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ACRONYMS AND ABBREVIATIONS

Abbreviation Name

ADC Architecture and Data

AFOC Advanced Forest Operating Capacity
AlP-2 Architecture Implementation Pilot, Phase 2
AOC Advanced Operating Capacity

AOI Area of Interest

CaGil Common Gateway Interface

CIF Climate Investment Funds

CSR Components and Services Registry

DOPA Digital Observatory of Protected Areas
DoWw Description of Work

E2EDA ER End to End Discovery and Access Engineering Report
FIOC Forest Initial Operating Capacity

FWI Fire Water Index

GCl GEOSS Common Infrastructure
GDAL/OGR Geospatial Data Abstraction Library
GRASS Geographic Resources Analysis Support System
GUI Graphical User Interface

I0C Initial Operating Capacity

JRC Joint Research Centre

NGO Non-Governmental Organization

ows OGC Web Services

RSS Really Simple Syndication

SBA Societal Benefit Area

SDI Spatial Data Infra-structure

SIR Standards Registry System

SWG Scenario Working Group

uiC User Interface Committee

UNEP United Nations Environment Programme.
VGI Voluntary Geographic Information (Goodchild 2007)
WCMC World Conservation Monitoring Centre
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WCS Web Coverage Service
WES Web Feature Service
WG Working Group

WMS Web Mapping Service
WP Work Package

WPS Web Processing Service
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1 Introduction

This document is the deliverable D3.2b for EuroGEOSS Work Package 3 (WP3), and contains the
report on the Design Specifications for the Advanced Forestry Operating Capacity (AFOC)
Components and Interfaces.

The document follows the same approach of previous documents, mainly the D3.2, which
describes the Design Specifications for the Forestry Initial Operating Capacity (FIOC). See
http://www.eurogeoss.eu/Documents/EuroGEOSS D3 2.pdf

This is an important fact since it allows the maintenance of the design approach consistency in
both phases of the task T3.2.
Considering the above, together with the contents presented on the AFOC Use Scenarios of the

document D3.1b (see http://www.eurogeoss.eu/Documents/EuroGEOSS D3 1b.pdf), the aim of

this document is to further detail the requirements for this phase of the project based on the
highlighted Use Scenarios and subsequent detailed Use cases. The document culminates with the
design and interface for the AFOC system components.

In summary, the document structure covers the following sections: Detailed Use Cases, Detailed
Users & System Requirements, General Design and Interface Design. It also outlines the
integration in the general AOC of EuroGEOSS with a potential utilization sample.

This document will be the direct input for the development phase of AFOC, during task T3.7
(Deployment of an advanced operational capacity for forestry).
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2 Detailed Use Cases

This section depicts updated and refined Forestry Use Scenarios (from those ones presented in
D3.1b document) with the objective of deploying a set of detailed Forestry Use Cases that shall
cover the necessary User Functional & System requirements for the AFOC.

These Use Scenarios and Use Cases (implemented in the scope of EuroGEOSS Forest capacity)
shall consider the identified disciplinary and multi-disciplinary requirements, as well as multi-scale
scenarios. The methodology keeps in line with the GEOSS AIP approach, where each Use
Scenario will originate one or more Use cases, which are specified in order to implement the

scenarios, based on the EuroGEOSS multidisciplinary Interoperability Architecture.

2.1 Revised Use Scenarios

The Forestry Use Scenarios identified below are revised versions of the ones present on D3.1b
document, providing up to date information for the derivation and creation of Forestry related Use
Cases in the next sub-section (2.2). They already include the WPS processing Use Cases and
scenarios steps as well as some AOC integration with Web 2.0 services.

Special attention was given the AFOC WPS services Use Cases, which is in the scope of this
document directly relate to the AFOC and are made available for the AOC in general (i.e. other

thematic areas).

2.1.1 Forest Fires Scenario

Brief Summary

The forest fire scenario is based on the use of the developed Forestry Map Viewer, which interacts
and communicates with other information and data on forest fires available on local, national,
regional and global levels. The use of this application and other available tools that combine
different data sources improves the quality of the analysis and provides the opportunity for the

user to perform different spatial analytical calculations. The use of these new opportunities are
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described below as the scenario options targeted to perform various calculations in relation to
forest fire using the local and regional European data. The AFOC allows to use the various forest
fires and other related information systems which exist at European (European Forest Fire

Information Systems) and national — local (pilot data from Spain) scale.

The main purpose of the forest fire scenarios and corresponding advanced calculations (scenario
options) is the improvement and establishment of inter-connection among the systems and data
structure concerning forest fires as well as the identification of options and interfaces in order to
take advantage of data and products available at global, regional and national levels.

Actors

1. The Joint Research Centre. The Land Management and Natural Hazard (LMNH) Unit in
particular its action related to monitoring the state of European forests (FOREST) and

responsible for European Forest Fire Information System (EFFIS).

2. Centro Nacional de Informacién Geografica (CNIG) - Spain. Assigned to Ministry of Public
Works and Transports through National Geographic Institute of Spain, which coordinates
the Spatial Data Infrastructure of Spain (IDEE), a collective project with more than 80
nodes publishing and integrating more than 500 Web services and 6,000 layers of data and
metadata covering all themes in INSPIRE Annexes | and I, following OGC specifications,
ISO standards and INSPIRE principles. This initiative allows users to locate, identify and

access geospatial information produced in Spain on the Internet.
3. Users of EFFIS (European Forest Fire Information System).

4. End — users. Forest fires experts, National Forest Authorities, regional and local forest
managers, forest and environmental researchers and modellers, educational users,

individual personal users.

Scenario options

The forest fire scenario will be implemented according to several scenario options which will
perform the advanced calculations of AFOC and will be implemented through WPS. The

implementation of WPS for each scenario option will follow this line: the user searches
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(CSW/WMS/WES) the forest fires and other forest data from different systems (EFDAC, Eforest,
EFFIS, Spanish forest data) and selects the preferred forest fire thematic layers. Later the user
searches (CSW/WMS/WFS) data from other thematic area available in the Forestry Map Viewer
(EuroParc, biodiversity, droughts data) and selects the preferred layers. Within the common Map
Viewer through the developed WPS, the user overlays them in combination with the layers from
other thematic areas or other data on forest fires in order to perform various analysis according to

the following scenario options:

a) calculation of burnt area in protected areas;
b) calculation of burnt area by forest type in selected area;
¢) calculation of burnt area by tree species (pilot) in selected area.

step | General scenario option description

1
The end - user through WMS services (CSW/WMS/WFS) searches, accesses and
visualizes forest fire maps and layers available in European Forest Fire Information System
(EFFIS) according to scenario option. The end - user selects the burnt area map from
EFFIS which will be used for every scenario option.

2

The end - user through WMS services (CSW/WMS/WFS) searches, accesses and
visualises geographical and forest fire thematic information from national, regional and local

level in Spain according to scenario option:

a) for calculation of burnt area in protected areas the end — user searches, accesses
and visualizes WMS or WFS layer of protected areas in Spain (e.g. Natura 2000
areas or national parks);

b) for calculation of burnt area by forest type in selected area the end — user searches,
accesses and visualizes WMS or WFES layer of forest type in Spain provided by E-
Forest platform and available in the Forestry Map Viewer;

c) for calculation of burnt area by tree species (pilot) in selected area the end — user
searches, accesses and visualizes WMS or WFS layer of forest tree species (pilot)

in Spain provided by E-Forest platform and available in the Forestry map Viewer.
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End — user runs WPS according to scenario option:

a) for the calculation of burnt area in protected areas the end — user runs WPS
“Calculation of burnt area in protected areas” (description below);

b) for calculation of burnt area by forest type in selected area the end — user runs WPS
“Calculation of burnt area by forest type in selected area” (description below);

c) for calculation of burnt area by tree species (pilot) in selected area the end — user
runs WPS “Calculation of burnt area by tree species (pilot) in selected area”

(description below).

In addition the combination of official data and Web 2.0 resources will help the end user to
complement the analysis carried out and consider other social aspects within a qualitative

approach (operational examples described below).

Post-Conditions

N/A

Special Requirements

N/A

References

http://www.idee.es

http://www.ideotalex.eu/

http://efdac.jrc.ec.europa.eu/

http://effis.jrc.ec.europa.eu/index.php

http://forest.jrc.ec.europa.eu/

http://www.edisoft.pt
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2.1.2 Forest Change Mapping Scenario

Brief Summary

The main goal of this scenario is to improve present knowledge of the extent of and change in
tropical and boreal forest cover on continental / European / national scale and reduce uncertainties
in global estimates of forest cover change. The improvement and establishment of inter-connection
among the systems and data structures at the local, regional and global levels through the
developed specific applications (Forestry Map Viewer and TREES application) give the possibility
to have the forest cover and forest cover change data and combine them with existing forest maps,
layers and forest data on local, regional and global levels using them for various models, analysis
and research. In addition the layers from other thematic areas as biodiversity and droughts could

be used in combination with the forestry layers for various analysis and research.

The forest change mapping scenario is based on the use of the developed Forestry Map Viewer
and TREES application, which interact and communicate with other information and data on
forests available on local, national, regional and global level. The use of the Forestry Map Viewer,
TREES application and available tools combining different sources improves the quality of the
analysis and provides the opportunity for the user to perform different validation.

Actors

Users:
1. The Joint Research Centre. The Land Management and Natural Hazard (LMNH) Unit in
particular its action related to monitoring the state of European forests (FOREST) and

responsible for European Forest Fire Information System (EFFIS).

2. Centro Nacional de Informacién Geografica (CNIG) - Spain. Assigned to Ministry of Public
Works and Transports through National Geographic Institute of Spain, which coordinates
the Spatial Data Infrastructure of Spain (IDEE), a collective project with more than 80
nodes publishing and integrating more than 500 Web services and 6,000 layers of data and
metadata covering all themes in INSPIRE Annexes | and Il, following OGC specifications,
ISO standards and INSPIRE principles. This initiative allows users to locate, identify and

access geospatial information produced in Spain on the Internet.
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3. Users of EFDAC (European Forest Data Centre).

4. End — users. Forest experts, forest managers, forest and environmental researchers and

modellers, educational users, individual personal users.

5. Users of TREES application: editing user (registered guest), administrator user, viewing

user.

Scenario options

The forest change mapping scenario will be implemented through WPS. The implementation of
WPS in Forest change mapping scenario will follow this line: the user searches (CSW/WMS/WFES)
the forest data from different systems (EFDAC, E-forest, Spanish forest data) and selects the
preferred forest thematic layers. Later the user searches (CSW/WMS/WFS) data from other
thematic area available in the Forestry Map Viewer (EuroParc, biodiversity, droughts data) and
selects the preferred layers. Within the common Map Viewer through the developed WPS the user
overlays those in combination with the layers from other thematic areas or other data on forest in
order to perform various analyses, for instance: calculation of forest loss and gain in protected

areas over certain period.

With respect to the analysis of spatial pattern according to the 3 classes (forest gain, forest loss
and stable forests within the period 1990-2000) within protected areas, the pseudo-code for WPS

will broadly consists of the steps describes below.

step | General scenario option description

1 The end - user through WMS services (CSW/WMS/WFS) searches, accesses and
visualizes forest change (1990-2000) raster layer available in European Forest Data Centre
(EFDAC) within Forestry Map Viewer.

2 The end - user through WMS services (CSW/WMS/WEFS) searches, accesses and
visualizes geographical and forest thematic information from national, regional and local

level in Spain, namely WMS or WFS layer of protected areas in Spain (e.g. Natura 2000

13/62



EuroGEOSS, a European EuroGEOSS_D3.2b

m approach to GEOSS

EuroGEOSS

FP7 Project nr 226487 D.3.2b: report on the Design Specifications for

EuroGEOSS Forestry Components and Interfaces

areas or national parks)

3 The end — user runs WPS “Forest loss and gain in protected areas over certain period”

(described below)

4 In addition the combination of official data and Web 2.0 resources will help the end user to
complement the analysis carried out and consider other social aspects within a qualitative
approach (running examples described below).

Post-Conditions

N/A

Special Requirements

N/A

References

http://www.idee.es

http://www.ideotalex.eu/

http://efdac.jrc.ec.europa.eu/

http://forest.jrc.ec.europa.eu/

http://www.edisoft.pt
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2.1.3 Cross-Thematic

Brief Summary

The cross-thematic scenario is based on the use of the developed Forestry Map Viewer which
interacts and communicates with other information and data on forests available on local, national,
regional and global level. The use of this application and available tools combining different
sources improves the quality of the analysis and provides the opportunity for the user to perform
different calculations. This cross-thematic option targeted to perform the correlation analysis
between Fire Weather Index (FWI) and Droughts Index. This analysis will be performed through
WPS which will use forest fires layers available from EFFIS service and droughts thematic layers
available from European Droughts Observatory (EDO). This will be implemented through the

developed common Forestry Map Viewer.

Actors

Users:
1. The Joint Research Centre. The Land Management and Natural Hazard (LMNH) Unit in
particular its action related to monitoring the state of European forests (FOREST) and

responsible for European Forest Fire Information System (EFFIS).
2. Users of EFFIS (European Forest Fire Information System).

3. End — users. Forest fires experts, droughts experts, forest managers, forest, droughts
and environmental researchers and modellers, educational users, individual personal

users.

Scenario options

The implementation of WPS in the cross-thematic scenario will follow this line: the user searches
(CSW/WMS/WEFES) the forest fires data from different systems (EFDAC, EFFIS, Spanish forest
data) and selects the preferred forest fire thematic layers. The FWI layers of a certain period or
FWI anomalies and absolute ranking, which are based on the comparison of the daily fire danger

level with the last 50 years of daily FWI values, will be used within Forestry Map Viewer. Later the

15/62




EuroGEOSS, a European EuroGEOSS_D3.2b

%oss approach to GEOSS

EuroGEOSS : i ificati
FP7 Project nr 226487 D.3.2b: report on the Design Specifications for

EuroGEOSS Forestry Components and Interfaces

user searches (CSW/WMS/WFS) data from droughts thematic area available in the Forestry Map
Viewer and selects the preferred layers. Finally the user selects the protected area layer from
biodiversity thematic area where he wants to perform the advanced calculation. Within the
common Map Viewer through the developed WPS the user overlays the selected layers and
performs the correlation statistical analysis and the tendency between Fire Weather Index (FWI)

and Droughts Index over the certain period in selected areas or in protected areas.

The calculation of correlation between droughts and forest weather indices and their tendency
over the certain period in selected areas or in protected areas will broadly follow the steps
mentioned in other scenarios, but will include an additional WFS data input of forest fire and
droughts from the EFFIS and EDO services.

step | General scenario option description

1
The end - user through WMS services (CSW/WMS/WFS) searches, accesses and
visualizes the FWI layers of a certain period or FWI anomalies and absolute ranking, which
are based on the comparison of the daily fire danger level with the last 50 years of daily

FWI values within Forestry Map Viewer.

2 The end - user through WMS services (CSW/WMS/WFS) searches, accesses and
visualizes droughts thematic information from EDO and available through Forestry Map
Viewer. The selected droughts thematic layer containing Droughts Index should correspond
with the timeframe of selected forest for thematic layer with FWI.

3 The end - user through WMS services (CSW/WMS/WFS) searches, accesses and
visualizes geographical and forest thematic information from national, regional and local
level in Spain, namely WMS or WFS layer of protected areas in Spain (e.g. Natura 2000

areas or national parks).

4 End — user runs WPS “Calculation of correlation between droughts and forest weather
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indices and their tendency over the certain period in selected areas or in protected areas)”

(described below)

5 In addition the combination of official data and Web 2.0 resources will help the end user to
complement the analysis carried out and consider other social aspects within a qualitative
approach (running examples described below)

Post-Conditions

N/A

Special Requirements

N/A

References

http://www.idee.es

http://www.ideotalex.eu/

http://efdac.jrc.ec.europa.eu/

http://effis.jrc.ec.europa.eu/index.php

http://forest.jrc.ec.europa.eu/

http://www.edisoft.pt
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2.2 Use Cases

The Forestry Use Cases depicted below derive directly from the previous sub-section Forestry Use
Scenarios steps. Applying the same philosophy and methodology used in the Scenarios, these
Use Cases use the GEOSS Architecture Interoperability Pilot 2 (AlIP-2) transversal Use Cases
bases, but in this case, specifically adapted to the Forestry thematic and Forestry Scenario (steps)
particularities.

To be noted, however, that the use cases described below mainly and only concern the WPS
functionalities (present in the three Forestry Use scenarios which are relevant for this document
and for the AFOC phase. The other Use Cases, detailed from the steps of the Use scenarios, were

already described in previous documents and are not repeated in the scope of this document.

2.21 WPS

The Web Processing Service technology that will be developed as part of the Advanced Operating
Capacity will be based on PyWPS, a Python WPS environment. PyWPS is light weight, but it
enables processes to access underlying geo-spatial and analytical software, such as GDAL/OGR,
GRASS-GIS, R Statistics and indeed a plethora of UNIX/Linux programs.

Based on these technologies, the Forest WP will focus on the development of standard WPS
services that will be used to analyse forest thematic data primarily from the JRC EFFIS and
EFDAC services, but also in conjunction with other thematic data, such as drought and biodiversity

information. Initially the WPS services will consist of standard spatial analytical tools, such as:

e Buffer;
e Vector Union, Intersect, Dissolve, Point in Polygon;
e Re-project vector or raster data.

These standard tools will subsequently be combined in a processing chain to provide more

sophisticated and focussed WPS tools.
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The WPS will be developed according to the scenarios options described above and will be run

based on selected scenario and its option.

2.2.2 WRPS “Calculation of burnt area in protected areas”

Intended Work Flow for the Calculation of burnt areas within a Protected Area

Step | Description

1 Selection of Area of Interest: As a first input to the WPS, the end - user will be
required to identify the area of interest (AOI) for the analysis. The end - user
can select a polygon from a published WFS layer of protected areas (e.g.
Natura 2000 areas or national parks). However, the end - user will also have
the facility to digitise a user defined area if the area of interest is not within the
polygon layers (both on WMS and WFS layers). Input: Polygon boundaries

2 Processing of Selected Area: The end - user defined area of interest will be
converted to GML using GDAL/OGR functions. If necessary a buffer can be
applied to the selected area in order to overcome any issue of spatial scale
between different input data layers (this spatial analysis facility is optional)

3 Vector spatial analysis: The inputs will be processed using standard vector
spatial analytical tools, e.g. polygon overlay and intersection to calculate the
extent of burnt areas within the AOI of interest (designated protected area or

digitised polygon). This process can be achieved in two ways:

e Use of OGR Geometry Methods (e.g. OGR.Geometry.Intersect)
e GRASS GIS module, v.overlay Output: polygon extent of burnt area
located within AOI

4 Output summary: Once the extent of burnt areas within the AOI have been
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calculated, summary information will be produced for the user that will include:

e Tabular data of percentage of landcover affected in protected area in
XML format but also output as comma delimited text file (csv);

e Map outputs displayed directly within OpenLayers map client, but also
generated as PDFs.

2.2.3 WPS “Calculation of burnt area by forest type in selected area”

Intended Work Flow for the Calculation of burnt areas by forest type in selected area

Step | Description

1 Selection of Area of Interest: As a first input to the WPS, the end - user will be
required to identify the area of interest (AOI) for the analysis. The end - user
can select a polygon from a published WFS layer of forest type map in Spain
provided by E-Forest platform and available in Forestry Map Viewer. However,
the end - user will also have the facility to digitise a user defined area if the
area of interest is not within the polygon layers (both on WMS and WFS

layers). Input: Polygon boundaries

2 Processing of Selected Area: The end - user defined area of interest will be
converted to GML using GDAL/OGR functions. If necessary a buffer can be
applied to the selected area in order to overcome any issue of spatial scale

between different input layers (this spatial analysis facility is optional)

3 Vector spatial analysis: The inputs will be processed using standard vector
spatial analytical tools, e.g. polygon overlay and intersection to calculate the
extent of burnt areas within the AOI of interest (area in Spain or digitised

polygon on the forest type layer). This process can be achieved in two ways:
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e Use of OGR Geometry Methods (e.g. OGR.Geometry.Intersect)
e GRASS GIS module, v.overlay Output: polygon extent of burnt area
located within AOI
4 Output summary: Once the extent of burnt areas within the AOI have been

calculated, summary information will be produced for the user that will include:

e Tabular data of percentage of landcover affected in selected area in
Spain according to forest type (coniferous and broadleaved) in XML
format but also output as csv;

e Map outputs displayed directly within OpenLayers map client, but also
generated as PDFs.

2.2.4 WPS “Calculation of burnt area by tree species (pilot) in selected area”

Intended Work Flow for the Calculation of burnt areas by tree species (pilot) in selected area

Step | Description

1 Selection of Area of Interest: As a first input to the WPS, the end - user will be
required to identify the area of interest (AOI) for the analysis. The end - user
can select a polygon from a published WFS layer of forest tree species
(preferred and selected from available) in Spain provided by E-Forest platform
and available in Forestry Map Viewer. However, the end - user will also have
the facility to digitise a user defined area if the area of interest is not within the

polygon layers (both on WMS and WFS layers). Input: Polygon boundaries

2 Processing of Selected Area: The end - user defined area of interest will be
converted to GML using GDAL/OGR functions. If necessary a buffer can be
applied to the selected area in order to overcome any issue of spatial scale

between different input layers (this spatial analysis facility is optional)
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3 Vector spatial analysis: The inputs will be processed using standard vector
spatial analytical tools, e.g. polygon overlay and intersection to calculate the
extent of burnt areas within the AOI of interest (area of preferred and selected
forest tree species in Spain or digitised polygon). This process can be achieved

in two ways:

o Use of OGR Geometry Methods (e.g. OGR.Geometry.Intersect)
e GRASS GIS module, v.overlay Output: polygon extent of burnt area
located within AOI

4 Output summary: Once the extent of burnt areas within the AOI have been

calculated, summary information will be produced for the user that will include:

e Tabular data of percentage of landcover affected in selected area in
Spain according to selected tree species (for instance, pinus sylvestris)
in XML format but also output as csv;

e Map outputs displayed directly within OpenLayers map client, but also
generated as PDFs.

2.2.5 WPS “Forest loss and gain in protected areas over certain period”

Intended Work Flow for the Forest loss and gain in protected areas over certain period

Step | Description

1 Selection of Area of Interest: As a first input to the WPS, the end - user will be
required to identify the area of interest (AOI) for the analysis. The end - user
can select a polygon from a published WFS layer of protected areas (e.g.
Natura 2000 areas or national parks). However, the end - user will also have

the facility to digitise a user defined area if the area of interest is not within the

polygon layers (both on WMS and WFS layers). Input: Polygon boundaries
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2 Processing of Selected Area: The end - user defined area of interest will be
converted to GML using GDAL/OGR functions. If necessary a buffer can be
applied to the selected area in order to overcome any issue of spatial scale
between different input layers (this spatial analysis facility is optional)

3 Vector spatial analysis: The inputs will be processed using standard vector
spatial analytical tools, e.g. polygon overlay and intersection to calculate the
extent of forest gain, forest loss and stable forests during period 1990-2000
within the AQOI of interest (protected area in Spain or digitised polygon). This

process can be achieved in two ways:

e Use of OGR Geometry Methods (e.g. OGR.Geometry.Intersect)
e GRASS GIS module, v.overlay Output: polygon extent of forest
gain, forest loss and stable forests area located within AOI

4 Output summary: Once the extent of forest gain, forest loss and stable forests
during period 1990-2000 within the AOIl have been calculated, summary

information will be produced for the user that will include:

e Tabular data of percentage of landcover by 3 forest change classes
(forest gain, forest loss and stable forest) in selected protected area in
Spain in XML format but also output as csv;

e Map outputs displayed directly within OpenLayers map client, but also
generated as PDFs.
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2.2.6 WPS *“Calculation of correlation between droughts and forest weather indices and their

tendency over the certain period in selected areas or in protected areas)”

Intended Work Flow for the calculation of correlation between droughts and forest weather indices
and their tendency over the certain period in selected areas or in protected areas)

Step | Description

1 Selection of Area of Interest: As a first input to the WPS, the end - user will be
required to identify the area of interest (AOI) for the analysis. The end - user
can select a polygon from a published WFS layer of protected areas (e.qg.
Natura 2000 areas or national parks). However, the end - user will also have
the facility to digitise a user defined area if the area of interest is not within the
polygon layers (both on WMS and WFS layers). Input: Polygon boundaries

2 Processing of Selected Area: The end - user defined area of interest will be
converted to GML using GDAL/OGR functions. If necessary a buffer can be
applied to the selected area in order to overcome any issue of spatial scale

between different input layers (this spatial analysis facility is optional)

3 Vector spatial analysis: The inputs will be processed using standard vector
spatial analytical tools and spatial analysis carried out using the capabilities of
R statistics, e.g. polygon overlay and intersection to calculate the extent of FWI
and Droughts Index within the AOI of interest (protected area in Spain or
digitised polygon). This process can be achieved in two ways:

e Use of OGR Geometry Methods (e.g. OGR.Geometry.Intersect)

e GRASS GIS module, v.overlay Output: polygon extent of FWI and
Droughts Index located within AOI

e Using R statistics calculation of correlation between droughts and forest
weather indices and their tendency over the certain period.
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4 Output summary: Once the extent of FWI and Droughts Index located within

AOI and the calculation of correlation between droughts and forest weather
indices and their tendency over the certain period have been calculated,

summary information will be produced for the user that will include:

e Tabular data of correlation analysis between droughts and forest
weather indices and their tendency over the certain period in selected
protected area in Spain in XML format but also output as csv;

e Map outputs displayed directly within OpenLayers map client, but also
generated as PDFs.
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2.3 AOC integration - Use Scenarios and Use Cases

The goal of AOC (within WP2) is to enable multidisciplinary interoperability between the three
thematic areas (WPs 3-5), where the Forestry thematic area is a component. Within this scope
task WP T2.6 focuses on providing Web 2.0 capacities and alternative discovery mechanisms
required to implement the Advanced Operating Capacity (AOC).

To demonstrate the added value of this task to the scientific workflow we illustrate the functionality
within two use cases. These use cases consist in the search and exploitation of Web 2.0 content or
VGI to add an extra value to the scientist workflows. The multiple Web 2.0 services differ in the

nature of the content and other characteristics as explained in WP2 document D 2.6.1.

The demonstration illustrates the functionality of the components developed in task T2.6 leveraging
the different characteristics of VGI. These components mean to provide the capacity to connect
and integrate Web 2.0 resources into the user workflow. EuroGEOSS Discovery Broker will provide
a new channel to Web 2.0 resources throughout these components. It is focused on assisting
scientific users in the data collection step so the user can compare the official information with Web
2.0 (VGI) sources (as illustrated in Figure 1) to refine its output and help in the decision making.

SPATIALDATA +WEB2.0 )\
1\

Figure 1 : Role of Web 2.0 sources in scientific use case
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2.3.1 Demonstrator scenario: Forest Fire Monitoring — Web 2.0

Several use cases have been described in the EuroGEOSS project in order to find general and
specific requirements for the systems to be designed according to multidisciplinary criteria. The
forest fire Scenario described in past documents, i.e. D3.1a, D3.1b and D3.2a, take advantage of
the SDI technology to perform geo-processing functions of available layers at different scales. This
scenario describes how the Advanced Forestry Operating Capacity (AFOC) will be able to use
forestry data and other related information connecting with information systems which exist at
European, national and regional Scale.

An additional step was added in the Forest Fire Scenario that includes two extended use cases. It
is particularly focused on monitoring forest fire events over time, where the availability of contextual
information (local coverage media, local thematic social networks, local VGI, etc.) would be useful

for monitoring the evolution of a certain fire or related event.

/’ Search 5 o 5
Eurogenss catalog Ullr?t%argiﬁgin Analysis
Geospatial data
/ Search
Weh 2.0
Feosources

Figure 2 : Forest fire scenario with web 2.0 search and visualisation use cases

The Web 2.0 Services are used as a complementary or ancillary source of information.
EuroGEOSS Discovery Broker is augmented with a component that offers the channel to these
services. They are present in step 4 of the Forest Fires and Forest Change Use Scenarios and on
step 5 of the Cross-Thematic Use Scenario. By means of the EuroGEOSS Discovery Broker, users
can search for information not only in official provider’s services but also in Web 2.0 services, both
sources will be used complementarily in the visualisation step, where Web 2.0 resources provide
the expert with a citizen’s perspective of the physical event. This can, for example, be useful in

early detection or post monitoring of forest fires.
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3 Detailed User & System Requirements

This chapter introduces the user, functional and non functional requirements for the AFOC system.
Each user and functional requirement is enumerated, described and referenced by at least one use
case detailed in the previous sections. They were grouped by type of requirements and they are
mainly related with the End and Expert users and also with AFOC system client applications and

components.

The table below summarises the values for Stability and Testability:

Field Value | Description
S Stable
Stability TBC To be confirmed

TBD To be defined

- The compliance of the requirement can be
confirmed by tests execution (direct measurement
or confirmation of a functional behaviour)

D The compliance can be confirmed by observation
of the system functioning (indirect measurement,
design options)

Testability . ] .

A The compliance can be confirmed by analysis of
information obtained by other validation means
(e.g. extrapolation of test results)

| The compliance can be confirmed by visual
examination of code or documentation.

o Other method shall be applied

Table 1: Requirements classification schema
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3.1 User & Functional Requirements

The following table describes the EuroGEOSS Advanced Forest Capacity (AFOC) functional
requirements (UFR). These are derived from the steps highlighted in the Use Cases (detailed
WPS)/ Use Scenarios (steps with WPS) in the previous Sections.

Related
Scenario

UFR

Description > | &

g ;;U Use Case
3 S

Users shall be able to select and execute WPS | S T all
311 services from the AFOC user interface.

Users shall be able to select Web 2.0 services | S T all
312 from the AFOC user interface.

The AFOC GUI shall use the Forestry Map | S T all
313 Viewer as means to allow the users to selected

and execute the WPS services.

The AFOC WPS service “Calculation of burnt | S T 211
314 area in protected areas” shall be available for

end-user selection and execution.

The AFOC WPS service “Calculation of burnt | S T 211
315 area by forest type in selected area” shall be

available for end-user selection and execution.

The AFOC WPS service “Calculation of burnt | S T 2.1.1
310 area by tree species (pilot) in selected area”

shall be available for end-user selection and

execution.
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Related
Scenario
UFR
Description > | &
> =
= s Use Case
s |3
n [
317 The AFOC WPS service “Forest loss and gainin | S T 2.1.2
o protected areas over certain period” shall be
available for end-user selection and execution.
318 The AFOC WPS service “Calculation of | S T 2.1.3
o correlation between droughts and forest weather
indices and their tendency over the certain
period in selected areas or in protected areas”
shall be available for end-user selection and
execution.
319 The initial base functionality of the AFOC WPS | S T 221
o shall cover Buffer mechanisms.
3110 The initial base functionality of the AFOC WPS | S T 221
o shall cover vector union mechanisms.
3 The initial base functionality of the AFOC WPS | S T 221
111
shall cover Intersection mechanisms.
3112 The initial base functionality of the AFOC WPS | S T 221
i
shall cover Dissolution mechanisms.
3113 The initial base functionality of the AFOC WPS | S T 221
i
shall cover Point in Polygon mechanisms.
2114 The initial base functionality of the AFOC WPS | S T 221
o shall cover Re-project vector data mechanisms.
3115 The initial base functionality of the AFOC WPS | S T 221
o shall cover Re-project raster data mechanisms.
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Related
Scenario
UFR
Description > | &
> =
= s Use Case
g |3
»n [
3116 End-Users shall be able to make a Selection of | S T 2.2.2,
o Area of Interest (AOI) for input to the AFOC 2.2.3,
WPS services, via polygon selection, on WFS, or 2924
digitalization on WMS and WFS services. 2905
2.2.6
3117 The AFOC WPS services shall convert the AOI | S 2.2.2,
o into GML using GDAL/OGR software package 2.2.3,
functions. 2924
2.2.5,
2.2.6
3118 The AFOC WPS services shall optionally user | S 2.2.2,
o buffer mechanism applied to the AOI. 2.2.3,
2.2.4,
2.2.5,
2.2.6
3119 The AFOC WPS services shall use standard | S 2.2.2,
o vector spatial analytical tools in order to calculate 2.2.3,
the extent of burnt areas within the AOI. 2924
3120 The AFOC WPS services shall use standard | S 2.25
o vector spatial analytical tools in order to calculate
the extent of forest gain, forest loss and stable
forests within the AOI.
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Related
Scenario

UFR

Description > | &

g ;;u Use Case
3 S

The AFOC WPS services shall use standard | S I 2.2.6
3121 vector spatial analytical tools and spatial analysis

using the capabilities of the R Statistics software

package within the AOI.

The calculation of the forest indicators within the | S 2.2.2,
3.1.22 AOI shall use the OGR software package 2.2.3,

geometry methods and/or the GRASS-GIS 2.2.4,

software module functions (these are called 2.2.5,

during the AFOC WPS services execution) 296

The indicator “calculation of correlation between | S 2.2.6
31.23 droughts and forest weather indices and their

tendency over a certain period in selected areas

or in protected areas” shall use the R Statistics

software package for its calculation. (this is

called during the AFOC WPS service execution)

The output of the AFOC WPS services, | S T 2.2.2,
3.1.24 regarding the “extend of burnt areas”, shall be 2.2.3,

presented to the end-user (GUI) as tabular data 224

(XML, CSV), map outputs (map viewer) and PDF

format.

The output of the AFOC WPS services, | S T 2.25
31.25 regarding the “extent of forest gain, forest loss

and stable forests” within the AOI, shall be

presented to the end-user (GUI) as tabular data

(XML, CSV), map outputs (map viewer) and PDF

format.
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Related
Scenario
UFR
Description > | &
> =
= s Use Case
s |3
n [
316 The output of the AFOC WPS services, | S T 2.2.6
o regarding the “extent of FWI and Droughts
Index” within the AOI, shall be presented to the
end-user (GUI) as tabular data (XML, CSV), map
outputs (map viewer) and PDF format.
Table 2: User and Functional Requirements
3.2 Generic Software System Requirements
Use
=
SAR | Description > E Case
= o] .
9 *g,: Section
n ~
321 EuroGEOSS AFOC system shall be implemented using | S n/a
o python, javaScript and HTML technology.
320 EuroGEOSS AFOC system shall use for GUI visualisation a set | TBC n/a
o of HTML pages, which aggregates the AFOC components to
be implemented.
323 The supported browsers shall be Internet Explorer (defined | S I n/a
o minimum version), Mozilla Firefox (defined minimum version),
Safari (defined minimum version) and Chrome (defined
minimum version) on any Operating System that support these
browser implementations.
324 EuroGEOSS AFOC system shall use as Web Application Tier, | S I n/a
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Use
=
SAR | Description > E Case
= © .
— § Section
) ~
the software Apache HTTP Server.
305 EuroGEOSS AFOC system shall use as Web Server the | S I n/a
o Apache HTTP Server.
326 The application tier shall be hosted by a Linux Operating | S I n/a
o System — CentOS 5.4.
327 EuroGEOSS AFOC system shall use a spatial Database to | TBC | | n/a
o save data, if needed, generated from the processes that need
to be saved.
328 EuroGEOSS AFOC system database tier shall be hosted by a | TBC | | n/a
o Linux Operating System.
320 The TCP/IP protocol shall be used for all the communication | S I n/a
o between all EuroGEOSS AFOC system distributed tiers and
external systems.
3210 The interface between the application and database tiers shall | S I n/a
o be used by SQL protocol.
3211 EuroGEOSS AFOC system shall use the XML language format | S I n/a
o for message data & metadata exchange.

Table 3: Generic Software System Requirements
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3.3 Specific Software EuroGEOSS AFOC Requirements

Use
=
SAR | Description > E Case
= < .
= g Section
n —
331 EuroGEOSS AFOC system shall use the open source software | S n/a
o framework Phyton.
330 EuroGEOSS AFOC system shall use the open source software | S n/a
o pyWPS to publish processes using the OGC WPS standard.
333 EuroGEOSS AFOC system comply with 1ISO 19100 family of | S n/a
o standards for digital geographic information exchange and
communication as well as with OGC standards and
specifications
334 EuroGEOSS AFOC system shall communicate with the | S n/a
o available systems considered in the Forest Initial operating
capacity.
335 EuroGEOSS AFOC system shall use a map viewer to publish | S n/a
o geographical data from the available systems.
336 EuroGEOSS AFOC system map viewer shall be an | S n/a
o independent component with interfaces available for
integration.
337 EuroGEOSS AFOC system shall allow accessing all the FIOC | S n/a
o systems components implemented and interact with them
when necessary for the execution of the processes.
338 EuroGEOSS AFOC shall use the open source software | S n/a
o package GDAL.
339 EuroGEOSS AFOC shall use the open source software | S n/a

package GRASS-GIS.
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Use
=
SAR | Description > % Case
= © ,
— *g Section
n et
33.10 EuroGEOSS AFOC shall use the open source software | S I n/a
o package R Statistics.
33.11 EuroGEOSS AFOC shall use the open source software | S I n/a
o package Rpy2.
33.12 EuroGEOSS AFOC shall use the open source software | S I n/a
o package OpenlLayers.
33.13 EuroGEOSS AFOC shall use the open source software | S I n/a
o package GeoEXxt/ExtJS.
Table 4: Specific Software EuroGEOSS AFOC Requirements
3.4 Publication Requirements - WPS
Use
=
SAR | Description 2 E Case
= [
< g Section
N et
341 EuroGEOSS AFOC shall publish the interface of all WPS | S I All
o services. WPS

Table 5: Publication Requirements
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3.5 Standards for Openness and Technical Interoperability — INSPIRE

Transformation Services — Quality of Service Requirements

INSPIRE Transformation Services are to be defined in the

respective Technical Guidance documents.

Use
=
SAR | Description 2 E Case
% % Section
n [
The EuroGEOSS AFOC system shall be compliant with the | TBC | A n/a
351 following quality of service requirements, regarding the
Directive of Inspire for Transformation Services:
The Transformation Service is required to support 5| TBC | A n/a
3.5.1.1 simultaneous requests per second (according to the
Commission Regulation amending Regulation (EC) No
976/2009 as regards download services and transformation
service (10.12.2010))
The probability of the Transformation Service to be up shall be | TBC | A n/a
3.5.1.21 9995 of the time.
The performance requirements for the concrete types of | TBC | A n/a
3.5.1.3

Table 6: Transformation Services - Quality of Service Requirements
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3.6 Operational and Resources Requirements

Use
=
SAR | Description > E Case
= ©
2 § Section
N ~
361 The EuroGEOSS AFOC system shall have a public internet | S n/a
7 | address.
362 The EuroGEOSS AFOC system shall have a public mapping | S n/a
o interface address.
6.3 The EuroGEOSS AFOC system shall use the Internet for all | S n/a
o communications with other systems.
364 The EuroGEOSS AFOC system shall run on a Dual Processor | S n/a
o Server for minimal processing performance.
365 The EuroGEOSS FIOC system shall have at least 4GB of | TBC n/a
o Server Memory for minimal processing performance.
36.6 The EuroGEOSS AFOC system shall have at least 400Gb of | TBC n/a
o storage space for the application software server.
Table 7: Operational and Resources Requirements
3.7 Hardware Requirements
=
HAR | Description > =
= |8
e o
n [
371 The EuroGEOSS AFOC system target environment (server hardware) shall | TBD | D
o allow for upgrading (with additional 2xCPUs and extra memory to the 32Gb
limit).
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=
HAR | Description > =
= @
s |3
n [
372 Backup and restore features shall be employed using The EuroGEOSS | TBD | O
o AFOC system IT infrastructure, where The EuroGEOSS FIOC system
hardware/software will be integrated.
373 The Hard disk space should be 500 to 1000 GB (RAID 1, 5 or 10) TBD | O

Table 8: Hardware Requirements
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4 General Design

The figure below depicts the conceptual view for the integration of the EuroGEOSS Forestry
component in AOC (AFOC Advanced Forestry Operating Capacity).

r ~
WPS WMS WES | The Publication Layer is still in approval to have a ' =gy
| I common |nterface for publishing OGC services to I |

EuroGeoss Forest | ~

o WPS I

FAOQOC - EuroGeoss Forestry Advanced Operating Capacity System

[ |
GEOSS Service Factol
[ —

Mapping Components: Statistics Components

OpenLayers | [—— A
gm GeoEX/ExtJ; Statistics Libra

Publication

GRASS
software
Importing/Exporting Components & Inlegrallon Components: -Tabular Components:
L software - ;
GDAUCES : FAOC Engine Tabular lera

EUROGEOSS DISCOVERY BROKER (WP2)

& CSW 1SO AP WMS, WFS

FIOC - EuroGeoss Forestry Initial Operating Capacity System (with Portal)

Catalogue Components: Mapping Components|

WMS, WFS WMS WFS WMS WFS WMS WFS

1 L ;l,
Droughts JRC — EFDAC Portal Spanish Systems JRC - EFFIS Portal JRC - TREES System,
& BioDiversity Systems| |
|
|
]

Figure 3 : AFOC General Architecture

This conceptual view or general architecture, presents not only an overview of the AFOC system to
be implemented but also its integration with the systems and components previously developed,
i.e. the FIOC system and the EuroGEOSS Discovery Broker. It also highlights the integration with
the systems and components to be further developed in the scope of the inter-disciplinarily among
thematic areas (e.g.: the EuroGEOSS Access Broker).

The AFOC system encompasses the following main set of high level components:
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e Open source software packages — set of readymade components and also the software
modules whose implementation will follow the requirements of each process, which were
described in the previous sections.

e Processing module — required for the integration between three open source software
components: ‘pyWPS’, ‘Grass’ and ‘R software’. It is responsible for publishing and
execution of processes according to the OGC WPS standard.

e Mapping Component module - composed by the software packages ‘Open Layers’ (display
map data) and the JavaScript libraries ‘GeoExt/Ext’ (to extend the mapping functionalities
with other GUI's templates).

e The Statistics and Tabular Component libraries - responsible for the generation of statistics
(like graphs or table analysis) and to visualize the results of processing.

e The importing and exporting of data - assured by the open source set of components
‘GDAL/OGR'.

The AFOC system will have an AFOC engine component, responsible for the integration of all
components available, and also to guarantee the communication between them. The module
Publication is still in study and its main goal shall be the provision of an extendable design
approach for publishes OGC services, in common way, among the thematic areas.

The software packages proposed are described in more detail within the next section of this

document.

4.1 Software Components

The AOC will be developed using the OGC compliant PyWPS software at its core. The WPS’ that
will be developed within the context of the project will exist as a module within the pre-existing
EuroGEOSS Forest MapViewer. They will each expose their GetCapabilities describing their inputs
and outputs In addition; it will make intense use of other free, open-source geospatial software
packages for spatial analysis. The following table provides a list of the software packages that will
be used as well as their intended function. This list is an initial outline and should not be

considered exclusive.
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Software Package

Intended Use / Modules

pyWPS

WPS implementation base software package

GDAL 1.8.0

Import / Export of spatial data formats (Shp/GML/TIFF)
Re-projection of both vector and raster data

Raster subset / merge

Reading WCS

GRASS-GIS v6.5

Vector spatial analysis (e.g. Union, Intersect, Dissolve, Network analysis,
Vector topology engine)

Raster algebra using r.mapcalc

Raster functions: rescaling, re-sampling, reclassification of datasets
Image classification (maximum likelihood classification)

Reading / Writing spatial data formats

Automated preparation of map outputs using ps.map module

R Statistics v2.11

Statistical analysis of spatial data

Correlation & Spatial-autocorrelation analysis of EFFIS Fire Danger
Indicators & EDO Drought data

High quality graphical output

Rpy2 R Python interface

OpenLayers JavaScript Map client to display WMS/WFS data
Allow user to digitise and select features on map

GeoEXT/ExtJS JavaScript libraries for the user interface

Table 9: AFOC Software Packages

In this section the software components included in the AFOC are described with adequate detail,

in order to demonstrate its adequacy and functionality for the Forestry thematic and mainly the

inter-connectivity and inter-disciplinarily with other thematic areas, via published web services.
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4.1.1 pyWPS

http://pywps.wald.intevation.org/

PyWPS is a python implementation of OGC’s Web Processing Service standard as defined in the
document OGC 05-007r4., with the specific aim of enabling custom geospatial calculations on a
Service Oriented Architecture. PyWPS is a framework for the implementation of WPS 1.0.0 that is
written in Python 2.6 but does not process or carry out any calculations by itself. It is a translator-
proxy application between client (Web Browser, Desktop GIS, command line tool ...) and working

tool installed on the server.

PYWPS is a relatively new project, started in April 2006. The original project goal was to make the
connection between UMN MapServer and GRASS GIS as easy as possible so that we could build
a real WebGIS application able to perform, for example, interpolation of raster data or various
digital elevation model analysis. The design of PyWPS has changed so that it could be used
without GRASS GIS in the background, but with any other tool or just with Python itself.

Currently, the complete standard is not yet supported, but around 95% of the standard is
implemented and usable. The project is built on a simple CGI script hoping to make the life of
WebGIS coders as easy as possible.

It provides functions to:

» Parse all input and create all output;

» Perform basic validation of the input, like insuring type of LiteralValue input or maximum file size
for the ComplexValue input, etc;

» Create and remove on-the-fly generated temporary files and directories, like temporary GRASS
locations and mapsets and other files created as part of the calculation;

* Run other useful operations.
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(Network)
HTTP Response: Data (text, GML, GeoTIFF, ...)
WPS Response (XML)

Figure 4 : pyWPS conceptual view

The pyWPS software package is the backbone of the EuroGEOSS Forest Work Package WPS.

4.1.2 GRASS-GIS
http://grass.fbk.eu/

Geographic Resources Analysis Support System, commonly referred to as GRASS GIS, is a
Geographic Information System (GIS) used for data management, image processing, graphics
production, spatial modelling, and visualisation of many types of data. It is Free (Libre)
Software/Open Source released under GNU General Public License (GPL). GRASS is an official

project of the Open Source Geospatial Foundation.

GRASS GIS is fully supported on a range of Operating System platforms as well as computer
architectures. The software has been designed with both a graphical user interface (Tcl/Tk and
Python), but with a mature command line interface. GRASS GIS contains a range of modules for

vector, raster and satellite image processing.

Over the past six years, the software has evolved to rely on the GDAL engine as a data import and
export tool and thereby GRASS GIS supports a wide range of both standard and non-standard GIS
spatial data formats. Additionally, the R library, spgrassé, is an interface between GRASS GIS and
R statistics that provides GRASS GIS users with extensive statistical analysis and modelling

capabilities.
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Given the wide use of open-source tools for the development of the web-mapping client for the
IOC, it is clear that the use of PyWPS and additional FOSS GIS packages extend the functionality

and capabilities for the Advanced Operating Capacity.

GRASS GIS is a highly suitable candidate as a spatial analysis program for the AFOC as it is well-
established as an open-source GIS package. It provides extensive spatial analytical functionality
and interfaces seamlessly with many packages as well as having Python bindings. The fact that
the software can be operated from the CLI provides the developer with easier control and access
during the development of the WPS.

[=/[F GRASS GIS Map Display: 1 - Location: nc_spm_07 >J O E| GRASS GIS Layer Manager (Experimental Pr X
B 2 % J @5 G Q6 QA E B e &I gtz j| |F\Ie Config Raster Vector Imagery Volumes Database Help
¢ [roadsmajor; + Fel | 5 o S | mal 0 & B BEEa® 68
: ! J ° o Ml B A » fosm o0 [ copy features from (background) vector map [ =
Flip selected lines Display 1 1 = ‘
Merge selected lines ¥ roadsmajor@userl

Break selected lines at intersection B railroads@PERMANENT
Snap selected lines (only to nodes)
Connect two selected lines

Query tool

Z bulk-abeling of 3D lines

Feature type conversion

ElDigitization settings |

Symbology General ‘ Attributes | Query tool |
Display

Line width 2 +| screen pixels
Snapping
Elupdate attributes b Snapping threshold 10 +| screen pixels | %
Layer 1
Backgroud vector map j
Category 171
ROAD_NAME [character] g [ snap also to vertex
OBJECTID linteger] 171 Snapping threshold is 107.5 Meters
PROPYEAR [integer] o Select vector features
SHAPE LEN [double precision] : [9998.889312 Point (7] Line [4] Centroid (<] Boundary
MAJORRDS_ [double precision] : [173.0 Select threshold 10 2| screen pixels
MULTILANE  [character]  [ves Save changes

[] Save changes on exit automatically

Close dialog on submit

Reload | xgance\‘ Submit
I

ﬁgance\ | ryf&pply E§ave |
MaE Ia:ers for each disﬂla¥ Command output ‘ x

Cmd>‘

637871.78, 230623.39 Coordinates > ‘ [] Render
T ] L T

Figure 5 : Main map display window (GRASS 6.3)
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4.1.3 R Statistics v2.11 and Rpy2

http://www.r-project.org/ and http://rpy.sourceforge.net/rpy2.html

R is a free software environment for statistical computing and graphics. R provides a wide
variety of statistical (linear and nonlinear modelling, classical statistical tests, time-series
analysis, classification, clustering ...) and graphical techniques, and is highly extensible.
The S language is often the vehicle of choice for research in statistical methodology, and
R provides an Open Source route to participation in that activity.

R is an integrated suite of software facilities for data manipulation, calculation and
graphical display. It includes Spatial, social sciences, multivariate, machine learning (more
details can be found here: http://ftp.heanet.ie/mirrors/cran.r-project.org/).

* an effective data handling and storage facility,

* a suite of operators for calculations on arrays, in particular matrices,

* a large, coherent, integrated collection of intermediate tools for data analysis,

* graphical facilities for data analysis and display either on-screen or on hardcopy, and

* a well-developed, simple and effective programming language which includes

conditionals, loops, user-defined recursive functions and input and output facilities.

R can be extended very easily using packages. The base distribution includes eight
packages supplied with the R distribution and many more are available through the CRAN
family of Internet sites covering a very wide range of modern statistics. In particular, they

are grouped under a number of ‘Task Views’ that include

RPy is a very simple, yet robust, Python interface to the R Programming Language. It can
manage all kinds of R objects and can execute arbitrary R functions (including the graphic
functions). All errors from the R language are converted to Python exceptions. Any module

installed for the R system can be used from within Python.
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Figure 6 : Example of an R session on a Mac

The R package is extremely useful for the AFOC, in particular in terms of carrying out statistical
analysis of spatial data (i.e. interpolation, correlations etc). With its Python bindings available
through RPy2 and its ability to seamlessly interface with GRASS-GIS and pyWPS, it is an obvious
choice for the development of the WPS within the AFOC. This is particularly relevant where strong

statistical analysis and image creation are needed.

4.1.4 Open Layers

http://openlayers.org/

OpenLayers is an Open Source JavaScript API software to create dynamic maps in any web page.
It can display maps, map tiles and markers loaded from any source and support many features to
manage the visualisation of the map. It is already integrated within the Forest Map Viewer
developed during the 10C.

The software supports the mapping visualisation for ArcIMS, GeoRSS, GML, Google Maps,
KaMap, MapGuide, MapServer, Markers in TSV format, MultiMap, SphericalMercator, TileCache,
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TMS, VirtualEarth, WFS, WMS, WorldWind, standard XYZ tile grids such as OpenStreetMap,
Yahoo Maps and therefore is appropriate for usage with(in) the AFOC components.

The API’s software supports a lot features related with the layers visualized in the map or the map
itself, such as, turning on or off any layer within the map, allowing the transparency and the order
position of the layer on the map, zooming levels, panning, projecting coordinates, adding vector
data, styling vectors, among others. The following figure presents the map viewer with focus on the

navigation tools and the layer panel.

Camada Base

(® OpenlLayers WMS
@ NASA Global Mosaic

Sobreposigoes

[ Canadian Data

7

Figure 7 - Open Layers Example (Source: http://openlayers.org/dev/iexamples/)

In General, the Open Layers library of components is responsible for the implementation of the

mapping components and related functionality.

4.1.5 ExtJS + GeoExt

http://www.sencha.com/products/js/ and http://www.geoext.org/

ExtJS is comprehensive and innovative Ajax application framework for developing Rich Internet
Applications. It allows creating user interfaces in a web application and it includes a collection of Ul
widgets, for example pre-built components for trees, list, panels, tables, dialogues and many

others.
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GeoExt is a JavaScript library that combines the web mapping library Open Layers with ExtJS and
is orientated for creating WEB 2.0 mapping applications. It provides also a set of Ul widgets to
build applications for viewing, editing and styling geospatial data and accessing OGC services. It
adds extensions to ExtJS for binding basic ExtJS components to the spatial features of Open
Layers.

The GeoExt components allow integrating easily to custom applications because it's not needed to
constantly re-write the bindings between the map components and the other user interface
components.

The following figures present some examples of the GeoExt components describing some features
that are already pre-built.

@ Eurogeoss WP3 MapViewer - v0.8 - Moxzilla Firefox
Eile Edit View History Bookmarks TIools Help

- 5y (| hittp:/193126.113 48/eurogeoss_forest.html o~k

Eurogeoss WP3 MapViewer - v0.8

GEOSS EuroGEOSS

A EURQPEAN APPROACH TO GEOSS

EuroGEOSS
A EUROFEAN APPROACH TD GEOSS
WHMS Layers Layers - = Hep
Name Title GN =) All Layers
pL J4=] Base Layers
1 forestmap2000 forestmap2000 i E1© MetaCarta Base Map
& forestpatiern1990 European Forest Spatial Pattern, CLC 1980, _gh 10 Openstreetitap
H  forestpattern2000  European Forest Spatial Pattern, CLC 2000, b =]® Global Satelite Imagen)
H  forestpattern forestpattern @ =3 Overiays
| dem_1000 Digttal Elevation Model (DEM) @ El @l forestpattern
o dems DEM @ |5
®  p_core_l0_lc00 Country Core Forest from CLC2000 @
E  p_perf_l0_lc00 Country Perforated Forest from CLC2000  ¢)
B | p_flec_i0_lco0 Country Islet Forest from CLC2000 @
i p_edge_I0_lc00  Country Edge Forest from CLC2000 @
d p_loop_l0_Ic00 Country Loop Forest from CLC2000 i
®  p_brid_io_lc00 Country Bridge Forest from CLC2000 @
®  p_bran_i0_lc00 Country Branch Forest from CLC2000 @
@  aggregatedPattern Aggregated Pattern @
@ discolouration_nuts Crown discoloration country plot averages _gh
4 discolouration_nuts Crown discoloration NUTS1 plot averages g ~— " i i L) 2
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Figure 8 : GeoExt used to develop the EuroGEOSS Forest Work Package

4.1.6 GDAL

http://www.gdal.org/

GDAL (Geospatial Data Abstraction Library) is a library for reading and writing raster geospatial

data formats. As a library, it presents a single abstract data model to the calling application for all
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supported formats. It may also be built with a variety of useful command-line utilities for data
translation and processing. The related OGR library (which is part of the GDAL source tree)
provides a similar capability for simple features vector data. GDAL/OGR is considered a major
project in the Open Source and also in the commercial GIS community due to its widespread use

and comprehensive set of functionalities.

e _CPLList

e CPLHTTPResult

e  CPLMimePart

. CPLODBCDriverlInstaller
e CPLODBCSession

. CPLODBCStatement

. CPLXMLNode

. GDAL_GCP

e  GDALAsyncReader

e  GDALColorEntry

e GDALColorTable

. GDALGridDataMetricsOptions

e GDALGridInverseDistanceToAPowerOptions
e GDALGridMovingAverageOptions

. GDALGridNearestNeighborOptions

. GDALMajorObject

G D A‘L GDALPamDataset

o GDALDataset

o  GDALDriver
Figure 9 : GDAL project IOgO o GDALDriverManager

o GDALRasterBand
e  GDALRasterAttributeTable
e GDALRasterBlock
e  GDALWarpKernel
e  GDALWarpOperation

® GDALWarpOptions

Table 10: GDAL Class Hierarchy

The GDAL software package is responsible for the importing and exporting of data mechanisms
and as previously mentioned is the data import / export engine that is used by GRASS GIS, R-

Statistics and many other FOSS GIS packages.
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4.2 AOC integration

4.2.1 AOC running example with Web 2.0 services

This section describes a running example, in which we will illustrate the EuroGEOSS Discovery
Broker augmented with the Broker 2.0 functionality. This may serve to assess the added value of
providing scientific workflows with VGI. The scenario is the scenario described above, i.e., a forest
fire scenario.

Depending on the characteristics of the Web 2.0 Service, VGI would characterize because of the
real time provision like Twitter, detailed vector data as OSM, on the field pictures as Flickr or even
citizens expertise on the theme like the information provided by different RSS of forestry sites.
These characteristic and massive availability of this information can assist scientific tasks in
phases like early fire detection or post fire monitoring. For instance in a forest fire going on it will be
possible to get access to the real-time information uploaded via Twitter. Photos and videos
contribute with graphical documentation about wildfire severity like the state of the vegetation after
the fire, etc. Moreover we consider the possibility to search resources in RSS feeds of NGOs and
thematic associations which provide information about work in the post-fire recovery or report the
forest fire evolution after the fire. Web 2.0 and social networks are resources to monitoring from the
social point of view from pre-fire to post-fire phases.

The Figure 3 (left side) illustrates conceptually how users working on the Fire Warning System
available in EFFIS could refine the resulting hot spots with VGI to improve from the social point of
view the early detection.

VGI could be use to complement the resulting hotspots but it could also be processed and
analysed a priori to detect events for instance when density of information grows suddenly in a

certain area.
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Figure 10 : VGI in scientific workflow for pre-phase or during fire (left side) and for post fire

monitoring (right side).

Figure 10 (left side) shows a similar process where this time VGI is used to complement official
data with information about the post monitoring of the fire, where in some this complementary

information could not be obtained from the common or official geospatial sources.

4.2.2 Implied sources

This section describes the sources of information being used for this running example. We use
both official sources and VGI. Table 11 gives an overview of the sources used in the early warning
example. Official sources show the SDI services within the EFFIS system accessed for this
example (via FIOC WMS services), Web 2.0 Service column shows links pointing to web 2.0
resources accessed. This information comes from official sources news and from the social
networks. It will give users an idea about the social networks appreciation of the forest fire danger
and consequences in contrast with the official information. Moreover in some cases it is possible to

follow the fire evolution.
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Official Services | Web 2.0 Services
EFFIS WMS Twitter

-HotSpots layer
via FIOC WMS

services

Flickr, Picasa and Panoramio pictures
Ex:http://www.flickr.com/photos/saulgordillo/48942703
YouTube Videos

Ex: http://www.youtube.com/watch?v=XXvWt-eUO78

Feed from the Catalonia civil protection and emergency,

http://www10.gencat.cat/interior/noticies/naticies_dgpc.xml

News feeds,
http:/www.rtve.es/mediateca/videos/20100729/cuarenta-
dotaciones-bomberos-trabajan-extincion-del-fuego-declarado-
vilopriu-girona/840475.shtm

RSS feed of user-collected meteo information
http://www10.gencat.cat/gencat/AppJava/cat/test/meteo/meteo_rss
Jsp

Environmental feed from Catalonia government

http://iww20.gencat.cat/portal/site/dmah/menuitem.601eb2c0d30f
dcc24e9cac3bb0cO0elal/?vgnextoid=690f590eb6ee1210VgnVCM1
000000b0cle0aRCRD&vgnextchannel=690f590eb6ee1210VgnVC
M1000000b0cle0aRCRD&vgnextfmt=rss

Table 11: Collected sources for forest fire scenario

Figure 11 (below) shows a prototype of the demonstrator where official and real time VGI

information about forest fires in Catalonia (north-east region of Spain) are displayed.
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Figure 11 : Prototype screen shot with Official data (EFFIS) and Flickr and geo-tagged tool for

feeds search.

In the case of Post-fire situation illustrated on the right-hand side of Figure 10, monitoring

information can be useful to check the land-use changes, the land recovering evolution and the

actions launched by the governments, institutions, or NGO to recover the burned area. Also

scientific newspapers could be searched through the feed channels (e.g. RSS feeds).

In this context the access to VGI, from the scientific point of view, would seek to show the current

situation of the area when there is no possibility to travel to the place. It may confirm or monitor the

fire evolution or land cover evolution, according to the works done in the post-fire area by the local

government, NGO or volunteer initiative. Consequently, this provides information that complements

the scientific analysis in an efficient manner.
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5 Interface Design

This section provides a synthesis of the proposed architecture in the sense that the interactions
between sub-systems and components are shown for particular scenarios that correspond to major
system functions. This synthesis bases itself on UML sequence diagrams that identify the high
level architecture components and the sequence of requests / responses between them. Hence,
the diagrams visualise the complete sequence of operations between the AFOC sub-system and

all other identified sub-systems.

5.1 AFOC Interface

The interface design diagram describes in more detail the communication messages between the
components of the AFOC system, both in the client and server side. The client side is based on
the technologies HTML and JavaScript, assured by the AJAX libraries GeoExt and ExtJS.

The EuroGEOSS AFOC Server Side is composed by the HTTP Server Apache that is the entry
point to receive the XML requests from the client side through a CGI script. It then forwards the

requests to the right process instance.

The client side of the application will maintain the same look and feel as the Forest IOC (FIOC) in
that the interface will be developed using the ExtJS and GeoEXT libraries. The interface will
contain a mapping component (map panel) to assist the expert user in locating digitising and
selecting spatial data from the relevant layers. A menu panel will allow the user to select
parameters for use within the WPS calculation. ExtJS (Ajax requests) will handle the transfer of
variables to pyWPS for subsequent processing.

The pyWPS package is the software that accepts the request through the CGI script and is
responsible to understand and parse the XML requests, common to the OGC WPS methods (like
getCapabilities, describeProcess and executeProcess). For each process execution request, there
will be a python process program instance that will execute the process by calling functions from

the available software: ‘Grass’, ‘R’ and ‘Gdal’.
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As an example, the selection of a polygon or creation of a user specified polygon is handled by the

OpenLayers and ExtJS/GeoEXT java script libraries within the map panel. These inputs (Literal

and Complex Inputs) are passed to the Python process using the pyWPS CGI script, launching the

pYWPS process in conjunction with the other geospatial analytical programmes (GRASS-GIS,

GDAL/OGR and R).

Eurogeoss AFOC Client Side

XML DATA

QUERY DATA
DATA

JAVASCRIPT
HTML HTML OpenlLayers / GeoExt /
ExtJS
X
S
-
< T
= =
g 3
2 B
% 2
m
4
Eurogeoss AFOC Server Side
XML HTTP REQUEST
pyWPS CGI Script
( i

Apache HTTP Server

Python Process

DATA

GRASS software

)

DATA

R software

DATA

f

GDAL/OGR software

Figure 12: AFOC Processing Interface components Design
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On completion, the WPS returns the Complex Outputs in the form of OGC compliant XML/GML
that are rendered to the map panel. In addition, the results are also output as raw data in either

shape file or GeoTIFF formats that can be downloaded using a link within the WPS interface.

The AFOC that will be developed using the above-mentioned components will provide similar
functionality and look and feel to some of the examples that are provided at:

http://pywps.wald.intevation.org/gallery/index.html

A couple of examples are provided here:

Analytical server of SEA

1. Mark pointin the map
2. Setobserver height
3. Press bution and let the calculation begin

Observer height [m]: [ 15

|[Calcuiate visibilty | | Save as GeoTIFF |

Figure 13: Sample WPS application |
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Analytical server FMI
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: 4 Classified layers: | Sclect jayer v
e tior / l BLANSKG o Matrix size: 3
R, N g
& -xumu ‘ ) N // Postprocessing |

Powered by: GRASS GIS | MapServer | PyWi vs

Figure 14: Sample WPS application Il

The following sequence diagrams represent the use a case described in the previous sections and

detail the sequence of messages between the entity/objects and components available in the

AFOC system.
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5.1.1 Forest Loss and Gain in Protected Areas over certain period

me‘u"mﬁgc
sd Forest Loss and Gain in protected areas over certain period) (1990-2000)
raster layer
EAQC EADC EACC (mapgi EACC(processing EACC(tabular FAQC (statistics
GUL Engine component) component} /| co ent component} EEDAC EUROPARG
I | I WMS getMap I i | I ] I
I I e | _____] I
| | I | | | | WS getMap | |
I selecIPro'lemedAraaI( _______ fommmmm——- fF=—===-- RS fomm-- 1------ a
_— S
| | | I | | =~ I |
1
I I PrI)ta:Led area polygm!l selection I | Fratectad AreIm | |
I | ‘ I I | I I
EXBCute . )
] _execue || \wps executelinputs) ot I | | |
I I | | o Pracessing | | | |
I | D aupuis | | | I |
I I | map cutput I | | I I
I | I | | I I
IR I o
I | f createTabularView(data) -
I I | 1 t | I | |
I | i 1777 CreaeStaisticsviewidata) | | I |
I | R I I Lo i I |
I e———- I I | | I I
I I resulls | I I I i I I

Figure 15 : Forest Loss And Gain in protecetd areas over certain period
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5.1.2 Calculation of burnt area in protected areas

sd Calculation of burnt area in protected areas)

% r&c Egﬁ FAESSH rg:%fr?ti_rq FAg;:m r;?::tsin f F;DCftaziltar Fzggtm:g:nﬁcs EFFis EUROPARG
| | | wMs getMap | / [ | ] |
| N B I A A il |
| | | | | | WS gettaap | .
—————— E

I
1
I PIJJ';ECEEG ared pulygoﬁ selection I
I
1

|
|
I salﬂcIF’rotamadArealt: _______ F=—====-== F-—-=--- ﬁ-:-‘t ———————— e
I
|
|

axecule I

]
" _sxecue || \wps executelinputs) ot

| | o Processing

777 Toupuis ]

map cutput :
display map :
£

createTabularView(data)
T

Figure 16: Calculation of burnt area in protected areas
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5.1.3 Processing component — Sequence Diagram

The processing module is composed by several component of the AFOC system responsible for
distribution and implementation of the processes related to the forest thematic area.  This
component sequence diagram is used in all Use Scenarios proposed as interaction use reference.
The diagram reflects, with general detail, the communication between the principal software
components in the processing mechanism for the AFOC system.

sd processing J

EAQC PS- FAQC(grass-processing EACC (R-processing EACC{ndal-exporting
processing component) components) component component)

|
Wps execute{inputs) | |
|

- I
| call grass functions
I

| processing grass functions data
=

| call R functions
T

Y

—_—
| | processing R funclions data
—=—————

[C-""""""" Cdmmonprts 77T 7

| | call gdal functions |

processing gdal functions data

| gdal outputs | |
outputs

o ——————————— —|

Figure 17 : sd AFOC processing
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