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Abstract

The persistent issue of haze has become a paramount concern in various regions, impacting air
quality, human health, and overall environmental well-being. This study focuses on the case of Chiang Mai,
a city prone to recurrent haze times. This research reviews haze situation and its temporal behaviors to
propose successive opportunities for effectively addressing the haze problem in Chiang Mai, encompassing
both short-term mitigation measures and long-term sustainable strategies by applying haze data from 1996
to 2022 derived from Yupparaj school ground-based station recorded by Pollution Control Department
(PCD) for analyzing the ARIMA statistics. According to the study's findings, the daily averages of PM,, and
PM,s move greatly from January to April. There is a minor change in the daily average carbon monoxide
(CO) between January and April. Although short-term projections in light of the area's pollution levels, it
may be indicated that PM10, PM,s, SO,, NO,, and Oz will likely increase, regarding the local pollution's
changing behavior. When compared to other working days and weekends, it was discovered that the average
CO values were significantly different at the 0.01 level, with Friday having the highest average CO emissions.
Consideringly the timing, it was discovered that the CO, levels were at their highest during rush hour, peaking
in the evening and then the morning and noon periods, respectively. These characteristics indicate that
measures taken to address this problem should concentrate on operating at a time that is relevant to the
time the air pollution arises as well as the influences reducing and mitigating the level of air pollution

greatest efficiency.
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Figure 1 The boundary of Chiang Mai’s old town and the location of air-monitoring station.
fan: Yszmapnznasunseydnduasiannngsimidnduniuazidon FesUssmanniuiidoadidodus ne. 2553
Source: Announcement of the Rattanakosin and Old City Preservation and Development Committee

regarding the Announcement of Chiang Mai Old City Area, B.E. 2553 (2010).
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Table 1 Situation of air pollution in Chaing Mai’s urban area.

Pollutant (unit) Example Mean S.D. Minimum Maximum
PMy, (ug/m?) 9,075 52.88 38.72 5.30 397.40
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SO, (ppb) 8,956 1.53 1.43 0 25.67
CO (ppm) 8,648 0.82 0.41 0 5.57
NO, (ppb) 7,036 16.30 8.56 0 81.22
Os (ppb) 5114 16.68 8.55 0 59.00
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Figure 2 A data set of daily time series of pollution at station 36t Yupparaj Wittayalai School.

5.2 NeAnssudeIanvesNan 1z ndlubiowde sl

Nndeyaniinstuiinegreasudiuiiauisadnseinginssidanarluniuild divesdoyaiie

Asusuuauenlyd (CO) Minanmsininsusuiliauysalanianssusn 9 Wi gaamnssunsuan viele

deso uwavaduanlnlugd lunmsumsfnulddeyaniesetilusseninafouunsiag w.a. 2539 - fguieu w.e.

2565 WUIlALadYTINYeIA1 CO WNAU 0.8134 ppm 91NA15197 2 LaraIs 199 3 AEDRLTINTIUUIEUIEAT

NANNLAEN1INITABVIUTUINEITUANY CO TMUNYAAIFINAAIUNENTULAET 1IN TIeF luenILE AU WU
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ARdgYed CO munauiu drgeaniu’
AU 0.82 ppm wazTuneaasuara1ing (Weekend) fiA1wviniu 0.77 ppm ANTEHULLIRNTIZIUYBIA1 CO

Tuvgaansuazeniindiianuuandsiosiign (0.60 ppm) melungudisiuieuiisuiungudu wagd CO (Max) &

1Y

ﬂ"]ﬁ?’]ﬁj(ﬂ@gjjﬁ 9.19 ppm

M19199 2 AnadAganssauun Yeeine CO Tuteiurhauuias ungn

Table 2 Descriptive statistic values of CO during weekday and weekend.

1035 (Friday) Winriu 0.83 ppm 383a311A8 Jusssun (Funstangiaus)

Variable: CO Observations Mean S.D. Minimum Maximum
Friday 27,713 0.83 0.63 0 16.69
Weekday 110,700 0.82 0.64 0 10.70
Weekend 55,624 0.77 0.60 0 9.19

ANRREYaY CO Tum15199 3 FMUNAINUTEANYINIAT 4 nguasil 1) 93997 (Morning: M) 2) 43auiies
(Noon: N) 3) 9291 (Evening: E) wag 4) daanandusyningdu (else) wuinarfigaisuounsusnlandaadulag
WwALgeEn 1.02 ppm 89a9NAD ANRAEYINT BB wag YIudies (0.88 ppm, 0.79 ppm wag 0.63 ppm)
Mua1u AdesuuNInTIgINYesa1 CO melunquiraiissdanuuanaiuleeiande 0.40 ppm FI33a18U

5¥I9TuA1 CO nsgaBuanAeiuLIn (0.67 ppm) uazlial CO zja?jmﬁ 16.69 ppm

A15199 3 ANEDALTINTTUUN VBIRY CO AUTIIAVBITU

Table 3 Descriptive statistic values of CO during daily periods.

Variable: CO Observations Mean S.D. Minimum Maximum
E(17-19) 24,274 1.02 0.61 0 7.90
M (7-9) 24,337 0.88 0.52 0 8.34
N (11-13) 23,839 0.63 0.40 0 9.19
else 121,587 0.79 0.67 0 16.69

JUA 3 wanaurugiifingaisveuneuanlednuussaniuluusazgiwian wudiriedeves CO ¥audu

1Y
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Figure 3 Average values of CO during weekday and weekend.

NaN1TIATIdeTUTLNTY R Mnsedl 4 iilovedeudninanurisiulazdisnaiinadedads CO
w3old vintsnageulanediasgiAuLUsUSIULUUEBINIS (Two-Way ANOVA) fauusaiufie A%
msusuLpuenles (CO) FuUsBaszilngu Ussnause 1) nauiu (Day) 2) nudrsnarsedalus (Hour) Aada F
TunseaouaTuwAnssErangy wutidarmuandansUdesan CO sanguiladevdnty dadovdninm was
tladusau (interaction) seminefunazinan Aszduioddy 0.01 Amadinaaey F vessziutadonatdeudiagauans
Terusfuldsvesen CO avann LiesnmiuuanisesseRutnaiioieudisuiusedunguiusassedungu
UfEuius (nteraction) aguléhAanssuiduasugia dau uardunadondiduumdaiuin o Tuiufidnuluus
avtirTunarhafimatursdmasenznuenauluusunvesiigeueuteuenlesuanssiuegadifoddma

7

N
fa))

A1579% 4 HaN1TIATIZRANNLUTUTIULUUEDINIS (Two-Way ANOVA)

Table 4 The results of Two-Way ANOVA analysis.

Source df Sum Square| Mean Square F Value Pr(>F)
Hour 3 2024 675 1761.0 <2e-16***
Day 2 116 58 151.5 <2e-16***
Hour: Day 6 375 63 163.2 <2e-16***
Residuals 194025 74335 0.4
Total 194036 76850

Remark:  *Statistically significant at the 0.05 level
**Statistically significant at the 0.01 level
***Statistically significant at the 0.001 level
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A5139 5 uansnsUIsuLisuanuuanaeaads CO 1smvaal (Multiple Comparison) 1usieg
Wiguigumuseauiwlsnauiusssun Juansuaziungn mels Tukey HSD WUIMNAAMULANANYDINEGL T
dndwareAads CO Afuagnidod dymaaia fisedu 0.05 uansiusaznguiufiauduiusfusaiivma
o1mAASUBUNoUenlYd UTinueauandues CO Hastuansfiuiunyaunniign (0.0625 ppm) vauzdiTusssumm

wazuAnsan CO Autnegeusilslraesneiu (0.0114 ppm)

M13°99 5 NsilFuiisuAaie CO Wemmamseniviwinulasfuneaaieds Tukey HSD

Table 5 Multiple Comparison of mean CO levels during weekday and weekend with Tukey HSD.

Categorical Contrast Estimate Conf low Conf high P Value
Variable

Day Weekday-Friday -0.0114 -0.0213 -0.0015 0.0189**
Day Weekend-Friday -0.0625 -0.0733 -0.0517 0.0000%**
Day Weekend-Weekday -0.0511 -0.0587 -0.0434 0.0000%**

Remark:  *Statistically significant at the 0.05 level
**Statistically significant at the 0.01 level
***Statistically significant at the 0.001 level

M15197 6 uaman1siUSsuiisuauLAnsfsAlads CO Wanmaa (Multiple Comparison) Lusneg
Wisuitsumusgiuiuusngunasdt (M) dss (V) Bu (€) wag Ju 9 (else) nuimngenuuansitsvosngunaidi
Suuniidninasennade CO Asfusgaiivedfymeadn fisedu 0.01 ndnfe seRutiafianuduiusiu
uanmzvenAiuaNUTINMMSUsuLeuenlYd Uinuanuuandmwes CO Praduiutinfisanniian (03872

ppm) YazrNLBILarddUlpedsal CO AzszAulunauslinsem1aiu (0.0974 ppm)

M1319% 6 NMsiSguiiguAaiy CO MUTEAUNGUNANTMAMAILTS Tukey HSD

Table 6 Multiple Comparison of mean CO levels during daily periods with Tukey HSD.

Categorical Variable Contrast Estimate Conf low Conf high P Value
Hour M-else 0.0974 0.0862 0.1086 0.0000%**
Hour N-else -0.1514 -0.1627 -0.1401 0.0000%**
Hour E-else 0.2357 0.2245 0.2469 0.0000%**
Hour N-M -0.2489 -0.2634 -0.2344 0.0000%**
Hour E-M 0.1383 0.1238 0.1527 0.0000%**
Hour E-N 0.3872 0.3727 0.4018 0.0000***

Remark:  *Statistically significant at the 0.05 level
**Statistically significant at the 0.01 level
***Statistically significant at the 0.001 level
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M9 7 wansnmsiieuifisuanuuansnsaads CO ndviswasmieufduiudmunguiunar ey
NATINA fleazidondatunimageuiefulsdassudn WUIVNAADIUUANF1NYDBNTNATINVDTUANS
FsfinmsUdos CO TnsindumniigauloiFeuiouiuiuihau (sssunn) fudu 9 wazungn yavunainaasus
naUfduiudlAads CO Anafuseaditdddymnsed fsedy 0.01 Tneffumnsusinamnuunnises CO 439
\ufutaadissnniian (0.4238 ppm) wazssiulosgaetianiiuaziu Jsan CO gelunandanan agulfinga
TuuazdaninesIniu ¥3ednSnaveaiaionULANA1IYBINTLNSNTEANeYTINMigAIsUB LN AN AR

(%

Aanssusing q NllanudswonsduianavnsenuioguakaslfiuaulAgIteaslulsarUssinvvesiy

M19199 7 nsilSeuiisuAaiie CO mutisialuiuaninieds Tukey HSD

Table 7 Comparison of mean CO during periods of time on Friday with Tukey HSD.

(Hour | day) Contrast Estimate SE df P Value
Friday M-else 0.1580 0.0115 194025 <.0001**
Friday N-else -0.1426 0.0116 194025 <.0001**
Friday E-else 0.2812 0.0115 194025 <.0001**
Friday N-M - 0.3006 0.0149 194025 <.0001**
Friday E-M 0.1232 0.0148 194025 <.0001**
Friday E-N 0.4238 0.0149 194025 <.0001**

Remark:  *Statistically significant at the 0.05 level
**Statistically significant at the 0.01 level
***Statistically significant at the 0.001 level

6. N15aAUs18HE

MnnamsAnwinanldiaaunsaiewanmrludliondaslmifmadulgmidedswaziuus i
ditufaaenadestuanmeilymuanizmeonidlunansituiivesian finaneifufbanausoguamussuszsing
Tanluranaagtu lnsemnzlugiaaedelduariu Saanmmmdnvestaymuanzmeenia aguldandam
Tl LLazmimemmLG‘?}JaL‘Wéama%amﬂmammﬂmudﬂLLazmwﬁmwﬁwmm 9 (Thai PBS, 2023) Turauedi
srdumusuUsIvesan dyiTuu sty Tneluraed e 2563 - 2565 sannyluiiufiedifialy
33?‘1’U§jdﬁ?jmaﬂaﬂiuwa’lﬁl°ﬁ’mnm (Siamrath online, 2020; Pollution Control Department, 2022)
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naneu uazi) GeaanadostunanisAneiuas Bishop (2023) uay Kuerban et al. (2020) Usznauduianssudl
wannuaneesdendedninisudludymuaniigneiniasenisanuimnudilalussdussnevnazimaaninia
uafiwegudnuiionsimuaumsmaudledywilfegvaseunquiazmngauiuwasiiiaudaz udsegng
ATUTU B9 Burrows (2018) ansnsaaguiuvnansdidunuuilydymsanmznsoinmavessemadulidy 2
Fumeudity Uszneudae

1) msdsanazdnvhdydunasiudanannglueiniea weanudlaluiymegisibduaziligns
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2) msfnsanimusnasnsmsuilatgmivnsaunuuvasiidauads fauvaduinsnsauam
uazdlosiu waranmsMsanLALUITIVINANTY Fil
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minseyfndAunaderamnunasiiauady mafisfiuimdeludes msasUinaamasnniimsiaussuy
yudsansisaiziiteannsldnmuzdiud waznslendreniedrinianssuiirsganisiiumeiliifesdeatuie adn
daudnanuiies 1wy msdhenainuedseanainaudnaiaiies (Voice online, 2018)
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