Supplementary Materials

Daily PM, s and seasonal-trend decomposition to identify extreme
air pollution events from 2001 to 2020 for continental Australia
using a Random Forest Model



Table S1. Summary of variables and datasets used for modelling and predicting

Spatial / Variable name Broad type Narrow type Variable Unit(s) Data source Time basis Buffers (m)
Spatiotemporal /
Temporal
Spatiotemporal pm25 Response Monitor PMzs Fine particulate | (pg/m?) National Air Pollution daily N/A
matter (PMas) Monitor Database
(NAPMD)
(Centre for Safe Air,
2021; Riley et al.,
2020)
Spatiotemporal aod_merra_2_[time_basis] Satellite-based air Satellite AOD Total Aerosol (dimensionl | NASA MERRA-2 daily/ N/A
pollution estimates Scattering AOT ess) (Buchard et al., 2017) monthly/
[550 nm] yearly
Spatiotemporal bc_merra_2_[time_basis] Satellite-based air Satellite Black Black Carbon (kg/m?3) NASA MERRA-2 daily/ N/A
pollution estimates Carbon Surface Mass (Buchard et al., 2017) monthly/
Concentration yearly
Spatiotemporal dust_merra_2_[time_basis] Satellite-based air Satellite PMys - Dust Surface (kg/m?3) NASA MERRA-2 daily/ N/A
pollution estimates Dust Mass (Buchard et al., 2017) monthly/
Concentration - yearly
PM2s
Spatiotemporal oc_merra_2_[time_basis] Satellite-based air Satellite Organic Carbon (kg/m?3) NASA MERRA-2 daily/ N/A
pollution estimates Organic Carbon Surface Mass (Buchard et al., 2017) monthly/
Concentration - yearly
PM2s
Spatiotemporal so4_merra_2_[time_basis] Satellite-based air Satellite SO4 S04 Surface (kg/m?3) NASA MERRA-2 daily/ N/A
pollution estimates Mass (Buchard et al., 2017) monthly/
Concentration yearly
Spatiotemporal ss_merra_2_[time_basis] Satellite-based air Satellite PMys - Sea Salt Surface | (kg/m3) NASA MERRA-2 daily/ N/A
pollution estimates Sea Salt Mass (Buchard et al., 2017) monthly/
Concentration - yearly
PM2s
Spatiotemporal pm25_merra_2_[time_basis] | Satellite-based air Satellite- Calculated (ug/m?3) NASA MERRA-2 daily/ N/A
pollution estimates derived PM2s PMa2s (Buchard et al., 2016, monthly/
2017) yearly
Spatial pos_elevation Position and Elevation above | Elevation (m) Satellite-derived N/A N/A
Elevation sea level (SRTM) Geoscience
Australia 1-second
smoothed digital
elevation model
(Gallant et al., 2011)
Spatial pos_distocean Position and Distance to Distance to (decimal Geoscience Australia N/A N/A
Elevation ocean ocean degrees) Euclidean Distance

Coastline 2011




Spatial / Variable name Broad type Narrow type Variable Unit(s) Data source Time basis Buffers (m)
Spatiotemporal /
Temporal
(Geoscience Australia,
2011)
Spatial lon, lat Position and Longitude, Longitude and (decimal Location data N/A N/A
Elevation latitude latitude degrees)
Spatial Ic_tree_cover_[buffer] Land cover Tree cover Tree cover (%) MODIS satellite - land N/A 50, 100, 200, 300,
percentage of cover 400, 500, 700,
buffer (Dimiceli et al., 2015) 1000, 1500, 2000,
3000, 5000,
10000
Spatial NDVI_[buffer] Land cover NDVI Normalised (dimensionl | MODIS Terra satellite Monthly 0, 1000, 1500,
Difference ess) (Didan, 2015) 2000, 3000, 5000,
Vegetation 10000
Index
Spatial Ic_impsa_[buffer] Land cover Impervious Impervious (%) (Brown de Colstounet | N/A 50, 100, 200, 300,
surfaces surface al., 2017) 400, 500, 700,
percentage of 1000, 1500, 2000,
buffer 3000, 5000,
10000
Spatial Ic_water_modis_[buffer] Land cover Water bodies Ratio of water (dimensionl | MODIS satellite - N/A 50, 100, 200, 300,
bodies coverage | ess) water cover 400, 500, 700,
in buffer (Dimiceli et al., 2015) 1000, 1500, 2000,
3000, 5000,
10000
Spatial Ic_park_[buffer] Land cover Parkland Ratio of (dimensionl | ABS meshblocks N/A 50, 100, 200, 300,
parkland in ess) (Hanigan, I. & 400, 500, 700,
buffer Learnihan, 2017) 1000, 1500, 2000,
3000, 5000,
10000
Spatial lu_res_[buffer] Land use Residential Ratio of (dimensionl | ABS meshblocks N/A 50, 100, 200, 300,
residential area ess) (Hanigan, I. & 400, 500, 700,
in buffer Learnihan, 2017) 1000, 1500, 2000,
3000, 5000,
10000
Spatial lu_com_[buffer] Land use Commercial Ratio of (dimensionl | ABS meshblocks N/A 50, 100, 200, 300,
commercial ess) (Hanigan, I. & 400, 500, 700,
area in buffer Learnihan, 2017) 1000, 1500, 2000,
3000, 5000,
10000
Spatial lu_ind_[buffer] Land use Industrial Ratio of (dimensionl | ABS meshblocks N/A 50, 100, 200, 300,
industrial area ess) (Hanigan, I. & 400, 500, 700,
in buffer Learnihan, 2017) 1000, 1500, 2000,




Spatial / Variable name Broad type Narrow type Variable Unit(s) Data source Time basis Buffers (m)
Spatiotemporal /
Temporal
3000, 5000,
10000
Spatial lu_open_[buffer] Land use Open Ratio of open (dimensionl | ABS meshblocks N/A 50, 100, 200, 300,
area in buffer ess) (Hanigan, I. & 400, 500, 700,
Learnihan, 2017) 1000, 1500, 2000,
3000, 5000,
10000
Spatiotemporal em_burned_area_pct_[buffe | Emission sources Landscape fires Total burned (dimensionl | (Giglio et al., 2018) monthly 10000, 25000,
r] vegetation area ess) 50000, 100000,
ratio 250000, 500000
Spatiotemporal em_fire_dens_fireskm2_[buf | Emission sources Landscape fires | Active fire (#fires/km?) | (NASA_FIRMS, 2021) daily/ 10000, 25000,
fer]_[time_basis] density monthly/ 50000, 100000,
yearly 250000, 500000
Spatial em_npi_pm25_dens_kgkm2 Emission sources Point source PMz.s emission (kg/km?) Australia National N/A 300, 400, 500,
_[buffer] emission sites mass density in Pollutant Inventory 700, 1000, 1500,
buffer Department of 2000, 3000, 5000,
Agriculture, Water 10000
and the Environment
(2022)
Spatial em_npi_pm?25_dens_sitesk Emission sources Point source PMz.s emission (sites/km?) Australia National N/A 300, 400, 500,
m2_[buffer] emission sites sites density in Pollutant Inventory 700, 1000, 1500,
buffer Department of 2000, 3000, 5000,
Agriculture, Water 10000
and the Environment
(2022)
Spatial em_minrd_length_[buffer] Emission sources Roads Minor road (m) PSMA roads N/A 50, 100, 200, 300,
length in buffer (Yuen, 2020) 400, 500, 700,
1000, 1500, 2000,
3000, 5000,
10000
Spatial em_majrd_length_[buffer] Emission sources Roads Major road (m) PSMA roads N/A 50, 100, 200, 300,
length in buffer (Yuen, 2020) 400, 500, 700,
1000, 1500, 2000,
3000, 5000,
10000
Spatial em_minrd_invdist Emission sources Roads Inverse distance | (1/m) PSMA roads N/A N/A
to nearest (Yuen, 2020)
minor road
Spatial em_majrd_invdist Emission sources Roads Inverse distance | (1/m) PSMA roads N/A N/A
to nearest (Yuen, 2020)

major road




Spatial / Variable name Broad type Narrow type Variable Unit(s) Data source Time basis Buffers (m)
Spatiotemporal /
Temporal
Spatial em_rds_int_imputed Emission sources Traffic Traffic count (vpd) PSMA roads and N/A N/A
(vehicles per Zenith traffic counts
day) on nearest (Yuen, 2020)
major road,
imputed
Spatial em_rds_intinvdist_imputed Emission sources Traffic Product of (vpd/m) PSMA roads and N/A N/A
traffic count on Zenith traffic counts
nearest major (Yuen, 2020)
road and
inverse distance
to that road,
imputed
Spatial em_all_rds_int_imputed Emission sources Traffic Traffic counton | (vpd) PSMA roads and N/A N/A
nearest road, Zenith traffic counts
imputed (Yuen, 2020)
Spatial em_all_rds_intinvdist_imput | Emission sources Traffic Product of (vpd/m) PSMA roads and N/A N/A
ed traffic count on Zenith traffic counts
nearest road (Yuen, 2020)
and inverse
distance to that
road, imputed
Spatial em_wood_heat_pct Emission sources Wood heaters Percentage of (%) ABS household energy | N/A N/A
households source survey
using wood as (Australian Bureau of
main energy Statistics, 2011)
source for
heating
Spatiotemporal pop_dens_[buffer] Population Population Population (persons ABS population yearly 50, 100, 200, 300,
density density /km?) density grids 400, 500, 700,
(Australian Bureau of 1000, 1500, 2000,
Statistics, 2021) 3000, 5000,
10000
Spatiotemporal wthr_maxtmp_[time_basis]_ | Weather Meteorological Maximum (°C) Australian Water daily/ N/A
avg temperature, Availability Project monthly/
aggregated to (AWAP) Weather grids | yearly
monthly and (Bureau of
yearly means Meteorology, 2020)
Spatiotemporal wthr_mintmp_[time_basis] | Weather Meteorological Minimum (°C) Australian Water daily/ N/A
avg temperature, Availability Project monthly/
aggregated to (AWAP) Weather grids | yearly




Spatial / Variable name Broad type Narrow type Variable Unit(s) Data source Time basis Buffers (m)
Spatiotemporal /
Temporal
monthly and (Bureau of
yearly means Meteorology, 2020)
Spatiotemporal wthr_meantmp_[time_basis] | Weather Meteorological Mean (°C) Australian Water daily/ N/A
_avg temperature, Availability Project monthly/
aggregated to (AWAP) Weather grids | yearly
monthly and (Bureau of
yearly means Meteorology, 2020)
Spatiotemporal wthr_rain_[time_basis] Weather Meteorological Total rainfall, (mm) Australian Water daily/ N/A
aggregated to Availability Project monthly/
monthly and (AWAP) Weather grids | yearly
yearly sums (Bureau of
Meteorology, 2020)
Spatiotemporal wthr_solarexp_dly Weather Meteorological Solar exposure (MJ/m?) Australian Water daily N/A
Availability Project
(AWAP) Weather grids
(Bureau of
Meteorology, 2020)
Spatiotemporal wthr_relhum_dly Weather Meteorological Relative (%) Australian Water daily N/A
humidity Availability Project
(AWAP) Weather grids
(Bureau of
Meteorology, 2020)
Spatiotemporal wthr_wind_[height]_[time_b | Weather Meteorological Daily mean (m/s) ECMWF Reanalysis v5 daily N/A
asis] wind speed at (ERA5)
height = 10m, (Mufioz Sabater,
100m 2019)
Spatiotemporal pblh Weather Meteorological Planetary (m) ECMWF Reanalysis v5 daily N/A
boundary layer (ERA5)
height (Mufioz Sabater,
2019)
Spatiotemporal clim_wind_[height]_[time_b Weather Meteorological Long-term (m/s) ECMWF Reanalysis v5 monthly/ N/A
asis] mean wind (ERA5) yearly
speed for (Mufioz Sabater,
calendar 2019)
month/year at
height = 10m,
100m
Spatiotemporal wthr_drt_spei Weather Drought Calculated SPEI (dimensionl | AWAP Weather grids monthly N/A
Index ess) (Begueria et al., 2014;

Bureau of
Meteorology, 2020;




Spatial / Variable name Broad type Narrow type Variable Unit(s) Data source Time basis Buffers (m)
Spatiotemporal /
Temporal
Vicente-Serrano et al.,
2010)
Spatiotemporal wthr_drt_duration_spei Weather Drought Cumulative (dimensionl | Australian Water monthly N/A
count of ess) Availability Project
uninterrupted (AWAP) Weather grids
drought months (Begueria & Vicente-
(SPEI < 0) Serrano, 2023; Bureau
of Meteorology, 2020)
Spatiotemporal wthr_drt_count_months Weather Drought Number of (# of Australian Water yearly N/A
drought months | months) Availability Project
(SPEI<0)ina (AWAP) Weather grids
calendar year (Begueria & Vicente-
Serrano, 2023; Bureau
of Meteorology, 2020)
Spatiotemporal wthr_drt_max_length Weather Drought Maximum (# of Australian Water yearly N/A
length (in months) Availability Project
months) of (AWAP) Weather grids
uninterrupted (Begueria & Vicente-
drought months Serrano, 2023; Bureau
(SPEI < 0) within of Meteorology, 2020)
a calendar year
Temporal date Temporal date Date (YYYY- N/A N/A N/A N/A
MM-DD)
Temporal Year Temporal Year Year N/A N/A N/A N/A
Temporal Month Temporal Month Month number N/A N/A N/A N/A
of year
Temporal Day Temporal Day Day number of N/A N/A N/A N/A
month
Temporal Week Temporal Week Week number N/A N/A N/A N/A
of year (number
of complete 7-
day cycles plus
one since start
of year)
Temporal wday Temporal wday Day name N/A N/A N/A N/A
Temporal yday Temporal yday Day number of N/A N/A N/A N/A
year (Julian day)
Temporal dow Temporal dow Day number of N/A N/A N/A N/A

week (starting 1
= Sunday)




Table S2. Groups of variables considered for excluding highly correlated variables

Variable group

Variables considered

wthr_tmp_dly

wthr_mintmp_dly_avg, wthr_meantmp_dly_avg, wthr_maxtmp_dly_avg

wthr_tmp_mnthly

wthr_mintmp_mnthly_avg, wthr_meantmp_mnthly_avg,
wthr_maxtmp_mnthly_avg

wthr_tmp_yrly

wthr_mintmp_yrly_avg, wthr_meantmp_yrly_avg, wthr_maxtmp_yrly_avg

pop_dens

pop_dens_{buffer} (buffer = 50..10,000)

wthr_wind_daily

wthr_wind_10m_daily, wthr_wind_100m_daily

clim_wind_month

clim_wind_10m_month, clim_wind_100m_month

clim_wind_annual

clim_wind_10m_annual, clim_wind_100m_annual

lu_res lu_res_{buffer} (buffer = 50..10,000)
lu_com lu_com_{buffer} (buffer = 50..10,000)
lu_open lu_open_{buffer} (buffer = 50..10,000)
lu_ind lu_ind_{buffer} (buffer = 50..10,000)
Ic_park Ic_park_{buffer} (buffer = 50..10,000)
Ic_impsa Ic_impsa_{buffer} (buffer = 50..10,000)

Ic_tree_cover

Ic_tree_cover_{buffer} (buffer = 50..10,000)

Ic_water_modis

Ic_water_modis_{buffer} (buffer = 50..10,000)

em_fire_dens_fireskm2_daily

em_fire_dens_fireskm2_{buffer}_daily (buffer = 10,000..500,000)

em_fire_dens_fireskm2_monthly

em_fire_dens_fireskm2_{buffer}_monthly (buffer = 10,000..500,000)

em_fire_dens_fireskm2_yearly

em_fire_dens_fireskm2_{buffer}_yearly (buffer = 10,000..500,000)

em_npi_pm25_dens_kgkm?2

em_npi_pm25_dens_kgkm2_{buffer} (buffer = 300..10,000)

em_npi_pm25_dens_siteskm2

em_npi_pm25_dens_siteskm2_{buffer} (buffer = 300..10,000)

em_burned_area_pct

em_burned_area_pct_{buffer} (buffer = 10,000..500,000)

em_rds

em_rds_dist, em_majrd_invdist, em_rds_int_imputed,
em_rds_intinvdist_imputed, em_minrd_invdist, em_all_rds_int_imputed,
em_all_rds_intinvdist_imputed

em_majrd_length

em_majrd_length_{buffer} (buffer = 50..10,000)

em_minrd_length

em_minrd_length_{buffer} (buffer = 50..10,000)

NDVI

NDVI_{buffer} (buffer = 0..10,000)

merra_2_dly

bc_merra_2_dly, dust_merra_2_dly, oc_merra_2_dly, so4_merra_2_dly,
ss_merra_2_dly, aod_merra_2_dly, pm25_merra_2_dly

merra_2_mnthly

bc_merra_2_mnthly, dust_merra_2_mnthly, oc_merra_2_mnthly,
so4_merra_2_mnthly, ss_merra_2_mnthly, aod_merra_2_mnthly,
pm25_merra_2_mnthly

merra_2_yrly

bc_merra_2_yrly, dust_merra_2_yrly, oc_merra_2_yrly, so4_merra_2_yrly,
ss_merra_2_yrly, aod_merra_2_yrly, pm25_merra_2_yrly




Table S3. PM, s imputation model summary

Variable Default model Tuned model

num.trees 500 600

mtry 3 4

num_variables 9 9

OOB_RMSE 4.01 3.90

OO0B_R_squared 81.1% 82.15

test RMSE 3.36 3.34

test_R_squared 80% 80%

train_RMSE 2.31 2

train_R_squared 94.74% 95.87%
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Figure S1. Variable importance of PM, s imputation model
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# Variable Importance

1 Satellite organic carbon - daily (oc_merra_2_dly) 3447160 T
2 Satellited AOD - daily (aod_merra_2_dly) 1,690,700 -
3 Planetary boundary layer height (pblh) 1,667,513 -
4 Day number of the year - Julian day (yday) 1,321,242 [
5 Active fire density within a 500km buffer - daily (em_fire_dens_fireskm2_500000_daily) 1,283,947 [
6 Active fire density within a 100km buffer - daily (em_fire_dens_fireskm2_100000_daily) 1,036,460 S

7 Satellite PM2.5 - dust - daily (dust_merra_2_dly) 991,820 S

8 Minimum temperature - daily (wthr_mintmp_dly_avg) 972,975 _

9 Active fire density within a 500km buffer - monthly (em_fire_dens_fireskm2_500000_month 943,172 [N

10 Solar exposure - daily (wthr_solarexp_dly) 879,853 [N

11 Latitude (lat) 863,149

12 Maximum temperature - daily (wthr_maxtmp_dly_avg) 847,183 _

13 Satellite PM2.5 - sea salt - daily (ss_merra_2_dly) 846,385 ]

14 Satellite SO4 - daily (so4_merra_2_dly) 844,311

15 Satellite organic carbon - monthly (oc_merra_2_mnthly) 816,214 _

16 Relative humidity - daily (wthr_relhum_dly) 783,860 NN

17 Wee number of year (Week) 774,149 S

18 Total burned vegetation area ratio within a 500km buffer (em_burned_area_pct_500000) 764,250 _

19 Satellite AOD - monthly (aod_merra_2_mnthly) 662,421 _

20 Elevation (pos_elevation) 628,305 [N

21 Tree cover percentage within 10km (lc_tree_cover_10000) 589,591 _

22 Satellite PM2.5 - sea salt - yearly (ss_merra_2_yrly) 582,385 [N

23 Longitude (lon) 532,855 [

24 Calculated SPEI index (wthr_drt_spei) 525,677 [N

25 Active fire density within a 500km buffer - yearly (em_fire_dens_fireskm2_500000_yearly) 517,249 [N

26 Population density within 10km buffer (pop_dens_10000) 512,458 [N

27 Minor road length within 5km buffer (em_minrd_length_5000) 487,154 [N

28 Population density within 50m (pop_dens_50) 485,076 [N

29 Distance to ocean (pos_distocean) 448,373 [N

30 Satellite PM2.5 - dust - monthly (dust_merra_2_mnthly) 428,907 N

31 Satellite SO4 - monthly (so4_merra_2_mnthly) 426,995 _

32 Satellite PM2.5 - dust - yearly (dust_merra_2_yrly) 423,337 [

33 Rainfall - daily (wthr_rain_dly) 400,271 [

34 Satellite SO4 - yearly (so4_merra_2_yrly) 393,332

35 Satellite PM2.5 - sea salt - monthly (ss_merra_2_mnthly) 379,618 _

36 Percentage of households using wood as main energy source for heating (em_wood_heat_p 313,055 -

37 Satellite black carbon - yearly (bc_merra_2_yrly) 304,303 -

Figure S3. Variable importance of final model in Stage 2: PM, s modelling (37 variables)
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Table S4. Daily PM; s model performance summaries for steps 1-4

Step 1 Step 2 Step 3 Step 4

(base (exclusion | (hyperpara (final

Model model) of highly meter model)

correlated tuning)
variables)

num.trees 500 500 400 500

mtry 16 10 30 6

num_variables 259 101 101 37

OOB_RMSE 4.82 4.64 4.43 4.45

OOB_R squared 66.7% 69.1% 71.8% 71.5%

test_ RMSE 4.40 4.18 4.10 4.08

test_R_squared 64.3% 68.0% 69.1% 69.5%

train_RMSE 2.42 2.28 2.00 2.12

train_R_squared 93.8% 94.5% 95.5% 95.0%

Table S5. Daily PM, s model performance for steps 1-4 across spatial folds
Step 1 Step 2 Step 3 Step 4
Fold R- RMSE R- RMSE R- RMSE R- RMSE
squared squared squared squared

1 47.83% 4.71 54.74% 4.37 57.31% | 4.26 | 59.13% | 4.14
2 47.86% 5.27 45.08% 5.36 45.73% | 5.38 | 58.43% | 4.67
3 45.49% 5.64 49.97% 5.40 53.01% | 5.23 | 54.55% | 5.18
4 31.21% 8.71 31.96% 8.65 34.76% | 8.47 | 33.39% | 8.56
5 48.91% 3.90 50.20% 3.85 52.94% | 3.76 | 52.60% | 3.75
6 47.78% 4.30 49.24% 4.24 51.23% | 4.14 | 56.84% | 3.93
7 53.33% 4.22 54.55% 4.16 55.58% | 4.11 | 62.78% | 3.77
8 63.38% 6.36 67.14% 6.04 68.75% | 591 | 73.08% | 5.43
9 61.04% 9.90 64.78% 9.75 70.03% | 8.88 | 71.34% | 8.64
10 53.76% 5.58 50.36% 5.76 49.22% | 5.75 | 58.96% | 5.23
Average | 50.06% 5.86 51.80% 5.76 53.85% | 5.59 | 58.11% | 5.33
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Table S6. Descriptive statistics of observed (including imputed values) PM; s monitoring data vs. modelled PM, s for

2001-2020
PM:s (including imputed values) PMzs (modelled)
State/Territory . . . .
Median 5th-95th percentile Median 5th-95th percentile
ACT 5.3 1.7-19.5 5.7 2.5-17.3
NSW 6.1 1.9-153 6.4 25-14.2
NT 6.0 0.9-22.9 6.6 1.4-20.9
QLb 5.3 1.9-12.8 5.5 24-11.9
SA 6.3 3-11.9 6.5 3.7-11
TAS 2.8 0-17.3 3.0 0.9-16.2
VIC 6.0 2.5-13.9 6.2 3.3-13.1
WA 7.2 4-14.1 7.4 4.8-13
National 5.5 1.1-15.1 5.8 15-14
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Figure S4. Normalised mean bias (NMB) between predicted and observed PM, s for each monitoring site
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Figure S6. Correlation plots with other PM;, s models — daily. Obs_pm25 = observed PM; s, car_pm25 = predicted PM, 5
from this study, merra_2_pm25 = PM, s from Merra-2 (Buchard et al., 2017), cams_pm25: PM, s from CAMS (Inness et
al., 2019). ***: p < 0.001, **: p between 0.001 - 0.01, *: p between 0.01 - 0.05, ¢: p between 0.05 - 0.10.
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Figure S7. Correlation plots with other PM; s models - monthly. NOTE: Except for Van Donkelaar (2021), mean
monthly PM, s was calculated when at least 80% of daily values were available. Obs_pm25 = observed PM,,
car_pm25 = predicted PM; s from this study, merra_2_pm25 = PM, s from Merra-2 (Buchard et al., 2017), cams_pm25:
PM, s from CAMS (Inness et al., 2019), vd_pm25: PM, s from Van Donkelaar (2021). ***: p < 0.001, **: p between
0.001 - 0.01, *: p between 0.01 - 0.05, ¢: p between 0.05 - 0.10.
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Figure S8. Correlation plots with other PM; s models - annual. NOTE: Except for Van Donkelaar (2021), mean annual

PM; s was calculated when at least 80% of daily values were available. Obs_pm25 = observed PM, s, car_pm25 =

predicted PM; s from this study, merra_2_pm25 = PM, s from Merra-2 (Buchard et al., 2017), cams_pm25: PM; s from
CAMS (Inness et al., 2019), vd_pm25: PM, s from Van Donkelaar (2021). ***: p < 0.001, **: p between 0.001 - 0.01, *:
p between 0.01 - 0.05, ¢: p between 0.05 - 0.10.
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(a) Mean PM2s Jan 2001 — June 2019 (g/m?3)

(b) SD PM..s Jan 2001 — June 2019 (ug/m?)

T T
10 11 12 13 14 15 16 17

T
14 17 2 3 4 5 6 7 8 9

(c) Population-weighted mean PM:s by financial year 2001-2019 and State/Territory (ug/m3) (*)

— Australian Cﬁaital Territory — Northern Territory — South Australia — Victoria
— New South Wales — Queensland — Tasmania — Western Australia

12,5

10.0

7.5

PM; 5 (ug/m°)

5.0

2005 2010 2015

Financial year

Figure S9. PM, s prediction results (ug/m3): (A) mean PM2s concentrations Jan 2001 — June 2019, (B) standard

deviation (SD) of PM; 5 concentrations Jan 2001 — June 2019, (C) Population-weighted mean PM, s concentration by
financial year 2001-2019 and State/Territory. (*) A financial year starts on July 1 and ends on June 30 (i.e., the 2001

financial year runs from 1 July 2001 to 30 June 2002).
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Figure S10. Mean # of extreme pollution days by year and month calculated for the Northern Territory, Queensland,

and Western Australia using flag_p95 and flag_2SD_remainder
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Figure S11. Mean # of extreme pollution days by year and month calculated for New South Wales, the Australian

Capital Territory, and South Australia using flag_p95 and flag_2SD_remainder
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Figure S12. Mean # of extreme pollution days by year and month calculated for Victoria and Tasmania using flag_p95

and flag_2SD_remainder
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Figure S13. # of extreme pollution days by year and month calculated for Launceston, Darwin and Sydney using

flag_p95 and flag_2SD_remainder
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Table S7. # of extreme pollution days and mean PM, s extreme pollution component (g/m3) for Launceston using
flag_p95 and flag_2SD_remainder

flag_p95 flag_2SD_remainder
# Mean PMy5 Mean PM,s | # extreme pollution Mean PMy5 Mean PMy5
extreme extreme extreme days extreme extreme
year pollution pollution pollution pollution pollution
days component on component on component on component
extreme all days extreme on all days
pollution days (ug/m3) pollution days (ug/m3)

(ug/m’) (ug/m’)
2001 8 4.2 0.09 7 6.4 0.12
2002 8 5.2 0.11 12 6.8 0.22
2003 14 8.7 0.34 21 8.6 0.50
2004 1 3.7 0.01 6 6.4 0.10
2005 19 5.8 0.30 16 7.6 0.33
2006 13 7.6 0.27 19 9.1 0.47
2007 25 4.3 0.30 13 7.7 0.27
2008 9 5.2 0.13 16 6.5 0.28
2009 9 6.1 0.15 10 7.0 0.19
2010 1 15.1 0.04 11 7.5 0.23
2011 16 5.8 0.25 13 7.3 0.26
2012 15 6.5 0.27 19 7.6 0.39
2013 15 7.1 0.29 24 7.8 0.51
2014 24 6.6 0.43 29 7.9 0.63
2015 28 6.9 0.53 29 7.9 0.62
2016 18 30.5 1.50 29 22.1 1.75
2017 26 6.1 0.43 28 7.7 0.59
2018 24 6.5 0.43 29 7.2 0.57
2019 17 6.4 0.30 26 7.7 0.54
2020 (*) 12 21.0 1.38 18 16.7 1.66

(*) PMys values were only calculated until June 30, 2020.
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Table S8. # of extreme pollution days and mean PM_ s extreme pollution component (ug/m?3) for Darwin using
flag_p95 and flag_2SD_remainder

flag_p95 flag_2SD_remainder
# Mean PMy5 Mean PM,s | # extreme pollution Mean PMy5 Mean PMy5
extreme extreme extreme days extreme extreme
year pollution pollution pollution pollution pollution
days component on component on component on component
extreme all days extreme on all days
pollution days (ug/m3) pollution days (ug/m3)

(ug/m’) (ug/m’)
2001 21 9.9 0.57 31 10.5 0.89
2002 15 6.2 0.25 8 10.2 0.22
2003 2 18.8 0.10 4 13.6 0.15
2004 39 7.7 0.82 24 10.2 0.67
2005 8 10.2 0.22 15 10.9 0.45
2006 10 5.4 0.15 12 8.0 0.26
2007 21 10.6 0.61 24 10.7 0.70
2008 7 10.1 0.19 23 9.9 0.62
2009 14 14.6 0.56 31 11.9 1.01
2010 2 8.9 0.05 2 8.9 0.05
2011 31 8.4 0.71 24 10.6 0.70
2012 38 8.8 0.91 24 12.3 0.81
2013 10 8.7 0.24 8 9.9 0.22
2014 17 8.6 0.40 15 10.0 0.41
2015 10 12.3 0.34 17 11.3 0.53
2016 6 8.7 0.14 6 9.9 0.16
2017 9 10.5 0.26 17 9.6 0.45
2018 19 14.6 0.76 24 13.8 0.90
2019 20 11.9 0.65 23 12.4 0.78
2020 (*) 7 11.7 0.45 7 12.9 0.50

(*) PMys values were only calculated until June 30, 2020.
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Table S9. # of extreme pollution days and mean PM_ s extreme pollution component (ug/m?3) for Sydney using
flag_p95 and flag_2SD_remainder

flag_p95 flag_2SD_remainder
Mean PMy5 Mean PMy s Mean PMy5 Mean PMy5
“ extreme extreme extreme extreme
year extreme pollution pollution # extreme pollution pollution pollution
pollution component on component on days component on component
days f-:xtreme all days fextreme on all days
pollution days (ug/m3) pollution days (ug/m3)

(ug/m’) (ug/m’)
2001 11 29.0 0.87 10 31.2 0.85
2002 45 13.3 1.64 40 14.3 1.57
2003 25 12.6 0.86 22 135 0.81
2004 7 8.8 0.17 6 9.6 0.16
2005 8 9.9 0.22 7 10.3 0.20
2006 6 14.3 0.23 9 12.0 0.30
2007 7 6.5 0.13 5 7.7 0.10
2008 0 0.0 0.00 1 7.5 0.02
2009 11 29.2 0.88 11 29.5 0.89
2010 1 8.9 0.02 2 8.1 0.04
2011 5 8.1 0.11 8 8.1 0.18
2012 2 6.2 0.03 1 6.9 0.02
2013 13 11.3 0.40 12 12.0 0.40
2014 6 6.5 0.11 3 8.2 0.07
2015 11 7.8 0.24 11 8.2 0.25
2016 20 10.3 0.56 12 13.2 0.43
2017 15 9.0 0.37 10 10.4 0.28
2018 17 10.7 0.50 14 11.8 0.45
2019 57 22.9 3.57 53 243 3.52
2020 (*) 26 18.6 2.65 25 19.0 2.61

(*) PMys values were only calculated until June 30, 2020.

24




(A) Launceston Oct 2006 - Dec 2007: severe pollution with 95th percentile
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(B) Launceston Oct 2006 - Dec 2007: severe pollution with 2SD remainder
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Figure S14. Example of extreme air pollution days between October 2006 — December 2007 in Launceston identified with: (a) 95t percentile and (b) 2SD remainder flags.
NOTE: For illustration purposes “seasonal + trend” and “2SD remainder + seasonal + trend” time series have been smoothed, and probable smoke days flagged with these.
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(A) Darwin 2012: severe pollution with 95th percentile
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(B) Darwin 2012: severe pollution with 2SD remainder
o | .
0 e daily PMys
—— seasonal + trend (smoothed)
o 2SD remainder + seasonal
< 7 + trend (smoothed)
—— severe PM, s component
— A probable smoke
%1 & (2SD remainder)
i
o o |
2 &
o |
o 4

T
Jan Mar May

T
Jul

T
Sep

T T
Nov Jan

Figure S15. Example of extreme air pollution days between January 2012 — December 2012 in Darwin identified with: (a) 95t percentile and (b) 25D remainder flags. NOTE:

For illustration purposes “seasonal + trend” and “2SD remainder + seasonal + trend” time series have been smoothed, and probable smoke days flagged with these.
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(A) Sydney Jul 2019 - Jun 2020: severe pollution with 95th percentile
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Figure S16. Example of extreme air pollution days between July 2019 — June 20 in Sydney identified with: (a) 95t percentile and (b) 25D remainder flags. NOTE: For illustration
purposes “seasonal + trend” and “2SD remainder + seasonal + trend” time series have been smoothed, and probable smoke days flagged with these.
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(A) Alpine National Park: severe pollution with 95" percentile
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(C) Alpine National Park: severe pollution with 2SD remainder
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Figure S17. Temporal and spatial example of extreme air pollution during the 2006-07 Eastern Victoria Great Divide bushfires in Victoria: (a) daily PM, s (95t percentile flag)
at Alpine National Park, (b) daily PM, s (2SD remainder flag) at Alpine National Park, (c) mean PM,s on days flagged with probable smoke (95" percentile flag), and (d) mean
PM; s on days flagged as probable smoke (2SD remainder flag). NOTE: For illustration purposes “seasonal + trend” and “2SD remainder + seasonal + trend” time series have

been smoothed, and probable smoke days flagged with these.
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