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Forecasting Model for Pneumonia Cases in 13 Health Districts in Thailand
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ABSTRACT

The objective of this research is to evaluate a proposed forecasting model for predicting pneumonia cases across all 13
health districts in Thailand. Monthly time series data from January 2015 to December 2022, obtained from the Health Data Center
of the Ministry of Public Health, were utilized. Each health district utilized a varying number of data points depending on data
completeness. The data were categorized into two sets: a training dataset for model construction and a test dataset for assessing model
accuracy. The forecasting models were evaluated using the symmetric mean absolute percentage error (SMAPE). The results revealed
that the combined forecasting approach using regression analysis demonstrated advantages over other methods for health districts 1 to
6, 8,9, 10, 12, and 13. For health district 7, the most appropriate model was the multiplicative decomposition model with trend and

seasonal components. Similarly, for health district 11, the Box-Jenkins model was found to be the most suitable.
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(1-B°) Ao SudvvDIHAAIMDIINGNIA (Seasonal
Difference)
5=¢,(B)®@,(B*)u Ao A1Ad1 Tash u Ao
ANNAHVDIDYNINNANAIN
B 5 . . "4
6,(B)=1-6B-0,B°-6,B°..-6,B* unuaunae
iaeunuuyliliggniaduan q (Non-seasonal
Moving Average Operator of Order g : MA((q ))
0, (B*)=1-0,B°-0,B* -0,B%..-0,B% unu
' a A A a v o
ANRAYAADUNUVVNYQNIAdUAY Q (Seasonal
Moving Average Operator of Order Q : SMA(Q ))
B Ao Ad1iiunsneonas (Backward Operator)
Tagh BY, =Y, ,
d uazD fle SWUNVBIMININAA AT NAAN
§9N1aY0DYNINIAT MUAIAY
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9] ' ~
HaMANIal
v @ o an 4 a =
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A ' a a
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#18n13NAADY Dickey- Fuller ( Dickey- Fuller Test)
ao 2o o o . d 4
luamidsiidmuadwuuinigaved Lag = 12 Nouly
lumsidond ey Lag imanzauaemmngavounaial

AITAUINAVDIOLNZDINY (Akaike’s Information

Criterion: AIC) Winwu1oynsua1lined (Non-
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. Y Y A A
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auiumsluduaeude 11 wu msulasdoyadions
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(Combined Forecasting Method )
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maﬂﬁiq&] (Min Mean Absolute Error) 1ag 351101
11U NGAUVVIW (Whale Optimization Algorithm)
(Minsan et al., 2021; Minsan & Minsan, 2023) Uag
T o o < A
Forniminaledudse@nsnsannos (Regression
I
Analysis: REG) 1 UAY Keerativibool (2016) ung
Nakunthod & Khamkhod (2018) f'laAny1d3uu1
4 Y @ 1
nensaleynsualgilielsnleasniay wud1ns
4 9 as I as A ) [
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v 1
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! o a Q‘{ o ! J %} Y
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1 I
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Mngauiuainivng doiulunuiselitudon1$s
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( Multiple Regression) @3uUUN81IA5al lUaunIsh
Ed
(17) Al
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A
b,b, uaz b, unudlszanamarniminues
uaagIsnenTaliReITIe s Mareiesfiga (Least
Squares Method) (Montgomery et al., 2006)
=) = k% J ¢ Y
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. . 4
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(Symmetry Mean Absolute Percent Error: SMAPE)
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y aa ' aa v 2
Ms1ei 1 adanadouuazmivesananaaousud Kruskal-Wallis 1azueuaiv LINANIVATUNIN 13 1UA

Health Runs Test Kruskal-Wallis Test Levene's Test

Districts Test Statistic P-value Test Statistic P-value Test Statistic P-value
1 -8.071 0.000* 54.84 0.000* 0.004 0.952
2 -8.071 0.000* 50.26 0.000* 0.036 0.850
3 -7.121 0.000* 46.37 0.000* 4.219 0.043*
4 -7.834 0.000* 37.54 0.000* 6.891 0.010*
5 -7.596 0.000* 47.82 0.000* 4.243 0.043*
6 -7.359 0.000* 43.36 0.000* 5.2562 0.024*
7 -7.596 0.000* 47.45 0.000* 9.224 0.003*
8 -7.359 0.000* 37.58 0.000* 2.844 0.096
9 -7.121 0.000* 50.91 0.000* 0.861 0.356
10 -7.596 0.000* 35.96 0.000* 0.269 0.605
11 -8.071 0.000* 54.11 0.000* 0.041 0.839
12 -7.359 0.000* 46.49 0.000* 1.964 0.165
13 -5.391 0.000* 9.66 0.570 3.12 0.085

RETREIEEY * ﬂﬁmﬁﬁngﬁgma’wﬁizﬁuﬁaﬁﬁm 0.05

a ' v Ao o A Y ax '
MINN 2 ﬂ'l‘]JiZﬂ'lﬂlﬂ“ﬁu'lﬂﬂ']'nlllﬂiwuluﬂ\ii]'lﬂf]ﬂﬂ'laﬂ'\]ﬂ'\]ﬁlwﬂﬂ'luﬂizﬂ'ﬂllllﬂﬂﬂ'lllﬂlﬂf!‘“ﬂ'lw 13 19

Health Seasonal Indices

Districts Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1A

2A

3B

4B

5B

6B

7B

8A

9A

10* -2,177

11* -1,581 -1,560

12* -1,706  -1,812

13 - - - - - - - - - - - -
HUGINA oy - AndmsuunazvagunIn

* dalsgneununTiuazggmagiuuuuin

? dyutlszneuuua Tfuazggmagiuuuge

maei 3 milszuamnimeivesdmuuiduasy B, uaz B, Fuondilszaeuuonsuuagunin 13 wa

Parameters

Health Districts A A

By B
1 8,201.0 0.40
2 6,713.0 -45.39
3 3,109.0 -5.99
4 -2,948.0 312.50
5 5,714.0 -18.15
6 4,434.0 88.80
7 14,899.0 -70.40
8 7,403.0 -47.64
9 12,581.0 -58.10
10 12,424.0 -41.00
11 5,616.0 -5.99
12 4,618.0 15.81
13 28.0 9.23
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) ' a 2 aa | A
M519N 4 MWNTWNDT ¢, ) UaL S5 Tﬁﬂi‘umﬂnuﬂﬂmuwmﬂmw 13 19

Health Parameters

Districts a ¥ S5

0 =N O U A~ W N =

©

10
11
12 0.65 0.00

s Pleen] - -

wneme  Anfey

a AnNdmiuuRazvAgYNIN
v A 9 Y ga a o oA
0.00 lugaumuiionninIndgudinunaiondunniai 2

EJ

a
9 A 19 & a a o oA
1.00 Ehﬂm'ﬂ\‘1lL‘YI'LlLiJ'E]ﬂ'Iﬁlﬂﬂﬁﬂu\ilﬂuﬂﬁuﬂﬂﬁ'ﬂmuﬁ’l 2

ms1ei 5 ﬁauuuuancﬁ—muﬁuﬁLmzmsﬂinﬁfJUﬂ'nummzawméfmmmmnmuwﬂqmm‘w 13 1va

Health Box-Jenkins t-test Levene KS LB Lag 36

Districts P-value P-value P-value P-value
1 SARIMA(2,1,2)(0,1,0),, -0.218 0.537 0.094 20.517
0.828 0.466 0.120 0.942

2 SARIMA(11,2)(0,1,0) , -0.856 2.597 0.103 38.162
0.395 0.112 0.061 0.246

3 SARIMA(0,1,0)(0,1,1),, 0.128 1.573 0.089 30.220
0.899 0.214 >0.150 0.698

4 SARIMA(2,1,2)(0,10),," -0.302 8.892 0.065 24.115
0.763 0.004* >0.150 0.840

5 SARIMA(0,1,2)(1,1,0) , -1.081 1.012 0.088 33.987
0.283 0.318 >0.150 0.420

6 SARIMA(1,0,0)(0,1,1),, ** 0.452 0.439 0.193 15.735
0.653 0.510 0.010* 0.995

7 SARIMA(2,1,0)(0,1,1) ,, -0.181 0.809 0.073 27.373
0.857 0.372 >0.150 0.743

8 SARIMA(0,1,0)(2,1,0),, 0.078 1.557 0.078 44.357
0.938 0.216 >0.150 0.110

9 SARIMA(0,1,0)(0,1,1) -0.128 0.776 0.081 46.500
0.899 0.381 >0.150 0.093

10 SARIMA(10,0)(0,1,1) , 0.052 0.012 0.087 37.110
0.959 0.913 >0.150 0.328

11 SARIMA(1,0,0)(0,1,1),, 0.250 0.235 0.096 47.241
0.803 0.629 0.098 0.065

12 SARIMA(1,1,1)(0,1,0), -0.237 2.770 0.100 28.723
0.814 0.101 0.077 0.724

13 SARIMA(1,0,1)(2,0,0),, " -0.042 16.760 0.324 21.163
0.967 0.000* <0.010* 0.908

HINBIYR * UfsauyAguiaiiszduniodiday 0.0s

* Box-Cox transformation by natural log

® the model that include a constant term.

10
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mafl 6 adAnAToU AN AR MA SAR 1a2 SMA YoI@MULLONG-DURUE Lonauvagumm 13 1ua

Health SARIMA(p,d,q)(P,D,Q),,
Districts
Ln d=1 D=1 Constant AR(1) AR(2) MA(1) MA(2) SAR(1) SAR(2) SMA(1) SMA(2)
P-value P-value P-value P-value P-value P-value P-value P-value P-value
1 No Yes Yes 12.800 -11.200 15.900 -15.600
0.000* 0.000* 0.000* 0.000*
2 No Yes Yes 2.300 2.900 2.200
0.024* 0.005* 0.029*
3 No Yes Yes 7.400
0.000*
4 Yes Yes Yes 7.200 -3.700 8.900 -10.100
0.000* 0.000* 0.000* 0.000*
5 No Yes Yes 2.100 3.700 -5.900
0.040* 0.000* 0.000*
6 Yes No Yes 2.400 7.800 6.300
0.018* 0.000* 0.000*
7 No Yes Yes 2.100 -3.800 7.400
0.037* 0.000* 0.000*
8 No Yes Yes -7.000 -2.700
0.000* 0.008*
9 No Yes Yes 5.900
0.000*
10 No No Yes 8.700 7.100
0.000* 0.000*
11 No No Yes 13.500 6.900
0.000* 0.000*
12 No Yes Yes 6.800 18.400
0.000* 0.000*
13 No No No 10.200 -2.200 3.700 -6.000 -6.900
0.000* 0.031* 0.001* 0.000* 0.000*
ETRUNE) * Ufrauyiguiiissdulvd sy 0.05

& . ~ -
Mmeh 7 msdszanammnsiines by s b, b, and b, ¥93IT REG anmuuagu,n 13 1ua

Health Parameters

Districts bo b1 bz b3
1 -903.06 0.29 0.21 0.62
2 110.53 0.35 -0.03 0.68
3 132.51 0.28 0.10 0.58
4 760.53 0.21 0.71 -
5 147.32 0.25 0.04 0.69
6 -412.99 1.69 -0.61 -
7 316.36 0.41 -0.15 0.74
8 -103.28 0.33 0.07 0.63
9 84.50 0.53 -0.44 0.92
10 -292.40 0.22 0.02 0.80
11 199.35 0.05 -0.19 1.13
12 - 0.65 0.54 0.01
13 2.56 0.87 0.12 -

a a ' an ' o A ¢ a o 03
MINN 8 ﬂ1ilﬂ%ﬂl|w]ﬂl|ﬂ1 SMAPE v0335uenauilsznon msuSuisey vong-aunud LAZMINYINTAUTIVLYNMULVATUNIN 13 1UA

Health sMAPE

Districts Decomposition Smoothing Box-Jenkins Combined
1 17.15 47.40 74.91 16.61*
2 61.87 50.34 115.59 27.62*
3 27.16 35.71 32.93 16.99*
4 114.32 106.28 - 47.20*
5 31.46 51.95 115.42 20.59*
6 76.31 100.21 - 53.43*
7 16.15*% 31.13 36.18 18.97
8 39.80 34.88 75.36 15.01*
9 35.87 36.17 32.88 28.37*
10 33.83 33.92 23.00 19.40*
11 24.89 30.01 16.75* 19.92
12 30.84 87.41 55.87 23.51*
13 105.70 104.49 - 97.84*

HINBLYR * f1 SMAPE f1ilqa

11
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Health 2023

Districts Jan Feb Mar Apr May Jun Jul Aug Sep
1 9,750 8,959 9,448 9,632 8,463 9,433
2 3,934 4,357 3,034 3,501 4,371
3 2,830 2,508 2,460 2,977
4 16,475 11,007 12,500
5 4,341 4,098 4,134 3,658 4,001 3,828
6 8,295 7,602 7,789
7 6,557 5,901 6,473
8 3,075 2,675 2,450 3,351 3,693 3,947
9 8,183 7,004 6,664
10 9,522 8,644 9,047
11 4,030 3,927 4,332
12 7,836 7,842 4,569 5,302 6,745
13 363 368 372 376 380 385
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Health 2023 %change relative to the
District Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec previous year
1 98 90 113 105 95 97 85 95 118 140 115 49 122
2 64 93 135 160 103 71 82 103 124 111 125 30 105
3 118 111 113 92 82 80 97 112 117 118 105 56 127
4 91 133 145 98 65 74 110 110 139 129 83 22 247
5 99 94 94 84 91 87 102 115 126 124 118 65 111
6 118 87 103 7 71 72 106 166 158 125 98 20 193
7 121 116 123 90 81 89 86 107 123 136 106 21 91
8 146 134 140 87 76 70 81 95 105 112 103 51 97
9 137 132 128 95 81 7 75 106 115 127 91 35 120
10 107 106 119 93 84 88 97 129 126 117 94 39 93
11 132 118 111 75 74 81 95 123 131 126 98 34 116
12 122 104 104 60 70 89 103 118 139 131 110 49 101
13 94 95 96 97 98 99 101 102 103 104 105 106 157
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