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Abstract 
Forest Information Services and Systems (FISs) are becoming increasingly numerous largely because of the 
relatively recent increased ease of development of distributed systems within the context of the Internet and 
WWW.  Such systems vary both in design and implementation.  Some systems use remote sensed imagery, and in 
particular satellite imagery, as their primary data source for land-use map construction.  It seems, in general, on a 
rather longer time scale, such systems discard their base imagery, and offer maps and summary tables as their 
information products. Others FISs make no use of remotely sensed imagery. We ask the question: what FISs use 
sequences of satellite imagery as a continuing explicit feature of their information offerings, either as a means or  
adjuct to information display, or a means of re-analysis? A partial review is conducted in relation to this question 
with the answer “very few”.  It is argued and conjectured that any FIS concerned with spatially explicit 
information, on Forests, the Environment, or land-use in general, which aims to be flexible in terms of what is 
mapped, which aims to be accurate in estimating and mapping change, and to make forecasts, MUST, in the long 
term, retain and make adaptive use of historical series of satellite imagery. This conjecture is based on the fact 
that any map, no matter how good, is just a particular model, calibrated at one time, from the currently available 
data. Re-analysis and improved modelling with new data demands access to the old raw data!  The reviewed FISs 
are examined in relation to this conjecture.  The paper considers some of the problems involved in making use of 
historical series of satellite imagery, and makes some suggestions on how FISs of the future might make use 
image-fusion modelling techniques to make the conjecture become a fact. 

1. Introduction 
“Information” has always been of utmost importance. It comes in a variety of forms.  Shannon and Fisher defined 
two technical forms of information, which are crucial to modern communication, to concepts of diversity, and to 
modern statistical inference. It is the “I” in IS (Information Systems), and is the crucial second stage in the 
sequence: Data → Information → Knowledge → Wisdom.              (1) 

Information has historically played a crucial role in the evolution of mankind, human philosophies and societies, 
and is central to modern societies. The IST (Information Society Technologies) research priority of the European 
Union’s Framework 6 Programme takes it as given, that modern society is an “Information Society”, (IST 2004).   

The importance of timely and appropriate information has been long realised in modern business activities.  
Hence IS, BIS, MIS, AIS, … and the wide use and importance of databases as a means of storage and 
management of data and information. 

However, it was the initiation of the WWW by Tim Bernard Lee in 1991, his vision of a world wide distributed 
web of directly accessible information sources, and the web’s explosive growth since then, which has given birth 
to a vast range of web-based Information Systems and Services, including Forest Information Systems and 
Services, (FISs). 
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FISs take various forms. Some provide raw data, (such a tree dbh measurements), (e.g. the FIA database retrieval 
system), some provide information obtained from raw data, possibly simply by aggregation or summarization, or 
by more sophisticated methods of analysis and modelling. Some FISs provide both current information, and 
forecasts of the future, by the use of models to extrapolate, (e.g. the climate change atlas for 80 tree species 
available from USDA FS (2004)).  Some FISs do not hold raw forestry data, or even (first-order) forestry 
information, but are searchable databases of metadata about the sites and locations that do hold primary forestry 
data and information, (e.g. GFIS 2004).  

An implicit assumption of any FIS is that the information is suitable and adequate for the purpose for which the 
user wants it, (for example, that it is accurate enough). It may be that the user has to combine a particular piece of 
information with information from other sources in order to obtain the required synthesis and “knowledge”.  
However, it worth noting that there will be occasions on which this assumption is NOT justified. That is, the 
information provided by various information sources is not adequate to answer a particular question, or need. 

For example, suppose that in the past, when the maps for a particular region were constructed, it had been decided 
at that time, that there were 10 important forest-types.  The maps in the FIS will reflect this.  But, what if for some 
unforeseen reason, at some point in the future it is decided that it would be of value or interest to define 11 forest-
types, and that future maps are to be constructed on this basis. The 11th forest type may result from the splitting of 
one of the original 10 forest types, and in such a case, users of historical series of maps may analyse time trends 
for the original 10 forest types by re-combination of the split type.  But, what if the new type is a type that is 
intermediate between two of the original types?  Or, if we are particularly interested in the history of the new 11th 
type, before it was specifically defined and mapped?  Clearly, in this example, which is not really hypothetical, 
recourse needs to be made to the original datasets, and new classifications be done on that original data to provide 
estimates of the pre-history for the 11th forest type.   

In fact this example is typical of much scientific research activity.  One fits the best (known) model to the 
(available) data at a particular time and uses the result as the best representation of current knowledge. It is part of 
the scientific process to extend the base of raw data, and to develop new hypotheses, theories and models.  This 
scientific process inevitably leads to the requirement to fit the new models to the whole of the extended set of raw 
data.  Old derived information or old models fitted to partial subsets of data are of no use at all in this process.  
The analytical and modelling process has to commence anew from the extended base of data, using the new 
models, estimation methods, etc…. 

These points seem obvious from a statistical point of view. However, it seems that the builders of many of the 
current FISs are might not aware of these points, since mainly they are not be statisticians.  Hence, let us spell out 
the main points clearly in statistical terms in the context of two of the main issues in forestry management, that is, 
monitoring change and sustainability.   It is well known that reliable detection and accurate estimation of small 
changes in a large population requires a large sampling effort. The most efficient approach for change 
detection/estimation will depend on matched comparisons, and for maps of land-use, this will usually require 
accurate pixel co-registration on multiple images over time. Classified-map to classified-map comparisons will be 
largely useless since each cross-sectional classification will be dominated by the non changing pixels.  Monitoring 
growth of forested regions from series of observations must also clearly be done on a per-pixel or per-
compartment basis: comparing tables, aggregated over large regions, or comparing homogenised thematic maps 
are clearly not a suitable approaches to characterising and estimating (accurately) spatially distributed growth 
processes.  It seems likely that consideration of sustainability of forests, under climate change, should involve 
models of species diffusion.  The classified thematic map is not a good basis for building such models, and a 
continuous spatial model with compartments of species merging and mixing with each other is a more satisfactory 
basis. Maps are derived from the best classification of the available data at a given time. However, a map for a 
particular time, derived from a classification done on the basis of multi-temporal spectral signatures which are 
accurately co-registered over the time sequence is likely to be more accurate than the cross-sectional classification 
map. Furthermore, if one wishes to forecast future maps then it seems more reasonable to do so from the time 
series of raw imagery data than from a time series of cross-sectional maps. 

The general principles of optimal regression and prediction demand on the one hand that the observed data should 
be distributed fairly uniformly over the (temporal) range in order to best test the model adequacy, but that the data 
used for optimal regression-based prediction should be as widely dispersed (over time) as possible. 
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These considerations lead to the following conjecture in relation to FISs which aim to provide accurate map 
products, or tables aggregated over area-based units or spatial regions.  

The FIS-SSI [“Sequences of Satellite imagery”] Conjecture:  A FIS concerned with spatially explicit 
information, on Forests, the Environment, or land-use in general, which aims to be flexible in terms of what is 
mapped, which aims to be accurate in estimating and mapping change, and to make forecasts, MUST, in the 
long term, retain and make adaptive analytical use of historical series of satellite imagery. 

A corollary of this conjecture is that Satellite Image-Banks will be a basic feature of the FIS of the future. 

In section 2 of the paper, this conjecture is elaborated, and the possible infrastructure within which it might be 
implemented is discussed.  Section 3 presents a review of the leading FISs in relation to this conjecture. Section 4 
considers some of the technical challenges that need to be overcome for the conjecture to become a reality, and 
finally Section 5 discusses perspective issues. 

 

2. The FIS-SSI Infrastructure 

In order to achieve the implied operationally of  the FIS-SSI conjecture there are a number of issues that need to 
be considered: 

• That it is potentially feasible, in copyright terms, to make satellite images or their immediate derivatives, 
(in which the image is still discernable) available for free public access.  This is certainly NOT the case 
for the most recent images, or fairly recent imagery. However, for old images this might be negotiable, 
particularly with the sponsorship of originations such as the FAO and NASA. 

• Even if the first point cannot be resolved in the favour of public access to sequences of satellite images, it 
certainly is possible for map-makers and the FIS builders to retain access and potential for further use of 
old images in future re-analyses. 

• That there are the analytical and modelling tools available which allow the synthesis of sequences of 
satellite images.  This is of course continuing research area and more tools will become available in the 
future.  The FMA (20004), as proposed by Rennolls et.al. (2001), is a possible repository for such tools, 
even though the FMA is only currently in a prototype form. The Data-Fusion Server (2004) is more 
general web portal which could be used for model and algorithm dissemination.. 

• There needs to be a major change in mind-sets in a number of groups associated with FISs: 

o IS specialists need to accept the challenge of routinely constructing image-bases which maintain 
full access to the raw satellite imagery data. 

o Map-makers need to overcome the positive prejudice they have towards the “final map”.  That is 
the best map that can be constructed at any particular time, using the available data and the best 
available tools.  Such a final map product is a transitory entity.  The primary focii of concern 
should be the raw data captured in the sequences of satellite images, and the evolving/improving 
software that is able to re-analyse and re-classify to produce a new “final map” at any time, based 
upon currently regarded “best available dataset”. 

o Foresters and Environmental Scientists need to become more aware that a map in the form of a 
mosaic with well-defined boundaries is never as accurate as it looks.  The accuracy of the map 
varies spatially over the map and the reality is never just a classification in to a discrete set of 
nominal classes, but a complex which involves both classifications and continuities. 
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3. Forest Information Systems Reviewed:  the Series of Satellite Imagery (SSI) perspective 
There are very many Forest Information Systems and Services distributed across the world, and across the 
internet. Some are well established, having been built over decades, and provide access to vast information 
resources, while others are new initiatives that have great aims.  In this section the most obvious web presences in 
this FIS area are reviewed very briefly, with the aim being to assess to degree to which use is made of satellite 
imagery.  In particular, we consider the extent to which satellite imagery, or satellite imagery sequences are, or 
might potentially be, available to users of the sites concerned. Also, consideration is given to the question as to 
whether the site displays an explicit awareness of the potential of sequences of satellite imagery for monitoring 
long-term changes and growth, and the potential this offers for forecasting functionality. No attempt has been 
made to be comprehensive. However, it is hoped that the review might be regarded as indicative of the state of 
play of FISs in relation to possible future satellite imagery usage. 

The Food and Agriculture Organisation, FAO (2004), of the UN, has been the leading Forest Information 
Integrator/Provider at the global scale for decades. The FAO site provides a vast database of secondary and 
derived forestry information, mostly by compilation of information provided by national forest authorities. 
However, with the limited quality of national forest inventories, (if they exist), in developing tropical countries, 
the FAO has been forced to rely on satellite imagery, initially at a very low resolution (1km2), but in considering 
the extension of the use of satellite imagery to the entire globe, is looking at using much higher resolutions, but 
probably combined with sampling, (Tomppo and Czaplewski 2004). Download maps are based on satellite 
imagery, but there is no user access to the original imagery data. 

The USDA Forest Service “portal” to its suite of Forest Information Systems is a single html page listing 13 
separate FISs, USDA FS (2004).  The following are the first six items on the list: 

 Fire Effects Information System, Wildland Fire Assessment System, Fire Management Tools  

 Forest Inventory and Analysis National Database Retrieval System, 

 Climate Change Atlas for 80 Tree Species of the Eastern US  

All of theses represent important forest information resources.  In fact these sites, as a whole,  represent the 
highest level of information provision and information service in any single organisation.  It is noted that fire 
monitoring studies generally DO make full and explicit use of satellite imagery, and such imagery is generally 
used as the backdrop in the display of forest outbreak data. However, since fire outbreaks are a relatively short 
time-scale events compared to most other forest land-cover change events, it is not clear if the conjecture 
concerning the long-term use of Satellite imagery is as relevant for fire FISs as for forest land-use oriented FISs. 
Hence this paper does not attempt to cover the forest-fire FIS area.  

The FIA National Database Retrieval System is very extensive in the data resources it makes available to its 
information customers.  The data is generally tabular in nature, with geo-referenced locations and provision of 
maps, (Miles, 2001).  Satellite imagery is one of the main primary sources of data in the constructions of FIA 
maps and databases.  There is a current project in the FIA to use all available information, including remote 
sensing, to construct the best  national biomass map.  However remotely sensed raw data is not one of the 
information products made available by the FIA.   

The US Center for Tropical Forest Science (CTFS 2004) of the Smithsonian Tropical Research Institute, has led 
in the collection and analysis of unrivalled globally distributed datasets on tropical forest ecological structure, 
diversity and dynamics, and issues of tropical forest management, and conservation. The CTFS website provides 
reports and papers on scientific results of the Center’s research, and invites collaborative research projects. 
Historical series of satellite imagery is undoubtedly available to the researchers in this well-funded long-term 
project.  The project has data at all scales of resolution both in time and space, from the microscopic to satellite 
imagery, so project researchers are well placed to examine issues of law-morphing across scales.  However, the 
data resources of CTFS are not openly available in general.  

Canada’s Council of Forestry Ministers (CCFM) has initiated, from about 2000 its National Forest Information 
System, NFIS (2004), an ambitious undertaking building on substantial provincial experience in building FISs.  
The aims are integration on a national scale of the forest information resources collected in the provinces and 
territories to provide an open, flexible and accurate forest information system.  The work-plan and development 
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strategy are incremental to ensure a good match to user requirements, and professional in most planning aspects. 
The CCFM-NFIS project is clearly aware of the challenge of standardisation raised by independent data collection 
standards in its provinces, and considers “generalised data models” as the solution:  

“Generalized data models allow the seamless representation of information by mapping (or translating) attribute 
information to a common representation. For example, site index may be expressed as a function of base50 or 
base100, top height or dominant height and breast height age or germination point age. The seamless mapping or 
reporting of site index requires that it be brought to a single common base.” 

The dependence on “generalised data models” would seem to be a necessity, but with an interpretation of this 
term is as an integrative data-fusion-model spanning the various forms of data and measures collected, and the 
empirical, statistical and mathematical relationships between them.  The quotation has a number of worrying 
aspects.  First,  “data model” is the term used by database specialists to describe the logical structure of a 
database. This is a completely different “model” from the data-fusion-model that is necessary to achieve the 
standardization goal. Also, “base50 or base100” seem to be terms unique to this NFIS site, and are probably 
meant to refer to the “base-age 50 or base-age 100” height-based site indices. Finally, the rather light usage of 
phrases like “seamless mapping” and “single common base” seem to imply that there is a possible lack of 
awareness of the difficulty of this task. See some of the difficulties with the “simple” concept of top-height, which 
are still not fully recognised, let alone fully resolved, even after more than 30 years of research, (Matern 1976, 
Rennolls 1978, 1979, Garcia 1998,2004, Magnussen 1998, BC Forest Productivity Council 1998).  The following 
statement, and the terminology in it, also seems to imply that the CCFM is under the mistaken impression that an 
integrated database model is the same as the integrated data-fusion-model: 

“The generalized CCFM-NFIS data model will be based on existing data models instantiated in Ontario 
NRVIS, BC INCOSADA, the National Forest Inventory, and others as appropriate.” 

Hence, it seems that CCFM-NFIS in taking on the national challenge of being the world’s leading forestry-
information nation, might have taken on rather more than it realises.   

Concerning the historical series of satellite imagery in its information resources, and suitable analytical 
tools in its tool-armoury? Among its list of features the CCFM-NFIS site gives are: 

• “capability to extract and download full resolution data from distributed data warehouses” 
• “selective data synthesis and analysis capabilities” 
• “multimedia integration (pictorial, textual, map, tabular)” 

It seems rather unclear if these features include historical satellite image-banks and tools for their integrative 
analysis. 

IUFRO’s Global Forest Information Service, GFIS (2004), is a fairly new project, having been launched at 
the IUFRO’2000 World Conference, (Päivinen 2001).  GFIS introduces itself with: 

“Welcome to GFIS: Your Gateway to the Global Marketplace for Forest Information.” 

GFIS, being a searchable metadata repository relating to forest data and information sources, holds no 
primary data, and in particular, no historical series of satellite imagery. 

The European Union’s European Forest Information Service, EFIS (2004), grew out of early aim for 
standardization of forestry information across Europe, (EFICS 1989). EFIS is still in protostype stage and 
has at its core the use of a GIS-based visualisation and analysis tool. The Network of European Forest 
Information Systems, NEFIS (2004), is an extension of the EFIS project that brings several forest data-
resource owning European states into the forest information sharing consortium. The EFICS/EFIS/NEFIS 
project stream has been led by EFI in conjunction with the EU JRC, and IUFRO. Essentially, these 
European projects share common integrative and standardization aims with the CCFM-NFIS.  However, 
EFIS does not explicitly make use of satellite imagery.  A recent NEFIS Technology Review emphasised 
the need for the use of satellite imagery, and the development of integrative data-fusion tools for 
standardisation, probably based on satellite imagery. 

However, in recent activity within the EU FP6 has set up a new Institute for Environment and 
Sustainability, INFOREST (2004), which has very wide responsibilities covering the Forest Information, 
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the Forest Fire Monitoring and Environment and Forest Protection function, including Biodiversity 
considerations.  Interestingly, one of the tasks for 2004 is: 

“4.1. Report and first results on a strategy based on Earth Observation and GIS to implement indicators of 
MCPFE criteria (forest resources and biological diversity); in particular forest type and area and 
landscape forest spatial pattern using EO data of appropriate spatial resolution for Europe (i.e. spatial 
resolution larger or equal to 250 meters), and adequate image classification methods (as opposed to 
automatic clustering procedures) (Dec. 2004).” 

The European Forest Institute (EFI) has only been in existence for just over ten years, but it is developing an 
impressive portfolio of Forest Information Systems, (European in focus), linked to a set of models and analysis 
tools. EFIDAS (2004), the European Forestry Information and Data Analysis System, is a searchable metadata 
repository, but it does link in with an expanding set of secondary and compiled forestry databases on various 
aspects.  The design and implementation has evidently been top-down as well as bottom-up, since there is no 
‘Data Analysis System’ in evidence at this time.  EFISCEN (2004) is a (Leslie) Matrix projection type model 
based on forest area (and to some extend diameter distributions) that is applied to an associated  ‘EFISCEN 
European Forest Resource’ Database (EEFR 2004).  The complexity and extent of EFI FIS offerings are such that 
it is not easy to see the limits of what is available.  Whilst forest maps which are presented on the EFI pages will 
have made use satellite imagery, there seems no direct use of satellite imagery and no current plan for an 
historical European Forest Imagery database, (yet). 

AGRIFOR (2004) “ … is a gateway to evaluated, quality Internet resources in agriculture, food and forestry, 
aimed at students, researchers, academics and practitioners in agriculture, food or forestry, … created … at the 
University of Nottingham Greenfield Medical Library, in partners …”. Agrifor itself reviews and summarises the 
primary sources that it refers to but does not itself contain or use primary data/information such a remote sensed 
imagery, though many of the sources that Agrifor refer to do.  

Finland’s FIS offerings (METLA 2004) are mostly for domestic consumption. The national forest inventory 
makes extensive use of satellite imagery, (Holmström, Hallikainen and Tomppo 2003), but the final products are 
traditional, being tables and maps of estimates of current forest resources.  Much of the activity in Finland is not 
obvious from its FIS offerings. For example forest planning seems to be based on JLP, a classical Linear 
Programming approach, applied to forestry, while management and forecasting seems to be based on MELA, 
which is a stand-level forest modelling system that was developed in the 70’s; even so Finland is in the forefront 
of process based modelling research, (Makela 2000). 

Ireland’s most recent Forest Inventory and planning system, made full use of EO imagery, (Landsat thematic 
mapper) and used sophisticated classification techniques, and the SILVICS software (McCormick and Folving 
1998). However, the EO data was a raw data source rather than a product.  

The United Kingdom’s National Inventory of Woodlands and Trees (UK NIWT 2004) uses aerial photo images 
together with sampling schemes from digitised map sampling frames. The UK forest cover is very low at 12% and 
is considered not to justify the use of EO imagery. 

Sweden’s National Forest Inventory, SNFI (2004), also makes no use of satellite imagery, but plans to do so 

The French National Inventory (IFN 2004) does not make use of satellite images, preferring the high resolution 
and stereo aerial-photo images, in common with the UK national forest inventory. 

ATROFI-UK (2004), (Baker and Wright, 2001) the Archive of TROpical Forestry Inventory provides 
“Documentation of UK holdings of growth and yield, inventory and other data from tropical forests”.  It is a meta-
data repository and does not provide direct access to primary data, and does not make use of satellite imagery. 

 

4. The Challenge of Multi-Temporal Remotely Sensed Imagery 
The main potential of multi-temporal multi-spectral satellite imagery is that that it may be used as a basis 
for spatial prediction/interpolation and for prediction into the future.  
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Multi-temporal and multi-spectral data is data inherently without “operator bias”, in the sense that the EO 
instrumentation is applied uniformly for all regions for which a particular instrument is relevant.  Hence 
such data may potentially be used to address the problem of differing definition measurement standards in 
different regions, (Countries in Europe, provinces in Canada).  There are issues concerning differing 
definitions of what is defined to be a forested area, both in terms of minimal area, and in terms of 
percentage crown cover. EO data clearly can form the basis of a common scale of definition and 
measurement. Definitions of the minimal dbh to be measured also vary regionally, and hence the closely 
related primary variables of basal area and timber volume, and biomass. Moderate to high resolution 
satellite imagery would provide some common coverage of the larger scale, particularly in relation to crown 
area distribution , and using the relationship between crown area and dbh offers some hope for the solution 
of trans-regional standardisation in terms of these primary variables. 

However, while there is certainly potential, there is also a long list of technical challenges.  Challenges 
which have in fact been apparent for several decades and are still with us, some of them still un-resolved, 
and even for  those which have been resolved, there are the remaining problems of implementation, 
availability, and acceptance. 

We mention some of the problematic areas: 

• “ground truth” : correct typing and co-location with imagery. 
• fuzzy or probabilistic? 
• spatial and spectral co-registration of series of images. 
• pixel or compartment based?  
• supervised, unsupervised or both? 
• spatio-temporal classification algorithms? 
• models and filters: modelling the trend without filtering out the change and growth. 
• modern methods: non-parametric kernels:, or wavelets, or z-trees, or …? 
• coping with differing pixel sizes, orientations: re-sampling. 
• sub-pixel modelling/estimation 

 

Many of these items appear on the list of topics of this conference.  Similar items have been on the research 
agenda for the last 30 years, and though there have been a. lot of advances, the challenges are still with us.  
See the accumulated work in MULTISPEC (2004) site at Purdue/LARS (2004) University, and in 
particular, the work of Professor David Landgrebe. 

5. Discussion 
Most of this paper has basically been of a discussion nature, and the points made and discussed 
above are not repeated here. 

The conjecture presented in section 2 of this paper; that FISs MUST make re-use of series of 
satellite imagery, is not part of the common thinking and planning of those designing and building 
FISs.   

Why? I can only surmise that the reason is one of perspective.  Perhaps what is seen as a major 
issue and a major data resource, from my perspective, is not seen in the same way from another 
professional or technical perspective.  In this case the question that must be asked is: 

“are the basic principles of the perspectives, relevant and appropriate to the task of building the 
FISs of the future?” 
My own perspective is that of a statistician, involved over decades with forest inventory, and the 
inventory of other populations around and in forests; also as a statistical modeller currently 
engaged in building forest models, and models for use in data-fusion for series of satellite imagery.  
Hence I claim that the insight and challenge posed by the conjecture of this paper are indeed valid. 
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In fact the challenge implicit to the conjecture is primarily directed to those involved in the area of 
the Information Sciences and Information Systems, the experts predominantly involved in, and 
responsible for, the building of (distributed) information systems.  I ask : “are the techniques that 
are being brought to bear really perfectly adapted and suitable for the solution of the problems of 
future FISs.  My answer has been negative, and I write this paper to raise a defence and hence, 
hopefully, a discussion which will lead on to the solution of some of the problems that face the 
wider team builders of flexible trans-regional FISs of the future. 
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