B M9ETIMENANERFY TN T9 31 (21107 3) ueneu — FunAN WA, 2569

BURAPHA BCIENCE JOURNAL BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Research Article

ISSN 2985-0983

é'ffaLmuwannﬁniﬁmmmmmgar-hmidm'anm'aﬁmuﬁ@
AUIANANBAzAUIAE NSz ALy
A Suitable Forecasting Model for Export Value of

Small and Medium Enterprises in Thailand
79l uaanes

Rungjai Sangtong
A191ITAAAIARTUAATA ALIEINENAART uAnenatsTi)enad Ussmalng
Department of Mathematics and Statistics , Faculty of Science , Udon Thani Rajabhat University, Thailand
Received: 6 July 2026, Received in revised form: 24 August 2026, Accepted: 4 September 2026
Available online: 22 September 2026

UNARED

mqﬂi:mﬁua:ﬁm: %mﬁwmmﬂmqmemmﬂ'ﬂuLﬂumiﬂzﬁqﬁmlumﬁuLm'r?{@ut,ﬂmgﬁwmﬂimM‘m Tnedl
ununlunizainenu nsnszateseld neimmAsegialusziulszma waranssAunANanTa N sugedy
gpatlszind ludaaanedfiinuannisdieentedamiatnanatuazau adesaesng FRNLNT YA NN
'ﬂF;i’lx‘i’;:uLLNﬂﬂﬂﬂ’ﬂ'ﬁ/ﬂ%\m’mimmxﬂﬂF;Iu’aﬂﬂ‘a“zLVlﬂ Tdraziflunisazaedizesassgialan ANEUNIUL 0398R
LanuaeuEuassnalszma aersunnsdn naesauransznLiiiesananunsainnsunsszunnaeslsaindelada

1Al3141 2019 (COVID-19) ﬂ@@vﬂmmﬁmN@Iﬁsgu@mmimra@ﬂmﬁmuﬁwmmnfm\imemmi@uﬁm’m”l,aiLniu@uzg\a

HydanansenulngnsesiaianesnImmnIaN sRuLarn9ALInetgEueedlsznaun1sRauniAIuIANA LAY IUIA
danaasing daganisneinsaiianuingiazdosaduayuluni99UNUNITNAR NNTLTUIAANIININE NS
NITAIUUANAENENINITAANA kaznITnnuanlsunaatiuayulaIunaTuIAna1eiazIuInten liaenAdeai U
- a A o ¥ mae = A A = ao A o ol
an1ansainsasegianilasuulacll AuiufadeasiinnnaulanasAneideiEes Houuunensnimanzantes
yaANIdeeanaedaviaTAnaNuazIaten” InaidnglssasAinemdauuunmuizandmiunainsaiyan
nnsdenanaaddaunaTuIANauarIuIAteNTeslsvnalne faedinisainszieynsunan Ae 3501905 EY

3 = & aal o = =3 = a & aa R a dl v &
Wndiwuwdaasasiaas 38019050 Fauendiniuwdsaraiunes uazisuand-launud e ldlananswannsad

o o

duiuldiiludeyatsznaunimeiEuiunINanuarNsdseanIeddlsznaunisdaiunazuIANaeLasIuat o N L

¥ o

aappdaaiuLw IdunnldauLdaseeenisAnseudnedssina

13 ' '

FBANAUNITIAY: TaNAN TN A TaNANAAINIIE9ANUBIIANNNATUIANANBAZIUAtiDNUBILT LN A

a A a
v

el ({1U079) MFBUAILFAABUNNTIAN W.A. 2559 DUABUTUIIAN W.A. 2568 AMUIL 120 1hau fae laldaya

al

aoniilu 2 9 gaf 1 AIUALAIUNNTIAN W.A. 2559 TLABUTWINAN W.A. 2567 AU 108 LAaw A usuainedauu

wensnd dayatai 2 AILELABUNNIIAN W.A. 2568 TNLAAUFUIIAN W.A. 2568 41U 12 LHaW 4 1FLRTIaaaL

D

1043



B M9ETIMENANERFY TN T9 31 (21107 3) ueneu — FunAN WA, 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

AMHuNUEaIfnLLnennIad TnaldnusisNnNae9edANNARIALRAUNNAdEBdLaAe (RMSE) wazilasidus

ANNARNALARDUANYIDIIRAY (MAPE) NBNTI4A

NANIFIAE: NNIANHIYARAINIIANRBNTBRAAATUIANA N LATIWIAtiaNTeslszmAlnagai 1 iNeaF19daLUL

'
a

s U [ da/ ada o = [~3 = I8 1 1 -ﬂl A
weansal tanasatl 1. 35n13UfuFaudndiniuuidoasealaas nud1AIAIRRIUNIZEN AD o = 0.301 WaY
y = 0.000047 2. 33n17UfuGaUENTInLUT A 109N TULULIN WUINAIASATIUNIZEN A o = 0.409
aa o a [~ = a I's 1 1 dldl A

y =0.0000021 uaz & =0.000015 3.35N19UFuGBHLBNFINLLTIATDABNATULLANS NUIIAIAITITLANNZAN AD
o =0.395, y =0.001 kA &= 0.217 4. 3puend-iauiud nudfuuuiuNizas A SARIMA(2,1,0)(0,1,1),,
doutayatan 2 A ufuasasaumuudugiesdanuunensal lanassil 1. 3anasfuFaudndinuudoaes
Taa67 16A1 RMSE = 58,634.33 Waz MAPE = 4.52% 2. 35n19U5UFa U ndlwiuui@eage9iunasiuuuan 1aen
RMSE = 49,628.21 waz MAPE = 4.33% 3. 35n15U5uaudndiniunidaaresiumasuuunm laA1 RMSE =
51,212.36 WA MAPE = 4.43% 4. 35uand-laufiugd fauun SARIMA(2,1,0)(0,1,1),, AR RMSE = 44,696.63 Uaz
MAPE = 3.90% #4111 A3uen-lauiudiidudsnilaanuwdugn lun1snennsaininndnisau

aguansian: nanIIAnEyaAINIsdeaanIedaiiaTuIAnauarIB atianaeslssimalne lnestindayannaing
o c Y ac o a < a o ad o a < a a ' aa ¢
FauuunennsnisneRanislsuFaudndiniuudsateelaas 2an19U5uFeudndinuudaateRumnes waziauand-
Wuiud wazamagauANLNLEeIfILLLNEINIIlALRAN904 A RMSE uazAn MAPE NIAN7iga wudnaauentd-
WwuALg Faluy SARIMA(2,1,0)(0,1,1),, L‘ﬂuﬁ?ﬁﬁL‘VIZLI’1::zﬁuﬁ'&;mzﬁ’m%ﬂﬂW?WHﬂﬂiiﬂgﬂﬁﬂﬂﬁim@@ﬂﬂ‘ﬂﬁ@’mﬁ@‘ﬂu']m
nANLATIUNAtiaNaadszmnAlne

AANATY: YarAINIdeeanIeviaImNaIwIANANLAzIWIAteN; 38N19USUFHLEN T INWWTAeeTaa s,

aa o =3 = a & aal ¢ a
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Abstract
Background and Objectives: Small and Medium Enterprises (SMEs) constitute an important driving force of
Thailand’ s economy, playing a vital role in employment generation, income distribution, national economic
development, and enhancing the country’s competitiveness. Over the past several years, the export value of
Thailand’s SMEs has faced severe volatility driven by both domestic and international factors, including the global
economic slowdown, foreign exchange rate fluctuations, trade wars, and the impacts of the Coronavirus Disease
2019 (COVID-19) pandemic. Consequently, these factors have led to high uncertainty in SME export values, directly
impacting the financial stability and long-term sustainable growth of Thai SME entrepreneurs. Accurate forecasting
data supports production planning, resource management, marketing strategy development, and the formulation
of policies to support small and medium enterprises ( SMEs) in alignment with changing economic

conditions.Therefore, the researcher was interested in conducting a study titled “ A Suitable Forecasting Model for
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Export Value of Small and Medium Enterprises in Thailand.” The objective of this study was to determine the most
suitable forecasting model for predicting the export value of Small and Medium Enterprises (SMEs) in Thailand by
comparing forecasting techniques: Holt's exponential smoothing method, Winter's exponential smoothing method,
and the Box-Jenkins method. The resulting forecasts were intended to provide reliable information for production
planning and export management for SMEs, enabling them to align their business operations with changing trends
in international trade.

Methodology: The data used in this study consisted of the monthly export value of Small and Medium Enterprises
(SMEs) in Thailand, measured in millions of Baht, covering the period from January 2016 to December 2025 (120
months). The dataset was divided into two subsets. The first subset, comprising 108 months of data from January
2016 to December 2024, served as the training dataset to construct forecasting models using time series analysis
techniques, specifically Holt's exponential smoothing method, Winter's exponential smoothing method, and the
Box-Jenkins method. The second subset, consisting of 12 months of data from January 2025 to December 2025,
was used as the testing dataset to compare the forecasting accuracy of the methods. The evaluation was based
on the lowest Root Mean Square Error (RMSE) and Mean Absolute Percentage Error (MAPE) criteria.

Main Results: In this study on the export value of Small and Medium Enterprises (SMEs) in Thailand, the first dataset
from January 2016 to December 2024 was used to construct forecasting models. The results were as follows:
1. Holt's exponential smoothing method, the optimal smoothing parameters were o, = 0.301and y = 0.000047
2. Winter's additive exponential smoothing, the optimal smoothing parameters were oo = 0.409, y = 0.0000021
and 0 = 0.000015 3. Winter's multiplicative exponential smoothing, the optimal smoothing parameters were o =
0.395, y = 0.001 and &= 0.217 4. For the Box-Jenkins method, the most suitable model was identified as
SARIMA(2,1,0)(0,1,1),, . The second dataset, spanning from January 2025 to December 2025 was used to compare
the accuracy of the forecasting methods. The evaluation results were as follows: 1. Holt's exponential smoothing
method yielded an RMSE of 58,634.33 and a MAPE of 4.52% 2. Winter's additive exponential smoothing yielded
an RMSE of 49,628.21 and a MAPE of 4.33% 3. Winter’s multiplicative exponential smoothing yielded an RMSE of
51,212.36 and a MAPE of 4.43% and 4. the Box-Jenkins method with the SARIMA(2,1,0)(0,1,1),, model yielded an
RMSE of 44,696.63 and a MAPE of 3.90%. Therefore, the Box-Jenkins method provide the highest forecasting
accuracy among the methods considered.

Conclusions: This study constructed and compared forecasting models for the export value of Small and Medium
Enterprises (SMEs) in Thailand using time series analysis techniques, specifically Holt's exponential smoothing
method, Winter's exponential smoothing method, and the Box-Jenkins method. Based on the lowest Root Mean

Square Error (RMSE) and Mean Absolute Percentage Error (MAPE) criteria, the results indicated that the Box-
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Jenkins method with the SARIMA(2,1,0)(0,1,1),, model provided the highest accuracy, yielding the lowest
forecasting errors.

Keywords: SMEs; Holt's Exponential Smoothing; Winter's Exponential Smoothing; Box-Jenkins
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(Seasonal Autoregressive Operator of Order P : SAR(P))

1
o o

) L . . . |
0,(B)=1-0B-0,8"- .. -quq A FaaiunsedeAfeundudui g nsalladinggnia (Non-

Seasonal Moving Average Operator of Order g : MA(q))

) L C .
®Q(BS) =1 —®1BS -0.,B S —@QBQS Ae FasiunITRfLIRdeuNduAUN Q nsdliigania

(Seasonal Moving Average Operator of Order Q : SMA(Q))

d WU ANAURTRINITUNARN

D uni AMALTILEINITMINARINGANIA

B unu AAHun1snesnad (Backward Operator) Tned BSYt =Y,_,
S N “s’]uquq@lﬂ"l@

p UNU AUALITEN Autoregressive (AR)

P unu AUALTEY Seasonal Autoregressive (SAR)

q Unu duALUERd Moving Average (MA)

Q unu dUALRY Seasonal Moving Average (SMA)
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Figure 1 Time Series Plot of the Export Value of Small and Medium Enterprises (SMEs) in Thailand
from January 2016 to December 2024
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4. HANITIAIIETAIEAs UANT-1aLA LA (Box-Jenkins method)

ANNMIRANINANEUEN RN I8 TaARUNINNATTAT 1 YARAINIIAIRBNTBIIAIMARTUIANANUAY

PUNALBNINELADUAILFALABUNNIIAN W.A. 2559 DILABUFUINAN 2567 a1qU 108 LA2 (Figure 1) LATAINAIT

1
= o

Nansauns W ACF uaz PACF aanganaly Figure 2 uazlavinnnsnaaayu Augmented Dickey-Fuller (ADF) N132/u
o o [ 1 1 1 -ﬂg’d o 1 nﬂl [ :’/ 9 o K o ¥ v

Wpd1ATY 0.05 L1 AN p-value = 0.53 uaRI1aUNIHIATALRAN U lAN Astiudadasinnsulasdeyason
NTUILARIN (d = 1) WATHINARNAANIAAIALN 1 (D=1, s = 12) \Hasaindayaaynsunaiilugmefauasiiatua

PILERnANaWinaL 12 1dnaW ACF uaz PACF 1asaynsunatiulasdayauda dauanslu Figure 3 wazldvinnis

nAaaL ADF 8nASY N9eALiadnATy 0.05 WUd1 AN p-value < 0.05 WARNIIBYNINNATHANHIUE AT AITWEISEAY

al

|
o o U ¥ o A

o ° o P ] % a =< = = a
V]']ﬂ']iﬂ']ﬂuﬂﬁ]')LU_l']_lWﬂf]ﬂi‘mmﬂqm')’]quﬂubLﬂiﬁ Iﬂﬂwqf]ﬁ'm’] ACF FRNANBULAAAAUTWNTAN lag 1 ANAITNANTIUN

MA(1) LiaNa13041 PACF 4 lag 1 HAnduauuaziiugeauianaaaidesiu lag 2 AA1Aaudna6y wazAsanss

9TAIRANTN AR(1) WA AR(2) luntlazudmasauuunannsaiianadnasiduldls e 5 dawuuildan BIC AR

ANENTIAR (Table 1)

Table 1 Parameter Estimaters, BIC, Ljung-Box Q Statistic of SARIMA(p,d,q)(P,D,Q),, Model

Parameter Model
Estimaters (0,1,1)(0,1,1),, (2,1,0)(0,1,1),, 0,1,1)(1,1,0),, (2,1,0)(2,1,0),, (2,1,0)(1,1,0),,
Constant 496.520 485.360 135.086 171172 150.743
(0.549) (0.621) (0.945) (0.911) (0.944)
AR(1) -0.550 -0.564 -0.539
(0.000) (0.000) (0.000)
AR(2) -0.358 -0.370 -0.343
(0.000) (0.000) (0.001)
MA(1) 0.556 0.532
(0.000) (0.000)
SAR(1) -0.312 -0.496 -0.360
(0.008) (0.000) (0.002)
SAR(2) -0.335
(0.005)
SMA(1) 0.797 0.773
(0.000) (0.000)
BIC 21.660 21.690 21.697 21.821 21.878
Ljung-Box Q 29.321 17.632 21.556 19.399 20.207
(lag 18) (0.022) (0.282) (0.120) (0.150) (0.164)

Note: Values in parentheses indicate p-value
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a7 Table 1 s BeuFaufauL SARIMA(p,d,q)(P,D,Q),, WA FLLLNENN I ATIAN BIC ﬁ‘i’ﬁﬁqmmz
ANADA Ljung-Box Q f lag 18 TiitiadnAynealia NszausiudnAty 0.05 Aa Fauul SARIMA(2,1,0)(0,1,1),, oy
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n17uanuaslsnd (Kolmogorov-Smirnov Z = 0.062 , p-value = 0.200) 2. mfmmmmLﬂ?ﬁlﬂuﬁmt,aa'mvhﬁu@uﬂ’
(t=10.248, p-value = 0.804) 3. mmmmmLmﬁlﬂuﬁmqmﬂuﬁmxﬁu (Ljung-Box Q = 17.632 , p-value = 0.282 uaz
NANTUIAINANRIATUANENNUT 1A (ACF) hazANRIATUand NN WS 1Fa119491 (PACF) 104ANARNALAREY
(Figure 4) W11 ACF ez PACF mmﬂ'ﬂmmmm?zlﬂumﬂ@g"lumummmwﬁ@ﬁu 95% 4. AANNAATALARELIIATNN
LLﬂ?ﬂ’ifJum‘ﬁ (Levene Statistic = 0.706 , p-value = 0.729 LAZANAITUNIAINLEIUNINNITNTIZANLUDIATAINN
ARNALAREL WL ﬁmam:mmqu;m@uﬂ'ﬁquﬂ’ (Figure 5) oﬁ”ﬁuﬁmmu SARIMA(2,1,0)(0,1,1),, HA9 NNz
g miunensnideyayafinisdieantediaiarmanauarIuntanaadlszmelng wazdeduannislédaail
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Figure 2 ACF and PACF Plots of the Export Value of SMEs in Thailand
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Figure 3 ACF and PACF Plots after First-Order Differencing and Seasonal First-Order Differencing
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Figure 4 ACF and PACF Plots of the Residual from the SARIMA(2,1,0)(0,1,1),, Model
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Figure 5 Normal Plots and Distribution of the Residual from the SARIMA(2,1,0)(0,1,1),, Model
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NIANFTUANIUANAINARI AP ADUIBININENN TSN ALL B e LA NN BN IasFuuLwennsailas 1 inausian
2 d e . 4 ce o 4 . oA 4 -
Na89789ANARIAAABUNAIAdRAE LATIUD ST UHAN AR AR UANYIDIRAL NFNNA (Table 2) NAN1IANE

WULN AFUBNT-LauAUd AUy SARIMA(2,1,0)(0,1,1),, HuAsNRAMNLNueN NN NRiNINN913521 LHieeann

12

HANARIALARELLBININENIDIFNNGA (RMSE = 44,696.63 , MAPE = 3.90%)

Table 2 RMSE, MAPE and Forecast Values from the Forecasting Methods

Forecast Value
Period Actual Value Holt Winter’s Winter’s SARIMA
Additive Multiplicative (2,1,0)(0,1,1),,

January,2025 865,594.94 885,490.84 827,274.16 817,225.35 822,444.63
February,2025 909,500.83 888,056.94 872,676.66 877,674.34 853,428.82
March,2025 990,957.68 890,623.05 954,731.45 984,839.08 963,539.61
April,2025 858,633.16 893,189.15 839,638.13 830,632.68 851,840.28
May,2025 1,025,486.49 895,755.25 908,642.97 904,771.65 927,726.83
June,2025 938,227.06 898,321.36 918,595.55 910,818.17 933,567.26
July,2025 928,341.57 900,887.46 889,258.97 876,851.83 909,588.56
August,2025 889,013.96 903,453.57 933,571.24 931,818.33 946,640.26
September,2025 1,000,904.77 906,019.67 929,737.96 931,929.29 948,346.64
October,2025 910,316.43 908,585.78 903,141.25 900,549.59 924,375.45
November,2025 890,204.14 911,151.88 910,085.39 908,594.01 926,743.81
December,2025 931,298.98 913,717.98 886,624.75 883,335.08 906,333.80

RMSE 58,634.33 49,628.21 51,212.36 44,696.63

MAPE 4.52% 4.33% 4.43% 3.90%

ANNEINNIIWATTNANNNLTDNY 95% FILFALAAUNNIIAN W.A. 2568 DLAAUEUINAN W.A. 2568 NA1UINLle

peAauend-iauiud Fauuy SARIMA(2,1,0(0,1,1),, wanelu Figure 6

12
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Figure 6 Forecast Value and 95% Confidence Interval for SME Value from January to December 2025

Using SARIMA(2,1,0)(0,1,1),, Model
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ad

Aenavend-lauiud wananifagenaradiuNani1IIaaaed Hasibuan et al. (2023) lavinnnsufFauiiaunisnennsal

'
a o

aynsuananeuzgnialaalduuuaiand SARIMA wardsn1sdiugsuendiniuudaaveslaasd-duines:
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stiAnEdRYAN194980N1899NTAGUINTIAZTUAN HANTTANHINLIN LULANABY SARIMA HAHMN AN

)

k7

BYANNTANDDNTAIINTAGNIATIAETUAN

nansAnEAfsilanunsntiuuLstaes SARIMA "Lﬂmmwmmcﬁi’mLﬁfﬂmﬁ@lﬁﬂu%g@ﬁuﬁmluﬂw
TarLELNTdeena T LA Tl sl uan1uN1TinT sdeeen a"quﬁuﬁmﬂmmwﬂﬁ@%uj Lﬁ@aﬁuwumiﬁmau%
Fagnuazmanaununisdieanaaausiiuinsninitedsdiunisdseanyaslszmalng annnsdnsagasins
AeeanrelaMNATLIANANLAzIWIAtaNTeLsunA e e i i ausLLLLAIAeIN NNl LN TN
wasulsdeadudniaadenldiaransUfiGoudndinuuieasediunes uazdauend-auiud el
upsguidngeresiudaaulunsdanisiasafounlduuaggnig uaznsAnEAfsinsaLAquAnunITal
Msundszunareslspindalaalaloun 2019 (COVID-19) %am@ﬁﬂﬁﬁ@g@lumwwﬁmwﬁumu@;w‘?‘é@ﬁﬁﬂdwﬂﬂﬁ
feenadenasenisdszannAmnmfiine fuazar g reanswannsal et nsineasasellnasiamn
wuanaesingnisindadaneuenuidAzy L‘W'@Lﬁ'mﬂn?w%mwLL@xmwLLaJuﬁﬂumi‘Wﬁmid‘lﬁ@\iéﬁu v

ARIMAX', SARIMAX , ETS Model

Conclusions
NUABURTRYUsrasAiNer AU LTIz AN MTUNEN Iy AAINI 9490 BNTBIANUNATUIANAIIUAY

mndanaeslszinalng Tnalddayayarinisdeeansadaiviasuianaisuazauiadenaeslszmealne (fruum)

al

v

FoiudasyaaynrunansedauRauAiFauINTIAN 1A, 2559 HaAeusuaNAN W.A. 2568 S1uaw 120 ew 31
wiivdeyaeenilu 2 g0 a7 1 FIUFIABUNNIAN A, 2559 FlAeUFUNAN WA, 2567 A11au 108 LHew dvduain
FanuunennsaisnedanislfuFeudndinundaaaeslaast (Holt's exponential smoothing method) 380191 $uiFey
wWndlwdaaresiumas (Winter's exponential smoothing method) wazasuand-iauiug (Box-Jenkins method)
doudenatai 2 RausiAeunns AN W.A. 2568 HaAeusuAN N.A. 2568 A1uaw 12 1ieu rusiildlunsmsaagey
AusinghresauuLnennsnl IneldinuaianiaesaetannuaatapAeutndsaeads (RMSE) uazilesifus
mmmmmm%uzﬁ“umdmﬁa (MAPE) ﬁlcoil’ﬁﬁzgm LANNIAN AN LIRS Feund s aveslaas lE A A
furnzan e o = 0.301 waz v = 0.000047 dauianisUfudaudndimuwdsaresiumes gluuuuanléeni
WNNZEN AE o = 0.409, y = 0.0000021 uaz & = 0.000015 sUuLuAMlFAATITIMANTAN A o = 0.395,
¥ =0.001 uay 8 =0.217 LasAFUeN T auAudlAFLLUTIMINZaN Aa SARIMA(2,1,0)(0.1 )., et Asnnasanan
WmAmennsaiasinnsi Beuieuanusingrsesiuuunensollagdinnainiidgetesnnnuaa ALAAEY

° a

o e o o e o oo = | aa - a o
N1AIABNLAE LLazLﬂmmummmﬂmmﬂmuﬁmmmmm NANNGA NANITANHINLINAsUAND-launud Aauuy

D

SARIMA(2,1,0)(0,1,1),, {1dsMuNzanngad1niun1IneInsnlaA1n194908n2893 8 1MNATUIANANUAZIUIA

2

'
A

donaesdszinalng Ineliraanaaiandenlunisnensnisnian (RMSE = 44,696.63 , MAPE = 3.90%)
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