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Abstract

Health insurance premium income is a key economic indicator to measure the development of health
insurance industry. In this paper, the time series data of health insurance premium income from Jan-
uary 1991 to June 2017 were modeled with the quantile regression method. Firstly, the model AR(3)
was identified, and then the quantile autoregressive model was established by the method of quantile
regression, and the increase and decrease trend of the original data was fitted accurately. Finally, the
short-term prediction is made by autoregressive AR(3) model and quantile autoregressive QAR(3)
model respectively. The prediction results of the two models were compared based on several evalu-
ation indicators. The results show that the quantile autoregressive model is more effective.
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Figure 1. Time series chart of China’s health insurance premium income
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Figure 2. Data decomposition map of China’s health insurance premium income
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Figure 3. Time series diagram of the 1st order 12-step difference graph
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Figure 4. 1st order 12-step difference residual squared graph
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Figure 5. Time-series sequence of 1st order 12-step difference after logarithmic transformation
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Figure 6. Autocorrelation coefficient and partial autocorrelation coefficient of pre-processed sequence
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Table 1. Parameter table of white noise test

1. ARERIESHE

Qus ZiitEEAR IS
SIS
Que St EM{H pfE
6 243.8 <0.0001
12 264.97 <0.0001

e 1 g R RN, IR 6 WIIER 12 W) Qup ZEvh B XS BRI p A /N T2 2 K, WTR
HFIE 2y e PSR AE A FE A, BIZFP Sl Ba S B A E S, A0 BR800 I 7 Gk — 22 b
.

2.3. HEHAR

FERERT ST [E 1S B TR R 51, HAEA AR Bl H AR AN 6 Fios, BARIE 6 B
AEMFIEEFERERNR S, mWEH<ENE=MEE, RTINSO NEFE ARG
RRETN . (H2X B PUEFIEE A NG ARQG) A, IS HANA B, ASCHRYE AIC 1
M W B AR TS, 15 AN BRI ) AIC B EUE, RS RE 2 fior.

Table 2. AIC values for each valid model
2. BENEYURER AIC &

fA AR(1) AR(2) AR(3) ARMA(L,1) MA(1) MA(2) MAQ)

AIC 15.68 16.14 1.2 12.7 43.74 32.54 30.44

WA AIC bR HUE B /IR LAY B Ay e I ) P Wb, B 2 g — ML) ATC BR (B T AR
WEH ARQYEEAE B 41, S5#%H ARMA B85 B B 045 20 8 — 3. ARGYBLRE X =(2-1)
Fi7R o

V=Bt ByatbyatBy s te. (2-1)

PR T T 23 LN 8] 370 1) B T VS R 1] 5 410 43 7 50 ] DA ASE 28 g T 28 8, BT DA L e/ —
Feftivtht ik, HHE T ARGREHMZSE, 4R (2-2).

y, =0.06052+0.57761y, , —0.1085y, , +0.28558y, , +¢,. (2-2)

Table 3. Results of the t-test of the parameters
=3 B RBRER

ES 4 By B B, B,

pfE 0.0063 <0.001 0.01353 <0.001

T3 T ARG R EN ¢ IR 45 R, UL BIFTA KA p AN T 22 VKT 0.05, tumt
Ut 24 0 A A R ORI O BRSO 32 L = I 4 RIS ER BN i, JF HLR2 2 B 251
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Wi, T 22 ZZ AN R P LA 7). BT AASSCIERL 5 AN (i K 7 = 0.05,0.15,0.5,0.85,0.95 , Herf 2 = 0.5 K)ok
ZRRIg AL BR A, A S SR e T (= 4 e A ] A T AN X R B 7 = (0.05,0.95) %75 7 = 0.05 Tt
WX A, 7=(0.15,0.85) For £ = 0.15 X 7)) B 5 3l
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Table 4. Estimates of coefficients of models corresponding to different quantiles

4. TRIS MR RE ARG)FRH A ITHE

Pinas) I3 B B, B,

7=0.05 —0.18666 0.42399 —0.14945 0.19389
7=0.15 —0.08361 0.59103 —0.11712 0.15030
7=0.5 0.03036 0.70617 —0.03864 0.18706
7=0.85 0.1989 0.78035 —0.23647 0.39172
=095 0.47109 0.61673 —0.26268 0.30336

DL fr B Rl g o], Ak RS R R SONAE ¢ I 220 #0065 B 2 B ) TR B 7R (QAR) 9 -
O (¥, | F_) =0.03036+0.70617y, , —0.03864y, , +0.18706y, , . (2-3)

Hot F_ F0R y, W G T2 o480, X B F ={y,_, V0, Vis) o

XL UG RER B RBORATRF T 1] 7 3R 0 R B2 %5 22 B0 o H08 A T = AR AH AR PR A
BT ARQ)IEAY St 73 AL AL BA A AT IS AR B s 5, ] 7 i BB R 2R SR AE A [R] 1) 2 7 s Ak % 2 2y [l
HREL, K ETE R B 5270 BN THE I 95% B A5 XA [ 1], ALt =2 FAT4e, SE4R 2/ ok
PRI SHUS THE T R H 95% M BAF X [H] 1R IR .

FRAE E FVABERL 3, = B, + By + By, + Py, s +& ATAL B 7 s — B ALER R H SO B, B Al
THE, B AERPBEER y, | FIREB M THE, = ERARERR y, , R B, MfhiHE, 250
AN FIDAERR N 3, REL B, Kk THE . NI s BT, S50 8 WAl THE S AP 7E /N B R B 1
GO JE T BT e AR U, 2 R AR R AR, X T i X R e A0 22 40 S5 OB, A — AN S
— WA A 23 B o A B B I gD, MIPE IR R KRS, BTG P8 A 2 R ) R e B A 6 0T
TGN IS B, BEAE o LB I e R G RS AR T fE R, UEEA R TR OR R R R AR
ANGFEE, LB y, 6y, BRI Y, SCE R AR RNE Ry, Xy, BOSEMA U A H0
i TR BESE B, , S5 EZ BRI R MEBCRF R, A 80 Em g, Kkt 2 B ras,
By, o %, BRI 2 Bl 25 70 H 386 0 i A2 K

MR O3 S HTHE R 8] 7 51 2 A B0, (EAR R A s 25 PF T I BSR4 8 BToi
b bR SR AL 243 AR R 0.95 F110.05 737 s 26 A N AU E, SR 2 BAE T 43 A& 0.85 #110.15
LA TG E, WELNRER 0.5 SRk FRMEHE, BEL NS T EEE . W
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Figure 7. Trends and confidence intervals for model parameters
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Figure 8. Quantile autoregressive model fitting effect diagram
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Table 5. Predicted value of health insurance premium income (ten thousand yuan)

5. ERIERBATUNEA 7T)

I} [ SbRiE OLS 7=0.05 r=0.15 7=0.5 =085 7=0.95
2017.7 2,707,473 3,575,774 3,176,085 3,433,368 3,710,793 4,296,925 5,909,880
2017.8 3,084,893 3,573,493 2,347,428 2,815,124 3,458,874 5,304,820 11,791,011
2017.9 3,881,245 3,643,690 1,726,717 2,296,265 3,301,410 7,087,132 25,060,086
2017.10 2,590,383 3,834,533 1,248,183 1,861,270 3,230,513 10,433,442 59,240,017
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Continued
2017.11 2,634,552 4,186,069 891,104.9 1,503,113 3,242,421 17,457,162 163,165,118
2017.12 2,839,169 4,678,434 633,895.1 1,211,176 3,324,774 32,535,723 221,905,174
2018.1 5,323,376 5,326,937 449,555.7 974,154.8 3,473,874 66,476,508 259,300,350
2018.2 3,426,597 6,179,651 317,814.8 782,439.9 3,692,591 149,564,012 718,467,278

FUMARE R S B AICR B FE b 7]
1) #3477 %% RMSE(r)

1< A 2
RMSE(T)=J;Z(y,—QT(y,|F,_1)) : (2-4)
2) P4 % MAE(7)
MAE(7) =%Z‘y, -0, (5 1F.). (2-5)

3) T4 Hif % MAPE(7)

s
MAPE(T):le
v,

b, T RBIMERAL, Y RN EEE, IR AR T, F 2Ry, KR
JEARRA ) o-tk. 2% 6 FIH T H BEIABEALIAR) 430 EL H 1A RS (QAR) M FRE [ £ 2 N Hits 5 7
Mz =0.5)F BIFIME )RR ELAEIE L o (298 QAR BRUAH T T AR B ALE TSR A 7 R34 5, QAR
FEAL ) RMSE 4271 1 38.7%. MAE 427+ 35.8%, MAPE ¥ AR EITH T 43.9%, [EI) AT LA B a7 5
12 S5 1B VRS 2R ) 50 R AT T 6 = 45 BEA 201k

x100% . (2-6)

Table 6. Comparison of point prediction results

6. RIUNBERELE

A RMSE HORIETT B3 b MAE RHORAETH 11 5t MAPE HERAETH 1 40 HE
AR(p) 1,412,729.633 - 1,123,250.344 - 38.26783
QAR(p)  865,246.7636 38.7% 725,779.5013 35.8% 21.43925 43.9%

BE— DB R XA WU AR, WP EFRA FICP (1) [7], & 248 SCBR{E VA 7E O X 18] A 2R o

T
FICP(r) = %zz, (£)x100%, 7 €(0,0.5) . 2-7)
t=1

o 1, (7) A Boolean 75 &, 4 ¥, 4 AL X [7] [Q, (% 1F.).0. (3, |E—1):| i, I, () =1, %0 1,(r) =0

FRAEE 5,2017 47 H % 2018 45 2 H 1 8 ANSEFR{E, VA 2017 4 7 A ESZEAREN £ =0.05 X r=0.15
TMXE], 7=0.055 7=0.15 T X 8] N 178 55 I8 2] T 87.5%, Ut B /A7 250 E (R YA R [X Ja] FH00 1) 484
R

3. &

AR SCAZ R BRI 18] 7 37 93 D5 20 Bl i i, AR 38 58 0 PR 25 A T 3R A I [ 3 81 2 i [l
VARERL,  JF AR AT SR TH AN, 2 BRI AN 7 ik B 3 e S R B SN ORI T . SR
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PE, XK A B OR S ORI — 2 BASRAN B R 9, BT DALR SR N 22 R I 1 — 5 IR ) R8s
— DT TARES 23 7 A MARAL AR BECR IS I T Jey s FH™ s i, iS5 B B e 4 SR K e .

AR BT 8] 32 37 20 B0 e RS B AT 3G, 1006 45 B e 6 B, s ke ) g B SG OR B N R R AL, otk
SR EL( 7 = 0.5 ) I hr Kt 2 15 S B fg S DR BN B S o0, 1K 5 0 08 Bl A A RE S AR AT,
BT 7 = 0.5 AR AL HEAT S T A AR o F AR(3)REZ TR 7] F7 41 407 55 m] RS 28 43 0 T 1 2017 4F
7 H #2018 4 2 H HIMERERS AR SN, - Ar A A 1B (QARYRE AL (g s T AR AR X T H B (AR AL
THRERS, QAR BBIIIMRIL iR Z RMSE #2871 T 38.7%. “FIJ4EXTRZE MAE #2711 35.8%, “FiH
sy bR 25 MAPE B8 W358 T 43.9%, AR ALER A 1) B B0 USRS 2R f et o000 265 R b Y B [ 3 2104
BT SREIFR2 . BJFIEHSE T XM, ©=0.05 & ¢ =0.15 T X 8] 5 1) 7 5 R IL 5] T
87.5%, W r A [l VAR AR X[ 00 1) R SRt o 420 3ok o fe G A 2 SO PR SEZRIE 23 B 36 B o7 %l
IFVEAMABESS A R A T AL S, I HL A0 45 21 58 L i T R «

e HE

[ 5% 5 ARBL A3 4100 H % B1(No.61763008, 71762008); | 74 H SRRl # 3 41 H % B1(No.2106GXNSFAA
380194).
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