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Information 
management and data 
registration

Alan J. Thomson

THIS CHAPTER DISCUSSES THE FOLLOWING POINTS:

• Information management including collection, quality control, archival 
and accessibility of collected data and associated metadata.

• The distinction between data, information, knowledge and wisdom.
• The high failure rate among software projects, and factors and theories 

contributing to success. 
• The “knowledge ecosystem” approach: a complex system of people, 

institutions, organizations, technologies and processes in which 
knowledge is created, interpreted, distributed, absorbed, translated and 
utilized.

Abstract
Information management involves the 
collection, quality control, archival and 
long-term accessibility of collected data and 
associated metadata. Information provision 
and reporting requirements of international 
agreements add additional challenges. 
National-level database structures are often 
incompatible with each other, and information 
can be outdated, partial or subjective, 
with precision and accuracy of data being  
unknown. This chapter discusses the 
interacting roles of data models, data 
registration, standards, harmonization, 
metadata, adjustment factors, distributed 
systems and interoperability in addressing 
such issues. It also highlights the high failure 
rate among software projects and discusses 
factors contributing to improved success.

Rapid development of the internet, and 
particularly the World Wide Web, have 

radically changed information management 
for forest resource assessments in two 
major areas: (i) distributed information  
management, and (ii) responses to remote 
requests (in the form of searches) for 
information. Demand for forest information 
has also changed, reflecting a shift in perspective 
in forest policy from timber production 
towards an emphasis on social, economic 
and environmental issues. There is a growing 
need for data on forms of forest change, such 
as deforestation, forest degradation and forest 
plantations, each of which may have its own 
information requirements. 

The information provided by a forest 
information system varies according to 
the purpose and scale for which it is used. 
Information employed at the strategic and 
integrative level has to be aggregated in both 
thematic and spatial terms. However, forest 
resource assessments are often based on a 
form of synthesis dependent on partial data 
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plus expert opinion. 
Information management is crucial 

to meeting national and international 
reporting requirements. Cost and timeliness 
are important factors, thus consideration 
of funding and financial mechanisms is 
essential to success. While information is 
the principal output of a forest resource 
assessment, knowledge plays a key role in the 
process of collecting data and transforming 
it into information. In particular, where 
stakeholder participation is involved, the 
NFA process is a complex and many-faceted 
system comprising people, institutions, 
organizations, technologies and processes, 
in which knowledge is created, interpreted, 
distributed, absorbed, translated and utilized: 
it is therefore discussed in the context of 
knowledge ecosystems.

1. Introduction

1.1 What is information 
management?
A national forest resource assessment has 
been defined as a national process that 
collects, manages, makes available and 
analyses information on forest resources, 
their management and use, covering an entire 
country. It also includes analyses, evaluations 
and scenario development for use in policy 
processes (Anon, 2002). 

Information management includes the 
collection, quality control, archival and 
long-term accessibility of collected data and 
associated metadata. It emphasizes the timely 
and general availability of this information 
and seeks to ensure its long-term preservation, 
and can include both source information 
and derived information. A distinction is 
made between data, information, knowledge 
and wisdom (DIKW); while there are many 
definitions, there is a consensus that they 
should be defined in terms of one another 
(Rowley, 2007). 

Data are unprocessed facts or observations, 
which may or may not be meaningful 

in themselves. Information consists of 
assemblages of data which, taken together, can 
provide answers to “who?”, “what?”, “where?” 
and “when?” questions. Knowledge is “know-
how” and makes possible the transformation 
of information into instructions (Ackoff, 
1989). Knowledge is therefore a product 
of information and human interpretation, 
and encompasses the context in which 
observations were made and their inter-
relationship with other activities. It also 
embodies the recognition of patterns within 
data and information, and the understanding 
of the implications of these patterns. Wisdom 
allows application of knowledge to new 
situations and enables foresight. While the 
main output of a forest resource assessment is 
information, knowledge plays a key role in the 
process of collecting data and transforming it 
into information. 

Human input increases at higher levels of 
the DIKW hierarchy, while computer inputs 
decrease (Pearlson and Saunders, 2004). 
However, global change has constrained 
reliance on the experience and wisdom of  
forest managers (FAO, 2010b). In fact, “despite 
being at the top of the DIKW hierarchy, wisdom 
is a neglected concept in the knowledge 
management and information systems 
literature. If the purpose of information  
systems and knowledge management 
initiatives is to provide a basis for appropriate 
individual and organizational actions and 
behaviour more researchers and practitioners 
need to engage with the debate about the 
nature of individual and organizational 
wisdom” (Rowley, 2007). In particular, 
the information systems and knowledge 
management initiatives associated with an 
NFA should be considered in this light.

The failure rate of software development 
projects is high, and in developing countries 
most projects result in total or partial failure 
(Heeks, 2002). Success is more likely when the 
issues discussed in this chapter are addressed 
during the design process, taking account 
of users’ capabilities, work patterns and 
viewpoints.
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1.2 National and 
international requirements 
for FRAs
Support to NFAs is one of the main  
components of the FAO Forest Resource 
Assessment (FRA) programme and, among 
other issues, addresses the mounting 
complexity of demand for forest information. 
As information requirements now cover 
protective functions of forests, in addition 
to productive functions and socio-economic 
aspects of multiple purpose use (FAO, 2004), 
this provides challenges to information 
management, with NFAs now including 
consideration of topics such as poverty 
alleviation (McConnell and Thunberg, 2009), 
nutrition and gender issues. Information 
provision and reporting requirements of 
international agreements add additional 
challenges, with Australia listing 17 
international forest-related agreements, 
forums or statements of relevance (Bureau of 
Rural Sciences, 1998: 110), as well as detailed 
regional agreements.

Ownership and management of forests 
by communities, individuals and private 
companies is on the rise. Forests are managed 
for a multitude of uses and values, and the 
management of forests for social and cultural 
functions is increasing, although this area is 
difficult to quantify (FAO, 2010a). Recent 
studies recommend increased stakeholder 
participation in NFAs and decision-making 
(Anon, 2009a; FAO 2010b; McConnell and 
Thunberg, 2009)

1.3 Current status of 
information management 
in NFAs
Countries vary widely in the availability of 
forest information and their information 
management capabilities (Anon, 2002; EC/
FAO Partnership Programme, 2000; FAO, 
1999a, 2001a; Saket, 2002). Availability is 
highly correlated with a country’s level of 
development, and within any given country 

the various components of a forestry 
information system are typically at different 
stages of development. Even when data 
are available they are frequently difficult to 
access; moreover, their reliability is often 
questionable. As a result, data are often ignored 
and not used in any meaningful way. The 
different institutions involved are not always 
aware of each other’s activities, and there is 
often considerable duplication of effort with 
conflicting data frequently reported for the 
same items. Different data components often 
have different coverage and time frames, thus 
requiring special processing, tabulations and 
adjustments. 

Putting NFAs into a common framework is 
difficult, as national-level database structures 
are often incompatible with each other (FAO, 
2001a: 17). In the Global FRA process, 
information was frequently found to be 
outdated, partial or subjective, and in most 
cases the precision and accuracy of data were 
unknown. In the 2010 FRA, the response 
rate was very good but poor information 
availability remained a problem, especially in 
developing countries, while data quality was 
also an issue. To address these issues, FAO 
developed a programme to support NFAs. 
Nevertheless, information gaps remain wide 
in many countries, including major forest 
countries (FAO, 2010a). An independent 
evaluation of FAO’s role and work in statistics 
and information technology has been carried 
out (Dunmore and Karlsson, 2008).

2. A basic FRA scenario

2.1 Data
Production of information involves data 
collection, processing and reporting (FAO, 
1999b). A IUFRO Task Force Report on 
Information Technology and the Forest Sector 
gives detailed coverage of ICT issues in the 
forest sector in general (Hetemaki and Nilsson, 
2005). For the NFA process in particular, data 
collection processes are described in one of 
a number of relevant publications available 
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from the FAO FRA website (FAO, 2008). 
Inventory data can be analysed together with 
other information in order to investigate 
relationships between volume and other 
spatial and statistical variables, such as soils, 
slopes, bio-climatic indices, population 
density and so on. This approach can be used 
to fill data gaps for forest types for which no 
information is available (FAO, 1998). 

2.1.1 Data moDels

A data model helps one to perceive, organize 
and describe data in a conceptual schema that 
includes both the data and the operations for 
manipulating the dataset (Tokola et al., 1997). 
Data models for traditional measurement-
based inventory data are well established, 
whereas studies of data models for the 
socio-economic aspects of forests, which 
may involve interview-based data, are much 
less available and may include fields such as 
question categories and interdependencies 
(Thomson, 2000). Data models can enable 
interoperability among organizations, 
avoiding syntactic conflicts, and facilitate 
sharing data with different granularity and 
detail (Hernández et al., 2009). Compliance 
of proposed data models with requirements 
can be evaluated prior to implementation 
(Camerata and Pellegrino, 2010).

2.1.2 Data input

The use of data loggers has greatly enhanced 
the input and quality control of tree 
measurements, especially when linked to a 
central database via mobile communication 
and internet access (Kleinn, 2002). The 
database can be permanently updated and 
checking procedures adjusted immediately 
and uniformly for all field crews, which 
improves data quality (see section 2.1.4, p. 
97). However, the most significant gain results 
from immediate digital storage of data in 
the field with periodic data transfer. Input of 
geospatial data by digitizing or image analysis 
is covered elsewhere in the knowledge 
reference.

Much of the information used in a NFA 
may reside in existing printed reports. Use 

of scanners and optical character recognition 
can facilitate the transfer of such reports 
into digital media. Audio recording followed 
by transcription into a word processor has 
traditionally been used to record interviews, 
but advances in speech technology now permit 
direct speech input to the word processor. 

New devices are continually being 
developed, such as programmable 
identification devices (PIDs) and radio-
frequency identification (RFID). Appropriate 
approaches for technology transfer from 
developed countries to developing countries 
must be developed, identifying opportunities 
for cooperation among organizations and 
relevant regional actors, although the 
technology level in many countries is still 
low, and the policy, institutional and social 
constraints to technology transfer are severe 
in these countries (Puustjärvi, Katila and 
Simula, 2003). However, technology is not 
adopted except as part of a larger “technology 
cluster”, including organizational changes, 
subject to the general constraints of innovation 
diffusion theory (Innes, Green and Thomson, 
2005). The adoption of new information and 
communication technologies (ICTs) can 
have momentous impacts on individuals and 
organizations (Thomson and Colfer, 2005). 
Consideration of other theories, such as 
Knowledge Management Theory, Escalation 
of Commitment Theory, Agency Theory and 
Grounded Theory, can also assist in achieving 
system success (Thomson et al., 2007a).

2.1.3 Computer programs for Data anD 
information management

Thomson et al. (2007a) define three broad 
classes of systems useful in problem solving: 
descriptive, predictive and prescriptive. 
Within each class are subclasses that represent 
different approaches to providing each class’s 
tools. Relational databases and geographic 
information systems (GIS) are the primary 
software products used in information 
management (Tokola et al., 1997). However, 
data may be moved between these programs 
and other systems, such as spreadsheets, 
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statistical programs and models, during the 
analysis and reporting phases of an NFA, and 
word processors may also play a significant 
role, especially in relation to interview data, 
as described above. Word processors can 
also include dynamic links to spreadsheets 
and databases to automate reporting. Data-
mining tools, facilitated by standardization, 
may also be used (Miles, 2001). Customized 
user interfaces may be developed to enhance 
the operations of these programs. Predefined 
report layouts (see section 2.4, p. 101) are used 
with such programs (Tokola et al., 1997). 

2.1.4 stanDarDs, metaData anD Data 
quality

Many of the difficulties described in section 1.3 
(p. 95) can be categorized as issues of poor data 
quality. For “traditional” types of data, such as 
area, growing stock, increment and fellings, 
quality is often satisfactory, while for some 
of the more recently introduced parameters, 
such as forest condition, protection status and 
provision of non-wood goods and services, 
problems with quality are more likely (ECE, 
2000). 

Quality and currency can be achieved 
through data registration (see section 3.1.2, 
p. 102), with the responsibility for keeping 
data up-to-date delegated to individual 
entities such as local offices (Nolte, 2006), 
although lack of local expertise may be an 
obstacle to this process (EC/FAO Partnership 
Programme, 2000). Data quality has a human 
element, such as errors at entry, which can be 
minimized through use of technologies such 
as data loggers (see section 2.1.2, p. 96), errors 
in reporting as a result of overwork (Michalek, 
2002: 30), biases or misinterpretation of 
questions (ECE, 2000: 227). However, this 
section focuses on computational issues in 
which quality assurance can be achieved 
through methods such as use of appropriate 
standards, metadata, validation and 
verification, backups and archiving. These 
methods not only improve data quality, 
but also facilitate comparability among 
assessments. Users, administrators and 

developers have different issues (FAQs) with 
regard to standards, metadata and data quality 
(Anon, 2009b). 

Standards: Standards can be employed in 
three main arenas: content, classification and 
technology. Standards referring to structure, 
transmission and meaning of information are 
known as content standards, and define ways 
to store and share information unambiguously 
(Richards and Reynolds, 1999). Standards 
not only apply to data input; appraisal of 
data sources helps to identify information 
quality for inclusion in assessments. 
Standardized criteria for objective evaluations 
of information source reliability are required, 
but are not easily developed or carried out 
(FAO, 1998). Systems are evaluated not only in 
relation to their standards, but also in relation 
to vocabulary and technology used, protocols 
implemented and level of interoperability 
(Pesce, Maru and Keizer, 2010). Quality 
assurance of data supply can be conducted 
within the framework of a standard such as 
ISO 9000. 

The systems of nomenclature applied in 
NFAs are characterized by tradition and 
national information needs, and are not 
standardized internationally. Even identically 
named attributes may mask different concepts 
and definitions (ECE, 2000). Differences 
in definitions and measurement rules 
can be made compatible in two different 
ways: standardization and harmonization. 
Harmonization falls is discussed in section 
2.2.2 (p. 99), but the distinction will be clarified 
here: “Harmonization relates to attributes that 
are already defined in different ways at the 
national level. The harmonization process 
seeks for a common agreement on how data 
can be converted to meet a harmonized 
definition, which is often the union of 
similarities of existing definitions, and does 
not necessarily eliminate all inconsistencies. 
Standardization introduces a new, common 
definition or standard that is applied in all 
national programmes. The standard eliminates 
all inconsistencies but can be quite different 
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from individual, national approaches. 
Standardization can be seen as the process 
necessary for definitions of attributes that are 
not yet assessed but have to be introduced 
in national programmes. Harmonization 
is related to using already existing national 
systems of definitions but endeavouring to 
bring the definitions into alignment through 
incorporating ‘adjustments’ for the known 
differences” (ECE, 2000: 27).

Standards can include dictionaries, 
definitions (Lund, 1998), ontologies and 
semantic webs, nomenclature, thesauri 
and gazetteers. Agreement on common 
classifications and definitions involves 
compromises: for example, the threshold 
of 40 percent crown cover to distinguish 
closed from open forest is frequently debated. 
During Kotka III, one non-governmental 
organization recommended a threshold of 
70 percent crown cover for defining closed 
forests. There is no single classification system 
that will serve and satisfy all needs. What is 
essential is that the classification criteria are 
clear and can be applied objectively. 

Metadata and meta-information: A 
metadata standard is a common set of terms 
and definitions that describe data, outlining 
the characteristic properties to be recorded as 
well as the values the properties should have. 
It provides a way for data users to know what 
data are available, whether the data meet their 
specific needs, where to find the data and how 
to access them (GeoConnections Secretariat, 
2001a). Metadata includes the who, what, 
where, when, why and how about every facet 
of the data or service being documented, 
such as details regarding the data’s ownership, 
quality and time of collection, as well as 
updates or transformation and attribute 
information. It can include details regarding 
accuracy, reliability, precision and significance 
of the data. Metadata standards are especially 
well developed for geospatial data. Meta-
information, on the other hand, are data 
about any form of information resource, 
including organizations, people, documents 

and services, as well as datasets (Richards 
and Reynolds, 1999). In recent years, FAO 
has become increasingly involved in social 
computing (IIED, 2009), which requires its 
own metadata (Greenberg and Klas, 2008).

The Global Forest Information System 
(GFIS) developed by the International 
Union of Forest Research Organizations 
(IUFRO) is a distributed network of meta-
databases that catalogue the information 
resources of contributing GFIS partners. GFIS 
functions by providing a standardized core of 
metadata (catalogue) fields, a standardized 
set of keywords on which to search, and a 
standardized interface between websites 
and databases, enabling them to function in 
an interoperable environment (Päivinen et 
al., 2000, 2001). Distributed networks and 
interoperability are discussed in section 3.1.1, 
p. 102. The Dublin Core, used by the European 
Forest Information System, consists of 15 basic 
elements: title, creator, subject and keywords, 
description, publisher, contributor, date, type, 
format, identifier, source, language, relation, 
coverage and rights (Päivinen et al., 2000). 
Dublin Core metadata concerns semantics: 
what one is trying to say about resources. 
Notes and comments without which forest 
resource information could not be properly 
interpreted may be regarded as an informal 
form of metadata.

Verification and validation: A key 
principle of the FAO FRA 2000 process was 
that information should be verified. This 
means that all data items should have a source 
reference, and that data processing should be 
transparent, with countries then validating 
and approving information concerning their 
country before publication (FAO, 1999b). 
This requires much manual work to maintain 
and update data, and the process of gathering, 
verifying and cross-checking information 
competes for the time of agencies also 
involved in other key processes (Bureau of 
Rural Sciences, 1998). FAO is now pursuing 
integration of data quality indicators into the 
FAO statistical system (FAO, 2005).
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Backups and archiving: The organization 
of existing information is a task that may be 
tedious, but which can often save much time 
and money (Janz and Persson, 2002). This 
process is facilitated by good archiving and 
retrieval systems, and may be hindered by a 
lack of safe backup procedures. 

2.2 Information
While the previous section dealt with basic 
issues of data storage and quality control, 
this section deals with the transformation of 
data into information. Such transformations 
are often the result of a demand for specific 
information. Meeting these demands 
has major implications for information 
management. 

2.2.1 information DemanD anD supply

The demand for forest information has 
changed since forest policy underwent a shift 
in perspective from timber production to 
social, economic and environmental issues 
(Anon, 2002b). Many of the new information 
needs were recognized in Agenda 21 and 
have been re-evaluated in the light of 
advances in internet technology. In recent 
years, information on topics such as biofuel 
and ecosystem services has been in demand 
(FAO, 2010c). In an overview of the supply 
and use of information for forest policy, Janz 
and Persson (2002) indicate that “[t]here are 
serious shortcomings in the supply and use of 
information needed for policy making … The 
main weakness is failure to connect supply to 
demand.” However, even when information 
exists, authorities may desire that it be kept 
secret. The success of a Forest Information 
System will depend on the degree to which 
the information needs of potential users will 
be satisfied. There is a need to ensure that the 
information requested at the international 
level can realistically be supplied by countries 
(Holmgren and Persson, 2002).

2.2.2 information aggregation anD 
integration

While the focus of this chapter is on computer-
related aspects of information management, 
the organization of printed and other 
information may be an essential precursor 
to computer analyses, as in the FAO FRA 
“documentation room” (FAO, 2000a). The 
task of coordinating, processing, harmonizing 
and managing forest-related databases is 
necessary to avoid duplication of efforts. There 
may be “little comparability between surveys 
performed in different years even by the same 
agencies and ensuring compatibility of data 
across varying formats, map projections, 
boundaries, and scales even within a country 
is becoming a Herculean task (FAO, 2001a).”

Information transformations: Information 
to be provided by a forest information system 
varies according to the purpose and scale 
for which it is used; information needed on 
the strategic and integrative level has to be 
aggregated in both thematic and spatial terms. 
Adjustment factors may need to be determined, 
and may be based on ancillary variables such 
as human population change or ecological 
zone (FAO, 1998, 1999a). These should be 
described in the metadata (see section 2.1.4, 
p. 97). As systems of nomenclature applied 
in national forest resources assessments are 
characterized by tradition, and even identically 
named attributes may mask different concepts 
and definitions, a major concern of the 
Temperate and Boreal (TB) FRA-2000 was 
the comparability of data between countries 
and the reliability of aggregated results (ECE, 
2000). Both the 2005 (FAO, 2006) and 2010 
FRA (FAO, 2010a) reports indicate that 
substantial efforts were needed by the national 
correspondents to document each step in the 
transformation of national data to the FRA 
2005 and 2010 reporting tables.

Development of adjustment factors 
is part of the harmonization process 
introduced previously in section 2.1.4 (p. 
97). Harmonization is the process of making 
reports to different instruments comparable, 



100

for example, through the use of common 
or comparable terms and definitions, 
standardized units for data and common 
reference years (Braatz, 2002). In this 
process, it is critical that aggregation occur 
at an appropriate scale (Agarwal et al., 2002). 
Together, the aggregation and harmonization 
processes facilitate identification of 
information gaps (FAO, 2001a). Thomson 
and Schmoldt (2001) discuss ethical issues of 
information aggregation, transformation and 
reporting.

Expert opinion: NFAs are often based 
on a form of synthesis dependent on partial 
data plus expert opinion (FAO, 2000b). For 
example, experts may be used to determine 
adjustment factors (FAO, 1998). While expert 
opinion can be subject to bias and imprecision, 
it is generally better than a complete absence 
of information. The Delphi Technique and 
Convergence of Evidence are two methods of 
managing expert opinion, and the information 
management system should include methods 
of tracking these opinions. The increasing 
reliance on surveys of stakeholders such as 
indigenous peoples should also be viewed 
as a use of expert opinion. Thomson (2000) 
describes an information management 
system relating to a questionnaire used with 
Canadian First Nations. The system tracks the 
literature basis for each question, the range 
of responses, the inferences drawn (and by 
whom) and indicators derived.

2.3 Information 
management and change 
assessment 
FRA 2000 required three types of information 
on forest change: deforestation, forest 
degradation and forest plantations (FAO, 
1999a). In a FRA, the data sources used in 
the previous assessments are consulted and 
new sources are identified (FAO, 1998). Once 
identified, the new sources are compared 
with the older information to determine 
which provides the best and most reliable 

baseline. Comparability between two (or 
more) information sources is also evaluated, 
verifying their utility to serve as representative 
surveys in a continuous time series. It is the 
standards and metadata associated with each 
dataset that permit evaluation of reliability, 
comparability and verifiability. For example, 
in some assessments the definition of “forest” 
changed significantly from earlier definitions, 
now including large areas of woodland not 
previously defined as forest (Bureau of Rural 
Sciences, 1998). Definitions are one of several 
features identified by Hansen, Stehman and 
Potapov (2010) as limiting the utility of NFA 
data for use in global forest change assessment.

Change assessment often relies on models 
(FAO, 2000b). For example, deforestation 
has been predicted from accessibility and the 
income-generating potential of tree and forest 
land (FAO, 1999a), and models have also 
been used in relation to plantations and wood 
supply (EC/FAO, Partnership Programme, 
2000). Information management plays a 
key role in the integration of models into 
assessments. The flow of information should 
be considered explicitly in the development 
and use of models (Agarwal et al., 2002). From 
a user perspective, linear projections and 
expert opinion, rather than modelling, were 
preferred for adjusting forest area estimates to 
a common reference year for countries with 
inadequate data sources, as this approach 
was believed to reflect more accurately the 
uncertainty surrounding inventory data on 
forest cover and change rates in much of the 
tropics (Matthews and Grainger, 2002). 

2.3.1 Data anD information sourCes

Information management plays a major role 
in tracking fellings and removals, afforestation 
and reforestation, and forest degradation. 
These are often managed at the local forest 
management unit level, and the data sent to a 
central location for integration into a regional 
or national perspective. This process involves 
intercomputer communication (see section 3, 
p. 102).

Change resulting from forest degradation 
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poses particular challenges for information 
management. Each source of degradation may 
have its own information requirement, for 
example, forest fires (FAO, 2000c). In many 
countries, there are no formal inventories of 
forest health, although major inventories of 
tree defoliation exist in both Europe and North 
America. In many cases, expert opinion (see 
section 2.2.2, p. 99) represents the best available 
estimates for particular damaging agents, 
rather than the results of specific surveys and 
inventories. Substantial differences exist in 
the values obtained by observers both within 
and between different countries (ECE, 2000). 
The existence of different concepts of damage 
and different definitions of defoliation hinders 
change estimation and emphasizes the need 
for standards.

2.3.2 monitoring

The TBFRA experience provides a valuable 
perspective on monitoring change relating to 
the issues raised in section 2.2.2: “change (in 
any parameter) is not usually measured  
directly: rather measurements of the same 
parameter are taken at different time 
intervals, but with the same methods and 
definitions, and then compared. It is essential 
to separate ‘changes’ due to changes in 
methods or in definitions from those really 
arising from changes in the parameter 
measured. Definitions and methods used 
in the international FRA programmes have 
changed, sometimes significantly over the 
past decade (not to mention the many more 
changes at the national level), so it is not 
possible to draw any reliable conclusions 
from a comparison of TBFRA-2000 data with 
those in earlier international assessments.” 
For REDD purposes, monitoring limitations 
include issues of consistence, transparency, 
comparability, completeness and accuracy 
(Herold, 2009).

2.4 Reporting and 
communication
Information management is a key component 
of meeting national and international 

reporting requirements. With the overflow 
of information it is becoming increasingly 
important to present information and 
knowledge in an interesting, easily 
available and digestible form (FAO, 2001b). 
Governments and organizations need to 
ensure that information and knowledge are 
neutral, objective and widely disseminated in 
a timely manner, but must avoid information 
overload (FAO, 2003). Traditional forms of 
communication must supplement the digital 
flow of information. Automated reporting 
aspects of information management can help 
to tailor information to specific audiences 
and sectors. Schiller et al. (2001) discuss 
ways of communicating assessment results 
to decision-makers and the public, especially 
where the results concern indicators. The wide 
use of the World Wide Web for reporting and 
communication is discussed in section 3 on 
intercomputer communication (p. 102).

2.4.1 reporting requirements anD 
information management

International reporting requirements can 
become a considerable burden on countries, 
and some information requests are duplicative 
and redundant (Braatz, 2002). Reporting 
obligations can overlap, and without 
coordination confusion is likely (Schoene, 
2002). Automated reporting can reduce this 
burden and minimize confusion. Maintaining 
consistent definitions can further alleviate 
the burden, and duplication of effort for 
variables that are reported to several agencies 
can be reduced by collaboration with other 
reporting processes. For example, variables 
in forest biomass and carbon have been 
harmonized with the specifications of the 
Intergovernmental Panel on Climate Change 
(IPCC), and variables on endangered species 
have been harmonized with IUCN 2000 (FAO, 
2010a). 

2.4.2 maps, graphs anD statistiCs

Computer programs for generating maps, 
graphs and statistics, which can be included 
in reports, are described in section 2.1.3 
(p. 96), and Thomson and Schmoldt 
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(2001) discuss ethical issues of their use. 
Appropriate information management can 
mitigate problems of countries changing 
name, splitting, merging or changing their 
administrative units (FAO, 1999b). However, 
forest information provided by countries 
needs to be scrutinized carefully because it 
is often political in character (Holmgren and 
Persson, 2002). Some countries may want 
to hide their high deforestation rates, while 
others may want to exaggerate figures so as to 
seek increased assistance to forestry. 

Reported forest conditions depend highly 
on the national policy context, and countries 
may exert pressure to hide information that 
they consider embarrassing. Information 
is sometimes released or interpreted to fit 
a policy purpose, and this usage erodes 
confidence in forest information. Information 
management is therefore closely linked 
to higher institutional issues, particularly 
if automated report generation is used, 
especially online. 

3. Extending the 
basic scenario: many 
institutions and many 
computers

3.1 The internet and other 
computer-related issues
Rapid development of the internet, and 
particularly the World Wide Web, have 
radically changed information management 
for forest resource assessments in two 
major areas: (i) distributed information 
management and (ii) responses to remote 
requests (in the form of searches) for 
information. Familiarity with web browsers 
and web search engines such as Google is 
commonplace, and web-based information 
(and computer-based information in general) 
is well accepted, although acceptance varies 
with culture. Such search engines give results 
based on combinations of words in existing 
webpages, but when information is contained 

within databases, a more complex approach 
is required (Richards and Reynolds, 1999). 
Searches for geospatial data further complicate 
the situation.

3.1.1 DistributeD systems anD 
interoperability

Data and information sharing is greatly 
facilitated by a common set of definitions 
and schema for common coding (FAO, 
2001b), such as the use of standards and 
metadata as described above (section 2.1.4, 
p. 97), including the Z39.50 Information 
Retrieval standard. Success is based on 
concepts of interoperability: “the ability of 
a system or a product to work with other 
systems or products without special effort 
on the part of the customer”. Subdivisions 
include: technical interoperability, 
semantic interoperability, political/
human interoperability, inter-community 
interoperability, legal interoperability 
and international interoperability: “to be 
interoperable, one should actively be engaged 
in the ongoing process of ensuring that 
the systems, procedures and culture of an 
organization are managed in such a way as 
to maximize opportunities for exchange and 
reuse of information, whether internally or 
externally” (Miller, 2000). The interlinking of 
systems, people and institutions is the main 
tenet of interoperability (Thomson, 2005).

The interoperability of web-mapping 
services is described by the GeoConnections 
Secretariat (2001a). A Web Map Service 
(WMS) is an online service designed to display 
maps and/or images possessing a geographic 
component, and whose raw spatial data files 
reside on a server or workstation. Portals such 
as the Canadian GeoConnections Discovery 
Portal can provide a single access point to 
distributed information and resources. The 
FLAMA system illustrates distributed systems 
and interoperability considerations in forest 
fire systems (International Space University, 
2005).
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3.1.2 Data registration

In many respects, data registration is the 
converse of search with information being 
uploaded to an information system rather than 
downloaded. Data registration is generally 
a two-step process: first the organization 
is registered, then the data products and 
services (GeoConnections Secretariat, 2001a). 
Unregistered users can generally freely browse 
information contained in such databases, but 
may not submit new information. Once the 
organization is registered, information can be 
submitted. Downloadable metadata templates 
or other software tools facilitate submission of 
information. One reason for registering data 
at source is to take advantage of the knowledge 
each supplier has concerning their own data 
and local conditions, as well as to ensure 
continued and timely updating (Forsberg, 
Frisk and Rönnqvisty, 2005). 

The IUFRO GFIS system is an example of an 
open system to which information providers, 
using GFIS standards for cataloguing 
information, may contribute content. To 
assist this process, a GFIS “collection policy” 
defines subject coverage, target audience, 
types of resources to be included, submission 
procedure, quality assessment, metadata 
standards and maintenance arrangements 
(Päivinen et al., 2000, 2001). This indicates that 
data registration is only part of a process that 
includes computer, human and institutional 
components. Data ownership and security 
(FAO, 1999b) must be addressed during 
this process, and are often key factors in 
institutional agreements. Legality verification 
of certification for timber procurement 
purposes can also include data registration 
(Simula, 2010).

3.1.3 institutional anD infrastruCture 
issues

The national legal, policy and institutional 
framework relating to forests constitutes 
the fundamental basis for sustainable forest 
management. For FRA 2010, countries were 
asked for the first time to report on these 
topics and significant progress was found to 

have been made in developing forest policies, 
laws and national forest programmes (FAO, 
2010a).

Coordination of data collection and  
exchange among national institutions, 
constituent states and donor agencies is 
a major weakness in most countries, and 
terms and conditions of funding agencies 
may be a major constraint. Officials may be 
reluctant to pass on information (Sithole, 
2002), and there is lack of enforcement of 
penalties against companies that do not 
send (or delay sending) required data (EC/
FAO Partnership Programme, 2000). More 
than one ministry often supervises forest 
information collection activities. Good 
cooperation makes these activities possible, 
but may be hindered by a lack of formal 
regulations, particularly concerning reporting 
for international assessments (Michalek, 
2002). Institutional change may be required 
to achieve interoperability (Miller, 2000), and 
completely new institutions (analysis units)
may be required to properly provide required 
forestry information (Janz and Persson, 2002). 

Supply of information may involve 
framework agreements and contracts, 
policies (Global Spatial Data Infrastructure) 
or Memoranda of Understanding (IUFRO, 
2002). Issues of participation may also require 
institutional or infrastructure changes, with 
significant impact on the information to be 
managed as well as on reporting requirements 
(see section 2.4, p. 101): “The availability of 
high quality information and knowledge is 
a key to effective participation and needs to 
be made available in a transparent manner 
to the broad range of actors involved in 
national forest programmes processes. For 
this, systematic efforts in capacity-building 
are required” (Joshi, 2009).
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4 Putting a full 
national forest 
information system in 
place

4.1  System design and 
development
Formal project management processes, 
of which there are many examples, can 
aid system design and development. A 
requirements analysis is used to determine 
purpose and objectives, clients and drivers, 
and usage. The requirements analysis must 
be developed in the context of organizational 
issues, implementation plans, evaluation 
criteria, hardware software and networking 
issues, and standards (US Army, 2005). 

4.1.1 requirements analysis

The requirements analysis should result in a 
clear statement of end-product characteristics 
and estimated data volumes, and can have 
subactivities such as system requirements 
analysis, data requirements analysis and 
business requirements analysis. The system 
requirements analysis, in turn, can include 
topics such as objects, data, relationships, 
processes, narratives, business rules, access 
paths, data integrity and information design. 
Human-computer interactions and interface 
designs are defined. The requirements 
analysis must take into account issues such 
as laws (Michalek, 2002) or policies (Anon, 
2002b) relating to access to information. A 
requirements analysis has been developed 
for the spatial data handling within the EU 
Plan4all project (Anon, 2009c).

 4.1.2 system Development

Based on the requirements analysis, an 
architecture (GeoConnections Secretariat, 
2001b) and operating system will be 
determined. Decisions on whether to use a 
proprietary software or open-source software, 
often referred to as FLOSS (i.e. free/libre and 
open-source software), will have a significant 

effect on system development, as will the 
decision to develop the system from scratch 
or adapt an existing system. The choice 
of software products will determine the 
availability of tools (Richard and Reynolds, 
1999) and reuseable components, and may 
be predetermined by existing enterprise-
wide computing requirements (Beck, 2001). 
Human resource and training requirements 
may have to be addressed at this stage, 
including the identification of different 
categories of training, such as webmasters, 
librarians and documentalists, and end users 
(IUFRO, 2002). Pilot projects may need to 
be established and benchmarks and testing 
protocols implemented, and intra and inter-
institutional agreements must be formalized. 

Building a system “is a continuous process 
rather than a one-time event. After installation, 
there will be new requirements and additional 
functions to be added. Hardware and software 
will need to be upgraded. Maintenance 
of the system must be planned and taken 
into account. System sophistication cannot 
exceed the available long-term resources 
and in particular local capacities. System 
development relying in external know how 
should be used only with a credible exit 
strategy building local capacities” (Steudler, 
Törhönen and Pieper, 2010).

4.1.3 funDing anD finanCial meChanisms

The costs and timeliness of information is a 
key factor (Janz and Persson, 2002) and costs 
of providing forest information can become 
a major concern (Bureau of Rural Sciences, 
1998). How an NFA is funded, and who pays 
for what, depends to some extent on whether 
information is regarded as a public or private 
good (FAO, 2000d). A business case for an 
information management system (Centre for 
International Economics, 2000) resembles 
a requirements analysis, establishing the 
magnitude, nature and likely influences on 
demand for the product to be developed, 
identifying the risks and uncertainties, and 
including costs and benefits with the goal of 
obtaining funding. The funding mechanism 
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may incur substantial information 
management and reporting commitments, 
and become potentially a limiting constraint, 
as in the case of Bangladesh (EC/FAO 
Partnership Programme, 2000). Some costs 
may be offset by income from data provision; 
however, data pricing may be implemented at 
the national policy level.

When national forestry information 
systems are under-resourced and filled with 
gaps, or use imputed values that are prone 
to gross errors, they are unable to deliver 
reliable data in a timely manner. Users then 
dismiss their services, which reduces funding 
and results in continuous poor performance, 
creating a vicious circle. In recent years, donor 
programmes have concentrated on collecting 
information rather than building capacity, 
although this is slowly changing with an 
increase in investment in capacity. Technical 
options may be understood in some countries, 
but organizational and financial aspects are 
lacking (World Bank, 2008). 

5. Knowledge

5.1 Knowledge in the NFA 
process
As indicated above, while the output of an 
NFA is information, knowledge plays a key 
role in the process of collecting data and 
transforming it into information. Both the 
2005 (FAO, 2006) and 2010 FRA (FAO, 2010a) 
indicated that the data transformation efforts 
involved extensive knowledge sharing through 
discussions at regional workshops, and 
between countries and regional focal points 
at FAO headquarters. This is particularly 
the case where stakeholder participation is 
involved (see section 1.2, p. 95). The NFA 
process is therefore a complex and many-
faceted arrangement of people, institutions, 
organizations, technologies and processes 
in which knowledge is created, interpreted, 
distributed, absorbed, translated and utilized. 
In other words, it fits the definition of a 
knowledge ecosystem (Thomson, 2006, 2007).

5.2 Knowledge ecosystems
In a knowledge ecosystem, knowledge held 
by different individuals, and within different 
organizations/institutions, is shared in groups 
subject to effects that are drawn by analogy  
with biological systems, including competition, 
pyramidal concentration, pollution, drift, 
meta-population features, sustainability 
and resilience. As each concept is applied 
when evaluating a particular organization’s/
institution’s ecosystem, sets of questions arise 
that provide helpful guidance for institutional 
change (Thomson, 2006; 2007). A knowledge 
ecosystem can evolve with time, as illustrated 
in a case study on development of web-based 
technologies in support of sustainable forestry 
(Thomson, Callan and Dennis, 2007b).

6. Discussion
Information management deals with the flow 
of information all the way from data entry 
in field-recording devices to the generation 
of reports to balance the needs of many 
information users (Päivinen et al., 1998), and to 
meet national and international commitments. 
Information may be initially gathered for 
other purposes such as certification (Simula 
et al., 2002) and subsequently used in NFAs. 
Technological aspects of the process are well 
defined, as are administrative and project 
management processes to facilitate system 
development, and it is leadership, policies or 
institutional and organizational issues, often 
relating to funding and support, that become 
major constraints. Where there is adequate 
institutional and organizational support, 
the “digital divide” (FAO, 2001b) can also 
be a restriction. However, initiatives such 
as the UN Task Force on Information and 
Communication Technologies (UN, 2003) 
may lead to rapid improvements in this area.

Each successive FAO FRA process has seen 
a change in scope and content in response 
to changing information needs. The first 
assessment focused on timber shortages, 
then from the 1970s through to FRA 1990 
deforestation was of particular interest. FRA 



106

2000 covered a wider range of forest benefits 
and functions and FRA 2005 was based on the 
concept of sustainable forest management. 
FRA 2010 continued this broader, more 
participatory approach and included the legal, 
policy and institutional framework guiding 
forests and their management and use (FAO, 
2010a). National FRA processes have seen 
increases in the extent and complexity of inter-
institutional relationships, in the need for 
improved interministerial coordination, and 
in the level of knowledge required to prepare 
the data and information for reporting. Both 
information management and knowledge 
management must be coordinated to meet the 
many needs of the present and to prepare to 
meet the demands of the future.

Self-study exercises
1. The knowledge ecosystem concept includes 

“competition”. What international treaties/
agreements does your country subscribe to 
that would require your NFA to produce 
reports?

2. Which agencies/units were involved at 
each stage of the process to transform 
forest plot data into the entry for your 
country in FAO’s 2010 global assessment, 
and what programmes and systems were 
used?

3. Give three examples of system failures that 
have been reported in your country (or a 
country of your choice) and list the stated 
causes.

4. A donor agency is funding development 
of an information system for your NFA 

and you have to perform a requirements 
analysis for the system. From the following 
list of system design considerations, rank 
the top five issues for your system, giving 
reasons. 

5. Which of the following is most limiting 
to development of your countries’ 
NFA information system: technical 
interoperability, semantic inter 
operability, political/human 
interoperability,  intercommunity 
interoperability, legal interoperability or 
international interoperability
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