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ABSTRACT

Climate change and the rising levels of greenhouse gas emissions have become major
global concerns, particularly for the industrial sector, which both drives economic growth and
contributes to environmental degradation. The logistics industry plays a crucial role in connecting
supply chains but is also a major source of carbon emissions, primarily from its dependence on
fossil fuels in transportation and warehousing. Thailand has committed to achieving Carbon
Neutrality by 2050 and Net Zero emissions by 2065, creating significant pressure on the logistics
sector to adapt in line with global trends and international trade mechanisms such as the EU
Carbon Border Adjustment Mechanism (CBAM) and domestic carbon tax measures.

Chiang Mai Province, as the economic center of Northern Thailand, plays a vital role in
regional economic development, especially in the logistics sector that integrates production,
transportation, and distribution systems. However, the high reliance on fossil fuels has made

logistics operations a major contributor to greenhouse gas emissions. Thus, Chiang Mai faces



growing environmental challenges and must urgently transition toward a low-carbon society to
align with the country’s sustainable development goals.

This research aims to (1) investigate the adaptation strategies of the logistics industry in
Chiang Mai toward a low-carbon society and (2) identify the factors influencing such adaptation. A
mixed-methods approach was employed, consisting of quantitative data collected from 20
logistics organizations in Chiang Mai through structured questionnaires, and qualitative data
obtained from in-depth interviews with three leading organizations: SCGJWD Logistics, Thailand
Post Co., Ltd., and Nim See Seng Transport 1988 Co., Ltd.

The quantitative findings revealed that most organizations are small and medium-sized
enterprises (SMEs) with moderate to low levels of green logistics knowledge. The key factors
influencing adaptation include: 1. External Drivers, with an average score of 4.04 (high level), mainly
driven by oil price fluctuations (4.45) and environmental regulations (4.35) 2. Internal Drivers, with
an average score of 3.77 (high level), led by strong support from top management (4.35) and 3.
Barriers, with an average score of 4.09 (high level), particularly high costs of eco-friendly
technologies and materials such as carbon-reducing packaging and equipment. The Random Forest
prediction model also showed the highest accuracy in identifying influential factors for adaptation.

Qualitative results indicated that large organizations in Chiang Mai have shown proactive
investment in Low Carbon and Net Zero technologies, while SMEs still require government support
and greater technical understanding. Based on the 4M framework (Man, Machine, Method, and
Money) and SWOT analysis, top management commitment and investment capability were found
to be critical for successful adaptation, whereas legal and market pressures are expected to shape
future strategies.

In conclusion, Chiang Mai’s logistics sector is still in the early stages of transitioning toward
a low-carbon society. Most organizations acknowledge the importance of environmental
sustainability but face limitations in cost, technology, and expertise. The study recommends that
government agencies develop context-specific environmental policies for Chiang Mai, including
workforce training, financial incentives, and access to green technology funding—particularly for
SMEs—as well as collaboration among the public sector, private enterprises, and universities to

accelerate the logistics industry’s sustainable low-carbon transition.
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Ordered Probit iflefinnsanen BIC Fadusifaiflivieudiounududounasanuneivesuuusass
Wu31 Ordered Logit fifin BIC iU 60.19 #8131 Ordered Probit #iA1 BIC wirfu 61.34 Fafiodn
Ordered Logit lunuusiansimnganiigaludsefugnalunisiassh

A19719% 2 NsSyULiBuLUUINaes Ordered Logit ay Ordered Probit

LUUINADY BIC
Ordered Losgit 60.19
Ordered Probit 61.34
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NNTIATIERTTeNTNafeN SUTURMINE FarnaTusurvatenanssuladanndludawin
Wedlnyd wuirdadeiidmasuindenisusudivedssdns taua Wu1ATeeUsEm, A1un1sAaIaLazgnAl
warAuingAu drulsznnvesuitniinadau FwwinveesinswaginunisnaiakargnAdudiuusd

1 =] a

dviswaseelituddgyvneada diuduingiuiidvinaluiiavnsuinuadlifisssaududfey Tlinuiinis

it}

a

USumlasudvanaandadunieuenidudifny TneanzauinreieennIuasl s awanAuaINAaInLasanan

Y

'
[ 1 a

PHANUAAE19896DNSUS UM ITEDAAR DI ULUININSHAILIBE198 98 uTBINAladaRndluaUIAs

<

o w [

A19199 3 AduUsEANSTRIRILUINd1AEANLUUTIa8s Ordered Logit

3

Fuusiiddny AduUsEaNS A1 Std.Error A1 t-value AAUNUY
(Coefficient : B)

1. YUINTVDIUTIN 2.91 1.52 1.90 AINaLTIUINGD
MIUTUin

2. Uszlanueg -3.35 1.78 -1.89 AINalTIaURDNIT

UIIN Usus

3. MIRAAUAY 1.45 0.73 2.00 AINALTIVINGD

anAn n1sUSUs

4. Ay 1.20 0.82 1.45 AWALTIVINGD
MIUTUi

fi1: NNIAUI

uenanil ielinanmsiasziiinnuideieuntunesfivauuiugwesnsyiune sautean
Hymnsianuduiussusewingiulsdase (multicollinearity) Tngldmafianisusuadudseans
(Regularization) 3 g‘lJLL‘U‘U‘Vié’n A® Ridge Regression, Lasso Regression, kag Elastic Net Wu11 Lasso
uay Elastic Net annsasasuusilididgoonld Famanisududise Elastic Net Tfamusiughgendn
Ridge wa Lasso Liasnsiudaives 2 uuusiasidindedu usnuinluma Resularization wianiidu
Adudsyanslidnainitnuiuate tlemuaueududouvedlung nafelumalsl overfit ufian
aanauALLseINaTsadiuie faiuSeinslddunau Post-Regularization wie Post-Lasso itefu
ArAuLtugvesduUsEans wisandendawlsddaiasaunds Jenuin Post Lasso-Elastic Net §
UszdnSnngedn wazanmnueuwdesainnislddudsdiuiuunlad n1sld Regularization Fadu
wmedfglunisieumsiaseiidusinaesddel msseiumiuindefevomanis

wensalinednuiadeniisvinasensusumvesgaamnssuladaindludwmindedivdddinuaisuaus

Y
sufenslduuudnass Random Forest Litaiasigsinud1AgvesitlUsusaseyIfnlslad
FNAFBNINYINTAVRIMUUTIRBWINTEA BeazihlviuuuTnaesivssdnsnnlunisnensaiifdu lay
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T4/ SHAP (Shapley Additive Explanations) lun15e3uie @sldar1ainud1dyiad svoafuys
(mean(|SHAP value|) sionan1sviune wui1 Jadeiidmasionsvinnesefugeanunnian leun guassa
aeludruuleuientelussdng, guassanigludtunisiiunielussdng, guassanigusnesans,
LTINANAUNIBUDNATUNITHUNYIUDIANT, WTIHANAUNIBUDNATUFIAULAZ TAUSTIN LAaTUTINANAY
AeusnmunineInInelusAng auaau

Wolsvuiisulssdnsninassiuudnassnlalunisdne Tngldddin Accuracy (dnaiuassnis

{ [

MINEINTNNFBINIINNA) WUT1 WUUT1ABS Random Forest HrAuusiugiigenan Jaduuuudnaes

v v
a v AA o !

PPN a saaa . oA = ) P a
VlﬂJUi%aV]ﬁﬂWW1Uﬂ']§W5ﬂﬂimmﬂmﬁﬂ (Wuu m—sample) LL@LU@QQ']ﬂﬂ'ﬁﬂﬂ‘U'ﬂugﬂi ‘Ull"ﬂ']ﬂ?ﬂﬂﬁjlm?afﬂﬂw

v = 1

91ia Fee1aiatgmy Overfitting 19 uABIL U180 Random Forest 1 o199glaifivse@nianlunis
uwgluaniunisaiaseld inszandnanvazanizvesyndeyauiniiuly widdedfoaiuisaldlunis

a = Y Y = Ao o aldo./gj a v 6= 0O =X = Y o w
aduevisenensallagndes Jalldnaamlumsviuelad daunsiaunadnsdnisanilafatednin
Ainan IneliundenunuifgiiuaduddglunisusudivetesansunnninaiAuLlug1veuuUTIaes

A519% 4 NSUTEUMBUUSEANTNINVDILUUI 8BS

WUUIBDY Accuracy (In-sample)
Ridge 0.45
Lasso 0.65
Elastic Net 0.65
Post-Lasso Ridge 0.70
Post-Lasso Elastic Net 0.65
Random Forest 1.00

fiun: s

2. wan1sAszitayalisannin nnsiiudeyanunisdunvalidadniuesinsladafndlu
Fniadedl 3 esdnndn FeamisaSesddumnumdeunazdnenmlunisiuiivesedns el
Susufl 1 Ao U3 SCGIWD Logistics Susufl 2 Ao uswm fudidsvuds 1988 11 wasdusuil 3 Ao
WslUsudlding $adn auddu Swmanisdnwimud

2.1) NMFIAATITHABNTOULUIAA 4M (Man, Machine, Method uag Money) wu31 1. SCGIWD
Logistics Taudrdyfu am TneiFesdduld sl druynaing (Man) Arunisdanisuaznisuims
(Management) Anunsneinsuazinalulad (Material) hazaun1s¥u/uuszanal (Money) 2. TUswald
Inglpuddnyiu oM Inadesdsuld fil AIUYAAINT (Man) AMun1sRU/AuUsER (Money) A

NIINNITUALNITUIMT (Management) wagaunsnennsuazinalulad (Material) wag 3. Gudidsvuds
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[
[y o

1988 TinudAgyiu 4aM lngiFesdaula Aell Auyeaing (Man) arunsnensuazinalulad (Material)
AIUNITINNITUALNITUTIS (Management) WagA1uN1sREL/AUUELNU (Money)

ol 3 ssAnsIUSsuisuusIdndunsusnuarusmanFuneluifnasenisususves
93ANT WU SCGIWD Logistics wazfiud1dsvuds 1988 lianuddyiunsindniunisluuinnin
LsandnFuneuen eswnits 2 ssAnsaniinsiasUsudaldiudeesuunanaeluessdnsvesmuLes

Ao wasillefuswmansuainneuen luiwsdunguune uleune vsegnAfilinuddgyiunisiluding

o
[ I

sodandentetednsfagilibsannsatuindoussdnsitngdnuansuoumliunndedu Jeaguldinis
2 pafnsHdnanIsANARANA1 TSI (Mwsauvi 20 B3dng) dlusudldlng azumndnanindn
2 93fn3 esnlianudAyfunsmdnsunieusninnniusedndunely segdiuiinisfiesdnsey
Usudlddeasumanusmdndunsuenegunguaneg TusudsineTedinanisfnvimdoutuideuiunm

(AINIINNY 20 B9ANT)

' T Y
a o Y

2.2) M33ATILARIY SWOT Wuin 1. 9D (Strengths) Nddgyivia 3 esdnsdisuiu fie N3
atfuayuaInguimg dsuimsioduiladdglunisduindeussdns Sadugauimdnuesosdnsd
USuléd 2. qnseu (Weaknesses) Maiuyuiazanumamaia et lsuddlnefionsesd
mMsfifiunuuduad iesndududessonaidnauuszsnamindiunans ddldannsadudunsld
agiuviaed 3. Tena (Opportunities) wualtumaiiulaveasugadidouarulouieniady eadnsid
Fnenmazauniorlunsuiuia ululasslifiulovisiidaauainainy wisansomioy
anumieslunisususiiteiingdanuasueunlifemesdnsies wasiloiingmneuazdetduivaiay

sgiliisadnsanunsadundouludinmiilasgasings saufeniseaiawazgndnfedulentandeylu

A

A5USUAIYR9IANT AT U Y LﬁaqﬂﬁﬁﬁmmimﬁmﬁuumwL‘f]uﬁmsiaﬁqmé’am iunsananaule

saa s

osfnsdiaudiosnsasUsufndstu Wesnwamdnuaififvesesinsuasiiie Wanusoutedusuid
Suldely uax 4. guasa (Threats) niadosinfidrdyfe Fuyuidudugs swussanuiiazamuiity
Besweunaluladfiiulinsrodunndeuviesavuddnihiisinaduguassnddyuesesdns
N13ATIERAMUAIAYVBIIINANAUNBUBNIATAETUTABUAUNINTIYN 20 BIANT
mﬂﬂ\laﬂﬂiﬁﬂ@ﬂ%@ﬂ%@%ﬁ%ﬂ@ﬂﬂ%ﬂﬂm (LUUEBUATN 20 BIANT) WALLTIAUNIN (FUN1WalTIEN
fiu 3 83AN3) aUnsnUTEUWBULTINENAUNEUBNLaENElUTIBUAUAIMTIN 20 BIANT WU
1. SCGIWD Logistics fiAadsvasussndndunislugeiis 4.86 (gefigalungs) wazusamansy
Aeuenayil 4.58 Fsuswandunielusnnniianeuen Jsdenndosiunasinnisdunival druguassadl

ARdgegh 2.53 FandiAadeluninsitegiunn JdlanuniengaigauaziinsndyaUassalad
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2. Tudids 1988 fanadsveanssndnduneluegil 4.07 uazuswdnduneuoneyil 3.84 (oe
N ) Fausmdndumelusnnniinieuen Fsaenndesiunaainnisduntusl duguassaiiaade
0gfl 4.2 FaganinAnadsluniwgam Feduiauiindanedousmdndunisuoniimniiningy usesdnsd
nstdunsHaILLazUsuRmInalueIAnsIULALIiU SCGIWD Logistics

3. WWswildlne fidedsvousmdndunouenagd 4.16 (geninnmsin) uAussudndunielud
Andoifigand 3.00 (F1nd1a1wsn) Fassdndunisueninnniinielu Seaenndeaiunaainng

dunwel druguassaiidnaioeyi 4.47 Fegandranedelunmsin fuiu Wswdldnedanuuansiein

Y
°o v v L !

AN 2 89AN5 LUBINIANUAAUAULSINANAUNEUBNLINAINA8TUY

o

AN5199 5 ANLRALVDING 3 USEN LUS8URsUNUNINGIN 20 99ANT

VR AnRBBusIHENGY | ARBsLITINENSY AnadvgUassa
ABUBN ety
1. SCGJWD Logistics 4.58 (g4g9) 4.86 (g4g9) 2.53 (ﬁwqm)
2. TuTds 1988 3.84 4.07 4.20
3. lUswaldlne 4.16 3.00 4.47
Aaden1nTIn (20 83AN3) 4.04 3.77 4.09

U7 IINNITANUIEY

ayunansAneuazdatauanue

ayunansfnwiluasailladn enavnssuladafindludmindeddnddningogluyrasuduves

a

v v 1o 3 ° 1 1 & a 1 A 15 % a =]
ANTUTUSIFAIANAITUDUA Immﬂm’;muq‘iﬂwmmmqLLazsummsJam (SMEs) V]iJﬂ’JWSJE@WUIa‘GﬂWﬂﬂﬁ

Y

[y [ a

WenluseauU1unananemi Ja3udfniiansnanan1sususife hSINanAuNIguan kA AUIRDAU:

v 9

ANURUEIUYRTIMEIEUNeAnslY usamandunely loun suuleutenigluesdng: unuinvesusms

drugUassaniinauiniian laun guassaneuenasdng: Jngaunldlunsmaunuisiaganitingausy

= o 3 aa o v

NaNITAUNIBALTIANAUBIANTAIRY 19N A AnsA1nuLazAuns onlun1sUSUAD (SCGIWD
Logistics, TUswildlne uasiudideuds 1988) wuin ssAnsaualvaiiuuimisususiiuaznaunuiena
gnsiiaansuey tnenssuamulugueudlnil nsldnduuaren wazn1sdnvinsenunsuey

a

ansus Judlednszilagldnsouwuifn SWOT waz aM Fliiuintadenieluiidugeudsde n1s

=

Ly

UauuaINUINIS TuvnsNesdnsuuIadnuasvuIanangsnafanusnandunteuanidundn

N

v a

Y
FundgytedindiAyausuusranaiununsamunaluladdidenias HIuteuIunaIng wilsy

asgninfuuilduvengsulovdwindeauuazusinaduaingatusuiag uenaniidadeiidulena
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93ANINIANEN MUBIIIRDITUALUSUAIIINNETUBIANTIEY MINTNYUUIBKALUIATNISTTALIUILES
assanulassulunisudsdumniilenganin
d' = =~ = S a |a a I 1% & s A
WalSeuisunan1sAnyIvemiadauTinaLasiBenunIn @1unsaasulaineAnsn 3 aeAnsi
lidunrwalidngnmlunisusudinuinninninsiu esanlaisuiinisandunisusudndigdeay
¢ ° o a S & a A 1% o a & a s g v
A1svaus1INNIsiAanssumiduiasdadwindeululdlunssuiunisvineuass 39d 2 eednsAlu
A A iuksanaungluainniIinieuen leun SCGIWD Logistics waz Audidsvuds 1988 du
Tuswaldnglinnudidgyiuusmanaunisuaninnninnielu Janiiouduninsiuveang 20 e9AnsNnay
wuvaeuny satiuasiiuladnesdnslunmsndanaiinisusudindeindieglu seauisusiu Weswindang
a v Y o w A &’, dll IS
wdgyiutedniavioguassandluisesvessulsvinauasinalulad
nsAnwluaddfindidediauisusznsiiasiiansan laun Wunsdnwiluszauilosudeds
Lidlafnwiunneunin fadaldladnwluainalug insizminisnisfnulusanune Avevinling
nsfnwlddaan varnnatglumungueliusnisld wazainnisiduiunguaiegedves Haan
wn3eellawdaUTunadaddlatussaninmasunn 3ddmsdnvidenanimieusenauluiu msdnuwis
USUN0 SAUTINANITIATIER A8 UUTIa84 Ordered Logit/Probit LIuiiiaan1sAnwdudy @adall
Ta311in Inganizlusiuruinnguiiegiiideutisios vilviauindeievewadnsenadaliaain
atudalalduuudians Random Forest (RF) iiatUTeulilsusianiiy wiiuudnass RF aziluwiliinie
L | v Qv M v & o w P 1Y) s =2 & HAav v 9
n13 overfitting agUne udnlailaludymddny e ninguszasdveanisAnwiaseldley wdunis
NYINTAUNYANTTUVRIY LU N5518D UN 8y uannauiiog1amInuaiun1sviaudlanazesuie
AduiusvosdnUsludslassadnannndt eg1elsnd Wesan RF ldlalinisfianudsandulszdnd
lngnse Falalden SHAP ietessuuazdnaInuaudAyvewiuUsnidnsnadonadnsvewuudass
TaiauakusidulvIswan gl un dmsudmingednl a1esgalsiinnsatvayusuyssuin
Tiwnasdnsi1aqlundeddnil wu nsandununisiinsiulasns adiusegdaliivesdnsludmin wu
Yne§uses “Chiang Mai Low-Carbon Logistics Partner” T dunzuuuiiiawlusiunigeg wsedamindu
wnunanslunsdndagunsal tielisiadeniisvessisidnanas saudsdnsivuadunisiises e
naaessa EV i eliesdnsnegirluldusznaunisdndulavenens diutatausnusidaulouis
sEAUUTENA N1AEASAMUALlEUIEFIMINAoNNTALIULATADAARBITUNINTFIUAING LNDATIIAIIN
fulalvinagsia duasuunasnspdlanienstiu wu Quieenides dnsusgleviniand viensamu
atuayunsamuiumalulad@ided lngangdmsu SMEs Waumdingasuazlasiniseusuyaansiy

Aealadaind ol uau3Ale studsdaaiundusuilossnien1Asy A1ALONYY kag
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