Advances in Applied Mathematics & A28t fE, 2024, 13(1), 360-375 Hans )0
Published Online January 2024 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.131038

BT SRGH NS EE R B RAER
fot

amtl, L A

UURMA KRG SRR, TR T
HRM AR RBIE SHE NG E, TR T

Wk . 20234F12H25H; FHEM: 20244F1H19H; KA H: 20244F1H25H

R

AXFEUREIINE . BEXKMERTREFRBEKPAFANSR, GG RBRE TR KT KI8T
ANEIE BRI ARE, B PTARE. BE. REMRRESTNERSRER, REMHRES
PRI E R AT X E X B PP REAT 202K, BRIEANERFSMHIGRLEN . FHXEF
FERENEREGAR, Khahll. BOENOEERERARI S HIX RS H N EMRE, AR
B —E R XAHME, BABERNRRME. E T, BUEUFMRENE SR SH BRI T, KT #
FHX I BB LI TaF SRR, SENERE SESIEE RS, RS, 8K,
ESEMXEREWHTH; FEE-PBRPEHMXERES, EHEFRBHEmIES.

X 5in
T, HRER, TR, RO

Research on the Classification and
Difference of Consumption Expenditure in
China Based on Multivariate Statistics

Pengfei Weng?!, Li Xial.2*

!School of Statistics and Mathematics, Guangdong University of Finance and Economics, Guangzhou
Guangdong

2Laboratory of Big Data and Educational Application Statistics, Guangdong University of Finance and Economics,
Guangzhou Guangdong

Received: Dec. 25”’, 2023; accepted: Jan. 19th, 2024; published: Jan. 25th, 2024
SR

NES|I M BN, HZAL BT ZI0G AR A W RSO MO LD B #e it R, 2024, 13(1): 360-375.
DOI: 10.12677/aam.2024.131038


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.131038
https://doi.org/10.12677/aam.2024.131038
https://www.hanspub.org/

s, =

Abstract

This paper mainly takes the economic development level of 31 provinces, autonomous regions
and municipalities directly under the central government as the research object, and selects 8 per
capita consumption expenditures that can reflect the economic development level as variables.
The classification differences were obtained through the visualization of parallel coordinate maps,
star maps, heat maps and cluster maps, and then the consumption levels of each region were clas-
sified by cluster analysis and principal component analysis; finally, the differences were analyzed
and some conclusions and suggestions were given. There are obvious differences and patterns in
consumer expenditure in different regions, among which food, tobacco and alcohol, housing,
transportation and communication are the main components of consumer expenditure in most
regions, and they show certain regional characteristics and have strong heterogeneity. Based on
this, it is suggested that the government should pay more attention to the data analysis of con-
sumer expenditure, and keep abreast of the consumption trends in various regions and their im-
pact on economic and social development. Encourage consumers to rationally allocate consump-
tion spending, diversify and rationalize it, and promote the upgrading of consumption structure in
various regions; it is hoped that the consumption potential of the central and western regions will
be further stimulated and the economic development will be comprehensively balanced.
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2. BUEFERWE SRR
2.1. BRFEIFEFNIEFRIZEL
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Figure 1. Mean bar chart
E 1 HEERE
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Figure 2. Pie charts
2. HE

EmiEE

Hitt AR RRS
EfTRE

BEXMERSR

o
==
e

HREE K&
I

Figure 3. Box plots
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Figure 4. Star chart
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Figure 5. Heat map
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Figure 6. Numerical heat map
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Table 1. Numerical heat map

F 1 BEXEEER

YLz

ST EHWE |

. . AR e BAEXM FLAt I
Y ~ = )
D%y B AR KE JEAE % A A o 2T PR fiE Py
B 1.0000000 0.5851628 0.8285290 0.7994380 0.8465594  0.8215304 0.5954472  0.7983909
K& 0.5851628 1.0000000 0.6964916 0.8268234 0.7479897 0.6357014 0.7583285 0.7810476
I e 0.8285290 0.6964916 1.0000000 0.8866806 0.7944438 0.7738795 0.7674076 0.8063342
HEIE 7994 268234 1 4 1 7934 7919232 7920094
B 0.7994380 0.8268234 0.8866806 1.0000000 0.8435361 0.7934366 0.7919232 0.792009
ZIEIE(E  0.8465594  0.7479897  0.7944438 0.8435361 1.0000000 0.8363051 0.7083823  0.8665745
BEIA 0.8215304 0.6357014 0.7738795 0.7934366 0.8363051 1.0000000 0.7345718 0.7866788
RI7 IR 05954472 0.7583285 0.7674076 0.7919232 0.7083823 0.7345718 1.0000000 0.8169766
AL A 0.7983909 0.7810476 0.8063342 0.7920094 0.8665745 0.7866788 0.8169766 1.0000000
2% . . . . . . . .
2) SRABFSRAE R K RRAE LA 32 B2 54 -
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Table 2. The standard deviation, difference proportion, and cumulative proportion of correlation matrices
= 2. HRIEFMINEE. EFEAIRRTEGIER

%N Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8

PRt 22 2.5375479 0.7477244 0.5426164 0.5206558 0.4475964 0.3253921 0.2862566 0.2192676
Z5 Ll 0.8048937 0.0698864 0.0368040 0.0338853 0.0250428 0.0132350 0.0102428  0.0060097
RilEbfl  0.8048937 0.8747801 0.9115842 0.9454695 0.9705123 0.9837473  0.9939902  1.0000000

Table 3. The load matrix of the correlation matrix

= 3. MERIEMER BT AR

5% Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8
£ R 0.345 0.559 0.162 0 0.198 0.340 0.538 0.306
K& 0.330 -0.575 0.529 -0.118 -0.169 0.377 -0.102 0.292
JE{E 0.360 0.107 0 0.646 0.248 0 -0.580 0.190
A F i R IR 55 0.370 0 0.217 0.427 -0.309 -0.198 0.329 -0.619
g iibilE 0.365 0.181 0.267 -0.373 0 -0.749 -0.106 0.224
HE AR 0.351 0.297 -0.374 -0.278 -0.634 0.283 -0.287 0
BRIT DR 12 0.338 -0.461 —0.650 0 0 -0.163 0.376 0.278
Hopt o KRS 0.365 0 0 -0.407 0.607 0.187 -0.144 -0.517
3) WEFE S

M2 g SR E LU AT LA W 2 S 3 a0 R 75 22 A A U7 22 i LA 87.478%, T 85%,
BUEA EORER T IRARFRFR IR AME B, REBES R &4 O LRI N3 9Kk 22 5%, DRLGIET 2 A
FRE R E RS

M3 R ER T EATHFERT A, R X, X0 X5 X0 Xes Xgo X0 X FERS 1 BT
AT AR BN 0.345. 0.330. 0.360. 0.370. 0.365. 0.351. 0.338. 0.365, A% 2 MR 7447 £ % 0.559.
-0.575. 0.107. 0. 0.181. 0.297. -0.461. 0, XM FEMAFMEFICANF, F,, FES REAT IR
PR FAef B R (2 )M RIFDTHRZ (L 3)fF s, HIjik: /0l R 7 3m F FE R 26 m I AN e = B
DL RURFAEAR P 7 AR,  BIATA5 2 3 55 40 B 0056 m AR R 8L, v DR 31 3 iy Kk

F, = 0.2165768x, +0.3816305x, +0.4887154x, + 0.5127744x,
+0.5455688x, +0.6153236X, + 0.6317408x, +0.7794811x,

F, =0.3509172x, —0.6649623x, +0.1452570x, + 0.2705423x, +0.5206584x, —0.8616346X,
CLATIEHCA SR 1 A2 2 By (075 22 DTHR A o T o, TENBUE, MBRZRE PR F = F +aF, -
H FONGEI R, 201 NG VML, w3 B R G IR AR .
F =0.8048937F, +0.0698864F,

BEAh, R Comp.d fEfEAE S AiE AT dh SR SS « #B0F SR AR . AZId {5 AE A P ot S R 55 1 A 3
(B AR K, VERH S — R FE AT DU X TR FRAIME S Comp.2 FEET i I . A FIEEST PR A2
EAHBOREIEST, R I BT DU X =R AR S R

4) ZHX K ERS B0 KA ER
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A1 ENERD IR, SE81NE 1. BIRXENDNERS ERRSMZEEE5, B P&
A W HIRXMZEE NSHE TP TN 7.

WG, HIMBUEAMTHRER G150, BL& R 77 22 STRRAE & AN 32 52> TR A b B A = AT
IEGEE, &M EZEERR, MRS X 4 BR)
~ 2.537° xComp.1+0.747° x Comp.2

PC > 5
2.537°+0.747

Table 4. Principal component scores and rankings of 31 places in China

F 4. 2E L HMERD B RHRER

X Comp.1 Comp.2 PC (547) rank (HE42)
b 5.82981759 —1.32574323 5.258157461 2
REE 4.10350824 —0.79196247 3.712407456 4
ik -1.26530818 —0.45651935 -1.200693776 20
i 7 —2.14613893 —0.67840494 —2.028881177 28
3 0.05160672 -0.63367733 —0.003140851 12
Ly 0.48931861 -0.53934191 0.407138575 9
BT -1.05172673 —0.57739529 -1.013832230 18
HOIT —0.84383425 —0.65246171 —0.828545430 17
i 7.93334756 0.72490377 7.357462589 1
i) 2.72113807 0.01760585 2.505151987 5
WL 4.47595286 0.47311017 4.156164428 3
2R —0.68289067 0.17873024 —0.614055491 14
fiz)e 0.62916384 0.98388479 0.657502619 7
AN -1.62813723 0.61452995 —1.448969808 24
HIER 0.16447060 —0.24098957 0.132078256 10
i) ~1.68925507 ~0.56395352 -1.599354351 25
w1k 0.07269817 0.12806940 0.077121800 11
ik —0.26987700 0.29220476 —0.224972100 13
IR 1.81368583 1.99424423 1.828110704 6
it —2.44621736 1.01240163 —2.169907144 30
i ~1.51277443 1.82766056 —1.245905971 21
GigN 0.72918996 —0.34485389 0.643384239 8
)i —0.84403936 0.06280355 —0.771591378 15
B —2.02022329 0.38505309 —1.828064964 26
P —2.06527761 0.63533903 —1.849524448 27
i —3.32646410 —0.17359152 —3.074580066 31
S| —1.44339613 -0.61332472 —1.377081445 22
Hk —2.21690636 -0.30125381 —2.063864244 29
Hilg —1.51612874 —0.43322610 -1.429615292 23
TH —0.84108612 —0.41239158 —0.806837570 16
s -1.20421649 -0.59145007 -1.155262377 19
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Figure 7. Principal component plot

E 7. £mHE

FEE RS Comp.1 EAF70 S (AT M XK VR Bl JBat. WL REEAINLIR, | ARHEHESR N,
H B et i R T HAME . 1. AR, Xt DR Em s LRSS . BE SRR
A2 TS ANECA ol Bk S5 S5 N R B e T, R BRI oK e T H A . . A
6 DX T 7GRN PR X 5 T A SR AR XL R LS o AEATAE R Comp.2 LRI 2 T fE ey, OB L
FUCE R AR L A AR DR A 5 T X N 22090 BoKk P iz 4= [, i) 2R AE iy Comp.2 A5 7 IE(E i
e S BR K AR AR IR S U ) A SR ST BN T8 70, B U AR KT 9 S e AR I L U AT B
XEHIE AL RS DA BRI, Frilm “db B R” . EASRE R B RBEUIE A, EIFR
ALEERIIES . IXLerE BUAT B 5 UL RS BN R AR - AR ] HE R SR R AE e BRI Jm IOLIX, Gt
PR 3 S I X S5, o B KT B, BB AR R B (RS 5T, 5 23t (A 5FACTA %
b 22 T R AR ELBTE IR, 1 B S KT AN et H AR P ANA

4.2. BEGHT

CLERG LR B, HBER B AEAS (8] ARADUE BEAT FL,  BOA Ml DA B A 73 R 45 R . T
K, EFEREE RGIRR M K-means REEPRIZ 31 MEARET 20 2K[11]. EE R R KM RAC
ROTRAERR S, T4 I 70 R R A 1% 5.
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Table 5. Organize the clustering chart results by class
b HRAEBRAELR

Bk e S
AN Kt Wb LT NERE TT B BV R W =HG
B s P s YLUh; AR TTRE; WIdbs WIwEs 4R )VE; R EEER; DU
T mEEs PER BRPE; CHON; I TE; HiE
Bk PO PR
=% K, WEW; L7 LIk Wb v EAR, PEEVL; YIVE;
Jbxt; kB WL 228G M ks Widbs  TTRE; TV ¥R DU)I RN B
WAEE; )Ry ER ViR, BRVE; HORN: Bl THE; BiiE
F—K ok =k EUES
sk ks s FHAK BV
AWK e, Foe TG R SV dEEE DU WS T B e %

g TLrs WL S =rg; P Beit; Hls Wb Wims TR EIR
Hilg;, TH; HiE

I = =k P e K
ks s EHAR BV e S
GEIES Rl (T VLA RS JOF, dgRr, pul, (o LT SR A

Jbxt iZRs WidEs w4 it

WL T =g P BRI HR R

HilE;s THE; HE

M5 ATLUR MR Z AR R R MR . 0G5 8 L BRI RETR, YOI 53 X )3 9%
THORE, 2 ANURENEE. NI 7 U S5 B — RS 20 M e -

B MRS AN i AR ER— 3T, AU B S B2 DR SR e, R
BB REHIRm, XTI B R e E A R R gon . HOT e I BRI A BN e
ML TEAR BRI R SNSRI X Pl (7 a5 B LA 2 e . BRikZ 4k, Bl At stiia
PRI HCE RSB, AAE R AT R AR TN TH . RIS X RIER S T A2 Ak
ANSCAG 2 0 2 BT RR S T 27 I AR, DRISEAE 08 ANSCAL i 5 TSNS . B ANAL 5015 21 1 [ R
AN T BRI BORSCHRF AR IR BB 51 7o RSB B (et 1 e 5 I KA R, it 2 1
TH R HIRTT

S MRS R VTIRRTHT o SX Et XOh B ZR A ACA X, A B O 22 TR AT RN 209 9%
Ko XX TR KPR, AR SRR S5 AT e, R N A, TR A OV B
Wilgre Bt LU 2RI ety NX0VH AT AR R, e Br iR R BB Se 38 L Ahia Bl bR %

F=MARESER AL LPE. EAREE 17 MBX . X XK Z Ay [ R P HLIX, 2R A
Ja, NIEFOKTPEONEE . X X 25 ERRKEE AR SHREER Sk, MIX RSN [N,
— Lt DI TR R BRI A BT T I R R B LS AT T bt X

FVUMIAREAE NS, . 7. R HIRESE 9 DX . I X NS PR T, g 22
et — gy, EHTABOVEERHIGEWAMR S, ULBOVEE MEsf KRR, XX KA
PPE ST SR LEBUR W o U0 AR AR 0 R 22 (R0 A 57 5 o — et X DN 52 2 T 3 B2 ) 22 B5F BUR AR
TRAAERM LA E, mEKRMEIL, H5%—. XA R R— L.

MIPSRERATCLR Y, DU RKIAT & R LT R KT 2 G DL, S 1 B[R [X 28 55 A A
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PRI, NSV FKCE 2 B R . T G| D E R =R . X AN ] DU EUR R Ak B4t
GG AT R B, DMEMA IR T3 0 R0 55 Ve 5 45 Ty T80 H B R oheh v 7 10 OB i e 556
BY 4 251 K-means 251, 1N 8 Fram.
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Figure 8. K-means clustering plot
8. K-means B225[F]

5. lEBRER S SHMBASITEINEER

i EIRDHTEER, WK R MRS A, IF B T RS A A [ 31 A
HBIX AR N JE07H 9 7K1 I AT USRS [ 45 S AL A -

R 20 M AT DA RE M N AT ST 22 R AR R R ER AT RE 8 AR L [X 2 [R] N #5990 B 7K
RO o IXAT BT HE s AN R0 DO P SRR AR ) 22 S 1 o S R AT, T UK ELIR S B T H
XPRGAE—RMRE T ORHR 0T 2. (B T T e RS T X 2 M ESE i RAE R, IOy E EER
TERERZERIIE, A XA R X A .

T SRR AT AT DIOREIX 31 AN AR 8 N 2998 B 7K1l 20 D9 A R B2 R o AT B TR 5 R 2 3
DXAE NIV 2K EARXT I, LIRSS X A 5 35 1 22 57 X7 iR RERS BRI b PRI S X )3
PR, RIS AH I RERN— 4. ERRPPrA] g = g AFHIX Z [ Az, A
CEEZRIEMUUNE. sehh, R It Lr 4 RIEH R 70280, EX T WP LE A 3R B 1 70 2R 45 R
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Table S1. Eight per capita consumption expenditure data in all regions of the country in 2021

Mgz 1. 2021 FLE Z XA/ \BFALLEZE ST HHE

WK RSN A e SRR smny HEER g SR
b= 9306.6 2104.4 16846.7 2559.7 4226.8 3348.0 4285.7 962.5
RE 9138.4 1872.0 7519.5 1940.6 4390.4 3372.5 3747.6 1207.5
b 5646.0 1371.8 4520.9 1216.9 2755.1 2007.3 1983.9 451.8
W7 4622.4 1277.4 3850.8 1029.0 1988.0 2059.1 1935.2 429.3
AEin 6298.8 1641.0 4532.6 1214.7 3488.4 2543.7 2354.7 584.5
L 6915.6 1627.9 4913.6 1307.5 3033.7 2809.4 2485.1 738.0
HHk 5499.4 1346.3 3707.0 1025.8 2655.8 2413.1 2360.7 596.4
T 6281.9 1466.3 3842.6 1040.7 2761.2 2254.1 2475.2 513.9
g 12604.5 2086.9 16136.8 2248.1 5626.2 4709.9 3877.9 1589.1
DN 8660.6 1783.9 8433.6 1911.7 4335.7 2984.7 2463.4 877.9
WL 10160.3 2051.3 9943.0 2072.9 5196.5 3768.7 2498.9 976.6
T 7142.6 1430.8 4664.7 1343.0 24795 2584.8 1783.6 482.0
Gizyes 9167.5 1431.9 8300.8 1472.5 3121.1 2572.2 1768.5 605.5
AN 6518.5 1079.7 4721.2 1141.9 23425 2381.8 1693.8 410.6
HIES 6196.1 1530.3 4682.7 1716.4 3495.6 2728.6 2015.5 455.6
g 5231.5 1405.2 4027.0 1228.9 2103.6 2209.2 1786.8 399.0
Wk 7276.1 1464.5 4991.8 1327.2 3186.4 2863.3 2238.7 498.0
b1 6736.5 1329.3 4811.5 1411.2 2891.0 3061.3 2122.2 435.0
IR 10484.6 1278.0 8189.6 1614.1 4164.6 3241.6 1900.9 715.9
i 5825.2 710.2 3697.6 1058.7 2473.1 2283.9 1752.8 286.3
bisae) 8207.2 745.8 5028.0 1033.9 2650.7 24445 1682.9 448.9
HIK 8154.5 1708.3 4490.3 1682.5 3049.8 2601.4 2325.8 585.2
L 7549.0 1315.4 4035.5 1387.6 2807.4 1891.9 2071.9 459.3
B 5553.7 1162.2 3461.8 1097.7 2678.0 2247.7 1368.2 387.9
= 5963.9 959.3 3954.0 1005.6 2837.7 2059.0 1700.1 371.3
L 5459.9 1294.4 3622.5 975.8 2104.9 768.0 781.4 335.4
B 5331.6 1264.6 4401.5 1267.1 2284.2 2110.7 2264.6 422.2
HA 5217.7 1217.3 3706.0 1068.0 2215.4 1893.8 1761.4 376.6
Hilg 5850.2 1358.7 3580.2 1119.0 3108.7 1627.5 1938.1 437.8
TH 5446.5 1370.1 3693.1 1203.1 3378.5 2273.2 2126.6 532.5
Wi 5739.3 1320.6 3598.3 1149.6 2707.7 1664.4 1990.7 789.9
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R B ARG
X=read.table('clipboard’,header=T)#E F| KBt E 1 FIEIHE
barplot(apply(X,1,mean),las=3)#Z{T1EHME LT E

pie(apply(X,2,mean))#i& 5 /E 5 E Y E

boxplot(X,horizontal=T)#5 B & 7 B &K i B

stars(X,full=T,draw.segments=T key.loc=c(13,2)*EH E#I K 360 ¥ EMRE

mat=as.matrix(X)

heatmap(mat,scale=""column'*,margins = c¢(4,3),cexRow=0.6,cexCol = 0.45)#3\ &

mat3=scale(mat)
#install.packages(*'pheatmap"")
library(pheatmap)
pheatmap(mat3,color=colorRampPalette(c(*'navy"’,""white",""firebrick3'"))(10),
display_numbers=TRUE,
cellheight_row=6,
fontsize=7,
treeheight_row=50,treeheight_col=35,
cutree_col=2,
cutree_row=3,
cluster_col =FALSE)#8E# &

case=read.table(*'clipboard",header = T)#¥EERIEFT % 1

z=scale(case)

he=hclust(dist(z))#R KB BEE (complete) : HEEMETS R MKRKER
plot(hc);rect.hclust(hc,2);cutree(hc,2)#4) 2 K
plot(hc);rect.hclust(hc,3);cutree(he,3)#4) 3 K
plot(hc);rect.hclust(hc,4);cutree(hc,4)#4) 4 2K
plot(hc);rect.hclust(hc,5);cutree(he,5)#4) 5 K

library(factoextra)
library(ggplot2)
df=X[,-c(2,3)]
mat2=as.matrix(df)
rownames(mat2)=df[,1]
km=kmeans(mat2,centers=4)

fviz_cluster(km,mat2[,-1],
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repel=TRUE,
ellipse.type=""norm",
labelsize=8,
pointsize=1.5,

main=""k-maens F3&")

X=read.table(‘clipboard',header=T)
cor(X)#it-H AR FAE R
PCA=princomp(X,cor=T)#E 4457
PCAHRHMIEMRTFIR S 45 R

summary(PCA)

PCAS$loadings# = B4 8
PCAS$scores[,1:2]#E B3 845
princomp.rank(PCA,m=2)#¥ B HE4
princomp.rank(PCA m=2,plot=T)#E R4 £ &
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