TREAREENERERRRR
AT R 2 Rk . ERERSSEIRE ENSKRBIT, B T AU ARG TR AR
HIFE R

XA

A ERA, WEAUE IR, R, BRI

Data Partition and Parameter Estimation in
Spatial Lag-Mixed Geographical Weighted
Regression Model

Zhi’'en Li

College of Science, Chang’an University, Xi’an Shaanxi

Received: Mar. 13", 2023; accepted: Apr. 3", 2023; published: Apr. 18", 2023
Abstract
Both the spatial lag model and the geographically weighted regression model are classically geos-
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tatistical models, which are used to deal with data with spatial autocorrelation or heterogeneity
respectively, but the fitting effect is poor when dealing with data with both spatial autocorrelation
and heterogeneity. In order to consider the autocorrelation and heterogeneity of the data at the
same time and improve the fitting effect of the model, this paper makes improvements on the ba-
sis of the spatial lag model and the geographically weighted regression model. Firstly, according to
the heterogeneity of spatial data, the improved k-means clustering method is used to partition the
spatial data. Secondly, the spatial autocorrelation is introduced into the interior of the zone, and
the spatial lag-mixed geographically weighted regression model is given, and the Moran’s I opti-
mization method based on the relationship between Moran’s I and weighted matrix is proposed.
Through experimental research on real data sets, it is proved that this method has better fitting
effect than traditional methods.
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F. 1988 4F Anselin [1]$2H T 2517 £k 14 [4] H(Spatial Linear Regression, SLR)FEAY, 2445784 b () S B HU(E A
[FfY, SLR A8 AIYR AR A I8 e 1tk [ A A A . — i B () | [ AR 2 A 5 15528 (Spatial Lag Model,
SLM). 7% [B] i ZE AR DA K 7 ) A S AR AR o JHG v = [ s B2 28 ] AR SR 0T VF 22 AT 2 (6] B A DG PRI ) R
W, LIRS, ST,

B0 2 () HE 1 5 0 1, 1996 4F Brunsdon &5 A [2] 1 Sk 7 14 1) AR BN 2] SLM [ S BCKR i,
SR A AR T, FF SLM Hh A A 3 1] R B0 e 22 (R4 B AL A & . 1998 £E Fotheringham
SEN3IR SLM A FR B0 B8 2 1A A7 B AR A (1) A8 2R 50k A 1 2 TR 0000 1) S o A, 2 Hh 325 44 ) b B
LAl H(Geographically Weighted Regression, GWR)H AL . GWR B ALK B A fil e A2 s A N JR SR e AL =
H T R R T2 Re 5 AL EA G, WhalReS A E IR, Bt 2011 4 Paez 55 A[4]% GWR
TR R R RS 1 R BN R B He VR & I Al H(Mixed Geographically Weighted Regression,
MGWR)FEARL, (1S EAHU-A RORAH LT GWR AU RS R . H AT, TRA I INA A AL 25 (A G 1
MUEC AR 7T 2N, PO T SRR A SR E A T, RS T, AR
TR S R ) TR SR A
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872 [) A S AR 2 [ e R MRS R PRI T T L, AL S0 T DLSASE TR (1) 406 RO A 36 B 2 R
1% #8 « 1996 4 Brunsdon 55 A\ [S17E75 &2 (8] HAHCIUIE LN, AH AR BUAE 1125 GWR B8 3E47 24
vl FERES I AT AL E AT 26 PE RN . 2005 FFERALHE5E N [0 @ BRI SL 0 30 UF 1 B 2% [A) F AH G
) GWR #58Y th i R EAG T RS B M ARS P . 2011 4F Geniaux 25 A\ [7]3F# 7 7 MGWR #i%ih, %3[H]
o AR BRI R, FERAREI D /N aREN MGWR B8 T 240k 1h. 2013 777 7°([8]
Pt 7IRA M R (R S BB, 45 AR S UG T D, RIS B R R aRiE AR B AR R AL
ZRIET, AT AR ORAMRE TH I T VERT S HAT R A . AR SCHE 2017 4277 T 7[RRI B FU BBt |, dd it 7
MGWR  BEAY b 58023 (8] J5 00K PR AR 25 1) B AR D Mo 5 SR g2, B2 H 23 B3 5 — TR G Hb DA (=1 )5
(Spatial Lag-Geographical Weighted Regression, SL-MGWR)AE%, SL-MGWR & 2 [1] Tl 58 73 FL 5 208
BT IR . BEXF SL-MGWR BRI SR T I RE, R R & BN Bl AR AL ) 3 20 A T 7] (8]
PR B - RS BN RSB A b, 4R T S AR SR AR R A SRR
HEIREE, PRETION R 77 5T FEAK T B A DS PR S B P AR A o A S R R AE . SL-MGWR B Y
AT DAAE B JF AR A BT [ i, BEWT DARSCFHZE S5 A 00, ARARR S04, S@Prsgi, SOTRAHTami #ik)
WEORY RO GRS B AE J71,  HLIC AR RE ) S T 5 AR A T SR s A Y

AE ARG T, MARCHTE . £ —ERNAE, 4 TR EEAR . 236
i JE AR DA B AR SCHR H I 2 (R0 ) - VA H B ANA B (SL-MGWR)BL Y o 28 =840 e S8l 1H 7
W, N TS TEME LR AR RS AR . U RS T, A=/, AR
A5 FH P 2D U123 7] [8] HE A8 a8 b B ANA BB RY DL K 43 X A b BN [ VA ABE 28, Sk i BH 2508 7 X 2 5
PR R OR S, 28 /N A DA T GWR LA SL-MGWR B8 HE AT X6 B, 15 B
SL-MGWR A (A ROR B0 o 38 = /N1 /& SL-MGWR AR AL G5 I 5522 B Ak v 3L A& R X L,
B2 FREAAERI R TG iHE. B hs 410, [JARENER.
2 BN
2.1. MIEMAEVIREY

BT (A A A7 AE 2 () e o e, 2 B XN 1 2 B SR e AR B AN 38 i, FETIR AR B BORZE
Al TAEHEAT 2 (A R A BT, A2 B A A — MRS 2 DA% 5E 1 2 8] B3 e A RE B A5 2 1Y), G b P
R E R, AR R REE Gt g AN AR, BAUBRRAFESE T, i
GERE iRz, PR EXNME SR IR AT St

1996 4 Brunsdon [2] % 1998 4 Fotheringham %5 A [3 15 T J& 30 ~FI (1) AR, 4 tH 17 M3 A (e )3 2,
P 1) 2 (A B RN B RS 40h, R RS IR D —aeidi g i s 8 h i, 8,

v, =B, (ui,v[)+i,8,( (u;,v,)x, +¢
pa
oot (uy, v, ) N i ARBEIAARR, B, (u,,v, ) AR i DSREE R EE kDN RIHSH, B A7 A R 5
& R P NI LIRZE, R EIME. R MBS SERAAE E .
2.2. FEFEER

fe G ISP AR B R AT B2 A —— o, IR, 55 &M, H2, dmTamE
PEAEAE A ) H AR RUR E, fEASIXEE S R AR AT A2, R P AR SR [l R TR g e ] e, 2
I8 AR SR R I BB 1 R« 1988 4 Anselin [1]55 [ 23 (B £ HE 10 H ARG, 45 T Wi R EL,
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M =SY" (3)
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L =-21n27-"1n6" +In|l, -S| +In|d| - (' =57°)" (¥ =57°)
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PUESE WD AT 7] [S1BA K SCHR[12]H p MIBE2 8 5o R, RIS AL R S8 p, B, 07, BAOL TR
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XnT(XTWnX) X",
AEGRTHERE S 1, W, = diag (s, 0,00, ) BERS wy HEEIRA IV B, 758 b 1t
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WO M THERAN Y =M + & 13
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Y =SY +¢
08, PR KBME T VEN AT KR, HT e=(1,-S)Y
ol (L, -S)((1-pM, )Y - X
| [(” N(1-pit,) ﬁ)]|—p(£)|ln—S||1—pMc|,Ef?%YE’*JXfF%MU\
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AR p(Y) = p(e)| o = -
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n n 1 « T .
:—Eln2n—51n02+ln|ln—S|+ln(1—pMc)—202 [(1,-8)r" ] [(1,-8)¥"]
Mﬁalano’ Gln;L:O’ 45

Blp)=(x"0x) XT0(1-p-M,)Y.

62(p):%gTS:%[(l—pMC)Y—HT o[(1-pM, )Y ~H]

K10 =(1,-8) (1,-5), H=Xp=X(X"0X) X'Q(1-p-M,)Y .
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WRLY = pM, Y + M + X B+& B B(p),6° (p) KI5 HIH
p(p)=(x"0x) X'Q(1-p-M,)Y,
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4. SCUSHEBR
4.1. BUEH B8

FH T2 (B Bt B e B, RIZER IR 7 18] ¢ 38 1R 2 BRI 70 DX R AN [ 3t 7 S AN R, (EALE SR )
AR B I, 23R S5 0 PR AR LR S B 2 AV o o R, e s AR SR S R U R0 4 4
BNARAE GRS R 5, B2 SR RERNE R . ASONEHSZNE RN, £ GWR BEFI+4r
AE XIS AUE ) HEA b, G SIS S R OR LIS AR . SR I I S (R R AT IR, 153150 2
W, 2P A IRAE R 792, BRI RERGAE S, BN —3eiidt GWR &%)
BEATAS R, P 22 R R BUSME E (r) 45 iR A RCR .

AR S5 B X LB PR A 4 B B (group_index), I8 UEEEEH (validation num), JIZRELH
(train_num), SH(ALL num), 5k ZZFREE r . 5Bk EEw, DRERKECIE E(r), SLinss
Nz 1 ML 2 PR

Table 1. Ten fold cross validation GWR
2 1. HTZXIEIE GWR

428 XHIE GWR
group_index validation_num train_num ALL num E(r)
1 34 262 296 4.677199284
Table 2. Stratified tenfold cross-validation GWR
2. SETIRZNIIE GWR
732 IR X AE GWR
group_index  validation num train_num 7 Wy ALL_num E, (r)
1 5 39 1.58877909 0.147058824 44 0.233643984
2 2 9 2.41130089 0.058823529 11 0.141841229
3 4 32 6.62719575 0.117647059 36 0.779670088
4 4 33 3.67899571 0.117647059 37 0.432823025
5 5 41 1.62149319 0.147058824 46 0.238454881
6 4 28 12.36842624 0.117647059 32 1.455108969
7 6 49 3.51264206 0.176470588 55 0.619878011
8 4 31 3.77635464 0.117647059 35 0.444277016
SUM 34 262 / 1 296 4.345697203

X LEPIR FTA X Bl HEAT 20 J2 AR B, RES A5 B AU TN RCR , Bl XS ML 2 XT3 1 0.33,
HT 0 A 70 DX AT DA i B R R & R IEW T B o R A Rk . IRIATS 22 )5 B T A sk 4k
F 93 2328 ORI AL B -

4.2. ZEFEE - R AN EIRB R L KIE
Sy [F B 25 FE AR 10 S P B A DG, AR ER B gt BT 785 30 17 3 Pl 00 22 S5 £ S M B 2 [ AH 408 B
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SIS

TOAREAE RIS, AR H SL-MGWR B AT G R PB4 THER SL-MGWR B IILE MR 5
GWR L& RCR BT HLAL, RAUEWIRAY SL-MGWR HIA M. B 58 Sl Bl B3840 8 8 )=,
R 4 2 ORI B A G 9 o AR -3 S SR T i wT R, REITGE R —SAR I R ) A
po HERHEM WANZRE SRRy a, A PEB A TR AT 2 S Ho i #AT AT 5 .
RED ZAEHR RN, BATA R RHA SL-MGWR BT AL HE

FEARSCH, FAE PSS 0.618 27T LSRG 3N(S) M /IME,  AERR/IME AL A 78 X B 3 s 1 o,
KT Ja N1 R R R B 22 S R B (B I 3 B

Table 3. Two-step estimation method of SL-MGWR model
# 3. SL-MGWR R&F LA %

SL-MGWR HER P51
group_index 1 2 3 4 5 6 7 8 SUM
validation_num 5 2 4 4 5 4 6 4 34
train_num 39 9 32 33 41 28 49 31 262
pl 0.59 0 0 0.22 0.44 0.63 0.84 0 /
p2 0.68 0 0 0 0.57 0.8 0.8 0 /
p3 0.52 0 0 0.53 0.48 0.8 0.68 0 /
p4 0.6 0 0 0.09 0.3 0.42 0.74 0 /
p5 0.5 0 0 0.59 0.5 0.74 0.8 0 /
po 0.47 0 0.11 0 0.6 0.74 0.75 0 /
p1 0.63 0 0 0.38 0.28 0.74 0.72 0 /
p8 0.65 0 0 0 0.41 0.73 0.72 0 /
P9 0.64 0 0 0.27 0.46 0.75 0.8 0 /
p10 0.64 0 0 0.2 0.47 0.75 0.74 0 /
7y 2.00318149 2.41131716 6.61738695 3.89327583 2.31458874 7.34889267 2.99188162 3.77636173 /
W 0.147058824 0.05882352 0.11764705 0.11764705 0.14705882 0.11764705 0.17647058 0.117647059 1
ALL num 44 11 36 37 46 32 55 35 296
Eyr) 0.294585513 0.14184218 0.77851611 0.45803245 0.34038069 0.86457560 0.52797910 0.444277851  3.850189527

B2 3 A5, FE28 2 JRANEE 8 |2 N B ANAAE B ARG, i J5 K1 p $HHL 0, DRI 2 EAIEE
8 J=HHE 418 F R & M BB AR e AT AL B . 28 3 B A EE 6 I AL IBUR A AE F ARG, AR AN A AE
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Table 4. Moran index optimization method of SL-MGWR model
4. SL-MGWR #RE E Z 35 B 1%

SL-MGWR #5852 2= Fe AU A b

group_index 1 2 3 4 5 6 7 8 SUM
validation num 5 2 4 4 5 4 6 4 34
train_num 39 9 32 33 41 28 49 31 262

pl 0 0 0.39 0.86 0 0.74 0.89 0.88 /

p2 0 0 0.57 0 0 0.87 0.89 0.86 /

p3 0 0.63 0.43 0.85 0.92 0.86 0.9 0.86 /

p4 0 0 0 0 0 0.89 0.9 0.83 /

p5 0.85 0.62 0 0.85 0.93 0.78 0 0.86 /

p6 0 0.37 0 0.82 0.93 0.85 0 0 /

p7 0 0.43 0.45 0.85 0 0.84 0 0 /

p8 0.87 0.58 0.55 0.74 0 0.8 0 0 /

P9 0 0.66 0 0.85 0 0.86 0.88 0 /

p10 0 0 0.4 0 0.93 0 0 0.87 /

7y 1.62301815 2.72048545 5.97217457 3.450181 1.63577735 3.94450785 3.46934515 3.68034172 /

Wy 0.147058824  0.05882352  0.11764705 0.11764705 0.14705882 0.11764705 0.17647058 0.11764705 1
ALL_num 44 11 36 37 46 32 55 35 296

Edr) 0.23867914 0.16002855 0.70260877 0.40590364 0.24055549 0.46405974 0.61223737 0.43298137 3.25705411
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