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Abstract

With the advent of the 5G era, more and more tourists use the Internet
to understand tourist destinations in advance and then make travel plans.
Based on these Internet data information, the accuracy of forecasting the
number of tourists can be greatly improved, which can not only
dynamically monitor the behavior of tourists, but also overcome the time
lag problem of traditional tourism data. Therefore, it is necessary to predict
tourist traffic based on Internet data.

Based on the research of existing literature, this paper takes the
monthly tourist flow of Hainan Province as an example to carry out the
empirical research of tourism forecasting, and the main research work is as
follows: (1) In view of the characteristics of multiple noise, nonlinearity
and high fluctuation of network search information, there are many
difficulties in the selection of keywords and index synthesis. This paper
proposes a new search keyword selection and exponential synthesis
technology, R/S-TDC-EMD-KPCA method, which first uses the rescale
range method (R/S) and time difference correlation method (TDC) to select
keywords with predictive ability, performs empirical mode decomposition
(EMD) noise reduction on the search volume of selected keywords, and
finally synthesizes the network comprehensive search index by nuclear

principal component (KPCA) method. The effectiveness of the extracted
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web comprehensive search index in tourist flow prediction is verified by
comparison. (2) Internet data information represents the different
behavioral characteristics of tourists, which can fully reflect tourists'
concerns, interests and emotional tendencies. This paper proposes a new
method of tourism forecasting based on the integration of Internet data such
as Baidu index and Weibo text. Firstly, based on the R/S-TDC-KPCA
method, the Baidu index is synthesized into a comprehensive online search
index. Secondly, the text data information related to the optimal keywords
is extracted from the mainstream Chinese social platform Sina Weibo, the
extracted text information is cleansed, and the emotion index is constructed
by using the methods of simple addition of positive and negative emotions
and asymmetry based on positive and negative emotions. Finally, the
comprehensive search index, sentiment index and historical tourist flow are
used as input variables, and the SARIMAX model is constructed for
empirical prediction research.

The empirical results show that compared with other traditional
prediction models, the network comprehensive search index based on R/S-
TDC-EMD-KPCA method combined with BP neural network has a lower
mean absolute percentage error (MAPE) and normalized root mean square
error (NRMSE) in Hainan tourism forecasting, in which MAPE decreases
from 10.44% to 7.11%, and NRMSE decreases from 14.66 to 9.81.

Therefore, the proposed R/S-TDC-EMD-KPCA method can extract and
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synthesize web search information with high quality, and then can be
effectively used for auxiliary prediction of tourist flow. Secondly, it is
found that when the network comprehensive search index and Weibo
sentiment index are used as predictors at the same time, the prediction
accuracy can be effectively improved, and the horizontal prediction
accuracy is lower than that of other benchmark models, MAE drops to
15.23, MAPE drops to 2.62%, RMSE drops to 21.77, and RMSPE drops
to 3.47%. In addition, this paper adopts two different methods to compile
the sentiment index, namely the emotion index based on the simple
addition of positive and negative emotions and the emotion index based on
the asymmetric emotion of positive and negative emotions, and it is found
that different emotion index compilation methods will have a certain
impact on the prediction results. The emotional index under the asymmetric
situation of positive and negative emotions based on different human
psychological behaviors can better reflect the emotional tendency of
tourists and obtain better prediction effect than the simple sum of positive
and negative emotions. Therefore, the prediction of tourist flow based on
text and web search information is effective, which provides a new way to

accurately predict tourism demand.

Keywords: Tourism forecast; KPCA; Baidu index; SnowNLP; Sentiment

index
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IR A — B4R 20, Liang ZE027ERIF 97 i id) 2 1 175 I e B0t ik 8 S 4R sk
PR ah 2 (RV) BTN GEE 7, SR FHRE I SRR I 1) (i TR - B B 2R 5 B Bk
T RTE 4. Zhang 25U T = I3 2 A\ HCRT 5 e ) 37 BA 0y 32 i e
TR PR S HAE RPN T, BT MaoSU F i ik R, M4 = AR A
JRI R WG BCE, E SUIE TR E . T e P A IOE i X L 1 ) R A7 1 175 J e 0o
T, WEIE T BT 5 45 0t 16 1 T (R S, DM R e B 8 Ak BELIES 1) AR A i
#,
1.2.4 £ T LFHER SR TN

oK B L R ECT G IR HOE T RE 2 BR H AR 2 T 7 e A0 A PEATIZ AL - i
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PRIXA 1] 0 f— b 5 9252 Bl A SCAS N 0 28 48 22 A5 EEAT T . Yang 51471 F 4
Tl G2 DR AN A R B S5 B A5 R0 B It i WEAC R, 208
B RS 1AL AT EEE A B REAR LS, E7KF A7 1] B J5 T #R 3RS T
B AT RS « Pan A1 YangH84s S48 22 5 Aty o il il B A i R UIR B 4%
Z2 S TR B 0 b A Y N A 2, TIE B AS [ B YR P R T DA g/ T i 72
312 1 TRURS 5

Pt 5 A A8 AR Hh SOAAE SR BRI, SO o S A7 SR A — SR P A
BN o Zhang ST 7% 2 35 28 40 R A8 SRS b 2 4 R AR R 1% IR 5
RO e ] = AR B o BRI, T R AR HORG AR 2 TS A B 45
I R TR AL R AT S5 RE T4 52 1 & B TR AR AN 22 5| 3 7 R 4R 450k A 155 oK
RHORE R, B8 T AR O RIGHIL F1E BN 50 B s, A
FERH, PFR U R R, BORIRTE T AN TR B2

gi LT, H TR R AR R T A B R — e, ERAAELTT
JU ALl

B, ERBERNA, R MM RE ST DE— @R bR — B
o 30 P PR I I, A DA AR A B Wi 2 VA s BEAT T, 06 B v e D TN 2
o EMEIRBR TR, AR R IA K3 5 Y0 AR . IR I RIBE G
JRRIA R, 0T T 23 48 R B A il B B AT TR TR B T G EE A . T
Ik, TR FH P 28 15 2R A Ui 2 e AT TS, 0% B 4t B A% SR Y
[P 2% 451 2R O ) 0 43 DA DO 864 RAR 5 RT3 V%, AT AE KRR B 9> o 2 48
AR AR AT AP (R4 o AR SO0 bk [ R HY — o P 25648 R A5 B4R
A HT B AR ——R/S-TDC-EMD-KPCA J5i%. & EEEHE T MEIHEER
BERAAERE . EARMERIARZR LIRS £ ¥ R/S R TDC JiiEMlgE &, i RA
TR RE 7 F) DR, DRI D (A s SR 6 I LA TN R 1 ) O
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) 2E4T EMD [, 3 2 25 B8R i E; fJilid KPCA & i 48 45
EHERIEE AR R G SR D ARZEE S, T2 1 S s i
ARG RE PR LI 45 R

Hk, A2 B RS AT e IS, It el 2 AR AR B i 1
RIS S, (BB I3 F 7E 5 B rp A U] S 4 10 e S v F SO Bl i AT
TR BRI, B AR 52 2 SRR IR B, X1 PR 1 IR 10 2t &
PRI TR pr 2 oG B . PRIk, (R RHTE T, BiAs 7 2% i H R
B F AL EAME IR T RS 68T . A SCER X IZAN AR SnowNLP J7 5% (il
SCRBEAT HARE T LB, JEPIRAS R R HI R IR AL 08 2k IR S Jk e
SRR IR 17 JESH R UM T I G158 AR AR B 17 R, K X A 15 i i — R A
DN TN (1 A A N\ RIS TR 3 AT i T I 7T, DA IO SRAS BE G ) T R

B Ji » AE TR P oK B R BT 5 R e AT RE 2 PR A A T e 1Y)
Fa s PEAZ AN o J8 T SCASRT I 2 45 2R 5 S il 5 PRl LA A A B - i s H 1Y)
M U3 1 i AT, I R RO R U 7 SR R E o« AN T LA R EON
AR RIRE R 2% ER SRR TR E W IR oA Bl R A il a8, 2 T2k T

SCARFN 248 2R A5 Bl A M8 SARIMAX TRINBEAL, W4 e ife TS 2

1.3 ARAREEHF =
131 ARHE

FE TR Ui FHE T35 T SCACRN W 2% 48 R A5 B Rl G B Tk i B 10 b SE 4 1 A
FRWAT N, I B S R R SR e . BARBE RN AT

F—, HTMBEREEAAMELMEES . JEL M. S SEE s, ERBIA N
HEBEANIREA O AR P AETE T 2 WM. DRI, SR H T — ok 0 I 25 48 R FR Bk 4%
Je AR ——R/S-TDC-EMD-KPCA 757%, B JeWliSifs vg H BE e & i & KA G
SR R 4 3 R A BB, A R/S-TDC-EMD-KPCA J5 722 B 46 3 2455 15,
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B NS L5 A AR BRARH ARG R0 N 28 25518 2R AR B 1 R Ui R AT R P
REMME ZRBIRK R BFR MRS RIBEORE s I EE AL &, 5
SFIH ARIMA. ARIMAX Fl BP #1258 X 25 5 72 G e AR Y, 0 51 NFE AN
(7] A A [ 19X 2 £33 450 2R i ) FRUMIASE R 1) T 8 kAT VA

FoR, WA RN B] 5 51 B TR A B A M B RE A SR R R
T R R RE 2 PR AR T 1 e AR E MR A2 A . Bl SRR T
AR 265 4 2R A5 DA I e TOIHT 757k . B SR T R/S-TDC-KPCA 7714 ik
WE rE AR R AR H RIS, AR S B e I OGS A R (R SCAR B, %
SEMLIR) SCAAE B S 1B e IR F B8 T 1 B % 5 R A DR 2 T IE 471 Sk
YRR T7 R AL A AR R, WS, R T S SR 48 R AR HOM G 48 e o
SARIMAX T ALY Xof ¥ T U o Uit B 3B A7 T

1.3.2 BUET A

ARSI AIHT SR L A AE T

By AR M A R AE B AR IE BUBT B R ——R/S-TDC-EMD-KPCA J7
o ZITIREGE TG T MR RAG BRI AF RS . SRRV RS R,
R/S #1 TDC JjiEAHZE G, B E A TN AR 7 (G R],  1 ORI ide DG B (1 vEE 1
P SRR B8 BT O RE 0 K GBI HE AT EMD B, 21 M 248 R A5 R AEE
BT fJEiEId KPCA & N Z S35 48 AR, A ROl sk W 248 205 B8R
HIARZEAE S, TS 3] 1 SE AR MRS & 1 T30 45 R o

W SRAPIRIAS R T 24w ) 15 B H, 70 il Je 5T 1E SR JB 7 B A In (00 155
JEARHORN T 1F GUIR R X PR 17 i 0, 90 R A [ 0 17 S e 1) 142
X PN 45 RA — 5 SR, T IE SRS RS PR A 17 B H5ORH EE T L A7 17 SR ) 1
BN R R 2, R T AR N O EAT N I B BT A R G
A LASRAS B 4 1) R0 R

=, LLE B ECN BRI A B 4 SR S R AR HHIR A B R IR
A T R RO R TR A, BRAIE [ T SCASHN W 25 4 R A5 SRl & G Rk . d
IEX SARIMAX HiA! 5 SARIMA A58 1 FOMIRG FE LU R I, To s I 45 25
R IR BOL 2 1A BOAE TN 1 48 T 72 N B30 0k i v ot e Aff v A 31 1 R
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RO 10 P o T4 960 2% 0 DB A 0 S D A 2 S e o e I 0 4 ) 6
FOTE SRS A, HFAE Vs e o R THT R AE
1.4 fiREHRH

AR 5 TR, BIREHME L1 FiR.

1%, 8. AREETIA SRR LR b, WPUA R B S
BRI I P AEAT 4008, 40 MR 26T I S A T s 6 T 4 1 2R 0
TR 64 I A AT O T s 355 2 Rt 2 Fr T RT3 e TN A
AR AR (0 — S B S AR, R4 AR A,

I
I
HINE | | WZEMRDT | | RBRBESE | | R T | | DU KPP 4RR | |
I
I

BT MR EEHER BTSRRI 2548
T8 e Ui PN FAT 2B Ui P
I |
v

{ ula %%é

A 1.1 BOERRERE
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2 B WU iR, AR EERIWE TR R IR I AR T
SRR % ERD T SnowNLP LA At B TSR FOSEAA F b 43 1)
03 F: BT MESE MR RR BTN . ARERN T R KE T
HH 1 9 25 48 2R B A B R——R/S-TDC-EMD-KPCA J5 kA %k, LAl A
(1A e I AR N FOR G, R N 48 £5 S 18 R Aa HOA 2 E A AN
R, /P HMEA ARIMA. ARIMAX I BP #128 fR 2% J5 2R RN AR, 3R
7 T DU PR o0 20 SR e PP A

B4 BT OURMIMN S RS B R E T . AT IERRE B
S B BRI T & IR W] BE 2 BR i A2 (1 FIUIoRS BE A2 A e 7, DA E FEFR4L
DN EGHEAUR AE FH 2 SR G R AR EL, B IR U D9 B SR R AR A BR Rk
SARIMAX FHIAEAY o DL [ i i 48 1 ) P2 2 T 8y T oo G db 4T SRR 5%
I J5 HE T AN [FVTAS J7 R 00 52 16 77 V25 PR Tt 4 R 2R AT VP AL

S dinEREE, AR FERINS SO, IR A T
2, BE R ARSI AT AT R .

5
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QHRARFGE

2.1 EfFpREE

FFRR 2 (Rescaled Range Analysis, R/S) F 2 H T-iH4 Hurst 155149, %
TEHURA) 2 B Hurst 32, JFMBI & T a4 . 23R B0 R IR IE T Hurst X8
AT IR K SO, b EEAE B3R A R/S VEEEST Hurst 4548k, H T %%
I 18D P2 9 B A e o AR B BT i

LKKEEN m BRI A KRN 0 HAESH o ASTF5, KR
T, T T, Hofa=mm: WIT, ={x;}, K j=12,-mi=12.a, x %R

Fea T A 5 SN

2. AR TRAT EME, EAX

X, = nﬁ (2.1

j=

S|

=N

3. S BIRISEATRAT, bR, 28, ,

s, = \/%j(xji _X.)? 2.2)
4. EBATRAIT &, B EATK DA Z T P T 2E X 3R R

B2, Hdk=12,-n
Yei = Z(in _Kﬁ) (2.3)

5. WRENTRAIT MEREENNZE, LR

RTi = max( Yii )_ min( Yi ) (2.4)

R
6. XFRANTHAT,, HRIERZE, iai’ﬂs—“.

T

7. MM Hurst #EH I E &
E[R,/S, ]=cn" (2.5)
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ﬁ¢,RJ%%%&??WI%E%W%&%,Eﬁd%}%a¢??ﬂ%
FIEAMRZE, ¢ NHEHL H RIJY Hurst 4830
XF(2.5) 3K # a2 [R] i B £ AT 45«
In(E[R/S])=H -In(n)+In(c) (2.6)

ZAn(E[R/S]) MRAERL, IN(N) AR, WS o FARREBUE, 506
TR T ERF M, S SRR AT B R EDA, AT
3 Hurst 844 H.

Hurst $6%0 H W T I IR FE90 0 1 ARk, B T R B 3 R o 3X— 1R
B 5 ) AT

1) 2405<H <1, BUIFEH A KT, KR8 55 228 B IE

2) M 0<H <050, BLHIFEFLAA REFLENE, Aokt 5id L0 fUH

3) Y H =05, BLUFEFIRA LSBT TRINL, Bty Bt 04 &
WHRR.

2.2 REREX D

i 22 #H 9% 43T (Time Difference Correlation Analysis, TDC)2& il & 8] /7 51 AH
KA|B . FPPEGS G R R AR LRI 208 L I REL 1HEA
AT

> (%, — %)y~ V)

[= (2.7)

> (%, - Y (%, -9

Ry R AR E, VAR E, FET X ER I
W OCEA I R E, X AP RE, ENZER. Y <OrFRRER, |1>08

BTN I o

2.3 KWIRES DR

2206 K 2543 i (Empirical Mode Decomposition, EMD) & Huang $2 H i) —Ff 4k

14
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HARFRE 5 BB 7 00, iR SIS o i, KR IRTE SR 0 A T AR R
. (MF) F—/ANMRZED, IMF 43 &2 BA B ARR RS R AL, Bens R
oS 5 1) JR FARFALE
EMD (AP IRUTT -
B0, HMRESRI T TR MACEE, 1930 RMRE . B D, Y
A AR o E AR AIME SRR AR R R, 33— I E N R AL =00, Xt
—kWIBRLBOEAT OB, B35 LRSS, BIDE, BEANELE
5 AL AN QL IR P TS BEAT R, 15 311% A 1 B BN B (1 A TEAR S R 2
HBHA K. BHD, B8 ERDE, EMEMESRE ELRES,
X PR B N A RS BR AL B0 2% EMID 45 S8 — A HE A28 bR BRI — NIk 2 0
Forr, EMD B A7 AE — L IR S A«
(1) FE— BB, BRI = S A R S (R B S R — Bl %
FHZE A
(2) LEATARTES [ £, e 0 A A A B 28 (A 8 ) Ry 38 /M PR L8 (R AL 48%)
P BE LU

BERS 5t

PCA & —F& L MRFESR BT V5, (Hi% 0775 R AR AL B A 2R kAR SRR 11
s b . A% 3 843 73 B (Kernel Principal Component Analysis, KPCA)#& —F i () 3 £k
VEAS EAREU 5, AR SEAR it S 2 1 S b B N 2 ) 5252 31 v AR A 2 ]
SR JETE o EARFAE 223 ) Hh o} WS B8 05 2 B o o s e “ oo™ il
R FH A R BOR A AR AIE 25 () T RO RE A ARG B, T S S AR 2R PR (R 2 kA
SOSE D

A INGBIREE X =%, %, X, | €R™, FHHX, XX N n 4EFFE, m
FEFEARMNY (RSO R E NG A0, n AR (RSO K
ANEO . SRR R B AR 210 F GEdE d 48) BB R—A dxm HIHTHE
e

A(X) =[(X), $(%,), -, 4(%,)] (2.8)
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B (X ) CBEATH DA AL P, B

> 4(4)=0 29)
RS W B35 2
=23 000 2.10)

4% PCA BRiL, SRRV ZHERE C [FIRFENE A FUREAE [ & v

X Cv=Av 33|, FiEa.a,, a3

V=iai¢(xi) (2.11)
5T SUZHE R K:
K%)= 80x)-(x) (2.12)
K 3(2.10). (2.11)F1(2.12)F N Cv = Av AL 75 .
Ka=A1a (2.13)

W AQ )N a0, o M TAEEREAR x, V2R j MFLFE, F

FEER j WU, W R BT g(x) FERFAE A3 [A] L B3R A 0N

Fy = (v 4(0) = Y a/K(x,%) (2.14)

2.5 SnowNLP

;

T8 &5 & B SRE S AL 2R (Nature Language Process) f—Ff1, B 7E I SCA
SRS R, IR AT AR, DA Ar B SCAR A, R
R A AR, DR A TAFRREMEE . SnowNLP 52— L TH T3
MAYZYRR) Python [, HEEIDIGEORE M. WTERRE. N k52
o ‘BB IR IOTE AN R DU R 2, s T e iR SR

JE VR AL 26 AR A AT, T A5 BT MR AR &), KBRS R (E

16
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FRIARAE A D v A (O ST e o i R (OB IXTRI D 0,1] 5 RIVARURK: f7 S 1 it 5
AR AR AT 1, USR5 A0 1 S b e e

FINER DU S — b - DU S g SRR 7 S5 2%, IRBCAFAE — > 07028
W, e K5, 2, FEARRA x Ry PIARRIE, JUHG 2200 R Ak A

P(c,|x,y) #P(c,|x,y). MiP(c|xy) (i=12) AILAFRIER:

P(x,y|c )P(c)
P(x,y)

P(c [x,y)= (2.15)

A FAAE 2 8] — MRS R AL i, BTRLP(C | X,y )= P(x]|c )P(y|c.) -
I E T4, H UL 28 e W P(c, | X, y) > P(C, | X, Y), IB4E

Tc 2% WMEPEC|XY)<PC,|xy), HaETc,%k.

2.6 TR EL R VE iR AR

2.6.1 =T naive £5

Seasonal Nawe % (SNawe) 777 MEEds S R LR . e fdfiFH b —
A 8] JE 3 ROk A B DU E N T . A T T AR A R A R, — R
vy

A

yt = ytf1z (216)
b, YRR AR O ZIR TN, Y, R I 2 G 12 A B AL
B e

2.6.2 {EHFRIRE

T BT 1 7 (Exponential Smoothing ) F- & 7E 1959 4F 3& [ 4757 2% 5 Brown
PR, B S CEAN R 222 IR 0 AR I R R 5 i o i A PR BT I AL Y = A
SEARAR . R A AT BITE BOTIEEY, Holt #3518 1E 45T 1Y), LUK Holt-
Winters J7VEP4Y . $RECFIAREALRE —FRGEiT IONAEAY, e R A S T
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fEEE EMME R INBCTME, I E @R, W4 TR KRIBCE, X4
RGNS YU AERG AT T, AR 8] 7 S H0 o R A s A& . BRI B
—RIEHCOT IR IRIR RO R AR = R BT R .

—UHRECHIE B E & T 0 B AR [a R A . AT

S =aY, +(1-«)S!) (2.17)

Hep, o AP ARML SN ¢ AN —KARECF I, Y, SR .
o FERIALCE AN R, G 1, P sSEIE BCEAOR, R R e 11
WEFAETRHCT VAR 2L, £E R 3 M Y L S AT LI AR A Bk 22 1 O Ak
EFREENa .

TUARECTIE RS T R G RERI TR PR A, PR AL TR E
fasE. AF.

S =aY, +(1-a)(S_,+b ) (2.18)
bt = ﬁ(st_ St—l )Yt +(1_ﬁ)bt71 (219)
Y. =S +b-T (2.20)

H, o, fTFERE, SO e W ZIRFRAE, b oy e RZIRESBE, YN
FIRIUAE, B g~ R L 4 2fe LA Tt B i 3914

=IO RALE T BT S R PR R TR e 81, L = AR
EE BHEEMFN R, AW

S, =a IYf +(1-a)(S_,+b. ;) (2.21)

bt = IB(St_ SFl )+ (1_ ﬂ )bt,l (222)
Y,

I, =7S—‘+(1—7)It_m (2.23)

Yt+T = ( St + bt T )Itfmq (224)

Hrb, o,y i REL L ASRBEINE, k2K,

18
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2.6.3 SARIMA $&HI

1A 22 /3 B B P SRR CARIMAD & —Fh 4 i st 18] 2 AR Y o (A 356 4y
I 1) P 51 5 AT o i 2= MR AR AL, G R R E Rl VA 2 00 B Bl AR Y
(SARIMA) KFE7R, ERM ARIMA BRI FRRTAR, 7. BRI
RUBSED P AROY o I I D P 5 MRS 3 TIW 4 Q A
PEZ B $ D @57 SARIMA( p,d,q)(P,D,Q) %A, AxinF:

#(B)D,(B)(1-B%)°(1-B)'Y, =A(B)O,(B)s, (2.25)

HoepY it AIikIEAS. ¢B)=(1->" 4B ) REHEIHET, 4.4, 4, N
SR EAHF 24 0B)=(1-> . 0B e RENTHHET, 6.0,.0, WX
HTF s (L-B)Y & d Wz, (L-B) &F Wik W %4,
®,(B)=1-0®B°-®,B* - ~®.B” HPHFEWHEHRAK T, ,0,, O, HZF
Witk EHE T 2% 0,(B)=1-0,B°-0,B” —--—0,B* § Q M ETi k3T
BHF, 0,,0,,-0, AENBIE TS

MAMEAS RN, SARIMAX HEAY (1) BAAR T AN -

6(B)O(B)

Y, = X X, 4+ BX
t ﬂ0+ﬂl 1,t+ﬁ2 2,t+ +18k k,t+¢(B)(DS(B)gt

(2.26)

Horb, Y, R E ARSI, XX, X IS E A5

BB, B AR R EL

2.6.4 BP {2 M4

BP #4M%% (Back-propagation Neural Network) & —F HA [ &G H L
N TARZE 2%, 2 B AT imAT R M2 2 — . BP M2 1) 4512 2
JERRZ TR, RN R S RO AN R =y, 8 e A A R AT PASE
W2 I ZRAIILAG . e RIRAAE T, 7T DAY B Ab 3 5 e AL 2 2 2] ),
AR R IR A5 5 AT AR 1B AR 22 B S5 RS 3k, AT SE3A 2500
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BP F£2 X 2% (S AP IRAN R« 1 AR IR 28 BUE AN B . X T — A5 5E 1 1)
A, AT TG B S BT NP L R A5 A, 3 R 48 IO BUE AN e B #EAT R AR 1L -
2.0 AL SRR R AR I X 28 R ANEOE R BOEAT U, SR HE, PR e
HAE 5 SEPMERT HUE, BRI RIIRZE . 3 EMERE IR KR % S A 1% i el
W%, T ZZ ABUELIORR L, JFARSE 57 21 SRIBE BN B SRS M 48 24 4.
HRARE B LA XTI INZEAR, REHAT 2 #1338, HI|M%
IR 2236 A2 T 18 1 25 A o 5 AR 28 PR RE - A FH I Bt S 0t W) 48 3R AT 4K
THE TS BEAI U RE AR bR, WviERR . AR, F1ES . HEEERZE, A%
AR I R BT LR, kg AR RO 2 e N B, R R A
BB ) AT R

BP 22 P 24 1) 27 31 i R Al — 2 B I R0 Rl 25 i 28 45 2R AIUBLEE,
TSI B9 28 55 A N 5080 F) L 0 S BRI o e TR A% 1 902 BP A2 4 S
FOIHRZ G, 8 T BRI R AR R R AUE A, T SEE R £ A A

2.6.5 TN IBHR

N T VAR AN SR A TS 2, A sciad BT 2 2t SR I 4 iR 2=
(Mean Absolute Error, MAE). “F¥4a%) i 73 Lbiz % (Mean Absolute Percentage
Error, MAPE). ¥JJ5Hi%% (Root Mean Square Error, RMSE). IH—{L¥) )5
#Z (Normalized Root Mean Square Error, NRMSE) ¥ 7R H 4rHiRZ% (Root

Mean Square Logarithmic Error, RMSPE), HAKINFE 2.1 frr. He, vy, 2&%Lbx

R, Vo RFERRENTIME, vARERERFIME.
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21 TR

PR HEN & X A
TIME 5 R A B S AE 2 () BE B8 )M, HSERDN Z ly, - |
[0, +o0), n
HIEHE[0, +oo), FHit E, MAPE KBNS, 5687 T |y -V
TR A R E MAPE ==%"" |-—
DR B BRI, B S ARSI n Yi

FER) DT R ZE I HEA_EACT TR, A7 B e S S8
HZEFWZ, RZEMR, ZEBK.

WITRRE

1w, -
RMSE = \/ﬁZil(yi— y,)

B—HHTRRE SRR ZE A 3T 3 — L (BR DLSME)

awse -2 37 -5y

M ERTNE S5 PP MR E N R . E 5
MBTEALTESS, DRI m] I EEBAS R L F) & 51

WHRE D HIRE

1 n y_y 2
RMSPE = |= 2
IOIREES

N T PR 1A AR 2 AP NS SRR, AU MAPE

SE UMD gt AR bR RUAE, A30F -

RI Model,

_ MAPE( Model2)— MAPE( Model1)

Model MAPE( Model2)

3 ETMEESRRERNFTRETN

3.1 FAHESR

(2.27)

AR R/S-TDC-EMD-KPCA HiE#RUMK S RE R, &5 EMIT g E
BAE, 750l ARIMA #78Y. ARIMAX #5R] BP #1458 28 AE N B pERR R, fo) g

TR, 0l 3.1 Ao
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B 3.1 FRMHELR

3.2 HiEREE

ARSCEE 2011 45 1 H 222019 4F 12 A i [ 3 Rl 2 N0 H 50
2% 25 548 RAR B B I G R M R B AR S . R, RS YR TR
Wommma, MUMSBSHRCBFMTAHIEY RA G HEL
(http://index.baidu.com). FATH 2011 4 1 HH| 2017 4F 12 H 1) 84 NEHEAEN
WIZRFEA, 2018 4 1 A % 2019 4F 12 A1 24 NEHEAE MR A

3.3 ERMBEERRER

2R 51 B PRy OB UR] AR B A SR T R S Tl PR S R R R 5%
55 7R SRA 1 1 0 X 2% 48 28 A5 S 0die T DAAE — @ R L b S i 2 7 — BU
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4.4.2 {EREMETE

AIHS SnowNLP X & 26 Bl i SCAS TSR It , il BT e L A X TR) £ [0, 1] 2
6], JF IR BRI SO R AR o ARSI FT T, 0E 0.4 PR AR SR
NTE, 0.4 2] 0.8 Z AR SCARMC A ALIEE, 0.8 70 LA M fldti oA
PGV IEMSE, FREIET SRR C N 1, S AR IC -1, AL bR
N0, FJaRERPASCREPARIC 1 AN F R ik

AN, ARSI (it i Se e a i o H A i SR H R
i 2N H EER I SO RE B & 9 H e, R 4.4 5238 SnowNLP T H &
T S A Bt ) 1 A [ 4 DA B 15 AR ) 7B 25401, 3% 4.5 R B 5 O 1 LR
A B A O TR P K ) #8 0 Fees

R 4.4 HERIESCAEE BRI E

time content BRMmmE  ERRE
T T R 0 A [ A, R
2018/3/9  MLEEIT 2 Ji—ikK ! BB AK  0.094506523 -1

“CHAHBERAT 7 |REMESL A%
NN, i FE A ~~
HIRES, S RIEXESE T

2018/3/11 LB Bt PR 0.9836997 1
Ho4H DM
#IEAF H VPO AT 4 S AETD K
oy, BELE VDR By

2018/3/15  fR? XA AL AR = 0.0045943 -1
—BEKXRIEA ! HEFIR
5% a#
AR 2 P U S 2B DO R

2018/3/16 R E 7 —fFF. 2 05827892 0
FOESN =
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TERSIE B B0 X L SE TN Y
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K45 HEMIESCARLE BRI E

time | BUMCCAECR  HBOCAEE  hMSCANE
2019/1 181 186 31
2019/2 110 71 29
2019/3 430 174 58
2019/4 138 58 25
2019/5 147 57 28
2019/6 106 23 14
2019/7 113 27 23
2019/8 71 14 12
2019/9 38 22 19
2019/10 100 39 30
2019/11 176 42 61
2019/12 153 46 40

4.4.3 £ R TEREIEH

AARFEARNE RO S 11 AR EOT LLE I BT A IR A S K S s i bl &
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1+ Sne
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PN R A SR i (AR . BT sl 2 N T 449 % Snaive #5244, ETS %
TUH SARIMA BRUE L G ALY S TPl B ARG R A &, 2T
W 2 23540 R AR BN P il 2 NE T /Y 2 SARIMAXT 8 O 1 PRl I R 4L
AR, BT 15 A8 S, A b sl N2 T #4%8 SARIMAX2 574 | -1 1%
FERLS, O R 2 N B T %8 SARIMAX3 K, JE TG a3 S, . 1R84S,
AT L NECT 1% SARIMAXA #5787 iTAl & SCARFIN 2548 =45 B 5
R R, FET WSS RIRH ERERE S, M sl N8 T g
SARIMAXS FHL, T ML L3S RIRH. 15 RAEHS, AP selie s NEL T
SARIMAXG6 AL, DL AR SCHE 1) e A TS AR —— 6 T~ o 2 55 48 R AR 4
THETEECS, . TH IR ELS, A s i 2 A2 T #9 SARIMAXT #i4Y

AHFFEH SARIMA F1 SARIMAX 5 8 ( S ARFr #UE (p,d.q,P.D,Q ) LA I JH ]
s & iHIL R ' auto.arima() B8 4 H SARYE AR S EAEN CAIC) e/ U TEH]
SEM, I forcast()pR AT AR RAE . ASCHE A SARIMAXT A7 5 2 52 14
AR E, BN SARIMAX(1,0,2)(0,2,1) 12 7

M 4.6 F BTN S5 KT e NBCE R g s, IR I 1 fE .
BT MK AR BEIEES, . BRI S, M p7 i & N\ Bk 2 1
SARIMAX7 R AT DR -l SR Al D] b A S v iy 2 ) 00 A 2 L
HEASE IR A% AT B A 1) T 45 2R

42



=2 M 28 R 2 2 A S B SN P 28498 2R A5 2 10 T 2 i B T 7T —— LA R 9 65

800 T

+— Snaive

+—- EST
SARTMA

- SARTMAX
7004 = SARIMAXZ
SARTMAX3
SARTMAX4
SARTMAXS
SARTMAXG

ﬁ 500 - - SARTMAXT
b
=
L
500
0 5
400 1 Vo ¢ " ‘ ’
¥ .
> > & R & & S o &
N o S o S S N N oy
Fi &)
4.6  TRIEE xS L
pe N
sz
4.6 FEE R TEHY

R 4.6 on 110 PR FINPEREVEOT 45 R, 3R 4.7 o AR SCHTR 1 B
PR SARIMAXT 5 HoAt 9 Frfs A () % A FUM AR R AR b, & T A A AH

X AR -
R 4.6 BTN RIS
it MAE MAPE (%) RMSE RMSPE (%)
Snaive 78.83 14.41 85.19 14.91
ik EST 33.72 6.30 39.69 7.14
SARIMA 24.83 4.09 38.61 5.69
FE+EE SARIMAX1 21.13 3.54 31.46 4.72
Pi5E+S; SARIMAX2 20.29 3.40 30.09 4.49
P35 +S; SARIMAX3 18.84 3.34 24.82 4.12
IS +S,+S5 SARIMAX4 17.16 3.05 22.09 3.72
JIE+HE+S,  SARIMAX5 16.46 2.87 22.60 3.65
JiE+EE+S:  SARIMAXG6 15.67 2.72 21.86 3.52
FE+EE+S+S:  SARIMAX7 15.23 2.62 21.77 3.47
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WX 4.6 (707, ATRAS 200 45 R

C1O M B — J3 52 370 ) e P PO A 28 K, SARIMA. B ) ol 20 SR fe
H MAE. MAPE. RMSE 1 RMSPE 4} 5l 4 24.83. 4.09%. 38.61 1 5.69%:;

(2) BIAMZIE R AR HM SARIMAL A1 38 by 8 — Jj o £5 B
SARIMA #7 BAG 5 & O INRS %, 2 MAE. MAPE. RMSE. RMSPE ¥ F
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RMSE 11 RMSPE 435 FF#N 17.16+ 3.05%- 22.09 Al 3.72%, X {5 B P9 F it B¢ i
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I RARB AU L, TOIIDKS FE A4 THE R SE o, Sl R P b 7 SR B 45 5 e
{0 B8 U (RO R 90 2 (R R NAT Sy, X T TILIIDRS 2 B 58 K R DTk
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(5) ), ASHFEHR A 3RE T SO A R0 R0 48 48 245 0 R 2 T A 2 2 L
B AT RN AR o SEUEWE SR, K D s Bdn . MR LR S RAaEL 15 RIREL S,
FURIEHL S YIMERHINAL B gt AT O, K P 00 i 22 341K T oAk
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R 4T ASCBAMAERIA IR AR SOHE RI

AR e RI(%)
Snaive 81.79
EST 58.36
SARIMA 35.90
SARIMAX1 25.96
SARIMAX7 SARIMAX2 22.75
SARIMAX3 21.40
SARIMAX4 13.83
SARIMAX5 8.41
SARIMAX6 3.63

RN A RT3 4.7 7T LLE— 20 BLUA H A SCHE HY 9 SARIMAX 7 57!
A LG FAD TV R L UM 4E A% MAPE B4R TR . %%, SARIMAX7 H#—
fE G5 PR (Snaive. EST LAz SARIMA) ALY B E 4R TF, H MAPE 1
X ESGEAE 53 1) 81.79%- 58.36%F1 35.90%; ik, SARIMAX7 BLA 54V i 2544
RERE TR SARIMAX] BERUAIAAE K45 401K SARIMAX2. SARIMAX3 Al
SARIMAX4 15 L5745 BT T, 2 MAPE FIAR N ECHEE 20 551 N 25.96%+22.75%
21.40%A1 13.83%. )5, SARIMAXT7 BERAHEL T M4 45 S 10 R AR H S B — 15 I
TREL Siv B — IR AREL So 456 TN ARG Frde F+, e MAPE AR S0 H
TEFEE 10%2 A, X A1 3t — A5 300 B B T SOAR I ) 4 48 2245 S Rl 45 PO 5 o T
TR T I HH 5 0 1) T A R
4.7 RBING

AR — T T SCA R Y 248 2R A5 S IR R IO 7792, DA [ R 4 1
J3BE B U N TS S 34T SR A3 M A A bk o 1 e T AR ZEVE (R/S)D
A ZEAHOGE (TDC) L BAT TR AE 7 (1 BEAE R OCHRIA], ) BTt % g i) 48
REPAT R EARE, SREFHZERS S IT(KPCA) T 5 G BN 2% 456 44 R 4R
Ho HR, A AR &R R SR E 5 R A S R A O ) SO B A
B FERFH AR R E R S AR . )5, BT M SR G R IR HOR 1%
JEIRH . SARIMAX TR . 45 FR 0, B W 28 G RIGHS 17 AR 5]
I AR T R 7B, AT DU AR m TR P2 . R, ASCRTiR I B B RER
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5GIRS5RE

5.1 &ip

AR N7 T AT R R W I A T T — 71, 4R H T — AR 4%
BRI, WREE LM, UAMSLEE RIS Y R/S-TDC-EMD-
KPCA J5i%: 53—J71H, PAA ERR BN EHE R N 4% SR G 1 R AR H, BRI
R EE ARG AE G AR E, BT S URFIM S R A5 B8 SARIMAX Fitill 152
B, FEWTTERIT:

(1) LA 2 S oA, 8 g 57 SR b i 2 s 45 5 P 25 1 R AE
BEIE AT AL, K36 T R/S-TDC-EMD-KPCA J7 ik MR &tk 55—, T
FIER, R N3 RAE AR S B A M5 BB A ROt I i T
IMPERE - R/S-TDC J7 vk B 5< 58 ] B B B TR RE 77, 7T LA SR TH T30 A
o 7, BIOMSEERE BEWE H &AM, BrCAEREAT AT, 720 et
47T EMD %M, VISR EBARMTINGE . 8=, HTMEEREEHEH AN
TEMER, BESAELIEEE, By 7 ARG BB A BER IR
PSR, {6/ KPCA 7k a MM e M R4 8l SiEtRHE 15T KPCA
I 28 SR AR R AR RO A 2k oS00, T e i A AT AR 2 A B s M
fE, SZUER B BP MR KRS i T ARIMA #EAY, B8 52 SRR ) DL L AL 5
PR PR S B0 BE  F) THOUARS J2

(2) LA RS () H BETie 2 I B A TN 5, SR B AR SCHR H 1) 38 T SCAR AR I
B RE BRI RE TN, F2I T 4510. H56, WX SARIMAX &4
5 SARIMA BERL RTINS R BRI, o i 4% 25 & 1% R IR Bod 2 15 il
HEAE FIUINIEF T 4 Wi 2 N HRIN 00 2 e TR AERA VA 31 1 BRI E o 1X — 25 SR 3R
WY, 10X 2848 2R DL R i 8 ST 18 P 5 2 2 s Btk e %o T e I Dt ) S B R T A7 15
SRR, FEAE U IR R SR T TR AEAE R . IR, E SARIMAX A i\ [ 2%
L5 MR AR BOM R AR B e S — MR IR AT D9 Bl A S B e S ot g i T
MVERE . (B3 U IR, ASCRE M IR i BA B E, ARTIE %, K
FH T PRIAAN 5] R 7 35 G ) 155 R 2, 0l e 5 T T 701 S 1 B 1 155 JR i 25
BT IE AU BARR AR ) 175 I 2, 9T 90 R IAS [] ) 1 i e i 1) 7 ¥ 2k 0 &5
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