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1 Isoprene emission comparison

We compared the annual isoprene emissions for 2011-2013 simulated by CESM2.1.0/MEGANv2.1
and by OMI  top-down  estimate  (Bauwens et al. 2016, available at:
http://emissions.aeronomie.be/index.php/omi-based, last access: 1 March 2020). As shown in Figure
Slc, CESM2.1.0/MEGANV2.1 overestimates isoprene emissions over the Tropics and underestimates
them at high latitudes in the Northern Hemisphere. In terms of magnitude, isoprene emissions over the
Tropics are important. We scaled down Tropical isoprene emissions by reducing emission factors of
Tropical plant functional types (PFT). Two PFTs were used in the Community Land Model version 5
(CLMS): “broadleaf evergreen tropical tree” and “broadleaf deciduous tropical tree”. These two PFTs
contribute ~80% of total global isoprene emissions (Guenther et al. 2012). There were still regional
discrepancies between CESM2.1.0/MEGANv2.1 and top-down estimates (Figures S1d and Sle), but the
global total emission amount became closer to the total emission value by the OMI top-down estimate.
Global total annual isoprene emissions changed from 439 Tg yr' to 260 Tg yr'', which was comparable

to the top-down estimate (266 Tg yr™').
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40 Figure S1. Annual isoprene emissions for 2011-2013 by (a) OMI top-down and (b)

CESM2.1.0/MEGANV2.1. (c) Ratios of CESM2.1.0/MEGANv2.1 to OMI top-down isoprene
emissions. (d) same as (c) but the isoprene emission factors of tropical trees in
CESM2.1.0/MEGANV2.1 are reduced by 50%. (e) Zonal mean cross-section of annual isoprene
emissions.
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50 Figure S3. Histograms for observed and modeled (a) isoprene, (b) ISOPOOH, (c) IEPOX, and (d)
IEPOX-SOA concentrations during the SEAC4RS campaign. Observation and model results are shown
in black and blue bars, respectively. We note that gas measurements can be negative when the real
concentrations are zero or very low due to instrumental noise. On the other hand, IEPOX-SOA
concentrations were calculated by the positive matrix factorization method and always positive.
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Figure S4. Same as Fig. 1 (c,d) but used different H" values. 8.5 x 107, 8.5 x 10%, 8.5 x 10° M atm™, are
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Figure S7. Global ratios of OH simulated under future SSP scenarios (2090s) to present conditions
70 (2010s) at the surface (Explicit case).
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Table S1. Datasets used in Sect. 3.3 and Fig. 4°. Ranges or average plus standard deviation of f._y_o (high resolution) and fs> (unit mass resolution)
in different studies are also included.

IEPOX-
. . . . Ranges or Ranges or OA IEPOX- .
Name of T”!“e Site Ioca_tlo_ns and Campaign averagetstd.dev. averagetstd.dev.  Conc. SOA SOA/OA Latitude longitude Ref. X axis in
datasets Period descriptions name o o Conc. Fig. 4
fesheo (%o) fs2 (%o) (ug/m3) (%)
(ug/m3)
Studies strongly-influenced by isoprene emissions under lower NO
SE US forest- Jun-Jul, . Centreville
CTR site 2013 Centreville, AL SOAS 6.2+2.4 7.6+2.2 3.8 0.64 17 32.95 -87.13 -1 2013
Look
SE UStorest- Jun-Jul, Look Rook SOAS N/A N/A 4.87 16 33 3561  -8355 -2 Rook
Look Rook site 2013
2013
Pristine - .
Amazon forest  eo-Mar, - Pristine rain forest 7 g 5.042.3 7.9417 076 026 34 -2.59 602 -3  Amazon
; 2008 site, TT34 2008
2008, Brazil
Amazon forest Feb-Mar T3 site, near GoAmazon Amazon
downwind 2014 ' Manacé uru 2014/5 6.9+1.6 7.1£1.0 1.3 0.286 22 -3.21 -60.59 -4 2014
Manaus, Brazil P
Pristine .
Aug-Dec, TO site, ~150 km GoAmazon
Amazon forgst 2014 northeast of Manaus 2014/5 N/A 5.6x£1.7 N/A N/A N/A -3.21 -60.59 -5 N/A
2014, Brazil
Aug-Sep, . Flight Flight
SEAC4RS 2013 Aircraft measurement SEAC4RS 4.3+£1.6 N/A N/A N/A 32 track track -6 N/A
Borneo forest Jun-Jul Rain 'forest GAW Borneo
o ' station, Sabah, OP3 10+0.3 12.4+0.4 0.75 0.18 24 4,981 117.844 -7
Malaysia 2008 - 2008
Malaysia
. Atlanta
Atlanta, US ~ FU9-Sep, Urban JST site, N/A N/A 3.7+1.9 116 3.8 33 3378  -8442 -8 IST
2011 Atlanta, Georgia, US 2011
. Atlanta
Allanta (IST), oy 9p1p  Urban IST site, N/A 3.30.9 N/A 9.1 191 21 3378 -8442 -9 IST
us Atlanta, Georgia, US
2012
. Atlanta
Allanta (GT), 5,4 9p1p ~ Urban Georgia Tech N/A 5.4+1.9 N/A 9.6 3 31 3378 -84396 -9 GT
us site, Georgia, US
2012
Rural sites, 80km Yorkville
Yorkville, US July, 2012 northwest of JST site, N/A 7.7+2.2 N/A 11.2 4 36 33.9285 -85.045 -9 2012
Georgia, US
Harrow Jun-Jul Harrow site, rural
Cana da’ 2007 ' sites surrounded by BAQSMET N/A N/A N/A N/A 17 42.03 -82.9 -10 N/A

farmland, Canada



Bear Creek site,
Bear Creek, Jun-Jul, wetlands area
Canada 2007 surrounded by
farmland, Canada

BAQSMET N/A N/A N/A N/A 6 4251 -82.34 -10 N/A

Studies strongly-influenced by monoterpene emissions

Rocky

) Manitou
mountain pine  Jul-Aug, g oo imental Forest  BEACHON- 3.7£0.5 5.10.5 N/A N/A N/A 39.1 1051 -11 N/A
forest, CO, 2011 RoMBAS
Observatory, CO,
USA
European - N
Boreal forest, ~ 2008-2009 ~ HhytidlasiteinPine  EUCAARI 2.5:0.1b 4.8£0.1° NA  NIA N/A 6185 2428 -7 N/A
. forest, Finland campaign
Finland
Studies mixed-influenced by isoprene and monoterpene emissions
North AUG-Se Blodgett Forest
American g->¢p, Ameriflux Site, CA, BEARPEX 4.0£<0.1" 4.0£<0.1" N/A N/A N/A N/A N/A -7 N/A
2007
temperate, US usS
Studies strongly-influenced by urban emissions
Los Angeles
area, CA,  May-un, Pasadena, US CalNex 1.60.2 3.6£0.5 7 oL SPMF O a414 11812 .p  Psadema
2010 limit 2010
USA
Peking University, in
Beijing, China  VOY-DEC N of Beijing city, N/A 1.5£0.3 4.620.7 345 oL  SPMF 3999 11631 13 Beling
2010 . limit 2010
China
Changdao
island, Mar-Apr, Changdao island, <PMF Changdao
Downwind of 2011 China CAPTAIN 1.6+0.2 3.840.5 13.4 <DL limit 37.99 120.7 -14 2011
China
Barcelona Feb-Mar, . < PMF Montseny
area, Spain 2009 Montseny, Spain DAURE 1.6+0.2 4.840.9 N/A <DL limit 41.38 2.1 -15 2009

a- HR-ToF-AMS was used for all the campaigns except the Atlanta, US and Pristine Amazon forest 2014, Brazil using ACSM.

b- Standard error

(1)(Hu et al., 2015); (2)(Budisulistiorini et al., 2015); (3)(Chen et al., 2015); (4)(de Sa et al., 2017); (5)(Carbone et al., 2015); (6)(Liao et al., 2014) ; (7)(Robinson et al., 2011); (8)(Budisulistiorini et
al., 2013); (9)(Xu et al., 2015a; Xu et al., 2015b); (10)(Slowik et al., 2011); (11)(Ortega et al., 2014); (12)(Hayes et al., 2013); (13)(Hu et al., 2016); (14)(Hu et al., 2013); (15)(Minguillon et al., 2011)
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