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Mon Dec  4 16:39:47 CET 2023 - eqsam4clim-v10: CPUt/step =   7780   0.145700E-04 - debug = no - box = no - lmass = .FALSE. - lpH = .TRUE. - mode = DP2

e
q
s
a
m
4
c
l
i
m
-
v
1
0
-
m
e
t
a
s
 
-
 
p
H

E-AIM - pH

WINTER  pH (CPUs/step=0.258E-05|3613)
Cabauw  pH (CPUs/step=0.319E-05|2646)
CalNex  pH (CPUs/step=0.299E-05| 493)
Tianjin pH (CPUs/step=0.318E-05| 241)
SOAS    pH (CPUs/step=0.263E-05| 787)

 

Gas/Aerosol partitioning - Pye et al., 2020

 Tianjin: Mg-Ca-K-Na-HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 Cabauw : Mg-Ca-K-Na-HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 SOAS   :         Na-HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 CalNex :            HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 WINTER :            HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
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lke=.FALSE., lvola=.TRUE., lmixs=.FALSE., lrhdm=.TRUE., lHSO4=.TRUE., lH2SO4gas=.FALSE., lmetastable=.TRUE., lreverse=.FALSE., lminerals=.TRUE., lorganics=.FALSE.

Mon Dec  4 16:37:50 CET 2023 - eqsam4clim-v12-cams2: CPUt/step =   7780   0.102300E-04 - debug = no - box = yes - lmass = .FALSE. - lpH = .TRUE. - mode = SP
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Gas/Aerosol partitioning - Pye et al., 2020

 Tianjin: Mg-Ca-K-Na-HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 Cabauw : Mg-Ca-K-Na-HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 SOAS   :         Na-HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 CalNex :            HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O
 WINTER :            HCl/Cl-NH3/NH4-HNO3/NO3-H2SO4/HSO4/SO4-H2O

(b)

Figure 7. Comparison of the EQSAM4Clim pH results of v10 (panel a) and v12 (panel b) versus the pH results of E-AIM for all five cases.

The CPU consumption per step is included for each case. Chip: Apple M1 Ultra; Memory: 128 GB; llvm-11/flang compiler with O3.

Table 2. Statistical metrics for the pH results of EQSAM4Clim pH results of v12 (left) and E-AIM (right column).

Campaign Data Min Data Max Data Mean Std.-Dev. Bias Corr. Count

Cabauw 1.308 2.000 4.906 5.617 3.575 3.448 0.493 0.521 0.127 0.829 2646

Tianjin 2.171 1.921 3.270 4.565 2.838 2.743 0.250 0.389 0.095 0.595 241

SOAS -0.719 -0.908 2.622 1.909 0.988 0.763 0.640 0.534 0.225 0.564 787

CalNex 0.428 0.844 3.418 2.836 1.907 1.957 0.649 0.288 -0.05 0.731 493

WINTER -1.000 -0.996 3.609 3.472 0.934 1.019 0.936 0.831 -0.085 0.874 3613

To scrutinize the sensitivity and computational costs of these results, the results of two EQSAM4Clim versions including the

CPU consumption per step are given in the panels of Figure 7 for each case. Comparing the two EQSAM4Clim versions (left

and right panel) shows that the pH results differ mostly for the Cabauw, Tianjin and SOAS campaigns, which represent different230

aerosol compositions and neutralization levels as defined by where the measurement campaign took place. The Cabauw and

Tianjin campaigns represent the most complex aerosol system with SO4
2- being fully neutralized (Sect. 3), since both locations

are affected by anthropogenic precursors which undergo gas/aerosol partitioning. Conversely, data from the SOAS, Calnex and

the WINTER campaigns represent cases where SO4
2- is not fully neutralized. Especially, the measurements from CalNex and

the flight during the WINTER campaign represent often highly acidic cases.235

Additionally, comparing the different campaign cases shows that the variability in the observed pH ranges across campaigns

exceeds the variability in pH simulated by the different modeling code versions. For instance, the pH values are for the WIN-

TER campaign generally much lower compared to e.g., the Cabauw campaign, which shows throughout all results the highest

pH values, reflecting the predominance of cations in the aerosol system for the Cabauw case.

Table 2 summarizes the key metrics and shows for each campaign the minimum and maximum pH value, together with240

the data mean and standard deviation for EQSAM4Clim (v12) and E-AIM, as well as the correlation of both. While the data

13


