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Radiometric measurements were conducted across nine optically complex lakes representing a wide range of conditions, p
from Nohipalu Valgjarv (Chla = 1.6 pg/L, acpom(442) = 1.5 m~1, TSM = 1 mg/L) to highly eutrophic and strongly absorbing

lakes, with chlorophyll-a concentrations reaching up to 149 pg/land aCDOM(442) up to 54 m-1.

.

Table 1. Description of different study sites and the measurement conditions
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100 1 0.7 0.1 2.9

ortsjarv1 4335Through thin . 13.6 32.7

Four sets of both above-water and in-water radiometric measurement setups were used across these lakes.

1. OOSS is a handheld spectrometer system stabilized with a gimbal for performing measurements from a boat or

: cloud 2025-05-27
platform. Developed and built at DLR. o7l 4336Through thin  2025-05-27 100 3 0.9 01 88 195 6.4
. . . . . . .. cloud
2. L|manIS iIs an unmanned surface vehlclg (US.V.) for collect!ng hyperspectral in-situ qlqta N mlan.d Watgrs. It can be GIRSIETE I 4337Through thin - 2025-05-27 100 2.5 0.8 0.1 14  30.7 4
operated either remotely or autonomously, maintaining the configured measurement position and orientation. Developed e
and built at DLR. Sz 4338Fully covered 2025-05-27 100 1 0.7 0.05 16.8 32.2 3.2
3.  TriOS RAMSES above water set consisting of three sensors: L, (1) is the upwelling radiance from the water, L (1) is the 4342Through thin  2025-05-28 100 0 3.9 0 1 23 15
downwelling radiance from the sky, and E;(4) is the downwelling irradiance algjarv cloud
. , o . , , . 4343Partially 2025-05-28 100 2 0.4 0 3.6 28.1 54.3
4.  TriOS RAMSES in-water set consisting of two sensors: L, (A1) is the upwelling radiance from the water and E; (1) is the ovEe
downwelling irradiance. IELUC 4340Clear 2025-05-30 80 4 1.3 0.15 3.6 2.7 2.1
4339Clear 2025-05-30 40 3 2 0.05 28 94 4
The performance of the different setups, along with their associated interpolation schemes, was compared, and the kol e T = s 90 5 4.8 015 1.5 5.6 1.2
consistency between above-water and in-water radiometric measurements was assessed. 43472[‘;8;*‘3“ i PEe-UEe e £ e ¢ el s e
4345Through thin  2025-06-04 90 3 0.4 0.05 25 326 51.4
cloud
4346Through thin  2025-06-04 70 3 2.5 0.05 3.2 3.7 3.5
Measurement procedure and data analyses cloud
4349Through thin  2025-06-04 80 3 2.5 0 3.2 3.7 3.5
cloud

Both the OOSS and LimnoVIS measure upwelling radiance (L, (1)) of the water surface and a calibrated reflectance panel using
a single field spectrometer each. Each dataset consists of 30 single measurements. The water Lu is measured at viewing angles
of 30° and 40°, the panel at nadir. The dark background is subtracted from the measurements, and outliers are discarded to
calculate the mean water and panel Lu spectra.

The panel L, (1) spectrum is multiplied with 1t and divided by its calibrated reflectance spectrum to obtain the downwelling measureme ntS
irradiance (E;(4)). The water radiance reflectance for both viewing angles is then calculated by dividing the water L,, (1)
spectrum by the E; (1) spectrum. Finally, the remote-sensing reflectance, R(1), in units of sr*-1, is obtained by correcting the - - = .
water's radiance reflectance for sun and sky glint using the software WASI (Gege, 2024). ’ | ‘ :

Consistency of above- and in-water TRIOS RAMSES radiometric
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TriOS RAMSES above water measurements were recorded for at least 10 min at each station. The R,s(1) was calculated from the ﬂ& —a A A.

well-synchronized time series measured with the three above water TriOS-RAMSES hyperspectral radiometers. The data was S TR B o o

processed with HyperCP processor by applying Zhang et al., 2017 sky and sunglint correction. 300 sec ensemble intervals were ' o

used from one station measurements.

TriOS RAMSES in-water measurements were performed with L, (1) and E; (1) sensors. Vertical profiles were measured at fixed e U A_ " ||| == -
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depths, starting with a measurement above the water surface, followed by a measurement just below the water surface, and

Rrs()
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Above-water Rrs(A) / in-water Rrs(A)

then measurements at 0.5 m depth intervals (0.5, 1.0, 1.5 m, etc.) until there was no measurable signal any more. Five A T oS RASES e 1 T 1 ¥
measurements were performed at each depth. u

At each depth, median values for L, (z, 1) were derived (Figure 1, Figure 2) and used to extrapolate L, (z, 1) to sub-surface /\".’W\ Ay ] 4
L,(0—,4). L, (0—, 1) was converted to R,s(1) by applying the air-water transmission factor of 0.543 (Austin, 1974) and | ——— | | —— || T N— ﬁ{\«- e b
immersion factor; and dividing the Lu(0+, A) spectrum by the above water measured E;(A) spectrum.
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Figure 4. Ratios of above-water derived Rrs to below-water
measurements from profiles (R2 profile) or fixed depths (R2 below) at

Figure 3. Comparison of above-water-derived reflectance (Rrs_hyper)
with below-water measurements obtained from profiles (R2 profile) or .
at fixed depths (R2 below). each study site.

Comparison of above- and in-water TRiOS RAMSES radiometric measurements,
obtained either from
profiles or sub-surface measurements at fixed depth
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Figure 1. For highly absorbing (#4343, #4345) and highly eutrophic waters (#4347) only upper layer (0.4 and 0.6 m) is o
measurable. — o ——— P S [ ey s =
Linearity of log-transformed radiometric profile data with depth depends on the measurement conditions and wavelength. | e i it Rk A 0 i el 4 ' "
In addition to perturbations by deployment structure, the near-surface radiance distribution may be affected
by scattering, absorption, and wave-induced disturbances, as well as by inelastic processes such as Raman scattering
and chlorophyll-a fluorescence.
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T PO Measurements were performed under variable environmental conditions, resulting in variability in the derived R,s(1). Both below-water
%, .
e o measurements also show considerably lower values, potentially due to shading from the platform.
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Figure 2. The coefficient of determination for extrapolating of sub-surface values 0.00201
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* Measurements were performed under variable conditions. 0.0010 £
« The agreement between above-water and below-water measurements was better: TESRAMCES atoweter
i TriOS RAMSES fixed depth
« under moderate conditions: Chl <4 pg/L, TSM < 6 mg/L, acpom(440)< 2.1m"" Trfos e 'Xef_l i
. . ri profile
 when R,s(1) was derived from profile measurements. 0.0005 -
* Under highly absorbing and eutrophic conditions, the radiometers’ responsivity limits the possibility of profile measurements.
 Repeated measurements would increase confidence in the below-water measurements.
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