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The financial challenges of the processes involved in preserving elec-
tronic records into perpetuity are significant. Financial management tools
will support the decision-making processes in which archives and librar-
ies engage when preserving electronic records. Applying business con-
cepts, in combination with archival precepts and collection management
principles, to the challenge of preserving electronic records will assist
institutions such as archives and libraries in making decisions that will
support their mission statements and act in the best interests of their
users. This article proposes that a cost model specific to preserving
authentic electronic records be developed.

he preservation of digital data
for the long term presents a
variety of challenges from
technical to social and organi-

zational. The technical challenge is to en-
sure that the information generated today
can survive long-term changes in storage
media, devices, and data formats.

~Raymond A. Lorie1

The financial challenges of the pro-
cesses involved in preserving electronic
records into perpetuity are significant.
Literature in the field discusses cost-re-
lated issues that remain to be resolved in
a meaningful, applicable manner. It is
necessary to develop financial manage-
ment tools that will support the decision-

making processes in which archives and
special collections engage when preserv-
ing electronic records. This article argues
that applying business concepts such as
cost-benefit analysis, risk-benefit analy-
sis, decision-making models, and cost
models, in combination with archival pre-
cepts and collection management prin-
ciples, to the challenge of preserving elec-
tronic records will assist large institutions
such as archives and special collections
in making decisions that will support
their mission statements and act in the
best interests of their users, both present
and future.

Financial planning tools such as cost-
benefit analysis, risk-benefit analysis,
decision-making models, and cost mod-
els enable managers to make informed
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decisions on a range of institutional and
programmatic issues. Arguably, the most
useful of such financial management tools
for archivists is risk-benefit analysis un-
dertaken as part of a risk assessment strat-
egy. Gregory Lawrence et al. defined the
term risk assessment as “a means of struc-
turing the process of analyzing risk.”2 Ar-
chives are legally mandated to take in and

preserve records according to evidential
requirements. Libraries, with the possible
exception of special collections, have
more choices as to what to acquire that
support their collection development and
how to replace or preserve items. Because
of these differences in requirements, per-
spectives, and missions, preservation de-
cisions in libraries can be cost driven and
use cost-benefit analysis effectively. In
contrast, preservation decisions in ar-
chives are often more complicated and
involve more risk assessment. An archive
does not have the choice of whether or
not to preserve records, only the strategy
it will use. If the record is electronic, the
choice of preservation strategy is circum-
scribed by the requirement that the pres-
ervation process result in the archive’s
ability to produce an authentic copy of
an electronic record (i.e., reproduced to a
standard that enables the copy to be ad-
missible into court as evidence).

Today’s archivist has a suite of preser-
vation strategies, such as reformatting
(i.e., refreshing and migration) from
which to choose but must determine the
criteria by which particular preservation
strategies are chosen. As part of that pro-
cess, the archivist must weigh the trade-
offs involved with choosing appropriate
preservation strategies for particular
records. When that choice has been made,
then cost becomes an issue likely to influ-
ence the final decision.

Su Shing Chen stated the problem that
provides the context for the development
of these management tools:

Despite our information technology
investments, there is a critical, cumu-
lative weakness in our information
infrastructure. Long-term preserva-
tion of digital information is plagued
by short media life, obsolete hard-
ware and software, slow read times
of old media, and defunct Websites.
Indeed, the majority of products and
services on the market today did not
exist five years ago. More impor-
tantly, we lack proven methods to
ensure that the information will con-
tinue to exist, that we will be able to
access this information using the
available technology tools, or that
any accessible information is authen-
tic and reliable. This situation creates
a fundamental paradox for digital
preservation: On the one hand, we
want to maintain digital information
intact as it was created; on the other,
we want to access this information
dynamically and with the most ad-
vanced tools.3

Chen also asserted that decisions about
preserving information should consider
the costs of preservation. “We can use
current technology to determine the costs
of retaining information; however, both
expenditures and technology will evolve.
Whereas we can project the costs for ba-
sic elements of technology—such as digi-
tal media per unit volume of information
and unit processing by computers—there
are no proven techniques for estimating
the costs of long-term digital information
preservation.”4

Archives, libraries with archival hold-
ings, and special archival projects and pro-
grams in the United States and abroad are
increasingly implementing the technology
necessary to make accessible online both
born-digital and reformatted electronic
records.5 Moreover, the present and antici-
pated increase in the number of electronic
records also has required concomitant at-
tention be paid to the preservation of those
materials that are retained and made avail-
able for legal, fiscal, administrative, cul-
tural, or historical reasons.

An archive does not have the choice
of whether or not to preserve
records, only the strategy it will use.
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In 1999, the author and Michèle V.
Cloonan undertook a survey of thirteen
preservation projects and programs to
obtain information on digital preserva-
tion strategies in the United States and
abroad with respect to electronic records.6

We carried out the survey on behalf of the
InterPARES Project (International Re-
search on Permanent Authentic Records
in Electronic Systems).7,8 Only one project
surveyed, located in the United Kingdom,
has included the study of cost informa-
tion and formulation of policy.

Because there are no extant cost mod-
els specifically addressing the unique is-
sues that characterize the preservation of
electronic records, this article proposes
that a cost model specific to preserving
authentic electronic records be developed.

Background
Articles regarding accounting, costs, and
cost models within a library setting from
a variety of perspectives have been writ-
ten about the usefulness of managerial
accounting in libraries, modeling specific
to the information science field, and cost
studies and methods related to online bib-
liographic searching and evaluating in-
formation retrieval systems.9–12 With re-
spect to cost models, two particular
articles should be mentioned: a cost
model developed to estimate the costs of
options associated with acquiring peri-
odicals within libraries, and a cost model
developed to assess the feasibility of stor-
age and weeding programs within aca-
demic libraries and to provide informa-
tion for planning and budgeting of such
programs when they are shown to be fea-
sible.13,14

Digital library researchers Arturo
Crespo and Hector Garcia-Molina have
written about costs as they relate to the
design of an archival repository.15,16 The
authors defined an archival digital reposi-
tory as “a repository that guarantees long-
term data survivability.”17 The concepts
the authors discussed seem applicable to
a digital library as well: “We believe our
design framework and ArchSim/C can
help librarians and computer scientists

make rational and economical decisions
about preservation, and help achieve bet-
ter archival repositories.”18

Much less work, however, addresses
the costs of preservation of electronic
records in archives. So far, cost modeling
for both archives and digitization initia-
tives has received scant attention. The
present focus appears to be on budgeting
for digital conversions rather than on pre-
serving authentic electronic records for
the long term (and thus in developing a
model that will factor in the ongoing costs
of the preservation process). Two excep-
tions from the library perspective are
studies by Tony Hendley and by Kelly
Russell and Ellis Weinberger.

In “Comparison of Methods & Costs
of Digital Preservation,” Hendley pro-
vided a Table of Digital Preservation Cost
Elements that was compiled by Neil
Beagrie, Daniel Greenstein, and the Arts
and Humanities Data Service.19 In it, the
cost elements involved in developing and
preserving digital collections are keyed
to the three life cycle stages of a digital
resource. For example, the first life cycle
stage is that of data design and data cre-
ation. Cost elements for the first stage in-
clude publications, training events, and
consultancy (table 1).

Hendley also discussed seven key cost
factors that must be taken into account
when deciding on the preferred preser-
vation strategy for each category of digi-
tal resource. The digital resources produce
specific types of data that must be taken
into consideration when making preser-
vation decisions. The key cost factors in-
clude costs associated with data creation,
data selection and evaluation, data man-
agement, resource disclosure, data use,
data preservation, and rights manage-
ment.20 Generally, the breakdown of cost
factors corresponds to the life cycle stages
of the data.

Hendley discussed the development of
a cost model for digital preservation that
can be used to assess the ten categories of
digital resources and compare the costs
of the preferred methods of preservation
for each category, as shown in table 2.21
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The cost model references the framework
that divides the digital collection manage-
ment into seven modules, one of which
is preservation. The costs are reviewed,
and those that are directly or indirectly
related to preservation are totaled up to
enable the (definition of) preservation
costs as a percentage of the total costs of
digital collection management.22

In their article, “Cost Elements of Digi-
tal Preservation,” Russell and Weinberger
stated that the ongoing costs of digital pres-
ervation span a more extended time frame
than those for traditional preservation and
thus will require resource commitments of
a different nature.23 Different preservation
strategies may necessitate different cost-
ing time frames and schedules. Russell and
Weinberger stated that current cost mod-
els have yet to reflect this more complex
environment where, “The creation of a
digital object is the true starting point for

digital preservation.” They also discussed
cost issues: “These costs need to be
weighed against the desirability/necessity
of preserving the object. For digital mate-
rials, the preservation of complex function-
ality may prove considerably more costly
than preservation of the basic intellectual
content. In general, the more complex the
digital object, the more involved (and re-
source intensive) the digital preservation.
The question that must be asked is whether
the object’s perceived long-term value is
worth the expense of preserving the ‘bells
and whistles.’” As well, the authors dis-
cussed access in terms of various levels,
perhaps in response to the various types
of prospective users and the information
needs they bring. Thus, “access can be at a
variety of levels for digital materials rang-
ing from access to the full range of func-
tionality and content to simply access the
‘bare bones’ intellectual content.”

TABLE 1
Digital Preservation Cost Elements

Life Cycle States Cost Elements
1. Data design, data creation 1. Publications

2. Training events
3. Consultancy

2. Data accessioned into collections 1. Acquisition
2. Accessioning
3. Catalog records and documentation
4. Data processing
5. Data storage
6. Preservation
7. Monitoring reports
8. Interface design
9. Administering commercial use
10. Withdrawal fees

3. Data use and administration 1. Distributing data and documentation
2. Access and administration
3. User support
4. Royalties
5. Training
6. Publications

Source: Table of Digital Preservation Cost Elements, compiled by Neil Beagrie, Daniel Greenstein,
and the Arts and Humanities Data Service in �Comparison of Methods & Costs of Digital
Preservation� (1997). For a complete discussion, please refer to the study.
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TABLE 2
Digital Resources and Data Types

Digital Resources Data Types
Data sets Alphanumeric data
Structured texts Alphanumeric data; markup data; tags to graphics
Office documents Alphanumeric data; raster & vector graphics; moving

graphics
Design data Alphanumeric data; raster & vector graphics
Presentation graphics Alphanumeric data; raster & vector graphics; moving

graphics
Visual images Raster graphics
Speech & sound recordings Audio data
Video recordings Video data
Geographic/mapping data Alphanumeric data; raster & vector graphics
Interactive multimedia
   publications Audio/video data; moving graphics; alphanumeric data;

raster & vector graphics
Source: Table of Digital Resources and Data Types, compiled by Daniel Greenstein in �Comparison
of Methods & Costs of Digital Preservation� (1997). For a complete discussion, please refer to the
study.

Russell and Weinberger wrote that it
might not be easy or possible to separate
the costs of preservation from the costs of
access. They noted that the institution’s in-
vestment in technical infrastructure for pro-
viding access to digital materials also sup-
ports a preservation function. Thus, the
costs of both preservation and access are
shared. The authors made a rare mention
of archives among the work that has been
done in this field in connection with costs
for resource discovery and delivery of ma-
terials (i.e., costs will vary depending on
the extent to which the archive is integrated
into existing collection management func-
tions where access arrangements are shared
across a range of collections). Selection de-
cisions may be based on existing policy
documents or taken on an object-by-object
or collection-by-collection basis.

Several cost elements presented by Russell
and Weinberger incorporate a library per-
spective (items 1, 2, and 3 in table 3), and the
preserved digital materials are stored in an
archive (items 5 and 8 in table 3).

To estimate a budget for image acqui-
sition, Anne R. Kenney and Oya Y. Rieger
referred to the RLG Worksheet for Esti-

mating Digital Reformatting Costs in their
book, Moving Theory into Practice: Digital
Imaging for Libraries and Archives .24 This
worksheet, in combination with an as-
sessment of costs derived by Cornell
University’s Department of Preservation,

identifies costs for image acquisition in
six cost categories: personnel, equipment,
cataloging, supplies, contingency, and
overhead/indirects.

In 1996, the Commission on Preserva-
tion and Access and the Research Librar-
ies Group (RLG) published the report of
the Task Force on Archiving Digital In-
formation (available online at: http://
www.rlg.org/ArchTF/index.html). The
task force focused on materials already
in digital form and “envisions the devel-
opment of a national system of digital ar-
chives which it defines as repositories of

In translating records into the digital
environment, we have neglected to
carry with them many of the features
of records and record keeping that
previously guaranteed their reliabil-
ity and authenticity.
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digital information that are collectively
responsible for the long-term accessibil-
ity of the nation’s social, economic, cul-
tural and intellectual heritage instanti-
ated in digital form.” The report explored
cost modeling and concluded that “little
systematic understanding has yet
emerged of the actual costs of digital
archiving.” In connection with the Yale
Cost Model, the report explored whether
the costs of storage and access of digital
texts would be less expensive than the
traditional paper environment. The con-
clusion was that it would not be. Cost
factors include equipment, maintenance,
overhead, printing, and delivery.

A relatively recently initiated project,
The CAMiLEON Project (Creative Arch-
ing at Michigan and Leeds: Emulating the
Old on the New) is a three-year project
jointly funded by JISC (Joint Information
Systems Committee) in the United King-
dom and the NSF (National Science Foun-
dation) in the United States. It began in
October 1999, and its central aim is to
evaluate emulation as a digital preserva-
tion strategy. Among several issues the
project is investigating are the costs to
develop an emulator and a cost-benefit
of emulation versus migration.25

In sum, to date, very few resources are
available on this topic. However, the litera-
ture recognizes that determining cost fac-
tors in connection with digital preservation
as being important, and research that in-
corporates exploring costs is being funded.

The InterPARES Preservation
Process Model and Identification of
the Need for Cost Models
Whether a document is authentic de-
pends on its transmission and how it is
preserved. Electronic records give no re-
assurance of authenticity because they are
so easily altered at numerous points of
transmission. In translating records into
the digital environment, we have ne-
glected to carry with them many of the
features of records and record keeping
that previously guaranteed their reliabil-
ity and authenticity. The issue of main-
taining the reliability and authenticity of
electronic records is the challenge that has
been taken up in this research project be-
ing spearheaded by members of the ar-
chival profession and, on the basis of this
knowledge, to formulate model (s), poli-
cies, strategies, and standards to ensure
their preservation in and over time.

To meet this goal, the InterPARES
project’s research plan has been divided
into four interrelated domains of investi-
gation addressed by task forces: appraisal,
authenticity, preservation, and strategies.
The work undertaken by the Preservation
Task Force addresses cost implications
most directly.

The InterPARES Preservation Task
Force selected two approaches to use in
order to meet its goals. First, it used a
modeling method called Integration Defi-
nition for Function Modeling (IDEF) to
map the preservation activity for authen-

TABLE 3
Cost Elements for Digital Preservation

1. Selecting a particular digital object for preservation
2. Negotiating the right to preserve the object
3. Negotiating the right to provide access to the preserved object
4. Determining the appropriate technical strategy for preservation and continuing access
5. Validating the completeness of the object on delivery to the archive
6. Producing metadata
7. Storing files
8. Administering the archive
Source: Table of Cost Elements for Digital Preservation, from Russell and Weinberger, Cost
Elements of Digital Preservation (2000). For a complete discussion, please refer to the study.
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tic electronic records. Second, Michèle V.
Cloonan and Shelby Sanett undertook a
survey of thirteen preservation projects
and programs to obtain information on
the range of preservation strategies in use
in the U. S. and abroad. Cost categories
for preserving authentic electronic
records were mapped upon the preserva-
tion process model developed by the Pres-
ervation Task Force using IDEF notation
and methodology. The Preservation Task
Force designated this preservation pro-
cess model, IDEF-Ø. This approach facili-
tates the development of a cost model that
parallels the preservation process model
that will ultimately be tested.

Function Modeling Method
A function model represents the func-
tions, activities, or processes incorporated
within the modeled system in a struc-
tured manner. The purpose of using mod-
eling in InterPARES was to articulate the
functions, information, and resources re-
quired to preserve permanent, authentic
electronic records.26

The resulting preservation process
model has been constructed within the
framework established by the Reference
Model of an Open Archival Information
System (OAIS), which is an ISO Interna-
tional Standard and includes those activi-
ties specifically required for the preser-
vation and delivery of electronic records.
OAIS was accepted as an ISO Interna-
tional Standard in April 2002.

The primary strength of IDEF is that
the notation and methodology has proven
effective in detailing the system activities
for function modeling. Activities can be
described by their inputs, outputs, con-
trols, and mechanisms (ICOMs). Addi-
tionally, the description of the activities
of a system can be easily refined into
greater and greater detail until the model
is as descriptive as necessary for the de-
cision-making task at hand.

One of the observed problems with
IDEF models is that they often are so con-
cise that they are understandable only if
the reader is a domain expert or has par-
ticipated in the model development. One

other limitation is the tendency of IDEF
models to be interpreted as representing
a sequence of activities. In reality, the pres-
ervation activities would overlap and that
is not readily apparent from the model.

The Preservation Task Force developed
a functional model of the process of pre-
serving authentic electronic records fol-
lowing the Integrated Definition (IDEF)
method prescribed by the InterPARES In-
ternational Team. Specifically, it used
IDEF to describe processes or functions
involved in preserving electronic records.
Because InterPARES was concerned with
the preservation of electronic records that
had been selected for preservation after
they were no longer needed for the prac-
tical purposes for which they had been
created, the process described in the
model began with the transfer of the
records from their creator, or from an
agent acting for the creator, to a person
whose primary responsibility is that of
preserving authentic electronic records.
When developing the InterPARES pres-
ervation model, the Preservation Task
Force began with raw data (generally in-
terview results with domain experts, such
as those gathered from the survey). By
grouping together activities that are
closely related or functionally similar, a
hierarchy began to emerge. Modeling
software allowed the researchers to see
immediately, when making changes on
one level of the model, the effect of these
changes both below and above that level.

Benchmark and baseline requirements
to prove the authenticity of electronic
records were developed by the Authen-
ticity Task Force. For much of the dura-
tion of the InterPARES project, the Au-
thenticity Task Force was developing the
requirements. As the preservation process
model was being developed, require-
ments to prove the authenticity of elec-
tronic records were being developed as
well. Yet, the Preservation Task Force
could not delay work to wait for outcomes
from the Authenticity Task Force. Thus,
the process model developed by the Pres-
ervation Task Force is essentially neutral,
that is, a framework in which require-
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ments for authenticity and authentication
can be introduced and integrated within
the process model via the use of “place-
holders.”

The requirements for assessing and
maintaining the authenticity of electronic
records fall into two groups: those that
support the presumption of the authen-
ticity of electronic records before the
records are transferred to the custody of
the preserver, and those that support the
production of authentic copies of elec-
tronic records that have been transferred
to the custody of the preserver.27,28 All of
the requirements included in the baseline
requirements must be met before the pre-
server can attest to the authenticity of the
electronic copies in its custody. This is
why the requirements for the production
of authentic electronic copies are termed
“baseline” requirements. Satisfaction of

these baseline requirements will enable
the preserver to certify that copies of elec-
tronic records are authentic. With elec-
tronic records, the difficulties related to
preservation make it prudent for the pre-
server to produce and maintain documen-
tation relating to the manner in which it
has maintained the records over time as
well as the manner in which it has repro-
duced them to support its attestation of
authenticity.

The three baseline requirements devel-
oped by the Authenticity Task Force are
satisfied by the framework of the preserva-
tion process model as presented in table 4.

The preservation process model devel-
oped by the Preservation Task Force took
an approach contrary to that discovered
by the survey in many projects. Rather
than giving priority to the technological
challenges of preserving electronic records,

Requirement
1. Controls over records transfer,

maintenance, and reproduction

1.a. Unbroken custody of the records is
maintained.

1.b. Security and control procedures are
implemented and monitored.
1.c. The content of the record remains
unchanged after reproduction.

2. Documentation of reproduction
process and its effects

3. The archival description of the fonds
containing the electronic records
includes information about changes the
electronic records of the creator have
undergone since they were first created.

TABLE 4
Baseline Requirements Developed by the Authenticity Task Force

Satisfied by
Terms & conditions of transfer; preserva-
tion action plans; preservation methods;
record reproduction methods
Selection of creator�s records for preserva-
tion; terms and conditions for transfer;
transfer and preservation of records
Access control and access privileges of a
database management system
Preservation methods that preserve the
content of electronic records
Preservation action plans store a record of
updates to digital components. The effect
of a preservation action plan on the
reproduction of form and content is
assessed.
Information supporting the presumption of
authenticity of transferred records;
preservation action plans store records of
refreshment of digital media and updates
to digital components.
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the model enables the preserver to select
appropriate preservation strategies over
time, thus including those technologies
that have not yet been developed. It should
be noted that what is being preserved is
not the electronic record but, rather, the
ability to reproduce the record. Any pres-
ervation strategy or technology chosen
must be feasible, and feasibility includes
affordability. Developing a cost model was
not one of the original goals of the Preser-
vation Task Force; however, the preserva-
tion process model provides for the appli-
cation of a cost model in developing pres-
ervation strategies, evaluating preserva-
tion action plans, and evaluating their ex-
ecution.

The IDEF-Ø preservation process
model incorporates four activities:

1. Manage the preservation function.
2. Bring in electronic records.
3. Maintain electronic records.
4. Reproduce electronic records.29

As has been noted by the authors pre-
viously discussed, cost categories related
to the preservation activities must be
identified. Three broad cost categories
were established:

• costs for preserving electronic
records (table 5), which include capital
costs, direct operating costs, and indirect
operating costs (overhead);

• costs for use (table 6), which are
costs associated with the institutional use
of the preserved records;

• user populations (table 7), which
provide information relating to access and
the user’s use of the preserved records.

TABLE 5
Costs for Preserving Electronic Records

Part 1. Capital Costs
Software development
Hardware (for preservation processing)
Research and development
Facilities
Interface design for processing electronic records
Part 2. Direct Operating Costs
Identify potential records
Evaluate/examine (negotiate intellectual property issues and rights)
Acquire records (staff and purchase or royalty payment)
Establish inventory record
Process (prepare for preservation, confirm authenticity/integrity of record)
Produce metadata
Preserve (select and implement appropriate strategy)
Storage (container/other)
Maintenance (refresh/migrate)
Monitor
Evaluate
Part 3. Indirect Operating Costs (Overhead)
Indirect staff

(supervision, clerical support, benefit times, training times, unallocated times)
Facilities (rent, utilities, off-site storage of records)
Amortization of capital costs
General and Administrative

(human resources, accounting, funding development and grant writing, staff training and
professional development, partnerships with other institutions, policy development)
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Costing categories were then estab-
lished in the first two categories in com-
bination with the IDEF-Ø preservation
process model and generally accepted ac-
counting principles. Types of information
that could be generated and used to pro-
vide access and user services are identi-
fied in table 7.

Cost Elements Connected to the IDEF-Ø
Preservation Process Model Developed by
the InterPARES Preservation Task Force

A. The capital costs for preserving elec-
tronic records (table 5, part 1) are costs
incurred at the beginning. They must be
amortized over a time period, such as five
years, which then can be used as the pe-
riod for present value calculations.

B. Indirect and direct operating costs for
preserving electronic records (table 5, parts
2 and 3) are costs incurred on a yearly basis.
They should be brought to present value
(the value now of a sum of money expected
to be received in the future). The period of
five years is suggested because the magni-
tude of the investment in hardware and
software is great enough to justify replac-
ing at five years, rather than earlier.

C. The sum of A and B gives the total
costs of preserving electronic records
brought to present value. The cost per

item preserved is (A + B)/(Total number
of items preserved).

D. Operating costs for the use of pre-
served electronic records (table 6) are in-
curred on a yearly basis. These costs
should be brought to present value.

E. The sum of C and D gives the total
present value for preservation and use of
electronic records. The cost per use is (C
+ D)/(total use of electronic records over
five years [or the period used for present
value calculations]).

These cost categories are specific to the
IDEF-Ø preservation process model devel-
oped by the InterPARES Preservation Task
Force. However, there are elements in com-
mon with the work of Hendley et al.,
Russell and Weinberger, and Kenney and
Rieger. Moreover, there are implications
for further research to determine cost ele-
ments related to multimedia materials/
records and music in electronic form.

Gap in Existing Cost Models to Preserve
Electronic Records
So far, there is no published research re-
lated to modeling the costs of preserving

TABLE 7
User Populations

Part 1. Mission statement, legal mandate
Part 2. Target user population
Part 3. Unintended audience, i.e., as a

result of exposure to records on Web
Part 4. User statistics

TABLE 6
Costs for Use of Preserved Electronic Records

Part 1. Capital Costs for Use
Equipment, software, user training, facilities, interface design, etc.
Part 2. Direct Operating Costs for Use
Storage, royalties, communications, record access mechanisms
Staff for monitoring, user query response and services, records access management
Part 3. Indirect Operating Costs for Use
Indirect staff, facilities, amortization of capital costs, general and administrative

It is impossible to predict how
archives and libraries will be
organized, and thus managed, a
hundred years from now.
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authentic electronic records. Some cost el-
ements in the models discussed above
may map onto the preservation process.
For example, in general, cost models that
are designed for nonarchival institutions
may not transfer satisfactorily because of
fundamental differences in professional
mission and perspective, including ad-
herence to evidentiary requirements and
the needs of secondary users of the pre-
served electronic records. For that reason,
existing cost models that are not specific
to long-term preservation of electronic
records must undergo extensive adapta-
tion in order to meet the costing needs of
long-term preservation of electronic
records. For example, the cost categories
described by Russell and Weinberger and
by Kenney and Rieger might be adapted
and augmented through the addition of
categories, such as costs involved in pro-
viding access to the materials and costs
related to long-term maintenance of digi-
tal materials, production of metadata, ad-
ministration, and research and develop-
ment.

Requirements that are applicable to
archival environments must operate as
standards in the prospective preservation
cost model; for example, staffing, educa-
tion, and equipment must be considered
as well. These additional costs are differ-
ent from those that libraries might incur
due to the archives’ need to meet eviden-
tial requirements. For example, costs that
are specific to meeting these standards
might include extra metadata creation
and constant integrity checking, both of
which would impact the labor/staffing
cost categories. Increased or additional
costs could occur as a result of the lim-
ited choices of preservation strategies
available to archives.

The most challenging area for adapt-
ing existing cost models is to successfully
incorporate the predictive component.
Although most library-oriented cost mod-
els incorporate a five- to one-hundred-
year span as the forecast period, the
unique qualities of electronic records re-
quire forecasting costs into perpetuity.
Calculating the costs of staff, equipment,

and storage could remain strictly a math-
ematical exercise because influences on
these expenses over the long term derive
from a variety of sources. The value of
money also will change over time because
of inflation and other factors.

Although there are tables to calculate
future values, the issue remains as to how
far into the future these calculations will
be reliable, at least to the extent that an
archive can make a long-term decision
that would require it to commit institu-
tional resources. Social structures change,
too. It is impossible to predict how ar-
chives and libraries will be organized, and
thus managed, a hundred years from
now. How useful will the cost model be
beyond fifty years? Should it focus on one
type of preservation mechanism or on a
suite of preservation tools? Traditionally,
preservation decisions have been made
on the basis of use, cost, and available
remedies. Following in this tradition, a
useful cost model should be flexible and
incorporate options that enable the pres-
ervationist to choose from a suite of pres-
ervation remedies available now and
from those available in the future, but of
which we have no knowledge at this time.
By bringing the costs described in tables
5 and 6 to present value figures, it may be
possible to address this issue.

The effect of Moore’s Law should be
considered in developing a cost model,
particularly in this arena which is depen-
dent on current technologies and looks
toward future technological advances as
sources of preservation tools and rem-
edies.30 Moore was the first to observe the
relationship between cost and the amount
of information that could be stored on
siliconintegrated circuits. He theorized
that the amount of information that could
be stored in this way would double ev-
ery year until 1975. At that point, the dou-
bling period slowed to eighteen months
and that rate has held through the 1990s.
Although it is not within the scope of the
article to debate the difference between a
law, a model, and an algorithm, Moore’s
Law does demonstrate a general rule or
principle that is thought to be true or held
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to be binding.31 Over the years, the ques-
tion of whether there is a finite limitation
to Moore’s Law has arisen several times.
As chip production processes become
smaller and smaller, even down the to
atomic (or molecular) level, physical limi-
tations of Moore’s Law may be reached
by 2017.32 The question arises as to
whether the industry is pursuing or fol-
lowing Moore’s Law.

Computer prices have fallen even as
computer capabilities have risen—and
consumer spending on computers has
risen for the last twenty years at an aver-
age annual rate of 24 percent. In 1995,
Moore reviewed microchip progress and
saw “increasingly difficult” technical
roadblocks to staying on the path pre-
dicted by his law. However, he was most
worried about the rising cost of manufac-
turing increasingly complex chips. He
noted that, “Capital costs are rising far
faster than revenue … the rate of techno-
logical progress is going to be controlled
[by] financial realities.” The implication
is that some technical innovations may
not be economically feasible.33

There are implications for developing
a reliable cost model as well. If, in fact,
Moore’s Law is in effect through 2017, for
example, can the cost of equipment accu-
rately be calculated after that year? Can
the rate increase of costs to produce chips
be determined and factored into a pres-
ervation cost model? As of this writing,
during the past twelve months, orders for
durable goods, which include computers,
electronics and autos, plummeted 9.1 per-
cent in comparison to the previous year
and the U.S. economy is currently in a
recession. What effect might these events
have on equipment prices in the coming
year? Three years? Five years? More? The
time frame of “perpetuity” provides a
certain amount of cushion because it can
be argued that these “bumps” average out
over time, similar to the bumps experi-
enced by the stock market over time. Be-
ing able to predict equipment costs accu-
rately is crucial to developing a reliable
preservation cost model because these
expenses constitute substantial initial and

ongoing expenses, certain to tax institu-
tional budgets and stun appropriations
committees.

The other side of this discussion is the
potential role of depreciation for equip-
ment and its effect as a component of the
preservation cost model. Depreciation is
the estimated decrease in value of a fixed
asset over its useful life. It enables the al-
location of the cost of the equipment,
which will be of use to the organization
for more than one year, into accounting
periods into the future. Equipment wears
out or becomes technologically obsolete,
and depreciation provides a means of
writing off the costs of these assets over
their remaining useful life. From a finan-
cial view, depreciation is a source of cash
because it is an expense that reduces
taxes.34 If, according to Moore’s Law, the
equipment will become outdated every
eighteen months, equipment costs allo-
cated into future accounting periods due
to depreciation will become an important
issue because the life of the equipment is
short and replacing the equipment will
require a substantial capital investment.

According to Moore’s assessment in
1995, the cost of equipment may not ac-
tually decrease even though capacity is
doubled. How practical will it actually be
to replace equipment this often? What sort
of capital investment will need to be made
and budgeted for? Moore’s Law must cer-
tainly be taken into consideration in de-
veloping a preservation cost model, but
for how long? What will be the effect of
rising costs to produce microchips on cost
projections for preservation equipment?
What will be the effect of depreciation of
preservation equipment on developing a
predictive cost model? Ideally, the pres-
ervation cost model would address de-
preciation into perpetuity.

Traditionally, in preservation arenas,
funding for preservation work has been
obtained from grants. Issues include the
variable amounts, research constraints,
and projects built around funding. Due
to the anticipated ongoing and high ex-
pense of preserving authentic electronic
records, perhaps now is the time to look
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at developing cooperative preservation
and access partnerships with other insti-
tutions, across the boundaries of librar-
ies, archives, museums, historical societ-
ies, and other cultural heritage institu-
tions. Additionally, perhaps now is the
time to pursue a legislative mandate at
state and federal levels to fund preserva-
tion efforts by these institutions on an
ongoing basis.

Profitability is an issue to be explored
with respect to archives and libraries. As
preservation-related costs impact institu-
tional budgets, it is foreseeable that
funders will look ahead to exploring op-
portunities to generate revenue in order
to offset costs and develop a rate of re-
turn on the institutional investment. Pos-
sibilities might include instituting access
and copy fees. Most national archival in-
stitutions are not permitted to charge for
the actual document, but charges can be
assessed for copies. However, when the
copies are requested online, some thought
will have to be given to managing the
process.

Finally, there must be a middle ground
in developing a cost model to preserve
electronic records, one that is neither so
broad that it is unrealistic and lacks cred-
ibility nor so narrow in scope that it is
perceived to be of limited use.

A Difference in Perspectives
According to Ken Thibodeau of the Na-
tional Archives and Records Administra-
tion, “One of the key elements that distin-
guishes archives from other institutions
which preserve information is that ar-
chives’ essential responsibility is to pre-
serve and deliver authentic records to sub-
sequent generations of users.”35 Ensuring
the authenticity of the preserved record is
a requirement that is unique to the archi-
val field because the preserved electronic
records must meet evidential requirements
for admissibility into court.

It is the responsibility of archivists to
ensure the authenticity, reliability, and
long-term accessibility of permanent elec-
tronic records.36 Traditionally, archivists
have done so by gathering documents,

establishing provenance, and maintain-
ing and demonstrating an unbroken
chain of custody in an evidence-based
approach to managing records.37 Is it pos-
sible to ensure authenticity and reliabil-
ity of records regardless of their formats?
If so, which technologies and techniques
are archivists using to preserve electronic
records at the time of their creation as well
as throughout their life cycle?

These principles apply, even though
over the years the media being preserved
has expanded from paper to digital ma-
terial, audiovisual and sound materials,
and electronic records. Much of the infor-
mation about properties necessary to be
preserved, uses and users, and the unique
needs of various types of institutions has
been obtained as a result of various
projects and programs that have been
funded.

Are there differences in how librarians
and archivists determine costs to preserve
electronic records? Quite likely. Librarians
are usually responsible for materials that,
if they become missing or damaged, can
generally be replaced. Archivists have
custody of unique materials that are not
replaceable. When a record is destroyed,
it is really gone, whether the destruction
is due to a disposal schedule or an acci-
dent. Because certain cost elements, such
as operating costs, equipment, and ad-
ministrative costs, are fairly consistent
between and among the institutions, it is
realistic to envision a cost model that will
be relevant to the practices and needs of
both of these types of institutions.

A trend that is becoming apparent in
large academic libraries is that the librar-
ies are becoming the legacy holders of their
university’s administrative records, which
are usually in a combination of paper and
electronic formats. Organizationally, these
new duties often fall within the purview
of the Department of Special Collections
in libraries. University archives become the
repositories of these materials and are of-
ten positioned as a department within the
Department of Special Collections or are
attached to the library organization later-
ally. A fascinating aspect of this trend is
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that librarians must begin to think like ar-
chivists; that is, they will not have a choice
of the records to take in and will become
responsible for ensuring that the records
are stored, maintained, preserved, and
available for access to an evidential stan-
dard for as long as is needed. The issues
of ensuring authenticity of the records,
which have arisen for archivists, will arise
for librarians as well. Unfortunately, un-
like archivists, librarians are not equipped
by training to meet these evolving require-
ments. It is quite possible that, eventually,
the impact of electronic records and other
digital materials will enable a blending of
the two professions on some level—or at
least provide the impetus to spur a review
of job descriptions and training programs.

The Role of Financial Analysis in
Preserving Electronic Records
As we have seen, technical processes can-
not be separated from economic issues.
The library and archival professions have
not fully explored the implications of eco-
nomic influences on preservation deci-
sions. Approaches for evaluating the full
economic impact of digital preservation
should be identified.

The preservation of authentic elec-
tronic records does not operate within an
information vacuum. Rather, it is part of
a larger infrastructure composed of policy
and decision-making tools, including cost
models. The process of preserving elec-
tronic records and providing access to
them will require institutions to make
many decisions. These decisions will in-
volve a certain amount of risk that can-
not be avoided but might be minimized
by attention to the financial implications
of each decision. Ideally, cost models as-
sist management in making these deci-
sions by grouping factors and variables
that are related to a particular organiza-
tional function into an easy-to-use, flex-

ible formula that results in predictive cost
information related to that function.

After costs are determined, two finan-
cial planning tools support using that in-
formation to make the best possible deci-
sions for the institution and the electronic
records, in conjunction with the
organization’s mission statement. The
first is decision tree analysis, which com-
bines decision points with probabilities
and costs to produce better information.
It is particularly effective in assisting de-
cision making in relation to buildings or
equipment. Using this method of analy-
sis, it is possible to look at a variety of
alternatives. With this method, each de-
cision point has more than one choice.
When the decision points are charted,
they look like branches—hence the name
“decision tree.”38

Cost-benefit analysis is the second fi-
nancial planning tool, which will supply
information to support decision making.
A cost-benefit analysis measures the rela-
tionship between anticipated returns and
losses and the anticipated return on invest-
ment. The benefit applies to assets that will
benefit the organization in the long term
(i.e., more than one year), such as equip-
ment, buildings, or research. A cost-ben-
efit analysis also can be used to compare
two different proposals or projects, espe-
cially if they are for tangible items.39

These tools can be customized for the
institution and its needs, and software is
available that supports the analysis. Af-
ter costs are determined, both of these
tools can be used to maximize the use of
information so that a more informed de-
cision can be made. Decision tree analy-
sis helps to determine payoff for two or
more alternatives under various eco-
nomic conditions through the use of cost,
revenue, and probable demand. Cost-ben-
efit analysis can make use of probabili-
ties and utilizes comparisons.40

On analysis of investment decisions,
Erich A. Helfert wrote:

Business investment decisions are
made continuously within the
larger context of business strategy.

The amount of electronic materials
that are being created and require
preservation is increasing. Moreover,
the rate of increase will continue to
accelerate.
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This context evolves over time….
Risk is inherent in all estimates of
future conditions because of the un-
certainly about most variables….
Inflation and specific price changes
in revenues and costs can compli-
cate both the estimating process and
the level of the investment stan-
dards, and they must be handled
consistently in both. Analytical tech-
niques can provide ranges of results
and quantitative insights of consid-
erable sophistication, but they can’t
supplant qualitative business judg-
ments that reflect the broader con-
text of strategy and risk assess-
ment.41

Avenues of cooperation between and
among institutions should be explored.
Shared/cooperative preservation facilities
will enable a rosier financial picture to be
achieved because allocating preservation
costs among institutions will reduce costs
for individual institutions. The cooperative
model is especially advantageous when
applied to small- to medium-sized insti-
tutions and to low circulating records,
which cost the same to process, maintain,
and preserve as high circulating records
do. Low-use records do not realize a high
rate of return via access or copy fees. Cross-
institutional cooperation could offset these
costs to some extent. The role of publish-
ers in this cooperative schema should be
explored as well. This concept of cross-in-
stitutional cooperation, although not new,
is also worth considering because it must
be assumed that at some point, the funders
of the expensive and ongoing preservation
process will expect to explore areas where
they can realize a return on their invest-
ment. It is prudent to plan for this eventu-
ality at the outset.

A predictive, yet credible, preservation
cost model and a combination of finan-
cial planning tools, qualitative business
judgment, and knowledge of the unique
requirements of preserving electronic
materials will together support decisions
made regarding the beneficial use of
available funding.

Conclusion
The rush to develop the technological
processes necessary to preserve authen-
tic electronic records appears to have
come at the expense of first addressing
cost and policy. Electronic records are
unique, as are the preservation require-
ments. “Traditional” preservation of pa-
per-based and other physical media in-
corporates passive preservation strategies
that are intended to last, perhaps, a hun-
dred years. Digital preservation is action
oriented and extends into perpetuity. In
the United States, we do not yet have an
infrastructure that adequately supports
digital preservation. The data indicate
that we have been focusing on techniques
rather than developing planning strate-
gies and policies, including cost models.42

Funding for preserving electronic
records will remain an issue to be ad-
dressed and resolved. The amount of elec-
tronic materials that are being created and
require preservation is increasing. More-
over, the rate of increase will continue to
accelerate. Even without an extant cost
model that is specific to preserving elec-
tronic records, it is clear that preserving
authentic electronic records into perpetu-
ity is far too expensive a process to rely on
being subsidized by grants. As well, the
mandate of archives to preserve records
to an evidential standard truly falls within
a legislative purview. Soft funding should
be used to finance special or priority
projects. The softfunding scenarios of the
past are no longer enough to assist insti-
tutions that must take the long view of
preserving and providing access to elec-
tronic materials. These institutions cannot
be expected to bear the burden of financ-
ing the preservation of societal memory by
themselves on a grant-by-grant basis.

“There are numerous challenges before
us, but also enormous opportunities to
contribute to the development of a na-
tional infrastructure that positively sup-
ports the long-term preservation of digi-
tal information. Such an infrastructure is
a desirable outcome that will benefit us
only if we conceive and structure it to
benefit those served by our successors’
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successors.”43 Preservation of electronic
records needs to operate within a context
of strategic planning, infrastructure, and
policy, which has yet to be developed for
digital media. Components to be devel-
oped would include preservation policy,
preservation funding planning and devel-
opment, preservation decision-making
models, and preservation cost models

that integrate the unique properties
which electronic materials and the insti-
tutions that house them share. An agenda
for the not-too-distant future includes the
need to develop and then incorporate
preservation of electronic materials and
the related components of that process
into the big policy picture on global, na-
tional, and organizational levels.
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