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Abstract

Spatial heterogeneity between population mortality rates and their influencing factors is a key fo-
cus in fields such as demography and management science. Geographically Weighted Regression
(GWR) models are frequently used to address spatial heterogeneity. However, as a local modeling
technique, GWR only considers the spatial proximity between observation points and ignores their
attribute similarity. To address this limitation, this study employs a Similarity-Geographically
Weighted Regression (SGWR) model. Using data from three dimensions—population structure, so-
cio-economic factors, and healthcare conditions—it analyzes the spatial patterns and influencing
mechanisms of regional population mortality rates in China in 2020. This model constructs locally
weighted least squares estimates for regression coefficients, incorporating both geographical prox-
imity and attribute similarity into the weighting function, resulting in improved model fit. The re-
sults demonstrate that the influence of explanatory variables from population structure, socio-eco-
nomic factors, and healthcare conditions on population mortality varies significantly across spatial
locations, exhibiting clear spatial heterogeneity. Furthermore, each factor exerts varying degrees
and directions of influence on mortality rates across different prefecture-level administrative divi-
sions. Considering these spatial heterogeneity characteristics, the study examines the robustness
of the model results and proposes tailored regional policy recommendations.
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1. 5|8

N EBETZH AR N N B KT R s e bs, AN BB 3R K LM R 2% g e DA T Js ket — A [
KIS R85 % KT F EH ARIFEEPIR (1] Brenner (1979) [2]3 HY, 25 KB AT B S B EE K {8 BE
RBEAL, AT FEN DR BJ. pEREKRTEZE, HADEHER. H 1978 4% 2019 4, &
E N IFET R 6.25%0 EFF A 7.09%0, [AIF N THIAE R 18.25%0 T2 10.41%0, H 2020 -5 2023
M, SRR RSS2 TR R, IEAN ORI E 7.07%0 TR 7.87%0, [FIEF A HAEZH 8.52%0
TFEE 6.39%0, ANMDHEAMKRCHIAE. Fit, SardE A KB A KA, Bt
FBORIIR N SRR, A 7R BN AR T 2R R Rl (R 3 BRI 3 3o

2. HRICARGRE

H A7 E A4 F N 8T AT 78 3 ZR A T A0 T S 00 0 S L2 (R K AR 7 5 Al Lee Al
Carter (1992) [3]38 i x] 3 F N\ HAE T 2 0 KA ZEAT b, 3R TR AP0 T2 M o A =
——Lee-Carter 1 78 , HTF B AABIF IS M, Lee-Carter #5841 v2 Huizg F 34 2 [E 5 fnih X (1 A\ E 38
ToRWN _F o PR NEE(2022) (418 1S 40 BA B2 B0 IR0 Y O-U it #23E1T Lee-Carter #8404 A1 T ,
FHBIN T HLES2E ) 5 8] 7 HIAHSE & 10 ARIMA-LSTM 5 S0 SBT3 (0 P AT Scidk, ER] T HLa% 24>
JIEAT CGHFET R A v AT M . 7R T N DIBET R H AR b, 2 WA ER I, A
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CAET- R 5 NIRRT B2 R R K%M % . Hardarson 25(2001) [SIHRAR T AN LT R 5 B R #
HIKFHIFRK R Jusot (2006) [6]4: T AN AT N FIFETE 28 J H g2 R 2 AT 7E . XS RE(1994) [ 7]
KN DT 520 R R A2 U R KT SUGECE TR B R T DA (g SR A5

BT, 22385 T N DSET S 7L 3 28 b AE 4 [ Bl —h X ) 8k i, siIREmER TS, &
Bt i 22 3 S O PR AN I i R FRAT T G SR AR U R IE () N BB T3 S g R 3%, TR B H IR HIX 2 5 . 5%
M) [R] 2% 1) 22 () e o 1, PR BN BB T 3R AT SR G A T RI4E45(2022) (81183 A8 S RN 2% (] [ AH K
SIHTEETER FUH BN AR T Z 1) 2 (A Jm 22 53t S AR a3, R 1 %48 N R TS 381K 38 ¢t RABUFAE
BORZE S, BT IRIE N D AT 3R A7 A B 0 ) 25 A S o 12

23 1) o M AT DLIE e = [A) A A 11 Ja AR A i 1 o A1 5 1Y) B 5 R R WL %% . Brunsdon 45(1996)
(914 tH ) # 0 A 1] Y 4% 774 (Geographically weighted regression, GWR)# F T+ Ab F 1b K H o 1) 2% 8] 57
PR, AR A% O AR AE RN 0B b 5] N R [RIRCEE, DA S et B 7 386} [0 U9 56 R sl . H ij
WEET GWR B N FIAET: AT AT 5T 0 R B A B o D3RR (2022) [10] K IR E T2 LUT JLE
AL T2 BA B W X A A A [ SR SRR, JERLAN DR #h2 @B R MRS R = h8 LU
JUEE AU T 22 () I 2 b B A (Bl )AABE AY, PR 0 4% 52 0] (R 30t FR 1 T DA LB AE T e i e o Mg o X
Z£(2019) [11]4F GWR A 3EAE -, 3 H 7 — 2 F B CBD #EA 23 (8] 48 RBOET- F A A, 3k
—BHRIR TN BT R A (A S B R R .

JEHT ST GWR BEAY 1B 5 #S LAt R AR MR A D G A EE R g TR 3 o BRAR M Q03T 1% 2 GWR
BRI ) — AN SRBER R, A IEAS — i B HAAH G JE I — 350 . Zhu F1 Turner (2022) [12]521,
PHAE AR = A BT BB, A SR A AR AR B SR A, IS BT TRT R X R E I M BE AR B R
PRI ZE R, BRI A B Tt B AR P, 3B 3 e 30 b B S5 A R B v At 8 1% ) HE B D 2 IR s
Ko RltE, HuBE bR R 0 B ER AR S PR AR MR 2 . XSk, Lessani M1 Li (2024) [13]$¢H1 1 —F{E
S ] Y AR R e s 5 b B AT 0 M R PR AR AL R v, B AR AU HBER N A [F] Y345 Y (Similarity and geo-
graphically weighted regression, SGWR). X 7772 B FE4H #1220 [A) 41 1z 14 A1 Jg M AR LM 2 8] B2 2% A HLAE
DA B8 5 N H £ 2 ) A 2 o

AT BATAHLEE A (A1 VA (SGW R Y , &5 4 by FE AR I/ 14 11 P AR %o o [ Hb AT BUIX N BB T
R ) RAEAT 0, RANIET RS N OEEK . # @5 57 &S m R R 2R R,
RSO 1 3R A AU R R VR S AN BB T F B AT 2, (AR N FIPE T 3 1 7 8] S Jo PR AT 58 AN PRI PR
TR R b, AN T NRSE TR R T

3. BRI

(—) HuFEIA =] S AR A

HbFE A (] YA AR RS (GWR ) JE o J - M R A BB AT SR 31 VA 20 AT, i 2 ) s 4 v 1) R AR 4K R 5
itk TERGRIEIAS TR, @ RGNNSO/, RN SREE L —80. R, 7R3
SeRE LR, B AR A A (R] BRI A AR A S, B AR T BE B A S AL B AR AR G . GWR TE
28] B AR B A B TR S, XWX TR N A, e — AR A R AL B,
GWR A5 2SR DA G- 412 22 ) 2500 o f b 20 22 S5 AR A

GWR B () — I A F

» :ﬂo(ui,vi)+zp:ﬂj (u,,v,) x; +6,,i=1,2,...n (1)
=

R R RN SR/ AR GWR BEALEAT M. BAAORYE, XETRTTE XA K g AL
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B (g,vy) r doy 7R (ug,vy ) T i DWMALE (w,,v, ) Z IBIHIER T, 38 HURR B -

dy; = \/(uo —u; )2 +(v, —v, )2 2)
W5 (g, v, ) BB RILBREL B, (uy,vy) (= 0,1,2,..., p) IR ERAt THRT LU DL H b o 805 2 5
INRAGH]:
2
3l £8 o) | £204) o
Hb g, () =K (/h) s, — BRI S R &%
rS
I x, - X,
| xy o xy,
1 xnl e x"p

Y=(y1,y2,...,y,,)T ’ €=(€l,€2,...,€n)r

ﬁ(”oy"o) [ﬂo (“o’vo) B (u()’v())"”’ﬁp (”oavo)JT

K(dy/h)

W, (ug,v, ) = K(du/h) . )

K(dy, /h)

5 EBRBSGEAT AL, 1350 3, (g2v0 )2 B, (v )2 B, (112w, ) HOTH
Blug:ve)=[ X7 WG(uO,vo)X] X"W, (g, )Y (5)

S (110, v ) HET B (s, ). (1130 vs Yo (100, )+ IKTEARED 8 (o v, ) OB
Bluv) =[ X W (u0) X ] X Wy (,0,)Y ©6)
Wy, B S

v =x Bu,v)=x [Xw(,,,)X] X"W,, (u,,v,)Y (7)

(Z) AEfBUH R AR 5] A BE AL

GWR 5 8 Dth FR A B BF B AG A R, R 08 7 b B AN PR “ 4RI MRS, T 2mg AT R
AP “AHS” HE2(Anselin 2020 [14]). AHBUHBEE IIAL A AR (SGWR)E GWR AR A [ L ati |, @it
e 3 R P AR R e 38 408 00 P S [ P (0 AS 6 PSR i e GWR R Hh (13X — R P . Rk, SGWR
TR B T 4 T L Al S 2 ) 1) 2 ) 5 R ARG A 12k

SGWR AR LA Ay B A DL TR 2 2 (] 48 R 7Y .

v, =Py (v, x,) + Z (ul,vl,xl)xl.j.+g[,i=1,2,...,n (®)

o, (v, ) RTEBHR A (u,v,x,) (1= 1.2, ,n) AL BE y AE AR RE x, oo, IROBRIE,
B, (u:v;, x,)(J—O,l,Z,...,p)%%l/I\ﬁ?ﬁ'ﬁ(u v, x)&ﬁ/]ﬂifﬂé%ﬁ &,,Ey, &, NIMOLIF 73 A7 [P 22 Tl
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W BEIEA 0, FTEN .
5 GWR HEEML, 5T SGWR B RISt ARSI —FRfhit. Bk, W

I 00— A28 5 00 BT E LR EAEL (1, vy )+ 28 (1000 v 0y ) A 1 25 AR B

B, (ttg:vo3)(J = 0.1 2...... p) YRS LUTSE 5 LT A B8 S04 Bl 15 51

Zn‘,|:y,' -5, (MO,VO,XO)—

B, (ug,v0,%0) x5 | W, (955X, ) 9
i=1

M

1

J

o, SGWR KA HIRLTERERE W7 (14, vy, x, ) FH 3 FEAS 26D o A2 T P 0 3 W e M ZERAS 43 55 GWR #
TR, AR @R, RIFET Tobler #— @AM, BEUE A (v, v, ) BIEHIX SEAG T o1k .

SGWR 7Y [y Ja& PEA AR S5 A2 AR B A8 5o vH R0 B A OIAE 2 8] J@ PR ARALLRE , S5 1]
VA ORI 558 v (R 408 8 o L8 v PRI, 5 [ VA s AR P88 AR PR 400 S 43 B B A A L o B R A B 4
A j 22 8] BT B A 2 2Rl

RN R
d(i. ) :;Z‘xk(i) ~X%() (10)

k=1

a8 1 PR R0 B B ARBRAS S AR AL R B, SR T, SGWR AR v fity b FAS 28 4 Ve 11 SRR 1 FMEAR
FERLIN p5 P B VA BT, TR 0 WDCABE B . R, TR R MR S M AL AR
R8BI 1 B RS AN B 2 100 e i FRAR AL, R0 O A R R BRI AL . A
AT

Wy (x)=e (1n)

FEVHSEL @ VEARADUIE 1O RO B B 2 AT, 0 MR b AT A AL, IR AR BRI N R, FrdEZEN 1.
RIS RS 1 AR R AN [RR /NI RE R, AT AT AAE #8078 22 IRV R AT S8 A HL 5 RS To < (A

(PREh=
K 1 BEAY 5 R A E 4 I — e DT MR LB AE S5 S, R SGWR B2 5 28 P A E R e «
y=l-a,ae(0,1] (12)
WGS(uo,vo,x0)=06*WG(uo,vo)+7*WS(x0) (13)

TERLIT B, SINT 280 o et e U B rp s R BURE RS w7, (g, v,y ) AR PEIBUE RS w7 (x, ) F)
TURRFREE o R PEMAUERE o S8 o 11 7 35 R BCRE R o it SE 28400, DA ALCe I 5], 3
BUBRERG Z 3377 A/ AICe B IRILH S, 1R YEIACERE N 75 2 3 417 A dw /b AICe IR AL o
i

Bl 58 B o A ARG AR & St UTE FEL 0, 11R0 50 A RLA AL I — R B, B UG,
PRI 23— AT o MEIFPPAEAR R ATCe B (EIRARGEAR b, B PR AICe 1 R 4 /N -
B S0 MGy BIREL S () > "EKE o U S — R Y7 [l

S(a)={[1,0.5],[0.5,0.1],[0.1,0.05]....}
X TN TV [a,,6,] € S (o) » S SRIUTV K Rk B G SEIA D 3R

_a;+b
2

a;

a,, =argmin __,  AICc(a) (14)

(0.1]
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wE, NTFSFHAA o, TFEARNK AICe {H, I HAERTA 716 B H ik £ 77 4 &A% AICc 5 15t
a8
BB EEREE, 4

I x, -- X,
B L oxy 0 xy,
I x, - X,

Y=(3.000e00,) 0 e=(8600008,)
B (tt0:v05 %0 ) = o (105 V05 %0 ) B, (V%0 )4 B, (14903 |
U] A 09 ORI T 3T L 5 £
min = (¥ — X B (v %)) Wos (tgsvos %o ) (¥ = X Bt v %, ))
= Y W (tty5 s %0 )Y + B (thg5 Vs %o ) X W (1t X0 ) X B (15 V5 %, ) (15)
~28(tty, v %y ) X Wes (149, %, ) Y

SEBURL) B 1,7y, %,) KGRI 3]

2XT W (g vy Xy ) X B (g, ves Xy ) = 2X  Weg (14, v9,%, )Y =0 (16)
SLAIE] (g v,y ) O
Bty v0s 0 ) = [ X Wi (110030 ) X | X W (105,900, ) ¥ (17)
SEE (1000 ) FEEELE (v, ) (1 = 1, 2eesm)  ITTAFEL (0,03, ) IR
Bluvx ) =[ X W (u,9,,3,) X | X W (u,v,,3,) Y (18)
27 = (Lo, ) BETTELEL y, MR A
V=3 Bwvix) =3 [ X W (,9,,3,) X | X W (u,v,,%,) Y (19)

4. FEXEAORTREMERS RIE S

(—) FIERESZERMR

ARSI T E 31 ANE G 3L 337 ANHLGATEX A 9 FE AT AL o BT FUEOE 1 AR S AT X
ARELAE T 4 B H At A B Ay At B 22 () 500 P R DI 2R, R vt 2 ) bl 8 R 7 e 8 2 )R] 200
[ AT XN BB T3 1520 o A SCIEREL T 2020 AR &M ZATBUX 19 N FIPE T 3 & HoAh AR S br, 4L
P EEDRIE T N DS SR . P EGIHEE RSB GHEE.

BRZ, ASCEEUT NG A it BTSRRI 9 WHEARRAR T E g AT EUIX N DFE T
RPPMEE, BT TR AL, AR AR A 1 R .

THE A E AT BUX N DB TR SR AR K 7 Z KR 7(VIF), SRR, 48R VIF {11
N 2.5, MR (AAFAEL BILANE, ATRLHET S 220

X 2020 4 337 A E AT ELIX N FIAET 355088 10 25 (R 0 A 5 BUEAT 2o M, e B [ 3t 4T B IX
N FETZ ) 7 AT DL B0 R 25 A U2 57, BoAT 2 (8] 5 o 1k« WF U8 BN I BET - BN 5.07 %0,
Hrp, ZEAABREZHBZATEIX N DS EIT 9%, =8 RTLAREER B MI AN OZE R R R, &
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15 13.77%0, | HBEIIT N OFET R 5N,

Table 1. Definition and description of variables

N 0.98%o0.

= 1. TEEXRIER
AR E R AR B EREIA
WAL 2 AN A H
mEzy A Fra N e FACTE AR ATBUX N 1 LA
N Z TR 65 %L EANOE
GDP A¥J GDP
NIBAE 55 THI R NIE 55 22 AR
s
R AL IE N FHGE B0 S P R Ll
FAE L YK th o TE NS GDP FLLE
EITHN BEI7 5N 5 WA IS H 1 LAl
Ry & - -
[ Bt PR A6 34 PR Bt TLAE Be s 3 N PR A 4

(=) ZRBEMRD

1) B AR O M P T A Bk 7 X A 57 B 2 ) e A 4
L% G B NTTSEE

Z IR A, b
BRI H F bR, it AT

(A OCE J o 22 R fR A B TR X5k
() > AR A SR LA o« 5222 4B % (Moran’s T) /2 73 [H]

nZij(xi—f)(xj—X) > 3w, (5 -%)(x, -%)
I = ::1nj:1n . _ 1=l = — (20)
ESnBe- s3Ew
b, n ARG E NG w, oA E A1 AR, 20 A0 jAREI, w, =15 RZ, w, =0,

X~ x, REALE A ERE .
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Figure 1. Moran scatter diagram of population mortality in prefecture level administrative regions of China
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it e E AT EUX AN DI PR T SR B AT S22 A5, 48 7 LS 18] Aot 13 BIHUS B 1 FoR .
Moran’s T 650N 0.667, 15t B B 22 47 BUX N BT SR AFAE 25 10 25 TR IE [ M Sk, BRARAURI A 138
TR ) R R E S AR

gty BT, NTIBET 313 5 52 B DX R R AR ma ek, HLA el I 3 0 22 1) S Joi Ak 5 1)
A -

(Z) ZET SGWR HEEIH 7 F S

AR SGWR AR 6t b [F 3 2 47 B X N 1 AT 2R e JL B [ 2% (0 45 1A S SR vk kA7 o0 e, 1l
BOR S GWR Y AT LA, 3% FH i I B O& L =y A% pR BOFD ALCe U 7. GWR AT SGWR Y,

Table 2. Comparison of fitting effects of different models
F 2. NEHEEBI SRR

E{=tan OLS GWR SGWR
R2 0.354 0.478 0.849
Adj. R? 0.336 0.439 0.764
AIC 829.187 785.760 562.922
AlCc 831.999 789.736 702.395
BIC ~1685.416 878.946 1027.971
RSS 217.751 175.751 50.913
Sigma 0.749 0.485

W 2 frox, SGWR A R2 A f5 R2 T GWR #i41, H AIC. AICc PR Bk 2177 FI(RSS)
BIRRAR T GWR AL, IX R BAHELT R B [EHh B AL T e GWR LAY, 5] By 28 St R AT 14 5 a8 MR AR B
PE) SGWR R 8 B A 5 b Al B2 b [ A7 B XN R T 2R s M ML) 1 52 2 P, AR5 RIOR TR AR
SGWR B [y R Al 45 R an e 3 Fos.

Table 3. Statistical characteristics of SGWR model standard regression coefficient estimation results

% 3. SGWR R BRI E AR B THE R IHHFAE

e FHME i w/ME E RKME RS OE K]
AR -0.101 0.270 -0.534 0.118 1.006 0.234
WA -0.127 0.271 -1.202 -0.085 0.516 0.215
P E B -0.038 0.114 -0.384 -0.048 0.495 0.093
UNEE A il 0.399 0.210 -0.438 0.433 0.902 0.413
GDP -0.129 0.189 —0.889 -0.096 0.311 0.168
NIBE 3 TR —0.042 0.235 -0.788 -0.054 0.634 0.180
5 J R 1 100 -0.247 0.369 —1.461 -0.320 1.610 0.369
T H PR —0.094 0.102 —0.438 —0.094 0.311 0.113
ERE N 0.203 0.471 —0.544 0.060 2.546 0.259
FTAZRIA A 0.023 0.361 -0.912 0.009 2.516 0.240

G R, ARUEIRNH R EGR TR A T PR A B AR e 1 R AL R 1A H AR AT
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MR FR L . AR HE RN R E 23 (R 2 A Rp AR o] LA, &8 B0t N B0 T 38 (1) 52 0 [ 25 [ 7 B 7 A
AL . HRIEARUE BT R B P 48 5%) {H (Mean absolute value, MAV K 9 MR RN =2, K@
AR (MAV > 0.3) 845 N FEERAAEEN 55 B AL ST IGO0, FLsom o B 78 7 8] B K, —URah N HBET:
RS RPERAZ O R EEAAE0.2<MAV <03)EFHEMEAR. BT HRAMETRAE, XA
A RS B SRR, — R REMAV <0.2)84 5 O AN D . GDP. A4 5 i FURI 2 45
WK, HPYREmm g B A B 5S, A B AT BN . B2 ROk, H A AT N R R
J2 AR SR 100 P A D AR e ) 2 [ S o P A X S L AE LA

FETAN TSR, N T2 AR B I g TEAH O X 3k 32 BE4E TR 7 o B AR AIA HB IX (W = A1 BR =M%
O TTHE) LS 2 iR 0 AZ 0T« IX S IX AR T RIS . RITRIF BT E, (2N
BR, HEsEANHERSBYEST . FREFALRFEN R ME, FECEHEN D HEG I LT
FEAR L B IR R HESAE A o TR IEAR DG X302 A3 AT T R O A M X S A AR AL IX o IS XIRA TR
JEAKAF AT BRAL T4 B h &5 /K1, FERON 2R N GRS, BRIT 3R, 7738 IR 55 1500t 55 W] RE A7 7EAH
XA e BT AN P47 1) 1) R, A94R8 N 1 L E R It 2 i RSB T 2R 1) B, H R B2 55 T iy IEAH O X o
053 PEAH DX (AN PE 98 7 0 20 D) A 3 AR At X e TR R ) B AR R L A BRI AR TG R 7T BA K
AETTEER R, R SET R AR S 0 v] REAE — e R BAR 3 T Zob, HE HIAUH GBI
T ECA 3G IR BE AT 2 T PR EARE ) o

S Jo R G A7 0 1) T A O X 35 1 AR FR R P R ML X (M1 5 B~ S04 B X)) o IX SR 28 355 K e /K ~F- AR
P RO R e I, A SE R P R SRR E, SO AR IR B 25, AL SR T EL A
P38 N5 N D BE T3 (1) BT S IOCHR I o 75 AR R A X, FHL G5 T 37 A0 REYE Rl 2, FHLF A 5 2 IR AL
SRR RAR LT . A, RIBHIEGET R 7 B BT SRl . G, LG AR AR BE T
FRIFEI )N, F 2 AT B8 PRI B A AR AR R A S R R T SR IA a) 52 o A S 40 4 DX U AT e e T AL R
W AE RO AR 3 R KR H ik, %R B AR 2

(PU) SGWR 5B 18Ukt 43 #r

JvEAl SGWR B G5 SRS M, AR I B 128 2R AN i A1 52 W) P A 77 T AT BURRE 23 H

T I 2R A R N (CV) Rk B el 8, IF 5 AICe #ENIZS kAT xf bl . g5 R iR, AfEHE
D 3R e Ll o BIE A 22 5, (R OQHRAR 5 10 2% [B) S B PR S OR AR O R, AR BAR O S5 1R R R A AR
A

Table 4. Fitting effects of different models after removing extreme values

4. ERRURERTRIERBM AR

fabr OLS GWR SGWR
R2 0.379 0.507 0.826
Adj. R? 0.361 0.472 0.742
AIC 811.262 760.339 585.058
AlCc 814.079 763.941 694.881
BIC —1681.449 848.695 1005.858
RSS 208.144 165.277 58.208
Sigma 0.727 0.508
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