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Abstract

This paper took the passenger volume of China’s civil aviation during 1978~1993 as the research
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object, and selected five indicators: “national income”, “total consumption”, “railway passenger

» o«

volume”, “civil aviation route mileage” and “the number of passengers traveling to China”. Using
linear regression, principal component analysis, cluster analysis and other multivariate statistical
analysis methods, this paper analyzed the main factors affecting China’s civil aviation passenger
volume and discussed the specific functional relationship between China’s civil aviation passenger
volume and other factors. The following conclusions were obtained: First, the results of hypothesis
test showed that the railway passenger volume, the civil aviation route mileage, and the number of
passengers coming to China were the three main factors affecting the air route volume. The civil
aviation route mileage and the number of passengers coming to China had a significant positive
impact on the passenger volume of China’s civil aviation, while the railway passenger volume had
a significant negative impact on passenger volume of China’s civil aviation. In addition, the regres-
sion equations fitted by linear regression, ridge regression and principal component regression
were compared in this paper. The results showed that the regression model built by ridge regres-
sion and principal component regression fitted passenger volume of China’s civil aviation better
and was more suitable for the practical situation.
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1. 5|

L, HERAfMESLH T ERESE, M 2012 & 2016 4, 1V 5 ERFE], FE K2 bAE
BT ARG N, 2Bk G I 500%, WA S 362 S KERT, RAMTFRESDT 51, 5
G EBEN “ R o fERE — RAIERKBOR IS, fEEilE Ry — IR s @ 7 5, 7EAA]
(A TS R B T 25 R B AR F L.

o E ) RS AR R S Stk b, CAPE T A NIRG RS, RAMUSLE E R
MBS H AR, NS, FERR, XREFraist, LARACIBIS S 7l R4 E A ] 2R
TER[2]. 7ERRE R AN RIR R T, k& IE 5 0] e — AN AN B 0], 16 ik % 12 i e 7 B 43 A
FRE—AMAMSER RS EEA, KT RIRFEEMF DR, IEMERIBEERNEE, HE
[ ] FOAEIX — il B AR R Z . Ak, Rk, BB RIEEASZH R, FRIE K R A M
BN B, Toie R MFesEe AR, & NSRRI 1 B T2 R B AT 0 M R o, X
R AL iz & DL R s DN 32 AT i AL 80 B+ 4 R X [3]»

ZAEDKR, TR R AR TR S i R U AT A ORI T . ZRAE ORI K 6 0GB A BT VR ]
WA= B BRATH R, SRz E. R R SRAEIRIEX AAHEER T NFHATHR, i
T GDP i R it & (1) 55 AR i IR 45 18 [4] - 228 5 A 1 B A B R SCARFE FE N F-IEATRIE AL, LR
B, i Bl A R A MR 5 5 2 MR B B IEMI SR R, /R IDAHOE R E0A F) 0.994, FH4E UL
P T — /N EA B ORI FE A 5 - 40 48 P9 VR B AR @ ARHR LR R A= H:, 2 i (519 4347
X4 5 A N AU & B AT 1 R [5]. RESRRENCEKIL, 475 BRIV 2 AN BT % Tt
2 Jife 25 B R 2 J8 e B (R R I S R £ R IR ER 8 M AR 1 b ikt AN R 7 AR LA 34, 9 HLnT
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DLKGIX SE R AR AR BE EAT 8 AL [6] . ARHE K BRI RECR IS R T LURIL, X RATE IS A 25
Wi 5 A ) S A0 57 VATURT N X9 2 52 HY - #9598 L Guillaume Burghouwt 45 A 1% Fi A 2007 #1) 2013 4E 143k
Xf 138 SRk ER AN RAUAFAE S G LB EAT T TAREE 2, T RTERRBR AN T2 )5, SRS AT S
]\ BRERIZATIOOREL. ks 0 9 FH S DR 200 T b [ R T i) AR e mal [ 7] AR TR T R I, 4 v ik
S5 M PR, PRADUE CHLR TR B 27%, HEtEit, A 27%0 R CHLA T 20k 2 3 m
A FH s ki

TEESL, 0 RS B 1 T DA Rt H = AR By s kAT T R ERIBE ST, Bell, Farzin Nourzadeh
SR N T AR ZE I 28 6 2020 407 BT 1 [ B AR ik 22 AR dE AT 7 TI0I[8] o A AT IR FHAS ) g Nl 2R 2z, A
11 AN Fabront 5 7 BHTE — 2575 TR GEIAL R B AT 7328, 85 ) FH AN [6) A )1 R 302000 2 ] 5 (9 A e ik
BHGHAT T 5%, @ BCE P BN S e B RS AR N AR LR, XSS B R E AT T
S I HARATE RIS 1 2 MR L, &N ESIEE T AR 2500, 8 T — DR 99%HE
FHE(E XA, Volodymyr Bilotkach &5 A& LI 22 T4 C O H S R RIS iy, AR M
P A B B E R % X R 2 1 AT R AR A1 T s v 5 R 0 B B e B, fEE I 30 AN
NI E] TARMN AL A 706 B PR s e 2 I s e ma[9]. B 5t ah R BL, ARz 2 =t B b=
U A IETH IR, TR S 2 B R T SRR St S R B I E B R &, RN
F 2 2 O S ] i 2 75 Jk 1 A R K 1) DT ik -

I FIAHE P AN T BRI R AT LUK B, ANE R B G  Gert ik, e s gt EIE, 1R
FRRMFZENEMEE, DA REZENTN -, HERZSOTFFRRE. 22, DL EFFRERE
WEEERS, #AHLRAGES BEIREHCR, Baxi s foG s FRE M, Fit, FES
HAE L, RESALESATREAREK R, AL, 1978~1993 413, [H R %is & AT
WP, PR CEIRIN” , “THAT” , “BiREiEE”, “REIMZLERRE" , “kPERITREL” 5
NMabr, BHLWEREDR, ERS a0, BB, R E RIS 8 E T R R T T
HARPTH 5B R R Z A B R HOC R

2. ARAZ*
2.1, ZEYVINH

2.1.1. Bkt mRERe

FHEAE 1A 7 VA0 0 7 A2 — FAT A R 7 ik . R R e il Seia Al e, s B &
MK AT Z 0NN RG, FERBRAXKIPEIEH], @7 7HNAEAER, Sl 7R
e EUEAL b, SRS SEORAT TS, JRT SR T .

— e, FATIFR

y=b, +bx +---+b X, +¢& 1)
N TR, HiE(s)=0, D(e)=0"; bybyb,, o RRIMSH. b FRAH BT,
X X e FAR R,y AR, SN SOREOREAY 2 Gauss-Markov kA, 45 3 B fA L [B] A AR
N
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WLSR, SST =SSR + SSE, [AIAR & [ & HRE 5 ] LA Gl B 22 SST Jelts b (1] U5 51 2 1) 435t T BAAH [l
VHFJ7 Rl SSR e, R ZEAR ;B B SSE M. bl LLiEHE SSR/SSE N&iit i, X T SSR,
SSE 52, H'eMS o MRS B X% (m) Bl X% (n—-m-1), HELAEHF gitah

SSR

F= ~F(m,n-m-1) 3)

_m
SSE
n-m-1

REHHE FIME, 4 FMERKTIRAUER, E4H,.
0] DL S AE G R E (AR R Z 50 (191 07 SR A 56 [l VAR Y R 2 1 O 3R I 25 1k
SSE
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SST )

AR RB T TR, BB A2k Mk R B2
213 BAETEREM (KHR%

— MR S R T B AR ARG A . R x B R B b AT B AR, T4 x SR TEAE
1. RN | E AR

Hei :b =0 ®)
JFHA e~N(0,0°1) W SSE 15 B Mor, M3 t St it
-t
t = —~~t(n-m-1) (6)
STDERR(Q)
4 o BRI, BERHRE Y =yt RO E I - m L AR, SR ¢ 4R
STDERR(Q)
K KTURFEIN, TR 5L H,, .
2.1.4. TR
TR EA BT B A2 —. 2by,b,--.b, ARG, w7 B
§=by+bx, +-- 4+, X, U]
BEAE EERERIOM = () BATEEBHRE
9:60+61xl°+-~+6mx; 8)

SRIHRAE I B AS X R B/ AHECN B, BRIk 20, X BN ABE X R R, %H
R U= (X, ) » 2ug=(1x ) s v=ug(XX)  ug s T 1 o fFIIX 5 5

- A 1
%+QQ+m+mﬁiEam—m—Q@?a+wy )

2

2.15. ZEILLMSH

FEANE AR ey, G 5 1 A B (B4 8 B0 [A) A7 — Fh et sl il — M2k R Aok R, AR X Ao
AW # 2 EIL A AT RN A EERER L EAEENAEAS, BiF TR
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CEHTENLMEA S Ao N2 ELLSWiT L KR ERE. HFEBKE L. 7ZE A%,

1) SAfHREUE

ORI RE XX FRAELL, BVERE A, AXTAL FIUERET XX WAL, HEALRITGRNE.
B = A2XXA V2 RRABRHET XX o

FEA I FRUEALT) XX A K MEIE T Z2HRHEE, 4, FE 7R A7E k AN LR fh
T2 B AIENE: 1<k <10 FivR AR 2 EIL MRS 10 < k <100 TR iR A & (M A7 7E
B AL 100 < k TR MR AR B IR A7 76 = 1 2 J L2k .

2) 7 EEKE %

&a%mﬁﬁ%p44§§%%§ﬁ%w%%ﬁ@%%m%§ﬁy%ZWE:(1 i=12.p

HUPKN T Z AR 1

HOLI Kt o B RE AR B x THIRL T Z IR T VIR, FIVIF SRAG T2 SRRV i 56 T 2 -
R VIR, >10, WIFRIRES | MR AR 1 2 ALV = B2 10

3) JiZE el

XA SRR A B (2 W B0, SRR — A B R E R T R B R E e, FRON T ZE B, 2
FAFTRBOEOR,  IF ELIR X R AN BL_E R T7 22 B L 5006, AN & A8 & 2 18] B E R R .

2.1.6. UG EIVAEHR

MR AR A ZEHILEHE KRR, ol DU BT R Z 1) B A B A PR, (H2 W 5 A S
15 SO R R TR PR 254, 8 P UG [ JARREAY, e OB A BT . 2 T SRR M AE | XX | 45 T Bl i
T&, Ml SHEH AR p=(XX) XY #ERTZEE R, WRKHE AT B(c)=(XX +cl) XY, N
A DB X AR L, o ¢ A2 (0, D)HFIEAME, FRONIE S HL

2.2. ERPHIT

221 ERHSHTEE
S AEEA T BN R, TR A DB A (RS, FH LR B LA B, 2 (R %
T E A AT RO B W TBENLFI B X . LA R e, ] X ST RE S S MRBLI B X
MIEBRE E 8 D(CX )RR K. (FR o MBI BUERSIK, MTTEE D(cX) ERAER, K RRATRA
P TRIE ¢ BIIAS, TS & RO, D(cX) Bk EH e, B 1 57 (8.
BBEHLI R X = (X, x, ) VAR, HHWHR G, &M =1 F i D(cX) EK, W
Y, =X R X M E R R HE XTI, YRS M RBR R p ABEHLAS R A

Ho RN ERSFEEAGEE S LA S0, DA HE F 5, et 4568 s BEHL
AR, T HARATR 25 88— AR ER Y, E ).
2.2.2. E@ 4 EYT

FERA R, B E) B AR RAR(E 2 EILA MR, B AR BRI E AR R AR G, BE Lt
FAE. MR AEREE [ XX |~ 0, ZRTEHRH, AARA=(XX)" XY fit SH LMK %, ik
WS IS A sy, AR RERDE, B R oy R R A&, SRS IR0 [ 5 75 Rt A 77
FERRTTET -

HARKUE, ERrmlE, R BRI 757, A m+1 AR, EERBIETERRIk g
TRy RS E, BLg ADNER N BARRIAT AT RS REAA, AX g DR EN
AR, RIS EASE R AR A, FABFORR AR B S R AR IR R .
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2.3. BREDH

ARSI R BTN RERIGEF T . RERIFMEA TR E %k n MES S HE
N, HRERE R BE B AR SR MM EEE, ARJE BRSO MR G IR — A H2E, IFaR i
WG HARSK R R e EEIATHABRIE RN G IR, BRI —2K, BEITERIREAREE N —K
5l o

FAPENEAPIME L, AR SO W E TERAER SR R BB 8 SO BT FE bt 2 8] 1)~ F 2 R
B, RIE G, MG, Z MM N

L > d; (10)

nKnL ieGy , jeG !
e, FIn, S G MG IFER AN dy N Gy HRESL i 5 G, FREM | 2 I (IR ES10].
3. LIk
3.1 BigKE
ACLL 1978~1993 fE[AIFK [H Rz BN KRR, %5 “EHRIN” , “HHREH” , “BREE
BR”, C“RFINIAERE” , “ORPERITHRREL 5 MabrfEy B A BT RO 515 20~ 45
LW T ENRE) LAy, fR T AT R BRSNS, MG 5 I TR F

B} 281.65, 1M 25 6 Z1I U 2 H B &N 5,9 11 F 20 A AL AR 5K T 281.65 LR, 4 S ax M /T 0.0001,
i B F AME KT 0.9999 o fr s, Wt KRERMEEES AN B8 2 MFEDERLERLR.

Dy =

Table 1. Part of the analysis of variance table

F 1 BABESHE

Source DF Sum of Squares Mean Square F Value Pr>F
Model 5 8,513,633 1,702,727 281.65 <0.0001
Error 9 54,410 6045.58881

Corrected Total 14 8,568,044

Table 2. Parameter estimation table

=2 BHMhITR

Variable DF Parameter Estimate Standard Error t Value Pr> |t
Intercept 1 539.53044 329.75800 1.64 0.1362
X1 1 0.18331 0.14918 1.23 0.2503
Xz 1 -0.22901 0.21008 -1.09 0.3040
X3 1 —0.00880 0.00385 —2.29 0.0482
X4 1 18.30704 6.22727 2.94 0.0165
Xs 1 0.28746 0.06099 471 0.0011

M2 i DVR AR B S HAGTHE, PR, tESE, 55 6 AR B R 9 I t /AR T X e
tEPBEE, HHE/NT 0.05 MF R REKMEMRE, MFR/NT 0.01 RUZRRMEMSEZRE, Kt
DS R B R i B xa,  IRFUATZ AR B xq FOPE R B35 10, SR b R A\ xs O L i L R 251
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BN x1» TH 2R x, FIAREE M A BN . (B2, AREHEM T, MWHRAFHIBEE N, X5
SEPRTE AT : WA, BBE TR A AT, MR AR RECE E, BN
SBUEORCR, ALTRHLRI NGB, AL RH A BRI G FERL, HAARFTFELE, hFst—2 R
32 W .
3.2. ZeMEE1YI T

F3IHAH T 15 RTINS EUEHE, HAsE 2 5 &R EWNE, 535 eRBEmRME, 55
FIFIZE 6 )43 R e TIRAE 95% & 15 X 7] FIRAI LR . MFEH G —4) 0] LLE BRI TR 2 [ 4E7E
EREZERE, sKXEAER T-176.524, BEXIE LR TR ZEWE K, XWRIL T 2t [0 134
BT A LR, TER—S LW,

Table 3. Linear regression prediction table
< 3. ZeMEEATUNZR

Obs Variable Dependent Value Predicted Mean Predict Std Erro 95% CL Predict Residual
1 231 266.5075 52.7956 53.9013 479.1138 -35.5075
2 298 304.5910 43.1997 103.3759 505.8061 —6.5910
3 343 346.1419 30.8940 156.8759 535.4079 —3.1419
4 401 405.1773 37.3940 210.0028 600.3518 —-4.1773
5 445 395.2868 37.9217 199.5919 590.9816 49.7132
6 391 397.4693 33.5299 205.9213 589.0173 —6.4693
7 554 556.1622 39.9316 358.4320 753.8924 —2.1622
8 744 742.7242 32.3814 552.1900 933.2583 1.2758
9 997 1003 49.8460 794.1096 1212 —6.0405
10 1310 1281 45.3146 1077 1484 29.2942
11 1442 1367 61.2551 1143 1591 75.2098
12 1283 1460 44.4053 1257 1662 —176.5240
13 1660 1551 64.0190 1323 1779 108.9636
14 2178 2208 62.6757 1983 2434 —30.4958
15 2886 2879 75.9807 2633 3125 6.6528

3.3. ZEHEMRIE

MZ BTN ER AT AL, 295 Z AR KT 10 I, DR EAA7E S 1 2 EILk k. Wk 4 TG
o, BRSO xo TH2RE X, RAIHIZR BARH xg, RN AN xs 1177 Z KA T #OR T 10, H AN
X1 THIRE X, (77 Z IR R T B 2 4R T 1000, 1 B 1% R85 6 () AL 2B M R AR SB35 11 o

A FR B, e ELIRII SR (8 5 A DA L 5 22 L5 R 50%R , At J4) s 1 e AR 8 i) A7 76 A 1
MM 5 Figfa—47 n] WAAT4 246.65073 iz KT 30, [RITMAR & R B SE A7 7E = B 2 AL 2Rk, 1
246.65073 i i [ 7 22 b 5l b [ RSN % o4 0.99597, 4 B A4l x; oA 0.99132 #fize kT 50%, A it [l Rk
AN Xy, TH PR EE X, R FEAR ORI, 75 B FH A AR P A ] R

|
>
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Table 4. Parameter estimation table and expansion factor table
= 4. SR RFEKEFE

Variable DF Parameter Estimate Standard Error t Value Pr> |t Variance Inflation
Intercept 1 539.53044 329.75800 1.64 0.1362 0
X1 1 0.18331 0.14918 1.23 0.2503 1521.45442
Xz 1 —0.22901 0.21008 -1.09 0.3040 1276.66982
X3 1 -0.00880 0.00385 -2.29 0.0482 4.43432
X4 1 18.30704 6.22727 2.94 0.0165 30.91690
Xs 1 0.28746 0.06099 4.71 0.0011 10.43019

Table 5. Conditional index table and variance scale table

5. FMHERERMAELSIR

Number Eigenvalue Condition Index \Iﬁgrizzﬁ Var Porp x; VarPorpx, VarPorpx; VarPorpx, VarPorp Xs
1 5.61163 1.00000 0.00010 0.00001 0.00001 0.00007 0.00021 0.00079
2 0.32297 4.16837 0.00421 0.00006 0.00006 0.00247 0.00089 0.00566
3 0.05594 10.01589 0.00171 0.00018 0.00010 0.00133 0.02127 0.32584
4 0.00694 28.43029 0.00377 0.00353 0.00645 0.00035 0.59353 0.11816
5 0.00243 48.08208 0.66520 0.00024 0.00206 0.51300 0.01544 0.52017
6 0.00009 246.65073 0.32501 0.99597 0.99132 0.48278 0.36866 0.02937
3.4. IREY3
R TEN VA J7 3] DA U IR 70 rR A AE 1 22 BE L 2Rk 1] R, DR abb gk FH O [ VA1 7 ¥ 4R A8 8 T o
T RRHC R
y = 539.55 +0.1833 x1 -0.229 x2 -0.0088 x3 +18.307 x4 +0.2875 x5
2001 &
N
o 17.57 Jﬁ“+ 15
2 S Rs
g 15.01 oy 0.3936
- P AR
— i T e S
w12 T O R N 0 4901
L 10,07 RMSE
§ 751 17.753
=2 5.07
o 2.5
0.0 TS
-2.51

T T T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.55 0.40 0.45 0.30

Ridge k
Plot +++x1 +++y2 +++xj +++ x4 X5

Figure 1. Diagram of the estimated parameters for ridge regression

E 1 IREFEITSHKE

|
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Wk 1R, EIRSEMERT 0.02 I, HhZk#ET g, Bk, BUSSHEN 0.02. £ 6 ik
Hoptrh, BRI SHED 0.02 P47, BIEE 6 ATAIEE 74T, 28 6 T4 1 VIF UM, 28 7TAT4H T
SHAETHE, AT T B RN

y =637.053+0.03x, +0.01x, —0.01x, +17.757x%, + 0.249x, (11)
XN x, KT RECNIE, S9CBRIEGUAHET, Ui W0 [a] 5 ) 45 SR EL 2 ml A i 45 SR SE 4
Table 6. Part of the ridge estimate table
= 6. Mo EITR
Obs_ _TYPE_ _RIDGE_ _RMSE_ Intercept X1 X2 X3 X4 Xs y
1 PARMS 77.753 539.530 0.18 —-0.23 —0.009 18.307 0.288 -1
2 RIDGEVIF 0.00 152145 1276.67 4.434 30917 10430 -1
3 RIDGE 0.00 77.753 539.530 0.18 -0.23  -0.009 18307 0.288 -1
4 RIDGEVIF 0.01 5.09 6.68 2.080 11469 7.624 -1
5 RIDGE 0.01 85.018 679.513 0.03 0.01 -0.011 19455 0.268 -1
6 RIDGEVIF 0.02 2.61 3.74 1.832 7.690 6.023 -1
7 RIDGE 0.02 88.680 637.053 0.03 0.03 -0.010 17.757 0249 -1
8 RIDGEVIF 0.03 1.74 2.53 1.645 5.577 4918 -1
9 RIDGE 0.03 92.041 600.150 0.03 0.03 -0.010 16.627 0.235 -1
10 RIDGEVIF 0.04 1.27 1.86 1.499 4.264 4110 -1
3.5. XTI

FEZ T, 5 2 B EoR T & R T HOHRFAEAE, 755 5 2, 1l 2 ML ELAE 2 38 2 v i o B 51l 99.3%,
ORI 2 A 2Rl ol LU A 2 AL AT e

Table 7. Eigenvalue table of sample covariance matrix

= 7. HARMERRFHEESR

Eigenvalue

112,699
13,181
10

a A W N

130,006,787
54,817,540

Difference
75,189,247
54,704,841

99,518
13,171

Proportion

0.7029
0.2964
0.0006
0.0001
0.0000

Cumulative

0.7029
0.9993

0.9999

1.0000
1.0000

M8 FTAEH, H—, ZEMD A
y, = 0.2742x, +0.1861x, +0.9404x, +0.0009x, + 0.0764X,
y, =0.7916X, +0.4975x, — 0.338x, +0.0028x, +0.1073X,

B2 — L TR 2 ia B g R BCRIERL, W] T R ERMFEERAD N FEREZER, FEEZE
BRI ZIE RmIEE . 3 MRS R R X I RBON A, MHARE S RO IE, BB | S E

X R IS R AR A Z R .

(12)
(13)
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Table 8. Eigenvector table of sample covariance matrix

= 8. HAMEMMFHERER

Prinl Prin2 Prin3 Prin4 Prin5
X1 0.274242 0.791638 —0.117693 —0.532930 —0.015306
Xp 0.186068 0.497511 —0.051062 0.845533 0.018115
X3 0.940388 —0.338026 -0.036101 -0.010223 -0.000213
X4 0.000881 0.002828 -0.002780 -0.023444 0.999717
X5 0.076411 0.107337 0.991075 -0.020162 0.001912

3.6. ERSTEIYT
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Table 9. Part of the principal component regression table

F . BOEMSEAR

Obs _TYPE_ _PCOMIT_ _RMSE_ Intercept X1 X2 X3 X4 Xs y

1 PARMS . 75.9488 622.327  0.1343 —-0.1572 -0.0097 18.4435 0.2928 -1
2 IPC 2 96.1468 702573 0.0388 0.0597 -0.0106 9.9057 0.2185 -1

3.7. B&3E[ET

1.2517

It

1978 1979 1980 1981 1982 1983 1990 1991 1992 1984 1985 1986 1987 1989 1988

Name of Observation or Cluster

Figure 2. Diagram of the cluster regression pedigree
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