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ing on the focus of economic development on the real economy, and the real economy is the basis
for the steady development of the tertiary industry, the tertiary industry, especially the produc-
tive service industry, can promote the development of the real economy, therefore, the study of
the added value of the tertiary industry has become a hot spot, Beijing is the center of China’s
economy, and the development of its tertiary industry has attracted much attention. This paper
takes the analysis of the impact of the added value of the tertiary industry in Beijing as the starting
point, and uses the variable coefficient model and nuclear estimation method to explore the de-
velopment trend and influencing factors of the added value of the tertiary industry. Based on the
added value of the tertiary industry in Beijing from 1995 to 2020 and the data of eight influencing
indicators, the original data were dimensionally reduced by principal component analysis me-
thod, and two principal components were extracted and named as operating capacity indicators
and development capacity indicators. Two variable coefficient models were established to show
that the number of employees at the end of the year, the total energy consumption, the urbaniza-
tion rate and other factors had a significant impact on the added value of the tertiary industry.

Keywords

Value Added of Tertiary Industry, Variable-Coefficient Model, Kernel Estimation,
Principal Component Analysis

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

B LR AR N[ — R A2 5HE S, VIREERHAZ N 1 2 B 5 H a8 K SO A 7 2
PRt fie H L S SR B A TR SRR T o RO RRME IR SR 22 T 2 FR A [ IR A R P R R A e
MBS, AR EFIEATF AR T R AR 1]. AIBFME R SR L B 5 = b A A
BRI A . R ORMR SEAR 2 X — [H [RZTF A R IIARTE A R A0 238 =P L SE /R, M
T4z 2 = JCH R A VE R ST MR R R DARR AR (1 Se A 5t i 20 e 35 28 =7l R R A1 23 5 # 20
KKIE, TMHRFESLAE AR TN R U A R R 1E R A R T (2]

B 1978 SEHCEIFRIR, E S =/ LIS T BRI, R R 2 e BIIEE. ="
fEE Rt i L ARG, HRMEZFEET, SOvRE S RN EZS /3], Hik, H=r"
(0 A 7 2R T RSN % [ 205 2 S SEARER I AT I UR . Dy 1 S MRl 25 =7l ) e R AN e L o ik
JZ, BFFUERE =7 b AR G0 B A0 5 0 [R] 3R BN 2% [ 2 2 A 58 B ) i fB i TP RE S, H=
PP IR A b — R, IR IR B RN A A, IR R 30 T PR AR e M 8K
JERA 0 EENE X [4]. HEE—DNRETE R, BRI = g e i 3 258 m A K,
LIRS 25 =7 Mk G K AN BR T A [ R A R P A [S]0 S —H IR R i, IR L
rINE 1 R SEAR 2 Br b, HEBERT A Dok Ak, NP BEHIEsR E . BUESRE . HUORIERE . SOE R |
P o E L By ], ISR R B = AR A R IR A, B = LR S A 7 Al 55 AT B g
SEARLBE R IE6]. PRIL, XF 58 =P VI IE R0 7E SO TR R, ASCRET AR RBUS, bt
S5 =7 MV A K FL R R 3R HEAT SR T

SRR ) —Fh AR EE R R AR R, ML TSNS, BRI R E TR,
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CHERCIME” , ON T R T A 2 4EEE R R T HI[8]. 1993 4, Hastie A Tibshirani [9] &L HI2kE
PERNEBER R, RN T 2B, BASHESR.. BOMBEEN A, 2 REBH BB N:

Y, =B(T)X " +¢&.,i=1n, (1)
ﬁ*,X%Xwg&fﬁﬁﬁiyT%%*ﬁﬁﬁ%,ﬁﬁ%%T*&ﬁﬁﬂ,Kﬁﬁﬁ%,gﬁﬁm
w7, B(T) e RERHL.

2. BRI
2.1. HuEHR

ACEAE R T I M SEiE /. WKEE T 1995~2020 45 5T 7 48 = 38 inl LA &z 8 AN SEmf e brikds
AL R (UR) SR FEANL(PE) . ASBEREFA(PC). AR SZEUIA(PD). ML N REEER A
HNE). BT DAENMMH). BEIRTE P B E(TE). %I EH(TN).

2.2. ERS ST
FEEIL > Z 0T, SRt BAR BT 0 R @ AT B i, IS IR BN 1 PrRrIgE R

Table 1. KMO test and Bartlett’s test
% 1. KMO #3870 Bartlett U428

KMO 18 0.779
EALRTT 402.701
Bartlett Bk % JZ A3 56 df 28
P 0.000""

7 1 W51, KMO{E4 0.779, KT 0.6, UtAAREZ [AMAEAIRNE, FFG FRr T 2K, Bartlett EK
TEASIG (R 4E BB oR, SN PN 0.000™ (P <0.05), 7P 2B, BHIEERE T LUEAT R4 .

S EAEROIE AT E R IR, ATRAE R 2 SO EMRRR, K1 A E, ATRLE HEHMER K
T 1LHEBRSARA, 2508 6.141. 1.177, EATRE MR 91.471% M R A5, Bei8 24k 5 4G £ 11
KEBHE B o

Table 2. Cumulative contribution of variance

F2. FEMRE

185y FFIEAR 7 R 2 (%) KRBT ZRRER (%)
1 6.141 76.765 76.765
2 1.177 14.707 91.471
3 0.557 6.966 98.437
4 0.054 0.674 99.111
5 0, 032 0.405 99.516
6 0.024 0.297 99.814
7 0.011 0.136 99.950
8 0.004 0.050 100.000
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Figure 1. Gravel diagram
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PRl At 28 B SR R A2 A5 AN SRR R AR AE 2 A F2 oy b A Bmr 2 80 X 6 o AR ) A dfm i A2 T 8L

T RBOBOR, BHGE T 1, R TR R AR (V988 o K

HIC 3 P73 R BOR T LU 3 — A R 3T R AR AR R . EREEA LD ALY
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Table 3. Table of factor loading coefficients
3. BFHREARHY

PRl A 2R AL N

Ny YTy SR BE (R 05 %)
WAL (UR) 0.962 0.060 0.930
AR EAEND(PE) 0.988 -0.031 0.977
NEJTEHTHA(PC) 0.172 0.917 0.871
NP LB (PD) 0.955 -0.091 0.920
PNIYNZEEY DN ((2)) —0.842 0.347 0.829
Z=y7 AL (MH) 0.966 —0.163 0.959
REUEH 2% S 5 (TE) 0.995 0.010 0.991
FRERBH(TN) -0.816 -0.418 0.840

A 4 TR, TR RS, RHE T A

F,=0.1567xUR +0.1609 x PE +0.0279 x PC + 0.1555x PD - 0.1371 x NE

+0.1573xMH +0.1621 xTE-0.1328 x TN
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F, =0.0514xUR -0.0261xPE+0.7797 x PC—-0.0770 x PD 4+ 0.2952 x NE

—0.1388xMH +0.0087 x TE —0.3554 x TN

B ERTEAME 2] F =(0.768/0.915)x F, +(0.147/0.915)x F,

Table 4. Table of component matrix

4. BTRERMESR

B Gl
B4y 1 J5y 2
W 0.157 0.051
FEARFAEN 0.161 -0.026
N 578 P T R 0.028 0.780
VNSRS WHION 0.155 -0.077
PNIYNZES PN it -0.137 0.295
BEyr DA 0.157 -0.139
REVRYH 2 S 0.162 0.000
BRI —0.133 -0.355
BAFH S IR AT A
Table 5. Table of principal components
#=5 ERNE
Pl P2
-3.702 -1.593
—3.445 -1.510
-3.182 -1.368
-3.285 -1.036
-3.076 —0.748
-2.842 -0.069
-2.517 1.198
2.730 0.018
3.371 —0.374
3.601 —0.410
3.460 —0.461

3. ETTARFRBE =B MERXERERS

3.1. ACF ®1&

ACF (Autocorrelation Function)fa: 46 & —Ff FH T 46 i 8] 7 51 550 B AR SCPE ) 5. ACF A3 i H (1)
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Figure 2. ACF test

2. ACF #&3%

3.2. ADF 18

ADF F5 46 /&1 Fa A% 35 (Stationarity Test) P (K] —Ff# 7% . B AR, ADF 65 bt A
B ESCHE 0 B AR AL 7 REAR AR, SR PPAS I 8] P S e R P Ra ko an RSP ARRFE T REAR IO/ T 1,
Ut LA AR E AT AR B A H s A SRR T REAR M S T EEIL 1, MIAEARXTARE, £k
PRI 18] 51 B o

AT ADF 4, A 30 iz (6 3 5 EdE 2 5T Ae, 45 P <0.05, W BZFP IR T iafrsl, % P>0.05
W P PR AR AP A1 o ST 12 M2k, 3 RIIE 6 IEsR, ENTEE KT 0.05, AP EA
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Table 6. ADF test
5% 6. ADF &%

B3 t P Il S8
1% 5% 10%

G —0.028 0.956 —3.859 -3.042 -2.661
H = ez 7T) 0.670 0.989 -3.924 -3.068 —2.674
WA (%) —1.459 0.553 -3.788 -3.013 —2.646
ERFHENDCHN) -1.183 0.681 -3.738 -2.992 —-2.636
NFJE BT ARCEJ52K) -2.141 0.228 -3.724 -2.986 —-2.633
N2 EE AW ONEW) 6.440 1.000 -3.724 —2.986 —2.633
BT AL —2.243 0.191 -3.859 -3.042 —-2.661
FRFREH —0.675 0.853 —3.889 -3.054 -2.667
REVRTY 2 s () -1.391 0.587 -3.724 -2.986 -2.633
Mok N REERNEL(TTN) 0.068 0.964 -3.770 -3.005 —2.643

3.3. TREURH
AR )R T B, (T) W R, @ RBEITA[10]:
BAT)~ B, () +B' (t)(T—t)=a,+b,(T—t),j=1-,p.
Hr () R p(e) FI— I SERE, Bk, RER AR B (¢) B THE W] DL B MG BLR B E 2
[11]:

n

Y p{y =X [a+b(T, —f)]}QK[%}

i=1

Hefa=p(), b=p(1), K(%}%ﬁﬁﬂyhzo.sn%&&ﬁ, bt n REA R, ASOR R B H

B SIRHATRETE, B
K(u)z%[(|u|£l).
p(s) =5 RFI KA,
oy~ X a+b(T, 1)} ={y, - X [a+b(T,~1)]

W FEBHE T (a7,57)" (AT

Au)=(6" ) s S feentr -0 ()

i=
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Figure 3. One-dimensional variable coefficient model fitting plot

B 3. —nERBRAUAE

G IR AT S HUYIRI G AL, BT T Bk 8, 12 AR R B M i G i JEE DA_E 1
O, AR RBUER RS RE A AT SR U4 2R, Gl X S AR 1 A R AU N I R, WG
T 2 S i 00 2 1) RO AR R FE B o

BT W 7= IME R THE S SHAE, T B oA R B A5 B b LB S AT
AT SEPRER, AR MTHES TS EZERBOE 2007~2009 4, AL SIEEAR N FRiEE
PRI, A BRI 2 =7 b Jie A (B 54, Mol N SRR K88 I 2 fie 2k N 70 BRI (1 45 s
JIT A ML G35 A N BRERT afoxod 28 = 7 b A PO 2 i L 2%

Table 7. Estimated and real value added of the tertiary sector
F 7. B=FEmMENGITHESEXE

H%E ftiiHE
789.72 789.82
1001.19 967.39
1218.06 1218.02
1458.75 1458.15
1781.50 1782.02
9175.10 5281.51
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Continued
10047.70 6836.64
11608.10 12331.20
22245.70 13352.47
24711.70 26240.29
27508.10 28241.92

35. T RBURRER M

BE—NERMMENELE x, BN ERMENELE xp, BRFEDENEE ¢, WNARE y N
=rENbENAE, AL oo R ERNA IR

i :(xli)T B (7-;)+(x2i)T B (Ti)+giai:1:""”

b e REEVLIRZ

5— 0B K BEEAFI 2, AT TR ¢ WELER. M RERNEL AR SR
N2 PR 2 AR 2 B A I (AR, 7EMZe B RA—2E. MWD, i, HRENEGEREN I, 1TEF
SRR X SRS R RAE ARG ST, R AR T8 =R E K E .

WL E 4 TR W, IR AR E ¢ 0 0 RECE T R R T DUR I I S N AR, HSUE S
fHTHE R 2RI A 2 — 2, B Ui A KA & R .
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Figure 4. Binary variable coefficient model fit

4. B RBRAAE

8 gy 7RG T A S RS =PI E S B, TR HEAAL T 0~5 XA, AE
2000 fF2ZJ5, WAEILRA 4.1%WEAR, IEUERKBEIN, w23 iz X KRR g, 5=l
IMEA YRR _ETHES.

LOBREARRN099, BHET 1, BHIIARURIREF . PR R L2 )5, B AR 1L,
TIUAR R B GRS I AR AL A . AT SO L REURTE B B B AR IR R, R SR = g e AU
BRI TE SR .
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Table 8. Estimated and real value added of the tertiary sector
8. =g mENAIHESESE

HEH e
789.72 789.81
1001.19 1001.25
1218.06 1217.99
1458.75 1458.86
1781.50 1781.66
20218.90 20220.02
22245.70 22247.03
27508.10 27506.14
29663.40 29664.78
30278.60 30281.16

Table 9. Table of fitting evaluation
F9. BAETMNE

R? RMSE
0.9999 0.8238

e, RN R, R R AR KU T R N AR AL
Ho:p(T)=p VS H,:p(T)=p,

Horp gt — BRI R, 45 ARBREUN 95% MBS IXIE], T RER p (H¥09 0.00. ek, fH48 R
Ho, W] T 2B AR AR R B

5. &g

=g e 2 GDP Hh B EAH A . B MR AR I s XA R Sl K et DL R AT, B
AEERNZGNE 2 EUFBCRNIZIEE R RS =, femir el Aok N ZERANEOT T
S =P IE R 2 R . MOl N G RN R LR 57 3 ) BEIR AR 55 K, A R 55 L 1 A
AT 3EG MR, TR 2 (AR . (RIS, SRl B 2 LR 58 = L I i B

BORBE R QIHT 2 P e 88 =P MG A T B L FF S QIR M 51 T EOR, 58 =k Rg g A
T e H R AN SR, TS ™ SV . T AT, ARSRBE A BTRH B0 n, 55 ="k 5 GDP
I E R 2 R,

F= B TR EE IR RS . WREE =R AN AT RFEE, I I A B IR AT B R 0t
T ANREFHAR AR AL SR LTFRELH FIR, 75 200 F ORI SR A AT 52k

e HE

“EHEARFRRE—RKES” WIHSS: TDZKSS202231; TDZKSS202247);
“REBARRIFRE RAR T ——R G (WHSR S YLZYXJ202211).
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