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ABSTRACT 
 
Sustainable forest management requires proper decision-support systems. The effectiveness of these, 
however, is jeopardized by problems related to the timely availability of relevant information. The FAME (Forest 
Assessment and Monitoring Environment) concept addresses this problem, by suggesting an end-to-end forest 
assessment and monitoring system. 
 
The Dutch government charged a consortium of Dutch organizations and FAO with a User Requirements Study 
to assess the needs for spatial information on forests from a user perspective. This study included an 
interactive questionnaire survey among stakeholders/users, detailed studies in four tropical countries, an 
assessment of capabilities of current and planned remote sensing-based systems, the development of an 
international user network and an international workshop.  
 
The study revealed a substantial and urgent global need for spatial data and information on forests, referring to 
both “state” and “change” parameters. These information needs cannot be fully satisfied by current or near-
future remote sensing-based systems. On the other hand, there is a considerable under-utilization of existing 
data sources. Accessibility to and affordability of existing data and information are the major constraints for all 
users, with distribution being the weakest part of the chain. The concept of an “end-to-end” information system 
was re-defined, including the required information infrastructure, comprising data capture, data acquisition and 
distribution, data processing, data integration and capacity building as essential components. An information 
strategy at national level should support this system. Furthermore, international protocols are needed for the 
exchange of data. Finally further validation of the end-to-end concept is needed for which pilot studies are being 
considered in a number of countries. 
 
Eventually the concept of an “end-to-end information system for forest management may well become 
component of or can learn from the experiences with the ongoing implementation of a proposed (Global) (Geo-) 
Spatial Data Infrastructure (GSDI) for sustainable development. 
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1. INTRODUCTION 
 
1.1 The problem outlined 
 
The importance attached over the past two decades to sustainable forest management, has increased the need 
for proper decision-support systems, worldwide. The effectiveness of decision-support systems for sustainable 
forest management is jeopardized by problems related to the availability of relevant information within 
operational constraints, such as timeliness, affordability and accessibility. Problems of this nature have been 
under discussion for a very long time and were confirmed in the United Nations Conference on Environment 
and Development, Agenda 21, chapters 11 and 40 and Annex III. The problems were also addressed in various 
FAO activities (nfp, FRA), in the regional hearings of the World Commission on Forests and Sustainable 
Development (WCFSD), and the European Union studies and more recently by the Intergovernmental Panel on 
Forests (IPF) and the Intergovernmental Forum on Forests (IFF). 
 
A solution to the problems observed in the supply of information was suggested through the FAME (Forest 
Assessment and Monitoring Environment) concept, comprising an end-to-end forest assessment and 
monitoring system. This is an integrated system, with functions for image data input, transmission, acquisition, 
processing, modeling and archiving, including the education and training required for these purposes (Figure 
1.1).  
 
One of the features of FAME is the capability of receiving the data required for decision-making autonomously 
and in a standardized way. This FAME concept was developed by a number of institutes in the Netherlands and 
was positively received  by, among others, the FAO and by the Instituto Nacional de Pesquisas Espaciais 
(INPE) from Brazil both expressing keen interest in collaborating with the Netherlands in the further 
development of this concept.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 1.1 The FAME Concept (adapted from Venema, Dutch National Aerospace Laboratory – personal 
communication) 

 
NB The FAME concept is described as an operational forest monitoring programme including all components necessary to enhance 
sustainable forest management worldwide, involving education and training and the development of an end-to-end system, comprising very 
simple PC-based receiving stations, data processing and archiving functions, optionally integrated with a GIS, as well as a satellite with a 
dedicated sensor, covering the world’s entire surface. 
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The Netherlands’ Ministry of Economic Affairs, the Ministry of Foreign Affairs and the Ministry of Agriculture, 
Nature Management and Fisheries subsequently decided to commission the International Institute for 
Aerospace Survey and Earth Sciences (ITC – since January 1st 2002 renamed into International Institute for 
Geo-information Science and Earth Observation) with the task to assess the need for remote sensing-based 
spatial information for the sustainable management of forests, as well as the need for a dedicated  “end-to-end 
system”. The study was carried out in close cooperation with a number of other organizations including the 
FAO, Dutch National Reference Centre for Nature Management, Dutch National Aerospace Laboratory and 
others.  
 
The study was initiated in May 1997. Since then the results, in particular the implementation of the concept of 
an end-to-end system by means of pilot projects has been discussed with various agencies/countries and will 
be pursued in such countries as Brazil and Vietnam. 
 
 
1.2 Study objectives 
 
The User Requirements Study focused on the assessment of requirements for spatial information in order to 
support sustainable forest management; the preliminary evaluation of the extent to which these spatial 
information requirements can be met by existing and planned remote sensing systems; and the identifica-tion of 
the requirements for, and components of, an improved information supply mechanism in the form of an “end-to-
end” information system. 
 
 
1.3 Study design 
 
The point of departure for this study was the overall objective of sustainable forest management. Although the 
study focused on remote sensing options for data and derived information supply, it is well understood that 
spatial data obtained through terrestrial surveys are in many cases indispensable, and sometimes the only way 
of providing the information required, for example on socio-economic parameters. In addition, other factors of 
an institutional, legal, and political nature can be equally important.  
 
A first step in the study was the definition of forest functions (production, conservation, protection and 
conversion) in order to specify management principles and information requirements from a theoretical 
perspective. This exercise accentuated the multi-functionality of forests and forest management, implying that 
information requirements will also be of a comprehensive nature. 
 
A classification and identification was subsequently carried out of users of spatial information for sustainable 
forest management, differentiating between the level of administrative operation, type of organization and type 
of decision-making authority (see table 1.1) 
 
Table 1.1  Main categories of users of spatial information for forest management 
 
LEVEL WORLDWIDE REGIONAL NATIONAL LOCAL 
TYPE IGO NGO IGO NGO GO NGO GO NGO 
Policy 
development/ 
Policy  
Influencing 
 
 

- FAO-NFP 
Support Unit, 

- UNEP 
- ITTO 
- Convention on 

Bio-diversity 

- WRI, 
- WWF  
- IUCN 
- WCMC 
- CIFOR 
- ICRAF 
- Wetlands 

International 
 

- Regional NFP- 
Coord.-Unit 

- TCA 
- CCAB-AP  
- SADC 
- IGADD 
- ATO 
- Mekong River 

Commission 
- Niger basin 
-

 Helsi
nki/Montreal 
processes, etc 

- ELCI 
- COICA 
- Rainforest 

Movement 
- EFI 
 

- Ministry of 
Planning 

- Forest 
Departments 

- National 
NFAP-
coordination 
units 

 

- Environmental 
& Conservation 
NGO’s, 

- Rural 
Development 
NGO’s 

- Federations of 
local & 
indigenous 
communities 

- Consumer org. 
of forest 
products & 
services 

- media 

- Regional & local 
govt-bodies 

- farmer groups, 
- user groups 

Financing 
 

- World Bank  - AsDB 
- AfDB 
- IBRD 

-  Green funds  -  national “green 
funds” 

  

Forest resource 
management  
 

 - WWF 
- FSC 
- IUCN 

  - Forest 
Departments 

- Land 
Management 
boards 

- Departments of 
Parks & 
Wildlife 

- Certifying 
bodies, 

- National IUCN 
& WWF-
bodies 

- Regional & Local 
Forest Offices 

- National Park 
managers, 

- community-
based 
organizations 

-    forest 
concessions, 

- private forest 
owners 

- non-profit  
managing 
bodies 
(foundations) 
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Current user information needs were obtained through  
• a literature study of the most relevant documentation on the subject; 
• an interactive questionnaire survey among 224 stakeholders/users and  
• detailed country studies in Brazil, Nepal, Malaysia and Costa Rica 
 
An inventory of the existing and planned remote sensing-based information systems was made. A preliminary 
evaluation was carried out of the capabilities of these systems vis-à-vis the identified requirements in order to 
assess the extent to which the spatial information requirements, obtained through the user needs study, can 
possibly be met. 
 
The entire study process was supported by the active involvement of the users including the creation of an 
international user network by means of participation in, and presentation of, the study at regional and worldwide 
meetings of a variety of forestry organizations. 
 
The preliminary results of the study were presented at an international workshop in November 1998 at ITC in 
Enschede, the Netherlands, in which 57 experts from twenty countries and a variety of both national and 
international organizations participated. 
 
Figure 1.2 presents the study design in schematic form. 
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Figure 1.2 Study design 
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2. STUDY RESULTS 
 
2.1 Information needs 
 
The study has revealed a substantial and urgent global need for spatial data and information on forests. The 
need for information is particularly observed at a local level and at sub-national levels. All themes that require 
spatial information are relevant, irrespective of level (Table 2.1). 
 
Table 2.1 Information needs at different levels 

 1 = high priority; 2 = moderate priority; 3 = low priority 
 Figures in brackets indicate priority of NGO respondents where they differed from government organisations 

 
This applies to land and forest cover, forest function allocation, forest types, forest health, bio-diversity, biomass 
for carbon sequestration, forest products and stand parameters. Forest fire themes mentioned are fire 
detection, fire damage and fire hazard. Furthermore, land tenure, forest dependent communities and socio-
economic parameters are indicated. Site information needs include topography, hydrology, soils and 
geomorphology. Most important are the themes of land and forest cover, and forest degradation. The 
information requirements in all cases refer to both “state” and “change” parameters. 
 
At local and sub-national levels, nearly all themes have a high priority. At global, supranational and national 
levels, a specific priority was observed for information on bio-diversity and carbon sequestration.  
Information is currently derived from a variety of sources. These include secondary sources, such as line 
agencies (for site information such as topography, soils, hydrology and land tenure) and primary sources such 
as terrestrial surveys (for forest products, bio-diversity, stand parameters and forest health, growth and 
development) and remote sensing, both aerial photography and satellite imagery (for land and forest 
cover/composition, forest types and fire damage) or combinations of these sources. 
 
Scale and frequency 
The study further clearly shows that in addition to the differences in thematic priorities for the different user 
levels, there are significant differences in the required scales of information. In general the most appropriate 
scales indicated by the different user levels are: 
 
- Global    1:1,000,000 to 1: 10,000,000 
- Supranational   1:1,000,000 
- National/sub-national  1:     50,000 to 1:      250,000 
- Local    1:       1,000 to 1:        25,000 
 
The required scale is usually very much related to the size of the area of interest. This does not automatically 
relate to the level at which organizations operate. The area of interest of a state/province of a large country may 
be the same as that for a national level organization in a small country.  There is a tendency for a decrease in 
the need for precision and detail of information from local to global levels. In this respect it would be desirable if 
information could be aggregated from the lower to higher user levels but this is currently not the case in 
practice, and is often neither possible nor feasible.  

Theme Global Supra-
national

National Sub-
national

Local

Land and forest cover 1 1 1 1 1
Forest degradation 1 1 1 1 1-2
Forest function allocation 3 (1) 3 (1) 1 1 2 (1)
Forest types 2 (1) 2 (1) 1 1 1
Biodiversity 1 1 1 2 3 (1)
Biomass data for carbon sequestration 1 1 1 2 3
Land tenure 3 3 1 1 2
Fire damage 2 2 1 1 1
Fire hazard 3 2 2 1 1
Fire detection 2 2 2 1 1
Forest health 3 3 1-2 1-2 1
Forest products 3 2 2 1 1
Forest-depending communities 3 3 2 1 1
Stand parameters 3 3 3 2 1
Site parameters 3 3 2 2 1
Socio-economic parameters 3 3 2 2 1
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The recentness and the required update frequency of spatial information are apparently more related to the 
theme of the information than the level at which the information is needed. Information on forest production and 
stand parameters is basically needed (for selected areas) on an annual basis. Where forest fire damage 
assessment is concerned, information updates are usually required every 1-3 months. In the case of forest fire 
detection, information is required on a daily basis. Information on land and forest cover and land use and 
vegetation/forest types need a variety of update frequencies varying from 1 to every 5 or 10 years.  
 
The study has further revealed a considerable discrepancy between the demand for and supply of information. 
The interactive questionnaire survey indicated that 80% of the respondents need more data and information, 
either more recent, more specific or more detailed. More specifically, 54 % of all respondents require more 
recent data, 51% forest information on certain themes and 27 % more detailed data and information. These 
findings have been confirmed by the results of the literature review and the country studies.  
 
The identified user needs reflect existing and short-term information needs as currently perceived by the users. 
Within the various user communities a considerable difference exists with respect to the experience with and 
awareness of the usability of remote sensing derived information, resulting in a wide range of perceptions. 
Moreover information needs are not static. They will change as new technologies are developed and users 
become aware of application possibilities. They will also change in conjunction with changing policies and the 
development and redefinition/refinement of the concept of sustainable forest management. 
 
 
2.2 Capabilities of existing and planned (satellite-based) remote sensing technology  
 
The user needs, formulated in forestry terms, were translated into user requirements, using technical terms, as 
demands to an information system. Capabilities of existing remote sensing-based information systems were 
subsequently compared with (i.e. evaluated against) these technical requirements (Table 2.2). 
 
Table 2.2 Application possibilities of remote sensing types   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Key system requirements 
User needs, as obtained from the user needs study and formulated in forestry terms, were translated into user 
requirements, using technical terms, as demands to an information system. The capabilities of existing remote 
sensing-based information systems were subsequently compared with (i.e. preliminarily evaluated against) 
these technical requirements.  
 
It was clear from the start of the study that sustainable forest management requires a number of information 
themes that cannot or cannot entirely be derived from remote sensing or which are normally provided by other 
agencies. These themes have been excluded from further evaluation. 
 
In the “translation” of user needs into user requirements, three categories of requirements were distinguished: 
- Functional requirements (e.g. type, detail and scale of information) 
- Performance requirements (e.g. frequency of update, operability and user friendliness) 
- Premises, restrictions, guidelines (referring to context aspects such as lifetime and affordability) 
  
In each of these categories a number of specific topics were listed. For each requirement category and each 
topic within the category, a requirement was formulated based on the user needs. The key system 
requirements used for the evaluation/comparison are presented in Table 2.3 

Theme Aerial 
photo

Airborne 
scanning

Satellite 
scanning

Airborne 
Radar

Satellite 
Radar

Airborne 
Laser

Airborne 
Video

Land and forest cover 1 1 1 1 2 2 1
Forest degradation 1 1 2 1 2 2 1
Forest types 1 1 1 1 2 2 1
Biodiversity 1 1 3 2 3 3 2
Biomass data for carbon sequestration 1 1 3 1 3 2 2
Fire damage 1 1 1 1 2 3 1
Fire detection 1 1 1 x x x 1
Forest health 1 1 3 x x x 1
Forest products 2 2 x x x x 2

1 = wide range of applications; 2 = moderate range of applications;  
3 = limited application; x = no application 
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In order to simplify the evaluation, a limit was set on the number of information themes. The theme that stood 
out as the most important in the study, “land and forest cover”, was used in the further evaluation. If forest cover 
classification is possible with sufficient accuracy, information on changes in forest area, deforestation, 
fragmentation and reforestation can also be supplied. Furthermore, fire damage information can then be 
supplied as well as information (to a great extent) on forest (vegetation) types.  
 
Table 2.3  Key system requirements for land and forest cover assessment 
 

Functional requirements 

Classification (level 1) Woody / non-woody vegetation; accuracy >= 90% 
Classification (level 2) Forest / shrub land; accuracy >= 80% 
Map generation Random location error <= 1 pixel 
Time series Stability systematic location error < 1 pixel 
Area of interest  10 000 - 1 000 000 km2 
Image resolution  Scale 1: 25 000; resolution 5-10 m * 
Image resolution  Scale 1: 50 000; resolution 10-20 m * 
Performance requirements 
Frequency Every 6 months coverage of area of interest 
Accessibility Access to data of area of interest 
Operability Minimal number of operator actions (automation) 
Communicativity Worldwide quick exchange of data (e.g. Internet) 
User-friendliness Easily serviceable (e.g. PC-based system, well-known system parts) 
Premises, restrictions, guidelines 
Life cycle (service) At least for coming 15-25 years 
Autonomy Direct control over the data flow and data processing 
Affordability Low-cost data or front-end, low recurring costs for the (end-) user  
Availability Area of interest 100% covered 
Training/education Training programmes  
Impact on organization As minimal as possible 
Environmental  Withstand harsh environments, e.g. humid tropics 

*    The first, smallest figure for resolution indicates the resolution related to the scale according to the generally accepted topographical 
standards. The second, larger figure indicates the resolution as sometimes used in mapping when more detailed data are not available. 

 
The FAO approach has been adopted for the classification of forest cover. At level 1 of this classification, 
vegetation is split up into woody and non-woody vegetation, and at level 2 the woody vegetation is split up into 
forest and shrub land. This two-level forest cover classification is one of the key functional system requirements 
to satisfy user requirements for forest cover classification. The classification accuracy has also been included in 
the formulation of these key system requirements. For example the classification accuracy for woody versus 
non-woody vegetation (level 1) has been established at better than 90%, while the accuracy to differentiate 
forest from shrub land (level 2) has been set at 80%. 
 
Table 2.4 provides a simplified overview of the ability of existing satellite systems and aerial photographs 
(panchromatic) to meet identified information requirements with respect to classification, spatial resolution, 
global coverage, revisit time, area coverage, cloud cover penetration, cost and life-span of the system. 
 
Table 2.4 Capabilities of the existing satellite systems and aerial photographs (for land and forest cover) 
 
Satellite LANDSAT SPOT SPOT IRS IRS NOAA ERS RADAR 

SAT 
Aerial 
Photo 

Aerial 
Photo 

Sensor / Scale TM XS PAN LISS    PAN AVHRR SAR SAR 1:25,000 1:50,000 
Woody / non-woody vegetation + + - + - - - - + + 
Forest / shrub land + + - + - - - - + + 
Scale 1 : 25 000 - - + - + - - + + + 
Scale 1 : 50 000 - + + + + - + + + + 
Global coverage + + + - - + - + - - 
Revisit every 6 months  + + + + + + + + - - 
Area cover of 1000 x 1000 km  + + + + + + + + - - 
Observe through cloud cover - - - - - - + + - - 
Approx. cost (US$) per 1000 km2  108 624 814 155 582 0.005 98 15 150,000 100,000 
Life span > 15 years + + + + + + - - + + 

 
Note: + = capable; - = not capable 
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The findings summarized in Table 2.4 reveal that there is no worldwide system (and sensor) which covers the 
requirements and overcomes the constraints mentioned by the users. The following sections provide a more 
detailed analysis of the capabilities of the three major parts of a complete information system (using satellite 
imagery) from sensor to user: data capture, data acquisition and distribution, and data processing and the use 
of the information. 
 
Conclusions 
This comparison/evaluation has revealed that LANDSAT TM, SPOT XS and aerial photography are currently 
potentially the most suitable options available to meet the priority information requirements for land and forest 
cover, forest types and fire damage assessment, although substantial limitations do still exist.  These optical 
satellite systems and aerial photography are able to provide some information on the requisite scale. LANDSAT 
TM and SPOT XS are most suitable for smaller scales (1:50,000 and smaller), although SPOT XS might supply 
information on 1:25,000 scale. Aerial photography is more suitable when more detail (larger scale) is required. 
NOAA-AVHRR is the best option at the moment for forest fire assessment on small scales (1:1,000,000 and 
smaller).  
 
All the systems mentioned above, however, lack the ability to penetrate cloud covers. Although not claimed as 
a major problem in the questionnaire survey and country studies (but this might be due to a lack of experience 
in the use of imagery), this problem is frequently mentioned in literature and was confirmed at the international 
workshop. Satellites equipped with radar sensors, such as ERS-1 and RADARSAT-1, do not have this problem 
but both lack the ability to accurately distinguish between essential land cover classes. 
 
From the point of view of affordability, aerial photography is exceptionally expensive if acquired for the sole 
purpose of forestry, while high resolution optical satellite remote sensing imagery is prohibitively expensive for 
many users. Satellite-based radar data and low resolution optical data from NOAA-AVHRR appear to be the 
least expensive but both lack the ability to meet the requirements.  
 
The evaluation reveals that there is neither now - nor likely to be in the immediate future - a remote sensing-
based information system that can meet all information requirements identified in the study as being essential 
for forest management. Furthermore, the evaluation concludes that the information needs can only partially be 
satisfied through satellite remote sensing. Aerial photography, terrestrial survey, and secondary data sources 
are equally important. This will remain the case even when satellite imagery with higher spatial resolution 
becomes available. 
 
 
2.3 Constraints in information supply 
 
The study has revealed a considerable discrepancy between the demand for data and information for certain 
themes and the ability of existing systems to meet that demand. This indicates a considerable under-utilization 
of existing data sources, caused by a variety of constraints of e.g. a political, institutional, operational and 
technical nature. The study shows that accessibility to and affordability of existing data and information are the 
major constraints mentioned by all users. Elimination of these two constraints would satisfy the first priority 
needs for information on land and forest cover, and forest degradation.  
 
Lack of user-friendly technology, inadequate data quality, cloud cover and lack of standardization in methods 
for data collection and analysis, are also mentioned as constraints of relatively minor importance. There is, 
however, no proof at present that imagery exists of all geographical areas of interest. This means that 
availability problems may still exist in addition to the usability, timeliness, accessibility, frequency (number of 
images per year) and continuity problems. 
 
Further analysis has revealed weak policies and organizations, and inadequate staffing and staff capabilities, 
which prevent proper management and operation of spatial information systems at a national level and below. 
At a national level, there is a lack of an information strategy for data dissemination and decentralized data 
management and use (i.e. an information infrastructure). There is no system that accommodates and integrates 
data of a diverse nature, such as remote sensing data, terrestrial observations, and socio-economic data, from 
a variety of sources and of different qualities. The distribution of (remotely sensed) data is the weakest part of 
the chain, from data acquisition to delivery of the information to the desk of the user. There are no international 
protocols to facilitate open exchange of data between users at all levels. 
 
The analysis underlines that most constraints are non-technical in nature, tending to be more political and 
institutional. Furthermore, the analysis reveals that many constraints have their origin in the conditions at 
governmental levels. 
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Political constraints 
Political constraints at national levels prevent the formulation of policies and implementation of sustainable 
forest management programmes, including organizational structure and capacity building, and the formulation 
of information strategies. These constraints include lack of political will and commitment to sustainable forest 
management, sensitivity to national security, centralized information control and poor working conditions. A 
constraint that was not revealed by the study but was emphasized at the workshop, was the absence of 
international access protocols that are needed to enable the open exchange of data between global and 
national data users. 
 
Table 2.5  Analysis of main constraints 
 
Constraint Nature of constraint Level Type of 

Organization 
 P I T H GL N L GO NGO 
Inadequate formulation of policies *    * **  *  
Inadequate implementation of policies *     ** ** * * 
Lack of political will *     ** * *  
Over-sensitiveness regarding national security *    * **  *  
Inadequate commitment to sustainable forest management *    * ** * * * 
Inadequate organizational structure * *    ** * * * 
Inadequate organizational capacity * *   * * ** * * 
Inadequate information strategy * *   * ** * * * 
Inadequate awareness of information systems * *  *  * ** * * 
Over-centralized control of flow of information * *    **  * * 
Lack of standardization/compatibility *  *  ** *  *  
Inadequate human capacity/training  *  *  * ** * * 
Poor working conditions * *  *  *  *  
Inadequate communication between levels  * * * * * * * * 
Inadequate methods and systems   * * * **  *  
Inappropriate technology  *  *  * * * * * 
Inadequate user friendliness   * *  **  * * 
Insufficient inter-disciplinarity   * * * ** * * * 
Shortage of accurate field data  * * * * *  * * 
Usability (inadequate data)   * * * * * * * 
Unavailability of data   *  * * * * * 
Lack of affordability of data (cost effectiveness) * *   * *  *  
Timeliness (delay in procurement/delivery)  * *   *  * * 
(P = political, I = institutional, T = technical, H = human capacity), the level of constraint (GL = global, N = national and sub-national, L = 
local) and the type of organization (GO = government, NGO = non-government). An asterisk (*) indicates where the constraint is primarily 
caused. 
 
Institutional capacity 
Lack of clear structures and procedures within organizations, inadequate capacities and communication are 
major institutional constraints at national and local levels. In the user needs assessment, 38% of the 
respondents indicate institutional constraints (incl. training) to lie at the root of their problems in data supply. 
  
The country studies also demonstrate the nature of the constraints: most forest organizations are not ready to 
use synoptic spatial data on forest resources. The old working methods still prevail, preventing any proper 
integration of spatial information into decision-making. Even when remote sensing-based products are 
available, their use is often restricted by the inadequate ability of the organization to use the data.  
 
Technology constraints 
In the user needs survey, 17% of the respondents suggest that the technology is not user-friendly and that the 
information is not adapted to the needs of the users. Poor quality of data is mentioned by 15% of the 
respondents, while 10% mention lack of standardization of data collection and analysis. Constraints in data 
acquisition due to cloud cover are mentioned only by 4 % of the respondents. 
 
Another constraint identified is the lack of research and development to investigate proper technologies for the 
implementation of an information strategy for sustainable forest management and its integration into operational 
systems and procedures. 
 
Human constraints 
It is also observed that at all user levels there is inadequate awareness and knowledge of the importance of sustainable 
forest management, the multi-functionality of forests and forest information systems. Furthermore, inadequate human 
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capacities and the lack of training in information handling and management are considered important constraints to be 
addressed urgently. 
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3. TOWARDS GEO-SPATIAL INFORMATION FOR SUSTAINABLE FOREST MANAGEMENT 
 
3.1 The FAME concept revisited 
 
At the start of the User Requirement Study, the FAME concept was taken as departure point. This concept is to 
serve operational forest monitoring and includes all components necessary to enhance sustainable forest 
management worldwide: the development of an end-to-end system, comprising simple PC-based receiving 
stations, data processing and archiving functions, optionally integrated with a GIS, the associated education 
and training, as well as a satellite with a dedicated sensor, covering the world’s entire surface. 
 
In view of the findings of the study, this concept has been revisited and elaborated resulting in the following 
specific characteristics which have to be taken into account for the further development of the concept and, 
more specifically, the end-to-end information system which is part of the concept: 
 
• In sustainable forest management information is required on a large number of themes that cannot or 

cannot entirely be derived from satellite remote sensing, e.g. socio-economic and political information and 
NTFPs, biodiversity, forest degradation, health and stand parameters. This implies that the system will use 
a variety of space-borne, airborne, terrestrial and existing secondary sources. 
 

• Different users require different themes of information originating from different sources (usability). 
Depending on the user, the timeliness, frequency, affordability and accessibility criteria will differ. 
 

• The accessibility of data is regarded as being essential: both spatial data to the users, as well as terrestrial 
data from users to higher levels (aggregation). This encompasses physical distribution as well as the policy 
and institutional framework for decentralized data management. 
 

• Human and institutional capacity building is necessary to enable users to incorporate spatial information 
into decision-making processes. 

 
At a national level, an information strategy that will provide the policy and institutional framework in which it is to 
operate, including research, training and education, must support the end-to-end information system. 
Internationally an end-to-end information system is to be supported by international protocols for the exchange 
of data. The proposed end-to-end information system and the environment in which it is to operate can be 
schematically presented as follows (Figure 3.1): 
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Figure 3.1 Proposed end-to-end system and its environment 
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The implementation of an end-to-end information system of this kind has been referred to as an information 
infrastructure. A number of major components in the information infrastructure can be identified, i.e. data 
generation, capture, transmission, reception and distribution, data processing, data integration and capacity 
building: 
 
• Data generation and capture: For several themes in sustainable forest management there is currently 

synoptic spatial data available, in particular data on forest cover, forest types and for fire damage 
assessment. It still has to be established, whether there are currently adequate spatial data available to 
meet the requirements of operational forest monitoring systems for all geographical areas of interest. 
Although the necessity was not established during the study, a dedicated satellite sensor might address the 
gaps in synoptic spatial data supply on forest degradation, forest production and bio-diversity. However, the 
study revealed that in order to improve information supply in the short and medium terms, priority should be 
given to a better and more widespread use of existing technologies rather than to the establishment of a 
new dedicated satellite sensor system. The latter might become an option in the information infrastructure 
in the longer term. 
 

• Data transmission, reception and distribution: To improve accessibility to synoptic spatial data, data 
acquisition (transmission and reception) and distribution mechanisms are essential and they should 
therefore be part of the information infrastructure. Another important functionality that these mechanisms 
should support is the flow of locally generated data (such as terrestrial observations) upwards to users at 
national and international levels. This component only refers to physical mechanisms for data distribution; 
policy and institutional aspects are included in the information strategy. 
 

• Data processing: Many users of spatial information will not have adequate capacity (human, equipment and 
software) to handle raw spatial data. Geometric and radiometric correction, geo-referencing, re-sampling 
and primary classification are examples of basic operations on spatial data that require expert knowledge 
and specific hardware and software. The spatial data will have to be processed to a degree that suits the 
purpose of the user. Consequently, the degree to which data must be prepared is variable, between users 
and purposes. The processing could take place either by specialized agencies (data brokers) that directly 
communicate with the users, or it could be incorporated as automated procedures in the physical systems 
supplied to the user. 
 

• Data integration: The users make use of a multitude of data from different sources, of which synoptic 
spatial data is only one. All of these have a potential function in decision-making and they should therefore 
be appropriately integrated with the spatial data in order to arrive at proper conclusions. The integration 
should be transparent to the user. 
 

• Capacity building: Institutional capacity at both policy and technical levels has to be increased to integrate 
the information system into operational procedures for planning, management and monitoring and to 
ensure its sustainability within an organizational infrastructure. Staff qualities at all levels need to be 
compatible with these requirements, requiring large staff development inputs of an organizational and 
technical nature. Creation of awareness and formal education and training needs have to be identified and 
corresponding programmes set up. National and international linkages of institutes engaged in capacity 
building should be further developed and optimized. 

 
 
3.2 Epilogue 
 
Recent years have shown an increased interest in geo-spatial data infrastructures, defined as encompassing 
the networked geo-spatial databases and data handling facilities, the complex of institutional, organizational, 
technological, human, and economic resources which interact with one another and underpin the design, 
implementation, and maintenance of mechanisms facilitating the sharing, access to, and responsible use of 
geospatial data at an affordable cost for a specific application domain or enterprise. 
 
Geospatial data infrastructure seeks to support the sharing of data in a context ranging from global to 
continental, regional and national level, by means of a set of standards, such as national spatial reference 
system, a national topographic template, a national elevation model, any other standardized spatial data set of 
national scope such as geographical names, administrative boundaries, certain thematic data sets (soils, 
hydrology, vegetation, population, etc. and meta data standards to describe in a consistent manner each of the 
GDI holdings. 
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The surfacing of geo-spatial data systems result from the obligation, which governments the world over 
increasingly feel they have to facilitate access and promote the broadest possible application of fundamental 
geo-information This includes an obligation to provide descriptions of data in order to enable all users, including 
the private sector and civil society organisations, to make a judgement about fitness for use.  
 
Geo-spatial data infrastructure may serve a range of application domains. Groot and McLaughlin (2000) 
schematically present a GDI for the application domain of spatial and environmental planning and monitoring as 
follows: 

 

Groot and McLaughlin, 2000

Geospatial Data Infrastructure

 
 
 

Figure 3 Geo-spatial Data Infrastructure conceptual scheme 
 
 
 
A similar schematic presentation may also be given for forestry applications, making a distinction for global, 
continental/regional or national level scales. 
 
We conclude that further development of an end-to-end system for information provision for sustainable forest 
management could greatly benefit from incorporating the concepts and principles of geospatial data 
infrastructure or become an integral part of such systems/infrastructures at global, continental/regional or 
national level. 
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4. RECOMMENDATIONS 
 
It is clear that there is a substantial and urgent need for improved information supply, in terms of quantity, 
quality, detail and recentness. It is also clear that substantial relevant data and information already exist but that 
these are not accessible for various reasons. Efforts should therefore be made to make these data and 
information available through the establishment of mechanisms for international data exchange and information 
strategies. This needs to be supported by the development of new technology to make existing data and 
information available. Development of technology to meet the information requirements that cannot currently be 
met by existing sensors has no priority for the majority of users at this stage.    
 
The user requirement study has further created an interactive process and network of persons and 
organizations at all levels from the world forestry community which share the same concerns about information 
supply. In order to make use of the momentum created by the study, the following recommendations were 
proposed for appropriate follow-up action, both nationally and internationally: 
 
 
1. Put a supranational mechanism or mechanisms in place through an international protocol for the 

improved exchange of data and information between users without impeding existing information 
supplies. 
 
Currently there are no mechanisms for the exchange of (spatial) data between users, within and between 
levels. The distribution of synoptic spatial data (e.g. from satellite imagery) and the aggregation of local and 
national data into data sets for use at regional and international levels should be included in the 
mechanism. 
 
 

2. National governments should formulate and implement an information strategy for decentralized 
data management for sustainable forest management. 
Creating awareness plays an important role in improving the data supply. Political leaders and the general 
public should become more aware about the need for a sustainable use of the forests and the role that 
information plays in planning, management, assessment and monitoring. This increased awareness should 
result in commitment that can resolve part of the bottlenecks encountered in the distribution of existing 
data, by permitting general use of spatial data and by providing sufficient financial resources to acquire and 
process data. 
 
Many countries have policies and procedures that prohibit or limit the distribution or use of spatial data. The 
information strategy should provide the framework in which this flow of data is possible, while 
simultaneously safeguarding other national interests.  
 
 

3. The developed information strategies should be implemented. This could be done by validating and 
further tailoring the revisited FAME concept through pilot projects. These should encompass the 
complete flow of information from data generation and capture to the presentation of information to 
the user. 
 
The pilot projects serve to develop and validate a physical implementation of an information infrastructure 
for a limited number of users (with different profiles) in a relatively short period. Initially these will make use 
of existing technology and products. Specific user-friendly technology  may have to be developed for the 
users, providing integration of the different data sources. For satellite imagery, local receiving stations could 
be installed and reduced prices for images should be negotiated. Existing data sets should become more 
accessible. Capacity building material will have to be developed. 
 
In the meantime research has to be carried out to further elaborate the possibilities and limitations of 
existing and planned systems (availability, usability, frequency etc.) and to assess detailed requirements for 
technology to be developed. In addition, refinement of user needs and prioritization should be continued. 
The necessity of developing technology or data products that are not currently available should be guided 
by the findings from the pilot projects. This also applies to the actual development of new technology and/or 
data products, aiming at covering the identified gaps in information supply.  Even when initiated at present, 
such development would only give results in the longer term. 
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4. Capacity building modules have to be developed and applied for the different categories of users of 
the information systems. 
 
The users of the end-to-end system will require training in the operation of the system. Their organizations 
may have to adjust their working procedures and decision-making to incorporate the information 
infrastructure. The different management operations (planning, monitoring etc) require different kinds of 
training. 
 
In view of the clear perspective that emerged on the desirability of an operational end-to-end system and its 
main characteristics for supporting sustainable forest management at local and national levels, it is of key 
importance to maintain the current global interest in the revisited FAME concept and its implementation. 
The many (inter) national initiatives in the field of spatial data management and sustainable forest 
management and the technological developments can provide additional inputs or components to the end-
to-end system during its further development.  

 
 
Since the presentation of the results of this study discussions have been ongoing in the framework of FAO and 
Dutch support to sustainable forest management to initiate pilot studies. Brazil and Vietnam appear to be the 
countries where such pilot projects may start in the near future. 
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