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Study on prediction of under five mortality rate in Shenzhen based on
ARIMA model and GM (1,1) model

WANG Man, YANG Wei-kang
Department of Prevention and Health Care, Maternal and Child Health Hospital of Longhua District, Shenzhen, Guangdong
518000, China

Abstract: Objective To compare the fitting effect of ARIMA model and grey model (GM) (1,1) in the under five mortality
rate (USMR) in Shenzhen, and to predict the USMR in Shenzhen in the next 3 years, so as to provide scientific basis for the
formulation of child health care plan. Methods Taking the USMR in Shenzhen from 2005 to 2022 as the original data,
ARIMA model and GM (1,1) model were constructed to fit the child mortality rate. The mean absolute error (MAE) and mean
absolute percentage error (MAPE) were used to compare the fitting effect of the two models. Results From 2005 to 2022, the
USMR in Shenzhen showed a downward trend, lower than the national average. The MAE of the constructed ARIMA model
and GM (1,1) model was 0.30 and 0.24, respectively, and the MAPE was 11.53% and 8.73%, respectively. The fitting effect
of the GM (1,1) model was good. The USMR in Shenzhen from 2023 to 2025 would be 1.27 %o, 1.18 %o, and 1.09 %o,
respectively, predicted by GM (1,1) model. Conclusion The fitting effect of GM (1,1) model on USMR in Shenzhen is better
than that of ARIMA model, and it is predicted that the USMR in Shenzhen will decrease year by year in the next 3 years.
Keywords: ARIMA model; GM (1,1) model; Under 5 mortality rate; Prediction
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Table 1 The criterion of fitting accuracy of GM (1,1) model
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Figure 1 Mortality rate of children under 5 years old in Shenzhen
and China

2.2 ARIMA AR ey #5465 1Sl IR ih ik
Pt ] g dr i 2 mA SRIITT USMR R s (]
R BN TR R TR, Hir
Z PR Gt —B 2250 5 P AN R AR, R 22
gy d WBYVECSE T 1o PR —Br 2250 5 1P 94 8 A
K (ACF) [ KA 14 AH X (PACF) 8], /118l 3 AT 41, ACF
HE—B 2 5 E B X N B8 A5k, 4 R, R
q=0; PACF 7E— i LA iV [0 % 2 515 DX ) o, 3R 08
T o, E—MEE, Hikp=1; PIEHE ARIMA
(1,1,0)B8 . kG50 BAUA it R? 0 0.850,
FrifiEfk BIC A -1.359, MEARIBHK L 1=-2.511,P<
0.05, XJHLAUER 21T AR KT, 455 0=2.694,
P>0.1,0,=4.459,P>0.1, B 58255 12 1 K
¥, BALEIEER, AT RUHFE ., 2w, 2023—
2025 AFEHEIINT 5 2 LAR LEIET- 255008 1.10%0 .
1.01%0.,0.70%o , ARSI A3 K TN 25 5 046 2.

2.3 GM(1,1)#A M LA RIE 2005—2022
AEGRINTT USMR A SEIAE xO), TH5 SR INME « V) K
SUMBAE 2(t), SRIG T BT B — B oy Jr s R
P e /N VLR R S R o MUK EAE & w, R



- 468 - BRI P27 2024 455 51 555 33 Modern Preventive Medicine, 2024, Vol. 51, NO. 3

a=0.076 7,u=5.273 8 AR ARG HMAL AL R« xO(0+1)
=—63.298 8 ¢ 007168.758 8, X HHH v V(t+1)VE i A
J5, RIS E A 2O B HHERO() . R
BREEI TR TR B S5 25 L € {H R 0.28, /)
BRZEEMER PAE R 1.0, AR5 1 AFIWrhR i n] 4, 1857
FEEESES R 1 9%, ATHTAMER . 28950, 2023—
2025 AEEYITE 5 % LT LEEIE TR 4351 1.27%0
1.18%0.1.09%0 , ARG K TR 25 5 L35 3.

.00

S e
o o

2
T

e

=1

=}
T

(°%) HridE=—rEws

200~

20'[]5 ZDIIJS 20'[]7 ZDIUS 20’[]9 20'10 20‘11 20‘12 20513 20’14 20'15 20'16 20'17 20'13 20'19 20'20 20'21 20'22
P
B2 2005—2022 45T USMR 751
Figure 2 Time series map of USMR in Shenzhen from 2005 to

2022

ACF

| RN Y S PN |
1 2 3 4 5 6 7 B 9 10 11 12 13 14 15

4EIREH
WA i ARSC(ACK) L B Sy A AHIE (PACKH) AL,

R 2 2005—2025 FRYINTH USMR ) ARIMA(1,1,0 )71
NS
Table 2 Prediction results of ARIMA(1,1,0 )model for USMR in
Shenzhen from 2005 to 2025

O (4F) S T B AXTRZE(%)
2005 5.46 — — —
2006 5.10 5.23 -0.13 -2.55
2007 3.99 4.93 -0.94 -23.56
2008 4.40 4.24 0.16 3.64
2009 3.08 3.81 -0.73 -23.70
2010 3.50 3.44 0.06 1.71
2011 2.99 291 0.08 2.68
2012 2.54 291 -0.37 -14.57
2013 3.15 2.42 0.73 23.17
2014 2.79 2.45 0.34 12.19
2015 2.50 2.62 -0.12 -4.80
2016 221 2.30 -0.09 -4.07
2017 1.80 2.01 -0.21 -11.67
2018 1.87 1.66 0.21 11.23
2019 1.80 1.47 0.33 18.33
2020 1.49 1.48 0.01 0.67
2021 1.36 1.30 0.06 4.41
2022 1.60 1.07 0.53 33.13
2023 1.10
2024 1.01
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Figure 3 Diagram of ACF and PACF after first-order difference
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Table 3 Prediction results of GM( 1,1 )model for USMR in Shenzhen from 2005 to 2025

() ! S +0) FnE ") FIMBIH (1) FEL0) 5% (1) M52 (%)
2005 1 5.46 5.46 — 5.46 — —
2006 2 5.10 10.56 8.01 4.67 043 8.43
2007 3 3.99 14.55 12.56 4.33 -0.34 -8.52
2008 4 4.40 18.95 16.75 4.01 0.39 8.86
2009 5 3.08 22.03 20.49 3.71 -0.63 -20.45
2010 6 3.50 25.53 23.78 3.44 0.06 1.71
2011 7 2.99 28.52 27.03 3.18 -0.19 -6.35
2012 8 2.54 31.06 29.79 2.95 -0.41 -16.14
2013 9 3.15 34.21 32.64 2.73 0.42 13.33
2014 10 2.79 37.00 35.61 253 0.26 9.32
2015 11 2.50 39.50 38.25 2.34 0.16 6.40
2016 12 221 4171 40.61 2.17 0.04 1.81
2017 13 1.80 43.51 42.61 2.01 -0.21 -11.67
2018 14 1.87 45.38 44.45 1.86 0.01 0.53
2019 15 1.80 47.18 46.28 1.72 0.08 4.44
2020 16 1.49 48.67 47.93 1.60 -0.11 -7.38
2021 17 1.36 50.03 4935 1.48 -0.12 -8.82
2022 18 1.60 51.63 50.83 1.37 0.23 14.38
2023 19 1.27

2024 20 1.18

2025 21 1.09
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Figure 4 Comparison of fitting results between ARIMA and GM
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