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Solved forms of sulfuric acid proxies (Eqgs. 1-4):

Proxy 1:

cs cs \2  [so
[H2SO04]proxy = + \/( ) + [km:/l] (krap RAD + ke [03]1[MT])

2kpim 2Kpim

Proxy 2:

cs cs \2 . [so
[H2SO04]proxy = + \[( ) +L D.;] krapRAD

2kpim 2kpim k

Proxy 3:

[H2504Joroxy = S0l (kapRAD + ko [031IMT])

Proxy 4:

[S0,]
[HZSO4]proxy = C_SZkRADRAD

Proxy 5:

K k 2 [so
[H2504Jprony = — CSCS+J( S+ 522 (kupRAD + ki [05]IMTI).

2kpim 2kpim kpi
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Figure S1: Autocorrelation in the measured predictor variables of the proxies. Autocorrelation is

Lag (data points)

calculated with the autocorr function of MATLAB.
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Figure S2: Partial autocorrelation in the measured predictor variables of the proxies. Partial
autocorrelation is calculated with the parcorr function of MATLAB.

30



@ 25 . . r ®) 257 r r : . . r ©

20 20

15 15

10 10

5 5

0 0 0

6.02 6.025 6.03 6.035 5.689 5.69 5.691 5.692 5.693 5.694 5.695 4.34 4.345 4.35 4.355 4.36 4.365

2 a1 o1 -6 6 -1 -29 3 -1 -9

Kapp (M™ W7 s™) x10 ko (cm®s™) %10 kopg (em™s™) %10

Figure S3: Distribution of fitting coefficients from 75 fits associated with the lowest loss
function values among the 100 refits for proxy 1 with UVB radiation.
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Figure S4: Distribution of fitting coefficients from 75 fits associated with the lowest loss
function values among the 100 refits for proxy 1 with global radiation.
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Figure S5: Distribution of fitting coefficients from 75 fits associated with the lowest loss
function values among the 100 refits for proxy 2 with UVB radiation.
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Figure S6: Distribution of fitting coefficients from 75 fits associated with the lowest loss
function values among the 100 refits for proxy 2 with global radiation.
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Figure S7: Distribution of fitting coefficients from 75 fits associated with the lowest loss
function values among the 100 refits for proxy 3 with UVB radiation.

30

20

0 0
2077 2078 2079 208 2081 2082 4758 476 4762 4764 4766 4.768

-1 - -9 6 -1 -29
kRAD(m2W1s1) x10 ko (cm”s™) x10

Figure S8: Distribution of fitting coefficients from 75 fits associated with the lowest loss
function values among the 100 refits for proxy 3 with global radiation.
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Figure S9: Distribution of fitting coefficients from 75 fits associated with the lowest loss
function values among the 100 refits for proxy 4 with (a) UVB and (b) global radiation.
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Figure S10: Surface plots of the minimized fitting function (sum of squared logarithm of the
ratio between proxy values and measured sulfuric acid concentration; color) in relation to
fitting coefficient values for UVB radiation-derived proxies: (a)—(c) proxy 1, (d) proxy 2, (e) proxy
3, and (f) proxy 4. For proxy 1, one of the fitting coefficients was held constant (value given by
Table 1) in order to vary the two other coefficients. In (a) krap Was constant, in (b) ksci, and in (c)
Koim.
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Figure S11: Surface plots of the minimized fitting function (sum of squared logarithm of the
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Figure S12: Fitting coefficients from 500 block bootstrap resamples colored with the loss

function values for proxy 1 using the training dataset. (a) and (b) derived with UVB radiation,
and (c) and (d) with global radiation.
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Figure S13: Fitting coefficients from 500 block bootstrap resamples colored with the loss

function values for proxy 2 using the training dataset. (a) derived with UVB radiation and (b)
with global radiation.
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Figure S14: Fitting coefficients from 500 block bootstrap resamples colored with the loss
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Figure S15: Fitting coefficients from 500 block bootstrap resamples colored with the loss
function values for proxy 4 using the training dataset. (a) derived with UVB radiation and (b)

with global radiation.
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Figure S16: Sulfuric acid proxies using global radiation. (a) proxy 1, (b) proxy 2, (c) proxy 3, and
(d) proxy 4. We applied radiation limits to proxies 2 and 4 (colored markers). Without radiation
limits (gray markers), the R? values were -0.13 and -0.64, and the fitted lines were y=2.-103x%4’

and y=7-10°x'® for proxy 2 and proxy 4, respectively (fitted lines for all data not shown).
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Figure S17: Residuals as a function of utilized fitting parameters for proxy 1 derived with UVB
radiation.
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Figure S18: Sulfuric acid proxies with test dataset using global radiation. (a) proxy 1, (b) proxy 2,

(c) proxy 3, and (d) proxy 4. We applied radiation limits for proxies 2 and 4 (colored markers).

Without the radiation limits (gray markers), the R? values were -0.21 and -0.66, and the fitted

lines were y=7-103x1* and y=1-10"°x' for proxy 2 and proxy 4, respectively (fitted lines for all

data not shown).
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Figure S19: Hourly-averaged diurnal variation in sulfuric acid concentration in the test dataset,
applying different proxies with (a) UVB and (b) global radiation. Bars indicate the 25" and 75%
percentiles of the data. Petdja refers to the sulfuric acid proxy by Pet&jé et al. (2009), and
Mikkonen to the sulfuric acid proxy by Mikkonen et al. (2011). Notice that due to the time

resolution of monoterpene measurements, we have data points only every third hour.
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Figure S20: Sulfuric acid proxy corrected for hygroscopic growth by Dada et al. (2020) using the
test dataset.
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Figure S21: Hourly-averaged diurnal variation of sulfuric acid concentration of the test dataset,
using proxy 1 with UVB and global radiation, as well as the proxy corrected for hygroscopic

growth by Dada et al. (2020). For further details, see Fig. S19.



Table S1: Performance metrics of the test dataset. SEM/"PZIzSOz,meas is standard error of mean
(SEM) of mean squared error (MSE) of each proxy across the 12 test data segments, divided by
variance of the measured sulfuric acid concentration (“ﬁzsoz,meas ). The MSE (25"-75") column
shows the median MSE for each proxy across the test dataset segments, with the 251" and 75t
percentiles in parenthesis. For proxies 2 and 4, values without the radiation limit are presented
after the slash.

SEM/0t 150,00 MSE (25t-75t")

Proxyl  0.09 0.24 (0.13-0.42)
©  Proxy2  0.08/0.09 0.25(0.15-0.31) / 0.88 (0.62-0.94)
o Proxy 3 0.12 0.23 (0.12-0.50)

Proxy4  0.10/0.14 0.30 (0.21-0.35) / 1.22 (0.99-1.44)
< Proxyl  0.09 0.22 (0.11-0.40)
€ Proxy2  007/0.11 0.22 (0.09-0.29) / 0.50 (0.46-0.68)
S Proxy3 011 0.22 (0.12-0.45)
©  Proxy4  0.08/0.5 0.25 (0.16-0.34) / 0.72 (0.58-0.94)

Table S2: Pairwise comparison of performance of the proxies, based on MSE, across the 12 test
data segments for (a) UVB and (b) global radiation. Each entry is read from row to column and
indicates how many of the 12 segments the row proxy performed better (i.e., had lower MSE)
than the column proxy. For proxies 2 and 4, values before the slash correspond to the version
with the radiation limit, and values after the slash correspond to the version without the
radiation limit.

(@) Proxy 2 Proxy 3 Proxy4 (b) Proxy 2 Proxy 3 Proxy4
Proxyl 7/11 6 8/12 Proxyl 3/10 8 7/10
Proxy 2 5/1 9/12 Proxy 2 7/1 8/11
Proxy 3 9/11 Proxy 3 7/11

Table S3: Fitting coefficients and coefficients of determination (R?) of different proxies (Egs. 1—-
4) for data fitted seasonally, using both UVB and global radiation. Values for proxies 2 and 4 are

determined using the radiation limit.



krap (M?W1s1) ks (-:102°cm®st) kom(-10°cmis?)  R?
Spring 5.053-10° 8.803 1.498 0.53
Q Summer 451110 6.410 4.441 0.48
;‘ Autumn 19.72:10° 5.670 8.076 0.56
Winter 34.72:10°° 10.50 78.77 0.54
Spring 10.15.10°¢ - 3.251 0.51
©  Summer 65.93-10°¢ - 0.100 0.33
;* Autumn 8.807-10°® - 16.44 0.41
Winter 5.838:10°° - 1.130 0.60
Spring 2.750-10°® 8.244 - 0.49
Q Summer 1.902-10°® 6.101 - 0.45
;3_‘ Autumn 1.997-10°® 2.976 - 0.45
Winter 3.153.10°® 4,741 - 0.45
Spring 4.808:106 - - 0.37
QD Summer 5.415-10% - - -0.26
83: Autumn 3.132:10°® - - 0.17
Winter 3.132:10° - - 0.52
Spring 4.025.10° 8.274 1.778 0.53
g Summer 4.682.10° 5.467 4.817 0.49
%_ Autumn 12.69:10° 3.904 60.73 0.59
& Winter 14.74.10°° 8.242 58.32 0.57
Spring 6.478.10° - 2.586 0.55
g Summer 18.03.10° - 27.64 0.39
%_ Autumn 6.341.10° - 14.41 0.46
& Winter 3.647-10° - 1.801 0.64
Spring 2.088:10° 7.778 - 0.49
E Summer 2.011.10° 5.457 - 0.45
S Autumn  168810° 2.675 - 0.47
©  Winter 1.801-10° 4.481 - 0.47
Spring 3.582.10° - - 0.42
é Summer 4.152:10° - - 0.09
8 Autumn 2.159-10°° - - 0.22
& Winter 2.21510°° - - 0.59
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Figure S22: Proxy 1 using global radiation divided seasonally: (a) spring, (b) summer, (c) autumn,

and (d) winter.
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Figure S23: Proxy 2 using UVB radiation divided seasonally: (a) spring, (b) summer, (c) autumn,

and (d) winter. We applied radiation limits for the data (colored markers). Without the

radiation limits (gray markers), the R? values were 0.34, 0.29, 0.42, and 0.40 and fitted lines

y=4-10"5x19, y=3.102x12°, y=6-10"%x197, and y=2-10°x?% for spring, summer, autumn, and

winter, respectively (fitted lines for all data not shown).



] 8
10 0 10°F

(@) All data All data
Rad. lim. Rad. lim.
— 1 — 11
108 || ——Fit 106 || ——Fit
10* 10§
R 2 R2=0.54 2 R2=0.35
'E 10 : 0.54 o r 3 0.56
5] y=400.98x" y=309.32x"
(6]
5 102 104 108 108 102 10* 108 108
£
>
x
&
<t 8 8
o) 10 101
an(C) All data (d) All data
T Rad. lim. Rad. lim.
= — 1 — 11
108 f | ——Fit 108 | |——Fit
10* 10%
2_
102 R?=0.38 e 107}
y=503.23x"
102 10* 108 108 31 0?
[H2804]meas_ (molec cm™)

Figure S24: Proxy 2 using global radiation divided seasonally: (a) spring, (b) summer, (c) autumn,
and (d) winter. We applied radiation limits for the data (colored markers). Without the
radiation limits (gray markers), the R? values were 0.34, 0.30, 0.45, and 0.42 and fitted lines
y=3-10"%17°, y=3.10"2x124, y=6.10"x1°°, and y=5-10"°x*"7 for spring, summer, autumn, and
winter, respectively (fitted lines for all data not shown).
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Figure S25: Proxy 3 using UVB radiation divided seasonally: (a) spring, (b) summer, (c) autumn,
and (d) winter.
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Figure S26: Proxy 3 using global radiation divided seasonally: (a) spring, (b) summer, (c) autumn,
and (d) winter.
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Figure S27: Proxy 4 using UVB radiation divided seasonally: (a) spring, (b) summer, (c) autumn,
and (d) winter. We applied radiation limits for the data (colored markers). Without the
radiation limits (gray markers), the R? values were 0.37, 0.28, 0.45, and 0.41 and fitted lines
y=7-10"°x238, y=6.10"12x>, y=7.10°x>%3, and y=2-10""x?8 for spring, summer, autumn, and
winter, respectively (fitted lines for all data not shown).
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Figure S28: Proxy 4 using global radiation divided seasonally: (a) spring, (b) summer, (c) autumn,
and (d) winter. We applied radiation limits for the data (colored markers). Without the
radiation limits (gray markers), the R? values were 0.37, 0.29, 0.48, and 0.44 and fitted lines
y=1.10""x>17, y=3.108x230, y=8.10""x>13, and y=3-10x'* for spring, summer, autumn, and

winter, respectively.
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Figure S29: Hourly averaged diurnal variation of sulfuric acid concentration applying different

proxies with UVB radiation in (a) spring, (b) summer, (c) autumn, and (d) winter. For further

details, see Fig. S19.
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Figure S30: Hourly averaged diurnal variation of sulfuric acid concentration applying different
proxies with global radiation in (a) spring, (b) summer, (c) autumn, and (d) winter. For further

details, see Fig. S19.
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