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Long Term Estimation for the Body Size and BMI of
Korean Children & Youth Using ARIMA Model

Jin-Seok Chae'* & Jong-Kook Song’

!Seoul national university of science and technology & *Kyung Hee University

The present study has been carried out with a purpose of a long term estimation for the body size
and BMI (Body Mass Index) of Korean children and youth using ARIMA, a time series model. In order
to select an estimation model for the optimum time series, among the time series analysis method of
SPSS22.0 statistic programs, a multivariate ARIMA (p,d,q) model has been selected that has an input
series (physical education facility, time spent for physical education, animal source foods, GDP deflator,
animal source food intake ratio), using annual average data of height, weight, and BMI data from 1965
to 2015. Among the several optimal measurements in ARIMA model with estimation variables, an
optimal RMSE-based model (RMSE: Root Mean Square Error) has been selected. Using this model, the
estimation model and estimated values of children’s height, weight, and BMI have been suggested for
each age group. The results are as the following. The trend estimation of height follows a logistic

curve, with both male and female groups showing increasing trends. The weight has a trend of
increasing ratio higher than height. BMI also shows a trend curve similar to weight. The estimation
model has been mostly ARIMA(0,1,0). In particular, the average BMI has been estimated as 22-23 for
male students in 6th, 8th, 9th, 11th and 12th grade in 2030. This indicates the recent increasing obesity

as children and youth occupy most of daily time for play culture that is far from physical activities,

such as computer games, smartphone games, and video games at home.

Key words: ARIMA model, Children, youth, Height, Weight, BMI, Prediction KISSW
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Table 1. The definition of variables

Response Forecast

Model Predictor variable Period
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PE (Lessons per week) Height(cm),
Animal food(z) GDP ~ Weight(kg),
deflector(%) BMI(kg/m?)
Animal food uptake rate(%)
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(overl10years)
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Table 2. ARIMA(p, d, qQ)Model Creation process

(1) d difference between the
s ARIMA(p, d, q) difference
tep Model Identification (2) Report the ACF and PACF

determine the values of p and ¢

The maximum likelihood
estimates of parameters

ARIMA(p, d, q)

28tep Model Estimationl
ARIMA@p, d, q)

3Step Model Diagnosis
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A Al A2 AR Ee] obd 45 ARIMA(p,

(AR: Autoregressive)#%9 A+E 3y, &
differenced IAE A87} FAE Yebd A$ A&
(AAD) & Fslo] AL R Wgele A4S ol A=
integrated® °k7¢°]‘ﬂr o= °1EH T (MA: Moving
Average) F29| A5 Hote
HA, 42 ARATES MAAITEY T F4%
:IL'ET]“— Aol Al WA, Ak A} 24 «]‘611 E
R3] AA-E AFst= Aoz o 2Holo

Fim?), ASAIHFEAIF), T5 2% (8t
. GDPHEHolH (57Fe] FA12 Q]
GDP/A4 GDP)XlOO/) FEAAEA
Zol A s=g A Fo] AAE
7], w5, BMI€] ]EH e @]é‘s}%
tH(Box & Jenkins, 1975: Dagum, 1975:
AKaike, 1978, 1979; Choi, 1992).

AFA Aol wet et HA o SR A

e AFR3 g Az S orleita &
AeBE AIAEEA A ﬂ“‘lﬂh 2e 537
71 wet 23
3 334 (stationary 0] %
AARE wd 54, 7158 o7J73.?l o]k 3
e AA l‘éz}ﬁol‘ﬂ X}E"ﬂ FA7F olo v
et oy AR (d) S B3l AL Hu &
AR FAATIH B o] Bapol tig 8¢ 5

1= %

ot
N

r—{o
O:

‘ﬂl

pig OS,i
oL
e 03

o 3y
2
__{“

of
3
ON

4 > 1>
n{u

-~k

o
s

o]o

H o

T mo Hr L b

_13:

O+
it

—

mZi

>~
>,
FO
i,
2
Y,
e
N,
oig

of
[o S
o U

oX,

il
o & N Ho ox 2L )y ox

RS

AN
> oox

o

[¢]
%2 98 5 Wl Hek T AT AR BAE 59
3 2% Beh(Ljung-Box Q 471342 24
A AALRRE SR e A e, 7 WAl
[e]

a2 WAz Uiy §

~

i

I

N mlo

—

A4, 39 A5 22
N

€ 4 AF A e
£33 :white noise)o|™,
Q59 P Qo] Ak
ool AFEEE W}%“%: Zo]tH(Cryer, 1986: Box &
Jenkins, 1976 Ljung & Box, 1978: Kim, 2005
Heo, 2010; Noo, 2011).

Al A wedeo] Ao g kAol
2 zhsl /\]7]‘— 1:163 = z%sh: ZJ—J xﬂ

S2HRMSE)E 12sle] ##9] d|SRgo] A% 5

to
N
i
lo
X
il
it
o
o
\-J

==}

it
N

]
ol

>

o=

=
L

T

ot
=y

TH

A

mw

39
o

' A2 A(BMD 9] 3]
Qa7 da) ARIMA (YL /v

IeS wed A9 A

|Zngoz A3eet

§:}‘.. oflt X
tlo o ro

) B3
=

719l #II0=

obs- Ao 715 dlS3tel Slo] ARIVA(HY/O%) &=
G2 o]&3te] g, vod R 10 o) 715 skt
(Table 3)= AT EH HA AALEN] 7H F sl
ZAzre] 2p71de]l EAYsEA ¢otok gtk Ljung-Box
QY AZE AANT A3 RE BN {FoBE pE
Fo)FFE 05ETH AR At 2] dHe] EA8HA
grolofsl= 7Hg ol uk 54 gkoitt, ek FlH oS
A AR 2 S (A, ASAITY, BEAANE
GDPUZole], FE44FNHAEE)F FveH(K0)
dSWent BRldnh @l A5+ 12419 ARIMA
(0. 1, O0RZAA 2HASAA, ASAZH Y F2v]
3t o 27} A 8593 13412 ARIMA(O, 1, O®
oM AEAIZE, 107F ALH AT AR A= T
A2l ARIMA(O, 1, 1) 28N BEA4E], 104<]
ARIMA(O, 1, O)ZZNA Aol 11412 ARIMA
(0. 1, O0RFNA TG4 FC], 12419 ARIMA(O,

1. 023N A%AI, 1349 ARIMA(), 1, 0)
R SR 247 DI 5042 A s

(Fig. 9] ol &g Auud dahy oz 2
S7EEAlIU A7t 5 11A1E et S7kske A1



The Posttraumatic Growth Process of Volleyball Players

535

Table 3. Predictive analytics models of Height n=51
Number of Goodness of fit Ljung-BoxQ(18) Predictive values(cm)
gender grade years Model Type . —
Predictor RMSE statistic df P 2020 2025 2030
El  6Y ARIMA(0,1,0) 0 39 7.37 18 987 121.38 122.26 123.14
E2 7Y ARIMA(0,1,0) 0 .61 11.70 18 .862 127.02 128.14 129.26
E3 8Y ARIMA(0,1,0) 0 .65 15.74 18 611 132.85 134.10 13535
E4 9Y ARIMA(0,1,0) 0 57 9.20 18 955 138.51 139.92 141.33
ES 10Y ARIMA(0,1,0) 0 54 13.45 18 764 144.05 145.60 147.15
Male E6 11Y ARIMA(1,1,0) 0 .68 8.25 17 961 150.79 152.62 154.44
Ml 12Y ARIMA(0,1,0) 2 .61 18.53 18 421 157.77 159.49 161.12
M2 13Y ARIMA(0,1,0) 1 58 7.23 18 988 165.41 167.29 169.08
M3 14Y ARIMA(0,1,0) 0 54 14.97 18 .664 171.00 172.90 174.80
Hl 15Y ARIMA(0,1,0) 0 .55 12.97 18 793 172.52 173.74 174.96
H2 16Y ARIMA(0,1,0) 0 44 20.90 18 285 173.84 174.98 176.12
H3 17Y ARIMA(0,1,0) 0 42 14.22 18 715 174.38 175.36 176.34
El  6Y ARIMA(0,1,0) 0 35 10.99 18 895 120.26 121.12 121.98
E2 7Y ARIMA(O,L,1) 1 38 11.44 17 833 127.85 129.29 130.77
E3  8Y ARIMA(0,1,0) 0 .50 11.65 18 .865 131.49 132.68 133.87
E4 9Y ARIMA(1,1,0) 0 .76 27.59 17 .050 140.19 141.76 143.35
ES 10Y ARIMA(0,1,0) 1 .61 18.50 18 423 143.95 144.90 146.29
Female E6 11Y ARIMA(0,1,0) 1 79 15.36 18 637 150.95 150.21 150.27
Ml 12Y ARIMA(0,1,0) 1 .50 15.12 18  .654 156.41 157.72 159.03
M2 13Y ARIMA(0,1,0) 1 A4 13.05 18 .788 158.10 158.25 158.45
M3 14Y ARIMA(1,1,0) 0 .61 16.78 17 469 160.68 161.87 163.07
Hl 15Y ARIMA(0,1,1) 0 .55 9.11 17 937 161.13 161.80 162.48
H2 16Y ARIMA(0,1,1) 0 35 10.23 17 8% 161.12 161.67 16222
H3 17Y ARIMA(1,0,0) 5 .56 17.68 17 409 161.37 161.42 16143
E: Elementary School, M: Middle school, H: High school, Y: Years
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Table 4. Predictive analytics models of Weight n=51
Number of Goodness of fit Ljung-BoxQ(18) Predictive values(kg)
gender grade years Model Type . —
Predictor RMSE statistic df p 2020 2025 2030
El  6Y ARIMA(0,1,0) 1 29 11.83 18 .856 24.15 24.27 24.40
E2 7Y ARIMA(0,1,0) 0 40 10.58 18 911 27.92 28.64 29.36
E3 8Y ARIMA(0,1,0) 1 46 18.42 18 428 31.74 31.82 31.93
E4 9Y ARIMA(0,1,0) 0 A7 9.50 18 947 36.74 3824 39.80
E5 10Y ARIMA(L,1,0) 0 41 12.73 17 754 42.62 44.66 46.80
Male E6 11Y ARIMA(0,1,1) 5 45 27.15 17 .057 45.32 45.63 46.05
Ml 12Y ARIMA(0,1,0) 1 54 19.76 18 347 52.41 52.99 53.54
M2 13Y ARIMA(0,1,0) 1 .62 12.67 18 811 58.36 60.29 62.14
M3 14Y ARIMA(0,1,0) 1 .87 10.01 18 932 63.72 65.88 68.04
Hl 15Y ARIMA(0,1,0) 1 .55 17.29 18 .504 66.23 6797 69.73
H2 16Y ARIMA(0.1,1) 0 52 13.15 17 726 68.67 70.39 72.14
H3 17Y ARIMA(0,1,0) 2 .30 23.64 18 167 69.12 69.40 69.68
El  6Y ARIMA(0,1,0) 0 34 20.78 18 291 23.59 24.08 24.57
E2 7Y ARIMA(0,1,0) 0 32 10.23 18 924 26.30 26.90 27.50
E3  8Y ARIMA(0,1,0) 0 37 18.73 18 409 30.01 30.95 3191
E4 9Y ARIMA(0,1,0) 2 42 12.65 18 812 34.03 35.18 36.36
ES 10Y ARIMA(0,1,0) 0 A7 27.66 18 .067 39.35 40.97 42.65
Female E6 11Y ARIMA(0,1,0) 1 39 14.11 18 722 43.74 43.87 44.00
Ml 12Y ARIMA(0,1,0) 0 .50 18.03 18 454 49.58 50.96 52.34
M2 13Y ARIMA(0,1,0) 0 .61 8.69 18 .966 52.92 54.24 55.56
M3 14Y ARIMA(0,1,0) 1 45 13.30 18 774 54.21 54.07 54.25
Hl 15Y ARIMA(0,1,1) 0 52 6.93 17 .985 56.20 57.00 57.80
H2 16Y ARIMA(0,1,0) 1 41 1131 18 .881 56.11 56.18 56.26
H3 17Y ARIMA(1,1,0) 0 41 1538 17 .568 57.05 57.58 58.12

E: Elementary School, M: Middle school, H: High school, Y: Years
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Fig. 5. Confidence interval of the predicted value about Weight of Men and women



Table 5. Predictive analytics models of BMI
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n=51

Number of Goodness of fit Ljung-BoxQ(18) Predictive values(kg/m?)
gender grade years Model Type .
Predictor RMSE statistic df p 2020 2025 2030
El  6Y ARIMA(1,0,1) 5 .20 21.46 16 .16l 16.82 16.85 16.89
E2 7Y ARIMA(0,1,0) 1 21 21.06 18 276 17.15 17.15 17.15
E3 8Y ARIMA(0,1,0) 0 23 23.67 18 .166 18.13 18.39 18.65
E4 9Y ARIMA(0,1,0) 0 26 19.22 18 378 19.07 19.38 19.68
E5 10Y ARIMA(1,1,0) 0 18 19.12 17 321 20.00 20.38 20.76
Male E6 11Y ARIMA(0,1,0) 1 .16 15.51 18 .627 20.71 21.14 21.57
Ml 12Y ARIMA(O,1,1) 5 20 22.81 17 155 20.63 2042 19.97
M2 13Y ARIMA(0,1,0) 0 21 17.03 18 521 21.48 21.86 2225
M3 14Y ARIMA(0,1,0) 1 29 12.31 18 831 22.17 22.53 22.89
Hl 15Y ARIMA(L,1,0) 0 17 22.73 17 158 2225 2249 22.73
H2 16Y ARIMA(L,L,0) 0 18 6.63 17 988 22.66 22.90 23.13
H3 17Y ARIMA(0,1,0) 0 .15 21.06 18 276 2291 23.14 23.37
El  6Y ARIMA(0,1,0) 5 28 16.85 18 534 16.43 16.69 17.01
E2 7Y ARIMA(0,1,0) 0 23 18.30 18 436 16.74 16.89 17.04
E3 8Y ARIMA(0,1,0) 1 .16 24.01 18 155 17.12 17.19 17.26
E4 9Y ARIMA(0,1,1) 5 23 19.33 17 310 17.94 17.97 17.97
ES 10Y ARIMA(0,1,0) 5 17 18.89 18 399 18.85 19.14 19.44
Female E6 11Y ARIMA(0,1,0) 2 15 18.09 18 450 19.55 19.61 19.65
Ml 12Y ARIMA(0,1,1) 0 22 17.73 17 406 20.37 20.65 20.92
M2 13Y ARIMA(0,1,0) 0 25 16.25 18 575 20.98 21.23 21.48
M3 14Y ARIMA(O,L,1) 0 20 1343 17 707 21.38 21.57 21.75
Hl 15Y ARIMA(0,1,0) 2 11 12.54 18 818 21.50 21.53 21.60
H2 16Y ARIMA(0,1,0) 1 .16 18.80 18 404  21.78 21.82 21.86
H3 17Y ARIMA(0,1,1) 0 .20 9.02 17 940 2173 21.73 21.73
E: Elementary School, M: Middle school, H: High school, Y: Years
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