






IHR VOL. 32 · Nº 1 — MAY 2026 49

SATELLITE-DERIVED BATHYMETRY AND CHS ITERATIVE PROCESS

https://doi.org/10.58440/ihr-32-1-a02

Fig. 9 Comparison of Rankin Inlet SDB results for the two iterations of SDB, mission planning and updated SDB. Top row is for the northern AOI, middle row is for the original 

central AOI, bottom row is for southern AOI. (a) Iteration 1 (I1) mission planning SDB for north AOI. (b) Iteration 2 (I2) updated SDB for north AOI. (c) difference between the two 

SDB surfaces for north AOI. (d) Iteration 1 (I1) mission planning SDB for central AOI. (e) Iteration 2 (I2) updated SDB for central AOI. (f) difference between the two SDB surfaces 

for central AOI. (g) Iteration 1 (I1) mission planning SDB for south AOI. (h) Iteration 2 (I2) updated SDB for south AOI. (i) difference between the two SDB surfaces for south AOI.
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in situ depth measurements, and uncertainty as the 
spatially varying confidence across the SDB surface 
(ISO, 2008). A key challenge in SDB and its evalua-
tion is that, unlike traditional survey techniques, such 
as multibeam echosounders (MBES), single beam 
echosounders (SBES), or LiDAR, SDB lacks a prede-
fined precision or quantified system of confidence. In 
contrast to SDB, engineered surveying systems are 
defined by established performance specifications 
that characterize system precision and expected 
accuracy prior to deployment, typically in the dec-
imeter range for MBES (Ernstsen et al., 2006) and 
LiDAR (Pan et al., 2015) systems in shallow water. 
This distinction is critical when assessing SDB uncer-
tainty. Although accuracy can be evaluated through 
validation against in situ measurements, the absence 
of a defined precision prevents reliable quantification 

of measurement repeatability under identical condi-
tions (Taylor, 1997). Nevertheless, the application of 
a consistent and systematic processing workflow can 
enhance output stability and support a limited degree 
of repeatability in derived products.

The accuracy assessment is based on a statis-
tical analysis of the differences between a source 
of water depth - preferably in situ depth measure-
ments and corresponding SDB estimates. Empirical 
SDB methods rely on the Beer–Lambert Law, which 
describes the exponential attenuation of light within 
an absorbing medium, resulting in decreasing wa-
ter-leaving radiance with increasing depth (Mobley, 
1994). Although additional factors influence perfor-
mance and accuracy, this physical relationship es-
tablishes an inherent depth-dependent limitation, 
with accuracy generally decreasing as water depth 
increases (Chénier et al., 2018; Duan et al., 2022; 
Knudby & Richardson, 2023). Consequently, 
depth-stratified accuracy evaluation is essential to 
identify the depth ranges over which SDB provides 
reliable estimates and to delineate outputs suitable 
for retention or exclusion. In Canadian waters, SDB 
typically does not exceed depths of about 15 m, and 
in some regions the effective range is limited to only 
a few meters. In certain environments, SDB may be 
impractical altogether due to insufficient light pene-
tration or site complexity that precludes a stable rela-
tionship between depth and spectral response.

The principal limitation in characterizing uncertainty 
in SDB is the lack of sufficient information to assess 
product quality across the full range of values. This 
limitation, combined with the lack of well-defined 
system precision, limits the ability to robustly quan-
tify SDB uncertainty and reduces confidence in the 
resulting datasets. Because accuracy cannot be 
assessed for every image pixel, some level of un-
certainty is inherent in most SDB products. This 
is especially true in areas where neighboring pixels 
show steep spectral transitions and high variability, 
such as the contrast between high albedo white 
sand and adjacent dark benthic substrates. Although 
statistical accuracy metrics derived from validation 
points provide a useful global indicator of SDB per-
formance, they do not describe spatially explicit un-
certainty and therefore cannot represent the spatially 
varying uncertainty required to evaluate compliance 

Depth interval (m)

CHS only CHS and CSB

Mean 
error RMSE Absolute 

error P95

Count of 
test survey 

points

Mean 
error RMSE Absolute 

error P95

Count of 
test survey 

points

[0,5] -0.13 0.62 1.23 12,190 -0.13 0.64 1.30 13,080

[5,10] -0.05 0.72 1.53 14,888 -0.09 0.84 1.85 15,699

[10,15] 0.15 0.80 1.62 13,077 0.21 0.95 1.98 13,963

Overall -0.01 0.72 1.49 40,155 -0.01 0.82 1.74 42,742

Table 2 Comparison of SDB model error and count of survey test points by depth interval before (CHS only) and after (CHS and CSB) the addition of CSB data for Rankin 

Inlet.

Fig. 10 Comparison of error distribution for mission planning SDB and updated SDB modeled with CSB 

data for Rankin Inlet. Top row is original SDB and bottom row is updated SDB. (a) Comparison of pre-

dicted and in situ depth for mission planning SDB. (b) Error distribution for mission planning SDB. (c) 

Comparison of predicted and in situ depth for updated SDB. (d) Error distribution for updated SDB.
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with the International Hydrographic Organization (IHO) 
S-44 total vertical uncertainty (TVU) requirements. 
As noted by Taylor (1997), measurement uncer-
tainty arises when observations are incomplete or 
subject to variable influences, underscoring the im-
portance of error analysis for estimating confidence 
in measurement results. In the context of SDB, this 
uncertainty is compounded by environmental and 
scene-dependent factors, including surface waves, 
sun glint, suspended sediments, and variability in 
seabed albedo which introduce spectral variation that 
complicates depth estimation. The accumulation of 
systemic and random errors from multiple sources 
further limits the ability to isolate or eliminate individual 
error contributions (Taylor, 1997). Consequently, SDB 
uncertainty and confidence may, in most cases, be 
difficult to quantify and might need to be acknowl-
edged as an inherent constraint of SDB. 

The influence of image resolution on SDB accuracy 
was not examined in this study, as imagery selection 
was driven primarily by site extent, with 10 m resolu-
tion providing a practical balance of coverage cost, 
and processing time. Previous work by the CHS 
RSCoE (Ahola et al., 2020) shows that while higher 
spatial and spectral resolution can improve SDB per-
formance, environmental conditions have a stronger 
influence on accuracy than sensor type. As such, 
freely available medium-resolution imagery can sup-
port reliable SDB in appropriate conditions.

It is also important to distinguish spatial resolution 
from horizontal accuracy, as finer resolution does 
not necessarily imply improved positional accuracy. 
However, in complex environments, such as areas 
with heterogeneous seabed types or steep slopes, 
medium-resolution data may be insufficient to re-
solve small but navigationally crucial features, such 
as isolated rocks. In these cases, higher-resolution 
imagery is used to support hazard detection, with 
CHS RSCoE applying ~2 m multispectral data for 
harbour-scale SDB.

4.3 Application of SDB on nautical products
The most significant limitation to direct application of 
SDB in official nautical products is the absence of a 
predefined or guaranteed level of precision. As a result, 
even when acceptable accuracy is achieved (e.g., ~1 
m), quantifying uncertainty across the full SDB surface in 
accordance with IHO S-44 standards remain extremely 
challenging (IHO, 2022). This limitation is compounded 
by the typically sparse availability of validation data, 
which makes it difficult to assign a reliable Category Zone 
of Confidence (CATZOC). At the two sites examined, 
only 1.7 % and 0.4 % of SDB-derived depths could be 
validated using in situ data at Koksoak Approach and 
Rankin Inlet, respectively. Given this limited validation 
coverage, together with environmental and methodo-
logical factors affecting depth retrieval, robust evaluation 
of uncertainty across the full SDB surface is impractical. 
Accordingly, SDB is not considered reliable for direct 
incorporation into official nautical products. Consistent 

Fig. 11 SDB-derived shoals applied to Chart 7787 without any depth information. Chart 7760 was re-

placed by Chart 7787, and the shoals were included in an update via NTM.

Fig. 12 Chart update with hazard to navigation identified in Minto Inlet, NWT (117.034°W, 71.376°N). (a) 

Overview image showing location of hazard in Canadian Arctic. (b) Sentinel-2 image acquired 2019-09-

06. (c) SDB showing approximate depth of shoal area. (d) Chart 7521 showing an 81 m depth sounding 

coincident with the shoal shown in (b). (e) Chart 7521 with Oct 2025 update showing newly added ob-

structions and the removal of the 81 m depth sounding.
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with this conclusion, Jai (2025) finds that SDB does not 
meet S-44 requirements for hydrographic survey data 
and is better suited for reconnaissance applications. 
For this reason, the CHS RSCoE does not recommend 
the direct inclusion of raw SDB in nautical products. 
When acceptable accuracy is obtained, the RSCoE 
instead produces derived products, such as isobaths, 
generated through a combination of SDB and image in-
terpretation to reduce noise and exclude areas that may 
not represent true water depth. 

Despite these limitations, SDB remains a valuable 
resource for enhancing navigation and mission safety. 
Even at lower accuracy levels, SDB can support mean-
ingful chart improvements. Fig. 11 illustrates a CHS 
chart that was updated from SDB that was created 
without any training or validation data. Due to the re-
sulting low confidence in depth estimates, shoal features 
were charted using the SDB and imagery analysis. The 
isobaths extracted were charted as areas of unknown 
depth rather than assigned discrete depth values. This 
approach improves navigational safety by identifying 
potentially hazardous shallow areas while avoiding the 
dissemination of misleading depth information. 

The utility of SDB is particularly evident in highly dy-
namic environments, where rapid sedimentation and 
erosion can quickly degrade the relevance of existing 
hydrographic surveys. In such settings, recently ac-
quired SDB has been shown to outperform echo-
sounder data that are only one year old (Chénier et al., 
2018). Beyond its accuracy in change prone areas, 
SDB offers a major advantage for chart timeliness: the 
frequent revisit cycles of modern satellite missions en-
able near continuous monitoring of coastal and shallow 
water zones. This provides hydrographic offices with a 
cost-efficient means of updating bathymetric informa-
tion far more regularly than would be feasible with tra-
ditional surveys, which can be financially unsustainable 
to repeat at the frequency required in rapidly evolving 
environments.

To ensure the safety to navigation for all its projects, 
the RSCoE systematically analyzes the imagery and the 
derived remote sensing products to identify potential 
hazards and obstructions. When preliminary analysis 
indicates a possible risk, higher-resolution imagery can 
be obtained to enable a more detailed assessment 
and confirmation. Features posing immediate risks to 
navigation may be issued as Navigational Warnings 
(NAVWARNs; CCG, 2023), while less urgent updates 
may be disseminated through Notices to Mariners 
(NOTMARs; CCG, 2025). Collectively, these mecha-
nisms contribute to timely chart updates and the sus-
tained assurance of navigational safety. Fig. 12 presents 
an example of a navigational hazard identified using re-
mote sensing techniques and subsequently issued as 
a NAVWARN.

4.4 Future development 
While this paper does not compare different SDB 
approaches, the uncertainty associated with SDB 
is not method specific. At CHS, SDB models are 

generated using a range of approaches (empirical, pho-
togrammetric, and physics-based), each with distinct 
advantages and limitations. However, all are influenced 
by fundamental constraints related to light penetration 
through the water column and reflectance from the 
seafloor. Where the seafloor is not optically detectable, 
reliable depth estimation is not possible.

Environmental conditions are a primary source of 
uncertainty across all SDB approaches. Suspended 
sediments reduce bottom detectability by scattering or 
absorbing light, while high sediment albedo can cause 
the dominant reflectance to originate from the water 
column or surface rather than the seabed, leading to 
significant depth errors. Conversely, low-reflectance 
benthic substrates, such as dark vegetation, produce 
weak or ambiguous signals that also degrade model 
performance.

Photogrammetry can offer improved performance in 
some benthic environments due to enhanced textural 
contrast, which supports image matching and fea-
ture detection (Chénier et al., 2019). However, it is not 
without limitations: it performs best along sharp edges, 
and derived depths may correspond to the top of ben-
thic vegetation rather than the true seafloor. Although 
this effect is reduced in Arctic environments where veg-
etation is typically low-growing, the limitation remains. 

To reduce uncertainty in SDB, the CHS has devel-
oped a level‑of‑confidence approach (Chénier et al., 
2019). This method improves confidence in SDB by 
comparing several independent SDB datasets and 
retaining only the depth values that agree within 1 m. 
This filtering step effectively removes large errors from 
the final product. For example, at a site in Cambridge 
Bay, approximately 80 % of the SDB values met the 1 
m agreement criterion, leaving only 20 % of the SDB 
surface requiring further evaluation (Chénier et al., 
2019). A major limitation of this approach in opera-
tional contexts is the substantial time and resources re-
quired to generate multiple independent SDB datasets. 
Producing several SDB layers, regardless of the un-
derlying method, demands additional data acquisition, 
processing effort, and computational capacity. For in-
stance, photogrammetric SDB requires stereo imagery, 
which further increases acquisition and processing 
requirements. As a result, the approach can become 
costly and difficult to implement routinely in large‑scale 
or time‑sensitive environments. It also requires the use 
of diverse imagery, because not all errors originate from 
seafloor characteristics. Many issues instead arise from 
the atmosphere (clouds, haze, shadows), the sea sur-
face (waves, sun glint, suspended sediment, floating 
aquatic vegetation, and debris), or the water column 
itself (turbidity, sediment load, light angle, submerged 
aquatic vegetation). The development of more auto-
mated workflows could help reduce the time needed to 
run the CHS level‑of‑confidence approach and improve 
not only the accuracy but, more importantly, the relia-
bility of the results.

Another way to improve understanding of error 
sources and reduce their influence on SDB is to 
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essential to ensure reliable and responsible chart up-
dates (Chénier et al., 2024). When appropriately as-
sessed and integrated, remote sensing products can 
identify navigational hazards, including previously un-
charted shoals, thereby reducing risk to mariners. In 
highly dynamic environments, where traditional surveys 
rapidly become outdated, SDB provides a valuable 
complementary tool for maintaining chart relevance and 
supporting safe navigation. Improving SDB uncertainty 
and better quantifying accuracy will remain key priorities 
for CHS, with ongoing efforts aimed at reducing manual 
intervention. Future development will be made in better 
integrating image‑classification techniques to identify 
factors such as benthic environments and sediment 
that can introduce large errors in SDB. The CHS con-
fidence‑level approach should also be better integrated 
in an operational context by providing a structured way 
to quantify reliability and build trust in SDB products. 
Together, these developments move SDB toward more 
reliable operational use. Continued refinement of con-
fidence metrics, increased automation in feature clas-
sification, and improved sensor‑driven environmental 
characterization will be essential to reducing uncertainty 
and expanding SDB’s practical value in hydrographic 
applications.
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incorporate classification‑based approaches. For ex-
ample, classification methods can be used to identify 
and map vegetation that interferes with SDB retrieval. 
Implementing seabed‑type classification (Chénier et al., 
2019) can help highlight areas that are inherently more 
challenging for depth estimation. In addition, masking 
vegetation using a Chlorophyll Index has been shown 
to effectively remove portions of SDB outputs that do 
not provide reliable depth information (Caballero et al., 
2020).

5 Conclusion
The iterative approach developed by the CHS ensures 
that SDB products effectively support navigational 
safety and the ongoing modernization of nautical charts 
when applied within an operational framework. This 
approach enables the rapid production of preliminary 
products that support survey planning and enhance 
crew safety. In areas with limited in situ data, incorpo-
rating recent and higher-quality measurements allows 
SDB models to be refined, resulting in derived products 
that are better suited for updating nautical products. A 
limitation of this study is that validation coverage remains 
spatially sparse relative to total SDB area, which restricts 
full characterization of spatial uncertainty patterns.

However, because SDB lacks predefined system 
precision and robust uncertainty quantification, it cannot 
achieve the accuracy or confidence levels of MBES 
data. As a result, raw SDB outputs are unsuitable for di-
rect incorporation into official nautical products. Despite 
advances in automation and artificial intelligence, ex-
pert intervention by remote sensing specialists remains 
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