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2 Configuration used in CESM-NCSU simulations

3 Table S1 summarizes The CESM-NCSU configurations for simulations under the
4  RCP4.5 scenario. More detailed descriptions can be found in He and Zhang (2014) and
5 Glotfelty et al. (20174, b).

6  Table S1. The CESM-NCSU configurations for simulations under the RCP4.5 scenario.

Attribute or Process Configuration

Simulation Time Period Current decade (2001-2010) and future decade

(2046-2055)

Horizontal Resolution 0.9°x1.25< 192 (latitudes) <288 (longitudes)

Vertical Resolution 30 layers from 1000 mb to 3 mb

Deep Convection Zhang and McFarlane (1995); Neale et al. (2008)

Shallow Convection Park and Bretherton (2009)

Cloud Microphysics Morrison and Gettelman (2008)

Planetary Boundary Layer Bretherton and Park (2009)

Short and Long-wave Radiation RRTMG (lacono et al., 2003, 2008)

Gas-phase Chemistry CBO5GE (Karamchandani et al., 2012)

Aqueous Chemistry Barth et al. (2000)

Aerosol Module Modified MAMY7 (Liu et al., 2012; He and Zhang, 2014)
Inorganic Aerosol Thermodynamics ISORROPIA Il (Fountoukis and Nenes, 2007)

VBS secondary organic aerosol model  Glotfelty et al. (2017b)
Aerosol Activation Fountoukis and Nenes (2005); Barahona et al. (2010);

Kumar et al. (2009)

7 RRTMG: Rapid Radiative Transfer Model for General Circulation Models; CBO5GE: Carbon Bond
8 Mechanism 2005 with Global Extension; MAM7: Modal Aerosol Model with Seven modes; VBS:
9  \olatility Basis Set.
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Mapping between CESM/CAMS5 and CMAQ aerosol species

The mapping table between CESM/CAMS5 and CMAQ aerosol species is shown in
Table S2. The CESM/CAMS5 uses the 7-mode prognostic Modal Aerosol Model (MAM7)
(Liu et al., 2012) with volatility-basis-set (VBS) (Glotfelty et al., 2017b), whereas
CMAQ uses the 3-mode AEROG6 aerosol module. The MAM7 in CESM/CAMS5 includes
Aitken (2), accumulation (1), primary carbon (3), fine dust (5), fine sea salt (4), coarse
dust (7) and coarse sea salt (6) modes. The AERO6 in CMAQ includes Aitken (1),
accumulation (J) and coarse (K) modes, which is similar to MAMS3 (Liu et al., 2012).
Similar to the mapping of aerosol modes between MAM7 and MAM3 in Liu et al. (2012),
the Aitken mode in MAMY7 is mapping to the Aitken mode (I) in AEROS6; the
accumulation, primary carbon, fine dust and fine sea salt modes in MAM7 are mapping
to the accumulation mode (J) in AEROG; the coarse dust and coarse sea salt modes in
MAM7 are mapping to the coarse mode (K) in AEROG6. For example, sulfate in
accumulation mode (so4_al), fine sea salt mode (so4_a4) and fine dust mode (so4_ab5) in
MAM?7 are mapping to sulfate in accumulation mode (ASO4J) in AEROG.

Secondary organic aerosol (SOA) species in CESM/CAMDS5 were divided according
to different volatility levels. However, the CMAQ model includes specific SOA
semi-volatile and nonvolatile species. The anthropogenic and biogenic SOA species in
CESM/CAMS were first lumped into total semi-volatile SOA and total nonvolatile SOA.
The ratios among the SOA species derived from the default BCs/ICs were then used to
allocate each SOA species in CMAQ based on the combined SOA, as suggested by
Carlton et al. (2010).



Table S2. Mapping table between CESM/CAMDS5 and CMAQ aerosol species.

CMAQ CESM/CAM5

J - Accumulation 1 - Accumulation

I - Aitken 2 - Aitken

J - Accumulation 3 - Primary Carbon

J - Accumulation 4 - Fine Sea Salt

J - Accumulation 5 - Fine Dust

K - Coarse 6 - Coarse Sea Salt

K - Coarse 7 - Coarse Dust

ASO4] so4_al+so4 ad+sod_ab
ASOA4l so4_a2

ASO4K so4_ab+so4_a7

ANO3J no3_al+no3_a4+no3_ a5
ANO3I no3_a2

ANO3K no3_a6+no3_a7

ANH4J nh4_al+nh4_a4+nh4_a5
ANH41 nh4_a2

ANH4K nh4_a6+nh4_a7
AECJ+AECI bc_al+bc a3

poal al+poa2 al+poa3 al+poad al+poa5 al+poa6_al+po
APOCJ+APNCOMJ+APOCI+APNC a7_al+poal_a3+poa2_a3+poa3 a3+poad a3+poa5 a3+poab
OoMI _a3+poa7_a3
AALKJ+AXYL1J+AXYL2J+ATOL1 asoa2_al+asoa?_ a2+asoa3_al+asoa3 a2+asoad _al+asoad a
J+ATOL2J+ABNZ1J+ABNZ2] 2
AXYL3J+ATOL3J+ABNZ3J+AOLG

Al asoal al+asoal a2
ATRP1J+ATRP2J+AISO1J+AISO2J+ bsoa2_al+bsoa2_a2+bsoa3_al+bsoa3 a2+bsoad al-+bsoad
ASQT]J a2
AISO3J+AOLGBJ bsoal al+bsoal a2
AORGCJ soa_al+soa_a2
ANAJ na_al+na_a4+na_a2
ASEACAT na_a6

ACLJ cl_al+cl _ad+cl_ab
ACLI cl_a2

ACLK cl_a6+cl_a7
AOTHRJ+AFEJ+AALJ+ASIJ+AT 1)+
ACAJ+AMGI+AKJ+AMNJ dst_a5

ACORS+ASOIL dst_a7
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Evaluation of dust simulation in CESM-NCSU

The 5-year average (2006-2010) PMjo concentrations from CESM-NCSU were
evaluated by comparison with observed data in 2013 to assess the performance of the
dust emission scheme used in CESM-NCSU. CESM-NCSU tends to overpredict dust
concentrations over East Asia in April, and a scale factor of 1/3 was thus applied to adjust
dust concentrations from CESM-NCSU, which helped reduce the high bias in dust

simulation (see Fig. S1).

90°E 100°E 110°E 120°E 130°E

(b)

Fig. S1. 5-year average (2006-2010) simulated PMy, concentrations in April from (a) original
CESM-NCSU and (b) dust-revised CESM-NCSU (CESM_0.33Dust) overlaid with observations in

2013.
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Table S3. Model performance statistics for the air quality application: meteorological variables (2013,

NCEP_BASE).
January April July
Variable Network NMB NMB NMB
R %) RMSE R %) RMSE| R MB %) RMSE
T2 (<T) NCDC | 10 0.2 -1054 38 | 09 -12 -101 35| 08 -18 -7.3 36
RH2 (%) NCDC | 06 40 59 175 07 34 54 179| 07 28 37 147
WS10 (ms™) NCDC | 06 07 263 23 |06 02 70 22|05 02 63 19
WDR10 (degree) NCDC | 04 74 36 1248| 04 44 22 107.2| 03 59 32 944
Precip(mmday') NCDC | 0.1 03 354 53 |05 02 77 69 | 04 04 77 144
Precip (mmday’) GPCP | 0.7 -02 -169 12 | 0.7 -04 -21.3 16 | 07 -04 -68 45
SWDOWN (W m?) CERES| 0.9 135 11.1 231 | 08 331 144 411 | 07 426 189 564
LWDOWN (Wm? CERES| 1.0 -98 -36 164 | 1.0 -143 -44 187 | 1.0 -116 -30 188
GSW (W m-z) CERES| 09 23 24 201| 08 182 94 309| 07 307 156 450
OLR (W m-z) CERES| 10 30 13 104| 09 59 24 136| 07 53 23 232
SWCF (W m-z) CERES| 08 45 -161 167 | 08 202 -381 270 | 0.7 221 -268 386
LWCF (W m-z) CERES| 06 -68 -416 111 | 06 -115 -428 155| 0.6 ~-115 -255 240
CF (%) MODIS| 06 -235 -342 331 | 05 -192 -314 289 | 05 -174 -238 30.2

L R: correlation coefficient; MB:

mean bias; NMB: normalized mean biases;

RMSE: root mean square error.



Boundary Conditions . o Boundary Conditions

600 0 600

"% cMAB ModelBoundary Grid ** "% cmAS Model Boundary Grid *

() (b)

Fig. S2. O3 boundary conditions (BCs) in January derived from (a) CESM and (b) fixed boundary
conditions (BCs).
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