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Abstract

Yunnan province is located in the southwest border area of China. Its superior geographical loca-
tion, climate and resource conditions have brought impetus and opportunity to its economic de-
velopment. In this paper, the clustering analysis of the economic development level of 8 cities and
8 autonomous prefectures of ethnic minorities in Yunnan province is carried out by using the me-
thod of class average, sum of squares deviation and K-mean method. According to the comprehen-
sive economic strength, the 16 regions in Yunnan province are divided into four different catego-
ries: good economic development, good economic development, general economic development
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and poor economic development. It can provide the corresponding theoretical basis for the fol-
low-up study to guide the economic development of various regions in Yunnan Province.
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Figure 1. The total GDP profile of Yunnan province in 2016 (unit: 100 million yuan)
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Figure 2. Overview of residents' Consumption in Yunnan Province in 2016 (unit: 100 million YUAN)
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3.1. FEFEESHIEKIR

TERE RIS AR, 7040 8 B BT 5 $m () BL St R A SR/, [RTERT I3 2% 1 45 M [X 203 R JE 5 A P A
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Table 1. Indicator system table

*® 1 fERRiR AR

A e ZN S LA A eSS Y&
X1 X A 77 L (12, 7T) X9 TP TR (i TTIN)
X2 AF GDP (Jt/\) X10 R E R A AN (TTIN)
X3 F—rlrEdzT) X11 J& I 9 (12 8)
X4 H b rHE (12 76) X12 WU IH 2R (12 7T)
X5 B=rAA A (L T) X13 2 JE R fil & (T T N)
X6 [#] 52 B4R B (12 6) X14 HE OS2 T)
X7 AFEW IS B E(1Z TT) X15 iR SV ON( )
X8 Hhox i 2 B2 D)

ASCAE A B BIRIE T (2017 SERFIE GIHEEAE) [2], JRUAKON B %

DOI: 10.12677/5a.2021.101010 94 Gt 5 8


https://doi.org/10.12677/sa.2021.101010

3.2. RAXFEEHITRES R

P B PIME S, — Mg OTERAER SR A ER B € SO PTA e Z (A~ AR 8s 5
— M TR 5 I ANV J7 BE B AR oS 2 ()P D7 BR S B P28 A SCRIEE — e U7k,
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P13 AT LU s R B R Ot 2 TRV SR [3]
FIH] SAS FEFFREAT RV IVESRSS, BUNFEARE SALANR], 75528 B 75 20 2 A2 B fE hn v
AR -
SAS 27U R
PROC IMPORT OUT= WORK .test
DATAFILE= "C:\Users\DELL\Desktop\2016 4 z Fg £ [X 4 5 5 b . xls"
DBMS=EXCEL REPLACE;
RANGE="Sheet1$";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;
SCANTIME=YES;
RUN;
proc cluster data=Work.Test method=ave std;

dy 1)

id region;
proc tree horizontal;

id region;
run;
RREERINT:

Average Linkage Cluster Analysis

Eigenvalues of the Correlation Matrix

Eigenvalue Difference Proportion Cumulative
1 11.0746184 9.3386761 ©0.7383 0.7383
2 1.7359423 1.0077605 0.1157 ©.8540
3 ©.7281818 ©.1138740 ©0.0485 0.9026
4 0.6143078 0.1883527 0.e410 0.9435
5 ©.4259551 ©0.2362695 ©0.0284 0.9719
6 ©.1896856 0.0685247 0.0126 ©0.9846
7 ©0.1211609 0.0693247 0.0081 0.9927
8 ©.0518362 0.0166281 0.0035 ©.9961
9 ©0.0352081 0.0165828 0.0023 0.9985
10 ©0.0186253 ©0.0156333 0.0012 ©.9997
11 ©0.0029921 0.0021748 0.0002 0.9999
12 ©.0008173 ©.0004237 0.0001 1.0000
13 ©.0003936 0.0001181 0.0000 1.0000
14 ©.0002755 ©.0002755 ©.0000 1.0000
15 -0.0000000 -0.0000 1.0000

The data have been standardized to mean @ and variance 1
Root-Mean-Square Total-Sample Standard Deviation 1
Root-Mean-Square Distance Between Observations 5.477226

Figure 3. Correlation eigenvalue matrix of average method
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BRI CL2 Bk — /\j@’é
Cluster History
Norm T
RMS i
NCL --Clusters Joined--- FREQ Dist B
15 TE gl 2 0.11
14 Rl =y 2 0.1744
13 CL15 g 3 0.2353
12 cL14 cL13 5 0.2622
11 cL12 BRE 6 0.2867
10 RELT AR AR 2 0.3204
9 CcL11 KE 7 0.3918
8 B AR 2 0.4183
7 cLo cL1e 9 0.4746
6 cL7 B'BE 10 0.519
5 cLs E&R 3 0.6338
4 CL6 RiT 11 0.6518
3 cLs cLa 14 0.7221
2 cL3 BR 15 0.9364
1 =) cL2 16 2.2762
Figure 4. Clustering process of class average method
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Figure 5. Class mean normal tree diagram
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3.3. RABEFHFMERITREDH

e R RE R BT O 0 T T IR B B 2 R CE ) B 25 PO AL, 1 Gy R G A% G,y 1 Gy
Gy i1 Gy, IS 2 I R4S i

Wy = Z(Xi_YK)I(Xi_YK) 2
ieGyg
WL:Z(Xi_YL)I(Xi_XL) (3)
ieG
Wy = Z (Xi_YM )’(Xi_KM) 4)
ieGy
X[ e I AR A, e T E IR ) A BORE S
Gy A1 G Z [a1[1~F 7 BE & A s
DIiL :WM _WK _WL (5)

X R G T SEIR RN B 2 AV EL Ward 7772 (Ward’s method) [3].
HMH] SAS R HEAT B 22 T ANE RS, RUNREAR SR B AN, AR R 2K Al 7 20 AN A B B 1k
AL .
SAS FRFFUIT -
PROC IMPORT OUT= WORK .test
DATAFILE= "C:\Users\DELL\Desktop\2016 4F z Fg £ [X £ 5 5 br . xls"
DBMS=EXCEL REPLACE;
RANGE="Sheet1$";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;
SCANTIME=YES;
RUN;
proc cluster data=Work.Test method=war std nosquare;
id region;
proc tree horizontal;
id region;
run;
RRLERMT
Kl 6 AR B 2T I ANE AR DGR R RE, FRATTR] LA IS B8 22 177 AN R R SRARFALE AF R B 45
H, WA PAGAIERE P EE IR
K7 REBEZE T AL RIS, W NCL T LA H 16 MEE LRI T 157
BRI —F

o HIFKIREEE
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The CLUSTER Procedure
Ward's Minimum Variance Cluster Analysis

Eigenvalues of the Correlation Matrix

Eigenvalue Difference Proportion Cumulative
2 & 11.0746184 9.3386761 ©.7383 0.7383
2 1.7359423 1.0077605 0.1157 ©.8540
3 ©.7281818 ©.1138740 9.04385 0.9026
4 ©.6143078 ©.1883527 0.e410 ©.9435
5 ©.4259551 ©.2362695 0.0284 0.9719
6 ©.1896856 ©.0685247 9.0126 ©.9846
7 9.1211609 ©.0693247 ©.00381 8.9927
8 ©.8518362 ©.0166281 ©.ee35 ©0.9961
9 ©.0352081 ©.0165828 9.0023 0.9985
10 9.0186253 ©.0156333 ©.0012 0.9997
11 ©0.0029921 ©.0021748 ©.0002 0.9999
12 ©.0008173 ©.0004237 ©.0001 1.0000
13 ©.0003936 ©.0001181 ©.0000 1.0000
14 ©.0002755 ©0.0002755 ©.0000 1.0000
15 -0.0000000 -0.0000 1.0000

The data have been standardized to mean @ and variance 1

Root-Mean-Square Total-Sample Standard Deviation 2 |

Figure 6. Eigenvalue matrix associated with the sum of deviation squares method

Bl 6. BETHIEEXEHEERER

Cluster History

False i

NCL --Clusters Joined--- FREQ SPRSQ RSQ BSS e
15 ¥E X 2 0.0008 .999  0.3012
14 Rl [=Fiex 2 0.0020 .997  0.4775
13 CL1s #iE 3 0.0047 .993  0.7585
12 [s[:pas BERRRS 2 0.0068 .986  0.8775
11 2500 cLi3 4  0.0068 .979  0.8868
10  CL14 cLi1 6  0.0074 .971 0.979
9 4F KB 2 e.0110 .960  1.1124
8 B2 cL9 3 0.0197 941 1.4745
7 CL12 BmE 3 0.0192 .922 1.5019
6 (L8 X 4 0.0316 .890 1.917
5 BT EK 2 0.0335 .856 1.9403
4 CL10 cL7 9  0.0369 .820  2.5066
3 L4 CLS 11  0.0804 .739  3.5344
2 (L6 cL3 15 9.1150 .624  4.2585
1 £ cL2 16 0.6241 .000  10.222

Figure 7. Clustering process of the sum of deviation squares method
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Figure 8. Normal tree of the sum of deviation squares
8. BEFHFEMEE

3.4. KA K MEERITRES

K BB EEAP IR
1) L K MERVE VIR ESE s, B ITA R B K MRS, SRR kAR EL (1)
VERAIUG TSR .
2) XPTE IR IR AR, KRR NS B e R AR, 1SR B EEIR SUE IX 2R
HAfHME, BEEAREMNEZE.
3) EEMIRQ), HEIA MM MEARE A IE[3]
FETRAX AR R K MEVERE, AR AT 28 P IE RN RS 2257 5 AE I B4 R, 188 K3
LT RIS BN BN 425, B “maxc =47 . 7E B EHT [FRER B ST FrviEfb A8 e o
SAS FJF IR
PROC IMPORT OUT= WORK .test
DATAFILE= "C:\Users\DELL\Desktop\2016 F 2 F§ £ [X Z8 5 i b xls™
DBMS=EXCEL REPLACE;
RANGE="Sheet1$";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;

DOI: 10.12677/5a.2021.101010 99 Gt 5 8


https://doi.org/10.12677/sa.2021.101010

H—r

SCANTIME=YES;
RUN;
proc standard data=Work.Test mean=0 std=1 out=stan;
proc fastclus data=stan maxc=5 drift list;

var x1-x15;

id region;
run;
RRGRIT:

K9 AR k BHEVERIAIIREER /i, SR IRRY 4 2K, o RIEAON 1Kk 85 15 NMERR D Y 4 DHTUEK,
SRJERIX 4 DREIEAE N AR B . &R Wk 9 Frs

The FASTCLUS Procedure
Replace=FULL Drift Radius=@ Maxclusters=4 Maxiter=1

Initial Seeds

Cluster x1 x2 X3 x4 x5 x6 x7 x8
1 3.347167385 2.562115562 ©.726369203 3.202859888 3.558210999 3.115818503 3.255992342 3.624964337
2 ©.823938126 -0.0884866436 2.391573781 ©.760116875 ©.578063530 ©.874317071 ©.649966902 ©.384863198
3 -8.762285617 ©.980853695  -1.6@5533719 -©.754324286 -0.585553687 -©.684492234 -0.823883339 -0.578819583
4 -©.812537514  -@.528487943  -1.499369992 -0©.819384758 -©.643667200 -0.889593727 -©.983271432 -0.603513211

Initial Seeds

Cluster x9 x1e x11 x12 x13 x14 x15
1 ©.356985836 1.895130156 3.361710866 3.334659245 3.579368996 2.990149010 3.015230262
2 -1.117335156 ©.663031786 ©0.791937319 ©.025956159 ©.34343323e -9.341315443 -8.521675210
3 3.325155253 -1.201826987 -9.861938237 -8.944510540 -8.684915580 -0.682114732 -0.319717826
4 -0.0823799056 -2.215263301 -9.870230399 -1.104746381 -0.706159391 -0.679361910 -9.970238849

Figure 9. Normal tree of the sum of deviation squares
9. BEFHFENTE
FEIE 10 FREICEME BB, vl DUE B — 3800 RS B 4, 525 2 T3 10 A WLIIE , RMS (Root
Mean Square, EIFRIIMEFJ7HR) bR ZE N 0.4868, M iZ 2R 21 Fo 4 W (1) 5 K BE 2500 2.8919. #H 25
RR2BIEMAERER 4, —HZMMEERNERIOE S, B2 2.5832.
Cluster Summary

Maximum Distance

RMS Std from Seed Radius Nearest Distance Between

Cluster Frequency Deviation to Observation Exceeded Cluster Cluster Centroids
d 1 . 2] 2 11.6855

2 10 0.4868 2.8919 4 2.5832

3 1 " e 4 3.9640

4 4 0.5428 2.3540 2 2.5832

Figure 10. Cluster summary
10. BELCE

11 BRSO EE S ENS H T ARG & WL, BT H BT T hrde
TRALHE, BT CARTA TehnA8 B Total STD (AbriEZE) A 1. X488 x1 ski%, 3 Within STD S &7F
FRiE#) N 0.35147, R-Square (FH55Z%0) A 0.901177, WA RCEHELF, RSQ/(1-RSQ) (KA 7 RN T
Z1t) 4 9.119058.

RAEERATLE H, Ko BRG] RIF, (HHH /DR ERAFURE 2, 11 x10. X2,

A F Giit&1H4 15.89.
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Variable

The FASTCLUS Procedure
Replace=FULL Drift Radius=@ Maxclusters=4 Maxiter=1

Statistics for Variables

Total STD Within STD

R-Square

RSQ/ (1-RSQ)

x6
x7
x8
x9
x10
x11
x12
x13
x14
x*15

OVER-ALL

1.00000 ©.35147
1.00000 ©.73866
1.00000 ©.66783
1.00000 ©.42527
1.00000 0.26339
1.00000 ©.48586
1.00000 ©.33620
1.00000 ©0.19392
1.00000 ©.48298
1.00000 ©.87043
1.00000 ©.3e376
1.00000 ©.26678
1.00000 ©.23281
1.00000 ©.64557
1.00000 8.62701
1.00000 ©.5e137

Pseudo F Statistic

Figure 11. Statistics for variables
11. TENGIHE

©.901177
©.563500
©.643200
©.855314
©.944501
©.81115@
©.909573
©0.969917
©.813381
©.393885
©.926185
©.943063
©.956641
©.666593
©.685487
©.798905

= 15.89

9.119e58
1.29e950
1.802693
5.911585
17.018392
4.295196
10.0858645
32.241851
4.358514
©.649853
12.54736€
16.563420
22.063470
1.999336
2.179517
3.972762

12 g5 T BB EER—RAIME, Blhn, XA E xSk, HAERIE 1 rIIE N 3.347167385,
TER 2K 2 R 4B N 0.004784370, £ 525 3 I I{E N—0.762285617, 7E. 5 25 4 F I ¥){H N—0.170254784.,

Cluster Means

3.11581@503 3.255992342 3.624964337
©.038008193 ©.061760061 -@.109273020
-0.684492234  -©.823883339  -0.578819583
-0.702850051 -©.762427404  -0.488353639

Cluster x1
1 3.347167385 2
2 ©.004784376 -©
3 -0.762285617 e.
4 -0.658181368 -@

.562115562
.224101273

980853695

.325489131

1.89513e156
©0.105216952
-1.201826987

©.726369203 3.202859888
©.493326874 ©0.037179493
-1.605533719  -©.754324286
-1.013526057 -8.705882634

Cluster Means

3.558210999
-0.088976459
-©.585553687
-0.520723180

Cluster x9 x11 x12 x13 x14 x15
1 ©.356985836 3.361710866 3.334659245 3.579368996 2.990149010 3.015230262
2 -8.300112195 ©.021615339 ©.651333119 -9.0890839015 -0.242709380 -9.320094383
3 3.325155253 -0.861938237 -©.944510540 -8.684915580 -0.682114732 -9.319717826
4 -0.170254784 -8.678981506 -8.725869975 -8.496515818 ©.029764881 ©.126357849

-8.4363638173

Figure 12. Intra-class means of each variable

12. BELEXANE

B 13 4 T /AR —HTPFREZ, B, TR x1 K, HAERS 2 btz R
0.401227668, 1EZE 4 dfibrvEZ A 0.105670245, KN 1 WA RN —MEE, BRIt G
R—AAEE, FTCAESRESE 2. 3 rhf R bR 2= .

Cluster Standard Deviations

Cluster x1
1 . .
2 0.401227668 0.837860162
3 . ‘
B 0.105670245 0.276536024

0.736147679 0.488493313

0.397816662 0.086915139

0.300078122

0.085753185

Cluster Standard Deviations

0.555774799 0.376076958 0.219309239

0.132646953 0.166833220 0.078250720

Cluster x9 x10 x11 x12 x13 x14 x15
2 0.534880720 0.640760800 0.342735829 0.264225009 0.256320986 0.386843530 0.472178654
4 9.273500235 1.341212035 9.129120254 0.274295514 0.140327131 1.103671889 ©0.950635486
Figure 13. Intra-class standard deviations of each variable
13. ELENEANEE
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1] 14 RBIIRBA T LUE B & — M X PR BRI, DLEH SR . flm, xT 29
R, fE K BHMEE R RID NEE 2K, HEMTIIEEN 0.

Cluster Listing

Distance

from

Obs region Cluster Seed
1 =4 1 2}
2 gaas 2 2.8919
3 =& 2 2.8677
4 ‘WL 2 1.3330

5 EBIiE 2 1.5669

6 [3[;fu 4 1.3509

7 =5 2 1.3124
8 e 2 1.3404

9 #ig 2 ©.9699
10 AR 2 1.7455
11 X 2 1.1943
12 TR 4 1.6654
13 _E 2 1.4955
14 =% 4 1.7659
15 BT 4 2.3540
16 BB 3 °
Criterion Based on Final Seeds = 0.4342

Figure 14. Cluster list
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Table 1. Economic indicators of various regions in Yunnan Province

1. REESMXEKER

region x1 X2 x3 x4 x5 X6 X7
B 4300.08 64156 200.51 1660.11 2439.46 3920.07 1218.4
i ik 1768.41 29155 335.56 674.91 757.94 1794 526.46
T 1311.88 55389 135.02 685.34 491.52 893.69 364.41
i 612.39 23654 151.32 213.03 248.04 667.33 270.16
e} 765.53 14040 149.44 322.06 294.03 739.3 469.86
[E3pAN 309.29 24116 47.34 120.34 141.61 345.63 198.32
HH 567.54 21737 152.26 195.4 219.88 502.1 295.78
I3 550.82 21906 154.67 185.77 210.38 917.04 251.66
picld 846.72 30948 162.63 321.95 362.14 1009.45 308.85
ART) 1333.79 28588 214.3 601.33 518.16 2106.68 511.89
pall 735.88 20362 155.58 262.64 317.66 627.36 326.92
PEXL RN 366.03 31338 92.22 98.61 175.2 415.07 147.79
K 972.2 27360 205.32 370.94 395.94 750.61 376.83
e 323.55 25150 78.05 79.06 166.44 310.57 166.87
I 126.46 23289 20 37.87 68.59 120.92 92.81
R 176.88 43247 11.39 64.11 101.38 315.46 135.13
region x8 x9 x10 x11 x12 x13 x14
L 2310.09 6.84 12555 1738.8 433.89 4124.21 66.81
Hh o 564.97 5.33 10380 706.82 126.84 1070.12 6.3
FiE 326.77 6.04 11968 379.04 141.34 752.34 20.19
R 200.18 5.32 9426 267.86 127.59 518.14 2.66
irEpiii} 237.63 5.97 7951 464.94 129.64 647.39 0.06
MAYL 104.85 6.43 8750 141.91 64.63 330.98 0.69
HH 163.04 6.6 8669 289.38 145.11 442.78 11.21
I 173.65 5.92 8914 256.65 83.89 305.6 6.65
H 298.77 6.84 9181 319.92 88.72 563.39 5.11
ARG 366.56 6.31 9449 476.31 143.23 989.68 20.16
prail 323.72 6.66 8403 339.12 153.25 517.12 5.93
FEXUR 4N 116.41 6.44 11049 151.66 59.26 339.65 8.79
PN 332.99 6.68 9612 474.67 152.34 795.96 2.64
o 124.73 5.88 8659 131.6 82.48 359.35 42,52
BT 32.63 6.45 5299 39.32 21.91 79.51 0.16
e 45.93 9.88 7088 42.65 36.78 99.56 0.11
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Continued
region x14 x15
W 66.81 1073.53
35 6.3 153.04
RS 20.19 162.86
Pl 2.66 173
e 0.06 147.06
YL 0.69 608.76
WH 1121 168.36
6N 6.65 112.07
picdd 5.11 178.18
ARG 20.16 274.61
i 5.93 151.26
PEXLRR AN 8.79 420.28
K 2.64 534,58
(PN 42,52 221.43
BT 0.16 36.3
iGN 0.11 205.6
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