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1. Introduction

1.1. Background

The MAR-SFM project, which has 26 member countineSouth-East Asia and Pacific,
aims to develop a harmonized Monitoring, AssessrardtReporting (MAR) system
for Sustainable Forest Management (SFM) and toyappi the Asia-Pacific region.
The author of this report was assigned to the ptajethe beginning of 2010 in order
to provide technical support regarding informatsystem technologies.



The work included several subtask. It started wéhign of a brief questionnaire re-
garding forest information systems and databades qliestionnaire was distributed to
the forest administrations in all project countiie®rder to create a broad picture of
how they are working with these tools today. Nesk was to carry out case studies in
Cambodia and Lao PDR. A third subtask was to ess@eparation and implementa-
tion of a training workshop on "Effective Tools felanagement of Forest Information”
with participants from 20 countries. This reporgents a review of current technology
used in forest related information systems. Thentsgrom the questionnaire and case
study are available as a separate document (WgJI2@10a and 2010b).

1.2. Purpose

The purpose of this study wasrtview general principles dorest information sys-
tems', to identify organizations involved in developmeffarest information sys-
tems in the Asia-Pacific region, tiescribe future national forest information systems
and to recommend an appropriate framewaork for agweént of national forest infor-
mation systems.

The main findings in this report are based on swidf literature available on the Inter-
net. In addition a study visit was made at FAO lopg@adter in Rome where most of
their forest information systems were discusseti vasponsible developers. Experi-
ences from the above mentioned case studies astiaueires have been included in
this report.

1.3. Limitations

The review has been limited to techniaapects of forest information systems. Other
aspects have been reviewed elsewhere, for instarthe Forest Sourcebook (World
Bank, 2009) and the National Forest Assessmentsviaige Reference (FAO and
IUFRO, 2004). Such important aspects of forestrmftion systems are primarily:
organizational issues, cost/benefit relationshiffsymation needs, links to political
decision making, etc. Another limitation to theenttof this review was the available
time for the entire consultancy mission, which \firas months.

2. Introduction to forest information systems

2.1 Application areas

The national forestry organizations are not orgeshim the same way in all countries
but there are some common properties that haugeinded of how forest informa-
tion systems are used. The typical forestry adrnation is divided in three levels
where the national agency is located in the capitdlhouses the supervising func-
tions and some special departments, e.g. the plgramd ICT departments, a Re-
mote Sensing centre, etc. The provincial level mys®f a number of offices with
functions for management and support to the distffcces. The district office are

! Forest information systemis simply a generic term for information systersediwithin the forestry.



spread over the forested areas of the country ansds the staffs that work in the
field with supervision, watershed protection, pictforest management and related
tasks. Information systems can support the taséf ktvels from the collection of
field data in the districts to the compilation eports and all kinds of analysis at the
national level.

The overall objective foenterprise-widénformation systems is generally to achieve a
situation with

« Timely access to consistent, accurate data

« Sharing of data for collaborative decision-making

« Improved communications across departments andsleve

+ Reduced duplication of tasks and efforts

+ Fast, efficient service to both governmental offie&d the public

A FIS can for instance facilitate the task to cktaiand fill in the many forms that
are required by systems that collect data frononatireports and store them in a
central database like the ASEAN-MAR system. Fooffsters can use a FIS to, cal-
culate areas, create new types of regions by agtjoegof polygons, calculate the
carbon sequestration, create buffer zones aroueanss and design maps.

Beside the reporting tasks there are several atttasties that can be supported by a
forest information system, e.g. inventories and pirag of forest compartments in
the field, planning for new roads, watershed plagnin order to prevent dis-
turbances to drinking water quality, transport piag and optimization, etc. Table 1
shows a tentative classification of forest inforimiatsystems based on their applica-
tion areas. The first five types can be considaetMAR systems", which means
systems used for Monitoring, Assessment and Reypaittivities.

Application area Type of data User group

Statistical and advanced analysis  Spatial andspatial Specialists at Analysis Units in the cdntra

administration.

Field inventory Spatial and non spatial Speciabgtdifferent levels

Remote sensing and mapping Spatial SpecialistSABFS units in the central ad-
ministration

Reporting on forest conditions Non spatial Officatsll levels

Other monitoring, e.g. fires, Spatial and non spatial Officers at all levels

crimes, etc

Forest management Spatial and non spatial Offremyzonsible for forest management,
private forest owners

Watershed management Spatial and non spatial Sipexia the central administration and
other national agencies

Transport planning Spatial and non spatigl Spextgabin local levels

Timber market analyis Non spatial Specialists i ¢bntral administration

Information to the public Spatial and non spatial ubR access via WWW

General purpose Spatial and non spati?l All membéthe staff (via Intranet)
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Table 1. The most common application areas for forest information systems

2.2. Technical description

An information system is generally considered aek tool. It is designed to help a
user to perform certain recurrent tasks. A foréfster may have to keep track of a
number of activities or events in his district aedort them to a central office. The
system provide tools to collect data about thevaiets, store the data in a database,
edit data, search for and select relevant informnattd report and to design a report in
a standardized format.

A (computer-assisted) information system has fasidocomponentsoftware,
hardware, databases anduser. The user is considered a component of the system
since the users background knowledge helps toectadbrmation” from "data’.

This generally means that an experienced and waltaged user can get more sup-
port from a certain system than a less educated use

software hardware

databases user

Figure 1. The four components of an information system

Users of forest information systems

As seen in table 1 the users of information systambe found everywhere in an
organization. If the systems are web based thes wser be found in other organi-
zations or in the general public.

Hardware

The typical hardware for the ordinary user is apeal computer (PC). It is normally
a desktop computer but lately laptops have becather common. Officers that
collect data in the field can be equipped with Ra¢kCs (also called PDA, Personal
Digital Assistant) combined with GPS's for collectiof coordinates. Through the
internal network the users generally have accepsitters. A corporate system will
also include one or several computers that acta®is for databases. Probably
there will also be a web server.

Databases
A database might be one single file with many rdspbut a database generally con-
tains a group of files. A metadatabase is a typ#atdbase that contains data on exist-

% In this report the terms data and informationrawestly used as synonyms



ing databases. Information systems within a famdstinistration generally contain
several different databases with both spatial ammdpatial data.

Soatial data® is information about the locations and shapesofjgaphic features,
e.g. forest compartments, and the relationshipsdet them, usually stored as coor-
dinates or raster cellblonspatial data are data without inherently spatial qualities,
e.g. tables containing timber prices. The diffeezhetween spatial and nonspatial
data is not always obvious. Data collected fromamlots in a forest inventory are
for instance "spatial” if they can be linked taadtion of a geographic point with
stored coordinates (and presented on a map), addeetiiey are "nonspatial”.

Spatial data of the most common type (callector), consists of a set of objects or-
ganized as thematic layers, e.g. forest standd,mefs topography, etc. The data de-
scribes both the geometry of the objects (boundarid¢orest stands) and their attrib-
utes (species, age, height). A layer can be coregide be a separate database.

Software

The software in an information system is genersdigne kind oflata base manage-

ment system (DBMS). Such software's have a number of modwegditing, proc-
essing and querying the database. They usuallyhal® tools for further customi-
zation of the software for certain use cases. iff@ans that it is possible to add
scripts or program modules that support speciadyq queries, analyses and reports.
Software that can be customized in this way isnofi@lledsoftware platforms or a
development environment.

The components in an information system are gelyetasigned according to the
needs of the user or a certain group of usersh wombination of software's, data-
bases and hardware is calledapplication’ or just asystem. A more advanced ap-
plication (system) can in fact consist of severfietent software's as well as several
databases and hardware components. Figure 2 sheiwple example of an applica-
tion that has multiple components of each type.

Software Hardware
ArcGIS Desktop PCs
MS Excel Data server
(SQL Server) Printer and
plottel
Databases
Compartments Users
Planning details Forest officers
Map laver

Figure 2. Example of the components of a Forest Information System

Commercial applications of forest information sysseare generally built with GIS
platforms, e.g. ArcGIS, since a great deal of thadised in monitoring are spatial

% also calledyeospatial
* The termapplication can also refer only to the software component



(maps of different kinds). Some applications aredner built primarily on standard
DBMS platforms, e.g. SQL Server. In both casesaliegenerally an interface to the
other type of software. This means that GIS baggticGations have interfaces to a
standard DBMS for storage of nonspatial data aattMBMS based applications
have interface to a GIS or mapping software fopldi of maps.

Systems based on GIS software were originally ¢htoed in most developing coun-
tries as a tool for map production. Digital ortofd®and satellite images were used for
interpretation of borderlines of forest types. The®re digitized by the systems and
the data became the starting point for cartogragéii@basesrhe systems were also at
the beginning used for digitizing paper maps.

The table below shows a number of commercial soft\wdhat are developed for
creation of forest information systems. Most ofithare built on a GIS platform,
usually market leadingrcGIS, but some are built on a standard DBMS as inditate
in the table.

System nhame Manufacturer Type of Running
software Environ-
platform ment

Assisi Forest Assisi Software U.S., http://www.assisisoft.com/ 8 Desktop

Cypress American Forest U.S., DBMS Web

http://www.americanforestmanagement.com

FOREST Oy Arbonaut Ltd. Finland, , http://www.arbonaut.coGIS Web

Forest Records WoodPlan Ltd. U.K.,http://www.woodplan.co.uk/ GIS egktop

pcSKOG pcSKOG AB, Sweden, http://www.pcskog.se/ GIS degskto

Woodlands Cengea Solutions Canada http://www.cengea.com GIS | Web

Woodstock Remsoft Inc. Canada Woodstock, GIS Desktop

http://www.remsoft.com/

Zenith Savcor Group Ltd. Oy Finland DBMS Desktop

http://www.savcor.com/forest/

Patchworks Spatial Planning Systems Canada, GIS Desktop

http://www.spatial.ca/

Table 2. Examples of commercial software's that can be used for design of Forest Informa-
tion System

Forest information systems in larger organizatiosrge generallglient-server ar-
chitecture. This means traditionally that the aggilon software is installed on a
desktop computer (or laptop) but at least sombaetihtabases are located on a
server accessible via network connections. Seeéeaits can access the database
server simultaneously. A more modern architectsitbat the client is a web browser
(thin client) or a simple java-based softwatki¢k client). The application is in this
case installed on a server and the databases daocdbed at this computer or another
(figure 3).

Web based GIS applications are often calMshGIS. In later years these have been
more advanced and can substitute some older desidigtlations. Table 1 above
shows that some of the commercial FIS software€' saailable as both desktop and
web versions.



A simpler type of WebGIS is callatfeb Map Services (WMS). These systems can
be used as tools to present spatial data, e.gidasdor hotels, on web pages. They
they can also be used by people who just needteder maps for some information.
Google Maps is an example of a WMS with a thin client whiteogle Earth could

be used as an example of a WMS with a thick clignte you have to install a spe-
cial software in order to be able to use this tdbk difference between WebGIS and
WMS is however not always clear.

GIS

Data
server

i

[ ]

—— Desktop users

Mobile users

é

Figure 3. Description of an enterprise-wide spatial information system

Modular design

Information systems generally have several modulesibsystems. There may be
one or several tools for data collection, eithethim field by GPS or in the office
through screen digitizing or various remote senseafpnologies. There may also
be separate systems for processing and storape data. Other software may be
used for assessment and reporting, but these systengenerally integrated with
the software for storage and retrieval of data.

In smaller organizations all of these subsystemsbeacombined in one applica-
tion and installed on a single computer. In govezntal agencies and larger en-
terprises it is more likely that the subsystemsranming on several different
computers connected to a common database. Someétimegstems have an all-
embracing name, for instance #azonian Protection System (which is a Bra-
zilian system with the purpose to detect and preMegal logging).

There may be several separate databases in a atrgorganizational) system.
One database can store data from field inventonéiscted at sample plots or
forest stands. Another may contain satellite imageba third can be a set of data
layers used as base maps, e.g. roads, riverg,leise databases may be managed
by separate types of software and therefore pexdeag separate forest informa-
tion systems, but from a organizational point @withey can also be considered
as subsystems of a national system. They are dsneéeaigned to function to-



gether in order to create and maintain the bedilplesdescriptions of the national
forest resources.

FMIS and FDSS

Applications used for management of productiondty@re often calleBlorest
Management Information Systems (FMIS). These applications support planning,
analysis, reporting map design. The productionshtsrare generally divided in man-
agement units called compartments or coupes fociwdeveral data are captured and
stored. In most countries FMIS's have since lorgpiyee an necessary tool for offi-
cers engaged in practical forest management. ThreR&IS has also been used for
such business systems that have the ambitionseigrate most of the management
processes in a forest administration into a sisgitem environment. This type of
FMIS may have modules also for accounting recdrdsjan resources, etc. Most of
the commercial systems listed in table 2 are inrfzarketed as FMIS.

Forest information systems that have more sophistittools for analytical model-
ing could be calledorest Decision Support Systems (FDSS). In forestry, they are
used extensively for timber-harvest schedulingea@n of silvicultural treatments,
logistic calculations, insect and disease manageratn FDSS's are often built on
GIS software. If not, they generally have functiémsexport of the results of the
analyses to mapping software's or a GIS. The diffeg between FMIS's and FDSS's
is not always obvious.

2.3. Development of forest information systems

Needs assessments
The reasons for implementationariterprise-widdorest information systems is gener-
ally to achieve an situation with

« Timely access to consistent, accurate data

« Sharing of data for collaborative decision-making

« Improved communications across departments andsleve

+ Reduced duplication of tasks and efforts

« Fast, efficient service to both governmental ofieed the public

Well designed information systems are adaptedder needs and easy to handle. The
users feel that they really get good help to dar tasks and they are anxious to im-
prove their system with extended functions. Theéesys may not be fully developed at
the implementations in an organization but theylmaimmproved with more functions
and data gradually. Applications designed for pmoidl forestry officers should be
based on a thorough needs assessment in orderate cystems that really improve
their productivity and give them possibility to ames relevant questions, for instance to
monitor changes in the forest cover and calculegasaof these changes. The assess-
ment should include needs for hardware and softasamgell as databases. In the last
case it is important to distinguish between whaa diaat is needed and what is avail-
able (but maybe not needed).

Experiences of support to FIS development in SE Asi



The German development agency GTZ has summarizegtierces of 25 years of
technical cooperation regarding natural resourceagement in Southeast Asia. A
special report (Buchholz et al, 2005) describesralyrer of projects related to informa-
tion and communication technology (ICT). The lesslmarnt are of general interest
and a few of them are cited here slightly shortened

1. Setting up and implementing an efficient infotimia system is not only a technical
issue, but also implies demands on the organisataswell as communication culture
of an institution. Therefore the managerial leveds to be integrated at all stages of
development and implementation.

2. The application has to be tightly integratethi® work processes and has to facilitate
the ordinary tasks of the users. They have to épes a personal gain; otherwise a
resistance to the system will occur.

3. The quality of the data available for the systemiften poor. As a result the outputs
are disappointing, and the system is made resgerfsibit. Care needs to be taken to

not only build an empty system shell, but to make shat a sufficient amount of qual-
ity data forms the core of the system.

4. The project management unit needs to be awatalévelopment of an information
system is a complex task. Enough resources, finhasiwell as human, have to be
allocated to the work team.

3. Organizations involved in development of forest in-
formation systems

3.1 National organizations

Forest Information System (FIS) is, as mentioneaaba generic term for applica-
tions used within the forest sector. Such a sysi@mvary in design from a single user
application with a small database to a enterprigk\wystem with installations on
many computers connected to a network with datzesgland plotters.

On a national level FIS's are used by governmenmggnizations as well as forest
enterprises, some NGOs and many private forest iswmbe governmental users are
found in different ministries, primarily the Minrgtof Forestry or its equivalent and
in the agencies responsible for management of alatesources. In forestry ad-
ministration there might be an Inventory Unit andemote Sensing Unit which are
the main users of forest information systems. Imenteveloped countries the avail-
ability of ICT equipment is good and most of theeft officers have access to vari-
ous information systems on their desks.

The forest owners, private as well as governmewntaich use FIS's for planning of
forest management need to have data with highutsol For the monitoring agen-
cies at national level the need for data with mediasolution is mostly sufficient.

FIS's can be developed by local experts that andiéa with GIS and DBMS soft-
ware's. Sometimes the know-how is available withanforest administrations but
more often consultants are hired for system devetop tasks. These generally start
with assessments of user needs followed by devedapof pilot applications for
testing. The design of the database is cruciahebenefit of the system. It is im-



portant to store data with optimal resolution aoduaacy in order to keep the costs
for data collection low without losing possibilisi¢o use the system for its purposes.

Examples from LAO PDR

From a case study in Lao PDR made by the auth2@1® a few examples of forest
information systems will be mentioned (Wellving,12@). The systems have been
developed mainly by international consultants. &insystems, more or less ad-
vanced, are available in most countries in Soutl Asd Pacific according to a re-
cent questionnaire (Wellving, 2010b).

The Department of Forestry in Lao PDR have intredua nation widé&orestry Re-
porting System which is based on internally standardised procseasd activities. An-
nual work plans and monthly reports concerning éatygolumes, etc can be entered in
the system by provincial forestry officers eitharlme or by submitting the data by
email for later upload at the head office. Theatlase is built o8QL Server. The
forest officers at the head office compile the data standardized or special reports.
There are also other systems. An application c&lfetlarvest is used for calculation

of annual harvest plans, another system for stamadgeetrieval of inventory data is
calledFIMP. The software platform for these two system¥&Access.

Modern GIS software is used for management of pla¢ia information and for de-
sign of maps at the RS/GIS center in the DepartroeRorestry in Lao PDR. One
application, called>|S Database, is used to produce forest management plans. It is
built on ArcGIS Software development for a new web based GlSdwestly started.
The server is based &lostGres open source software. The application will make it
possible for the staff members at the provincia¢$try offices to get access to spa-
tial databases through a web browser. This systsmabt yet got a name.

Similar systems are available in most forest adstiaiions around the world. Some
are rather simple from a technical point of viethes are contain a lot of modules
and databases that work together as rather advagsezins. Some offices have staff
members that can develop these systems but mdsmfrely on consultants. Ac-
cording to the result of a questionnaire (WellvE@0b) most of the systems of this
type that are used in the region are basellienosofts Excel or Access. System that
manage spatial data and can be used for map prodsiere most often based on
ArcGIS

3.2 Regional organizations

Regional organisations that use forest informasigstems are generally engaged in
management of natural resources. They collectfdataonitoring purposes and for
production of maps. From the Asia-Pacific regidewa examples will be mentioned.

ASEAN-MAR is a system managed by the ASEAN secretariatsaodriently under
construction. When operative it will contain a vastount of data on forest resources
in its ten member states. These have agreed toitsimbonmation on their forest re-
sources using a standardized format for severriatgesubdivided in a large number
of indicators. See the link: http://mar.aseanfeoésh.org

Global Forest Watch (GFW) is an initiative of th&Vorld Resources Institute (WRI)
in Washington and it is supported partly by the W@&@ank. GFW has established an
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office in Indonesia with the purpose to monitor theest situation in the country.
The local organization is calléebrest Watch Indonesia and it manages a database
regarding forest industry and concessions for loeggihis is available on their web-
site (http://fwi.or.id/). Indonesia has since 2QGé& support from WRI developed
and implemented Borest Monitoring and Assessment System (FOMAS). This sys-
tem is built on a DBMS combined with software foaprpresentation.

The Mekong River Commission (MRC) has a head secretariat located in Vientiahe. T
secretariat has a technical division which is mamageveral information systems.
Some of them can be used for monitoring of nat@sdurces including forests. Data
can be downloaded from the MRC website (http://wmrekonginfo.org).

Pacific Islands Applied Geoscience Commission (SOPAC) is an inter-governmental,
regional organisation promotes sustainable devedmpim the member countries.
SOPAC runs a web portal with statistical data aswious downloadable documents.
There is also a Web Map Service with topographa thematic data sets, e.g. forest
cover. Such interactive maps are available for rmbtiie Pacific states.

3.3 International organizations

The main users of forest information systems agtbbal level are international
non-profit organizations. Within United Nations teeare several bodies such as
FAO, UNDP, UNEP, WMO, etc. Other international @sand/or producers of forest
related databases are #herld Bank and the regional international development
banks like ADB.

The systems in these organizations are primariyl dsr inventory and monitoring,
which means collection, storage, analysis and ptatien of data from the whole
world. Numerous databases and information systeiisfarestry related content
have been created by these organizations througheyears. Some of them have
been abandoned due to high costs and little bengfiers have proven to be useful
and further developed. In this section some ofistem at FAO, one of the major
actors regarding monitoring of global forest resest will be briefly described fol-
lowed by a description of some other relevant ira&onal systems.

3.3.1 Systems with connection to FAO

Food and Agriculture Organization (FAO) has among other tasks a mission to help
developing countries to improve their forestry eext Monitoring of forests means to
measure the extent, characteristics and condifitand with at least 10 % tree cover.
Data are mostly collected through satellite-bomsses with relatively coarse resolu-
tions (30 — 1000 meters pixel size). The informai®compiled by FAO and falls
into two areas. The first ferest production, which is data and statistics on the produc-
tion, consumption, trade, etc. The seconfriest resources, which includes data and
statistics on the area, stocking, growth, conditiad type of forest resources in countries.
FAO also compiles a wide range of forestry inforimaiabout biological and technical
parameters, policy and institutional developments social, economic and envi-
ronmental factors. Here follows a short review wfrent systems and projects:

FORIS
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FORISis an information system developed within the BoseDepartment of FAO. It is
available from a web site where several forestedlaervices and databases are gathered.
The system is built o@racle. It is an internal system and only accessible fFh®

intranet.

FRA

The Global Forest Resource Assessment is an activity with the purpose to compile in-
formation about forest resources in the whole werldry fifth year. FRA is also a name
of a system for storage, processing and retriefMddeoinformation. Data are collected
from each country via questionnaires. They werdidayl and edited by the staffs at the
Forestry Department and stored and analysed usiR)F. A selection of the tables can
be presented on the projects web site and the coonprehensive country reports can be
downloaded as pdf-documents. http://www.fao.org@$tmy/fra/fra2005/en/

The latest inventory, FRA2010, was extended wislaraple based study using satellite
images (FRA-RSS). These images are now availablédwnload for the public via a
new web portal. The locations of the sample anghh have their centers in each lon-
gitude and latitude crossing can be shown on amagh
http://www.fao.org/forestry/fra/remotesensingsurezy

FAOSTAT

Two statistical information systems managed by Fak@theForestry country profiles
and theFAOSTAT system. The first of them contains mostly textigdcriptions of the
forestry in all countries in the world. The secdrad a subsystem calléat esSTAT. It is
a more advanced database system with a user fieridtface where different search
criteria can be used. All data are aggregated tomra level in these two systems.
http://faostat.fao.org/site/626/default.aspx#ancor

CountrySTAT

CountrySTAT is a technology that FAO offer to help developoogintries to establish
national databases of statistical data. It is lmrilthe software PC-AXIS and data in
CountrySTAT can be aggregated on sub-national |&Ved technology can be used to
design national statistical information system vd#tia regarding forestry as well as
other sectors. http://www.fao.org/economic/ess/trygtat/en/

KIDS

Key Indicator Data System (KIDS) is a FAO software tool for development of Ve
Map Services. It has been used for visualizing ttata FAOSTAT and other

DBMS based applications. KIDS is an open sourcevsoé and can be downloaded
freely. http://kids.fao.org/

NFMA

This is an abbreviation for tHdational Forest Monitoring and Assessment pro-

gramme within FAO. The purpose is to help develgmauntries to establish na-
tional forest inventories based on permanent sapipts. NFMA is also the name of
the information system where the collected datastmeed and analysed. This system
is based on the softwak&S Access. Currently around 15 countries have imple-
mented the NFMA methodology and several countniesraline to get support for
implementation of the system. http://www.fao.orgéstry/nfma/en/

GeoNetwork
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GeoNetwork is a web portal for primarily geospatial infornmati Much of the data is
relevant for FIS's and the system is therefore ioeeatl here. It enables access to
local and distributed information catalogues andtesalata, graphics and documents
available for download. Geospatial information banvisualized by a web map
service. FAO produces a large number of GIS datdeetmonitoring, assessment
and analysis of environmental and socio-econonuitofa causing poverty and food
insecurity.FAO core spatial datasets are special selections of downloadable data
available at the GeoNetwork. They have rather eosesolution, 30 arcsec or more
(approximately 300 m) for the raster data, and p stale between 1:1 million and
1:10 million for the vector data.

The overall functionalities of GeoNetwork inclu@eglobal library for geospatial
data; an ISO standard metadata catalogue thatillesthe geospatial data, enabling
users to assess the suitability of cataloguedfdatheir needs; a system to search,
edit and publish geospatial information from gldypalistributed sources; and an
function that allows the integration of geospadiala from local or remote sources.
http://www.fao.org/geonetwork/

GLCN

The Global Land Cover Network (GLCN) is an initiative to establish a global col-
laboration for developing harmonized land cover kamdl cover change data acces-
sible to local, national and international inities. GLCN manages a website which
is dedicated to thkand Cover Classification System (LCCS) and its applications in
different parts of the world. There are links toesal services, databases, free soft-
ware, technical reports, etc, for those who arer@sted in land cover classification
and mapping.

Land cover data sets from Africa can be accessea fneAfricover site which also
provides a Web Map Service for inspection of thetispdata. This site is linked to
the LCCS site. The data set is intended for frddipaccess.
http://www.glcn.org/index_en.jsp

The Africover project has made an important contidn to the science of vegeta-
tion mapping by developing a robust system for dwitle classification of land
cover. This system with its 22 classes has beeptad@s a ISO standard and is in-
creasingly used for land cover mapping by diffeancies.

GTOS

The Global Terrestrial Observing System (GTOS) is a programme for observations
and analysis of terrestrial ecosystems that ainfisdibitate access to such informa-
tion. The secretariat is located at FAO in the Emvinent Assessment and Manage-
ment Unit._http://www.fao.org/gtos/

GTOS can be seen as an umbrella organization ffereint agencies engaged in sat-
ellite based observations of the environment. Tdtiwides related to monitoring of
forests are organized in a separate panel c@lleloel Observation of Forest and

Land Cover Dynamics panel (GOFC-GOLD). This panel manages a portatiéda
downloads divided according to three main themes
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« Forest Cover Characteristics and Changes
« Forest Fire Monitoring and Mapping
+ Forest Biophysical Processes

A similar database under the GTOS umbrella is TEM&Terrestrial Ecosystem
Monitoring Stes. It is an international directory of sites andwatks that carry out
long-term, terrestrial in-situ monitoring and reséeactivities.
http://www.fao.org/gtos/tems/

3.3.2 Other relevant international systems

GFIS

The Global Forest Information Service (GFIS) is a web based gateway to forest informa-
tion resources from around the world. GFIS is lgdH I nternational Union of Forest
Research Organizations, together with FAO and th@enter for International Forest
Research. GFIS provides a search tool for news, publicatjather documents, events
and databasehbttp://www.dfis.net The goals are to:

» enhance access to all types of forest informdtomll stakeholders, including
governments, researchers, forest managers, NG@®snanity groups and the public

* contribute to an improved understanding of compdeest-related issues, to im-
prove decision-making and to facilitate a more linfed public engagement in forest
policy and forest management at all levels.

GLCF

The Global Land Cover Facility (GLCF) provides earth science data and products to
help everyone to better understand global envirorialesystems. In particular, the
GLCF develops and distributes remotely sensedlisatghta and products that ex-
plain land cover from the local to global scalesmry data and products available
at the GLCF are free to download from the bitp:/Avww.landcover.org

WDCBE
The World Data Center for Biodiversity and Ecology is managed by thidational
Biological Information Infrastructure, a broad, collaborative program based at the
U.S. Geological Survey. WDCBE provides increasegss to data and information
on the biological resources. The scope of the WD@B#tobal and the website is a
gateway to data and tools that address the infoomand research needs of scien-
tists, resource managers, and policymakers.
http://www.nbii.gov/portal/server.pt/community/wdrldata center_for_biodiversity
and_ecology/580

GLC2000

In collaboration with a network of internationalrpreers from around the world, the
Global Vegetation Monitoring (GVM) unit of theEuropean Commission Joint Re-
search Centre (JRC) has compiled a harmonized global land cover classibn for
the year 2000 calle@LC2000. The general objective was to provide a harmonized
land cover database over the whole globe. Data aagaired by th&POT4 Vegeta-
tion Instrument. http://bioval.jrc.ec.europa.eu/products/glc200£2§00.php
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GlobCover

The GlobCover initiative by theEuropean Space Agency (ESA) demonstrates a ser-
vice for the generation of a global land cover fapghe year 2005/2006. The ser-
vice is designed in a way that further updatefiefland cover map are possible at
recurrent cost to run the developed system. GlobCoses as its main data source
the Envisat MERIS fine resolution (300m) mode data acquired betveseh2004 and
mid 2006. For maximum user benefit the thematiemelis compatible with the
FAO developed Land Cover Classification System (BE@entioned above.
http://dup.esrin.esa.it/projects/summaryp68.asp

LCLUC

The NASALand-Cover and Land-Use Change (LCLUC) program is examining sev-
eral topics including land cover conversion, lasd intensification, and land degra-
dation in arid and semi-arid environments. Thegmbgaims to define, develop, and
evaluate improved remote sensing measurement tpedsiand data integration
methods for characterizing land degradation. Incéee of land cover conversion,
the primary NASA interest is to identify the curtelistribution of land cover types,
and to track their conversion to other types. TB&UC program has a particular
interest in the impacts of land cover and landalssnge on biogeochemical cycles
and the hydrological cycle (http:/Icluc.gsfc.nasa/strategy/priorities/index.agp

EFIDAS

European Forest Ingtitute (EF1) is manageing a number of online databaskesdca
European Forestry Information and Data Analysis System (EFIDAS) with data and
information on different aspects of European fareftrestry and forest research.
Databases may originate from projects or EFI's aotwities. They represent in
many cases data which are frequently used to peridl's research tasks. Refer-
ences to the original sources of the data are giellowing databases in EFIDAS
can be accessed free of charge by anyone afterletompof a simple registration
process. Following databases are available

The European Forest Information Scenario Database (EFISCEN) is a forest in-
ventory database of European countries, basedpom from national inventory
experts.

Long Term Forest Resources Assessment Database (LTFRA) is an interactive
searchable databases on forest resources in th€BNM&gion. The database in-
cludes data from forest resources assessmentsnmapted by the FAO and UN-
ECE/FAO.

Forest Products Trade Flow Database (FPTF) uses trade data from the United
Nations United Nations Commodity Trade Statistiatalase. These data then

are processed in order to obtain precise estinaditi®e trade flows and stored in
the FPTF Database.

Database on Forest Disturbances in Europe (DFDE) allows searching historic
information about disturbances in the forests afolga. The DFDE has been
elaborated by the institutions Alterra based in @raggen, The Netherlands and
EFI.
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4. Future perspectives of national forest information systems

Someone has said that "the specific objectiveraitaonal system for forest monitor-
ing and information management is to make relevatigble, accurate, and up-to-
date forest sector information available to decisitakers and to assist them in deci-
sion and policy making based on daily use of infation”. The present situation is
that few countries in the world have succeededdate such systems and they are
not many in the Asia-Pacific region. According tome experts the situation is in
fact below standard in most countries in this ragla this section some of the prob-
lems that arise for forestry administrations irsldeveloped countries when trying to
implement forest information systems are discussed.

Poor infrastructure for ICT

First of all there is often a poor infrastructuoe FICT, which primarily means that
Internet is not available in the rural offices. Tdféce conditions may be primitive
and the supply of electric power for computers aingondition can be unreliable. In
addition there may be considerable problems witiriesses and other types of mal-
ware (malicious software) due to limited fundsdequiring firewalls and virus pro-
tections. The investments in high speed data hviks fibre optics network may take
long time but in later years networks based on teat®ll phone nets have provided
an alternative. These mobile broadband networks seesatisfy the need for Inter-
net connection to most rural offices within a fegays. A future perspective is that it
is realistic to plan for web based FIS's even 3 ldeveloped countries.

High costs for investments

Another problem is that costs for investments iitveare and equipment is high even
if has decreased relatively by the years. Manysfomeministrations are for instance
relying on illegal copies of software. This is @osustainable solution for the use of
forest information systems. A future solution nieeyto make benefit alpen source
software which is free to download and use. An increasirigpduction of open
source in the software's forestry administratioay ime an at least partial alternative
to illegal software.

There are nowadays open-source alternatives totyypes of software's for profes-
sional useLinux is an operative system that can substitedows. For ordinary of-
fice programs there is a well functioning altermatcalledOpenOffice. Commercial
database management software can be replacelyByL or PostgreSQL. Apache is
the name of open-source software for web serveirsally there are many interesting
substitutes foArcGIS, the most well-known may b@uantum GIS (QGIS).

Another kind of open-source software that doesheedd much work with installation

or support is<Google Maps andGoogle Earth. There is a growing interest for these
tools as they can be useful also for professiosalftee of charge. There are good in-
structions on Google's website although some progniag skills are helpful. The idea
is to use these web maps and combine them withgwuarspatial data layers stored on
a local web server. Such applications can now ba ea many business web pages.
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Another emerging possibility to bring down cost G is use different offers for
"cloud computing"”. In the future organizations will not have to @t in software and
data servers for information systems. Given they tave good web connections
they will be able to buy time for using hardwarel @oftware located somewhere
else in the world . There are an emerging numbepofpanies that offer such ser-
vices on competitive prices, for instance Amazorb\8ervices

(http://aws.amazon.com/e¢2/

Serving map data over the web is an efficient, éost solution to implementing GIS.
A company in US called SEWALL has developed numemab sites that enable
customers to view, query, and publish their mapassbciated data with only a
standard browser and Internet connection. Accgrtbrtheir web site they offer a
low-cost service that includes data review, datgtihg, an introductory web page
with URL address, a map viewer, navigation and yjt@ols, and 3 gigabytes of
storage space. The idea is that the customer eviitdbe to create information sys-
tems without needing to purchase additional hardwsoftware, or staff resources.
http://www.sewall.com/services/geospatial/web-sesiphp

A future perspective to tackle high costs for saftsvis in conclusion to take advan-
tage of open source software's and the growing eumifocost-effective services on
the Internet.

Limited access to databases

The databases are generally the most important @oemts of information systems.
Without reliable and demanded data they are usdbega collection is usually tedious
and costly and system managers therefore try tesacas much data as possible from
existing relevant sources. For GIS applications dften possible to acquire useful
spatial data from other local authorities. In maeyeloping countries it is difficult to
acquire good base maps with high resolution. Digiaographic databases covering
the whole country are often not available. Forefirmation system generally demand
cartographic data suitable for printed maps ines¢al0 000.

Data accessibility has however improved for GISsig® most countries during later
years thanks to various data sources that areabl@wvia Internet. Several web portals
have emerged from which GIS datasets and satelidges can be downloaded freely,
for instance th&eoNetwork. For ArcGIS users a service callactGIS OnLine was
introduced recently. This service provides highlijypihase maps to GIS applications
all over the world through a streaming dataflondidadvantage is that users of these
base maps need a good connection to Internet.

A future perspective to acquire useful data setska@se maps is to download them
from different sources on the web.

Lack of dedicated applications

As explained earlier a forest information systemgliaation is a specific combination
of computer hardware, software and databases. Toesponents need to be custom-
ized for different user's special needs. The abdity of such dedicated applications
seems to be sparse in many forestry administraiioless developed countries.
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Most countries in the region are now in a situatidrere they can extend the use of
information systems to several users within themdoffices and to users in regional
offices. This is in line with the general developrnin the rest of the world where IT
systems are gradually introduced for most busiaessities.

A challenge for forest administrations is to creadgporate databases that can be used
for various purposes, not only for map design. €hdetabases will contain both spatial
and non-spatial data and be connected to localank$nand web servers. The next step
is to develop special applications for users ah hetadquarters and regional offices.

Conclusions

The description above has focused on problemsttsttuct the use of forest informa-
tion systems in many countries. There is howewarrdginuous technical development
that will improve the situation in coming years.€linfrastructure for use of Internet in
rural offices will probably improve due to fast édspment of mobile broadband net-
works in most countries. Applications for forestend to be increasingly based on
World Wide Web which means cheaper costs for imests in software and data stor-
age.

5. A framework for development of national forest informa-
tion systems

The purpose of the MAR/SFM project has the follagviormulation: “The project
aims at developing a globally harmonized foresatead national Monitoring, As-
sessment and Reporting (MAR) system and applyiimgtite Asia-Pacific Region to
directly contribute to the improvement of sustaiedbrest management (SFM) re-
gimes. “ Such 8harmonized MAR system” could be a framework of

» effective tools for storage, retrieval and presemaof data
* harmonized terminology

» comprehensive databases and metadatabases

» methods for analysis and decision support

* Curriculums for training

In this section the components in the framework el explained and some general
recommendations for the future given.

Effective tools for storage, retrieval and presenton of data

Well designed information systems provide effectvels for storage, retrieval and
presentation of data. In addition they give opyaittes to analyze information
through different models and scenarios. They canalize information graphically
through charts and maps. But information systemghi® forestry do not differ very
much from systems within other sectors. The sares for successful development
are valid here. This means for instance that tseesy must be adapted for the user's
needs and their capability to understand how theylsl use the tools. Development
and implementation of information systems can bétes and costly but most or-
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ganizations cannot function without them. Therefbis necessary to plan for the
implementation carefully and to engage experieneesgltants.

Harmonized terminology

Harmonization is a generic term for actions to simplify coopmnatwvithin various
technical areas of practice. Within informationteys harmonization means efforts to
agree on common definitions of concepts and claasibn systems in order to make
data exchangeable. For spatial data this may iealiada models, metadata, reference
systems, quality specifications, exchange forneits,Efforts to harmonize can be or-
ganized in national working groups contributingteate a framework called Spatial
Data Infrastructure, SDI (see below). Ambitionsteate betteinteroperability be-
tween systems can be included in the group of mmeasa improve harmonization.
The idea is that certain software, for instanceGAg; can read data generated by other
software, for instance Excel, without a need fgrak or import operations between
systems. Developed countries have come rathen taarimonization, while developing
countries in the region should speed up this pgces

Comprehensive databases and metadatabases

As mentioned above lack of comprehensive databaitlesorest related information
as well as base data is a major hinder for devedmpmof effective FIS's in many
countries. Metadatabases that can help users §imdlevant data are also missing or
not complete. The situation can be improved indyjiristance

- Better methods for data collection
- Access to international databases and metad&sbas
- Cooperation between national organizations reggrihe data infrastructure

Traditional systems for forest inventory in devetgpcountries are based on sample
based data collection in the field and interpretadf satellite images. Although the
methods for both alternatives have improved througithe years they are not suffi-
cient for the needs within the forest administrnagioMethods based on laser scan-
ning as been developed during later years. Thespramising but it may take some
years before they are sufficient for needs in fore@nagement. Stand wise invento-
ries based on air photos and comprehensive fiaddkshis still the best way to get an
accurate description of the forest resources iouatry.

Many non-profit international organizations colléeita on forest resources and other
relevant information, e.g. elevation data. The dagenerally available through web
sites free of charge as described above. Therpasemtial to use these free data-
bases also on a national level.

All of the alternatives could be used to improve #ituation but the third is probably
the most effective in the long run. If the usersdtial information in a certain coun-
try decide cooperate around a national spatial id&@structure (NSDI) the situation
regarding databases will improve for all. The igethat the responsibility for collec-
tion and storage of data is spread on several atisoand made available for each
other through a web portal. The development towaad®nal SDIs has started in
many countries as a result of increasing need&I8rapplications. But the concept is
not limited to national cooperation. Many SDI iattves are regional or global. It
could also be applied on a certain business amgafoeestry. An Asian-Pacific Forest
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Data Infrastructure combined with a geoportal whatheer kinds of relevant informa-
tion can be disseminated is a possible objectiv¢hi future.

Methods for analysis and decision support

New demands for information processing emerge noatisly. Some of them are re-
lated to decision support in forest managemenesyst Other demands concerns
methods to analyse trends or to visualize stagislibere is also a need for calculations
based on environmental models. The implementatietheoOREDD+ mechanism (Re-
ducing Emissions from Deforestation and Forest Beation) demands for instance
knowledge about areas of forest types and the narbotent in each type. It requires
also broader information on natural resourcesy thegs and users, drivers of deforesta-
tion and change, governance, gender questiongeindus rights and policy options.
This kind of information is suitable to manage amalyze in a forest information sys-
tem. It is important that models and methods feséhtypes of analyses will be avail-
able for the public in the future. The Asian-PacForest Data Infrastructure combined
with a geoportal mentioned above could supportdkisvell.

Curriculum's for training

A common problem connected to the introductionooé$t information systems in or-
ganisations is that the staff members have te lifineral experience of ICT. Invest-
ments in such systems therefore generally inclag@city building activities. There

are three different target groups: staff membeRSAGIS units, forest officers at cen-
tral departments and forest officers at provinarad district offices. The first group is
the most specialized and need most qualified teahiiaining. Users in this group
should have so much knowledge that they help paoméher target groups and will
also be able to do some system development in twdarhance benefits of the system.

The second group consist of the growing numberaihary forest officers that need to
access data for different purposes. Probably thiyget access to a corporate database
with forest information through a local networkwa Internet. Depending on their
position they will use different applications ahey need training to enter data, make
gueries and prepare reports.

Users in the third target group may work in offie@gh primitive conditions, where

local networks and Internet connections are pdahel management of forest admini-
strations decides that they should use corpor&enmation systems, training should be
arranged with respect to actual conditions. Prob#i#y will need a considerable
amount of basic ICT-knowledge. Regardless of thgmitade of initial training ar-
ranged by donor-funded programmes, there is alaaysed for supplementary training.
This should be an obligatory item in job descripsidor all officers in an organization
using computers and information technology (whiatstrorganizations do today).

In many developing countries there is a speciablpra with technical courses. Since
most course material is written in English manyfsteembers cannot take part in them.
In order to understand a course in database mamajemGIS, participants need to be
fairly good in both English and basic ICT knowled@ieday there are rather few such
officers in the forest administrations although tluenber of eligible officers is slowly
increasing. Therefore, there is also a need faritrg in technical English.
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Supplementary training in IT, GIS and database mament can be organized in sev-
eral ways. For those who have fairly good accesstéwnet there is a lot of course ma-
terial available at websites. People in most ofgssions have learnt basic IT and
geoinformatics this way. Some material can be doaaéd freely, while others are
necessary to pay for. ArcGIS users can benefi fadarge supply of self-study
courses which can be accessed from the producef&8&bsite, but some of them are
combined with a fee.

6. Concluding remarks

This consultancy has contained several subtasigestionnaire, case studies in two
countries, arrangement of a training workshop amldurvey on forest information
systems. A recurrent finding in all subtasks isribed for capability building in par-
ticularly the less developed countries in the regithis need has been well de-
scribed in a report by a network of experts on riwoimg of the environment called
Integrated Global Observing of Land (Townshend, 2008). The authors suggest a
number of actions for to build capability on moniihg systems in developing coun-
tries. Most of the recommendations are possibépfay also to forest information
systems and the author of this report agrees setstatements by quoting them here:

» Training of more personnel, training of trainerslata collection, space borne
imagery processing and interpretation and web nmapigiols.

» Strengthening of capacities of selected univessitidand observations. Provi-
sion of standardized data collection and analysisuals, high quality teaching
and promotional materials, support to the develagmédistance learning mod-
ules.

» Facilitating adequate dialogue, by organizing whdgs and development and
dissemination of outreach materials, etc., betvasmision-makers and technical
personnel as most decision-makers are not awdhe gfotential benefits of such
tools and technologies. Build upon the succes®dh[s such as Google Earth.

* Improve access to data, models and tool kits.

» Disseminate information on best practices and sas#ies related to integration
of data sets from multiple sources for solvingléalproblems

» Advocate for integration of various information ®ss following common stan-
dards and protocols for improved interoperability.

* Improve coordination and partnerships based imraad possible on existing
regional networks. Provide a platform for interaggenooperation within each
country.
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Appendix. Abbreviations

ASEAN
DAFO
DBMS
FAO
FDSS
FIS
FMIS
GIS
ICT
IUFRO
MAR
NGO
NSDI
PAFO
SDI
SFM
REDD

RDBMS
RS
WMS

Association of Southeast Asian Nations

District (or Municipal) Agricultural and Festry Office
Database Management System

Food and Agriculture Organization

Forest Decision Support System

Forest Information System

Forest Management Information System
Geographic Information System

Information and Communication Technology
International Union of Forest Research Orzgions
Monitoring, Assessment and Reporting

Non governmental organizations

National Spatial Data Infrastructure

Provincial District Agricultural and Forestffices
Spatial Data Infrastructure

Sustainable Forest Management

United Nations Collaborative Programme odliRéng
Emissions from Deforestation and Forest Degradati
Relational Database Management System
Remote Sensing

Web Map Service

ArcGIS, ERDAS, MS Access, Oracle, SQL Server, Gedgarth and Google Maps are
names of proprietary software's.
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