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Abstract

This research aims to study and compare the efficiency of forecasting models for the number
of visitors to Pathum Thani Province, categorized into domestic and foreign visitors. Annual
secondary data from 2011 to 2024 were utilized. The experimental design consisted of two scenarios:
using the complete dataset and excluding the 2020-2022 period to mitigate the impact of outliers
caused by the COVID-19 pandemic. The forecasting models evaluated included Holt-Winters
exponential smoothing and Grey Models (GM(1,1) and EPC).

The results indicated that for Thai visitors, the Holt-Winters Multiplicative model with the
excluded COVID-19 period was the most appropriate, yielding the lowest MAPE of 11.82% . For
foreign visitors, the Grey Model EPC with the excluded COVID-1 9 period provided the highest
accuracy with a MAPE of 4.96%. The study found that including data from the pandemic period led
to model overfitting and high forecasting errors. The forecast for 2025 estimates 3,569,622 Thai
visitors and 4 14,07 6 foreign visitors. These findings serve as a strategic guideline for relevant
agencies to effectively manage resources and infrastructure to accommodate the projected growth in

tourism.

Keywords: Forecasting, Time series, Number of visitors, Pathum Thani, COVID-19
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= . ) . A A ' A v
U seasonality 11519 Holt-Winters ﬂzgﬂaﬂgﬂmamwfmm'iﬂiz:mmm Level 1182 Trend 1o 14

o 1 o o
mMInensaigenslinnuuuduiuudoyasziios

Grey Systems Theory

a 9 A

25N15U09 Grey System Theory @LULITUAYU AD GM(1,1) 8911910 "Grey Model First

X o S '
Order, One Variable" 3419 laanumsnensainiideyaios (edrarios 4 Yoya) nazdeyaiini

b4 v
Y

Tundueuge Taslivunouaail
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| ' ) a
msudasde ya 1WuAIded U (Accumulated Generating Operation - AGO) 11 Toyan

U

4 { { o I R 1 ' o
(x(0)) M wWaTIAZ AW tionldsudoyanernszAumIuldnanaitluuun TdumuduedredFany

K
(Exponential-like trend) x® (k) = Z x© (')
i1

1 A A A . . 9 9 :1 Il @ 1 A
NINIAURAVAADUN (Mean Generating Operation) @3 WNUBYAYA LU (Z) 1INAURAY
4 o a -4 [ [ %
Youoyadzay e 4 lumsmuinaunsFaeywus (Differential Equation) dUAUHLS

i +ax® =b
dt

#18197% Least Squares Estimation Wan1A a (Development coefficient) (L&l AYOAIING
@0 1@ 1ag b (Driving coefficient) LAALTIVUIAAOUVDITLULY
ts ] o Ay 4 Y 9 o
NINeINTAULALIDUNAU (Inverse AGO) Lilf)llﬂﬂTWﬂWﬂimﬂTﬂﬁiJﬂ"liﬁ$ﬁmm’J ABDINN
) o A q Yy 9o @ v a
N3 "augauUnau"” LWﬂiﬂqﬂﬂTWﬂWﬂﬁmﬂlﬂﬂﬂJ@Nvﬁﬂﬂ

x” (k+1)=x" (k+1)-x" (k)

gasmamuIudAny1 181N Liu and Forrest (2010)

AWVU GM(1,1) asgruamsoau laanudeyaniiogedieiinanaziuua Tdums
=1

o [

a 4 = (] A9 o w o (% Y A A
@ulauuuens Inuusea Lmﬂmmamﬂﬂﬂlumimmﬂumayjammaﬂymwm 0an1a

. A = o o ' Lo =2 A °
(Seasonality) WsensasundauuunuNa UMY (Periodic shocks) mumiumlgﬂimj
a Jd . . ' o Y o 1 A A . Ay v
i385 (Fourier series) ¥1%38USULAAILUVINAINAIANABUAUYAD (Residual errors) 'ldannms
o Y IS @ . A o 9 ] o A dy
31909938 GM(1,1) ¥luauuY FGM(1,1) (Xiong & Wu, 2021) mmﬂwmmgmummquu

° 1 o [ 1 I o o
(MAPE @189) @2uuU31a09v81815uA 1919500 (GM(1,1)EPC) Lﬂumiﬂiuﬂ;muumam

9 o [ A 9 A f A Y o @

GM(1,1) ﬂ?ﬂﬂﬁ‘ﬂi‘ﬂﬂma1mﬂa@uﬂOﬂﬂlgﬂiuﬂlgﬂin‘ldliﬂi e lvuuudiassavisadsums

4 @ A 2 { 1 3 .
weonsal lamanudumuuuasasvesdoyaluedan liitluduaseld (Lin etal, 2013)

d o [y
INUNNDITANANNUNUEI VDI MDY
oA v o d
ANNUNUENTIANNTUWUT R, R?
o a £ v o ¢ ¢ o v 7 o o a
R auﬂizmnﬁawanwumﬁamuizmnmwmﬂimmﬂmummm’fau“mﬁa
[ a a" a 1 1 4
R’ (Coefficient of Determination) MaNUse@NTN1505UwANNL5UTIWNAIMEINT R
g a 9 a Y A

mﬂmuuuaﬁummayjmiﬂﬂmwaﬂﬂ

R2 1nd 1 @nwvesuiedoyalaa R2 < 0.5 aauuveTuiedoya 1@ 11a (Frost, 2026)

A U a ] d‘
A 79 AITI U ¥INAIN T

1 4 ' {
F, Ao Amensal & 3299817 t

'
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¥ t=12,....n
AanumiuduBIRNUANIANADUIITNYIE! (Sefidian Academy, 2026)

MAE (Mean Absolute Error) Anuaaiamaswmasiuuduysel (luaulsiiameuinan)
1 n
waE =2 $A |
t=1

AMUVNTAT MAE f1n110A1NUNUEIZINI1 (Hyndman & Athanasopoulos, 2018)

RMSE (Root Mean Squared Error) 510N @83U84A 1R 20/ 189a09U04A1NAAAAAD Y

AMUUNTAT RMSE ¢n 11010 Ue1gan1 (Hyndman & Athanasopoulos, 2018)

1 4 [ 4 {
MAPE (Mean Absolute Percentage Error) A6 313Jﬂmmﬂﬁauauy,smm§ﬂ“lugﬂuuu%'ﬂﬂaz

100 &|A-F|
MAPE = t
n X; A

MAPE < 10% 2110 10-20% @ 20-50% wal4 az >50% 13@ (Lewinson, 2020)

J 4 (% ¢ A
SMAPE (Symmetric Mean Absolute Percentage Error) A1A10AA1ALA Aoudu Yiamay

4

Feerunag aatlayn1 MAPE o193 Indaud

1 |R-A]
SMAPE == 1Tt "M
n;(A+Ft)/2

SMAPE < 20% 0018 20-40% w814 uay >40% 3@ (Lewinson, 2020)
MASE (Mean Absolute Scaled Error) L”TJ uaTanuutud M en 191191 time series

. o Y A a 1 Yy Yy A
fOI‘eCElStll’lg lWi'lgﬂJullﬂﬂfgW']ﬁﬂQ scale Llagﬁ']iniﬂlﬂ%ﬂﬂltﬂﬂ‘ﬂiulﬂaﬁmj 9 ul@llﬂﬂl@mvaﬂguﬂujﬂ

HIoUUIAA N Y

l n

HZM\ - Ft|
MASE = 1 t:ﬁ

Z|A - A71|
n _l t=1

MASE <1 TuaAn I naive forecast
MASE =1 TunaAne I 11 naive forecast
MASE >1 TuiaauenI naive forecast (Hyndman & Koehler, 2006)

. I o Y 1 . . I J o o [
naive forecast L‘]Juﬂ”li‘l/l”lu”lfﬂﬂfﬂﬂf mmqﬂ (preV10us observation) !ﬂuﬂ”IWEJ”IﬂSmﬁ”Iﬁi‘]J@u”lﬂﬁ
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M3INTITTiveYa
o 4
N138519A211U Y Exponential Smoothing (Holt-Winters) 1ag405 e TAAN 111 Python N
y 2 D ) A . Y o
a5$199u Tasl¥a U818 0910 Google Gemini (Google, 2024) M1TAFAMVY GM(1,1) 1ty

GM(1,1)EPC dszunanaveyaaiolisunsuduiogy Excel

(X % |

a da Qd
NITIN ﬂ‘Hﬁﬂﬁﬂ@:ﬂJﬂ?ﬂﬂ]Q

o 9 A o o A d 9 o 9 A AlA o W
magammu@mwauﬁlwmﬂnmm Lﬂuﬂl@yjﬁﬂWlﬂutﬂNHﬂ@ui@ﬂijﬂﬁwﬂhﬂ A1UNITU
@ @ aa o 4 o U
NAUITIVIaAING (DIANITUVIFU) (FNT.) (DGA, 2026) uHJTLNEJLLWi@’E]ﬁ']‘ﬁ"liﬂlZ(lﬁ}ﬁWN']ﬁﬂ

'
1 =

o Yy 1Y = o Y= g Av AW 1T Y 0
ﬂ??uiﬁaﬂ]lﬂ uli]i]‘ll'f)ilaﬁ?uuﬂﬂﬁ“ﬂfﬂ$§$uﬂﬂﬁ3ﬁuuﬂﬂaiﬂ 9 ulﬂ leL‘]JT!ﬂ"Iﬁ’Jﬁ]EJVI"l‘JJ!GU']‘U"IfJﬂ']ﬁ

U

2981uAY (National Science and Technology Development Agency (NSTDA), 2026)

NANSANH

A A o 9 A o @ =~ Y ~ Y
WeNasanuIudBemdou 19 ialyusitinndeyansins 'l w.e. 2554-2567
T A A a ] I ] A 4 a o ¥ A A
WUNNAIRAUNA (Outliers) B9 W.A. 2563-2565 1T UFIINTAD U8 1AIA-19 TIUIUAITNITDOU
anaIedguLIIazAalna (Shock) ¥elildazdounulrldunisdulanusssumaves
] - Y o I~ g’/ % %
gAHNITUNoUNY MIasdnuudswunesnunmslddoyanivua nUnsaa WA 2563-
o q YA Y o o Y 7o 9 A
2565 poN MIRINMIAS19AMUY 8 A UsznonlUdre mswensaisuiudisembousd
TnefurIa1emad 2 3%) mMsad19@Iuuy Exponential Smoothing (Holt-Winters) 34 UUN5LIN
Y o Jd o
(Additive) 18 @2DUN1TAM (Multiplicative) 1583 NAMVVAINNOBHTLUUINTE AU
GM(1,1) uag GM(1,1)EPC (4 %)

¢ o ya A
ﬂ]ﬁWU1ﬂ§mﬂ1H3u@!ﬂﬂNlﬁlﬂu‘lﬂ'ﬂﬂﬂ

YA

o o o A o o a2y A .
AILLUVUNITWIINITUITUIURL amaau%n"lm (319) ﬁ]ﬁﬁ’)ﬂﬂ‘lﬂll‘ﬁ1u #3877 Holt—Winters

i v
aAAaA A

Tuanangane "da W.A. 2563-2565 1111 Multiplicative” ¥1NWI1TUIIINAIADANIIY
d‘ . d' % dyd [] o 9 J d‘
AA1AAADU (Error Metrics) Tua1s199 2 ALVUUNANVUUNUIFIFAAIY AT R? gINga (0.82):

= dy a o 9 ﬁidd' tﬂ' = [ tﬂ'
‘Hlﬂﬂﬂ\ﬂlll,@ﬁu’d1lﬂiﬂf]‘ﬁ’]ﬂflﬂ’ﬂllWullﬂi%ﬂdﬂlﬂy‘ﬁulﬂﬂﬂq@ (82%) WemeunULUUaU Iua1519

v
! o A

AEINU AIAIUAAIANADUAINGA MAPE (11.82%) 1ag sMAPE (11.86%) UA1641914A ¥4

o 1 1 c‘) 1 [ P 1 4
Tagnal1A1 MAPE 161091 20% dodudumsnensaiNoglunusl "a" MAE (198,207) 1ag

v
o A

=) o d' = [ 1 A Y
RMSE (293,158) 3JﬂW]W]’c:fﬂliJf]!‘l/lEJ”]Jﬂ’U‘I/!ﬂIlI!ﬂaGluﬂWWLLiﬂ UazA1 MASE (0.93): Nﬂﬂﬂmﬂﬂﬂ 1
9 ' Hq 9y 2 9 a a v A A o A
(LHJ%%E:[Qﬂ’J'lLL‘iJ‘IJT]GlG]fsUfJiJ”aﬂ'ﬂJLﬁﬂu@ﬂiuﬂﬂmﬂuﬂ UALUBDUBDINTINIIUANIUAAIAIAADUAIDU

v dydl ' = 1
AIVVUDDINTDYTNITININ)
L ————————————————————————————————————————————————————————————————————————————————————————————

'
o A
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d‘ d o P A [ o A am .
MINN 2 MINYINTUIUIURL EJ?J!EJ'E]H"B']’J]ITIEJ (319) ﬂﬂﬂ]ﬂﬂnllﬁ’lu 7% Holt—Winters

Thai Visitors 5l’lli’)yi,’lﬁ"li‘lj AR W.A. 2563-2565

.1l A1934 Additive Multiplicative Additive Multiplicative

2554 939,849 945,001 941,695 875,461 919,924

2555 1,007,276 1,099,585 945,462 1,160,426 1,094,824

2556 1,062,015 1,167,012 1,020,794 1,227,853 1,193,154

2557 1,117,845 1,221,751 1,081,189 1,282,592 1,265,049

2558 1,277,729 1,277,581 1,142,397 1,338,422 1,333,219

2559 1,346,680 1,437,465 1,323,310 1,498,306 1,503,421

2560 1,435,467 1,506,416 1,397,510 1,567,257 1,602,401

2561 1,498,155 1,595,203 1,494,230 1,656,044 1,708,023

2562 1,524,543 1,657,891 1,559,948 1,718,732 1,789,089

2563 767,551 1,684,279 1,583,345 1,745,120 1,829,863

2564 457,939 927,287 750,643

2565 1,494,213 617,675 428,075

2566 2,678,629 1,653,949 1,790,718

2567 3,068,553 2,838,365 3,390,422 2,899,206 2,976,438

2568 3,228,289 3,842,204 3,289,130 3,569,622
mmﬂamméau
R 0.72 0.78 0.89 0.90
R’ 0.53 0.61 0.79 0.82
MAE 301152 268710 213379 198207
RMSE 463126 447873 314649 293158
MAPE (%) 27.30 22.59 12.84 11.82
SMAPE (%) 23.88 22.18 13.03 11.86
MASE 0.92 0.82 1.00 0.93

wsEgaaasuazudnIsgInadiian U1 22 adud 1 ansas - auizw 2569 190



ISSN 3056-9702 (Online)

6 a a e o 6
Lﬁiﬂjﬂ?ﬂﬂﬂm&’ﬂiﬁﬁ’g‘inﬁ)i/i?’lﬂ‘u
BUSINESS ADMINISTRATION AND ECONOMICS REVIEW

P

4 d o [ Y a
3197 3 MIneINTaIUINABENToUT1Y TN (518) 39 IAUNUE1 75 Grey Systems Theory

Thai Visitors Yoyansu A .0 2563-2565

W.A. A1939 GM(1,1) EPC GM(1,1) EPC

2554 939,849 939,849 939,849 939,849 939,849

2555 1,007,276 809,078 1,059,273 755,002 963,273

2556 1,062,015 879,725 1,006,851 869,279 1,106,018

2557 1,117,845 956,541 1,172,969 1,000,854 1,073,842

2558 1,277,729 1,040,064 1,225,848 1,152,344 1,321,732

2559 1,346,680 1,130,880 1,392,303 1,326,763 1,302,677

2560 1,435,467 1,229,626 1,398,753 1,527,583 1,479,470

2561 1,498,155 1,336,994 1,523,826 1,758,799 1,454,152

2562 1,524,543 1,453,737 1,511,408 2,025,012 1,568,546

2563 767,551 1,580,675 767,388

2564 457,939 1,718,696 471,391

2565 1,494,213 1,868,768 1,468,254

2566 2,678,629 2,031,945 2,715,587 2,331,520 2,634,626

2567 3,068,553 2,209,370 3,022,744 2,684,420 3,112,556

2568 2,402,287 2,696,308 3,090,736 3,391,917
ﬂ]13~lﬂa1ﬂ!ﬂéﬂ‘u
R 0.61 1.00 0.92 1.00
R’ 0.38 1.00 0.84 1.00
MAE 1.47E+11 7.71E+08 2.29E+05 4.40E+04
RMSE 542239 39279 269356 44003
MAPE (%) 44.16 1.38 14.71 3.11
sMAPE (%) 0.30 0.03 0.15 0.15
MASE 448427 2353 1 0
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AMVVAINIT Grey Systems Theory AdLaAI114015199 3 TA1T MAE tiag RMSE gauin
Y 2 [ (= [ o A A 1 . A o Y Y
uiiA1 R 92101 1.00 UARD T 10 UAI 18938071 Overfitting ADAMLUNIOIMANTU A
1 Y = o v A o 4 = a
iugadoyalusdannynauauyssinuy uaierh luwensalowianszlinnuranaingaun

a A @ 4 1w { { 9 o
Mool sgansaIwuead U uNeInTal UMMV UNKHZANNgAd 1Ty

o

v A & ¢ Y Y, N 7 a ¢
Gllﬂiallaﬂéﬂuﬂ@ ﬂ’lj‘WEl'lﬂiﬂlllllUVI11Wliﬂﬂﬂjﬂlamﬂfﬂ1aqm@\113aG’]—ff]ulﬁﬂiﬁ Eﬂllﬂﬂﬂaﬂm (Holt-

9 Ao araa a
Winters Multiplicative) Iﬂﬂﬁhﬂfﬂﬂlf’)y’aﬂ aUNUmansznUINIAIA-19 (W.f1. 2563-2565) 90N

d o A =

L‘Ll@Q%WﬂﬂlﬁﬂW}%’uﬂ’J”IiJﬂﬁWﬂlﬂﬁfJu@]Tﬂffﬂ TaoiiA1 MAPE EJEJ‘VISE]EJEL» 11.82 11a2fA1 MASE

Q
9/
1

AU 0.93 muﬁmmmmLmufimmﬂméfmmuwugmuawﬁuuu Grey Model (GM(1,1)) °I/IiJ

U

A 1 ] <3 Y o ,;l [ 9 @ 1A a .
ANuAMIAMAUgINIegIL Idve uenainil msvamsdoyalasnisaaa1nalnd (Outliers)
o 1 Yo Y v a A Y a ° o A v
Faraldiauuuaiusoazneuuul Tdumsau IanutaTavessuiuinneunedsdlne 14
2 ) Y Y =2 A o 0o q ~
AN Iggadoyans Ui v FINANUAURIUTULIIIUN T Tumaviaanuades

d o ald' A \ a
MINENNTUNUIUFIBENIEDUB1INIBIA
@211 Holt-Winters Multiplicative (N58iA0 W.f. 2563-2565) torsununnanuylu

4 i1 v 1 1
ngu Holt-Winters s uil ldmanuasandeudingaodesany Taslin1 MAPE g 37.29%

v
o

1ag SMAPE 9g#1 27.27% f1AuAaIanael MAE (112,134) ag RMSE (133,285) Hiadiiga
[ ~ A o A 99 = 1 = = 9
auaasluased 4 luvazidwoun "ddoyansu” a1 MAPE gans 11D 266% - 319% #5914

a1

A

1% Grey Systems Theory z;fﬂ A® AV U GM(1,1) EPC (ﬂiiﬁﬁ’ﬂ W.A. 2563-2565)

I Y] 1 aa ] o {
nJumuuuﬁ“lwmﬁammumﬂqﬂ saunaaalua1sad s Taetia1 MAPE @fieq 4.96% was

SMAPE 1184 0.18% 1ifi1 R2 g4 0.94 muammmmmmia“lumsa%mmﬁ’ayja”lﬁ'ﬁ@w il
ieuny EPC nuudeyansy udazdl R ganin (0.98) 1Al MAE naUgaDaszal 4.00E+08 a4 1a]

= =
UANUTDYT

] v
A A

@ @ 3| @
a3y Y EPC (ﬂﬁﬂd!ﬁﬂ N.fl. 2563-2565) L']Ju@l’lll‘ﬂUﬂﬂﬂﬁﬂﬁqﬁiﬂﬂﬁmuﬂmﬂﬂllﬂEJ?@]TQGH'W]
4 1 o A J ' < @ J o .
Lﬁ@Qi]1ﬂﬂiJmmJum‘ﬁmﬁ@mmmﬁmu"lﬁ’%ﬂ: 1 MAPE 494 EPC (4.96%) AN Holt-Winters

: J { o 1 T3 s ] o
(37.29%) %QﬁWNLﬂmeﬂNWﬁiﬂ"luﬁ'Tﬂa MAPE 9161071 10% ﬁamﬂumﬁwmﬂsmﬁﬁmwmmum

Y

Y v
FEAL "GN UszansnnmsneInssl (MASE): aanuui a1 MASE miu o (luumei Holt-

Winters 11(??11 1.28) “]N']N‘]JE’Jﬂ’J”IIlILﬂa‘L!‘Wﬂ]ﬂim"lﬂﬂﬂ’J”I’JTJW‘L!ﬁ"I‘L!f’JEJNﬁ%J‘]JS ULV LL?J’I] UM

a3

(% [

An91AIA00N LAAILLY EPC ETemmmﬁ‘]”ﬂﬂﬁﬁ’wuau“aﬁ’ﬂmemmmwﬁ“ﬁﬁ NHULADY 9
k4

Y Y~ 1 aa g.lz a
WuGI’Julﬂﬂﬂ’31illlﬂﬁ1/l1\1ﬁﬂmlﬂﬂﬂﬁLﬂll

o
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q‘ oo PR A 1 a [T o A ad .
MINN 4 NMITNYINTUINUIUNGINTDUFIA NN (319) mmﬂﬂnmm 7% Holt-Winters

Foreign Visitors éifmg,amu AN W.A. 2563-2565

.1l A1934 Additive Multiplicative Additive Multiplicative

2554 146,584 320,878 147,661 389,470 428,849

2555 467,016 121,557 129,501 403,524 436,164

2556 491,155 441,989 430,276 417,579 443,603

2557 495,228 466,128 453,569 431,633 451,169

2558 537,660 470,201 458,021 445,688 458,864

2559 549,869 512,633 498,687 459,742 466,690

2560 578,814 524,842 510,872 473,796 474,650

2561 600,189 553,787 538,940 487,851 482,746

2562 600,368 575,162 559,887 501,905 490,979

2563 76,598 575,341 560,720

2564 1,956 51,571 70,524

2565 39,223 (23,071) 1,772

2566 284,152 14,196 47,886 515,959 499,354

2567 387,293 259,125 375,063 530,014 507,870

2568 362,266 511,476 544,068 516,533
ﬂ’ﬂllﬂf.’l]ﬂ!ﬂéﬂ‘l!
R 0.61 0.66 0.22 0.20
R’ 0.37 0.43 0.05 0.04
MAE 131219 112876 119636 112134
RMSE 190678 176226 133659 133285
MAPE (%) 266.00 319.00 37.48 37.29
SMAPE (%) 72.15 61.52 29.02 27.27
MASE 1.19 1.02 1.37 1.28
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d' J o 9 A A 1 a [ o A ax
MTNN S MINYINTUIUIUF-IVYDUTIIN WL (319) mmﬂﬂnmm 19 Grey Systems Theory

Foreign Visitors éifmg,amu AN W.A1. 2563-2565

.. A1939 GM(1,1) EPC GM(1,1) EPC

2554 146,584 146,584 146,584 146,584 146,584

2555 467,016 591,285 480,396 534,678 490,572

2556 491,155 549,531 469,148 526,485 467,599

2557 495,228 510,725 524,583 518,417 518,784

2558 537,660 474,659 502,663 510,473 514,104

2559 549,869 441,140 588,474 502,650 573,425

2560 578,814 409,988 538,844 494,947 555,258

2561 600,189 381,036 639,200 487,363 623,745

2562 600,368 354,129 564,582 479,894 576,812

2563 76,598 329,121 107,078

2564 1,956 305,880 (21,448)

2565 39,223 284,280 54,190

2566 284,152 264,205 278,492 472,540 307,708

2567 387,293 245,547 383,318 465,299 363,737

2568 228,208 119,423 458,169 414,076
mmﬂmﬂméau
R 0.55 0.99 0.25 0.97
R’ 0.30 0.98 0.06 0.94
MAE 1.57E+10 4.00E+08 78415 23556
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