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1. OVERVIEW 
 

From ancient times of exploration to modern day shipping, surface currents have played an 

important role in navigation. With the advent of electronic navigation, surface current data and 

updates are more accessible and easier to integrate into navigation displays. This integration of 

the chart with other supplemental data improves decision making and results in more efficient 

navigation. 

 

1.1 Introduction 

 

A data Product Specification (PS) is a precise technical description that defines the 

requirements for a geospatial data product and forms the basis for producing or acquiring data. 

This PS, S-111, conforms to S-100. 

 

The S-111 PS describes the feature Surface Current and its two attributes Surface Current 

Speed and Surface Current Direction (ANNEX A - DATA CLASSIFICATION AND ENCODING 

GUIDE), and the relationships of surface currents and their mapping to a dataset. The Surface 

Current represents the water velocity at one or more geographic locations at either (a) a given 

depth relative to a named vertical datum, or (b) an average from the surface down to a given 

depth. The current values are obtained through in situ or remote measurement or by analytic 

methods or hydrodynamic modeling. The PS includes general information for data identification 

as well as for data content and structure, reference system, data quality aspects, data capture, 

maintenance, encoding, delivery, metadata and portrayal. The framework, i.e., the relationships 

between these elements, is depicted in Figure 1.1. The framework identifies how the various 

elements of a coverage dataset fit together. 

 

A dataset containing Surface Current data describes a set of values distributed over an area. 
The structure containing the values is either a Grid Coverage or a Point Coverage. 
  

¶ Gridded data consists of a set of attribute values organized in a grid together with 
metadata to describe the meaning of the attribute values and spatial referencing 
information to position the data. An essential characteristic of a regular grid is that the 
geographic position of any node can be computed from the values of the origin and point 
spacing. A coverage includes a function which provides values at geographic locations 
within the extent of the grid. A continuous function provides values at all locations, while 
a discrete function, which is used for Surface Currents, provides values at only specific 
points (e.g., grid nodes). 
 

¶ Another type of structure is a Point Coverage, which also contains metadata and 
attribute values, although the locations of the points are not organized into a regular grid. 
The location of all points must be explicitly specified. There is no coverage function. 
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Figure 1.1 - Overall relationship between the elements of the framework (from S-100, Part 8). 

 

The Hierarchical Data Format version 5 (HDF5) promotes compatible data exchange due to its 

common neutral encoding format, and is the format used for this data product. HDF5 is object 

oriented and suitable for many types of data and forms the basis of the Network Common Data 

Form (NetCDF), a popular format used for scientific data.  

1.2 Scope 

This document describes an S-100 compliant product specification for surface currents and it 

specifies the content, structure, and metadata needed for creating a fully compliant S-111 

product and for its portrayal within an S-100 electronic charting environment.  This product 

specification includes the content model, the encoding, the feature catalogue and metadata. 

The surface current product may be used either alone or combined with other S-100 compatible 

data.  
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1.3 References 

1.3.1 Normative 

S-44.  IHO Standards for Hydrographic Surveys,   5th Edition February 2008. 

S-100. IHO Universal Hydrographic Data Model, ver. 4.0.0. (September 2018). 

S-101. IHO Electronic Navigational Chart Product Specification, July 2014. 

S-102. IHO Bathymetric Surface Product Specification, April 2012. 

ISO 8601. 2004. Data elements and interchange formates - Information interchange - Representation of 

dates and times. 2004. 

ISO 3166-1. 1997. Country Codes. 1997. 

ISO/TS 19103. 2005. Geographic information - Conceptual schema language. 2005. 

ISO 19111. 2003. Geographic information - Spatial referencing by coordinates. 2003. 

ISO 19115. 2003. Geographic information - Metadata. 2003. 

ISO 19115-2. 2009. Geographic information - Metadata - Part 2: Extension for imagery and gridded data. 

2009. 

ISO/TS 19123. 2005. Geographic information - Schema for coverage geometry and functions. 2005. 

ISO 19129. 2009. Geographic information - Imagery, gridded and coverage data framework. 2009. 

ISO 19131. 2007. Geographic information - Data product specifications. 2007. 

ISO/IEC 19501. 2005. Information technology - Unified Modeling Language (UML) Version 1.4.2. 2005. 

netCDF ï Network Common Data Form: Unidata ï www.unidata.ucar.edu/software/netcdf 

HDF5 ï Hierarchical Data Format version 5 ï www.hdfgroup.org 

1.3.2 Informative 

ISO 19101. 2002. Geographic information - Reference model. 2002. 

ISO 19103-2. 2005. Geographic information - Conceptual schema language - Part 2. 2005. 

ISO 19105. 2000. Geographic information - Conformance and testing. 2000. 

ISO 19107. 2003. Geographic information - Spatial schema. 2003. 

ISO 19108. 2002. Geographic information - Temporal schema. 2002. 

ISO 19109. 2005. Geographic information - Rules for application schema. 2005. 

ISO 19110. 2005. Geographic information - Methodology for feature cataloguing. 2005. 

ISO 19113. 2002. Geographic information - Quality principles. 2002. 

ISO 19116. 2004. Geographic information - Positioning services. 2004. 

ISO 19117. 2005. Geographic information - Portrayal. 2005. 

ISO 19118. 2005. Geographic information - Encoding. 2005. 

ISO 19128. 2005. Geographic information - Web Map Server interface. 2005. 

ISO/TS 19130. 2010. Geographic information - Imagery sensor models for geopositioning. 2010. 

ISO/TS 19130-2. 2010. Geographic information - Imagery sensor models for geopositioning - Part 2. 

2010. 

ISO 19132. 2007. Geographic information - Location-based services ï Reference model. 2007. 

ISO 19133. 2005. Geographic Information - Location-based services - Tracking and navigation. 2005. 

ISO 19136. 2007. Geographic information - Geography Markup Language (GML). 2007. 

ISO/TS 19138. 2006. Geographic information - Data quality measures. 2006. 

ISO 19142. 2010. Geographic information - Web Feature Service. 2010. 

ISO 19144-1. 2009. Geographic information - Classification systems ï Part 1: Classification system 

structure. 2009. 

ISO 19145. 2010. Geographic information - Registry of representations of geographic point location. 

2010. 

ISO 19153. 2010. Geographic information - Geospatial Digital Rights Management Reference Model 

(GeoDRM RM) 1). 2010. 

ISO 19156. 2010. Geographic information - Observations and measurements. 2010. 
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ISO 19157. 2010. Geographic information - Data quality. 2010. 

ISO 19158. 2010. Geographic Information - Quality assurance of data supply. 2010. 

Springer Handbook of Geographic Information. 2012. 

CO-OPS ï Tide and Current Glossary 2000 

Wikipedia. Wikipedia. [Online]  

1.4 Terms, Definitions and Abbreviations 

1.4.1 Use of Language 

Within this document: 
Å ñMustò indicates a mandatory requirement. 
Å ñShouldò indicates an optional requirement, that is the recommended process to be 

followed, but is not mandatory. 
Å ñMayò means ñallowed toò or ñcould possiblyò, and is not mandatory. 

1.4.2  Terms and Definitions  

The S-100 framework is based on the ISO 19100 series of geographic standards. The terms 

and definitions provided here are used to standardize the nomenclature found within that 

framework, whenever possible. They are taken from the references cited in Clause 1.3, 

modifications were made when necessary. Additional terms have also been included (see 

ANNEX B). Terms that are defined in this clause or in ANNEX B are highlighted in bold. 

 

coordinate 
   one of a sequence of n numbers designating the position of a point in n-dimensional space  

NOTE: In a coordinate reference system, the coordinate numbers are qualified by units 
[ISO 19107, ISO 19111] 
 

coordinate reference system 
   coordinate system that is related to an object by a datum 

NOTE: For geodetic and vertical datums, the object will be the Earth 
[ISO 19111] 

 
coverage 
   feature that acts as a function to return values from its range for any direct position within 

its spatial, temporal, or spatiotemporal domain 
EXAMPLE: Examples include a raster image, polygon overlay, or digital elevation matrix 
NOTE: In other words, a coverage is a feature that has multiple values for each attribute 
type, where each direct position within the geometric representation of the feature has a 
single value for each attribute type 
[ISO 19123] 

 

coverage geometry 
   configuration of the domain of a coverage described in terms of coordinates 

[ISO 19123] 
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data product 
   dataset or dataset series that conforms to a data product specification 

NOTE: The S-111 data product consists of metadata and one or more sets of speed and 
direction values [ISO 19131] 
 

data quality 
a set of elements describing aspects of quality, including a measure of quality, an evaluation 
procedure, a quality result, and a scope 

 

depth-specific current 
   the water current at a specified depth below the sea surface 
 

direct position 
   position described by a single set of coordinates within a coordinate reference system 

[ISO 19107] 

 

domain 
well-defined set. Domains are used to define the domain set and range set of attributes, 
operators, and functions 

NOTE: Well-defined means that the definition is both necessary and sufficient, as everything 
that satisfies the definition is in the set and everything that does not satisfy the definition is 
necessarily outside the set 
[ISO/TS 19103, ISO 19107, ISO 19109] 

 

feature 
   abstraction of real-world phenomena 

EXAMPLE: The phenomenon named Eiffel Tower may be classified with other similar 
phenomena into a feature type named tower 
NOTE 1: A feature may occur as a type or an instance. Feature type or feature instance 
shall be used when only one is meant 
NOTE 2: In UML 2, a feature is a property, such as an operation or attribute, which is 
encapsulated as part of a list within a classifier, such as an interface, class, or data type 
[ISO 19101, ISO/TS 19103, ISO 19110] 

 
feature attribute 
   characteristic of a feature 

EXAMPLE 1: A feature attribute named colour may have an attribute value green which 
belongs to the data type text 
EXAMPLE 2: A feature attribute named length may have an attribute value 82.4 which 
belongs to the data type real 
NOTE 1: A feature attribute may occur as a type or an instance. Feature attribute type or 
feature attribute instance is used when only one is meant 
NOTE 2: A feature attribute type has a name, a data type, and a domain associated to it. 
A feature attribute instance has an attribute value taken from the domain of the feature 
attribute type  
NOTE 3: In a feature catalog, a feature attribute may include a value domain but does 
not specify attribute values for feature instances 
[ISO 19101, ISO 19109, ISO 19110, ISO 19117] 
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function 
rule that associates each element from a domain (source, or domain of the function) to a 
unique element in another domain (target, codomain, or range) 

[ISO 19107] 

 

geometric object 
   spatial object representing a geometric set  

NOTE: A geometric object consists of a geometric primitive, a collection of geometric 
primitives, or a geometric complex treated as a single entity. A geometric object may be 
the spatial representation of an object such as a feature or a significant part of a feature 
[ISO 19107] 

 

georeferenced grid 
grid for which cells can be located geographically by the use of specific algorithms or 
additional data.  

  

grid 
network composed of a set of elements, or cells, whose vertices, or nodes, have defined 
positions within a coordinate system. See also georeferenced grid, regular grid, 
rectangular grid, ungeorectified grid, node, and grid point.  

[ISO 19123] 
 

grid cell 
   element of a grid defined by its vertices, or nodes 
 
grid point 
   point located at the intersection of two or more grid cells in a grid. Also called a node. 

[ISO 19123] 
 
layer-averaged surface current 

the water current averaged over the vertical, from the surface to a specified depth below the 
sea surface.  

EXAMPLE:  the current averaged from 0 metres (sea surface) down to 10 metres. 
 
node 

   a point located at the vertex of a grid cell. Also called a grid point. 

 

range <coverage> 
set of feature attribute values associated by a function with the elements of the domain of a 
coverage 

[ISO 19123] 
 
record 
   finite, named collection of related items (objects or values) 

NOTE: Logically, a record is a set of pairs <name, item> 
[ISO 19107] 

 

rectangular grid 

  an orthogonal grid whose cells are rectangles. 
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regular grid 

a georeferenced rectangular grid with geodetic coordinates, with the X-axis directed 

eastward, the Y-axis directed northward, and uniform spacing of points in each direction. 

Spacing units are degrees of arc.  

 

sea surface 
a two-dimensional (in the horizontal plane) field representing the air-sea interface, with high-

frequency fluctuations such as wind waves and swell, but not astronomical tides, filtered out.  

EXAMPLE: sea surface, river surface, and lake surface 

NOTE: This implies marine water, lakes, waterways, navigable rivers, etc. 

 

surface current   
the horizontal motion of water at a navigationally significant depth, or the vertical average over 
a depth, represented as a velocity vector (i.e., speed and direction). Depths may extend from 
the sea surface down to 25 metres. 

NOTE: IHO Hydrographic Dictionary: current: surface. A current that does not extend more 
than a few (2-3) metres below the surface. 
 

surface current direction 
   the direction toward which the surface current flows. Units are arc-degrees. 

[CO-OPS 2000] 
NOTE: measured clockwise from true north. AKA set. 

 

surface current speed 

   the speed (rate of change of position over time) of a surface current. Units are knots. 

 

tessellation  

partitioning of a space into a set of conterminous geometric objects having the same     

dimension as the space being partitioned [ISO 19123] NOTE A tessellation composed of 

congruent regular polygons or polyhedra is a regular tessellation; One composed of regular, 

but non-congruent polygons or polyhedra is semi-regular. Otherwise the tessellation is 

irregular. 

 

uncertainty 
the interval about a given value that will contain the true value at a given confidence level. 

NOTE: uncertainty is the estimate of the error in any measurement or value; since the 

error (difference between true and observed value) depends on true value, which can never 

be measured. For practical purposes, the confidence level is 95% and the uncertainty is 

defined herein as 1.96 times the standard deviation of the differences between observed 

and predicted values (cf. S-44. IHO Standards for Hydrographic Surveys, 5th Edition, 

February 2008). 

 

ungeorectified grid 

grid with non-uniform point spacing in any coordinate system. Includes triangular and 

curvilinear coordinate grids whose node positions cannot be calculated from the positions of 

other nodes. 
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1.4.3  Abbreviations  

This product specification adopts the following convention for symbols and abbreviated terms: 

ECDIS Electronic Chart Display Information System 

ENC Electronic Navigational Chart 

HDF Hierarchical Data Format (HDF5 is the fifth release) 

IEEE Institute of Electrical and Electronics Engineers 

IHO International Hydrographic Organization 

ISO International Organization for Standardization 

NetCDF Network Common Data Form 

SCWG Surface Currents Working Group 

UML Unified Modelling Language 

UTC Coordinated Universal Time 

1.5 General S-111 Data Product Description 

This clause provides general information regarding the data product.  

 
Title: Surface Current Information 
 
Abstract: Encodes information and parameters for use with surface current data 
 
Content: A conformant dataset may contain features associated with surface currents. The specific 

content is defined by the Feature Catalogue and the Application Schema. 
 
Spatial Extent:  

Description:                           Global, marine areas only 
East Bounding Longitude:   180 
West Bounding Longitude: -180 
North Bounding Latitude:      90 

South Bounding Latitude:    -90 
 

Purpose: The data shall be collected/produced for the purposes related to surface current use. 

1.6 Data Product Specification Metadata and Maintenance 

1.6.1 Product Specification Metadata 

This information uniquely identifies this Product Specification and provides information about its 
creation and maintenance. For further information on dataset metadata see the metadata 
clause. 
 
Title: S-111 Surface Current Product Specification 

S-100 Version: 4.0.0 

S-111 Version: 1.0.0 

Date: 2018-9-15 

Language: English 

Classification: Unclassified 

Contact:  

International Hydrographic Bureau,  

4 quai Antoine 1er, 
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B.P. 445 

MC 98011 MONACO CEDEX 

Telephone: +377 93 10 81 00 

Telefax: + 377 93 10 81 40 

Role: Owner 

URL: http://www.iho.int/mtg_docs/com_wg/SCWG/SCWG_Misc/S-111.pdf 

Identifier: S111 

Maintenance: For reporting issues which need correction, use the contact information. 

1.6.2 HO Product Specification Maintenance 

1.6.2.1  Introduction 

Changes to S-111 will be released by the IHO as a new edition, revision, or clarification. 

1.6.2.2  New Edition 

New Editions of S-111 introduce significant changes. New Editions enable new concepts, such 

as the ability to support new functions or applications, or the introduction of new constructs or 

data types. New Editions are likely to have a significant impact on either existing users or future 

users of S-111. All cumulative revisions and clarifications must be included with the release of 

approved New Editions. 

1.6.2.3  Revisions 

Revisions are defined as substantive semantic changes to S-111. Typically, revisions will 

change S-111 to correct factual errors; introduce necessary changes that have become evident 

as a result of practical experience or changing circumstances. A revision must not be classified 

as a clarification. Revisions could have an impact on either existing users or future users of 

S-111. All cumulative clarifications must be included with the release of approved corrections 

revisions. 

 

Changes in a revision are minor and ensure backward compatibility with the previous versions 

within the same Edition. Newer revisions, for example, introduce new features and attributes. 

Within the same Edition, a dataset of one version could always be processed with a later 

version of the feature and portrayal catalogues. In most cases a new feature or portrayal 

catalogue will result in a revision of S-111. 

1.6.2.4  Clarification 

Clarifications are non-substantive changes to S-111. Typically, clarifications: remove ambiguity; 

correct grammatical and spelling errors; amend or update cross references; insert improved 

graphics in spelling, punctuation and grammar. A clarification must not cause any substantive 

semantic change to S-111. 

 

Changes in a clarification are minor and ensure backward compatibility with the previous 

versions within the same Edition.  

 

1.6.2.5  Version Numbers 

 

The associated version control numbering to identify changes (n) to S-111 must be as follows: 

http://www.iho.int/mtg_docs/com_wg/SCWG/SCWG_Misc/S-111.pdf


Version 1.0.0                                                              10                                                      May 2018   

New Editions denoted as n.0 

Revisions denoted as n.n 

Clarifications denoted as n.n.n 
 

2.  SPECIFICATION SCOPES 
 

This product specification outlines the flow of data from inception, through the national 

Hydrographic Office (HO), to the end user. The data may be observed or modelled. 

Requirements for data and metadata are provided. This document does not include product 

delivery mechanisms. 

 
Scope ID: Global 

Level: 006  ð series 

Level name: Surface Current Dataset 

 

3.  DATASET IDENTIFICATION 
 

A surface current dataset that conforms to this Product Specification uses the following general 

information for distinction:  
 

Title:  Surface Current Data Product 

 

Alternate Title: None 

 

Abstract:  The data product is a file containing surface water current data for a 

particular geographic region and set of times, along with the 

accompanying metadata describing the content, variables, applicable 

times and locations, and structure of the data product. Surface current 

data includes speed and direction of the current, and may represent 

observed or mathematically-predicted values. The data may consist of 

currents at a small set of points where observations and/or predictions 

are available, or may consist of numerous points organized in a grid as 

from a hydrodynamic model forecast. Measures of the quality of position, 

speed, direction, and time data are included. 
 

Topic Category:  Transportation (ISO 19115 Domain Code 018). 

 

Geographic Description:  Areas specific to marine navigation. 

 

Spatial Resolution:    Varies (e.g., 0.1 km to 1000 km). The spatial resolution varies according 

to the model and the size of grid spacing, or on the number of observing 

locations adopted by the producer (Hydrographic Office). 

 

Purpose:  Surface current data are intended to be used as stand-alone data or as a 

layer in an ENC. 

 

Language:  English (mandatory). 
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Classification:  Data may be classified as one of the following: 

 Unclassified 

 Restricted 

 Confidential 

 Secret 

 Top Secret 

 

Spatial Representation Types: Coverage 

 

Point of Contact:  Producing agency. 

 

Use Limitation:  Invalid over land. 

 

 

 

4.  DATA CONTENT AND STRUCTURE 

4.1 Introduction  

This Section discusses the application schema, which is described in UML; the feature 

catalogue; dataset types, in which there is an extensive discussion of the current data; dataset 

loading and unloading; and geometry. 

 
Surface current data consist of the current speed and direction near the sea surface. The data 
may either be depth-specific current or layer-averaged surface current. Current data usually are 
represented as a time series of values for either a single point (i.e., one geographic location) or 
for an array of points.  

4.2 Application Schema 

This application schema shall be expressed in UML. The details of the Application Schema are 

given in ANNEX C. 

 

4.3 Feature Catalogue 

4.3.1 Introduction 

The S-111 Feature Catalogue describes the feature types, information types, attributes, attribute 

values, associations and roles which may be used in a Surface Current Dataset. See ANNEX D 

ï FEATURE CATALOGUE. 

 

The S-111 Feature Catalogue is available in an XML document which conforms to the S-100 

XML Feature Catalogue Schema and can be downloaded from the IHO website.  
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4.3.2 Feature Types  

4.3.2.1 Geographic 

Geographic (geo) feature types form the principle content of S-111 and are fully defined by their 

associated attributes and information types. 

 

4.3.2.2 Meta   

Meta features contain information about other features within a dataset. Information defined by 

meta features override the default metadata values defined by the dataset descriptive records. 

Meta attribution on individual features overrides attribution on meta features. 

4.3.3 Feature Relationship 

A feature relationship links instances of one feature type with instances of the same or a 

different feature type.  In S-111, there are no feature relationships. 

4.3.4 Information Types 

Information types define identifiable pieces of information in a dataset that can be shared 

between other features. They have attributes but have no relationship to any geometry; 

information types may reference other information types. 
 

4.3.5 Spatial Quality 

Spatial quality attributes (Figure 4.1) are carried in an information class called spatial quality.  
 

                                  
 

Figure 4.1 - Spatial Quality Information Type. Note that óhorizontalUncertaintyô has been replaced by the 
preferred óhorizontalPositionUncertaintyô. 
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Only points, multipoints and curves can be associated with spatial quality.  Currently no use 

case for associating surfaces with spatial quality attributes is known, therefore this is prohibited.  

Vertical uncertainty is prohibited for curves as this dimension is not supported by curves. 

Surface currents are usually defined at one or more individual locations, so spatial quality 

applies to these locations. 
 

4.3.6 Attributes 

S-100 defines attributes as either simple or complex. S-111 uses eight types of simple 

attributes; they are listed in Table 4.1. There are no complex attributes. A compound attribute is 

an array containing multiple simple, and possibly dissimilar, attribute types. 

 
 

Table 4.1 - Simple feature attribute types. 

 
 

4.4 Spatial Schema   

Surface current data are represented in two ways: arrays of points contained in a regular grid, 

and sets of points not described by a regular grid. Further details on the data product are given 

in Clause 10 ï DATA PRODUCT FORMAT.  

 

Surface current data has four basic types, based on their sources: 

¶ 1. observed or predicted values at a number of stationary locations, 

Type  Definition  

Enumeration  A fixed list of valid identifiers of named literal values  

Boolean  A value representing binary logic. The value can be either True or False. The default state for 
Boolean type attributes (i.e. where the attribute is not populated for the feature) is False.  

Real  A signed Real (floating point) number consisting of a mantissa and an exponent  

Integer  A signed integer number. The representation of an integer is encapsulation and usage 
dependent.  

CharacterString  An arbitrary-length sequence of characters including accents and special characters from a 
repertoire of one of the adopted character sets  

Date  A date provides values for year, month and day according to the Gregorian Calendar. 
Character encoding of a date is a string which must follow the calendar date format (complete 
representation, basic format) for date specified inS-100, Clause 4a-5.6.4).  See also ISO 
8601:1988. 
EXAMPLE 19980918 (YYYYMMDD)  

Time  A time is given by an hour, minute and second. Character encoding of a time is a string that 
follows the local time (complete representation, basic format) format defined in S-100, Clause 
4a-5.6.4). See also ISO 8601:1988. 
EXAMPLE: 183059Z   

Date and Time  A DateTime is a combination of a date and a time type. Character encoding of a DateTime 
shall follow  S-100, Clause 4a-5.6.4). See also ISO 8601:1988. 
EXAMPLE: 19850412T101530Z 
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¶ 2. predicted values (often from hydrodynamic models) arranged in a regular grid, 

¶ 3. values at multiple locations but not in a regular grid, and 

¶ 4. observed values at a moving station (such as a surface drifter). 

The four types of data have structures that can be described by two S-100 coverages: 

S100_Point Coverage and S100_Grid Coverage (S-100 v 4.0.0, Clause 8-7). 

 

Grid Coverage The class S100_Grid Coverage represents a set of values assigned to the 
points in a two-dimensional grid.  Attributes include interpolationType, dimension, 
axisNames, origin, coordinateReferenceSystem, offsetVectors, origin, extent, 
sequencingRule, startSequence, and rangeType. 
 
Point Coverage The class S100_Point Coverage represents a set of values, such as 
speed and direction values, assigned to a set of arbitrary X,Y points. Each point is identified 
by a horizontal coordinate geometry pair (X,Y) and assigned one or more values as 
attribute values. These values are organized in a record for each point. Attributes include 
domainExtent, rangeType, metadata, commonPointRule, geometry, and value. 
 

 

The types of data and their corresponding coverages are shown in Table 4.2. 

 

Table 4.2 ï Surface current data types and their coverages. 

N Type of Data Coverage 

1 Time series data at one or more stationary locations S100_Point 

2 Regularly-gridded data at one or more times S100_Grid 

3 Ungeorectified gridded data or point set data at one or more times S100_Point 

4 Time series data for one moving platform S100_Point 

 

4.4.1 Regular Grids 

S-111 regular grid geometry is an implementation of S100_Grid Coverage (Part 8 ï Imagery 

and Gridded Data). The spatial grids for the regular grid type are two dimensional, orthogonal, 

and georeferenced (with the X axis directed toward the east), and are defined by several 

attributes, including grid origin, spacing, and grid indexing. These parameters are explained in 

more detail below. A typical regular grid and some of its parameters are shown in Figure 4.2.  

 

The attribute dimension is 2, and the variable interpolationType has the value of ódiscreteô, since 

there is no spatial interpolation used for surface currents.  
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Figure 4.2 ï Schematic of the regular grid and some of its attributes. The offsetVectors are shown as the 

Latitudinal Spacing and Longitudinal Spacing. The origin is shown at the lower left corner of the grid. 

  

 

The grid is oriented to the Earth by the Coordinate Reference System (CRS), with the variable 
coordinateReferenceSystem. The origin contains the latitude and longitude as a DirectPosition 
and is located at the lower left (southwest) extent of the grid.  
 

S-111 grids allow for different spacing of points along the X axis and the Y axis. For rectangular 
grids the offset vector establishes the cell size. The attribute offsetVectors carries the two 
vectors for grid spacing (Latitudinal Spacing and Longitudinal Spacing). The first vector is 90 
degrees clockwise from CRS north, and represents the distance between grid values on the X 
axis. The second vector is 0 degrees clockwise from CRS north, and represents the distance 
between the values on the Y axis. The distances are given in degrees.  
 
 

The attribute extent effectively defines a bounding rectangle describing where data is provided. 
The attribute extent carries two sub attributes; low and high. The sub attribute low carries the 
value ñ0, 0ò to indicate the start of the extent is the southwest (lower left) corner of the grid. The 
sub attribute high, carries the value of the highest position along the X axis and the highest 
position along the Y axis. Together they form the grid coordinate of the upper right corner. 
 
The sequence rule for a regular cell size grid is straightforward. When the cells are all of the 
same size, the cell index can be derived from the position of the Record within the sequence of 
Records. The attribute sequencingRule has two subattributes; type and scanDirection. The sub 

attribute type carries the value ñlinearò, and the subattribute scanDirection carries the value ñX, 

Yò. Together with the value ñ0, 0ò stored in the attribute startSequence, they indicate that for 

S-111 the grid values along the X axis at the lowest Y axis position are stored first, starting with 

the left most value going right, followed by the values along the X axis at the next increment 
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upward along the Y axis, and so on till the top of the Y axis. The last value in the value 

sequence of the grid will be at the top rightmost positon in the grid. In the figure, first all columns 

in row 1 are selected, then all columns in row 2, and so on. 

4.4.2 Points 

 

The S-111 Point Coverage is quite flexible and is used herein to describe three broad 

categories of spatial data: one or more current stations at fixed locations, ungeorectified gridded 

data, and drifting platform data. 

  

For this type of data (Figure 4.3), the axisNames are the same as for the regular grid. However, 

the origin is arbitrary, and the extent (cf. the bounding rectangle) may be defined by the 

minimum and maximum of the geographic positions of the stations. The total number of 

locations (tidal current stations, ungeorectified grid points, or drifter locations) must be specified. 

Also, attributes like spacing and scan direction have no meaning. The position of the locations is 

carried in the one-dimensional arrays X and Y.  

 

 
  

Figure 4.3 ï Schematic of the point coverage and some of its attributes. Stations, or nodes in an 

ungeorectified grid, appear as filled-in rectangles, are labeled and have a format such as ós1ô. 

 

 

4.4.3 Summary 

 

The spatial schema information from the previous two sections is summarized in Table 4.3. 
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Table 4.3 ï Attributes and their values for S100_Grid Coverage and S100_Point Coverage. 

 

 

5. COORDINATE REFERENCE SYSTEMS (CRS) 
 

The location of a feature in the S-100 standard is defined by means of coordinates, which relate 

a feature to a position. The S-111 CRS is a compound system, with a two-dimensional 

ellipsoidal horizontal component and a one-dimensional datum-related vertical component (cf. 

S-100, Part 6 ï Coordinate Reference Systems). 

5.1 Horizontal Reference System 

For an ENC the horizontal CRS must be the ellipsoidal (geodetic) system EPSG: 4326 

(WGS84).  The full reference to EPSG: 4326 can be found at www.epsg-registry.org. 
 

Attribute Value Remarks 

 
S100_Grid Coverage 

 

dimension 2  

origin gridOriginLongitude, 
gridOriginLatitude 

Values from Carrier Metadata 

axisNames óLongitudeô,ôLatitudeô  

offsetVectors gridSpacingLongitudinal, 
gridSpacingLatitudinal 

Values from Carrier Metadata 

extent: low ó0, 0ô  

extent: high ónumROW-1, numCOL-1ô Values from Carrier Metadata 

sequencingRule: type ólinearô   

sequencingRule: startSequence ó0, 0ô   

commonPointRule óaverageô   

interpolationType ódiscreteô There is no spatial interpolation 
for surface currents 

rangeType name:data type Pairs which describes an attribute 
type included in the range of the 
coverage: e.g., 
ósurfaceCurrentSpeed: realô 

 
S100_Point Coverage 

 

domainExtent EX_GeographicExtent (ISO 
19115) 

Envelope based on all longitudes 
and all latitudes.  

axisNames óLongitudeô,ôLatitudeô  

rangeType name:data type Pairs which describes an attribute 
type included in the range of the 
coverage 

metadata URI Link to metadata 

commonPointRule óaverageô  

geometry GM_Point  

value Real number Corresponds to speed and 
direction values 



Version 1.0.0                                                              18                                                      May 2018   

Horizontal coordinate reference system:  EPSG: 4326 (WGS84) 

Projection:  None 

Coordinate reference system registry:  EPSG Geodetic Parameter Registry  

Date type (according to ISO 19115):   002- publication 

Responsible party:   International Association of Oil and Gas Producers 
(IOGP)  

 

5.2 Vertical Reference System 

The vertical coordinate is directed upward (i.e., away from the Earthôs center) from its origin, the 

vertical datum, and has units of metres. That is, a positive value for the level of the current 

relative to the vertical datum means that the level is above the vertical datum. This is consistent 

with the bathymetric CRS in S-102. The vertical datum is not an ellipsoid but is one of the 

following: (a) the sea surface (defined in Clause 1.4.2), (b) a vertical, sounding, or chart datum 

(MSL, LAT, etc.), or (c) the sea floor. Since these vertical datums can have significant spatial 

variation, there may be a comparable spatial variation in data quality. Any quality measure may 

represent a regional average or an extreme óworst caseô value. 

5.3 Temporal Reference System 

The temporal reference system is the Gregorian calendar for date and UTC for time. Time is 

measured by reference to Calendar dates and Clock time in accordance with ISO 19108:2002, 

Temporal Schema clause 5.4.4. A date variable will have the following 8-character format: 

yyyymmdd. A time variable will have the following 7-character format: hhmmssZ. A date-time 

variable will have the following 16-character format:  yyyymmddThhmmssZ. 

 

6. DATA QUALITY 

6.1 Assessment of Data 

Data quality allows users and user systems to assess fitness for use of the provided data. Data 

quality measures and the associated evaluation are reported as metadata of a data product. 

This metadata improves interoperability with other data products and provides usage by user 

groups that the data product was not originally intended for. The secondary users can make 

assessments of the data product usefulness in their application based on the reported data 

quality measures. 

The prescribed precision (see ANNEX A ï DATA CLASSIFICATION AND ENCODING GUIDE) 

of current speed (0.01 kn) and direction (0.1 arc-deg) is close to the perceived accuracy of the 

data, but the increased precision is useful for time integration of current vectors and for the 

computation of spatial gradients (i.e., non-navigational uses). 

Important factors in the quality of surface current data for navigation consists of the quality of 

 

¶ the observed data, 
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¶ the predicted/forecast data,  

¶ the positional data, and  

¶ the time stamp.  

 

Factors determining the accuracy of the data are shown in Table 6.1. Information of the quality 

of the components of the data is normally available in field survey reports, QC analyses, or 

other technical reports.  

 

Table 6.1 ï Data types and accuracy factors 
Type of Data Factors Influencing Accuracy 

Observed Current Accuracy of the sensors 
Processing techniques 

Predicted/forecast Current Quality of input data 
Timeliness of input data 
Mathematical modelling techniques 
Accuracy of harmonic constants 

Horizontal Position Accuracy of geolocation techniques 
Model grid accuracy 

Vertical Position Accuracy of vertical datum 

Time stamp Sensor accuracy 
Data time tagging accuracy 

 

Data quality measures for the entire data set are included in Table 12.2. These include 

speedUncertainty, directionUncertainty, horizontalUncertainty, verticalUncertainty, and 

timeUncertainty. 

 

6.2 Additional Components 

Additional data quality measures include Completeness, Logical Consistency, Thematic 
Accuracy, Aggregation, and Usability.  

Completeness consists of commission and omission of data. For surface current data in gridded 
form, there is likely to be an excess of data for a region. For observed or historical, there is likely 
to be a dearth of data. In each case, missing data or points over land are tagged with a unique 
value.  A Surface Current coverage data set is complete when the grid coverage value matrix 
contains direction and speed values or the null value for every vertex point defined in the grid, 
and when all of the mandatory associated metadata is provided. See ANNEX E - TESTS OF 
COMPLETENESS (NORMATIVE). 

Logical Consistency ensures that the data are stored in a consistent manner: the HDF structure 
used to hold the data is was designed to enforce such consistency. In addition, the placement of 
current arrow symbols is consistent with the accepted coastline so that the centroid of the arrow 
is place within the water domain (see Figure 9.1), and if the water depth is zero, the symbol is 
not shown.  

Thematic Accuracy insures that the values represented (speed and direction) are representative 
of the true situation. Measurement and modeling errors may put limits on these values. 
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Aggregation describes global quality values relate to a particular dataset. For surface currents, 
each dataset will be evaluated separately. 

Usability will be continually assessed through user and manufacturer response to the symbols 
and analysis presented in the latest Product Specification. 

 
 

7.  DATA CAPTURE AND CLASSIFICATION 
 

The Surface Current product contains data processed from sensors or derived from the output 

from mathematical models. In most cases, the data collected by the HO must be translated, 

sub-setted, reorganized, or otherwise processed to be made into a usable data format.  

7.1 Data Sources 

Surface current data comes primarily from a few specific sources: observations, astronomical 

predictions, analyses, and forecast models. When such data are produced and quality-

controlled by an HO, they are suitable for inclusion in the Surface Current data product. See 

ANNEX F ï SURFACE CURRENT DATA. 

 

Observational Data Observational surface current data comes initially from in situ sensors in 

the field (e.g. current meters or drifting platforms) or from high-frequency radar, and such 

sensors are monitored by the HO.  After reception, the data are quality-controlled and stored by 

the HO. Some of the observed data may be available for distribution within minutes of being 

collected and are thus described as being in real time. Other data may be days or years old, 

and are called historical data. 

 

Astronomical Predictions Astronomical predictions are produced when a sufficiently long time 

series of observed currents has been obtained and the data has been harmonically analyzed by 

the HO to produce a set of amplitude and phase constants. There may be a single set of 

constants to represent flood and ebb currents along a principal direction, or two sets of 

constants to represent the northward and eastward components of the current. The harmonic 

values can then be used to predict the astronomical component of the current as a time series 

covering any desired time interval. In addition, the harmonic constants may be used to estimate 

tidal currents for a generic tidal cycle, with the specific amplitude and direction of the current 

based on the tide range at a specified nearby tide station, and the specific phase of the current 

based on the time of high water at the same nearby tide station. Data such as these may be 

available for single stations or, if the stations are numerous, they may be arranged by the HO 

into a gridded field or a tidal atlas. 

 

Analyzed and Hybrid Values Analyzed current values may be produced from sea-surface 

topography, data assimilation, statistical correlations, or other means. A hybrid method 

combines two or more approaches. 

 

Hindcast and Forecast Data Hydrodynamic models numerically solve a set of fluid dynamic 

equations in two or three dimensions, and rely on observational data, including water levels and 

winds, to supply boundary conditions. Model grids may be either regular or ungeorectified. Such 
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models are often run several times per day, and in each run there is usually a hindcast and a 

forecast. The hindcast is a model simulation that attempts to recreate present conditions by 

using the most recent observational data, while a forecast is a simulation made for many hours 

into the future using predicted winds, water levels, etc. The results are saved for a limited 

number of times, and are stored as arrays that derive from the modelôs grid. These models and 

methods are developed, run, and monitored by the HO.  

 

These descriptions are summarized in Table 7.1. 

 

Table 7.1 ï Types of surface current data, based on the source of the data. 

Type Name Code Description 

1 Historical observation O Observation made hours, days, etc., in the past  

2 Real-time observation R Observation no more than a few minutes old 

3 
Astronomical 

prediction 
A Value computed using harmonic constants only 

4 
Analysis or hybrid 

method 
Y 

Calculation by statistical or other indirect methods, or a 

combination of methods 

5 
Hydrodynamic model 

hindcast 
M 

Gridded data from a two- or three-dimensional dynamic 

simulation of past conditions using only observed data for 

boundary forcing 

6 
Hydrodynamic model 

forecast 
F 

Gridded data from a two- or three-dimensional dynamic 

simulation of future conditions using predicted data for 

boundary forcing 

 

7.2 The Production Process 

Nearly all available information on surface currents available from the HO must be reformatted 

to meet the standards of this Product Specification (Clause 10).  This means (a) populating the 

carrier metadata block (Clause 12.3) with the relevant data and (b) reorganizing the speed and 

direction data when using the encoding rules (see also ANNEX G ï HDF5 ENCODING).  

7.2.1 Metadata 

Metadata is derivable from the information available from the HO. Recall that the definition of 

uncertainty (Sec. 1.3.2) is based on the 95% confidence level. The following variables may 

require additional processing: 

 

¶ The bounding rectangle is computable from either the distribution of stations or 

nodes, or from grid parameters   

¶ Position uncertainties may be available from the HOôs metadata; otherwise they 

must be calculated 

¶ Speed and direction uncertainties, if specified as a single value for the dataset, 

may be available from the HO; otherwise they must be calculated  
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7.2.2 Surface Current Data 

Observational currents and astronomical tidal current predictions at a single location and 

gridded forecast data must normally be reformatted to fit the S-111 standard. The following may 

require additional calculations: 

 

¶ Current depth values for modeled data grid points and for observational data (such as   

for moored current meters) may be require re-referencing to a different vertical datum.  

¶ For gridded data, if a land mask array is included, the mask value is substituted into the 

gridded values as appropriate.  

¶ Time stamps, if given in local time, must be converted to UTC. 

7.2.3 Digital Tidal Atlas Data 

Tidal atlas information may require additional processing to produce a time series. A tidal atlas 

typically contains speed and direction information for a number of locations, the valid time of 

which is expressed as a whole number of hours before and after time of high water, or current 

flood, at a reference tidal water level station (Table F.1). The speed and direction for any time 

are computed as a function of the daily predicted tides or currents at the reference station. The 

conversion into a time series is the responsibility of the HO.  

 

 

8.  MAINTENANCE 
 

8.1 Maintenance and Update Frequency 

Surface currents change rapidly, so more-or-less continual revision or updating of the data is 

essential. For real-time observations, new values are periodically collected (on the order of once 

every 5 minutes). For a forecast, the entire field of currents is created one or more times per 

day. New issues of real-time observations or forecasts are not considered new editions, but new 

datasets. New editions may occur in predicted time series data. 

Tidal atlas or harmonic constant data are updated much less often, typically on an annual basis. 

Table 8.1 summarizes this information. 

Table 8.1 ï Typical update/revision intervals and related information  

for S-111 products produced by a single HO. 

Data Types Interval 
Number Of Spatial 

Locations 

Number Of Time Values Per 

Location 

Harmonic Constant  

Tidal Predictions 
1 year 100 to 1,000 8,760 (hourly data) 

Model Forecasts 6 hr 100,000 to 1,000,000 1 to 24 

Real-time Observations 0.1 hr 1 to 10 1 to 240 

HF Radar Observations 0.1 hr 10,000 to 100,000   1 to 24 
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NOTE: Because of the possibility of hourly release of new datasets, the ECDIS system must 

check on the availability of new data at a similar frequency. 

8.2 Data Source 

Data is produced by the HO by collecting observational values, predicting astronomical tides, or 

running analysis or hindcast/forecast models. These data are typically quality-controlled and 

reformatted to conform to file size limitations and the S-111 standard encoding. 

8.3 Production Process 

S-111 data sets, including the metadata and the coverages for current speed and direction, are 

updated by replacement of the entire data product. HOs routinely collect observational data and 

maintain an analysis and/or forecast capability. When new data become available (often several 

times per day), the data is reformatted and made available for dissemination. 

 

9. PORTRAYAL 
 

9.1 Introduction 

This section describes means of displaying surface current vectors to support navigation, route 

planning and route monitoring. Two types of data are discussed in depth. They are:  

 

point data, which would apply to historical data, astronomical predictions, and real-time data 

at a small number of locations, and 

 

sets of multiple points, which would apply to analyses, coastal radar observations, and 

model-based hindcasts and forecasts. For multiple point data, the current vector portrayal 

characteristics used for single-point data can be adapted to displaying data at individual 

points.  

 

For example, a point portrayal may be provided to display currents at significant locations such 

as turning points or where real-time observations are available. A multiple-point portrayal may 

be provided for voyage planning where a marinerôs selection of routes may be influenced by an 

overview of the currents. Note that not each portrayal category (single point and multiple point) 

may be available for all types of currents data (historical observations, real-time observations, 

astronomical predictions, and forecast total currents). 

 

All recommended sizes are given assuming a minimum size ECDIS display of 270 by 270 mm 

or 1020 by 1020 pixels.  
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9.2 Display of Current at a Single Point 

Portrayal of current using single point data should be used for instances where the data source 

is a current meter (e.g., a historical or real-time current measuring device) at a single 

geographic location. 9.2.1 Arrow Shape 

The generalized arrow shape must be created using the input dimensions shown (Figure 9.1) 

and scaled according to the current speed and the display area. This shape is unique and so 

does not conflict with existing arrow and arrow-like shapes previously approved for use in 

ECDIS (Figure 9.2).  

The arrowôs ópivot pointô is located on the arrow symbol along the vertical centreline and is at a 

distance from the bottom equal to one-half the quantity óalô. The pivot point is placed at the 

corresponding position (longitude and latitude) on the chart image.  

The arrow must be drawn with a black border so that the symbol stands out against 

backgrounds of similar colours.  

 

 

 

 

 

 

 

 

 

 

 

Figure 9.1 ï Standard arrow symbol for use in representing surface currents. The coordinates of the 

vertices (x, y) are shown in mm. The ó+ô shows the location of the pivot point at (0.0, 0.0) and the y axis is 

pointing downward. Maximum height is 10 mm and maximum width is 4 mm. 
 

 

                     

                                     (a)                          (b)                    (c)             (d)                   (e)                  (f)                 (g) 

(0.0, -5.0) 

(2.0, -1.5) (-2.0, -1.5) 

(1.0, -1.5) (-1.0, -1.5) 

(0.5, 5.0) (-0.5, 5.0) 

Ҍ 

X direction 

Y direction 
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Figure 9.2 ï Existing arrow types and approximate colours approved for use in ECDIS: (a) and (b) for 

traffic separation schemes, (c) for recommended (one-way) tracks, (d) and (e) for conical buoys,  

and (f) and (g) for magnetic variation and anomaly. 

 

9.2.2 Arrow Direction 

The direction of the arrow symbol must be the direction (relative to true north) toward which the 

current is flowing (Figure 9.3). If the map projection is Mercator, angles are preserved, so 

current direction is identical to direction on the screen. For other map projections, the portrayed 

direction must be computed. 

 

Figure 9.3 ï Portrayal of the arrowôs direction, based on the current direction. The dashed line is the 

arrowôs centerline, and the origin of the East-North axis is at the arrowôs pivot point.  

True north has a direction of 0 degrees. 

 

9.2.3 Arrow Colour and Speed Bands 

The colour of the arrow must be based on the speed value of the data, and must have 9 bands 

corresponding to the speed ranges (Table 9.1). The range of speeds (Table 9.1) was selected 

to (a) emphasize differences at low speeds (0.0 to 3 kn), and (b) be capable of displaying large 

currents (13 kn and above).  

 

NOTE: The largest tidal currents may be those in the strait near Saltstrumen, Norway, which 

reach 22 kn.  

 

 

 
Table 9.1 ï Speed ranges (knots) for the 9-band display. 

 

 

 

 

 

 

 

 

Speed Band Minimum Speed (kn) Width of Band (kn) 

1 0.00 0.50 

2 0.50 0.50 

3 1.00 1.00 

4 2.00 1.00 

5 3.00 2.00 

6 5.00 2.00 
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Colours are associated with each speed band, and must be distinguishable in the three viewing 

environments: day, dusk, and night.  Color values for day conditions are shown in Table 9.2. 

Colours for dusk and night conditions are given in ANNEX H ï COLOUR TABLES.  (The 

monitor gamma values need to be taken into account ï refer to IHO standards). 

 

 

Table 9.2 ï Colour schema for day conditions. 

 
 

9.2.4 Arrow Size 

The arrow size (height and width) must be a function of the current speed, and for a given 

speed must be the same regardless of the source of the data. The standard arrow symbol 

(Figure 9.1) is scaled up or down in size, depending on the speed it is intended to represent.  

 

Let S represent the value of the current speed. An upper limit on the size of the arrow is 

imposed by requiring the scaling input speed value not to exceed a reference high value, Shigh. 

The recommended value for Shigh is the lower limit value in the highest group in Table 9.2, which 

is 13.0 kn. The value of Shigh should be the same for all data sets from multiple sources so that 

the same speed in different data will be displayed with the same arrow length.  

 

It is desirable to display a small arrow at a location where data is usually available (e.g., a grid 

point) but the speed is less than 0.01 kn. This can be accomplished by setting a minimum 

reference speed, Slow, so that, as a result, a ópointô is displayed. When the speed S falls below 

Slow, then Slow is substituted for S. 

 

A third parameter is the reference speed, Sref, at which the arrow symbol has a length equal to 

the scaling height parameter, Href. Here Sref is chosen to be 5 kn and Href is taken to be 

10.0 mm. Let S be the current speed to be displayed. If S exceeds Shigh, then Shigh is substituted 

for that speed, since areas of extremely high current speeds are rare and are likely to be 

avoided by navigators anyway. Therefore, a current with a speed of S will be displayed with a 

height, H (mm), computed by: 

7 7.00 3.00 

8 10.00 3.00 

9 13.00 99.99 

Speed 

Band 
Colour 

Colour Scale Intensity 
Hex RBG 

Displayed 

Colour Red Green Blue 

1 purple     118 82 226 7652E2  

2 dark blue       72 152 211 4898D3  

3 light blue       97 203 229 61CBE5  

4 dark green      109 188 69 6DBC45  

5 light green       180 220 0 B4DC00  

6 yellow-green  205 193 0 CDC100  

7 orange   248 167 24 F8A718  

8 pink     247 162 157 F7A29D  

9 red      255 30 30 FF1E1E  
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H = HrefĀmin{max(Slow,S),Shigh}/Sref.                                                                 [Eqn. 9.1] 

 

The arrow width is scaled in a similar fashion. A summary of recommended scaling values is 

given in Table 9.3. 

 

Table 9.3 ï Summary of recommended values for arrow display size (see Eqn. 9.1). With these 
values, an arrow representing 5 kn will have a length of 10 mm. 

Constant Description Recommended Value 

Href Reference height for arrow scaling 10 mm 

Sref Reference speed for arrow scaling 5 kn 

Slow Minimum speed to be used for arrow length computations 0.01 kn 

Shigh Maximum speed to be used for arrow length computations 13 kn 

9.2.5 Numerical Values 

 

Current speed and direction, and additional data related to uncertainty and other metadata, 

should be visible when selected by placing the cursor within the solid area of the arrow shape 

(Figure 9.4). The data are invisible initially, and when the cursor is placed on the arrow, the data 

will be shown temporally. If the arrow is clicked, data will be shown continuously until another 

point is clicked. The information shown when the arrow is clicked will be displayed in black text 

inside a box with a white (or other colour for dusk and/or night viewing) background and a black 

border with a 1 pixel line thickness. The box must have zero transparency. 

                                                                                                                                     

Figure 9.4 ï Example of the display of the first level of numerical information available by cursor selection. 

Note: Arrow length is not to scale. 

 

There should be at least three levels of detail of information (Table 9.4). In the first level, speed 

(kn) and direction (arc-degrees clockwise from true north) shall be displayed. In the second 

level, there are six additional items, each with appropriate units: data source/station name, 

latitude, longitude, date, time, and current depth or layer thickness. In the third level, there are at 

least five additional items: uncertainty in speed, direction, horizontal position, vertical position 

and time. A sample image showing a vector with the first level of information is shown in 

Figure 9.4. The additional levels are accessed by a cursor pick capability (cf. S-101. IHO 

Electronic Navigational Chart Product Specification). 

 

Table 9.4 ï Sample of numerical information displayed in text at the location of a current vector,  
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organised into levels of priority. 

 

NOTE: The text box in Figure 9.4 requires the use of two additional colours: black for the text 

and box outline, and white for the interior of the box. Standard ISO colours are to be used. The 

interior of the box will have zero transparency. 

9.2.6 Transparency 

The symbol transparency must be adjusted according to the background chart/image used 

(Table 9.5). The value alpha represents the level of opaqueness (relative to the background 

image) of the arrow and the numerical values displayed. An alpha value of 1 denotes zero 

transparency and an alpha value of 0 denotes 100% transparency. 

 
Table 9.5 - Alpha (opaqueness) values for arrows with various  

display backgrounds. Transparency is 1.0 minus the alpha value. 

Background Alpha 

Satellite image 1.0 

Raster Nautical Chart 1.0 

ENC Day 1.0 

ENC Dusk 0.4 

ENC Night 0.2 

 

 

 

 

 

9.2.7 Scalable Vector Graphics 

 

In ECDIS, the arrow symbol (e.g. Figure 9.5) is drawn using Scalable Vector Graphics (SVG) 

instructions. SVG allows a symbol of any given size, orientation, and colour to be displayed by 

only a few instructions. The coordinate system for the symbol is defined as follows. The overall 

width and height of the symbol are defined in mm.  The viewbox covers the range of coordinates 

used for the symbol.  The pivot point of the symbol is designed to be at the 0.0, 0.0 position. 

The default coordinate system used for S-100 SVG has the origin in the upper left corner with 

the x-axis pointing to the right and the y-axis pointing down. 

For example, the using the image coordinates shown in Figure 9.1b, the SVG coordinate 

system, and Lref of 10 mm, a ópathô command would contain 

Priority 

Level 
Text Information Displayed 

1 Speed, Direction 

2 
Data source or station name, Latitude, Longitude, Depth of current, Valid Date, 

Valid Time 

3 
Uncertainty in speed, Uncertainty in direction, Uncertainty in horizontal 

position, Uncertainty in vertical position, Uncertainty in time 
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   M -0.5, 5.  L  -0.5, 5.0  -1.0,-1.5  -2.,-1.5  0.,-5.0  2.0,-1.5  1.0,-1.5  0.5,5.0  -0.5, 5.0 Z 

where M is the moveto instruction, L is the lineto instruction, and Z denotes the end of the 

drawing. The coordinates are given in mm. See ANNEX I ï SCALABLE VECTOR GRAPHICS 

for more details. 

9.2.8 Symbol Placement 

The arrow symbol is placed on the georeferenced background so that the pivot point of the 

symbol (Figure 9.1) is positioned at the geographic coordinates of the current station or grid 

point.  

NOTE 1: The HO must insure that the arrowôs pivot point does not lie on the displayed 

representation of land, i.e., that the current data and the shoreline are consistent. 

NOTE 2: The HO must insure that the arrowôs pivot point does not lie in a geographic area 

designated as intertidal when the time-varying water depth has gone to zero.  

However, since some stations or grid points are near land, and depending on arrow size, on 

occasion it is unavoidable that occasionally some part of the arrow symbol will overlie the land 

or intertidal area. 

9.3 Display of Regularly Gridded Data 

The display of gridded data depicts a surface current field of multiple arrows (Figure 9.5), with 

each individual arrow having the qualities described in Clause 9.2. The acceptable arrowhead 

style for gridded arrows is the style defined in Figure 9.1. As with single-point data, the speed 

and direction values at individual vectors must be available when the cursor is placed over a 

vector. 

 

NOTE: current direction angles cannot be interpolated (in either space or time) directly, but must 

be derived using the X and Y components of speed. That is, interpolation must be of the 

east/west and north/south components of speed separately, with the interpolated components 

then used to calculate speed and direction. 

9.3.1 High Resolution 

A high-resolution display (i.e., zooming in) of regularly gridded data display produces a lower 

density of data (Figure 9.6). It is not recommended that spatial interpolation be used to estimate 

current values at locations between grid points or point coverage locations.  
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Figure 9.5 - Arrows representing gridded surface current data, with length increasing with speed, and Sref 

is 5 kn, Href is 20 mm, and the maximum speed in the data in the image is 3.15 kn. Coastline added for 

clarity. Note that although some portions of the arrow symbol lie over land, the pivot point does not.  

(data courtesy of St. Lawrence Global Observatory, Canada) 
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Figure 9.6 ï Display of surface current data (see Figure 9.5) but at a higher resolution 

(data courtesy of St. Lawrence Global Observatory, Canada). 

9.3.2 Low Resolution 

Displaying at a low resolution (i.e., zooming out) increases the density of symbols (Figure 9.7a). 

However, by applying a thinning algorithm, the number of vectors may be reduced (Figure 9.7b). 

In this case, every fourth vector was plotted. 

 

An example of thinning of regularly gridded data is as follows. Suppose that the grid cellôs 

diagonal as displayed has a distance of D mm and represents the grid spacing. Note that D is 

dependent on the specific geographic area and the size of the viewing monitor.  If every nth cell 

is displayed, the displayed spacing is nD. Next, suppose the length of the arrow representing 

the maximum speed in the displayed field is Lsmax mm. Then the ratio of the maximum arrow 

length to the displayed grid spacing is constrained to be less than a prescribed maximum value, 

Rmax, here taken to be 0.5. Thus 

R = Lsmax/(nD)  <  Rmax                                                                                                  [Eqn. 9.2] 
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                                                                          (a) 

 
                                 

(b) 
 

Figure 9.7 ï (a) Surface current vectors (see Figure 9.6) displayed with identical parameters, but at low 
resolution. (b) Current vectors as in (a), but óthinnedô by plotting every fourth point. Note that the coastline 

data in the figure may differ from that used to determine model boundaries; in practice, the arrow pivot 
point must not be placed over land. (data courtesy of St. Lawrence Global Observatory, Canada). 
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If the above inequality cannot be met with increment n equal to 1, then a new value for n is 

computed by the following formula: 

n =1 + fix(Lsmax/(DRmax))                                                                                      [Eqn. 9.3] 

where fix() is a function that returns the truncated integer value. For plotting, arrows at every nth 

column and every nth row are drawn, making sure that the row and column with the maximum 

vector is drawn (Figure 9.7b).  

Thinning of irregularly-spaced vectors is more difficult. For each on-screen point the distance to 

all other on-screen points would have to be calculated, so that the closest point can be 

determined. The size and direction of the arrow symbols at the point and its nearest point would 

be compared for overlap. If overlap occurred, one of the symbols would be eliminated. This 

procedure would be carried out for all on-screen points, keeping track of which points and their 

symbols had been eliminated. An alternate solution would be to reduce the reference height Href 

or increase the reference speed Sref (Table 9.3).  

9.4 Temporal Rules 

The metadata variables related to time are the dateTimeOfFirstRecord, dateTimeOfLastRecord, 

timeRecordInterval, and numberOfTimes. The time selected for display (i.e., past, present, or 

future) of the surface currents by the display system will typically not correspond exactly to the 

timestamp of the input data. For a correct display, the ECDIS will have to select the correct 

data. 

For data with only a single record (where the timestamp of the earliest value equals that of the 

latest value) such as real-time data, the surface current values are displayed only if the display 

time is later than the timestamp and the absolute time difference between the display time and 

the data timestamp is less than a discrimination interval (e.g., 5 minutes). For a single record, 

the variable timeRecordInterval (see Clause 12.3) can be used to set the discrimination interval.  

For data with multiple times, if the selected display time is later than the first timestamp and 

earlier than the last timestamp, then the closest but immediately preceding values in the data 

are displayed. However, if the selected display time is earlier than the first timestamp then the 

data is not displayed. If the selected time is later than the last timestamp, then surface current 

values at that time are displayed only if the absolute time difference between the display time 

and the data timestamp is less than a discrimination interval (e.g., the value of the variable 

timeRecordInterval). 

 

9.5 Placement of Legend 

The legend, which is to be displayed as an option, must show the relationship between the 
arrow colours and the speed values. A sample is shown in Figure 9.8. The precise position of 
the legend if it appears on the monitor will be determined so as to minimize the obscuring of 
other important navigational information. 
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Figure 9.8 ï Sample surface current speed scale based on the colours    

and speed bands in Table 9.1. 

 
 

9.6 Interoperability 

Interoperability principles determine priority in display of elements so that important image 

elements, such as depth numerals, are not obscured by current vectors. Surface current 

portrayal will conform to interoperability rules as they are established. 

 

Symbol Priority 

 

Details about symbol priority will be determined in accordance with S-100 standards when they 

are developed.  

One example involves the use of the older charting symbol for currents. When an S-111 dataset 

is displayed, symbols from the S-101 ECDIS nautical charting suite, in the area where the new 

data is displayed, must not be displayed. Such symbols include those for tidal stream tables 

(plus their points and boundary areas), flood and ebb tide stream arrows and their values and 

boundary areas, and other symbols for rip currents, eddies, breakers, and non-tidal currents. 

Colour Discrimination 

Another criterion is that the arrows colours be distinct when displayed against a background of 

similar colour. Table 9.6 shows the background colours for various water depth types, and 

Figure 9.9 shows typical arrows for the nine speed bands. The black arrow border allows the 

arrow symbol to stand out against the blue and green backgrounds. 

 

Table 9.6 - Chart background colours in two colour scales  

(courtesy of Korean Hydrographic and Oceanographic Administration). 

Name 
sRGB xyL Displayed 

Colour Red Green Blue x y L 

Deep Water 201 237 255 0.28 0.31 80  

Medium Deep Water 167 218 252 0.26 0.29 65  

Medium Shallow Water 130 202 255 0.23 0.25 55  

Very Shallow Water 97 184 255 0.21 0.22 45  

Intertidal 88 175 156 0.26 0.36 55  

No Values 147 174 187 0.28 0.31 40  
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                                                                              (a) 

                                                                                          (b) 

Figure 9.9 ï Arrows displayed against the (daytime) background colours in Table 9.6. (a) Arrows 

with borders and (b) without borders. (Figures courtesy of University of New Hampshire) 

 

9.7 Sample Representation 

Surface currents vectors comprise a layer to be displayed on demand and, possibly, on top of 
other data and layers. Consideration must be made so as not to obscure critical navigational 
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data nor create confusion by using symbols or colours similar to those in other layers. Figure 
9.10 shows a sample display. 

 
 

 

Figure 9.10 ï Sample depiction of gridded surface current data in an electronic chart. Note that arrow 
height in scale may not strictly conform to the portrayal rules. 

(Image courtesy of the Univ. of New Hampshire, US). 
 

 

 

9.8 Portrayal Rules 
 
A summary of the portrayal rules appears in ANNEX J ï SURFACE CURRENT PORTRAYAL 
RULES.  




























































































































