4. Data Quality Assessment
4.1 Introduction
The quality assessment of Crowd-Sourced Bathymetry (CSB) data is mainly based on the uncertainty evaluation of a CSB dataset and related metadata. 
The metadata associated with a dataset is the first manner to understand how a survey has been performed. This is why it is so important for CSB data collectors to provide as much information as possible about a dataset (see Data and Metadata section).
4.2 Uncertainty Evaluation
In a scientific context, “error” is the difference between the measured and the true value of the thing being measured. Unfortunately, it is usually impossible to directly, physically verify the true value, and therefore the actual error is unknown, and unknowable.  Instead, we can estimate the likely amount of error in the measurement, which is called the “uncertainty”, and report it with the measurement.  A quantified uncertainty is essential in understanding and qualifying a measurement for use.  For example, an estimate of the uncertainty of a depth measurement allows data users to determine the data’s suitability for a given purpose, and to apply appropriate processing techniques. Many different measurements are combined to create a depth estimate.  As a result, there are many potential sources for error and therefore uncertainty.  It is helpful to categories the different types of uncertainties that could affect these measurements, and then estimate their individual magnitudes, before combining them into a general estimate of uncertainty.  
For each source of uncertainty, the most common method for categorizing the uncertainty type is to estimate the precision (or variance) and accuracy (or bias) of observations.  All observations have the potential for both types of uncertainty, although any given observation might be dominated more by one or the other type (which can make estimation simpler).  Ideally, estimates of precision and accuracy would be tracked separately for each observation, until all sources of uncertainty are combined. Figures 8 and 9 show illustrative examples of precision and accuracy.  By preference, all depth observations would be both accurate and precise. However, for many reasons, depth measurements may be precise, but not accurate (speed of sound not well measured/estimated, offset not well taken into account). For example, if the speed of sound is assumed to be some fixed value, and is not actually measured, depth measurements will be offset from the true depth (i.e., of poor accuracy), even though consecutive measurements appear similar (i.e., of high precision).
Conversely, depth measurements may be accurate, but not precise (random variations in measurements).
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Figure 8. Effects of accuracy and precision (bias and variance) of measurements on the ability of a system to measure.
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Figure 9. Example of depth measurements, from the four quadrants of Figure 8.
Ultimately, it may be difficult to conduct a full analysis of the uncertainty for each observation.  So long as what was done is documented, however, any information provided is still valuable. 
The topic of uncertainty can become quite involved. This document provides a light introduction to the topic. IHO Special Publication S-44 (Standards for Hydrographic Surveys, 6th ed, 2020), IHO Publication C-13 (Manual on Hydrography, 2010), and the ISO Guide to Uncertainty in Measurements (ISO, 1995) contain additional background material, and may be consulted for further details.
4.3 Translating Uncertainty into Data Quality
Data quality can be estimated, when applicable, on the basis of the self-consistency assessment, and the peer-consistency assessment.
The self-consistency assessment of a dataset is performed on redundant measurements. In practice, this is often done by considering lines of soundings that cross each other. So when applicable, contributors can take attention to plan cross-lines in their survey (so that the Trusted Node can better assess the self-consistency).
The peer-consistency assessment of a dataset is performed on overlap areas with official data (often hosted in Hydrographic Offices databases). So when applicable, contributors can take attention to plan an overlap with a known reference surface close to their position (so that the Trusted Node can better assess the peer-consistency).	Comment by Rondeau, Mathieu: GM : A map showing all the official reference surfaces should be published on the DCDB web portal.
4.4 Data Quality Report
The data quality report is a feedback that may be provided in the form of a short and easy-to-read document to the contributor by the Trusted Node. The report shows to the contributor a resume of the quality of the contributed CSB data based on the metadata evaluation, self-consistency and peer-consistency assessments.
The following (Figure 10) is an example of what a data quality report could look like. It is based on a real contribution done by Aqqiumavvik society in Arviat, NU, Canada. The report shows an overall rating of the dataset (from 0 to 100%), the potential for use of the dataset, and a series of recommendations to help the contributor increase his potential next contribution.
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Figure 10. Data Quality Report example.
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