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Abstract

The National Park Service’s Natural Resource Inventory and Monitoring Program (I&M) developed the Natural Resource Database Template (NRDT) as a standard Microsoft Access database core for natural resource inventory and monitoring project datasets. The NRDT was developed in stages and this documentation supports the third version of the NRDT (NRDT v3.2). NRDT v3.2 is designed to serve as both an extensible database application development platform and a data interchange standard. This documentation describes the development and revision history leading up to the NRDT v3.2, discusses the optionality and extensibility of each table and provides guidance on implementing the NRDT v3.2 tables. 
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Overview
One goal of the National Park Service Inventory and Monitoring (I&M) Program is to acquire, manage, and distribute natural resource data.  To assist in meeting that goal, the I&M Program has developed the Natural Resource Database Template (NRDT), a set of relational database tables in Microsoft Access (MS Access, Access) that parks and networks can use as a standardized yet flexible database core for developing natural resource-related applications.  
The NRDT is the database structure recommended by I&M for inventory and monitoring databases developed in MS Access.  I&M network data managers are responsible for using the NRDT whenever practicable for databases that accompany network projects.  
Reasons for Using NRDT
1) NRDT serves as a common starting point for efficient natural resource database application development.  NRDT can be extended as necessary to accommodate almost any inventory or monitoring sampling protocol.   
2) NRDT standardizes data elements that are common to most inventory and monitoring data sets (e.g., locations, events).  This sets the stage for any high-level integration of data sets across networks or regions.  


3) NRDT is supported by staff at the NPS Washington Support Office (WASO).  It is also a peer-supported system:  NRDT users across the country can share code, share approaches or solutions to specific problems, and use a common database vocabulary.

4) NRDT decreases the level of database divergence among the 32 networks and among parks.  Data managers and data users can more easily familiarize themselves with a variety of data sets when a similar core structure is used.  
5) The direction and standards of NRDT are determined by the users, via an active user board and subcommittees.

6) NRDT integrates with other I&M data management tools, including the NR-GIS Metadata Database, Geographic Information System (GIS) tools and data, the NPS GIS Committee Data Layers Standard and the NPS Metadata Profile.
7) The Front-end Application Builder (FAB) for the NRDT provides an application interface that is already set up to work with the NRDT base tables and includes standard forms, menus, backups, and administrative utilities for those wishing to develop NRDT applications.
NRDT Compliance
A database complies with NRDT standards if the core mandatory tables, fields, relations, and naming conventions are used.  These core tables are: tbl_Locations, tbl_Events, and tbl_DB_Meta and tbl_DB_Revisions.  Inventory and monitoring-related databases designed by I&M networks after January, 2006, should follow these minimum conventions whenever possible.  

NRDT is strongly recommended, but not required, for pre-2006 data sets that may be actively used and updated by networks.   NRDT is not required if inventory or monitoring data are being managed by a cooperating institution.  NRDT is not required for inactive legacy data sets. 

If a platform other than Access is used, or if tables or fields do not comply with NRDT (e.g., legacy data sets, data from other agencies), data managers may be asked provide the data as an electronic data deliverable (EDD) that conforms to NRDT standards.  This EDD can be in the form of delimited text files that correspond to, at a minimum, the structure of tbl_Locations and tbl_Events.
There may be situations where NRDT or EDD standards are simply not practical or applicable.  In these instances, data managers are asked to notify the NRDT User Board of circumstances where compliance is not possible.  This may lead to a revision or extension of standards, or the development of a data model that could benefit multiple networks.   

NRDT User Board

The NRDT User Board, established in January, 2006, comprises members from the NRDT user community.  The board is responsible for guiding the overall direction on NRDT; evaluating, establishing, and revising standards; and promoting NRDT use among parks and networks.  Any NRDT user can submit suggestions to the user board for changes or improvements to NRDT.  A list of board members is at the end of this document.
Definitions

Cross-reference Table – a table for the specific purpose of creating a many-to-many relationship between two other tables.  A unique index may be set on the combination of the primary key fields from each table in the cross-reference table to control referential integrity in which case a unique row identifier field is not needed in the cross-reference table.

CSDGM – The Content Standard for Digital Geospatial Metadata published by the Federal Geographic Data Committee (FGDC).
Data Location – a geospatial location described by coordinates, projection information and units of measure (collectively known as a spatial reference) where location data are collected or observations are made, and for which the exact coordinates are usually unknown to the researcher before field sampling begins. A data location can be a point, transect, plot, grid cell, polygon, etc. as specified by the sampling design and therefore functions as a sampling unit (see below). The X,Y coordinates of a point, beginning and ending points of a transect, or the centroid, corner or bounding rectangle of a polygon can be stored as appropriate. Alternatively, data location records can link to GIS features in coverages, shapefiles or geodatabase feature classes using the GIS_Location_ID.  
EDD – Electronic Data Deliverable – a generic, delimited text file format for electronic delivery of network inventory or monitoring data that corresponds to NRDT core tables and fields.  An EDD allows the I&M program to merge or incorporate data sets that may not be established or managed in NRDT format. 
Event – a specific instance of data collection or an observation made at a specific place. 
Event Group – a conceptual event known to researchers and park staff often described as a trip, season, year, etc.  An event group is usually composed of multiple location/event combinations and may be used to aggregate sampling events or data records for analysis.  

GIS – Geographic Information System. A computer system for storing, integrating, manipulating, analyzing and displaying data related to positions on the Earth's surface

Location – a geospatial location described by coordinates, projection information and units of measure (collectively known as a spatial reference) usually known to the researcher before field sampling begins and typical of long-term monitoring studies. A location can be a point, transect, plot, grid cell, polygon, etc. as specified by the sampling design. The X,Y coordinates of a point, beginning and ending points of a transect, or the centroid, corner or bounding rectangle of a polygon can be stored as appropriate. Alternatively, location records can link to GIS features in coverages, shapefiles or geodatabase feature classes using the GIS_Location_ID.  
Mandatory – a table or field that is part of the NRDT core and must be included in all NRDT-based applications to conform to the NRDT standard. Integration with conforming data sets requires use of this element. 

Mandatory if Applicable – a table or field that is part of the NRDT extended core and is required to conform to the NRDT standard when accommodating specific database design needs (e.g. use of data locations or conversion from NRDT Phase 2 format). Integration with conforming data sets requires use of this element. 

Optional – a table or field that is not part of the NRDT core or extended core. Optional tables are usually developed to meet protocol-specific needs and are usually not used in the majority of NRDT applications. No conformance requirement.

Sampling Unit – a point, transect (line) or plot (polygon) where samples are taken or observations are made as specified in inventory or monitoring protocols.
Site – a conceptual and usually physical area known to researchers and park staff often described by a place name.  A site may define an area visited by a researcher, but is too general to define the position of specific sampling measurements or observations.   
NRDT Development History
The I&M Program has been developing the Natural Resource Database Template in stages--each with various types of documentation to help the user understand how to develop and implement NRDT-based applications.  
Phase 1 of the NRDT modeled the basic core structure needed for parks and networks to capture inventory and monitoring data in a database format. Phase 1 was compatible with the ArcView GIS Theme Manager.  The example database in Phase 1 included a few records in each table to demonstrate the recommended relational database structure.  Phase 1 also included examples of data tables for a protocol for bird point counts using distance sampling (variable circular plot counts).

Phase 2 of the NRDT (Figure 1) was developed after studying relational databases developed at Channel Islands NP, Organ Pipe Cactus NM, and the Prairie Cluster prototype monitoring program and evaluating several different potential designs. Phase 2 built on the Phase 1 structure by adding several lookup tables and forms for entering and editing data.  The Phase 2 database and documentation are available for download from http://science.nature.nps.gov/im/apps/template/index.cfm.
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Figure 1. NRDT Phase 2 core tables.
Version 3 of the NRDT (Figures 2 and 3), described in this document, makes changes to the Phase 2 core table structure. These changes are intended to streamline application development while maintaining compatibility with legacy Phase 2 NRDT applications.  
The NRDT v3 database structure was developed by the NRDT Revision Team (see Acknowledgements) which began meeting in August, 2004. After surveying I&M data managers and others familiar with the Phase 2 NRDT, and taking into account the latest implementation strategies for inventory and monitoring in individual parks and the 32 monitoring networks, the team developed a set of guiding principles to be used for revising the NRDT: 
• Grandfather pre-existing (Phase 2) NRDT databases and do not require these databases be changed to meet the new standard.


• Provide a database model that:



- is extensible and suitable as a core standard for all inventory and monitoring field 

  sampling protocols;


- fits the most common sampling schemes;


- facilitates front-end (form, query, report) development.

• Provide a data standard that facilitates data sharing and integration.

• Include time, place, purpose within the definition of a sampling event.

• Provide the ability to aggregate events in both time and space.


• Organize X,Y coordinate data to easily connect to field data and to a GIS.


• Clearly define locations in the context of events, sites, X,Y coordinates, and sampling 
protocols.  

Several designs were evaluated to determine which one would have the greatest utility and best meet the guiding principles noted above.  After much deliberation a consensus was reached on a design that better facilitates interface design, accurately models the most common field sampling protocols and maintains compatibility with the many Phase 2 NRDT applications developed over the last several years.

Following is an overview of changes made to the Phase 2 structure:
• The Location_ID field was added to tbl_Events to accommodate the most common sampling protocol scenario.
• The data type for primary key fields was changed from an information-rich text string to an automatically generated globally unique identifier (GUID).
• A second locations table (tbl_Data_Locations) was added that can be used for data observation locations (as opposed to sampling unit locations).
• A grouping table for locations (tbl_Sites) was added so that locations may be aggregated.
• A grouping table for events (tbl_Event_Group) was added so that events may be aggregated. 

• A metadata table (tbl_Db_Meta) was added to provide a link to external I&M metadata databases. 
• A table was added to capture application revision history (tbl_Revisions).
• Three optionality categories for NRDT tables and fields (Mandatory, Mandatory if Applicable and Optional) were introduced.
In July of 2006, additional structural changes were made for version 3.1 of the NRDT:

· Three separate structures were released, each with a different type of primary key, which included GUID, string GUID, and autonumber.

In June of 2007, additional changes were made for version 3.2 of the NRDT:

· An enumeration table of lookup values to simplify the creation of NRDT applications.  In a blank NRDT database structure, the enumeration table (tlu_Enumerations) contains lookup values for Address Type, Contact Role, Coordinate System, Coordinate Units, Datum, Organization, Protocol Name, State Code, Unit Code, and UTM Zone.

The NRDT and Standardization

The I&M Program’s primary motivation for developing and supporting the NRDT is to promote standardization among inventory and monitoring datasets. Standardization in the NRDT is accomplished by defining a limited number of core tables and fields needed to integrate multiple datasets for data analysis or use in a GIS. Limiting the required number of tables and fields is essential for allowing the flexibility in database design necessary to accommodate the wide variety of field sampling protocols expected to be developed for inventory and monitoring projects. The I&M Program promotes standardization using the NRDT data structure for natural resource datasets for several reasons:
· Over one third of I&M Networks will complete Phase 3 monitoring plans in Fiscal Year 2005, and the remaining networks are scheduled to complete Phase 3 Monitoring Plans during the next five to ten years. This will greatly increase the number of inventory and monitoring database applications being developed over the next few years. A standard data structure that is flexible, easy to use and endorsed by the majority of I&M data managers is essential for a peer-supported development environment and to facilitate data sharing and integration.
· Standardization using the NRDT is expected to produce a number of programmatic efficiencies. Fewer personnel resources will be spent on application development because the same core data structure will be used in every database application. Development time is shortened because NRDT applications can be “recycled,” with older applications serving as the basis for new ones. Application development is facilitated by a standard development platform for NPS employees and cooperators/contractors. Data sharing, management and analysis are simplified because data are consistently formatted. Developers from different parks or networks can more easily cooperate to develop databases and provide peer support. 
· Using the NRDT standard data structure for application development preserves the investment made by parks and networks over time. Application development and support is simplified for new Data Managers coming from outside the National Park Service because a standard data structure provides consistency among applications. The same is true for personnel transferring from other NPS units. Conversely, personnel coming to parks and networks that don’t conform to the NRDT standard will face potential difficulties in understanding and supporting a variety of database structures. In these cases, it will also be more difficult for other Data Managers to easily provide development and supporting assistance for applications that don’t conform to the NRDT standard.  
· The NRDT v3.2 integrates with other I&M information systems (I&M Dataset Catalog, NPS Metadata Editor and NR-GIS Data Store) by providing fields to describe the database application purpose, document revision history, and facilitate metadata creation. The NRDT v3.2 also incorporates fields for integration of location attribute data in a GIS. In both cases, integration is achieved by implementing NRDT standards that conform to existing external standards like the CSDGM, the NPS GIS Committee Data Layers Standard and the NPS Metadata Profile. It is essential that natural resource inventory and monitoring database applications conform with NRDT standards in order to take advantage of the data management benefits that integration with other I&M information systems provides.
· Using the NRDT as a data standard will also facilitate and potentially speed the reporting of data to meet national and department level reporting requirements by providing a common format for assembling data on environmental health indicators.

· Using a standardized data structure allows the development of standardized user interface and application code in the Front-end Application Builder (FAB) to automate common tasks, such as backups and table linking, and also to provide menus, forms, and workflow that is consistent among applications developed using the FAB.

Optionality in NRDT v3.2
The NRDT v3.2 employs three levels of optionality for core tables and fields: Mandatory (M), Mandatory if Applicable (MA) and Optional (O) (see Definitions). These optionality categories were implemented to define the core database elements necessary for standardization while also allowing flexibility in application design. The optionality category for each table is included in the table description viewable in the MS Access database objects window. The optionality category for each field is included in the field description viewable in the MS Access table design view.
Mandatory tables and fields must be included in every NRDT database application to conform to the NRDT standard. 

Mandatory if Applicable tables and fields are not strictly required for all NRDT-based applications to conform to the NRDT standard. However, they must be used to provide consistency when modeling specific field sampling protocol situations that are expected to be somewhat common, but not universal (see the Mandatory if Applicable (MA) Tables section of this document for details).
Optional tables and fields model protocol-specific needs and are not likely to be included in the majority of NRDT applications. This document only discusses two Optional tables, tlu_Contacts and xref_Events_Contacts.  Discussion of other Optional tables is beyond the scope of this document. The NRDT User Board will review, comment on and recommend standardized protocol-specific tables for use in any NRDT-based application. 
NRDT Extensibility
The NRDT core is envisioned as a basic development platform for natural resource inventory and monitoring database applications. The optionality categories described above are not meant to restrict database design flexibility or developer creativity.  The core tables are intended merely as the minimum set of tables and fields needed to provide a standardized structure for I&M natural resource databases.  In addition to the core tables and fields, database developers are expected to add any additional tables and fields necessary to create databases that model sampling protocols and that provide desired data retrieval and analysis capabilities.  

NRDT Phase 2 and NRDT v3 Compatibility

The NRDT v3 core data structure departs from the NRDT Phase 2 primarily in the way that locations and events are related. The NRDT v3 structure was developed to model the most common relationship between locations and events and to provide backwards compatibility with NRDT Phase 2 applications. Phase 2 applications do not need to be converted to v3 unless there is a compelling reason to do so. If such a conversion is desired, the NRDT v3 provides tables to facilitate the process (see the Mandatory if Applicable (MA) Tables section of this document for a discussion on converting Phase 2 databases to v3).
The NRDT Revision Team deliberated at length about the relative merits of continuing to support the Phase 2 structure versus modifying that structure to model prevailing sampling protocols and facilitate interface development. There are already a number of NRDT Phase 2 inventory and monitoring database applications being used in the field and several networks have made a significant investment in the NRDT Phase 2 data structure. However, with Phase 3 monitoring programs for the majority of networks imminent, the number of NRDT applications expected to be developed over the next few years will far exceed the number now in place. Because development support for NRDT v3 applications will come primarily from among I&M data managers themselves, it is important to implement a NRDT data model that the majority of data managers endorse and that facilitates peer-wise application development and support.

Naming Conventions
The table and field names used in this document follow the I&M Recommended Naming Standards for Inventory and Monitoring Databases (IM_DB_Naming_Recs.pdf) available for download on the Data Management Resources and Tools webpage under Database Design and Management http://science.nature.nps.gov/im/datamgmt/dmtools.cfm. All fields with names longer than 10 characters have short names of 10 characters or less. The short name for each field is included in the field description which is viewable in the MS Access table design view. For fields that map directly to the Federal Geographic Data Committee’s Content Standard for Digital Geospatial Metadata (CSDGM), the short name is the same as that used in the CSDGM. 
Primary Keys

An important early decision that database developers face is the choice of data type for primary keys.  The purpose of a primary key is to uniquely identify each record in a table, and so there cannot be any duplicates of the key value in a table.  Primary keys must also meet the following requirements:

· Primary key values cannot be null, and should be made available when a new record is first inserted (i.e., through triggers or programming in the front end).

· Changes to primary key values are discouraged because such changes may lead to disruptions of referential integrity. 

Natural Keys versus Surrogate Keys

A natural key is a naturally-occurring descriptor of the data that already exists as one of the table attributes and has no duplicate values.  Natural keys may be composed of one or several fields that when taken together provide a unique key value (e.g., Plot_number and Visit_date).  The alternative to natural keys is to use system-generated artificial primary key values, or surrogate keys.

There are two advantages of a natural key over a surrogate key.  First, since it already exists there is no need to add a new, unnatural field to the table.  Second, because the values are meaningful to the user, the data will be much more human-readable when browsing.  As a result, any queries or reports will be much simpler structurally.

The main disadvantage of a natural key is that it may need to change if the project business requirements change.  For example, if you have chosen Plot_number as the primary key for a site, and later on the Plot_number value changes, then cascading changes will need to be made in all tables where Plot_number is used as a foreign key.  Even worse, if the data type of Plot_number changes (say from numeric to alphanumeric), structural changes will need be made wherever Plot_number is a foreign key.

Surrogate primary keys avoid this problem because they lack any intrinsic business meaning and as such never need changing.  The primary disadvantage of surrogate keys is the need to generate unique values automatically.

Past NRDT Primary Keys
NRDT Phase 2:  As an alternative to autonumbers, Phase 2 of the NRDT used text strings for the Location_ID and Event_ID primary key fields. The key field values were constructed by concatenating values from other fields in the respective tables to form globally unique strings. In the case of Location_ID, the string was usually constructed using the Park_Code, Project_Code and a locally unique identifier. In the case of Event_ID, the string was usually constructed using the Project_Code, Start_Date and Start_Time. It would be easy to conclude that these were truly information-rich strings requiring synchronization with their source fields. However, they merely served to provide globally unique identifiers for location and event records so that these records could be combined with location and event records from other parks. While the primary key field structure worked as it was intended, it required programming on the user interface to automatically construct the concatenated string and there was no guarantee that all concatenated string values would be unique.

NRDT v3:  In February, 2005, the NRDT v3 replaced the string primary keys for Location_ID and Event_ID with automatically generated globally unique identifiers (GUIDs). In MS Access, a GUID is a type of binary autonumber field that is sometimes referred to as a Replication ID. Like integer autonumbers, GUIDs are automatically generated but are extremely unlikely to be repeated among different MS Access databases. GUIDs were chosen to replace concatenated strings for the Location_ID and Event_ID field because they are globally unique, and because they are automatically generated when a new record is created, no programming is required. 

GUIDs, however, have presented their own set of complexities and drawbacks in certain situations. For example, in MS Access GUID numbers are cast in different formats in different situations--as strings in some cases, as binary numbers in others--which makes programming more complex. Referencing GUID fields in graphical user interface controls like combo boxes can be problematic based on the inconsistent formatting and storage of the GUIDs in these graphical controls.  However, by converting GUIDs to a text string, we can provide a consistent, workable data type which can easily be accommodated in program code, on controls, and in recordsets, while maintaining the uniqueness of value that is required.
Overall, many NRDT users felt that GUIDs were an impediment to their database development work.  As a result, in January, 2006 the NRDT Standards Committee (which converted to the NRDT User Board) revisited the guidance on primary keys.  Instead of establishing GUIDs as the NRDT standard, the board approved a set of recommended practices.  Based on a park or network’s particular situation, any one of these best practices can be implemented in a compliant NRDT data structure.  Within a network, however, it is recommended that one option be followed consistently, if possible.

NRDT v3 Recommended Options for Primary Keys
GUID as text string, 50 characters
Definition – A text representation of a binary GUID (see Option 2, below).

Example - {BFC29D5C-430A-4B07-93A5-82451B44ED3D}
Pros - This option has the advantage of nearly-guaranteed uniqueness, but avoids the programming complexities and system incompatibility issues associated with the binary data type (see the cons under GUID as binary).  In addition, an advantage is that the text data type can easily accommodate other key types if necessary--as when integrating data sets, for example.  If GUID values need to be used in binary format at a later point in time, they can be easily converted using the GUIDFromString() function.

Cons - The primary disadvantages of this type are the unappealing hexadecimal number, and the increased field size (i.e., minimum 38 bytes instead of 16 bytes for the binary format).  In addition, it cannot automatically be generated by MS Access in tables when a new record is added (see Implementation, below).  Instead, a GUID value must be created by the user interface when a new record is added.
Best Usage - Core, extended core, and project-/protocol-specific tables, especially in databases that have a chance of becoming geodatabases in the future.
Implementation - GUIDs as text strings require procedures added to database front ends in order to automate key generation.  For this reason, we recommend that a backup key value be generated in the table in cases where one or more records are being added through the back-end (e.g., during batch uploads).  Our suggestion for such a temporary key value is an aggregate of a time stamp with a random value suffix (e.g., “20060607170556-760723590.85083”).  The formula for this aggregate may be put directly into the default property of the table:  =Format(Now(),"yyyymmddhhnnss") & '-' & 1000000000*Rnd(Now()).  The resulting values may later be replaced with GUID values through the front-end database if desired. Guidance on these procedures is available from http://science.nature.nps.gov/im/apps/template/index.htm. 
GUID as binary

Definition - A 16-byte (128-bit) hexadecimal number that has an extremely low probability of duplication worldwide over the next few hundred years.

Example - {BFC29D5C-430A-4B07-93A5-82451B44ED3D}
Pros - GUID keys offer the distinct advantage of providing unique key values even among multiple database replicas.  GUID keys can also be automatically generated in MS Access tables.

Cons - One minor disadvantage is the hexadecimal number is very unappealing to the user.  Somewhat more significant is that in MS Access GUID numbers are treated as different formats in different situations – as strings in some cases, as binary numbers in others – which makes programming more complex.  Another disadvantage is that not all database systems support a binary GUID format.
Best Usage – Core, extended core, and project-/protocol-specific tables in databases that are not likely to become geodatabases in the future, especially where the probability of entering records directly into the table is high, as the key is automatically generated for every new record.
Implementation - To create a primary key GUID field, set the data type as Autonumber and the field size as ReplicationID.  MS Access will automatically create GUID primary key values for new records.  To create a GUID as a foreign key field, select Number as the data type and ReplicationID as the field size.  No front-end procedures or modules are required.  Guidance on problems commonly encountered when using GUIDs as binaries can be found at http://trigeminal.com/usenet/usenet011.asp?1033.
Natural key

See the Natural Keys Versus Surrogate Keys section of this document for definitions, pros, and cons.  With some exceptions, natural keys are encouraged for lookup tables – primarily because this greatly simplifies queries as the data values are already meaningful to the user.  The rule of thumb is that natural keys should be used in cases where there are fewer than a dozen domain options and/or the list of options has been thoroughly tested and is highly unlikely to change.
Example – (single field) Park Code: ARCH (in a lookup table of parks); (multiple field) Park Code: ARCH and Scientific Name: Gulo gulo (in a list of species in a park)

Best Usage – Lookup tables and, if several fields are used (compound key), dead-end tables, so that a multi-field key would not have to be passed as foreign key to any tables.
Implementation – Simply make the appropriate field(s) the primary key in your table. 
Autonumber
Definition – An automatically-generated incrementing or random integer.
Example – 1, 2, 3, …

Pros - This can be an option for simple applications where no replication among database replicas or integration of parallel data sets is foreseen.  This can also be an option for lookup tables that have fixed values and are centrally distributed.  MS Access can automatically generate values for new records in tables.

Cons - Duplicate key values will be encountered when combining data sets from multiple parks, or when integrating data among projects.  For this reason, this data type is not advised except in very limited circumstances. 

Best Usage – Non-distributed databases and centrally-controlled lookup tables in distributed databases.
Implementation - Set the data type as Autonumber. MS Access will automatically create primary key values for new records.  To create an autonumber as a foreign key field, select Number as the data type and Long Integer as the field size.  No front-end procedures or modules are required.  

Aggregate text string
Definition – An aggregate of other values that are appended together into a single surrogate key.  These are often referred to as “intelligent keys,” though the use of this term is ambiguous because it could refer to either an intelligible surrogate key or a natural key.  Often, a date/time stamp or a random number is included to help ensure uniqueness.

Example – ACAD_20051124_2

Pros - The advantage of this approach is that, like natural keys, key values have inherent meaning to the user.

Cons - A significant disadvantage is that, unlike natural keys, if the various components that make up the aggregate are changed, there is an additional step required to change the key value (not to mention the cascading changes already mentioned for natural keys).  Another disadvantage is that the temptation to change key values may be higher for this type because of the difficulties inherent in selecting a string format that has universal appeal.

Best Usage – Existing NRDT applications that already have aggregate text string keys.  Also, this type may be used as a backup to the GUID as string type in cases where one or more records are being added through the back-end (e.g., during batch uploads).  Our suggestion for such a temporary key value is an aggregate of a time stamp with a random value suffix (e.g., “20060607170556-760723590.85083”).  The formula for this aggregate may be put directly into the default property of the table:  =Format(Now(),"yyyymmddhhnnss") & '-' & 1000000000*Rnd(Now()).  The resulting values may later be replaced with GUID values through the front-end database if desired.

Implementation - Guidance on these procedures is available from NRDT Phase 2 documentation, available at http://science.nature.nps.gov/im/apps/template/index.htm.  It is recommended that the key be concealed from users once created; when a key value is created, it is a snapshot of the data used to create it and is usually not updated as the data change.

NRDT v3 Primary Key Usage Recommendations

	Table type
	Preferred key type
	Field size

	Core and extended core tables
	Surrogate key, GUID stored as text string
	50 chars

	Project/Protocol specific tables
	Surrogate key, GUID stored as text string
	50 chars

	Lookup tables
	Natural key or autonumber
	variable


Data Transfer Standard

In the event that data sets need to be merged/imported/exported or to be provided for centralized data services, the transfer standard will be a 50-character string (text) field.

MS Access provides a StringFromGUID function to transform binary GUID data to string GUID format and a GUIDFromString function to transform string GUID data to binary GUID format.  For those who have chosen to use a non-GUID primary key, a string GUID field can be created when it is time to transfer data.
NRDT Primary Key Options in Other Applications
Databases
Sources: information presented at the ESRI International User Conference;

http://webhelp.esri.com/arcgisdesktop/9.1/print.cfm?topicname=How%20data%20converts;

thanks to Lisa Nelson for help with ORACLE Binary GUID and ArcGIS

	Database
	GUID as binary
	GUID as text string
	Natural key
	Autonumber
	Aggregate text string

	Access (Jet db engine)
	Number, Replication ID
	Text, 50


	Varies
	Autonumber, long integer
	Text, varies

	SQL Server
	uniqueidentifier
	varchar
	Varies
	Int (created by stored procedure and i table)
	varchar

	ORACLE
	RAW(16)**
	varchar2
	Varies
	number (created by an Oracle Sequence)
	varchar2

	DB2
	?
	varchar
	Varies
	Integer 
	varchar


** when MS Access Replication ID was sent to ORACLE by ODBC connection, ORACLE changed the format to RAW(16), but only the first half of the GUID value matched what was originally in Access
The NRDT v3.2 Core Tables

The following notation is used for optionality categories in the table and field descriptions below:

· M for a mandatory table or field 

· MA for a mandatory if applicable table or field 
· O for an optional table or field
Mandatory (M) Tables 
The main differences between the NRDT Phase 2 and NRDT v3.2 database structures lie in how location data is stored and related to event data. In Phase 2, locations had a many-to-many relationship with events. This was seen as the most flexible approach for the database core. However, this many-to-many structure was not used in the majority of sampling protocols.  In NRDT v3, the Location_ID field was added to tbl_Events. This means that each field data table is linked directly to the events table and is no longer required as a cross-reference table between tbl_Locations and tbl_Events. Additionally, a second locations table (tbl_Data_Locations) was added to store data locations separately from fixed location data (see Mandatory if Applicable Tables). This design simplifies the selection and aggregation of data collected over time and more closely models the most common sampling scenarios where an event occurs at a predefined location and time. The NRDT Mandatory tables form the NRDT core (Figure 2).
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Figure 2. NRDT v3.2 Mandatory tables.
Locations 
In NRDT v3 a distinction is made between locations used for sampling units and locations that are data points collected as part of a sampling protocol. Locations for sampling units are usually selected a priori, are usually fixed, and are often revisited periodically to collect data for comparison over time.  Typical examples of such locations include permanent sampling units used in monitoring protocols or randomly located sampling units used for inventory purposes. 
Data locations are recorded as observation data and are usually not known to the researcher until they are recorded in the field.  Typical examples of data locations include the locations of sedentary organisms where they are encountered during an inventory, the locations of individual organisms tracked over time, or opportunistic finds of organisms outside of sampling units. For more on data locations, see tbl_Data_Locations in the Mandatory if Applicable (MA) Tables section below.
Three options for storing location data were considered for NRDT v3:

Option 1 (supported). Include all fixed locations in one table (tbl_Locations) and all data locations in a second, equivalent table (tbl_Data_Locations).  

Pros:


• Facilitates providing standardized table and field structures  


• Separates out the different kinds of locations, keeping each table at a more manageable 
size and making it easy to separate the data by location type  

• Since location in the form of the sampling unit is now incorporated into tbl_Events, this 
does not have the unfortunate consequence of leaving events without defined locations

• Makes the connection to a GIS of part of the data (e.g., monitoring sites 
vs. inventory 
data) easier 
Cons:


• A location now may be either a study area or a fixed point, leaving ambiguity in the 
definition of a location

Option 2 (unsupported). Include sampling unit locations and data locations together in one table (tbl_Locations).  
Pros: 


• Facilitates connecting to a GIS and displaying all places within a park where an
inventory or monitoring has occurred
Cons: 


• The location table may get exceedingly large because data locations can 
accumulate rapidly  


• Records in tbl_Locations describe more than one thing which can be confusing and 
misleading
Option 3 (unsupported). Include sampling unit locations in tbl_Locations and data locations within tbl_Field_Data.  
Pros:


• This resembles the original Phase II.  


• Since location in the form of the sampling unit is now incorporated into tbl_Events, this 
does not have the unfortunate consequence of leaving events without defined locations
Cons:


• Connecting to a GIS is complicated because location data may be stored in multiple field 
data tables

• Locations are difficult to find because table names will vary among databases, and 
locations may be stored in multiple tables  


• By allowing location data to be added to any field data table, standardization of the 
location fields is difficult
tbl_Locations

Description:
M. Sampling unit locations.
No. Of Fields:
17
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Location_ID
	*
	*
	M. Location identifier (Loc_ID)

	Site_ID
	*
	*
	MA. Link to tbl_Sites (Site_ID)

	GIS_Location_ID
	*
	*
	MA. Link to GIS feature, equivalent to NPS_Location_ID (GIS_Loc_ID)

	Meta_MID
	*
	*
	MA. Link to NR-GIS Metadata Database  (Meta_MID)

	X_Coord
	dbDouble
	8
	M. X coordinate (X_Coord)

	Y_Coord
	dbDouble
	8
	M. Y coordinate (Y_Coord)

	Coord_Units
	dbText
	50
	M. Coordinate distance units (Coord_Unit)

	Coord_System
	dbText
	50
	M. Coordinate system (Coord_Syst)

	UTM_Zone
	dbText
	50
	MA. UTM Zone (UTM_Zone)

	Datum
	dbText
	50
	M. Datum of mapping ellipsoid (Datum)

	Est_H_Error
	dbSingle
	4
	MA. Estimated horizontal accuracy (Est_H_Error)

	Accuracy_Notes
	dbText
	255
	MA. Positional accuracy notes (Acc_Notes)

	Unit_Code
	dbText
	12
	M. Park, Monument or Network code (Unit_Code)

	Loc_Name
	dbText
	100
	M. Name of the location (Loc_Name)

	Loc_Type
	dbText
	25
	MA. Location type category (Loc_Type)

	Updated_Date
	dbText
	50
	MA. Date of entry or last change (Upd_Date)

	Loc_Notes
	dbMemo
	0
	MA. General notes on the location (Loc_Notes)


Some developers may find it easier to store both types of locations in a single table, in which case it is recommended to use tbl_Locations. To accommodate this implementation, the field Loc_Type (MA) is included in tbl_Locations to provide a way to distinguish between locations and data locations if needed. 

Events
One of the most significant differences between the Phase 2 and NRDT v3 structure is that Location_ID was added to tbl_Events. While the Phase 2 many-to-many relationship structure employing a many-to-many relationship between locations and events provided maximum flexibility, this structure was not required to model the majority of sampling protocols. User survey results indicated that the most common sampling protocol scenario required a one-to-many relationship between locations and events and that interface (form, query, report) design to accommodate a many-to-many relationship between locations and events using the Phase 2 structure was burdensome. Placing Location_ID in tbl_Events models the majority of sampling scenarios and simplifies the core structure making form and query design much easier.
For NRDT v3, the decision was made that a monitoring event should include the protocol or purpose for which the observations were made, the location of the observation and the time the observation was made. This represents the primary departure from the Phase 2 structure in which a many-to-many relationship between event and location was utilized to model events that include samples at multiple locations. In NRDT v3 sampling events are defined to have only one location and a separate table is used to group events making it easier to query for all data from a particular location.

A location in tbl_Events is now defined as a place visited for sampling and is linked to a single record in tbl_Locations.  In many cases, the location will be a point such as a gauging station, a point along a transect, a permanent marker, or a GPS coordinate as determined by the protocol.
Three options were considered for including a linking field for location in tbl_Events:

Option 1 (supported). Supported option. Include only Location_ID in tbl_Events.
Pros: 


• Sites are linked directly to the location table, facilitating data aggregation by site.

• Unique constraints and required fields are easily set.

• Redundancy is avoided.

• Events are defined as narrowly as possible, removing the potential for multiple events to 
be stored together as one larger event. The table tbl_Event_Group can be used for 
aggregating individual events later.
Cons:
Option 2 (unsupported). Include both Site_ID and Location_ID in tbl_Events. 
Pros:


• Provides flexibility for the user to enter data depending on the protocol.

Cons:


• The database structure cannot set the location to be required.  


• The table cannot support the needed unique constraint (unique index) placed on the 
combination of date/time, place and protocol/SOP.


• Not normalized, some records might have null values in either Site_ID or Location_ID.

Option 3 (unsupported). Include only the Site_ID in tbl_Events. 
Pros:


• Similar structure to Phase 2.

Cons:


• Location is defined too broadly and events can be many-to-many with locations.  

• Doesn’t define an event specifically enough.  


• No direct connection between location and sites, yet sites are to be used to aggregate the 
locations.  


• Including Site_ID in both tbl_Events and tbl_Locations results in redundant data 
storage and creates a potentially circular and problematic relationship structure.
tbl_Events

Description:
M. Sampling events.

No. Of Fields:
7
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Event_ID
	*
	*
	M. Event identifier (Event_ID)

	Location_ID
	*
	*
	M. Link to tbl_Locations (Loc_ID)

	Data_Location_ID
	*
	*
	MA. Optional link to tbl_Data_Locations (Data_Loc_ID)

	Event_Group_ID
	*
	*
	MA. Link to tbl_Event_Group (Ev_Gp_ID)

	Protocol_Name
	dbText
	100
	M. The name or code of the protocol governing the event (Protcl_Nam)

	Start_Date
	dbDate
	8
	M. Starting date for the event (Start_Date)

	Start_Time
	dbDate
	8
	MA. Starting time for the event (Start_Time)


Field Data 
In NRDT v3.1, field observation data is stored in tbl_Field_Data, which is analogous to the “protocol-specific table” in the Phase 2documentation and example database. A protocol may require that the database have several field data tables. The table name tbl_Field_Data is provisional and should be changed to reflect the nature of the data being stored in the table. Protocol-specific versions of tbl_Field_Data are expected to be the most common Optional tables adopted as data standards by the NRDT Standards Committee.

tbl_Field_Data

Description:
M. Protocol-specific field data.

No. Of Fields:
3
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Data_ID
	*
	*
	MA. Field data table row identifier (Data_ID)

	Event_ID
	*
	*
	M. Link to tbl_Events  (Event_ID)

	Data_Location_ID
	*
	*
	MA. Optional link to tbl_Data_Locations (Data_Loc_ID)


The table tbl_Field_Data is the most extensible table in the NRDT v3 core. The only Mandatory field is Event_ID because all other fields will be protocol-specific. The other fields are Mandatory if Applicable depending on what is required by the sampling protocol. If a one-to-one relationship exists between tbl_Events and tbl_Field_Data, then no additional primary key is necessary in tbl_Field_Data.  If, however, there is a one-to-many relationship between tbl_Events, and tbl_Field_Data, an additional Data_ID field is necessary as a unique record identifier.  An example would be if several individuals of a species are collected and measured during one event.

Data_Location_ID is Mandatory if Applicable (as is tbl_Data_Locations) for use in two situations: 1) if data locations are part of the sampling protocol or 2) when converting a Phase 2 NRDT application to v3.  In the first case, Data_Location_ID is the foreign key in the relationship between tbl_Field_Data and tbl_Data_Locations.  If data locations are not collected, then only the relationship between tbl_Events and tbl_Locations is necessary and tbl_Field_Data and tbl_Data_Locations are not needed. In the second case, tbl_Data_Locations is used to emulate the Phase 2 structure by establishing a one-to-many relationship between tbl_Data_Locations and tbl_Field_Data (see tbl_Data_Locations discussion). 

Metadata 
The NRDT v3.2 includes two tables (tbl_Db_Meta and tbl_Db_Revisions) for capturing metadata about each NRDT database application. These two tables are included in the NRDT core Access database which will usually function as the back-end file in NRDT database applications. These tables can be moved to the front-end file of any NRDT application if desired.
tbl_Db_Meta

Description:
M. Database description and links to I&M metadata tools.

No. Of Fields:
5
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Db_Meta_ID
	*
	*
	M. Local primary key (Db_Meta_ID)

	Db_Desc
	dbMemo
	0
	M. Description of the database purpose (Db_Desc)

	Meta_MID
	*
	*
	M. Link to NPS Data Store  (Meta_MID)

	DSC_GUID
	dbText
	255
	M. Link to I&M Dataset Catalog desktop metadata tool  (DSC_GUID)

	Meta_File_Name
	dbText
	50
	O. Name of the metadata file that describes this NRDT data file (must be in the same directory as this data file)


The table tbl_Db_Meta is designed to facilitate metadata creation and integration with I&M metadata systems.  (At the time of this documentation, elements of this table are under review.) The field Db_Meta_ID is the primary key for tbl_Db_Meta and provides the link to revision history records in tbl_Db_Revisions (see below). The Db_Desc field is a memo field for describing the purpose of the database application. If metadata for the NRDT database will be uploaded to the NR-GIS Data Store, the Meta_MID field stores the metadata master ID generated upon upload. Currently, the value for this field must be populated manually by copying the Meta_MID from the NPS Information Section of the metadata record after it has been uploaded to the NR-GIS Data Store. Future plans for integrating the NRDT with the NR-GIS Data Store include automatically populating the Meta_MID field when metadata is created for NRDT applications in the NR-GIS Data Store. If metadata for the database is being created using the I&M Dataset Catalog desktop metadata application, the globally unique record ID generated by the Dataset Catalog should be copied to the DSC_GUID field.  If there is a local copy of a metadata file for this database, it should be stored in the same directory as the NRDT data file containing tbl_Db_Meta and the file name should be entered in the Meta_File_Name field.
tbl_Db_Revisions

Description:
M. Database revision history data.

No. Of Fields:
6
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Revision_ID
	dbText
	50
	M. Database revision (version) number or code (Rev_ID)

	Revision_Contact_ID
	*
	*
	MA. Link to tlu_Contacts  (Rev_Cnt_ID)

	Db_Meta_ID
	*
	*
	M. Link to tbl_DB_Meta (Db_Meta_ID)

	Revision_Date
	dbDate
	8
	M. Database revision date (Rev_Date)

	Revision_Reason
	dbMemo
	0
	M. Reason for the database revision (Rev_Reason)

	Revision_Desc
	dbMemo
	0
	M. Revision description (Rev_Desc)


The table tbl_Db_Revisions was added to the NRDT v3.1 core to provide a table for storing the application revision history within the application itself. Linking tbl_Db_Revisions to tbl_Db_Meta using Db_Meta_ID facilitates accessing the revision history programmatically by I&M metadata tools for inclusion in each NRDT application’s metadata record.
Mandatory if Applicable (MA) Tables

NRDT v3.2 Mandatory if Applicable tables are intended to augment the Mandatory core tables and provide solutions to model specific sampling protocol situations. While Mandatory if Applicable tables are not strictly required for all NRDT applications, they are mandatory for NRDT databases to conform with other NRDT databases that record event details, manage personnel (i.e. contacts), record data locations, group locations within sites or group events within event groups.  Mandatory if Applicable tables combined with the NRDT Mandatory core tables form the NRDT extended core (Figure 3).
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Figure 3. NRDT v3.1 Mandatory and Mandatory if Applicable tables.
Locations
The table tbl_Data_Locations serves two functions in the NRDT v3: 1) it stores location data for sampling protocols that record geographical coordinates as observation data, (as opposed to sampling unit coordinates), and 2) it provides the table structure necessary for backwards compatibility with NRDT Phase 2. See the detailed implementation discussion below.
tbl_Data_Locations

Description:
MA. Data locations.

No. Of Fields:
17
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Data_Location_ID
	*
	*
	M. Data location identifier (Data_Loc_ID)

	Site_ID
	*
	*
	MA. Link to tbl_Sites (Site_ID)

	GIS_Location_ID
	*
	*
	MA. Link to GIS feature, equivalent to NPS_Location_ID (GIS_Loc_ID)

	Meta_MID
	*
	*
	MA. Link to NR-GIS Metadata Database  (Meta_MID)

	X_Coord
	dbDouble
	8
	M. X coordinate (X_Coord)

	Y_Coord
	dbDouble
	8
	M. Y coordinate (Y_Coord)

	Coord_Units
	dbText
	50
	M. Coordinate distance units (Coord_Unit)

	Coord_System
	dbText
	50
	M. Coordinate system (Coord_Syst)

	UTM_Zone
	dbText
	50
	MA. UTM Zone (UTM_Zone)

	Datum
	dbText
	50
	M. Datum of mapping ellipsoid (Datum)

	Est_H_Error
	dbSingle
	4
	MA. Estimated horizontal accuracy (Est_H_Error)

	Accuracy_Notes
	dbText
	255
	MA. Positional accuracy notes (Acc_Notes)

	Unit_Code
	dbText
	12
	M. Park, Monument or Network code (Unit_Code)

	Loc_Name
	dbText
	100
	M. Name of the location (Loc_Name)

	Loc_Type
	dbText
	25
	MA. Location type category (Loc_Type)

	Updated_Date
	dbText
	50
	MA. Date of entry or last change (Upd_Date)

	Loc_Notes
	dbMemo
	0
	MA. General notes on the location (Loc_Notes)


Function 1: tbl_Data_Locations stores Data Locations 

In this implementation, table tbl_Data_Locations will usually have a one-to-one relationship with tbl_Field_Data (Figure 4). An example illustrating this would be a sampling protocol that visits Glacier Bay to record whale sightings. In this case, the bay would be the sampling unit and an event would be a visit to the bay with a certain amount of time spent there looking for whales.  The coordinates of individual whale sightings are the data collected during a sampling period.  These coordinates do not represent the area in which the event is taking place, but are data points taken within the geographic sampling unit.  There would be many visits to the sampling unit over the course of the monitoring program with different numbers of whales sighted at different X,Y coordinates.  Notice that in this case tbl_Data_Locations has a one-to-one relationship with tbl_Field_Data. 
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Figure 4.  Example NRDT v3 implementation using the Mandatory if Applicable tbl_Data_Locations to store locations recorded as observation data.

Function 2: tbl_Data_Locations facilitates Phase 2 Conversion

In the second case, tbl_Data_Locations can be used to emulate the Phase 2 structure by establishing a one-to-many relationship between tbl_Data_Locations and tbl_Field_Data (Figure 5). In effect, tbl_Data_Locations now functions as tbl_Locations (i.e. storing data about fixed locations) and tbl_Locations can be substituted here in the place of tbl_Data_Locations if desired. Notice that in this case tbl_Data_Locations (or tbl_Locations) has a one-to-many relationship with tbl_Field_Data.
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Figure 5. Example NRDT v3 implementation using the Mandatory if Applicable tbl_Data_Locations to eulate a NRDT Phase 2 data s
Sites
Parks often contain geographic areas that were defined before the park was established and which are commonly identified by a place name.  Geographic areas characterized by vegetation cover type, watershed, habitat or other boundaries may also have been defined more recently. The NRDT v3 database model introduces the site concept as a means to group sampling locations within larger geographic areas for analysis and to hold descriptive information on these areas. The distinction between a location and a site is that a site is an area that is useful to researchers for grouping and analyzing data. Locations are the smallest known area for where the data are to be collected.  Sites are broader areas used to aggregate the locations and their data.  Sites can be referenced simply by a known name or code, or they can be linked to a GIS feature to provide coordinate data.
tbl_Sites

Description:
MA. Location aggregations.

No. Of Fields:
6
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Site_ID
	*
	*
	M. Site identifier (Site_ID)

	GIS_Location_ID
	*
	*
	MA. Link to GIS feature, equivalent to NPS_Location_ID (GIS_Loc_ID)

	Site_Name
	dbText
	100
	M. Unique name or code for a site (Site_Name)

	Site_Desc
	dbText
	255
	M. Description for a site (Site_Desc)

	Unit_Code
	dbText
	12
	M. Park, Monument or Network code (Unit_Code)

	Site_Notes
	dbMemo
	0
	MA. General notes on the site (Site_Notes)


The table tbl_Sites stores data for spatial entities that are larger in scope than individual sampling locations and can be used as a lookup table for tbl_Locations, linking sites and locations. Records in tbl_Sites can be used to describe general locations, nest sampling locations in a one-to-many hierarchical way or group data locations.  This allows the user to easily group and summarize the data collected within sampling units across a variety of different spatial scales using a simple select query. Using the Mandatory if Applicable NRDT v3 structure (Figure 3), a location can only be in one site at a time.  To accommodate nested sites, developers have the option of using a cross-reference table to provide a many-to-many relationship between tbl_Locations and tbl_Sites, with a variety of site types included in the sites table (e.g. watershed, management unit, etc.)
Event Groups
Some inventory and monitoring protocols visit multiple locations in a single event that can be hours to days in duration. The many-to-many relationship between locations and events in the Phase 2 structure was chosen in part to accommodate such scenarios. In NRDT v3, event groupings are handled by establishing a one-to-many relationship between tbl_Events and tbl_Event_Group. If necessary, a many-to-many relationship can be created using a cross-reference table between tbl_Events and tbl_Event_Group table to provide flexibility in how events are grouped.

tbl_Event_Group

Description:
MA. Event aggregations (e.g. seasons, trips).

No. Of Fields:
7
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Event_Group_ID
	*
	*
	M. An identifier for the event group (Ev_Gp_ID)

	Start_Date
	dbDate
	8
	M. Starting date of the event group (Start_Date)

	End_Date
	dbDate
	8
	M. Ending date of the event group (End_Date)

	Event_Group_Name
	dbText
	100
	MA. Event group  (e.g. season, trip) name (Ev_Gp_Name)

	Event_Group_Desc
	dbText
	255
	MA. Event group description (Ev_Gp_Desc)

	Event_Group_Notes
	dbMemo
	0
	MA. Event group notes (Ev_Gp_Note)

	Event_Group_Report
	dbText
	255
	MA. Trip report, link to trip report or trip report name (Ev_Gp_Rept)


The table tbl_Event_Group stores data for events that are longer in duration than individual sampling events and provides the ability to group data from multiple events based on longer  sampling periods (e.g. season, trip, etc.) 
tbl_Event_Details

Description:
MA. Sampling event details.

No. Of Fields:
2
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Event_ID
	*
	*
	M. Event ID (Event_ID)

	Event_Notes
	dbMemo
	0
	MA. General notes on the event (Ev_Notes)


The table tbl_Event_Details allows for a variety of additional information to be recorded for each monitoring event.  The only required field is the Event_ID foreign key which relates the table to tbl_Events. The table tbl_Event_Details is analogous to tblBirdVCPEvents in the example Phase 2 documentation and database, which captures event details such as observer initials and weather data. The table tbl_Event_Details might also be used for “audit trail” fields such as Create_Date, Update_Date, Verified_Date, Validated_Date to track record edits and data QA/QC steps.
Optional (O) Tables
In general, a discussion of specific Optional tables is beyond the scope of this document. However, because managing project-related personnel (contact) data is expected to be a nearly universal need of potentially great importance in NRDT applications, the Optional tables tlu_Contacts and xref_Event_Contacts are discussed here.  Also, a standardized lookup, tlu_Enumerations, was added in v.3.2 for fields that are in the NRDT core tables
Contacts
The table name tlu_Contacts was chosen because it is general enough to encompass any kind of role that personnel may have with a project.  Typical project contacts might include field data recorders (observers), field crew team leaders, taxonomic identification specialists, or voucher repository contacts and they can be related to projects in complex ways. For example, a single contact may belong to multiple field crews, participate in each crew in a different role, and also be responsible for data entry and data QA/QC. Because implementation of tables to manage contact data is expected to vary so much among NRDT databases, providing effective Mandatory if Applicable implementation recommendations for these tables was considered impossible and the contacts tables are therefore categorized as Optional. 

tlu_Contacts

Description:
O. Contact data for project-related personnel.

No. Of Fields:
17
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Contact_ID
	*
	*
	M. Contact identifier (Contact_ID)

	Last_Name
	dbText
	50
	M. Last name (Cnt_Last)

	First_Name
	dbText
	50
	M. First name (Cnt_First)

	Middle_Init
	dbText
	4
	M. Middle initial (Cnt_MI)

	Organization
	dbText
	50
	M. Organization or employer (cntorg)

	Position_Title
	dbText
	50
	M. Title or position description (cntpos)

	Address_Type
	dbText
	50
	M. Address (mailing, physical, both) type (addrtype)

	Address
	dbText
	50
	M. Street address (cntaddr)

	Address2
	dbText
	50
	MA. Address line 2, suite, apartment number (Cnt_Addr2)

	City
	dbText
	50
	M. City or town (city)

	State_Code
	dbText
	8
	M. State or province (state)

	Zip_Code
	dbText
	50
	M. Zip code (postal)

	Country
	dbText
	50
	M. Country (country)

	Email_Address
	dbText
	50
	MA. E-mail address (cntemail)

	Work_Phone
	dbText
	50
	MA. Phone number (cntvoice)

	Work_Extension
	dbText
	50
	MA. Phone extension (Work_Ext)

	Contact_Notes
	dbMemo
	0
	MA. Contact notes (Cnt_Notes)


The table tlu_Contacts is based on a table in the I&M Dataset Catalog that is compliant with the CSDGM. In the event that contacts commonly share addresses, the address fields can easily be normalized by adding an address ID foreign key field to tlu_Contacts and linking it to a separate address table. For an example of this implementation, refer to the relationship diagram for the I&M Dataset Catalog desktop metadata database application (http://nature.nps.gov/im/apps/datacat/index.cfm).
xref_Event_Contacts

Description:
O. Cross-reference table between events and contacts.

No. Of Fields:
3
* denotes field type and field size will depend on primary key option selected
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Event_ID
	*
	*
	M. Link to tbl_Events (Event_ID)

	Contact_ID
	*
	*
	M. Link to tlu_Contacts (Contact_ID)

	Contact_Role
	dbText
	50
	MA. The contact's role in the protocol (Cnt_Role)


The table xref_Event_Contacts is a cross-reference table establishing a many-to-many relationship between events and contacts. The Contact_Role field is included so that a single contact record can be assigned to multiple roles. The many-to-many implementation using xref_Event_Contacts between tbl_Events and tlu_Contacts given in this documentation (Figure 3) is only a suggestion representing the usual relationship that observers have to events. Developers should consider themselves free to implement contact data tables in whatever way best meets protocol needs.
Enumerations

The table name tlu_Enumerations was chosen because it is general enough to encompass most kinds of lookup values that may occur in a project.  This table comes pre-populated with lookup values for many of the core NRDT fields, including: Address Type, Contact Role, Coordinate System, Coordinate Units, Datum, Organization, Protocol Name, State Code, Unit Code, and UTM Zone.  The core tables containing these fields are prewired to look up possible values in NRDT v.3.2.  Unneeded values may be deleted from tlu_Enumerations, and new lookup values for any of the core fields or for other fields may be added by NRDT developers.  Because individual lookup tables for each of these values are an option, this table is therefore categorized as Optional. 

tlu_Enumerations

Description:
O. Enumerated lookup table.

No. Of Fields:
4
	FIELD NAME
	FIELD TYPE
	FIELD SIZE
	FIELD DESCRIPTION

	Enum_Code
	dbText
	50
	M. Code for lookup values (Enum_Code)

	Enum_Description
	dbMemo
	
	M. Lookup value descriptions (Enum_Desc)

	Enum_Group
	dbText
	50
	M. Category for lookup value (Enum_Group)

	Sort_Order
	dbInteger
	
	O. Order in which to sort lookup values (Sort_Order)


NRDT Front-end Application Builder (FAB)

FAB Overview

The FAB is a Microsoft Access file that is intended to be used by developers of NRDT applications to create a front-end (user-interface) to the latest NRDT back-end (database). The FAB comes with many built-in features, including: 

· table linking utility 

· data backup 

· compaction 

· lookup table management 

· main menu 

· standardized data entry forms for core NRDT tables 

· standardized data "gateway" form for retrieving records 

By using the FAB, NRDT developers have more time for protocol-specific form and report development. Using the FAB also gives NRDT applications a standardized look-and-feel, making it simpler for users to learn new applications if they've used a FAB application before.

FAB Development History

Version 1.0

The first version of the FAB was developed in 2006 after it was recognized that data managers and others who develop NRDT applications tackle many of the same problems, which include: table linking, backing up data, creating data entry forms for the basic NRDT tables, coming up with a method for users to review records that have already been entered, and figuring out how to deal with various flavors of primary keys.

FAB 1.0 was based largely on John Boetsch’s Vegetation Mapping Accuracy Assessment NRDT application, which included a main menu, some data entry forms, a “data gateway” form for selecting records to edit/review, table linking, and data backup.  The application was stripped of tables, forms, labels, etc. that were specific to vegetation monitoring and made very generic.  To this end, the flexibility to deal with different kinds of primary keys was added.  An administrative console for FAB developers to do some preliminary setup for their application was also added.

Documentation released with FAB 1.0 included a training exercise document, Using the NRDT Front-end Application Builder (FAB) to Create an Application, with a sample NRDT dataset.  Completing the exercise would introduce a new NRDT application developer to the FAB and result in a working Bird VCP NRDT application.  A User Guide Template was also released which documented how to use the basic functionality of the FAB including the forms associated with the core NRDT tables.  An NRDT application developer could fill in information about the protocol-specific aspects of his/her application and have a completed user guide to distribute with the application.
Version 1.1

Version 1.1 of the FAB makes use of the new NRDT lookup value table, tlu_Enumerations.  The data entry forms for the core NRDT tables have been updated to use tlu_Enumerations to get lookup values for Address Type, Contact Role, Coordinate System, Coordinate Units, Datum, Organization, Protocol Name, State Code, Unit Code, and UTM Zone.

Version 1.1 also provides an administrative data entry form for tbl_Db_Meta metadata information for developers and a read-only metadata form to review the same information for the user.

One other minor change was that Protocol Name was added as a default value selection to the application defaults form and Activity was removed from the same form.
FAB Extensibility

The FAB is based on the NRDT core tables and must therefore by definition be extended in order to be useful to a particular protocol-based NRDT database structure.  At a minimum, data entry forms must be added for protocol-specific tables and those tables must be linked to the FAB.  It is possible to extend the FAB to include reporting, QA, and other modules as necessary.
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More Information
NRDT/FAB Webpage: 

http://science.nature.nps.gov/im/apps/template/index.cfm
NRDT Standards:   
Washington Support Office, Inventory and Monitoring Program. 2005. Recommended Naming Standards for Inventory and monitoring Databases. National Park Service. Fort Collins, CO. 30 pg.

http://science.nature.nps.gov/im/apps/template/DataStandards.cfm

Washington Support Office, Inventory and Monitoring Program. 2005. National Park 
Service. Natural Resource Database Template (NRDT) Data Standards Submission and 
Adoption Process. National Park Service. Fort Collins, CO. 30 pg.

http://science.nature.nps.gov/im/apps/template/DataStandards.cfm
NRDT/FAB Examples:


http://science.nature.nps.gov/im/apps/template/NRDTExampleApplications.cfm
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	Data Manager`
	GLKN
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	Application Developer
	WASO

	Peter Lindstrom
	Cartographic Technician
	GRTE
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	Data Manager
	HTLN

	Bob Truitt
	Data Manager
	MOJN

	Angie Southwould
	GIS Database Management Specialist
	AKSO
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	Ecologist/Data Manager
	SHEN
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Figure 5.  Example NRDT v3 implementation using the Mandatory if Applicable tbl_Data_Locations to emulate a NRDT Phase 2 data structure.
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