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Abstract

Objective: To depict the nonlinear characteristics of population structure evolution in Guangxi and
identify the key factors influencing fertility, and to conduct an empirical study based on provincial
population data. Methods: Using data covering 2005~2024 from the Guangxi Statistical Yearbook,
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this paper applies nonparametric methods including smoothing splines, the Chow breakpoint test,
the Bootstrap method, and random forests to model and analyze the aging trend, the relationship
between education structure and the number of first marriages, and the drivers of the fertility.
Results: The aging rate in Guangxi showed segmented acceleration; its average annual growth
rate jumped from 0.01 percentage points during 2005~2014 to 0.44 percentage points during
2015~2024, and 2016 was confirmed by the Chow test as a significant structural turning point. The
smoothing spline achieved a goodness of fit (R? = 0.958) significantly better than the linear model
(Rz =0.700). The proportion of the population with an associate degree or above and the number of
first marriages exhibited an inverted U-shaped relationship, with an inflection point of 5.82% (95%
confidence interval: 5.33%~6.49%). The aging rate, the number of first marriages, and the propor-
tion of higher education were the top three factors affecting the fertility, with relative importance
of 100%, 98.9%, and 96.0%, respectively; the out-of-bag R? of the random forest was 0.889. Conclu-
sions: The evolution of Guangxi’'s population structure has significant nonlinear characteristics, and
nonparametric methods can more accurately capture segmented changes. The low fertility rate is
the joint result of population aging, the shrinking marriage market, and rising educational attain-
ment, which can provide quantitative support for population monitoring and early warning and for
optimizing marriage and fertility policies.
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JUPR R F R X A E A R, RN DR R A AT . 2005~2024 4E[A], 41X 65 % K& VL |
NG 9.57%FFERZE T 28 13.96%, TR B ZR A2 hnitE; N T AZ 2R B 14.26%0 % 2 8.37%o,
NFTEHRIGKZ R 8.17% W EE TN T 2 0.88%0, [EIESEIE 89.2%, RAEE Z TN HE A MUk & 1) 8 2R
TE[1]o 95 BhAER NI S H N B S 2R LB TR “RUaIEE R, (N DTSR Z 58 K RIp L2
PEFR ik R IR (2], AN B R 472 ) R R I E R IR H 2552 206 (3] 7R R, HEFZI
1\ 1S5 ARG A L TR A 2R I DGR SR S R 3%, 6T G N VISR PR v ) s LA A B R IR S S

1.2. 3CERGRIR

N GEARTE Je Hodt e 2 B RN N A BF 2 A% O B0 . A T IL 2 A8 Bl iR P 4 v B2k 1 35
SMESETT IS, ZIE T X IBON PR RS 40 AR Y ) 2 AR Y A i sz . R AEAR(2023) i1, 7G5
AR NI & LERREE T B S B AR TR EEA TR T A WA B 7 (2] 5E(2020)ia FIHE A% SR I,
AR N D T PE R GE K I TTHR B 17.24% 5 2 1.81%, N S5 H A2 o & g K It hr s A F TE fn i
TEPR[4]; FHEENG . RFET(2025) AN L AR SETS R HEE /KTREN 2 M B RACTERE I EZ R R
[5]e MtERAEIHIIZIET 5, FKERASEQO26) T 128 N ki 6], HAEHiS2025)#mR
HhE BTN 12 R A IS R I AL AR (7], M 5 (2022) %) P A BRI E A B N D Z KTt
T 7 M(8]s AR (2020) U 73 # 1 BEUR A 3 XN 1 2L Y 22 5F RUNE[ 9] o
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FEN A S R 2R B 5 T, SE IR 0R45(2019) & IR, HE P AL mE ks L1 XN 140 A7 52 MR AR B 5
RALFERE B HIZ[10]; 785202003 — 2 KB, BH POI FEES . IAAT Je4a 8. B % B 25 4k S 2 5 A
el TN DS ESE SR E SR F11]; #EMQ010) 8 F iz 2 e g iR i N D3 KT 7
IHT[12].

TEMSOAS A= B AT 77, JE B IEQ2026) 1R T AE IERL AT 5 U5 WS ML 52 m S LI 13]; 363
SR HE(2026) T “HZUCGHEHE” AHTHERL R I, WSWICE CRCX A BAT N R A B m14]; BRB %
(2026) MK I K FE LR 548 B K [AFAE U B R[15]0 456 T EIVEF R &S SRR 1], X5
R, WSR-S EAT RN AL H G, MR AT R AN DA N 7R

SR,  FRBFFL R 2 R R A B S T 73k, B & N T FE bR 5 520 IR 36 2 18] R4k 1 5k R I B
W, FIREHER LRI ARR IR . TR, S BT ER LT IR KUY BRI & N EE RRIE
BRI 35 T 2 4 50 N N VI R 450k, TRU/K IR 45(2007) 48 T /R B 2R M AE S B i/ g 7 b BN K R 1
ESH A BRI, TR BB R T SE0ER16]. B JESHUS A LA 4 R B (i 5 1k 32,
W A TR A S S NIRRT VL R A S AN T 78 AN g4
1.3. RS B

BE A A 9 10 R R B T R 28 N 1 45 M 78 v 1) R R85 40 BB AL, AT i T 22 . LR =
AN 1) R A (R s ) P A R A [ TR 2 4y BN, 2R M AR AR A, 1 I AR R I A
TOREEEHE S R SIS NBUT B2 R R OR RIE R ST G I AR RS . = U0 H AR SR 1 G
YR E RF Fe HARRT o 0 B e ,  ASCH IR SRS & AR S TiESE, —
T3 TH SR AM M ASERT 73 BAR A R AS R (R RE, 53— 5 T I A% 2 o VR R P RS AR A B 2 1 2 4E 0Kk
ghr, N PEFR B IRSS TIRIC E S IS B R B BRI AL SR R K .

2. BIEEH®E
2.1. IKIRESEEEY

ASCEHEARIET e (T PERGEIHESD) 1 RS N 2005~2024 £F, 3L 20 DMEEMFEA . 2
A e e HE XA 1.

Table 1. Variable definitions and descriptions

F 1. BEENSHA

B BEER s Bhr R X

RS LER 65 % MU EAND S aging_ratio % 65 % ML EANO/EMEND x 100
SRR SR 15~64 5% NH5 L work_ratio % SR N/ AEANT x 100
ERSLEN 0~14 % N itk child_ratio % AILNEFEENE x 100
HHE L REKUL EAND S edu_college % 6 % K UL ENIHKRE KL B2y 5 b
HESM el P YN m Ry edu_high % 6 % KU E AN D mEeE bt
ISR E PN first marriage ~ JIA IS D ANEL

ISIHEE AN HAEZR birth_rate %o AN/ AL x 1000

e BAERIET PR g EE) , SR E .
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FERIAN, PN REI “CERWINE. DFAESE, 3530 A R4 HLARHE: 65 %
R UL ENTT G HT 9.57% 2 13.96%, FHirdt 2020~2024 24 K018 20 8 4 WA S 80k (R B 175 55 shAR i
N 66.67%B% % 65.33%; /D)L S 23.76%F% % 20.71%. HE SRS, KERLLL
NG 3.96% 2 12.64%, K2 3.2 f%. WS4 EF 70, HI8 AEH 2009 FIEE 97.05 75 A
42024 419 32.38 JI N, N EHAEZRH 2015 41 14.05%0 4% 2 2024 4R 8.37%0, A 1 H SR K Z i 8.17%0
P22 0.88%0, 2015~2024 E[AIWIUS NES AR C REUE 0.90. FiEHFR, |77 AN D58 EL
TIRZEETI, A JE SCRIAR PR B gt T B S Al

2.2. AR AE
2.2.1. FiBHE
I E AR A T 5% 2 7 AR Al [ 66 4 )
RSS(f.4)=2 Ay = f (x)f +A[{ 1" () ar (1)

H 2> 0 9 FESH, MATBUMEE SR : Ha=0m, DBUAEEME D 2 1o,
£(2) =0, fx)iBA B A B/ R A o D) BIAR S LLITAT E— WL A x, DT s B AR = IR 2%
ASCRHT X XIAE(GCY) H B P S8 A RE R df = (S, ) ERBRME IR, H
S, MOCHEHERE . SHIE TR, DUy B R R E ZEME R EES, DORE LU EAD Sy E A
B YIS N B AR

2.2.2. BEHLZGZW
BEALARARIE I [ A4 HEAT B SR AR BT 22, JB THERUF 210710 WA B BRIENAME Th(x), 4R
BTy«

i (X) =5 X1, (X) @

SRR TE S 2405 AN, AT p AN R BENUE m ~ \[p MEEA B, MEHE A5 877 0 2 N I
KRBT . AR X, W EEEE SOMZARRAE T R _E SR M R 2D B
I,= Y AMSE, (3)

mv(m)=j
Horh AMSE, 875 i m 73 0T IR BT R Z R0, T AEBORR ISR X T ) sk, HJE /5 1
WKL R LEINOO0B) R ZE TR BZ R Z I M TH. A TN A A SRR, D2, b)L
ANBEEH FFaERAN D S RE L ESE. @d b, WIS NBCTIIRHE, % & B=5000. m=
2,

2.2.3. Chow Bfi S H2 1
NRAIEZ WA T R AFAE S IVERE ST ), ASCRH Chow Wi A 5%, %0715 ) TR et [m] )5
BB AE S — € I [ S AT 5 R AR AE R IS HCE A . W€ 4 BRI AL R
y,=a,+px, +¢, t<t @)
y,=a,+px +¢&, t>7 6)
Horb o BB W A, BN Ho: an =00, pr=p, BIWTRATE RSB B 2207 . 0 N AR 56
Gt
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Gt AR E BN (k,n—2k) [ F 534 #5 p <0.05, TFELGJEMESE, F %S 1) 208 B2 I 45 R HE I
Ko AICLL 2016 MR, X ZEAL RIS 7] 7 IR S BEATAL S, DAISAIE 2016 4R 5 Z 5 LIH %
R RAE T Gt ERERET

2.2.4. Bootstrap J53%

Bootstrap J7i%E&H Efron #H I —MEAEEOR, TG THSETH R REE A MBS X R, TFRR
FIES ARG . HAEAARE . MRIEREA th oA T el B B B Ik, R OIS R A AH R A
MREA, XA EHAEREA T B g i E, AMRB S ENER 1. ACRHE 761 Bootstrap 1
flirHE U Rt &8 S EE X . WEMFES R B AN S THERR T T HE A 19(*,) SG{;) £'--£0(*B) |
F 100 (1 - @) BIF XA -

[é'(tz/w)’é(*l—a/z>~BJ )
Hrba =005, B195%E(E XA E ML AM IR 2.5 HAMEUSEE 97.5 AahiE. ACESLHFE 2000
W, KHE U B 2R 1 S AT A TR L 95% BB X T, LSSIEE] U BUSC R M GEit T Stk
3. KRR
3.1. BRUHEHAVIESRIEIFE

DAEM B R, 65 % KLL EAD ORISR, A GIBREAMAL, ST 308 IR P4
WA HEN df=5.41, WG R*=0.958, HAUERE | iR 95.8% AT, MAMRIME; M2 T,
WA B R AL R* A 0.700, JETEFESRIARRE J13R T 129 36.9%, 753 EIIE | 2 A& 3hAE 2 it 4y
TEMIAEAE . UEEE R 1R,
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Figure 1. Smoothing spline fitting of the aging trend in Guangxi
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I BIH R =M. 88—, JERMEmsEas . 2 LERIE 2005~2014 FRPIEKTFLE, FI924
0.01 NEF AL, 2015 FERAEBIEET 2 0.44 DN E 0, RARRMENES S BIAO 2024 FIALAE
N 14.04%, SSEBRE 13.96%EEV) & . 5, IREZ AR fsl . SehrBdEEoR, T 65 % KL L
AN 2024 4ET0E 13.96%, BE 14%KREERMGT TREINE 0.04 N Er ms eI RERB AR
14.04%, OB THE . 28 &SP SBAMLAE rT CAAIWT, )78 IEAL T3 NIREE 2 0 A AL 2 10 1 Sy
B =, SBROUERYE. DGR AMIN G A B T AR, R AR, K BRI ARk
2 WAL E .

NI 2016 A2 T AR 1, AU —0 R A Chow Winikids . SR oR, KIGGui-&Ext N
1) p <0.01, B\ 2016 N0 E LM TERT S WPINRZ M ER, ZRIEBAIEE 2005~2015 4E[R] P14
SPRZELN 0.48 N E A7 A, 2016~2024 SRR R ZE 1.06 /N E 70, By 0.74 DNE Y AL RIS
FEPAN I SIS 40500 1% 72 73 008 0.18 5 0.24 NE 3, BEARAUN 0.21 ANESr L, TR BE29 2t
BRI 3.5 fir,  JE—30 Ul B AR M S TE AL BE 7 BUR AL S 1) 2 B AR 34

3.2. HEEHSMEABRIELMNXR

FMEFEIE RE LU E AN HEE SPIUS NS AIE R, MEaE 2 EE u s, mamE
R? = 0.884, T PERIEM R2AUH 0.635, JalEFE R IMRRE JI3R T 12 39.2%, i —BHIESE 1 R4t
KAWL &5 U B v o =AW B BB — I BE RN, (A A EE 3.96%~6.5%), =155
HEVIINAE KT T2 2E NIRRT, SN E 5 EAE R0, PIgsAEmh 56.53 J1 NFEs:
FEZE 2009 FHTER 97.05 TIN; BB BN T FEHE S 6.5%~9.2%), Sl KA L E
ZINTAEFR R, SUSFERAHN G, YIS ANEHIEERE S 2019 SERTE 2 50 A 25 =B BN
AN RIIAEE ST 9.2%), @50 AR B GAS, (HUNTIOHE & BOL R E, &N
USRI LA A, WA N\ B Pkt B s 2%

kGG TR U R ZR 35 AL B, A SCR A Bootstrap T334 H45 1K 95% BAS X 18]« 455 R,
P RETAGT NZE S EE 5.82%, 95%ELAS X 1A 5.33%~6.49%, Xt ATHE N L) 95 J5 N o SEhr¥uE A+,
2009~2010 SFHH AL T 5.06%~6.58%[X 0], HWIUS NEIHIE 96 J5NLL L, 5 mifhiHA 5.82%14 7% T 1%
XIE), SR SIS, E 76 U B RISl 5att. JergFEsc il G 2k L 3 95% B 15 5 i €]
2 7R

2 R T ORI FEAM AR KL BN SRS N B R S 95% B 5. MILA
RORKE, MIFFERBRE &N E KT X A A RN T RAEREL: EHE 5 KT S%MEK
DX TR, ST S P B A8 N BE 2808 KB i b T A T 2 P A 2R U 15 b 0 ) 4 N
FREE R R TEHE AT 6%~8%M H & /K-F X (8], JaigFE 2 HER G T V148 N B0 & J5 I 46 3174
WGP AR TEBE & LI 10% 00 8 K X R, 6 B 5% R I B 2 AR AR, 28 PEASE B DI 4T 4%
[E] 52 A ZR T T B, 5 BTN AR 7 2 s 25 S B WL o A o B, S 2 1 [ o R R BLE N
— R E L KE LU BN SRR 1A E D A VIS ANBCE I 20 5.87 TN, B
HIE R2AUN 0.635, ZMRMTEG T FRE, (AR BRS H RIBm Mg e xR, AEKF
A 2005 4 RO LTS N B0 @ 4, AR NS bR 56.53 5N, ImAKT 2009 4F 1)
97.05 Ji N5 ZA%EBEIEAXT 2009 4F 400 EAE L SEBREAR L) 10 TN, %F 2024 4 1A 8 S HE SEBRE = 2
10 TN X —RGEMMmMZERTLMERANEE U BSC KRBT RS NE L, WS 7L HEZ&
il o
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Figure 2. Nonlinear relationship between education structure and the number of first marriages
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3.3. M4 RIBERNE REBEVLIRIK 4T

AN A2 (%) IR AR B, DLERALE . LA B H L S78hFER A B, RE AU ESEE. &
b E WIS A 6 DNATE N TN AR R, MEBENLARMAR L . MR ARAMRZE R 0.8435%0, 2841 R* =
0.889, MAMRME. (NS, LR AR SEREAR LI R? Y 0965, Hi THARAMR, &t
B REAA R A IS, AR R? R M SIZACRE ST BENLARMRATARSN R? ISR At 7 S A2 fe 1Y
ZALRE T % B AR R AR B HE P 2 R A 2.

Table 2. Variable importance ranking of the random forest

2. BN EEEEHF

Hesz ZE R EEMG) R E/ %
1 AR 33.58 100.0
2 G 33.23 98.9
3 KEKLL AT K 32.24 96.0
4 AN S L 29.95 89.2
5 mR AT 5.76 17.1
6 WY 3.83 11.4

VE: B RIR T BEHLARAMABE L H (ntree = 5000, mtry =2); AHXALE DL #5708 100 T8 mrh b B2 L4 He A
ST, PE MR AEA RN S ARE, UES%

%2 FoR TN R EEZEHF AR . AT =MER 2 ZHRNE 4 PAaD BN Zilk
WL 33.58 73R E . WIMS AHLL 33.23 )&, K& e DA b AL RL 32.24 0 (A5 = FFahER N
B30 29.95, BUEEHT =42 2~4 DA R P S )LE S 2 5.76 H1 3.83, SRTIYAA
FEF—®RH, HWEEDEGE, HANHFEA RN 5T I ARRE, A AR P10 AR5
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WA 5REs . X —HEF R, BRE, VIS &SEHE SREm) R AR = M0 E. H
o, B SO AR A M T 70, RIS ANBURBIS IR T M N DR &, @5 808 5 s
B ERATABAKNER, =ZHMR L, WIRAEERRANOSHEN. BT ER SBE K
PR = IR EAE R 4

MBEARHLH R, B8RS AR A REMAE 11 %MHEAAE IR X ) Z R RAE 9.5%~11% A
TR A2 AL L) 7.1%0 218 MR ZE 2 6.8%0; 11%~11.5%31A] HBLBERE, T A REE 24 5.9%0; )5 4k
SRS T IR, 13%BT 2924 5.3% kT Fia. Mul) T2 LR CIA 13.96%, O BEREIX E . 2N TR
EEMT B 2015~2024 S [AIFIMS N E05S HAE 2 R0AE D¢ R E0X 0.90, WIAS ANHeh 97 75 NFEZ 32 T3 A
Firb, HAZH 14.05%0F% % 8.37%0, B4k BE, WIS N> 10 BN, HARLTFE 0.9 M T7 5.
KE UL E AR 5ERNENE 4 MES A, HEESHRYIET®., SUBEE0E, 12
EAE BN RA S FRE I FE AR AR, KBNS AN DRI AR Y . = /ME O B A%
()= AR A OC R 5] 3 R

K 3 JEoR T BENLARARAE A v = A d5 E B0 AR B o AR R IR bR RS, N oA T AR R, RN
HAREIUE . =2 MR RO R IR IS ZBRALRTE 11%~11.5%HE TR EE MR 25
FIERELE, RIZEAKTE B R IINHIAELERN B IE R8s WU N ES AR AE 40 Ji~60 5 N IX (8] Y
SHRIEMX, 60 AN L&A, EHE 7SS RN AR B, KE KU E SIS
HAERKRARE T, FH. BEN=BEURS. E2RERAER, UBRRMET 1%, T HA
RLITLE 6.8%0~T.1%0 Z A/ EN, 11%~11.5% X 8] A HILBERE . R 2 5.9%0, Uiz BEE BRI EE
MBI BN B R s, Em A SR, BE SR T 10% 0 TR H A 26 R RRAE N AR E
10%~12%IX [A] N HELE R, M 12%)5 FRE@HRETFE. X—IES5HE IS 1T 8075 B IES:
KWIE, & IRAE T 20E S R B .

WIEAB (FiN) KL R E S (%) EA RS

7.0
a’ge.s
L
H
+6.0
=
[

55

40 60 80 100 5.0 7.5 10.0 125 9 10 1 12 13 14
A

Figure 3. Partial dependence plots of the top three important variables in the random forest

& 3. FEHARME = EZ T E R EHEMKHIE

4. LERVIL

AL MTIAEL RRY, N OGS EA B AER AR, 55—, ZERN “ 5 Boind”
FRAE A B B BUR & L. 2005~2014 48] P8 2 AL AE I G HAN Z2) 0.01 NH 4R, 2015 FFJFRFA 22
0.44 NESY 1, Chow Wi s AIIEHAIN 2016 SERT A RAE T Guit R E ISR . Lo H Rl s
HFERAR NS BT E L, R GRS T IR IR AR T B TR R A M Y 75 52 BRI PT e
WG TSR BR R, FRE RS AR REIHELS TR S R S0, 77387 5K IR A 2 8 B i 75 3R A A =171

DOI: 10.12677/5a.2026.1510229 82 Gt 5 8


https://doi.org/10.12677/sa.2026.1510229

TP

B, BESHEPIE ARG U BRR, B eSS AT A SRS M REh SR . I
ANFON L FH B, B KA B TR TSI 2D Gl AR 1 S B, 2 KR T 454t
Ry TAAEAMERON R IR Be, e I REAR BN 338 0 e b 1 BEAS (520 o 31X — = BeL i 5 S AR
BILECXAEFATAMEMI[14] ZE RS 4T REAARLNEIC R[5 SR AR HLENIE, Ui E Xt
WS AT RIRE M EAR T 0 R AR, MR BT RS S I BUE 2 5 . AN, AR IR AL 4557
BN 3T R B RS IR LI R [13], MR OREE 545 & SCRFBOCE 7 2 1R .

F=, REFRZDHENFIFEFEHOESR. R, WERABSSEFRF G =F Bk
Pk, JEFRIBEE M AR C SRR MR NSRS VA F R, SIS TR
NE, FEKPRIINEAL 7 A E BARRAT . EXIRETF AR SRR BT 5R (18] [19], [ 7H1K
AH R BAG BT E N BOR. #08 BUK 5wl BER St % HEDE .

BN, WITERMEE, LYERRESEEAR L ERBAEREIMG IR, EAAELIE X b
PUARME S AR SN R 2 4R O T AR @ AL RE A flivh, el e W BE s B IE R Pe 70 BUAR AL . 75 ZE 1)
MIfE, ASCHT 20 NMERMIFEA, HABMXAR, FESEORNMETHEE TR 2] EHZ); KK
A A I (8] F FIBER IFSINTE 2 At &, BRI It AR

5. FILSBUEREIN
5.1. FELP

ASCHET T 2005~2024 4 N D Geit s, 1s OGRS SRV R ES 3Gt 21 071, 15 LA
TERBELW, B, THERAEESBINEEK, FIIEE 2005~2014 12 0.01 NE S SRR
2015~2024 412 0.44 N8, Chow Wi st KTIGHAIN 2016 -9 & A MIMEEEAT a0 SR FESR LA IR E
(R?*=0.958) i LT Lo B AL(R? = 0.700), 18 28 PEARAL (1P S 4R 22 20 Gl FE AR AL Y 3.5 fi%. 55—,
FAEHE SIS AN SR B U B 2R AR B OC R, GRS A IS 0.884, AL T4 M [T VA1 0.635;
Bootstrap JTIEAG IR SNEE HEE 5.82%, 95%E S XIEN 5.33%~6.49%. =, IR, YIEANES
SHCE b T AR FR R FE I g R, A BRS04 100%. 98.9%5 96.0%, L [EIHE KA PEAIRAE
BRMEAHERZE; BRI R? 5 0.889, TE/MEARTIRAL T LRI [N BB AZ AL RE AT

5.2. BUSREIY

BT BiRg5E, REFBORE. B, EVETIESHETNENZRARNINE RG. £T79
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Table Al. Summary of key analytical results
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