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Supplement. This supplement presents the development of an empirical factor to correct 

calculations of primary production for the spectral selectivity of absorption of scalar irradiance 

by phytoplankton in coastal water. 

 

Correction for spectral absorption and scalar irradiance 

 

Phytoplankton production in estuaries is typically measured by incubating phytoplankton 

samples in light gradient created by different thicknesses of neutral density screening, with either 

natural sunlight (Harding et al. 2002, Kimmerer et al. 2012) or an artificial lamp for a light 

source (Lorhenz et al. 1994, Bouman et al. 2010). With some exceptions (see e.g. Lorhenz et al. 

1992), no attempt has been made to match the spectrum of the light source to that in situ. The 

efficiency of light absorption by phytoplankton, however, depends on the pigment composition 

and the spectral composition of the in situ light field (Morel 1978). The mismatch between the 

spectral composition of the light source used to measure photosynthesis and the in situ spectrum 

can cause bias in calculated rates of photosynthesis (Schofield et al. 1991). Additionally, 

phytoplankton absorb light from all directions (Kirk 2011). A correction procedure was derived 

to account for the spectral selectivity of light absorption by phytoplankton and the geometry of 

the underwater light field. Due to the high concentrations of terrigenous suspended sediment in 

the Rhode River (Gallegos et al. 1990), previously derived solutions to account for the angular 

and spectral effects in oceanic waters (Sathyendranath & Platt 1989) were not attempted in this 

system and an empirical approach was adopted instead. Absorption and scattering spectra were 

measured at approximately weekly intervals at 3 stations on the Rhode River (0.0, 3.8, and 

4.3 km, Fig. 1 in main paper) from August 1999 through December 2000 (Gallegos & Neale 

2002). Eight measurements from each station that were made within 3 d of photosynthesis-

irradiance (P-E) measurements were used to parameterize the radiative transfer program 

Hydrolight (Mobley 1994). Average backscattering ratios determined less frequently for the 3 

stations were 0.017, 0.015, and 0.013 for stations 0.0, 3.8, and 4.3, respectively. Hydrolight 5.0 

was used to simulate in situ quantum scalar irradiance spectra at 5 nm intervals and 10 depth 

intervals through the water column at 1-h intervals from sunrise to noon. A symmetric decrease 

was assumed for the afternoon hours.  
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The measured value of the initial slope of the P-E curve, 
B
, was corrected for the absorption 

by phytoplankton of the incubation light source relative to the in situ spectrum by a factor 

calculated as:  
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where  = wavelength of light, the A and L subscripts on 
B
 denote in situ corrected and 

laboratory, respectively, a
*
( ) = the chlorophyll-specific light absorption spectrum of 

phytoplankton (Gallegos & Neale 2002), QL( ) = the relative spectrum of the laboratory 

incubation light source in quantum units (normalized to a maximum of 1), and QA( ) = the 

relative in situ spectral quantum scalar flux calculated by Hydrolight, and normalized to have the 

same integral over wavelength as QL( ). For calculation of A
B
 in Eq. (S1), the QA( ) spectrum 

determined for 0800 h at the deepest depth for the station was used to ensure that the irradiance 

was low enough to be in the linear range. The spectrum of the light source was measured using 

an Ocean Optics USB-2000 spectrometer calibrated against the LS-1Cal light source, and 

converted to quantum units by applying Planck's equation (Atlas & Bannister 1980). 

The spectrally averaged realized in situ light utilization efficiency m, was then calculated as 

(Sathyendranath & Platt 1989):  
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where the angle brackets denote average over wavelength. The depth profile of production, 

P(z,t), in terms of quanta absorbed for each hour of the day was then calculated: 
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Eq. (S3) was numerically integrated by the trapezoidal rule over wavelength (  = 5 nm), depth 

(15 intervals) and time ( t = 1 h) to calculate spectrally resolved daily production for comparison 

with and correction of the non-spectral calculation given by Eq. (7) in the main paper. From 

comparison of spectral with non-spectral calculations, a multiplicative correction factor, S(ZOD), 

was derived that was a function of optical depth (ZOD = Kd  H). This factor, which was 

generally <1 (see below), was applied to the right hand side of Eq. (7, main paper) to give the 

final estimate of daily production. Six additional Hydrolight simulations and spectral 

photosynthesis calculations were used for used to independently evaluate the S(ZOD) correction 

factor. 
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RESULTS 

 

The non-spectral calculation of daily production, PH,T, according to Eq. (7, main paper) 

consistently overestimated the spectral calculation by about 28% (Fig. S1A, squares). The exact 

fraction, calculated as (Non-spectral—Spectral)/Spectral, varied significantly (R
2
 = 0.59, p < 

10
–4

, n = 22) with optical depth of the water column (Fig. S1B), leading to a spectral correction 

factor given by: 
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Application of the spectral correction factor effectively removed the bias in the non-spectral 

calculation (Fig. S1A, solid circles). The 6 simulations not used in the development of S(ZOD) 

exhibited similar distribution about the reference line as those used in the development 

(Fig. S1A, open circles). 

 

 

DISCUSSION 

 

Calculation of photosynthesis profiles by non-spectral procedures potentially underestimates 

light absorption by phytoplankton due to the use of 2  downwelling irradiance in place of 4  

scalar irradiance, and overestimates absorption due to the use of PAR in an energy field with 

predominately green wavelengths in the underwater irradiance spectrum. In the Rhode River, the 

spectral effects always dominated over geometric effects, as seen by the tendency of non-spectral 

calculations to always overestimate the spectral calculations (Fig. S1). In oceanic waters, the 

corrections for the geometry and spectrum of the light field tend to be in the same direction. That 

is, use of 2  irradiance and non-spectral calculations both underestimate in situ photosynthesis in 

oceanic waters, due to the spectral peak in irradiance at about 490 nm coinciding more closely 

with the chlorophyll absorption peak at 435 nm (Sathyendranath & Platt 1989, Schofield et al. 

1991). The empirical correction factor derived here, which depended on optical depth, 

effectively corrected for the bias (Fig. S1A), but accounted for relatively little of the variance in 

PHT (Fig. 9A in main paper). A consistent overestimation averaging 28% is, however, 

noteworthy and worth eliminating from the estimates. The result may be typical for shallow, 

turbid, green waters, but the extent of such bias in estimates from other systems is unknown. The 

particular correction derived here should not be applied indiscriminately elsewhere due to its 

empirical derivation. The empirical approach may be used in any waters optically too complex 

for an analytical approach such as that by Sathyendranath & Platt (1989). 
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Fig. S1. (A) Daily primary production calculated from measurements of phytoplankton biomass and photosynthetic 

parameters using downwelling photosynthetically active radiation (PAR, 400–700 nm) against that calculated by 

absorption of scalar spectral photon flux density (open squares), and values corrected by empirical correction factor 

derived from linear fit in (B) (filled circles); corrected values applied to 6 additional measurements not used in 

derivation of the correction factor (open circles). Profiles of spectral scalar photon flux densities were simulated by 

the Hydrolight 5.0 radiative transfer program. (B) Fractional overestimate of daily production in (A) as a function of 

the dimensionless optical depth of the water column, ZOD = Kd  H, Kd = diffuse attenuation coefficient, H = water 

column depth (open squares). Line is least squares linear fit, y = 0.0647x – 0.0307. Fractional overestimate 

calculated as (Non-spectral—spectral)/spectral 

 

 


