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27  Table S1. Equations for the calculation of 24-hr average PM concentration (ug m™) based
28 on Air Quality Index (AQI) number obtained from the website of Ministry of Natural
29 | Resources and Environment, Department of Environment, Malaysia (Malaysia, 2000).

AQI Equation

0-50 PM10 = AQI
51-100 PM;p = (AQI-50)x2+50
101 -200 PM;y = (AQI-100)x2+150
201 -300 PM;o = (AQI-200)/1.4286+350
301 —400 PM,o = (AQI-300)/1.25+420
401 - 500 PM; = (AQI-400)+500
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32  Table S2. Sampling period of Surface PARTiculate mAtter Network (SPARTAN) stations
33  in Southeast Asia and available compositional features.

Composition

Available period
Hanoi May 2015 — present
Singapore July 2015 — present
Bandung January 2014 — present
Manila February 2014 — present

PM, 5, Ammoniated Sulfate, Ammonium
Nitrate, Crustal Material, Residual
Material, Sea Salt, Equivalent Black
Carbon, Trace Element Oxides, Particle-
Bound Water (RH=0.35), kappa volume
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36
37

Table S3. Features are used to train Machine Learning algorithms for Changi, Seletar and

Paya Labar data.

Features for Changi Features for Seletar and Paya Labar
Hotspot count in mainland Southeast Asia (HS_M) Hotspot count in mainland Southeast Asia (HS_M)
Hotspot count in Sumatra (HS_S) Hotspot count in Sumatra (HS_S)
Hotspot count in Borneo (HS_B) Hotspot count in Borneo (HS_B)
Month (Month) Month (Month)
Wind direction (WD) Wind direction (WD)
Weather condition® (SRV) Weather condition® (SRV)
Classified precipitation® (PPT) Classified wind speed® (WS)
Classified wind speed® (WS) Classified relative humidity® (RH)
Classified relative humidity® (RH) 5-day continuous rainfall in mainland Southeast Asia (SPPT_M)
Classified pressure’ (Pres) 5-day continuous rainfall in Sumatra (SPPT_S)
Classified dew point" (Dtemp) 5-day continuous rainfall in Borneo (5PPT_B)
Classified temperature® (Temp) 10-day continuous rainfall in mainland Southeast Asia (10PPT_M)

5-day continuous rainfall in mainland Southeast Asia (SPPT_M) 10-day continuous rainfall in Sumatra (10PPT_S)
5-day continuous rainfall in Sumatra (SPPT_S) 10-day continuous rainfall in Borneo (10PPT_B)
5-day continuous rainfall in Borneo (SPPT_S)

10-day continuous rainfall in mainland Southeast Asia (10PPT_M)

10-day continuous rainfall in Sumatra (10PPT_S)

10-day continuous rainfall in Borneo (10PPT_B)

“Based on Allwine and Whiteman (1994) to classify weather condition to recirculation, ventilation, and
stagnation.

bPlrecipitation has been classified into 3 categories and the breakpoints are 0 and 100 mm day™.

‘Wind speed has been classified into 3 categories and the breakpoints are 5 and 10 m sec™.

dRelative humidity has been classified into 4 categories and the breakpoints are 70, 80, and 90%.
‘Pressure has been classified into 3 categories and the breakpoints are 1005 and 1010 mb.

‘Dew point has been classified into 3 categories and the breakpoints are 24 and 26°C.

fTemperature has been classified into 4 categories and the breakpoints are 25, 27.8, and 29°C.
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Figure S1. Time serious of domain averaged monthly (a) black carbon (BC), (b) organic
carbon (OC), (c) carbon monoxide (CO), (d) sulfur dioxide (SO,) and (e) nitrogen dioxide
(NO,) emission (Tg year') from biomass burning (BB; red lines) and fossil fuel (FF; green
lines) emission inventories during 2002-2008.



Cities Country

Jakarta Indonesia

Bangkok Thailand

Ho Chi Minh City | Vietnam

Hanoi Vietnam

Singapore Singapore

Surabaya Indonesia o7 207 220 214
v 6) (23-445) | (23-451) | (19-444) | (22-464) | (19-459)

(1
Bandun, Indonesia 193 189 203 215 180 216 212
8 (25-392) | (22-388) | (27-410) | (31-429) @ (16-387) | (29-435) | (25-432)
169 184 197 205

145 152 169
(18-296) | (18-311) | (23-340) | (27-367)  (18-353) | (27-395) | (28-412)

Tangeran, Indonesia 116 121 134 146 140 159 167
gerang (17-230) | (17-241) | (21-264) | (25-285) | (19-282) | (25-313) | (27-330)
Depok Indonesia 123 128 142 158 157 176 183
P (28-230) | (28-243) | (32-267) | (38-294) | (33-299) | (40-328) | (41-345)
Semaran; Indonesia 119 120 132 139 136 142 149
s (19-235) | (18-239) | (23-258) | (25-270) @ (21-269) | (23-280) | (25-293)
Kuala Lumpur Malaysia °
P lys (0-205)

Bekasi Indonesia

South Tangerang | Indonesia (1;_2103 o
Makassar Indonesia
Phnom Penh Cambodia

Can Tho Vietnam

Batam Indonesia

Pekan Baru Indonesia -

0
sogor donesta %6 94 9 105 100 107 108
& (22-179) | (21-179) | (23-186) | (25-196)  (21-190) | (25-200) | (24-202)
Bandar Lampung | Indonesia 64 o4 67 6 73 68 76
pung 30) (8-131) (8-136) (7-137) 7) (7-143) (9-154)

Johor Bahru Malaysia
Mandalay Myanmar
Padang Indonesia
Cebu City Philippines
Denpasar Indonesia
Malang Indonesia
Samarinda Indonesia

Zamboanga City | Philippines

George Town Malaysia
Ipoh Malaysia
Taguig Philippines
Tasikmalayu Indonesia
Antipolo Philippines
Banjarmasin Indonesia
Shah Alam Malaysia
Pasig Philippines

Balikpapan Indonesia

s Ind . 44 44 45 45 45 45 46
erang nconesia (9-85) (8-85) ) (9-87) (8-87) (8-88) (9-89)
o] o [ o]

Petaling Jaya Malaysia

(0-87) (0-86) (0-87) (0-86)

Kuching Malaysia

56
57  Figure S2. Premature mortality in different years from 2002 to 2008 and cities in

58  Association of Southeast Asian Nations (ASEAN) due to exposures PM,s in FF (95%
59  confidence intervals). Colors from green to red represent relative number scale.
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62  Figure S3. Same as Fig. S2 but PM, 5 in BB.
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Figure S4. Total monthly mean downward shortwave radiation (W m™) between FFBB and
FF (FFBB-FF) simulations during 2002-2008. Black dots indicate differences that are
statistically significant at a significance level of ag: = 0.05 after controlling for the false
discovery rate (FDR) (Benjamini and Hochberg, 1995; Wilks, 2016). The two-tailed p-
values are generated by Welch’s t-test, using monthly mean data as the input. The
approximate p-value threshold, p_fdr, area mean and standard deviation (over land only) are
recorded in the map above.
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Figure S5. Total monthly mean surface skin temperature (K) between FFBB and FF (FFBB-
FF) simulations during 2002-2008. Black dots indicate differences that are statistically
significant at a significance level of as, = 0.05 after controlling for the false discovery rate
(FDR) (Benjamini and Hochberg, 1995; Wilks, 2016). The two-tailed p-values are generated
by Welch’s t-test, using monthly mean data as the input. The approximate p-value threshold,
p_fdr, area mean and standard deviation (over land only) are recorded in the map above.



81

82

83

84

85
86

87
88
89
90
91
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Figure S6. Feature importance by using 2-class classification Random Forest algorithm for
(a) Changi, (b) Paya Labar, and (c) Seletar data. Desired outputs, haze versus non-haze
events, are defined by using visibility 7 km as a breakpoint. Full name of each input feature
are listed in Table S3.
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(a) 3-class classification - Changi
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(c) 3-class classification - Seletar
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Figure S7. Feature importance by using 3-class classification Random Forest algorithm for
(a) Changi, (b) Paya Labar, and (c) Seletar data. Desired outputs, severe haze, haze, and
non-haze events, are defined by using visibility 7 and 10 km as breakpoints. Full name of

each input feature are listed in Table S3.
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