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Resumé
Depuis l’approbation de l’utilisation des cartes électroniques de navigation (ENC) comme équivalentes aux 
cartes marines papier, les Services hydrographiques du monde entier ont commencé à les produire en suiv-
ant les schémas cartographiques existants. Cet article propose de normaliser les schémas de production 
des ENC à l’échelle régionale grâce à un système de grille régulière, qui unifie l’échelle de compilation et la 
dimension des cellules en fonction de l’objectif de navigation. La mise en œuvre de ce système nécessite 
la définition de l’origine de la grille et facilite la nomenclature des ENC. En outre, cette normalisation con-
tribuerait à la production harmonisée des ENC en améliorant leur couverture. La méthodologie proposée 
est utilisée pour définir un schéma d’ENC dans la mer des Caraïbes, qui fait partie de la Commission hy-
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Abstract
Since the approval of the use of Electronic Navigational Charts (ENC) as equivalent to paper 
nautical charts, hydrographic services worldwide began their production following existing 
cartographic schemes. This paper proposes to standardize ENC production schemes at the 
regional scale through a regular grid system, which unifies the scale of compilation and cell 
size by navigational purpose. The implementation of this system requires defining the origin of 
the grid and facilitates the nomenclature of the ENCs. Additionally, this standardization would 
help for the harmonized production of ENCs by improving their coverage. The proposed 
methodology is used to formulate an ENCs scheme in the Caribbean Sea, which is part of the 
Meso American & Caribbean Sea Regional Hydrographic Commission, in order to show its 
application and advantages. For this region it is proposed to generate a regular grid scheme 
with cell sizes and compilation scales (1:K) for Overview, General and Coastal navigational 
purposes of 24° × 24°, 6° × 6° and 1.5° × 1.5° and 1:3,000, 1:700 and 1:180 respectively, 
which allows to eliminate irregularities between the ENCs. This proposal contributes to the 
safety of maritime activities, seeking to enhance the quality of the ENC products in this region 
and increase trust to Electronic Chart Display and Information System users through en-
hanced visualization and seamless transition between ENCs of the same compilation scale. 
Additional serves as input for the modernization of the ENC schemes in the different Regional 
Hydrographic Commissions of the International Hydrographic Organization.
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In order to promote the safe use of ECDIS for 
navigation, the IHO must coordinate and to ensure 
a worldwide consistent level of high-quality, updated 
official ENCs through integrated services that support 
chart carriage requirements of Safety of Life at Sea 
SOLAS Chapter V (M-3). Through its support for a 
carriage requirement for ECDIS, the IHO is pushing 
the shift from paper charts to electronic navigation. 
As a result, the IHO should ensure that mariners 
receive adequate ENC services through so-called 
WEND principles (IHO, 2023a).

The WEND principles guide ENC producing agen-
cies to ensure uniformity and high quality of the ENCs 
they produce (IHO-IRCC, 2017). Worldwide, the vali-
dation and distribution of ENCs is the responsibility of 
the two regional ENC coordinating centers (RENCs), 
PRIMAR and The International Center for ENC (IC-
ENC). RENCs which are organizational entities where 
IHO members have established cooperation amongst 
each other to guarantee a worldwide consistent level 
of high-quality data, share a common experience, re-
duce expenditure, and ensure the greatest possible 
standardization, consistency, reliability, and availabil-
ity of ENCs. In 2023, PRIMAR reported coverage of 
19,087 ENC (PRIMAR, 2023), and IC-ENC reaching 

1 Introduction 
The International Hydrographic Organization (IHO) 
and the International Maritime Organization (IMO) are 
organizations that work together for maritime safety 
as a common goal, through regulation, harmonization 
of publications, and nautical products. One of these 
essential nautical products for navigation safety are 
nautical charts.

The IHO, in order to unify the use of digital cartog-
raphy, published the Digital Hydrographic Data Trans-
fer S-57 standard for the production of electronic 
navigational charts (ENC; IHO, 2000), which allows 
the data of the paper nautical chart to be transferred 
digitally and in a standardized form in terms of their 
content, attributes, and element encoding to an ENC 
(Zou et al., 2012).

To maintain high standards of navigational safety, 
the IMO through the resolution of the Maritime Safe-
ty Committee No. 282 of 1986 approved the use of 
ENCs as equivalent to paper nautical charts, provid-
ed that they are updated and are used in Electronic 
Chart Display and Information Systems (ECDIS; IMO, 
2009). This has led to the fact that since 2018, the 
use of ECDIS is mandatory for regulated vessels 
(IMO, 2017).

drographique régionale de la Méso-Amérique et de la mer des Caraïbes, afin de montrer son application et 
ses avantages. Pour cette région, il est proposé de créer un schéma de grille régulière avec des dimensions 
de cellules et des échelles de compilation (1:K) pour les besoins de la navigation océanique, générale et 
côtière de 24° × 24°, 6° × 6° et 1,5° × 1,5° et 1:3 000, 1:700 et 1:180 respectivement, ce qui permet 
d’éliminer les irrégularités entre les ENC. Cette proposition contribue à la sécurité des activités maritimes, 
en visant à améliorer la qualité des produits ENC dans cette région et à renforcer la confiance des utilisa-
teurs du système de visualisation des cartes électroniques et d’information grâce à une meilleure visualis-
ation et à une transition transparente entre les ENC ayant la même échelle de compilation. En outre, elle 
sert de base à la modernisation des schémas d’ENC dans les différentes commissions hydrographiques 
régionales de l’Organisation hydrographique internationale.Resumen

Resumen
Desde la aprobación del uso de las Cartas Náuticas Electrónicas (ENC) como equivalentes a las cartas 
náuticas de papel, los servicios hidrográficos de todo el mundo comenzaron su producción siguiendo los 
esquemas cartográficos existentes. En este trabajo se propone estandarizar los esquemas de producción 
de ENCs a escala regional mediante un sistema de grillado regular, que unifique la escala de compilación 
y el tamaño de celda por propósito de navegación. La implementación de este sistema requiere definir el 
origen de la cuadrícula y facilita la nomenclatura de las ENCs. Además, esta estandarización ayudaría a la 
producción armonizada de ENCs mejorando su cobertura. La metodología propuesta se utiliza para for-
mular un esquema de ENCs en el Mar Caribe, que forma parte de la Comisión Hidrográfica Regional Mes-
oaméricana y del Mar Caribe, con el fin de mostrar su aplicación y ventajas. Para esta región se propone 
generar un esquema de grillado regular con tamaños de celdas y escalas de compilación (1:K) para fines 
de navegación Oceánica, General y Costera de 24° × 24°, 6° × 6° y 1.5° × 1.5° y 1:3 000, 1:700 y 1:180 
respectivamente, lo que permite eliminar las irregularidades entre las ENCs. Esta propuesta contribuye a 
la seguridad de las actividades marítimas, tratando de mejorar la calidad de los productos ENC en esta 
región y aumentar la confianza de los usuarios del Sistema de Información y Visualización de Cartas Elec-
trónicas (ECDIS) mediante una mejor visualización y una transición sin fisuras entre las ENCs con la misma 
escala de compilación. Adicional sirve como insumo para la modernización de los esquemas ENC en las 
diferentes Comisiones Hidrográficas Regionales de la Organización Hidrográfica Internacional.
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tion follows strict cartographic constraints with the 
most prominent being that of the safety and must 
always be respected. During the period 2008 to 
2018 there were 80 grounding accidents of which 
22 cases were related to ECDIS and ENCs (Tur-
na & Öztürk, 2020), the quality of products is ex-
tremely important as it improves maritime safety, 
for example correct data representation, reefs and 
buoys, ENC datum in WGS84, depth soundings 
in meters and soundings with true position, Failure 
to comply with this standard can lead to maritime 
accidents, environmental pollution and loss of life. 
But there are also other regional benefits such as 
the safe and effective control of maritime transport, 
supporting economic development in sectors such 
as tourism or international trade, having better in-
formation for the fight against drug trafficking, pi-
racy and other crimes that occur at sea, among 
others. 

This paper aims to provide the international chart-
ing agencies with a complete and adequate meth-
odological proposal to standardize regional ENC 
schemes. The proposal that is developed in this 
study is applied in the Caribbean Sea in order to 
show the difficulties that arise, but also the benefits 
that are obtained from this implementation through 
the development of a case study. This area is cov-
ered by the MACHC, an organization with which this 
proposal has been discussed.

To achieve the main goal, it is necessary to fulfill the 
following objectives:
1. Analyze the electronic nautical cartography 

schemes generated by the different countries 
in the Caribbean Sea in order to define their 
strengths and weaknesses for the different navi-
gation purposes, within the framework of interna-
tional regulations and other schemes implement-
ed worldwide.

2. Define the necessary criteria to standardize 
the electronic nautical cartography scheme at 
the level of the Regional Hydrographic Com-
missions, taking into account the international 
regulations and other nautical and cartograph-
ic criteria

3. Design the cartography schemes based on the 
criteria defined for the different navigation pur-
poses (Overview, General and Coastal) seek-
ing to standardize the electronic cartography 
schemes in the Caribbean Sea and provide a 
solution to the limitations found in the current 
scheme.

In accordance with the objectives, the paper is or-
ganized as follows. Section 2 presents the MACHC 
and its current ENC scheme, discussing its strengths 
and weaknesses. In Section 3, the proposed stand-
ardization methodology is discussed, while in Section 
4, this methodology is used to formulate a proposed 
regional ENC scheme for the MACHC, presenting a 
comparison between the current and proposed ENC 

10,000 ENCs in distribution, covering much of the 
world's oceans made by the 48 member countries 
(IC-ENC, 2023). This indicates the progress in pro-
duction worldwide, as a consequence of a greater 
number of users of ENC in ECDIS (Moggert-Kägeler, 
2018).

At a global level, the current coverage of ENCs pre-
sents multiple problems, such as, different designs 
in cartographic schemes, non-uniform cell sizes, ir-
regularity in data representation due different compi-
lation scales between ENC in the same navigational 
purpose, gaps and overlaps in contiguous ENCs, 
among others. Therefore, almost three decades after 
the S-57 standard for ENCs was published, there are 
still problems related to its implementation (Kastrisios 
& Pilikou, 2017). 

The IHO, in the continuous search to harmonize 
coverage, has 15 Regional Hydrographic Commis-
sions (RHC) to coordinate hydrographic activity and 
cooperation at the regional level between Member 
States (MS), which are governed by resolution 2 of 
1997 (IHO, 2018c). In turn, it has an Inter-Regional 
Coordination Committee (IRCC) supervises the IHO 
Capacity Building Strategy, promotes the wider use 
and collection of marine data and is responsible for 
the policy matters related to the Worldwide Electronic 
Navigational Chart Database (WEND) with the objec-
tive of harmonizing the activities of the Chairs of the 
RHCs with respect to regional responsibilities (IHO, 
2023b).

One of these responsibilities of the RHCs is the 
maintenance of an adequate scheme of ENC. Hav-
ing standardized cartographic schemes at the re-
gional level is an important step to improve the quality 
and coverage of ENCs, and therefore, to contribute 
to navigational safety. In November 2021, during IC-
ENC Steering Committee meeting, the IC-ENC Mem-
bers discussed the IC-ENC overlapping ENC policy 
where identified that overlapping data causes seri-
ous problems for users of certain ECDIS. Currently, 
ENCs in the Caribbean Sea are distributed through 
the IC-ENC, who reported 106 cases of overlaps for 
the Meso American & Caribbean Sea Hydrographic 
Commission (MACHC) including cases of reverse 
scale/purpose overlaps between producers (IC-
ENC, 2022). The big challenge among producers 
arises each time a new cell is produced, and they 
must agree on who has the responsibility to remove 
or modify the published ENC. Having a coherent and 
updated ENC scheme offers the following benefits: 
(i) uniform coverage in electronic cells, (ii) consistent 
cartographic information covering specific areas at 
appropriate scales for different navigational purposes, 
(iii) eliminate inconsistency information in overlapping 
areas, and (iv) efficient use of the resources used in 
the compilation of ENCs.

ENCs are tools that provide essential informa-
tion about the marine and coastal environment to 
mariners for planning and executing their voyages. 
According to (Kastrisios et al., 2023) its compila-
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ingly, the Southern African and Islands Hydrographic 
Commission (SAIHC) had discussions about potential 
benefits and disadvantages of gridded ENC scheme 
for region (SAIHC, 2020). However, at a regional and 
global level, there remain differences between the 
scales and cell sizes. 

As many Hydrographic Offices (HO) move towards 
implementing seamless databases covering their en-
tire areas of responsibility, the requirement to provide 
data as small ENC cells, focusing on S-100 prod-
ucts. According to (Pharaoh, 2009) during the TS-
MAD meeting proposes global spatial indexing Sys-
tems C-Squares should be considered for S-101. 
According to Marine Management Organisation, 
C-Square is an acronym for the concise spatial que-
ry and representation system, a system of spatially 
unique, location-based identifiers obtained by pro-
gressively subdividing 10° by 10° World Meteorolog-
ical Organization squares into increasingly fine grids, 
including but not limited to the 0.05° by 0.05° grid 
above (MMO, 2023).

In the MACHC region, the United States started 
to restructure plan products (NOAA, 2017) and the 
United Kingdom (Rodwell, 2021) are analyzing this 
problem with their ENCs, seeking a solution also us-
ing a standardized grid scheme system.

Faced with the challenge, in 2022, The Global ENC 
Database Working Group at the WENDWG12 meet-
ing, discussed the global future of ENCs coverage. 
ENCs for new digital products based on the S-100 
in order to support navigation safety and search and 
rescue activities, mitigate impacts on marine pol-
lution, among others. The objective of which, is the 
elimination of significant overlaps, achieving continu-
ous coverage and harmonized production.

2 MACHC and its current ENC scheme
The proposed methodology for the standardi-

zation of ENC schemes in the Caribbean Sea was 
implemented because this region has several im-
portant characteristics that must be taken into ac-
count in the realization of a regional ENC scheme, 
is a semi-enclosed sea, there are several countries, 
both continental and insular, each with its own mari-
time territory and with different levels of cartographic 
capacity, which, depending on the level of maturity 
and cooperation between the MS makes it difficult to 
define the appropriate scheme for the region. The lo-
cation of the Panama Canal, being one of the most 
important waterways (heatmap of the traffic density 
of vessels), with all navigationally significant changes 
being disseminated and published in national legis-
lation affecting shipping and port regulations and for 
safe navigation. The Caribbean Sea is an intercon-
nected point for various interregional and interoceanic 
trade routes. In 2022, according to inter-American 
development bank, reported that trade grown in Latin 
America and the Caribbean showed greater dyna-
mism compared worldwide represented by 18.8 % 
(Giordano & Michalczewsky, 2023). The particular 

schemes, to highlight their differences and advantag-
es. Finally, Section 5 presents a summary of the most 
important aspects of this work.

Actions taken to eliminate overlaps
Faced with the global problem of overlapping, the IHO 
promoted the study of the complexity of the issue (Mog-
gert-Kägeler, 2018). Therefore, overlapping ENCs have 
been discussed in detail for years, preparing standards 
and documents under the synergy of the IHO, working 
groups, RHCs and the support of the RENCs.

In May 2016, the IRCC recommended that 
the Worldwide ENC Database Working Group 
(WENDWG) conduct research and prepare a draft 
resolution, with the aim to present the results and dis-
cuss them at the annual meetings. Indeed, IC-ENC 
started conducting a risk assessment, finding 246 
cases among members' overlapping ENCs, in Janu-
ary 2017, according to the IC-ENC’s Overlapping Da-
ta Policy & Reporting (IC-ENC, 2017). And in March 
2018, the UKHO presented the historical ENC over-
laps report from 2012 to 2017 indicating a reduction 
of 453 from 18,810 (UKHO, 2018). Consequently, 
the IHO as an alternative issued resolution to remove 
data from ENCs in areas of demonstrable risk to the 
safety of navigation (IHO, 2018a).

Over the past five years, RHCs have continued to 
present problems, especially when new ENCs are 
carried out. During WENDWG8 in 2018, a report was 
presented to some of the Commissions, which re-
ported on the existence of overlaps that could have a 
potential impact on the safety of navigation, including 
that of the MACHC, with multiple potential overlaps 
with news cells. 

In addition, as a result of the IRCC8/13 action, the 
RHCs expressed their interest in reducing overlaps 
through the application of the WEND Principles and 
the definition of approved ENC schemes. However, 
the situation among these varies depending on each 
one's considerations and approaches to address the 
problem (WENDWG, 2018).

Taking into account the above, in 2019, Germany 
shared experiences since Baltic Sea Hydrograph-
ic Commission (BSHC) took the opportunity to start 
restructuring the old ENC coverage scheme with a 
new grid scheme, due the way BSH produced ENC 
was not harmonised. The ENC scheme is based on 
a regular bENC grid with a 2 × 2 minute extension 
(WENDWG, 2023).

Likewise, some nations such as Japan, Cana-
da, Australia, Germany and Korea have migrated 
to a gridded ENC scheme and have done so inde-
pendently, achieving harmonization exclusively for 
their country (IIC Technologies, 2021). Also, the Na-
tional Geospatial Intelligence Agency (NGA) of the 
United States Department of Defense, since 2021 is 
in the process of creating a Worldwide ENC grid for 
use in building its future ENC. The grid will be com-
prised of regions which will be labeled with a letter 
as the region identification (SWPHC, 2021). Accord-
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The detailed digital review of the current scheme 
showed the existence of a variety of ENC designs, 
gaps in coverage (limits between ENCs), irregular 
representation of the data, and that same naviga-
tional purpose for example ENCs have a range of 
different scales, for General navigation purposes 
GB281600 at 350,000, US2EC01M at 1.200,000, 
GB21218A at 700,000, and cases of reverse scale/
purpose overlap between producers of GB203768 
and US3GC01M. Additionally, incomplete coverage 
was found in some areas of the Caribbean Sea (Fig. 
3), which may be related to inequality in the car-
tographic capabilities of the countries that make up 
the region. However, some areas of the Caribbean 
Sea are covered by ENCs produced by some coun-
tries authorised under agreements with countries that 
have responsibility for maritime territory.

2.2 Scale ranges for navigational purposes 
IHO publication S-57 (IHO, 2000) determines that 
ENC schemes should be organized according to 
navigational purposes (Table 1). Although some 
specifications are given for the ENCs, they guide but 
do not define the assignment of the scales in the 
ENC cells according to the six navigational purpos-
es (IHO, 2018b). As a consequence, producers do 
not use a fixed scale for all cells, but rather adapt 
the compilation scale according to the navigational 
requirements of international shipping and the need 
to provide a coherent and logical scheme of charts 
for a route or for port entry (Jonas & Melles, 2003). 
The term Compilation Scale refers to optimum scale 
at which the compiling HO intends the ENC data 
to be displayed for the Navigational Purpose, while 
recognizing the user’s ability to modify the actual 
scale at which the ENC is viewed in the ECDIS (IHO, 
2018b).

bathymetric and environmental characteristics, such 
as the presence of hurricanes during a certain time 
of the year.

The Caribbean Sea is part of the area of responsi-
bility of the MACHC. The current ENC scheme for the 
region was defined based on the existing paper nauti-
cal chart scheme (MACHC-ECWG, 2003), in accord-
ance with what was agreed during the fifth meeting of 
the MACHC in 2002. However, the analysis shows 
that the coverage between ENC and INT charts is not 
equivalent (Fig. 1). This indicates that some ENC pro-
ducing agencies produced ENCs without reference 
to the INT paper chart scheme completely.

The evaluation of this scheme was carried out con-
sidering coverage, cell dimensions, layout design 
and scale bands of ENCs for navigational purposes. 
For this, the information available on the web portals 
of the RHC, Value Added Resellers (VARs), and the 
IHO catalog was obtained as a reference, whose in-
formation is provided by the Regional ENC Centers 
(RENCs), the Member States, and distribution agen-
cies. The coverage of ENCs for the MACHC accord-
ing to the different navigation purposes is displayed 
in Fig. 2, where the lack of standardization of the cur-
rent scheme is observed.

2.1 Coverage and design
From a comparison of the current coverage of ENCs 
by navigational purpose and the international paper 
chart (INT) scheme for region B (Caribbean Sea) of 
the MACHC Integrated Chart Committee (MICC; 
MICC, 2013), approved by the IHO, it was possible 
to determine that the coverage of both products is 
not shown equivalent. This indicates that the ENC 
scheme for the region was made without reference to 
the existing INT paper chart scheme, in accordance 
with IHO guidelines. 

Fig. 1  Coverage in the Car-

ibbean Sea, paper chart 

INT scheme (represented by 

coloured polygons) and ENCs 

for Coastal navigation purpos-

es (plotted by red and black 

borders).
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Fig. 2 Current coverage of 

ENCs available from MACHC 

are indicated with pink pol-

ygons according to naviga-

tional purposes: (a) Overview, 

(b) General and (c) Coastal; 

MACHC limits are showed a 

red line. Source: Information 

consulted in the MICC online 

catalog, December 2021.

(c)

(b)

(a)
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Despite this, it is important to highlight that the MS 
of the MACHC recognize and are committed to the 
need to harmonize the coverage of ENCs and their 
scales, especially for the navigational purposes of 
Coastal, General, and Overview navigation, which are 
analyzed in this proposal (MACHC, 2019).

Taking into account the weaknesses indicated, it is 
considered necessary to establish a methodology to 
standardize the regional ENC schemes, which allows 
to improve the coverage, and unify the dimension 
and compilation scale by navigational purpose of the 
ENCs, in a coherent way for each RHC. The end user 
of an ENC displayed on the ECDIS will benefit the 
most from this standardization, obtaining harmonized 
coverage by navigational purpose, which guarantees 
safety when navigating in each of the RHC regions 
(Hippmann, 2012).

3 Methodological proposal for the 
standardization of the ENC scheme

In order to standardize the ENC scheme for Overview, 
General and Coastal navigational purposes, the cur-
rent ENC schemes and ENCs of the different RHCs 
were consulted, seeking to formulate a proposal to 
unify specific criteria regarding the scale of compila-
tion and the size of the cells for different navigational 
purposes. The foregoing seeks to obtain a scheme 
that guarantees complete and coherent coverage of 
ENCs in the regions.

From a SWOT analysis, it was found that the de-
sign and implementation of a grid scheme allows 
overcoming the following weaknesses that delimit 
the current schemes. First, gaps in coverage, due 
to differences in the level of hydrographic and car-
tographic capacity of the member states that make 
up the different CHRs, which represents a weakness 
due to the lack of information and full coverage with 
ENC. However, the need is supplied through another 

In Table 1, the column Available compilation scales 
refers to values normalized with respect to the scale 
in the radar range. Radar ranges are given in Nautical 
Miles (NM), indicating the location of an object or pos-
sible target within the system range (maximum miles) 
seen on the radar screen (Cerpa & Lorenzo, 2015).

In 2004, the IHO published Circular 047 which 
gave recommendations on the range of compilation 
scales for navigational purposes (Table 1), in order 
to improve scale consistency between ENCs (IHO, 
2004b). Seeking to interrelate the compilation scales 
with the navigation purpose, the S-65 (IHO, 2017) 
standard was published, exhorting HOs to create 
ENCs with normalized compilation scales according 
to radar range. It should be noted that the HOs are 
autonomous in adopting and executing these rec-
ommendations. For example, the United States of 
America, considered that the recommended scales 
did not conform to the ENCs under their responsibility 
(Pharaoh, 2007; NOAA, 2017).

Not assigning normalized compilation scale values 
with respect to the Radar range generates problems 
for the end user, since when viewing the ENCs in an 
ECDIS, coherence between the range of radar scales 
and the navigational purpose is not guaranteed. This 
can lead to confusion in data representation and con-
trol when applying attributes such as the minimum 
display scale (SCAMIN attribute; Duplancic, 2007).

The above problem can be observed in the 
MACHC, where there are different scales and sizes 
for ENCs with the same navigational purpose (Table 
2). This weakness generates the following difficulties. 
First, for the application of the minimal display attrib-
ute to objects by the end user. Second, it does not 
guarantee a complete display of data using ECDIS 
systems. Third, it does not adopt the recommen-
dation of the available compilation scales per radar 
range (IHO, 2007).

Fig 3  For General navigation purposes, the irregularity of the coverage of cargo areas from different producing countries is evident and the red oval highlights the fissure in 

the cartographic coverage of ENC Source: Digital Catalog Office Hydrographic United Kingdom (UKHO). Accessed September 2023.
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Table 1  Classification of ENCs by navigation purpose and IHO technical recommendations according to (IHO, 2004; IHO, 2004a).

Usage band Navigational purpose
IHO recommended 

scales ranges
Radar ranges (NM)

Available compilation 
scales

1 Overview < 1:1,499,999 96 – 200
1:3 000 000  
1:1,500 000

2 General
1:350,000 – 
1:1,499,999

24 – 48
1:700,000  
1:350,000

3 Coastal 1:90,000 – 1:349,999 6 – 12
1:180,000 
1:90,000

4 Approach 1:22,000 – 1:89,999 1.5 – 3
1:45,000 
1:22,000

5 Harbor 1:4,000 – 1:21,999 0.5 – 0.75
1:12,000 
1:8,000

6 Berthing > 1:4,000 0.25 1:4,000

Table 2  ENCs in the MACHC according to their navigation purpose, indicating the compilation scale and average cell size. Source: 

Information taken from the MACHC MICC online catalog in July 2021.

Scale (1:K)
Height  

(decimal degrees)
Width  

(decimal degrees)
ENC’s quantity

Coastal navigation purpose

90 0.89 1.02 46

175 1.02 1.73 2

180 1.88 2.30 49

250 2.05 2.30 2

300 3.02 3.64 1

326 1.81 3.53 1

350 3.55 3.58 11

466 3.64 2.26 1

General navigation purpose

700 5.93 6.40 21

875 6.41 8.44 1

1,200 8.09 11.95 1

Overview navigation purpose

1,500 13.73 19.50 3

2,160 15.81 21.90 1

3,000 23.40 24.00 3

3,500 27.67 23.30 3
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scales (Table 2). It is recommended to consider all 
ENCs, including those that are not part of the RENC. 
This information can be found in the ENC database 
for RHCs, available on the IHO portal. Second, from 
the list of ENCs, the value of the compilation scales 
used in the ENCs for each of the navigation purpos-
es will be taken into account in order to review and 
carry out a simple statistical process, where it allows 
obtaining the average, mode and median. Reviewing 
how adjusted they are with the scale according to 
the value per radar range and the navigation purpose 
all according to production. Third, the statistical re-
sults are compared with the normalized scales corre-
sponding to the RADAR ranges (Table 1), determining 
the value closest to the average, as well as keep in 
mind the values obtained in the mode and median.

This methodology is applied with some examples 
below to show the ease of implementation. Four 
RHCs were selected and from the available ENC in-
formation, the average of the scale of their ENC was 
calculated according to the navigational purpose (Ta-
ble 3). The results show the differences between the 
scales in all the navigational purposes analyzed, indi-
cating the importance of respecting regional differenc-
es. These averages are useful for each RHC to define 
a single compilation scale per navigational purpose.

Due to the differences between the four RHC 
commissions in terms of coverage, area and scales, 
a scale close to RADAR is recommended for each 
RHC. The statistical analysis was used for the rec-
ommended scale as indicated by way of example 
through particular cases for the North Sea Hydro-
graphic Commission (NSHC) and South West Atlantic 
Hydrographic Commission (SWAtHC). For the coast-
al purpose of the NSHC (199 ENCs) the scale aver-
age is ~120,000, therefore, when compared to the 
Available Compilation Scales (Table 1), it is 60,000 
from 180,000 and 30,000 from 90,000; in this case, 
for the NSHC it is advisable to use the 90,000 scale. 
This result should be based on the estimation of the 
purpose of navigation and further user research. 
However, for this study it is based on the statistical 
procedure because the average scales are in ac-
cordance with published information. Similarly, for 
the purpose of Oceanic navigation, eight ENCs were 
analyzed, where the average scale was 1,750,000. 
When compared to the Available Compilation Scales 
(Table 1), they differ by 250,000 from 1,500,000 and 
1,250,000 from 3,000,000. Due to this difference, it 
is suggested to use the 1,500,000 scale in this case 
based on the estimation of navigational purpose.

For the SWAtHC, 24 ENCs are reviewed for Gen-
eral purpose. The recommended scale is 1: 350,000 
because the difference between the average value 
of 481,250 and the Available Compilation Scales is 
131,250 with respect to the 1: 350,000 scale and 
is less than the 218,750 difference from the scale 
1: 700,000.

In the case of the MACHC, the 108 ENCs were 
analyzed for the purpose of Coastal navigation 

authorized producing country, which is autonomous 
in generating the product, defining the size, scale and 
purpose of the cell. Second, to avoid overlaps in cov-
erage and data by growth of the schema without an 
organized way. Third, remove irregularly sized cells, 
with various compilation scales among ENCs for the 
same navigation purpose.

The regular grid system handles characteristics of 
the design that are listed below:
a) Cell boundaries are generated from a starting 

point defined in this project, following the longi-
tude and latitude lines consistently for the poly-
gon.

b) The value of latitude along a row is constant, 
so is the value of longitude with respect to the 
column. This system should be flexible for ENC 
for navigational purposes 4 and 5 adjusting to 
coastal geographic feature.

c) Cells by navigational purpose have the same 
distances in latitude and longitude (fixed values 
in degrees).

d) The sizes are standardized for navigational pur-
poses defined for the RHC according to a basic 
statistical analysis.

e) The organization of the bands of cells is progres-
sive by use, that is, the larger-scale cells will be 
contained in the cells of the smaller-scale usage 
bands, sharing latitude and longitude limits. To 
improve user experience by allowing smooth 
transiting and transition from small to large ENCs 
for the end-User and allowing one more option 
to select the appropriate safety contour in coast-
al navigation.

f) There is a limit to the number of cells in the sub-
division of a smaller scale area.

g) Geographic features and ports will be complete-
ly covered in a single cell or between several 
contiguous cells.

According to the above, to implement a gridded 
ENC scheme it is necessary to define three aspects: 
depending on the navigational purpose: (i) define a 
scale and (ii) standard cell size, and for the scheme in 
general, and (iii) define the point of origin for the gen-
eration of ENCs. These aspects are analyzed below, 
as well as the proposed ENC nomenclature for a grid 
system.

3.1 Standardization of scales 
It is suggested to establish for each RHC a single 
compilation scale for ENCs by navigational purpose, 
which takes into account the recommended RADAR 
range (Table 1) and regional characteristics. This con-
sidering that publication S-11 suggests the possibility 
of reaching a relationship between scales available 
for navigational purposes, however, this alignment in 
S-65 is not mandatory. For this, it is suggested to fol-
low three steps.

First, analyze the ENCs published in the RHC, clas-
sifying them by navigational purpose and compilation 
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3.2 Cell size 
Each hydrographic service has the faculty to de-
cide how the ENC sizes are defined for their country. 
However, for a regional scheme it is necessary for 
the RHC to propose some limits based on a defined 
scheme for medium and small scales and in the case 
of medium and large-scale schemes for coverage of 
International Charts in their regions, seeking to im-
prove the final product for the user, who on the same 
route can use ENCs produced by different countries.

With the objective of eliminating irregular ENCs 
and giving greater coverage to the same compilation 
scale for navigational purposes, it is necessary to 
evaluate how many cells (regular and irregular shape) 
are needed to cover the same area that is covered 
with a paper chart of the INT scheme. These results 
are useful, because some countries adopted the INT 
scheme for the production of ENCs as an IHO rec-
ommendation.

The INT paper chart scheme corresponding to 
each RHC is a useful reference for defining the size 

(Table  3), and an average value of the scale of 
1:154,000 was found. Given its proximity, the best 
scale is defined as 1:180,000, taking into account 
the Available compilation scales (Table 1). Additional-
ly, the median and mode were analyzed, finding val-
ues of 180,000 in both cases. In the case of mode, 
this value was found in 49 of the 108 ENCs for this 
navigational purpose. These results coincide with the 
selection of the 1:180,000 scale selected.

For General purpose, it is recommended to use 
the scale 1:700,000, considering that the average 
scale 1:690,000 is closer to this value of Availa-
ble Compilation Scales. This scale is also consist-
ent with the median and mode values reaching the 
same value in 21 of the 29 ENCs. For the purpose 
of Ocean navigation, nine ENCs were analyzed 
and the scale 1:3,000,000 was selected as it is 
the closest scale to the average of 1:2,740,000. 
There is consistency with the results of the medi-
an (3,000,000) and with one of the two modes 
(3,000,000 and 3,500,000).

Table 3  Average of the scales from the ENCs available for navigational purposes.

Regional Hydrographic Commissions

MACHC NSHC SAIHC SWAtHC

Purpose Scale average 1:K

Coastal 154 119 161 137

General 690 832 571 481

Overview 2,740 1,750 3,444 3,055

Fig. 4  This model is used to define the sizes that represent the default scales, where height and width are the dependent variables of 

the scale value.
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The relation of scale/height and scale/width values 
are represented in a scatterplot (Fig. 6). A straight line 
was fitted to these data by least squares, obtaining 
the corresponding equation, which was obtained to 
generate the values of adjustments to the selected 
scales for the regular grid system. In Fig. 6 there is 
a positive linear relationship, although some points 
corresponding to the width (Fig. 6b) move away from 
the straight line configured on the scales 1:466,000, 
1:1,500,000 and larger.

The statistical model is executed to estimate cal-
culate the size of the cells in relation to the scale for 
the purpose of navigation. For example, if an ENC at 
a scale of 1:700,000 is wanted, then using the mod-
els these ENCs will have a height of 0.0078 · 700 
+ 0.1194 = 5.58 decimal degrees, and a width of 
0.0077 · 700 + 1.341 = 6.73 decimal degrees.

Rounding the values obtained from the ENC statis-
tical model for each scale, seeking to generate a pro-
gressive grid that connects the limits of the different 
navigational scales. It must be taken into account that 
the size of the cell is a value given in degrees and 
must be an integer number the having the divisibility 
criteria with respect to the size of the minor scale, 
which will be simplified to generate the major scales 
allowing the exact number of dimensions of the cells.

These values must be simplified to produce a grid 
with interlocking boundaries, and the heights and 
widths are doubled as the scales progress (Fig. 7).

It is to be considered that towards the poles the 
extension between longitudes of the ENCs is re-
duced in comparison with the extension between lati-
tudes that remains constant, due to the convergence 
of the lines of longitude. That is, towards the poles, 
one degree of latitude represents a greater distance 

of ENC coverage for Coastal, General and Overview 
navigation purposes. With this scheme, a compiled 
data source is available for the largest number of 
ENCs. However, it is important to remember that 
ENCs are not required to be equivalent to other prod-
ucts such as raster or paper charts.

Considering the above, in Fig. 4 indicated the pro-
posal methodology to define the cell size at the re-
gional level following workflow.

The methodology is applied to Caribbean Sea 
study area of the MACHC to illustrate the procedure. 
The polygons M_COVR catcov = 1 of the current 
ENCs were imported into a Geographic Information 
System (GIS) classifying them by navigational pur-
pose. The coverages published by the IHO for the 
MACHC were used as a data source.

Given the availability of Web Map Service (WMS), 
connection was made in the GIS using the following 
URL: https://gis.charttools.noaa.gov/arcgis/services/
MACHC/MICC_ENCview/MapServer/WmsServer?

Fig. 5 shows how to access the cells to obtain 
measurements and metadata of the ENCs.

The coordinates of the corners in each ENC are 
checked to obtain the height and width distanc-
es, with the difference of the values of height along 
the meridian and width along the parallel, all set to 
decimal degrees. Also, review the ENC's attributes 
or metadata to create the relationship between the 
ENCs and their scale value.

The 146 ENCs were grouped according to their 
scale into 15 groups. For each of these scale groups, 
the average height and width is calculated, as indi-
cated in Table 2. In this way it is possible to differenti-
ate the three navigational purposes.

Fig. 5  ENC coverage for General navigation purposes, accessed through the WMS. ENCs red border planned and black border available.
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cells adjacently in any of the senses, and iii) increase 
the number of polygons until adequate coverage of 
the area of interest is achieved. In this process, char-
acteristics such as geographical accidents, depth ar-
eas indicated for each navigational purpose or criteria 
of the HO, which can generate a danger to navigation 
need to be covered.

The design can be achieved manually; however, it 
is suggested that it be done with the assistance of a 
grid-based algorithm that can be executed through 
a GIS. To use this software, it is required to have 
the height and width parameters of the cells or the 
number of columns and rows (Table 4) into which the 
determined area is divided. Having the grid in a GIS 
allows reviewing different schemes as the best point 
of origin is evaluated, whose selection has a subjec-
tive component. 

The application of these criteria is made below for 
the MACHC in order to better explain the method-

than one degree of longitude (NOAA, 2019). This ef-
fect is most noticeable in cells with latitudes greater 
than 48°. 

The results obtained in the conditioned line were 
rounded, seeking that the dimensions of larger ENCs 
occur in multiples of ENCs with smaller dimensions, 
thus creating a progressive grid. For each scale, the 
same value is assigned for the height and width of the 
cell. For scale 1:3,000,000, the adjusted line value is 
23.52° height and 24.41° wide, so for the MACHC a 
value of 24° was assigned for a regular grid. Similarly, 
the General purpose ENCs (1:700,000) were 6° and 
the Coastal purpose ENCs (1:180,000) were 1,5° 
(Table 4). Note that the compilation scales obtained 
in section 3.1 are used and that the cells with the 
highest dimension are multiples of the cells with the 
lowest dimension.
3.3 Defining the origin for the scheme design 
Considering that the design of the proposed scheme 
is a gridded system, it is necessary to assign a point 
of origin, which indicates the limits in latitude and lon-
gitude from which the grid scheme is designed.

To assign this point of origin, it is suggested to take 
a point of regional interest, which can be determined 
by a port or, in the case of a gridded scheme to sup-
port the global coverage, a coordinate is estimated 
at the extreme point of the area (for example, to the 
southwest). This allows the coverage of the area and 
integrate separated spatial regions.

The cell that covers it is taken as the starting point 
and the necessary adjacent cells are selected con-
sidering in each of the polygons that represent them, 
the following: i) keep the established size, ii) add the 

Fig 6  Height (a) and width (b) of current ENCs in MACHC as a function of the scale value by navigational purposes.

Fig 7  Cells between the bands 

in a progressive manner, the 

larger scale cells will be con-

tained in the smaller scale cells, 

and relative size of cells in use 

bands 1, 2 and 3 (Overview, 

General and Coastal) in de-

grees of latitude and longitude.

Table 4  Dimension of cells proposed for design of scheme according to navigational purpose.

Usage band
Navigational

Purpose
Compilation Scale Cell dimensions

1 Overview 1:3,000,000 24° × 24° 

2 General 1:700,000 6° × 6° 

3 Coastal 1:180,000 1.5° × 1.5° 

(a) (b)
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Fig. 8 Parameter definition in ArcGIS Create Fishnet tool.

Fig. 9 View of the current ENCs 

of the General Navigation Pur-

pose and AIS layer, used to 

define the latitude as the point 

of origin of the grid covering the 

demarcated route with respect 

to the traffic density in the Pan-

ama Canal. Source: MACHC 

AIS Density, Jan.–Mar. 2013, 

https://www.iho-machc.org/

miccenc/index.html.
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For the selection of the longitudinal limit of the 
scheme, priority was given to maintaining the uni-
formity of the grid of ENCs for Overview navigation 
purposes, as they have the largest area (24° × 24°). 
In order to guarantee coverage of these ENCs, the 
longitude of the point of origin is established as 108° 
W (western limit of the scheme), which is outside the 
Caribbean Sea area (Fig. 10). Additionally, for the se-
lection of this limit, it was decided that the Panama 
Canal should not be close to the limit between ENCs 
of General navigation purpose (Fig. 11).

It is pertinent to clarify that this limit does not force the 
General and Coastal chart scheme to start at this longi-
tude, however, it is necessary that the limits of all charts, 
regardless of their navigational purpose, coincide.

3.4 Nomenclature for ENCs
To assign the nomenclature of the ENC in the grid 
system, the structure standardized by the IHO with 
the eight characters for the identification of the ENCs. 
The characters 1, 2 and 3 are mandatory with re-
spect to the S-57 naming convention the rest can be 
given free of choice (Table 5). The nomenclature de-
pends on each navigational purpose (third character).

Character 4 will be occupied with the letter that 
identifies the Regional Hydrographic Commission ac-
cording to the regions defined by the IHO. The next 
three characters describe the ENC number, which are 
defined by the position of the polygon with respect 
to its position from North to South. The last character 
will complete the identification of the cell by adding a 
letter that starts the position from West to East.

ological proposal. The scheme design was worked 
using the Grid Layout algorithm incorporated in the 
ArcGIS Create Fishnet tool, defining the parameters 
(Fig. 8) in the geographic coordinate system, WGS-
84 datum.

For the selection of the latitude of the point of or-
igin, the Panama Canal was selected as the main 
point of convergence of the navigation routes in the 
Caribbean Sea, which also coincides with the south-
ern limit of the study area. The coverage of the cur-
rent ENCs was evaluated with respect to the com-
plete coverage of this interoceanic port, assigning 6° 
N as the latitude of the point of origin (southern limit 
of the scheme), in such a way that the canal will be at 
the center of the new of the General navigation pur-
pose ENCs (Fig. 9).
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Table 5  Structure to assign the ENC nomenclature.

Character Value Value detail 

1–2 XX Producer Country Agency (S-62)

3 1-6 Navigation purpose

4 B Code of the region that identifies the CHR 

5–7 008 Expansion of the given cell number in the direction from North to South

8 A Letters from West to East

https://doi.org/10.58440/ihr-29-2-a28

a major change, provided that the different HOs ap-
ply the agreed standards uniformly. The constraints 
will be in terms of human resources, time and cost, 
but the challenge is to reach agreements between 
neighbouring countries for implementation. In order to 
harmonize the coverage of ENCs in the MACHC, it 
is necessary to break the practice of maintaining the 
limits of paper charts in ENCs (IHO, 2020), thus mak-
ing it possible to implement a grid scheme.

4.1 Results of Overview Navigation
Based on the size defined for the cells in the purpose 
of Overview navigation (Table 4), and using the coor-
dinate 06° N , 108° W (southwest corner) as origin, 
it was possible to cover the work area with three ad-
jacent cells of 24° × 24° for Overview purpose. This 
scheme eliminates data duplication and avoid gaps 
between adjacent ENCs (Fig. 10).

According to the MICC web catalog, currently the 
study area is covered by five ENCs with different 
scales, designs, and dimensions. With the proposed 
design, the area of the Caribbean Sea would be cov-
ered with three cells. It provides uniformity and con-
sistency in coverage, generating confidence to the 
end user when viewing the ENCs in an ECDIS.

There will be cells that compromise jurisdiction-
al waters of one or more countries. In the case of 
overview cells that have sea in the Caribbean and 
the Pacific, it is necessary to make the divisions of 
the cell area to be completed by different producing 
countries, which will be differentiated by the code 
of the producing agency (S-62). In order to achieve 
consistent, adjacent cells at the data level, the node 
coordinates should be in tenths of a degree to eight 
decimal places, to eliminate the discrepancy be-
tween objects at the common boundary. Between 
cells of the same navigational purpose there should 
be no tolerance in horizontal consistency.

In order to maintain coherence across national or 
regional borders, it is necessary to reach a consen-
sus among the producers of ENCs in the RHC for 
the preservation of responsibilities with the intention 
of navigation purposes, compilation scales and the 
use of the SCAMIN.

In the case of the MACHC, the letter B will be main-
tained as the fourth character in the nomenclature of 
the gridded scheme. The protection of the last four 
characters of the nomenclature starts from the ENC 
located in the northernmost and westernmost posi-
tion of the study area, for each of the three proposed 
navigation purposes (Fig. 11 and 13).

For the design of the schemes, political maritime 
borders are not taken into account. Therefore, there 
will be cells that will compromise jurisdictional wa-
ters of one or more countries. In this case, for the 
creation of the ENCs it is necessary to coordinate 
between HOs the divisions of the cell area for their 
creation, if the HOs are willing to cooperate in this 
manner. However, it is recommended that each ENC 
in a grid scheme have a single producing country, 
which is indicated with the production agency code 
(first two characters). This is an advantage of the grid 
system, since it guarantees that the same area is not 
contained in different cells, for the same navigational 
purpose. To achieve this, it is necessary to promote 
technical agreements or memorandums of under-
standing between neighboring countries, in which 
the cartographic limits are agreed upon, as there are 
agreements between some countries in the region.

To address the national maritime boundary and en-
sure comprehensive coverage, a potential approach 
involves adjusting the origin point of each country's 
grid in the horizontal axis. This adjustment will make an 
overlap of ENCs extent across the boundary between 
the two countries. This adjustment will specifically in-
volve manipulating the M_COVR object ensuring that it 
is extend beyond the maritime boundary is encoded as 
no coverage is available to avoid data discrepancies.

4 Proposed grid ENC scheme for the 
Caribbean Sea

In this section, the methodology proposed in Sec-
tion 3 is applied to establish the grid scheme in the 
Caribbean Sea, which is part of the area of respon-
sibility of the MACHC. The implementation of the 
scheme starts from the decisions made regarding the 
standardization of the chart scales, cell size, and the 
point of origin of the scheme. MS see the need for 
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ENC file is improved. This allows a better handling of 
objects, even in sectors where the polygon covers a 
greater proportion of land than the maritime part, facil-
itating its maintenance due to updates and operability 
in ECDIS. Additionally, it offers a regular nomenclature 
system that facilitates the identification of ENCs.

As example, to optimize the current scheme, in a 
flexible manner the point of origin could be adjusted 
to the north at latitude 9° 00’ 00 N, where for the 
distribution of the grid as like Fig. 12. Also, with the 
objective of avoiding the creation of ENCs in areas 
where the cells predominantly cover land areas rep-
resenting approximately 90 % of their overall cover-
age. In these cases, it is proposed to make the limit 
of the adjacent cell more flexible by expanding it to 
cover the coastline.

  The hatched zone shows that the data fraction is 
necessary and is linked to the adjacent ENC, in these 
cases because data exists suitable can be extended.

4.3 Results of Coastal navigation
A cell layout that completely covers the region of in-
terest at this scale is recommended. However, it is 
not necessary to produce all ENCs that cover the ar-
ea, but only those ENCs that cover areas that are of 
importance to shipping lanes or represent a hazard 
to the safety of ships. The definition of which ENCs 
and which country produces them are issues to be 
discussed within each RHC.

Allowing for complexity of the design for this navi-
gational purpose, an analysis was carried out using a 
GIS with determining information on the ports, coast-

4.2 Results of General Navigation
Bearing in mind that the grid system has the same 
point of origin for the design of the cells progressively, 
the cells of the Oceanic purpose are selected, that 
is, 24° × 24°, dividing these into 6° × 6° cells, size 
assigned for General purpose (Table 4).

The parameters were defined using the GIS tool, 
generating a grid with 48 cells, of which exclusively 
those covering the study area were selected for this 
research (Fig. 11). Note that the general navigation 
ENC scheme should not start at the western limit es-
tablished for overview charts. Nevertheless, their lim-
its are guaranteed to coincide (for example, 84° W 
and 60° W).

 
For this region of the MACHC, current ENCs show 

incomplete coverage for General navigation purpos-
es. For example, in the area between Venezuela and 
Colombia, a coverage gap is observed. This situa-
tion arises due to the lack of a regional ENC scheme 
in the area, there is a cell produced by another HO 
(UKHO) that cooperated with the state (IHO, 2014), 
however, it is not designed with consideration of the 
adjacent national scheme.

The study area is currently covered by 16 ENCs 
with various scales, cell designs, and irregular data 
representation. To achieve consistent coverage for 
this navigation purpose, 17 cells with the dimen-
sions of 6° × 6° will be designed. Based on current 
production considering as reference ENC overview, 
with these uniform ENCs control over the size of the 

Fig. 10 Overview navigation 

purpose, comparison between 

current (red boxes) and pro-

posed (green boxes) ENCs. Grid 

design with dimensions of 24° × 

24° covering area between the 

coordinates 06° N – 108° W, 

and 30° N – 36° W. In black are 

examples of the nomenclature 

in the regular grid system. Cur-

rent ENCs taken from the MICC 

portal accessed in September 

2022.
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with depths of 20 m to 200 m adjacent to an area 
with a depth range of 50 m to 100 m. This type of 
error is the cause of the inconsistent ECDIS display 
under certain configurations, showing the two adja-
cent areas in different shades of blue.

To ensure “integrity” between different ENCs with 
the same navigational purpose, it is necessary to 
share bathymetric datasets between ENCs compiler 
agencies and to standardize compilation techniques.

line, bathymetric contours, environmental conditions, 
cartographic products, and maritime traffic. As a re-
sult, we show the recommended ENCs to give ade-
quate coverage to the area. In this case, the General 
navigation scheme is composed by 288 polygons 
generated automatically (Fig. 13).

To achieve consistent coverage, based on nauti-
cal criteria, the layers with information on the coast-
line and bathymetric contours were activated as a 
preventive and safety measure, using the 50-meter 
depth contour suggested in the standard series of 
contours for nautical charts (IHO, 2021). Regarding 
the distance between the port and the edge of the 
cell, this aspect becomes irrelevant due to the conti-
nuity and adjacency between the cells.

According to the analysis carried out, the study ar-
ea would need to produce 150 cells of the 288 for 
the region (Fig. 13). Compared with the 84 existing in 
this area of the MACHC, the increase in cells is signif-
icant, but it will guarantee coverage of a complete ar-
ea and in an organized manner; preventing countries 
from making two or more ENCs for the representation 
of the same area. 

As examples: according to reports annuals of 
WENDWG (2019) small overlap between two Ven-
ezuela cells VE300600 and VE300500. In 2020, 
PA3AM929 and CO300023; and MX402321 
MX402314. In 2022, during the WEND meeting, IC-
ENC listed overlaps, especially between ENCs that 
require actions by producers regarding to new cells 
about the representation of the same area, VE300700 
and GB300501, VE300600 and GB300500, 
VE300600 and GB380040, VE300200VE300100, 
and VE300200 – NL302023 (IC-ENC, 2022). 

Based on the three navigation purposes analyz-
ed in this work, the proposed scheme increases 
the number of ENCs to be produced by 61 % when 
compared to the number of current ENCs in distribu-
tion (Table 6). Most of this increase is due to the fact 
that for the purpose of Coastal navigation it is neces-
sary to generate cells in areas that cover islands and 
minimum depths of 10 to 50 meters, which were not 
contemplated in the current scheme. 

In the grid system, high percentages of land great-
er than 50 % should be avoided as much as possi-
ble. It is recommended to capture only objects that 
are considered striking and represented on the ENC 
scale. This can also lead to problems, as geographic 
features won’t follow regular grid schemes. It must 
be ensured that the gridded scheme will be used 
properly. For example, to the schwedish scheme 
where specific usage two ENCs have only very little 
data coverage (catcov = 1) and most of the cell is 
(catcov = 2) just to fill the grid. ECDIS will always se-
lect such charts in while route check.

In the Coastal navigational purpose, the current 
cells present inconsistencies regarding the area of 
addictive depth, where, for example, an ENC from 
Venezuela represents an area with depths of 20 m to 
200 m, while an ENC from Colombia shows an area 

Fig. 11 Comparison in coverage between ENCs for General navigation purposes, current (red boxes) 

and proposed (6° × 6° blue boxes). In black are examples of the nomenclature in the regular grid sys-

tem. The current ENCs were taken from the MICC portal accessed in September 2022.

Fig. 12 Examples optimize the current scheme, area of the Panama Canal near the current limit of 

the ENC. Comparison of coverage between ENC for General navigation purposes, current (red boxes) 

and proposed grid (6° × 6° blue boxes) with origin 09° N. 
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The expected impact on the safety of navigation 
is to increase user confidence through uniform and 
quality coverage. It is recommended that neighbour-
ing countries establish, through agreements or mem-
oranda of understanding between producer coun-
tries, rules for joint work, facilitating the publication of 
data from one country in the cells of another produc-
er country. The basis of the cartographic work rests 
on the bathymetric surveys, which must always com-
ply with IHO standards, ensuring that the information 
presented in the ENCs is adequate. 

The implementation process involves challenges and 
constraints related to costs, resources and coordina-
tion between ENC producing countries. Considering 
this possibility of benefits, that these results can have 
an influence on electronic cartography worldwide.

Due to the lack of creation of regional schemes 
at RHCs, the characteristics of current ENCs vary 
significantly from one region to another (IHO, 2019). 
The standardization of regional cartographic schemes 
seeks the uniformity and consistency of ENCs, which 
improves safety during navigation using an ECDIS. 

This proposal is aligned with the ordinances of the 

5 Summary and final remarks
A regular grid scheme for ENCs is proposed that 

covers the purposes of Overview, General, and 
Coastal navigation, providing uniform and quality cov-
erage of the study area to the end user. The meth-
odological proposal of this scheme can be applied 
to many regions. In this work, to explain the method-
ology, the scheme is implemented for the Caribbean 
Sea, an area corresponding to the MACHC. It is ex-
pected that this proposal will serve as an-input to dis-
cuss in the RHCs the benefits of establishing gridded 
cartographic schemes for ENCs. 

The importance and potential benefits of applying 
the gridded ENC scheme in the Caribbean Sea is that 
it allows the generation of seamless coverage while 
reducing the problem of spatial overlaps between 
ENCs. Furthermore, that the scheme is a sufficient 
solution during the upcoming parallel production of 
ENCs S-57 and S-101, as it allows for a pre-assess-
ment of the data improving the quality of the products, 
considering that 15 scale values between Overview, 
General and Coastal are used in the ENCs.

Fig. 13 Comparison between 

current (blue boxes) and pro-

posed (1.5° × 1.5° red boxes) 

ENCs. Proposed design to 

standardize the Coastal naviga-

tion purpose. In black are exam-

ples of the nomenclature in the 

regular grid system. The current 

ENCs taken from the MICC por-

tal visited in September 2022.

Table 6  List of current ENCs and scheme of cells proposed to cover the study area for Overview, General and Coastal navigation purposes.

Navigation purpose Current ENCs Quantity of ENCs proposed

Overview 5 3

General 16 17

Coastal 84 150
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implications of human resources, time, costs and 
capacities required to carry out the implementation 
must be analyzed.

In this study, an academic proposal of the ENC 
scheme for the MACHC is made, which can serve as 
an-input for the discussion within this RHC. An alter-
native is to evaluate the convenience of the proposed 
grid system, where aspects such as the standardi-
zation of scales, cell size, definition of origin, among 
others, can be discussed. Once the update of the 
cartographic scheme is agreed, other aspects should 
be discussed, such as cell-producing countries, im-
plementation priorities, transition process between 
the previous scheme and the current one, ENC up-
date periods, among others. Until the approval and 
implementation, it is recommended to continue with 
other activities such as establishing technical agree-
ments, in which cartographic limits are defined and 
surveys are arranged in areas of common interest. 

6 Conclusion
The analysis of the current ENC scheme revealed 
shortcomings that affect the safety of navigation and 
therefore need to be improved. The main problems 
identified were that the schemes are not designed in 
a standard way for the CHR, irregular cell sizes and 
application of scales different from those recom-
mended by IHO for navigation purposes. 

Also detected horizontal inconsistencies in linear 
and area features across ENC limits can undermine 
user confidence in ENCs by showing discrepancies 
of lines and colours, due to lack of data integrity be-
tween ENCs. Other, is incomplete data visualisation 
due to the application of different scale values of 
SCAMIN attribute between ENCs.

The contribution of the application of the cell 
scheme is that the design should avoid overlaps and 
gaps in coverage for the same navigation purpose, 
allowing for greater consistency between products, 

IHO WENDWG, who ensure that they provide mari-
time safety in compliance with the WEND principles 
and must develop proposals to produce ENCs en-
suring that they are uniform, have quality and there 
is consistency in the data (IHO, 2018d). During the 
10th meeting of the ENC Database Working Group 
(IC-ENC, 2020), one of the two Regional Centers for 
Global Validation and Distribution, reported the up-
date on the status of ENCs regarding the overlap of 
the data, including cases of unwanted situations in 
the MACHC in border areas, even between cells of 
the same producer country.

Faced with the interest of activating the discussion 
on the coverage of ENCs in the MACHC, as part of the 
preliminary development of this research, Colombia 
presented evidence of the weaknesses and strengths 
related to the designs of ENCs during the 20th meet-
ing of the MACHC in 2019, emphasizing what was 
found for the area of the commission (MACHC, 2019). 
As a result of this presentation, the member states 
recognized the need to rescheme ENC coverage by 
approving the creation of the Sub-Working Group for 
Regional ENC Schemes for the MACHC MRES. Dur-
ing the 21st meeting in December 2020, the MACHC 
supported the advances of the MRES subgroup and 
the approach of a grid proposal to be refined by the 
MICC subgroup starting with the purpose of Ocean 
navigation (MACHC, 2020).

The comparison of the proposed grid scheme with 
the distribution of the current ENCs was presented 
to the 22nd meeting of the MACHC held virtually in 
December 2021, in order to analyze and discuss the 
advantages and necessary modifications for its im-
plementation (Fig. 10 and 11). This information is ap-
propriate for the WEND group seeking to harmonize 
ENC schemes worldwide (MACHC, 2021).

The implementation of gridded scheme would gen-
erate limitations for ENC-producing countries, such 
as the cost-benefit ratio of making this change. The 

Table 7  Cell size in degrees for country grid schemes usage band corresponding to navigation purposes. Units in degrees. N/A: the cells do not have an established size or 

design. Empty: The country does not define size for cells for this purpose. Source: Report USCH44_2021 (IIC Technologies, 2021). 

Country / 
Usage band

Germany Netherlands Norway USA Australia Korea Ukraine Japan Canada

Overview N/A N/A N/A 19.2 & 38.4 30 8 6 25 & 8 1

General N/A N/A 2 (8 × 2) 4.8 10 4 4 2 1

Coastal
X = 1.33  
Y = 1.0

Partial 2 (8 × 2) 1.2 1 1 1 0.5 0.1

Approach
X = 0.33  
Y = 0.17

Partial
0.13  
0.25  
0.5

0.3 1 0.5 0.5 0.125 0.1

Harbor N/A N/A 0.13 0.25 0.075 N/A 0.25 N/A N/A 0.02

Berthing N/A N/A N/A N/A 0.25 N/A N/A 0.02
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IHO (2018d). Terms of Reference. World-Wide Electronic Naviga-
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increasing the confidence of navigators and optimis-
ing the performance and use of ECDIS.

In addition, the process allows the ENC content to 
be updated to create consistency in scale and con-
tent. By changing the data boundaries, it is the per-
fect opportunity to identify inconsistencies in the new 
gridded boundaries and resolve them, harmonising 
the dataset.

The implications of the proposed scheme on the 
regional distribution of ENCs is that the grid can be 
applied to all scales and scale bands, optimising 
route planning in a comprehensive and progressive 
manner. The design conforms to international IHO 
standards and WEND principles to ensure uniformity 
and high quality of ENCs.

Currently, some countries are analyzing how to 
improve the coverage of their ENCs, evaluating the 
convenience of migrating to a regular grid system. 
Several countries have independently defined the 
size of their ENCs by navigational purpose (Table 
7). This indicates how the size of the ENCs in each 
country is free, without there being a clear indication 
or restriction by the IHO in this regard, which affects 
the uniform coverage at the regional level of interest 
for the RHCs. An additional problem is that the spe-
cific cell size is not linked to a scale, an aspect that is 
contemplated in the methodological proposal of this 
work. 

The design of a regular grid system like the one 
proposed is considered ideal for the MACHC. How-
ever, for a seamless global scheme, it is necessary 
for the IHO to approve the scales, cells sizes for 
different navigational purposes and the grid origin. 
These aspects should be agreed by the WENDWG 
to avoid transferring the problems of the past to the 
new production model under Universal Hydrograph-
ic Data S-100 including the S-101 standard (IHO, 
2022).

Generate discussion spaces that lead to the es-
tablishment of common ENC grid schemes at RHC 
level standardized for Overview, Coastal and General 
navigation purposes, so that these are approved and 
adopted in order to guarantee consistent coverage to 
the end user, avoiding the continuation of independ-
ent ENC production. It is important that the schemes 
that are established are properly documented, with 
methodologies and examples of implementation.
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