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ABSTRACT 

This presentation will address the emerging challenge of geodatabase schema 
management for enterprise GIS. A database schema is the overall structure of the 
database tables that store information. This presentation will focus on three areas: 
common schema management challenges; principles to be applied; and strategies for 
solutions. Challenge topics will include managing changing versions of data models over 
time and a comparison of audit history, staging, archival, data warehouse, and basemap 
schemas. In addition, Sarbanes-Oxley compliance as well as managing vendor provided 
data structures and software will be discussed. While technically oriented, this 
presentation will provide real-world examples and strategies that will help operators 
better manage the databases that manage their data.  
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INTRODUCTION 
Some people trade-in their cars every year, some every decade. When you move into 
your new car you move your CD’s, sunglasses and all of your personal stuff out of the 
old and into the new.  
 
Laptops seem to last about 18 months or so before they need to be replaced. Onto the 
brand new laptop we move all of our old data, or as much as we can find from our poor 
old laptop.  
 
Years ago I noticed an interesting trend: it seemed that pipeline companies were trading-
in their GIS systems about every three to five years for a new one. Operators would 
migrate from their old GIS to the new GIS, keeping all of the data. They started over with 
a new GIS and new software and moved all of their old stuff into the new system.  
 
I expected this trend to continue to some degree – trade-in the old GIS for a new one 
about every three to five years. It seemed logical. But I think I was wrong. Maybe there is 
another way. 
 
 
SCHEMA MANAGEMENT 
A database schema or a data model is the structure of how data is stored and organized. It 
is the collection of tables, relationships and rules about the data. Although a schema is 
typically kept in one database, it may logically span databases. In the ESRI world, a 
schema can be represented as a Visio UML document, exported as XML and used to 
create a new Geodatabase.  
 
Schema management is the idea of managing ongoing, incremental changes to the 
database schema without wholesale replacement. It is also the idea of managing multiple 
interdependent database schemas concurrently.  
 
 
PIPELINE SCHEMA MANAGEMENT 
Although applicable to other types of utility/infrastructure GIS, this paper will address 
topics primarily in pipeline Geodatabase schema management.  
 
WHEN CHANGE HAPPENS 
Geodatabase schema changes are most likely to occur when caused by external events, 
such as: 



  Page 3 

• Core software version changes – such as when moving from Arc 8 to Arc 9 
• Unterlying DBMS version or vendor changes – such as moving from Oracle 9 to 

10 or from Oracle to SQL Server 
• Business requirement/application changes – involving the changes to or addition 

of tables/columns or business rules 
 
 
TYPES OF SCHEMAS 
Consider several different types of database logical schemas often found in a GIS 
implementation. They are sometimes combined or intermingled. 
 

Active or Current database – all of the current, active data, reflecting the 
current state at a point in time. Ideally, this database is a current representation of 
reality that is accurate, self-consistent and complete.  
 
Audit History – an ongoing audit trail of all changes made to the current 
database. As ongoing changes are made to the data, adds, edits, deletes, this 
database tracks the person/process that made the change, when it was made and 
maybe why. This database can be queried to show what the Current database 
looked like at a given time in the past.  
 
Archive – the repository for removed/deleted data. For example, this schema may 
store pipelines that have been sold. The data is deleted from Current because it is 
no longer owned but it may be moved into an Archive database for safekeeping 
for a period of time. Although it would still be stored in Audit History, it is stored 
here for safekeeping. 
 
Staging – data that is ready to be inserted or loaded into the active database may 
be stored in staging until it has been reviewed and approved by an authorized 
person. This may be a single record, or a collection of related records. 
Geodatabase versions are one form of a staging database schema. 
 
Data Warehouse – heterogeneous data that is summarized from many different 
databases.  A data warehouse is used as a central access point for reporting, 
analyzing and distributing data from many sources. For example, a data 
warehouse may store summary data that has been pushed from SCADA, GIS, CIS 
and maintenance management into a central access hub. 
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Third-party (licensed/downloaded) – in GIS, this is often land basemap data 
that is acquired from time to time or subscription-based.  
 

 
SPECIAL SCHEMAS 
Other types of database schemas may exist, although they are not normally considered 
separate schemas. 
 

Centerline – although a pipeline centerline is typically thought of as a line 
segment (polyline). It can almost be thought of as a separate schema in its own 
right. There may be multiple versions (opinions) of a particular centerline. 
Examples of centerline versions include: 
• Proposed, as planned – containing several alternate routes 
• As-built – surveyed with conventional survey equipment, often referenced by 

physical land monuments and survey descriptions 
• Inspection tool – ILI tool with inertial navigation (geo-pig), referenced by X, 

Y, Z and odometer 
• Above ground survey – GPS-based centerline  
• Hypothetical – used for what-if scenarios for marketing or threat avoidance 
 
For each of these versions (opinions) there may be multiple iterations. For 
example, each ILI tool run will yield slightly different odometer measures for the 
pipeline. Each new GPS survey will show a slightly different location of collected 
pipeline features.  
 
Vendor Software – vendor software may be implemented as a separate schema.  
 
Metadata – metadata may be considered a linked schema. Published metadata 
must be periodically synchronized.   
 
Data Collection – an example of this type of schema is a GPS data dictionary. It 
is a self-contained set of features and rules that are used to assemble data for 
subsequent use. 

 
Data Interchange – data that are moved between operator and vendor, between 
vendors or between databases. An example is the PODS Inline Inspection Internet 
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Data Exchange standard or an XML delta record set. A data interchange schema 
may be a personal Geodatabase, an XML file or even shape files.  
 
Of note is the Open Geodatabase Interchange XML specification (Geodatabase 
XML) http://www.esri.com/software/arcgis/geodatabase/about/xml.html.  

 

 
Example ILI Internet Data Exchange (IDX) Workflow 

LINKED SCHEMAS 
It is often the case that schemas are interdependent – changes to one schema affect 
another, both as data and data structure. It is important to identify all interdependent 
schemas in order to keep them together when schemas are moved or migrated.  
 
 
MANAGING CHANGE – PRODUCTION DATABASE 
One technique for managing schema changes typically used in enterprise 
implementations is the two or three-tiered production/development system.  
 
Data from the production database is entirely copied onto a test database. The test 
database is used for final software application testing, verification and troubleshooting 
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prior to implementing the software in production. Periodically the test database is purged 
and replaced by a new copy of the production database. Thus any changes that were made 
to the test database are lost and a new clean database is available again. 
 
Similarly, data from the production database replaces the development database 
periodically.  A larger implementation may have several test or development databases. 
 
 

 
 
 
Most organizations require that change management processes be strictly followed when 
moving data such as this. 
 
 
SDE SCHEMA 
There are several ways that database schemas can be impacted when using ESRI 
technology. These changes describe some of objects in a Geodatabase. 
 

Simple Feature Classes 
Tables in a relational database can be spatially enabled. One way of doing this is 
through the SDETABLE command. This command basically adds a Shape 
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attribute to the business table, allowing it to become a point, polyline or polygon 
feature. Simple feature classes are not directly edited in ArcMap.  
 
Registered Tables 
An OBJECTID column is added to tables in a relational database when they are 
registered using ArcCatalog.  
 
Versioned Feature Classes 
When a layer is registered with ArcSDE using ArcCatalog, two new tables are 
created, the Adds and Deletes tables. These tables are managed by ArcSDE and 
track record inserts, edits and deletions that are made. ArcSDE reconciles these 
changes when the data are displayed graphically.  

 
The above alterations to a relational schema mean that the SDE schema is linked 
(interdependent) to the business table schema.  
 
 
SARBANES-OXLEY (SOX) 
Section 404 of the Sarbanes-Oxley Act of 2002 requires public companies to establish 
internal controls and procedures. Companies must document all internal processes that 
could affect the bottom line. These can include the flow of work related to travel 
expenses, accounts payable, procurement and even quality assurance. But 404 don’t stop 
here. Sarbanes-Oxley also demands that companies identify possible risks--such as the 
potential for fraud or substandard parts--create controls to mitigate each threat, and 
document those controls, as well.  
 
SOX compliance forces companies to tighten internal procedures, especially regarding 
change management – including both data and database schema changes.  
 
 
SCHEMA CHANGE MANAGEMENT PRINCIPLES 
There are several ways that database schemas can be impacted when using ESRI 
technology. These changes describe some of the objects in a Geodatabase. 
 

Plan for Change 
As obvious as it seems to point out the need to plan for change, it is surprising 
how many people think that their current database schema will remain unchanged 
for very long.  
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The following diagram illustrates the principle of thinking of database schema 
management like software version management. It is important to consider the 
idea of making enhancements and fixes to one version at a time, and the attaining 
a plateau of stability until the next round of revisions are made. This allows 
software, user processes, documentation, linked schemas and so forth to stabilize.  

 
 

 
Schema version management is like software version management 

 
 

Schema Standards 
Because of the lower cost and improved capabilities that they provide, data 
standards are becoming increasingly more important. The desire to better manage 
all business risks is an inherent attractor to standards-based approaches. 
 
Data standards such as PODS (Pipeline Open Data Standard) and PPDM (Public 
Petroleum Data Standard), allow companies to follow standards that improve over 
time. These standards are guided by operators and vendors in a collaborative 
environment. The standards development process is often slower than the 
development of in-house developed systems, but the payback is seen over the 
long-term. 
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An important principle is the idea of adhering to standards that directly support 
key business drivers. Each incremental improvement to the standard can be 
justified on its own merits and business case.  
 
Standard Data Formats 
Industry standards organizations such as the World Wide Web Consortium 
(www.w3.org) that develop interoperable data technologies for the internet and 
the Open Geospatial Consortium (www.opengeospatial.org) that develops 
standards for geospatial and location based services should be kept in mind.  
 
In particular, XML, Web Services and SOAP are protocols that can be used to 
allow systems to better be prepared for changes that will inevitably occur over 
time.  
 
Metadata and Documentation 
Storing detailed information about the data with the actual attribute data is called 
metadata. Metadata can be used by applications to learn about the database itself 
and make more intelligent decisions about how the database is used.  
 
Like metadata, simply documenting changes to the database is an important and 
underutilized practice. Something as simple as a change control document or 
database that tracks each change that is made to the database, whether in detailed 
or summary form, can be a valuable help when trying to interface with new 
applications or keep existing applications updated.  
 
Built-in Flexibility 
Another important principle is the idea of designing the database schema with 
future change in mind. Modular design, like Lego® building blocks, provides the 
ability to extend the system without redesigning.  
 
 

PRACTICAL SCHEMA CHANGE SUGGESTIONS 
There are several ways that database schemas can be impacted when using ESRI 
technology. These changes describe some of objects in a Geodatabase. 
 

Directory of Applied Changes 
One easy method of tracking changes is to keep a directory of all changes that are 
applied to the database. Each folder name is given a sequential number, 1, 2, 3… 
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and a brief description of the applied change. In the folder there may be several 
scripts, documents, diagrams, etc. that describe the exact change that is made. 
 
This approach allows a DBA to retrace steps as to the exact changes that were 
made. Securing access to this directory provides a simple change audit trail.  

 
Updated Entity Diagram 
When the database schema is changed, it is important to keep the associated entity 
diagram updated to reflect the exact changes – for example, by keeping the Visio 
UML document updated as changes are made through ArcCatalog. 

 
Audit History 
It is important to track all changes that are made to data as well as the schema 
itself. Audit history should be implemented as soon as possible and should track 
the user/process that made the changes, even if changes are made through a 
common DBMS login, as may be found when doing updates through a web-based 
application.  

 
 
CONCLUSION 
One clear trend in GIS is “more data…more data…more data…” New data analysis 
needs will continue to drive more detailed data collection which in turn drives the need 
for better data management practices.  Clearly GIS will also continue to leverage good IT 
data management practices. 
 
Viewing the database schema as an entity in its own right to be managed is the first 
important step. Realizing that the entire system does not need to be replaced when an 
upgrade occurs, and performing regular, incremental improvements is a better long-term 
strategy.  
 
While the present practice of replacing our autos and laptops outright whenever they no 
longer meet out needs will continue for some time, improved management practices of 
our data and databases will help minimize costly wholesale replacements.  
 
Maybe someday our cars and laptops will be nearly as upgradeable as our software. 
 
 


