Uncertainty of in situ SPM concentration measurements
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The aim of the study is to assess the state of our understanding, to evaluate the confidence with
which SPM concentration can be measured, and to identify human impact in the data series. Direct
or indirect measurements of parameters are inherently associated with uncertainties (errors) due to
a lack of accuracy of the measuring instruments, inadequate precision of the observations, and the
statistical nature of the parameters. When using observations, understanding of the uncertainties is
needed, in order to avoid speculative statements. Uncertainty will become an important issue for
scientists and decision-makers in the future as they will be used to evaluate GES of the European
marine areas and to predict the impact of human activities. Uncertainty in measured data can
originate from different sources (Winter, 2007). Those that can be reduced by further study of the
system and improving our state of knowledge, and those that are considered unknowable such as
variability in the system beyond the existing time series, the chaotic nature of the system, and the
indeterminacy of human systems (Dessai and Hulme, 2003).

SPM concentration can be measured using optical or acoustic sensors. The voltage output of Optical
Backscatter Sensors (OBS) is converted to Formazine Technical Unit using solutions of formazine
and SPM concentration by calibration against filtered water samples. After conversion to decibels,
the backscattered acoustic signal strength (from an Acoustic Doppler Profiler) is corrected for
geometric spreading, water attenuation, sediment attenuation (Kim et al., 2004) and is calibrated
using the OBS-derived SPM concentration estimates (Fettweis, 2008). In general, acoustic
backscattering is affected by sediment type, size and composition (Thorne et al., 1991; Hamilton et
al., 1998; Bunt et al., 1999; Fugate and Friedrichs, 2002; Voulgaris and Meyers, 2004). OBS signals
have primarily been designed to be most sensitive to SPM concentration; size effects are an order of
magnitude lower than those of concentration, and flocculation effects are even smaller (Downing,
2006). Compared to optical devices, acoustic devices are more sensitive to coarser grain sizes and
thus produce better estimates of the mass concentration of the coarser granular fraction. Changes
in colour, size and density of the suspended sediments have been reported to influence the OBS
results by a factor 10 to 20 (Sutherland et al., 2000). The latter is especially disturbing when using
long-term time series of data of SPM concentration from OBS, as it is collected at a station near
Zeebrugge and in the Seine Estuary, and where changes in sediment composition during e.g. a
storm or fortnightly cycles have been reported (Baeye et al., 2011; Fettweis et al., 2012; Verney et
al., 2013). Therefore a careful analysis of existing calibration data, of LISST data, and of acoustic
and optical sensor data, has been carried out. Calibration of sensors (OBS and ADCP) is carried out
during 6 tidal cycle measurements in the Belgian nearshore area and the Seine Estuary using in situ
water samples. The analysis allows to evaluate calibration procedures of sensor output as a function
of e.g. seasonal changes in composition and thus on the uncertainty of long-term time series of SPM
concentration derived from acoustic and optical measurements of turbidity.
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