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Abstract: The need to integrate data from many sources, often at different
scales and projections with different contents and areas of coverage, is typical
of building an LIS/GIS database. Source materials tend to be heterogenous.
Applications of the data also tend to be heterogenous; and the data are likely
to be rescaled, resymbolized, and reprojected to serve some specific purpose.
This reprocessing of data often results in an output which feeds another

process.

The importance of recording the lineage of data becomes obvious when
one considers the machinations mentioned above. To ascertain the validity
and suitability of data to support a particular purpose, lineage information
is needed by the user. Data producers must be responsive fo this need. This
paper will review what data lineage is and discuss ways in which it relates

to the LIS/GIS community.

T he National Committee for
Digital Cartographic Data
Standards (NCDCDS), in par-
ticular, Working Group II on
Data Set Quality, defined the
lineage of data as follows:

The basis of any quality report is a
narrative of the lineage of the data.
Lineage includes the original source
material and all the processes and
transformations leading to the final
product (digital database). This in-
formation is required for a user to
evaluate fitness, and it is required
by a producer to maintain and up-
date the data. (1985, p. 115)

As the user of data ac-
cepts responsibility for determin-
ing fitness for use, the producer
must accept responsibility for
providing adequate information
about data sources, and process-
ing history. The simple statement
that “This map complies with
National Map Accuracy Stan-
dards” (as suggested by U.S.
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Bureau of Budget in its 1947
document on U.S. National Map
Accuracy Standards) no longer
suffices; few would argue with
this.

The producer of data
should clearly label the product
with information about its source
and processing history; however,
it is the user who ultimately must
determine its fitness for a par-
ticular use. While “truth in label-
ling” should be demanded, it is
too soon in the evolution of
LIS/GIS databases to abandon
the old axiom: “Let the buyer
beware.” In practice, neither pro-
ducers nor users are blameless.
Generally, professional ethics
have prevailed on behalf of
reasonable practices, but not
always. Sometimes there is blind
faith in the source of data; other
times, there is acceptance or
tolerance of error due to expe-
diency.

Inevitably, there will be
errors in measurement, process-
ing, and representation of data in
an LIS/GIS which result in
uncertainty. We are faced with
two basic choices for managing
this uncertainty. They are: (1)
uncertainty reduction, and (2)
uncertainty absorption (Bedard
1987).

Techniques for reducing
uncertainty include use of stan-
dards, testing for accuracy and
consistency, and understanding
the lineage of data. The absorp-
tion of uncertainty has to do
with who pays if errors in data
cause damages (Bedard 1987).

Clearly, data lineage is
not all that a user needs to deter-
mine the data’s fitness for a par-
ticular use. However, lineage is
an important part of reducing the
uncertainty associated with using
specific data, and it can help a
user decide if it is worth absorb-
ing the risk of potential damages.
As specified in the proposed



Spatial Data Transfer Specifica-
tion (which has been submitted
to the National Institute of
Standards and Technology by
U.S. Geological Survey), lineage
is one of five sections that should
be included in a Data Quality
Report (DOR).

Data Quality Report

Traditionally, data pro-
ducers may have filed a DQR as
part of the external documenta-
tion associated with a project,
perhaps. Some have even pro-
vided visual overlays in an at-
tempt to diagram data quality
and reliability. More often, it is
neglected or not considered
essential. The proposed SDTS
breaks the DQR into the follow-
ing sections (USGS 1988):

¢ Lineage

* Positional Accuracy
* Attribute Accuracy
* Logical Consistence
¢ Completeness

A description of methods
for reporting on each of the
above-mentioned sections of a
DQR is beyond the scope of this
paper. However, the importance
of providing and monitoring this
information should be recog-
nized; yet, it is often overlooked
as part of the operational con-
siderations of an LIS/GIS proj-
ect. Nyerges (1987) commented
on this problem:

Many times databases are not useful
beyond the original scope of a proj-
ect because of the lack of documen-
tation. Data are less useful as infor-
mation when data describing
database production conditions are
forgotten and/or misplaced. (p. 320)

Typically it is true that
the compilation and management
of data for a DQR is of second-
ary interest to the main purpose
of producing and/or exploiting
an LIS/GIS database. Anything
to make the task easier would
improve the likelthood of getting
it done. One area of promise is
the utilization of on-line
metadata.

Metadata, which is simply
“data about other data,” can be
managed on-line as part of an
operational LIS/GIS. Both the
U.S. Forest Service and Bureau
of Land Management are looking
at making metadata a part of
their information environments,
as well as the U.S. Geological
Survey and National Ocean
Survey, among others. Once a
format is established for the
DQR, it can be populated with
data as an extension to the data-
base. A data server can store and
disseminate the DQR to facilitate
evaluation of a dataset’s fitness
for a particular purpose.

Data Lineage and the Audit Trail

There are a number of
parallels between LIS/GIS and
MIS (Management Information
Systems). In fact, there has been
considerable convergence in some
areas. One area that could
benefit from more convergence is
database auditing. Audits, as
well as checking for the absence
or presence of lineage informa-
tion, should become part of the
lineage record.

Transactions that change
the database occur on a regular
basis; this applies to both LIS/
GIS and MIS. In a typical MIS
environment, once a transaction
is approved, it is entered into the
database and is also recorded in

a transaction history file. This
file serves as an audit trail. An
audit trail is defined as follows:

. . . the presence of data processing
media and procedures which allow a
transaction to be traced through all
stages of processing, beginning with
its appearance on a source docu-
ment and ending with its transfor-
mation into information on a final
output document. (Obrien 1979, p.
438)

In business management,
the certified public accountant
(CPA) lends credibility to finan-
cial reports through an audit
function. He or she is paid for
this service, but remains inde-
pendent of the firm that is
audited. The firm's transactions
are examined, including the col-
lection, classification, and
presentation of financial data.
This is done based on established
professional standards, to verify
that the financial reports of the
firm adhere to “generally ac-
cepted accounting principles.”
This function helps to protect the
public from misleading financial
data. Many investors are fully
capable of misleading themselves,
without bad data. The same
holds true in LIS/GIS, but there
is no equivalent, generally speak-
ing, to the CPA.

In staffing an LIS/GIS,
the role of the auditor, to attest
to data integrity, should not be
overlooked. This particularly ap-
plies where very large databases
and many users are involved.
Many corporations with an MIS
have a job function defined for a
database administrator. This role
is similar in some respects to the
CPA, except it is internal to the
company. If data producers do
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not support this function inter-
nally, then in some cases the user
might provide it (such as a utility
company, to verify data from a
conversion vendor).

One responsibility of the
database administrator should be
to define a data dictionary which
can apply rules to transactions
before any new data are entered
into the database, preventing up-
dates that would conflict with
existing data. This front-end
checking is the traditional means
of protecting logical consistency.
Another means to check logical
consistency is deferred checking,
in which the database is scanned
after entries are made, checking
for compliance with rules as
stated in the data dictionary.
Although the lineage of the data
cannot easily be tested for valid-
ity, the above-mentioned tech-
niques should be used for at least
checking on the absence or
presence of lineage records.

The argument against
front-end checking is that it may
slow down the data-collection
process, which is already the big-
gest hurdle to timely LIS/GIS im-
plementation. Front-end checking
may be a hindrance at times, but
it is the best way to assure that
data lineage is carried into the
digital domain. It is probably too
harsh to reject all data that do
not have suitable lineage, but
such data must at least be
flagged.

Deferred checking can
supplement input checks. One
advantage is that it checks the
contents of the database, not the
input process. Therefore, it is not
a hindrance to data collection.
When revision or auditing occurs
on an LIS/GIS database, de-
ferred checking can be a means
of flagging data that do not have
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associated lineage information.

These techniques, as basic
as they are to MIS environments,
have not been widely utilized in
LIS/GIS environments, particu-
larly where the lineage of graphic
data is concerned. One positive
example of long-standing prac-
tices of recording chart history is
the National Ocean Survey,
which is now fully automating
these practices. However, more
organizations need to institution-
alize the use of periodic database
surveys and/or continuous ad-
ministrative processes for check-
ing L1S/GIS databases.

Societal Mandate as Part
of Data Lineage

A relatively unexplored
area of data lineage is societal
mandate. It is the mandate,
issued by societal bodies, that
enables organizations to build in-
stitutions to accomplish goals. As
Chrisman (1987) pointed out,
many institutions have been
created pursuant to various man-
dates to coliect data for some

purpose:

The important data collection func-
tions of society are not carried out
for technical reasons. The creation
of property maps, zoning maps, and
all the other municipal functions are
not driven by a benefit/cost ratio.
Each record is collected and main-
tained in response to a social need
as expressed by the legal and
political system. The search should
not be for the flow of data, but for
the mandates that cause the flow.
{p. 1369)

This is an important point
for users of LIS/GIS technology.
The producer of data should in-

clude as part of its lineage the
mandate, (or enabling legislation,
where appropriate), that led to
the collection effort. This infor-
mation would be very useful to
the user of such data in deter-
mining its fitness for use.

Cartography and Data Lineage

Anyone who is properly
trained in cartography is fastidi-
ous about source materials. Deci-
sions must be made about map
contents, based on answers to
the following questions:

¢+ What is the name and nature of
the authority responsible for the
source materials?

* How familiar is the authority
with the area of coverage?

* What is the date of the source,
how and when was it originally
compiled, and has it been re-
vised?

* Was it derived from another
source and, if so, is that source
larger-scale?

s For what purpose was the data
collected?

¢ What is the accuracy?

¢ What generalization and/or
transformation procedures were
used, if any?

These questions are repre-
sentative of what must be deter-
mined by the cartographer who
collects data. Over the past 25
years, there has been a prolifera-
tion of special-purpose map-
making by non-cartographers. In
part, this proliferation has been
due to the advent of automated
LIS/GIS technology, where a
map is often just an output to
show the results of a particular
analysis. Such maps are often
used themselves as input to an-
other analytical process. When
this is done without regard to the



fitness of the data, error pro-
pagation is highly probable.

Applications of LIS/GIS
technology have increased the
need for multi-discipline exper-
tise. Cartography is fast becom-
ing a set of communication tools
and skills adopted by several
disciplines outside of traditional
map-making. While they are
adopting some of the tools and
skills, they are not necessarily
adopting the principles.

One of the most basic car-
tographic principles is: “Thou
shalt not derive a large-scale map
from small-scale source
materials.” As we have moved
into the digital domain, with
many non-cartographers making
maps to represent the results of
spatial analysis in LIS/GIS, there
is often blindness and/or ig-
norance related to this simple
principle.

Clearly, the need for
someone to make decisions about
sources, content, and design of
digital databases has intensified
with the increased adoption of
LIS/GIS technology. This role
does not have to be played by a
cartographer, but certainly by
someone with the professional
discipline to be fastidious about
data lineage.

The Spatial Reference
Component of Data Lineage

Most of the discussion so
far has revolved around source
materials as a component of data
lineage. The other major compo-
nent relates to “the processes and
transformations that lead to the
final product (digital database).”
The processing history becomes
particularly relevant with the
transition from manual to auto-
mated LIS/GIS technology.

In the proposed Spatial
Data Transfer Specifications
(SDTS), spatial reference is
divided into three modules:

(1) Internal Spatial Reference
(2) External Spatial Reference
(3) Spatial Domain

The internal spatial
reference module describes the
translation and scaling param-
eters necessary to transform the
internal coordinate system of the
data into an external coordinate
system. The external spatial
reference module defines the geo-
graphic coordinate coding
(spatial address) of objects, tied
into a geodetic reference system.
The spatial domain module speci-
fies the geographic area of cover-
age by defining a series of spatial
addresses that delineate the area
(USGS 1988).

It is essential to tie spatial
reference into ground control to
make the coordinate system ex-
plicit. Many have called for bet-
ter documentation of ground
control, and for survey monu-
ments to be included in digital
coverage whenever possible. Not
only does this allow for accuracy
to be tested, but it allows for
data from different sources to be
registered in combination. Merg-
ing coverages is a common re-
quirement, and problem, in LIS/
GIS environments.

There is an ongoing
debate over the application of
geographic coding schemes that
use coordinate locations alone to
distinguish points. The problem
arises when a given point has dif-
ferent coordinate locations on
separate source materials. One
approach to this problem is to
distinguish between measuring a

point’s location and naming it as
a place. Dutton (1984) observed
the following:

If survey monuments and other
significant locations had system-
atically constructed geocodes
[names], the problem of registering
coverages would become that of
identifying their common control
points by name-matching, then fit-
ting a transformation to common
coordinates. (p. 278)

The spatial reference com-
ponent of data lineage, including
well-documented ground control
and other significant point loca-
tions, can help ascertain data
quality and reduce uncertainty.

The Temporal Aspect
of Data Lineage

When it comes to data
lineage, several “dates” are of ob-
vious importance. These include:
the compilation date of source
materials; the publication date of
source materials; the dates of
original survey; and the date of
revisions, Of course, all of these
dates relate to single points in
time. And yet, the phenomenon
we try to model in an LIS/GIS is
not static; it changes, continu-
ally.

The data structures being
used today, which were designed
to represent static phenomena,
have limitations for modeling the
time continuum, Chrisman and
Langran {1988) have proposed a
framework for handling temporal
data, to facilitate queries such as:

¢ What was the previous state, or
version, of this object?

¢ What has changed (during a
period, or at a place)?
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¢ What is the periodicity of
change?
* What trends are evident?

Until the time dimension
can be represented structurally,
LIS/GIS can be used to store
temporal attributes for each
feature, thereby allowing some
limited analysis based on change
over time (Chrisman and
Langran 1988).

There is great interest in
change detection for many ap-
plications of LIS/GIS technol-
ogy. One particularly useful
technique is overlaying two im-
ages of the same area, taken at
different times. This snapshot
technique can be used to observe
change, delineate it, and update
vector map data. Obviously, the
date associated with images and
vector maps becomes very rele-
vant to applying this technique.
It is just one reason why the
temporal aspect of data lineage is
S0 important,

Summary

This paper has attempted
to help build an understanding of
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what lineage is comprised of,
discuss some techniques for in-
corporating lineage into LIS/GIS,
and raise some concerns about
the risks of not having it. The in-
clusion of data lineage in LIS/
GIS requires a conscious effort
and application of sound proce-
dures and principles, The lineage
of data, including source mate-
rials and processing history, is an
important part of the Data Qual-
ity Report (DQR) as defined in
the proposed Spatial Data Trans-
fer Specification (SDTS). Data
producers must be fastidious
about including lineage informa-
tion, and it can be stored and
disseminated as metadata—data
about data. Users of data must
be careful in determining the
data’s fitness for a particular pur-
pose, and aware of the risk they
absorb when they apply data
without knowing their lineage.
An important part of lineage is
“when" data were acquired; but
also important is “why” it was
created to begin with.
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