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Text S1. Fraction of photons absorbed by CDOM in the water column

The fraction of photons absorbed by CDOM, Q. cpom()) (mol photons m2 d!), in the
euphotic zone at each station is calculated according to Equation S1:

Qa,cpom(A) = Q(0,2) X R X F(A) (S1)
where Q(0,1) (mol photons m d'!) is the monthly-averaged daily solar photon flux at the
sea surface under clear-sky condition in the wavelength range of 290-600 nm over the PRE
(22.5 °N) derived from the SMARTS2 model in January 2016;! R is the combination of
two correction factors for light reflection by cloud (0.8) and at the air-water interface
(0.93),3 and F(}) is the fraction of photons absorbed by CDOM at wavelength A (nm). The
wavelength-integrated Qacpom(A) in UVB (290-320 nm), UVA (320400 nm) and VIS
(400-600 nm) (Quvs, Quva, and Qvis) are then calculated for estimating the relative
contributions of UVB, UVA and VIS to PT in main text Equation 2.

F(L), in the euphotic zone was calculated using the following equation:

F(A) = acpom(A) (S2)

acpom(D)+ap)+ay(d)

where ap(A) (m!) and aw(X) (m™) denote the absorption coefficients of particles and pure
water,*> respectively. ap()) was estimated from the suspended particulate matter (SPM)
concentrations determined at the CDOM sampling stations in January 2016 (Sta. MO1: 22.6
mg L!; M08: 50.9 mg L!; Sta. M10: 5.60 mg L)% and the linear relationships between
ap(A) and SPM (Figure S4A) established from the July 2013 data reported by Wang et al.
(2014)’, assuming negligible seasonal and interannual variabilities in the established ap())-
SPM relationships. The calculated ap(A) at Sta. MOI, M08 and MI10 decreases
exponentially with increasing wavelength, following the function of y = a x ® + ¢ (R? >
0.995) (Figure S4B). Wang et al.’s ap(1) data were limited to the wavelength range of 350—
600 nm’. ap(A) values from 290 to 349 nm were extrapolated from the regressed equation

(Figure S4B).

Text S2. Modelling depth-resolved VIS-induced photoproduction of protein-like
FDOM and CO: in the water column

As CO; is the dominant product of DOC photomineralization,®!° CO>

photoproduction is quantitatively equivalent to DOC photomineralization. The depth-



resolved monthly photoproduction rates of protein-like FDOM and CO; in January 2016

(sampling season in this study) are estimated for the shelf Sta. M10 using Equation S3:

P = AQY(VIS) x [)) Q(2,4) X acpom ()dA (S3)

P denotes the photoproduction rate of protein-like FDOM (Pprpom: R.U. L' d'!) or CO»
(Pcoz: umol L d1), AQY(VIS) the broadband AQY(VIS) of protein-like FDOM
photoproduction (AQYprrpom(VIS)) or DOC photomineralization (AQYpoc(VIS)), and
O(z,\) the spectral scalar photon flux at depth z (m) (mol photons m d'!'), which is ~1.3
times the corresponding downwelling photon flux (Qa(z,A)) (Gordon 1989), which is
computed as follows:

Qu(z,1) = Qa(0,1)xexp(-Ka(h)xz) (S4)
04(0,1) is Qd(z,A) at the air-sea interface (z = 0 m), approximately equal to Q(0,A) in
Equation S1, and K4(}) is the diffusive attenuation coefficient (m™') estimated according
to Morel (1974)'! and Vodacek et al.(1994)!2. Vertical homogeneity is assumed for
AQY(VIS), acpom(A) and K4(A), and no wavelength-dependence for AQY(VIS). The

vertical profiles of the monthly Pprpom and Pcoz are shown in Figure S5.
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Figure S1. Measured spectral irradiances of the solar simulator for three light treatments: no
extra light screening (i.e., full spectrum, FS), screened by the Mylar-D filter (UVB excluded),
and screened by the UF-5 Plexiglas filter (both UVA and UVB excluded). Also shown is the

monthly-averaged clear-sky noontime solar irradiance spectrum in January 2016 at 22.5°N
derived from the SMARTS2 model.!*
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Figure S2. Plots of C2 versus C1 (A) and C4 versus C3 (B). The straight lines are the
linear-regression lines, with the mathematical forms of C2 = 1.451C1-0.117, R? = 0.992,
p <0.01; C4=1.132C3 - 0.00004, R> = 0.973, p < 0.05.
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Figure S3. a; (A) and percent of light absorbed by a sample (B) in the irradiation vessel as
a function of wavelength for the original water samples. In panel A, a; is the sum of the
absorption coefficient of CDOM and pure water.*> Based on Hu et al. (2002)'3, we define
the system as being optically thin when a; x L< 0.1 (L is the light pathlength) and not
optically thin when at x L>0.1. As the height of the quartz vessels (i.e., L) was 0.13 m,
significant self-shading existed when at and the light absorption exceeded 0.77 m™! and 9.5%
(black dashed lines in panels A and B), respectively. Self-shading was significant at
wavelengths < 428 nm for the M01 sample, < 336 nm for the M08 sample and < 296 nm

for the M10 sample. Self-shading should have decreased during irradiation due to CDOM
photobleaching.



100
SPM (mg L)
60 - - .
\ (B)
a0l
é 0 \\
~ \
~ \
2 20
S S
0 M - N
300 400 500 600
Wavelength (nm)
0.5 : r
—— M01 ©
0.4} — MO8 .
~ 0.3 M10

FO\

300 400 500 600
Wavelength (nm)

Figure S4. Typical absorption coefficients of particles versus SPM concentration based on
samples collected in July 20137 (A); the retrieved absorption spectra of particles (B); and
the calculated fraction of photons absorbed by CDOM (C) at Sta. M01, M08 and M10 in
January 2016. In panel B: the dashed lines are the extrapolated values based on the
regressed equations of ap()) versus wavelength: ap(L) = 619.1 x e“0-0119%) _ 0.416 (MO1);
ap(X) = 2250 x 001299 _ (0.895 (MO8); ap(L) = 1927 x (001137 _ (0,175 (M10). In panel
C: F(M) denotes the fraction of photons absorbed by CDOM within the wavelength range
0f 290-600 nm.
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Figure S5. Modelled VIS-induced monthly photoproduction of protein-like FDOM (A)
and CO; (B) in the water column in January 2016. The dashed horizontal line indicates the
1% UVA penetration depth (1.4 m).



Table S1. The input conditions for modelling the surface solar irradiance at 22.5°N in

January 2016 over the PRE.

Card ID Input Remark

Card 1 PRE201601 Title for current modelling

Card 2 1 Pressure of the site

Card 2a 1013.25,0,0 Pressure, altitude, height

Card 3 1 Proper default atmosphere

Card 3a STW Sub-tropical winter

Card 4 1 Default value for water vapor

Card 5 1 Default value for zone abundance

Card 6 1 Default values for all other gas abundances

Card 7 408 CO; concentration

Card 7a 0 Synthetic spectrum recently proposed'

Card 8 S&F MARIT  Aerosol model

Card 9 0 Turbidity selection

Card 9a 0.084 Turbidity coefficient

Card 10 2 Zonal albedo, 2 denotes water or calm ocean

Card 10b 0 No correction for titled surface calculations
280 and 700 are the minimum, maximum of the

Card 11 280, 700, 1.034, spectral range in nm, 1.034 is the correction factor of

1367.0 true sun-earth distance in January, 1367.0 is the

selected solar constant (W/m?)

Card 12 2 Spectral results are printed to file 17

Card 122 280, 700, 1.0 280, 700 and 1.0 are the minimum, maximum and
interval of the output solar spectrum in nm

Card 12b 5 Number of variables to print

Card 12¢ 2,8,9,12,38  Selected output variables

Card 13 0 No calculation of circumsolar radiation
They are the slope angle, half aperture angle and

Card 13a 0,0,0 limit angle and limit angle of the simulated
radiometer (we chose default values here)

Card 14 0 No scanning/smoothing virtual filter of the
postprocessor

Card 15 0 No illurpinance, luminous efficacy and PAR
calculations

Card 16 0 No special UV calculation

Card 17 3 Inputs are year, month, day, hour, latitude, longitude
and zone

Card 17a 22(;156: 11 i 31 .55” %’ One example of above parameters (Card 17)
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Table S2. p values of one-tailed t-tests for comparing the irradiated sample and the
parallel dark control under FS, UVA+VIS and VIS.

MO1 MOS8 M10
DOC
FS <0.01 <0.01 <0.01
UVA+VIS <0.01 <0.01 <0.05
VIS <0.01 <0.01 <0.05
acpom(330)
FS <0.01 <0.01 <0.01
UVA+VIS <0.01 <0.05 <0.05
VIS <0.05 >0.05 >0.05
Cp
FS <0.01 <0.01 <0.05
UVA+VIS <0.01 <0.01 <0.05
VIS <0.01 <0.01 <0.05
Cu
FS <0.01 <0.01 <0.01
UVA+VIS <0.01 <0.01 <0.05
VIS <0.05 >0.05 >(0.05
a*cpom(254)
FS <0.01 <0.01 <0.01
UVA+VIS <0.01 <0.05 >0.05
VIS <0.01 <0.05 > (.05
$275-295
FS <0.01 <0.01 <0.01
UVA+VIS <0.05 <0.01 <0.05
VIS >(0.05 >0.05 <0.05
$300-600
FS <0.01 <0.01 <0.01
UVA+VIS <0.01 <0.01 <0.05
VIS <0.01 <0.05 <0.05
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Table S3. p values of two-tailed t-tests for comparing samples irradiated under FS,
UVA+VIS and VIS.

MO1 vs M08 MO8 vs M10 MO1 vs M10
DOC
FS <0.01 >0.05 <0.01
UVA+VIS <0.01 >0.05 <0.01
VIS > 0.05 > 0.05 > 0.05
acpom(330)
FS <0.01 <0.05 <0.01
UVA+VIS <0.01 <0.05 <0.01
VIS > 0.05 > 0.05 > 0.05
Cp
FS <0.01 <0.01 <0.01
UVA+VIS <0.01 >0.05 <0.01
VIS <0.01 <0.01 <0.01
Cu
FS <0.01 <0.01 <0.01
UVA+VIS <0.01 <0.05 <0.01
VIS >0.05 >0.05 >0.05
a*cpom(254)
FS <0.01 >0.05 <0.01
UVA+VIS <0.05 >0.05 <0.01
VIS >0.05 >0.05 <0.05
8275295
FS <0.01 >0.05 <0.05
UVA+VIS <0.05 >0.05 >0.05
VIS <0.05 <0.05 <0.05
$300-600
FS <0.01 <0.01 <0.01
UVA+VIS >0.05 <0.05 <0.05
VIS >0.05 >0.05 >0.05
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Table S4. p values of two-tailed t-tests for comparing samples irradiated under FS, UVA

and VIS.
Light treatment MO1 vs MO8 MOS8 vs M10 MO1 vs M10
AQYpoc
FS >0.05 >0.05 >0.05
UVA <0.05 >0.05 >0.05
VIS >0.05 >0.05 >(0.05
AQYcpom
FS >0.05 >0.05 >0.05
UVA >0.05 >0.05 >0.05
VIS >0.05 >0.05 >(0.05
AQYrrpom
FS <0.05 <0.01 <0.01
UVA <0.01 >0.05 <0.01
VIS <0.01 <0.05 <0.01
AQYHrpoMm
FS >0.05 <0.05 <0.01
UVA >0.05 >0.05 <0.01
VIS >0.05 >0.05 >(0.05
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