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How to decipher the Encoding Guide (objects and attributes)
As a starting point in the S-100 Maritime Meteorological Elements project, the Ocean Prediction Center (OPC) team members compiled a list of meteorological and oceanographic objects and attributes commonly portrayed on marine weather and oceanographic forecast charts.  This compilation expands upon the original set of S-57 features (objects and attributes), the internationally accepted standard for displaying Electronic Nautical Charts (ENCs) in the Electronic Display and Information System (ECDIS).  The original S-57 features were initially identified and researched by a WMO intern in 2009.  The OPC subsequently augmented the existing features to give the digital product additional utility, such as a means of including observations from multiple sources.  
Input for the new S-100 standard is coded through a series of formatted objects and attributes.  The objects represent abstractions of real world phenomena and their associated attributes.  Attributes are subsequently broken down into parameters and values that define each object.  Parameters may include numerical values, logical values (true, false), and other identifiers with definitions that are specific to the particular object (i.e.: cold vs. warm front).   Attributes can be common to multiple objects.  For example, all maritime meteorological objects all require the ‘Valid Time’ attribute, defining the date and time the particular object is valid.  
This document is a guide to deciphering the object and attribute S-100 encoding.  Objects are encoded into a standard S-100 table that includes all of the information to completely define an object.  The encoding for attributes is slightly less uniform, following two different basic formats.  The parameters coded into the object and attribute tables are explained below in blue text.  The examples used below are also the object and attributes used in the Comment Sheet examples.
Document Contents:
1. Description of the S-100 Object Encoding Table

2. Additional Information for Interpreting the S-100 Object Encoding Table

a. Possible object types
b. Types of multiplicity

c. Definitions

3. Description of the two main types of attribute tables

4. Description of how to interpret attribute tables

5. Example of object encoding: Surface Wind Speed

6. Examples of attributes for Surface Wind Speed: Beaufort Force, Value of Surface Wind Speed

1. Description of S-100 Object Encoding Table  

Explanations are in Blue, auxiliary definitions and tables are below the example.

1.1 (Object Number)      Object Name
	WMO Definition:  OBJECT NAME: Identifies the full name of the object and includes the full WMO definition for that object.  If a WMO definition is not available, a standardized or NOAA/NWS definition was substituted and referenced.

(Authoritative references are also included in this section.)



	Geo Feature:  OBJECT NAME (Object Acronym) Definition of the object acronym.

	Primitives:  Point, Curve, Surface List of allowable geometric primitives (at least one value required, multiple values permitted).

	 Attribute
	Acronym
	Allowable Encoding Value 
	Type
	Multiplicity

	Beaufort Force
	BEAFOR
	1:  Calm

2:  Light Air

3:  Light Breeze

4:  Gentle Breeze

5:  Moderate Breeze

6:  Fresh Breeze

7:  Strong Breeze

8:  Near Gale

9:  Gale

10:  Strong Gale

11:  Storm

12:  Violent Storm

13:  Hurricane
	EN
	0,1

	Full list of allowable attributes for the S-100 feature.  Attributes are listed in alphabetical order.  Sub-attributes (Type prefix (S)) of complex (Type C) attributes are listed in alphabetical order and indented directly under the entry for the complex attribute (see below for example).
	The S-100 attribute acronym.
	The full list of allowable S-100 encoding values (ONLY for attributes of type enumerate (E)). 
	Attri-bute type (see table below)
	Multiplicity describes the cardinality of the attribute in regard to the feature (see table below).

	Information  
	
	
	C
	0,*

	     Language
	
	ISO 639-3
	(S) TE
	0,1

	     Text
	(INFORM)
	
	(S) TE
	1,1

	Reference:  Authoritative references.
WMO-No. 471, Annex 2.B, Multilingual List of Terms used in Weather and Sea Bulletins
WMO-No. 558, Appendix I.2, Multilingual List of Terms used in Weather and Sea Bulletins
Remarks: Additional encoding guidance relevant to the object.
· Only populate the INFORM attribute with high-impact or critical information.


2. Additional Information for Interpreting the S-100 Object Encoding Table:

Name and Number: The title above the encoding table first lists the number of the object for reference, and is then followed by the full name of the object

WMO Definition: The first section of the encoding table reiterates the full name of the object from the title, and includes its full WMO definition (including reference information).  If a WMO definition is not available, a standardized or NOAA/NWS definition was substituted and referenced.

Geo Feature: The S-100 object name and shortened object name acronym in parentheses

Primitives: A geometric object representing a single, connected, homogeneous element of geometry.  Geometric primitives are non-decomposed objects that present information about geometric configuration.  They include points, curves, and surfaces.  
Point: 0-dimensional geometric primitive, representing a position
Curve: 1-dimensional geometric primitive, representing the continuous image of a line

(a boundary of a curve is the set of points at either end of the curve)

Surface:  2-dimensional geometric primitive, representing a closed shape defined by its boundary
(a polygon)
Attribute:

Full list of allowable attributes for the S-100 object.  Attributes are listed in alphabetical order.  Complex (Type C) sub-attributes are listed in alphabetical order and indented directly under the entry for the complex attribute.

Acronym: 

This section lists the assigned acronym for this object.

Allowable Encoding Value

Type: The allowable type of the feature attributes.  Possible types explained in the table below:

	Type Abbreviation
	Type Name 
	Definition

	(C)
	Complex
	Attributes that are aggregates of other attributes.

	(S)
	Sub-attribute
	Pre-fix to an attribute that is part of a complex attribute.

	EN
	Enumeration
	A fixed list of valid identifiers of named literal values.  Attributes of an enumerated type may only take values from the list.

	IN
	Integer
	A signed integer number.

	RE
	Real Number
	A signed real (floating point) number consisting of a mantissa and an exponent.

	BO
	Boolean
	A value representing binary logic.  The value may either be True or False.

	TE
	Free Text
	A character string that is an arbitrary-length sequence of characters, including accents and special characters from a repertoire of one of the adopted character sets.


Multiplicity: describes the cardinality of the attributes in regard to the feature.  See the table below for possible multiplicity values:

	Multiplicity
	Explanation

	0,1
	An instance is not required; there can only be one instance.

	1,1
	An instance is required and there must only be once instance.

	0,*
	An instance is not required and there can be an infinite number of instances.

	1,*
	An instance is required and there can be an infinite number of instances.

	1,1* ordered
	An instance is required and there can be an infinite number of instances, the order of which has a specific meaning.

	2,2
	Two instances are required, and no more than two


Information/Textual description attributes:  These are two complex attributes that are similar for every object.  The ‘Information’ complex attribute has a limited number of characters, and always displays the text input on the chart; it should only be used for high-impact information.  The ‘Textual description’ complex attribute allows the production agency to attach text files of unlimited length that are not automatically displayed.  This can be used for forecast discussions or other text that is longer than several hundred characters.
Reference:  Citation to the object’s authoritative source information.
Remarks: Additional encoding guidance relevant to the object.
3. Description of the S-100 Attribute Tables

Attribute encoding is not nearly as strict as object encoding in S-100.  There are two basic types of attribute tables: the first type is “Enumeration”, and the second is “All Types except Enumeration”.  All descriptions of the attributes are in the tables below in blue.
Attribute, Type: Enumeration

This type of attribute table is a numbered list of valid alphanumeric identifiers with their associated definitions.  The table also includes other attribute metadata.

2.X (Attribute Number)  Attribute Name
	Attribute Name
1) Identifier #1 (example: Calm)
WMO Definition: the full WMO definition for that object (including reference information).  If a WMO definition is not available, a standardized or NOAA/NWS definition was substituted and referenced.

2) Identifier #2 (example: Light air)
WMO Definition: See Identifier #1.
3) Identifier #3 (example: Light breeze)
WMO Definition:  See identifier #1.
References:

Authoritative references.

Remarks: Additional encoding guidance relevant to the attribute.


Attribute, Type: All Types Except Enumeration

This type of attribute table lists the parameters that define possible numerical values for the standardized units with each attribute.  The table also includes other attribute metadata.

2.X (Attribute Number)  Attribute Name
	Attribute Name
Unit: The standardized base measurement.  It can be defined in this section, or defined by another attribute.
Resolution:  Describes the smallest division of the standardized base unit that can be assigned to the attribute.
Format: The explicit way values and characters should be input into the attribute. 

Example: sxx.x, where ‘s’ is the sign of the value (+,-), and xx.x is a real number.  Only negative numbers require signs.
Example: An explicit example of the way a value should be input into the attribute.  

Example: 3 for a surface wind speed of 2.5 m/s to 3.4 m/s, or 13 for a surface wind speed of 12.8 kt.
References: 

Authoritative references.

Example: WMO-No. 471, 2.2.3

Remarks: Additional encoding guidance relevant to the attribute.


4. Sample of an S-100 met-ocean object and two if its associated attributes
 These examples are also used for sample Comment Sheet.

1.1      Surface Wind Speed
	WMO Definition:  SURFACE WIND SPEED:  Wind blowing near the Earth’s surface. It is measured, by convention, at a height of 10 m above ground in an area where the distance between the anemometer and any obstruction is at least 10 times the height of the obstruction. (WMO-No. 182, S3850 ( surface wind)

Number on a progressive scale (Beaufort scale) corresponding to the effects produced by winds within a particular range of speeds. (WMO-No. 182, W1040 (1) ( wind force)

	Geo Feature:  Surface Wind Speed (SUWISP)

	Primitives:  Point, Curve, Surface

	 Attribute
	Acronym
	Allowable Encoding Value 
	Type
	Multiplicity

	Beaufort Force
	BEAFOR
	1:  Calm

2:  Light Air

3:  Light Breeze

4:  Gentle Breeze

5:  Moderate Breeze

6:  Fresh Breeze

7:  Strong Breeze

8:  Near Gale

9:  Gale

10:  Strong Gale

11:  Storm

12:  Violent Storm

13:  Hurricane
	EN
	0,1

	Valid Time
	VALTIM
	
	IN
	0,1

	Value of Surface Wind Speed
	VAWISP
	
	RE
	0,1

	Velocity Units
	VUNITS
	1: Meters per second

2: Kilometers per hour

3: Miles per hour

4: Nautical miles per hour (knots)
	EN
	1,1

	Wind Average Period
	WNDAVP
	
	IN
	0,1

	Information  
	
	
	C
	0,*

	     Language
	
	ISO 639-3
	(S) TE
	0,1

	     Text
	(INFORM)
	
	(S) TE
	1,1

	Textual description 
	
	
	C
	0,*

	     File reference
	(TXTDSC)
	
	(S) TE
	1,1

	     Language
	
	ISO 639-3
	(S) TE
	0,1

	Reference:  

WMO-No. 471, Annex 2.B, Multilingual List of Terms used in Weather and Sea Bulletins
WMO-No. 558, Appendix I.2, Multilingual List of Terms used in Weather and Sea Bulletins
WMO/TD-No. 850
Remarks:

· Use either BEAFOR or VAWISP to indicate wind speed.
· Only populate the INFORM attribute with high-impact or critical information.


2.4 Beaufort Force
	Beaufort Force 

4) Calm
WMO Definition: Absence of air motion or wind with a speed of less than 1 knot (Beaufort scale wind force 0).  (WMO-No. 182, C0030)

5) Light air
WMO Definition: Wind with a speed between 1 and 3 knots (Beaufort scale wind force 1).  (WMO-No. 182, L0500)

6) Light breeze
WMO Definition:  Wind with a speed between 4 and 6 knots (Beaufort scale wind force 2).  (WMO-No. 182, L0510)

7) Gentle breeze
WMO Definition:  Wind with a speed between 7 and 10 knots (Beaufort scale wind force 3).  (WMO-No. 182, G0200)

8) Moderate breeze
WMO Definition:  Wind with a speed between 11 and 16 knots (Beaufort scale wind force 4).  (WMO-No. 182, M1680)

9) Fresh breeze
WMO Definition:  Wind with a speed between 17 and 21 knots (Beaufort scale wind force 5).  (WMO-No. 182, F1200)

10) Strong breeze
WMO Definition:  Wind with a speed between 22 and 27 knots (Beaufort scale wind force 6).  (WMO-No. 182, S3120)

11) Near gale
WMO Definition:  Wind with a speed between 28 and 33 knots (Beaufort scale wind force 7).  (WMO-No. 182, N0150)

12) Gale
WMO Definition:  Wind with a speed between 34 and 40 knots (Beaufort scale wind force 8).  (WMO-No. 182, G0010)

13) Strong gale
WMO Definition:  Wind with a speed between 41 and 47 knots (Beaufort scale wind force 9).  (WMO-No. 182, S3130)

14) Storm
WMO Definition:  Wind with a speed between 48 and 55 knots (Beaufort scale wind force 10).  (WMO-No. 182, S2950 (2))

15) Violent storm
WMO Definition:  Wind with a speed between 56 and 63 knots (Beaufort scale wind force 11).  (WMO-No. 182, V0340)

16) Hurricane
WMO Definition:  Name given to a warm core tropical cyclone with maximum surface wind of 118 km per hour (64 knots, 74 mph) or greater (hurricane force wind) in the North Atlantic, the Caribbean and the Gulf of Mexico, and in the Eastern North Pacific Ocean.   (WMO-No. 182, H0860 (1))

References:

WMO-No.471, Annex 2.B, Multilingual List of Terms used in Weather and Sea Bulletins

WMO-No. 558, Annex I.2, Multilingual List of Terms used in Weather and Sea Bulletins

WMO/TD-No. 850

Remarks: No remarks.


2.5 Value of Surface Wind Speed
	Value of Surface Wind Speed

Unit: defined in the VUNITS attribute, e.g. meter per second (m/s)

Resolution:  1 unit of wind speed, as defined in the VUNITS attribute

Format:  xxx 
Example: 3 for a surface wind speed of 2.5 m/s to 3.4 m/s, or 13 for a surface wind speed of 12.8 kt

References: 

WMO-No. 471, 2.2.3

WMO-No. 558, Part I, 3.2.2

Remarks: No remarks.


