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INTRODUCTION

Federal agencies and their partners collect and manage large amounts of gecdpiatialt it is

often not easily found when needed, and sometimes data is collected or purchased multiple times. In
short, the best goverment data is not always organized and managed efficiently to support decision
making in a timely and cost effective manner.

National mapping agencies, various Departments responsible for collection of different types of
Geospatial data and theauthorities cannot, for very long, continue to operate, as they did a few
years agdike people living in afsland Leaders need to look at what is now possible that was not
possible before, considering capabilities such as cloud computing, crwcesl data cdéction,
availableOpen source&emotely sensed datand multi source information vital in decisiemaking as
well asnew Webaccessible services that provide, sometimes at no.ddahy of these services
previously could be obtained only from local GISegtg These authorities need tmnsider the
available solution andather information about new capabilities, reconsider agency missions and
goals, review and revise policies, make budget and human reséardecisions, anévaluatenew
products, cloudservices, and cloud service providers.

To do sowe need, hoosing he right tools to rich thebovementionedgoals.As we knowData
collection is the most cost effective part of the mappamg establishment o Geographic
Information systemHowever,it isnot only because of the cofir the data collection task bulso
because of the damages causedthy delayandthe timethat takes to provide the user with proper
information necessary for making decisisom the field upto G K S dza SINfcEH thekiing/ R ®
consunption of a projectfor data collectionprocessingand presentatiorof geospatial information
has more effecbn the cost of diggerprojectsuch as disaster management, constructicity
planning,environment, etc.Of course with such a preassumption thatve provide all the necessary

A 2 4 oA o~

information from the existing sourcé8 A NS OG SR (2 dza SNDR&a O2 YLddzi SN

The bestdescriptionfor agoodGIS pr{ect optimization or improvemeris finding a methodology to

reduce thetime andcost and inceasedata and servicguality (meaning;Accuracyupdateness,
completenessconsistency, suitabilityinformation contentjntegrity, integration capabilityand

fitnessforusé & St f | & dzaSNDa aLISOATFTAO y Sitikaspetisf R 02 YV R
attention).

Every one of the abovmentionedissues must be addressed individually and at the stime, the

whole solution must b@rovided in a global manneonsidering all the criteria

In this thesisat first, we will discuss about the prdbm we are facing and what is needed to be done
as establishment of National Spatial Data I#taucture (NSDI), the definition and related
components. Then after, we wile looking for available Ope®ource Software solutiogto cover the
whole procesg2o manage; Dat&ollection,Data base management systedata processing and
finally data services and presentatiorhe first distinction among Software is whether they,&@een

1



INTRODUCTION

source and free or commercial and proprietdtyis important to note thain order to make

distinction among softwareis is necessary to define a clear specificationtfis categorizationltis
somehow very difficult to distinguish what software belongsvtiich clasgrom legal point of view
andtherefore,makes it necessgrto clarifywhat is meant byarious termsWith reference to ths
conceptthere are 2 globadlistinctionsthen, inside each group, we distinguish another classification
regarding their functionalities and applications they are maderf@|Science

Accading to the outcome ofhe secondchapter, which is the technical process for selectain
suitableand reliable software according to the characteristics of the users need and required
componentswe willcome to next chapter. In chapter 3, we elaboratdo the details othe
GeoNode software as our best canglié tools to take responsibilitief thoseissuesstated before.

In Chapte#d, we will discuss the existing Open Source Rgwhally available with the predefined data
guality criteria (Such asheme, data content, scaldicensing, and coverayjaccording to the

metadata statement inside the datasdiy mean of bibliographic review, technical documentation
and web search engine®/e will discusén chapter5 further data qualityconcepts anatonsequently
define sets of protocol for evaluation of all datasatEording to the tasks that a mapping
organization in generaheeded to be responsible to the probable users in different disciplines such
as;Reconnaissanc€ityPanning, Topographic maping, Transportation, Environmerttontrol,

disaster management and e{c

In Chaptel6, all the data quality assessment and protocols will be implemented into théilfaeed,
proposed datasets. In the final scores and ranking result, each datasetsweilihalue
corresponding to their quality according to the sets of rules that are defined in previous chapter.

In last stepsthere willbe a vector of weight that is derived from tl@estiors that hasto be

answered by user with reference to the projéathand in order to finalize the most appropriate

selection ofFree and Open Source DaifichisData qualitypreferencehas to be defined by identiing

a set of weight vectorand thenthey have to be applied to thguality matrixin order to get dinal

guality scores and rankindit the end of this chapter there will be a section presenting data sets

dz At AT FGA2Y Ay @I NA2dza LINR2SOG 4 adzOK a a 9FNIe& L)Y
System (ERDSJSNEA2Y HE LISNF2NNXSR o6& L¢l! /! @

Fimally, in conclusiorthe important criterig as well as future trend in GIS software are discussed and
at the endrecommendations will be presented.



CHAPTER 1

1. SPATIAIDATAINFRASTRUCTUBBMPONENTS ANBDNSIDERATIONS

1.1 INTRODUCTION

Regardless to the governmental mongovernmental, field of activities, size of the company and etc.
in any mapping organization the goal is to provide access to geospatial information to be used by the
users. Its effectiveness dependgon(TCO CEE Terrestrialron workshop 2002)

1 How easy the information is to access,
1 The quality of the information available, and
1 ¢KS G22ta e2dz KIS @FAflofS (2 ddshsiS Ay TF2NY

That information could be in document, geographic, spetabt, or multimedia format, however, it
must be available in thaght placeat theright time.

Moreover, the access must be meaningful and user friendly. This means increased emphasis on
making sure the information and data that are published are ima&b that is useabland
understandable.

A Spatial Data Infrastructure is the technologies, policies, and people necessary to promote sharing of
geospatial data throughout all levels of government, the private andprofit sectors, and the
academic commnity”.

In other word, a Spatial Data Infrastructure (SDI) provides the structures, technologyl@sdo
enable the publishing and access of integrated informagjamd thus get aneaningful and holistic
picture of what is happening where.

1.2 DRIVINGFACT®RS TOWARD IMPLEMENION OSDI

Thereareman¥ I O 2 N& @& R NA dnkesed ih thél dév@lopyhénbdRa Spatizbia
LYFNF AGNUz2OGdzZNBEd Ly 3ISYSNIfxX az2yY$S O2orrégoyial a RNA @SN
integrated response to informatiopublishing and access include:

1.2.1 NEeED TEMORHERESPONSIVE KEYPARTNERS ANRIENTS

Decisioamaking today requires that the systems and information to be there to support it.

' (US FGDC, http://www.fgdc.gov/SDI/SDI.html)



Spatial Data Infrastructure Components and Considerations

This often means streamlined approvals processes, access to the right informditen itis needed,
andinformation tools that enable staff to handle the additional loads anessures.

Governments around the world are racing to streamline or eliminate perceived obaedérs to
economic development. While the economic bene@itdand related activitieg such as agriculture,
mining, environmental managementare large, there is oftemignificant competition among many
jurisdictions.Governments also face the challenge of development being done in a context of wise
useand susainability. Economic development and social development go hand in hand. The
availability of data and information helps to ensure appropriate decisions and to elinbaatiers.

Over 80% of all government information has a spatial component or conteagr&ehytherefore
can serve as the common thread to weave together diverse datablstt, areffectived ® 2 @ ¢
(the new service modebannot be achieved A (i K 2-DiZ ZG@datial dataand GIS).

1.2.2 DEMAND FORBREATERCCOUNTABILITY

Gh LISy 32 @ Sitgs it Slygdvérnmel levels have created expectatinriie public for
increased access to information regarding government decisiaking.Therefore, governments
must ensure their business practices reflect the public demanddoountability. Thisneans new
approaches and tools need to be employed to enable $tefifilly and properly record relevant data,
to perform the necessary checks/audits, andi&rive the necessary information on which to make
sound decisions.

1.2.3 OPPORTUNITIEROVIDED BENEWTECHNOLOGIES

Current web and desktop technologies now mean that it can be relatively easy areffegtive to
provide information publishing and access capabilities. Very low cosbveetsers can be used to
search for, access, and visualize geospatfatmation from anycompliant server on the Internet.
This presents a significant opportunity foansitioning nations to advance their SDI more rapidly.

1.2.4 BHECTRONEXCHANGE ABATA ANDNFORMATION

The Internet is increasingly becoming a viable vehiciddisiness applications amdectronic
commerce. Almost all governments and businesses and many indiciolugluter users are adopting
some Webbased computing technology as a meangtéracting, researching, providing services,
selling products. Thisénd presents nevepportunities to change and enhance how all government
business and communicatiotekes place with clients and partnegsn both directions.

1.3 SDIBENEFITS

In general, SDI benefits are reflected through:

1 Maximizing useReady access to gernment data will encourage moextensiveuse of a
valuable public resourcef the benefit of the community;

1 Avoiding duplication By sharing data, the need for separate bodies to collect the same data will
be avoided resulting in significant cost saygnn data collection anahaintenance;

I Maximized integration By adopting common standards for the collection and transfer of data,
more integration of individual and often disparate databases is possible.

4



1
1

Chapter 1

CustodianshipThe identification of custodiansfohe principal data sets enable users to identify
those responsible for implementing prioritized data collection programs and for developing data
standards.

Better decisionmaking:Ready access to existing spatial data is essential for many decision
makirng tasks such as protecting the environment, development planning, managing assets,
improving living conditions, and national securityproving ability for local, national, regional,
and global decision making on issues of environmental, economic, aiad isggortance.

Equity of accessA more open data transfer policy ensures better access bytiwe

community.

CommunicationsCommunications on many levejgven program goals, objectives, and results
are enhanced.

Partnershipand new business proceepportunities.

1.4 COMPONENTS OFRATIAIDATAINFRASTRUCTURE

A spatial data infrastructure successfully combines leadership, people, computer networking,
publishing and access software, data, policies, and metadata into a framework that helps put the
appropliate tools and rules in place to maintain data and turn them into useful information products
to support operations and decisiemaking.The followingdiagram illustrates the components of a
spatial data infrastructure solution.

SPATIAL DATA
BUSINESS DRIVERS:
1 GOVERNANCE

COMMUNICATION 7 LAND

STANDARDS CHANNELS &
NETWORKS ADMINSTRATIONS
Y LAND USE PLANNING
PATIAL MANAGEMENT
DATA i =2 =
INFRASTRUCTURE
POLICIES &
METADATA
A’&T ;I\L%TE'%EQLT ENABLES NATIONAL
PRIORITIES & ECONOM
HUMAN & RENEWAL
TECHNICAL
RESOURCES

Figurel: Components Of A Spatial Data Infrastructure

In ordera SDto be used, people need to know that the dag¢xist, and how they can obtain it,
therefore:

1
1

They need to be authorized took andaccesshe data.
They need to know the history ofétdata capture, in order to interpret it correctly, trust it and
be able to integrate it meaningfully with data coming from other sources.

5
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1 They need to know if the datelates and depend on thether data sets, in order to make sense
of data.

Consequeny, to leverage the full potential of geospatial data, an SDI must be made of different components to
allow users to find, discover, evaluate, access and use these data, nésaeligurel)

A clealy defined core of spatial da;

The adherence to known and@pted standards and procedures;

Databases to store data and accessible documentation about the datag{taled metadata;
Policies and practices that promote theckange and reuse of information;

Adequate human antechnical resources to collect, maintain, manipulate, and distribute
geospatial data.

1 Good communication channels between people/organizations concerned with Geodata, allowing
the establishments of partnerships and shared knowledge

The technology for@yuiring and dissminating data through networks;

Institutional arrangements to collaborate @perate and coordinate actions

= =4 =4 =4 =4

= =4

.848ARSE (KS G(SOKYyAOLt O2YLRySy i dothérraspécts ghay SOG  RI G I

licensing agreements, datransfer standards, and dasecess policies must also be put in place to
ensure consistent and reliable acce@snsequently, a spatial data infrastructure is not only a
technical facility, but also eomplete framework that includes political, technlidausiness and social
aspectgshamei, B, et. al. 2004)

Users
Internet
Clearinghouse vice antoaton
Registry  .oher
Registered
Data
Servers

Figure2: Functioning SDI

1.5 GISSOFTWARE NEEDSING

A Spatial Data Infrastructure should enable the discovery and delivery of sfstidtom a data
repository, ideally via one or more web services. Additionallig @ften desirable that the data
provider is able to (remotely) create and update spaliatia stored in a repository. Hence, the basic
software components of an SBdnsists of
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=

a software client that can display, query, and anakjzatial data;

2. acatalogue service for the discovery, browsing, and querying of metadatztal services,
spatial datasets and other resources;

3. aspatial data service thanhables the delivery dhe data via the Internet, and/or processing
services such atatumand projection transformations;

4. a (spatial) data repository

5. GlSsoftware (client or desktop) that permits the creation and maintenance of data (Fig.1)

The catalogue service (iteno: 2. above) functions in a similar manner to analogliesctories such
as the Yellow Pages. The extent of processing servioe8ébove)is somewhat unlimited, but
transformation services are generally fundamental Wistributed system.

; Data
Catalogue / Registry Provider

Service Server I GIS Software

o 00 U0

Data Service
Server
ﬁ Service
Client Software ﬂ Provider
Spatial Data
GIS Service Storage
Server

Figure3: GS SOFTWARE NEEDSON

1.6 CONCLUDING REMARKS

Our software review shows that for all categories of GIS software required famgiiementation of

an SDI, a free and open software product is available. A deieled examination alseeweals that

several free products are able to competéh proprietary software, in particular the WebMap server
projects, the spatiaDBMS PostGIS, and the data viewer OpenLayers. Indicators for competitiveness

AY GKSAS AyallyOSazNNR & K& (Y 6zv 6 § hghgeiand NFRE G KSA N
environments. However, if an organization chooses to implemer@@husing FO$&54), then the
appropriateness of FOSS projects and software nedx tassessed. Key criteria for such an

assessment are:

1. Functionality
2. Qupport of common data distribution standards.g. OGC, ISO, CEN standards);
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Supportedplatforms (Windows vs. hix, etc.);
Software reliability,

Optionsfor customization

Distribution costs,

Installation and maintenance effofincl. costs),
8. Training and spport options including pricing;

N O AE®

For a firstevaluation of the software it is recommended that adopteraka use of GIS distribution
packages (for Linux), or Virtual Machine

The licenses used by free and open source products ensure a low acquisgtqiypically no cost)

for the software itself, and ensure that the software is customizallé adaptabled the SDtontext.
Hence, and with respect to the lattgoint, free and open source software often implement a wide
set of (OGC3tandardgSe.1), and if not, at least permit the implementation/addition of
components thaare OGC/ISO standard compliant. The use of open source licenses alladmpder

to deploy SDI components to other locations at no additional cost, e.chpfirontal scaling of a
system. Finally, we note that helpful user and develagmanmunities existand that support and
maintenance options are offered by varioc@mpanies, which are similar to those currently offered
by proprietary softwarezendors. In summary, we see that FOSS4GIS software can provide a viable
alternative to proprietary productsand we hope that our review helps to ass#ss utility of
FOSS4GIS for SisNextChapter there will be a detailed review over the existing software to cover
all the tasks that has been defined in this chapter for implementation of SDI.



CHAPTER 2

2. THESTATEOF THEARTAVAILABLEOFTWARE SOLUTION

Choosing the right tools to perform a task is one of the key issues in any technical project. The right

and the wrong is somehow a rational subject that may vary in time and places and mostly dependent
upontheindik Rdzl f Qa LIR2AY (G 2F OASg | yR 02 NNBeaelRnSRAYy 3 C
definite answer or 100% certainty for any decision taken to addyaatity-oriented phenomena

In This chapter there will be sections regarding some definition of stasgFree,and open Sourcge

as well as proprietargoftware leading to classification and listing of different types of GIS software
according to their functionalitieS'here will befinally a part about the question that has be

answered by user witheference to the project in hand in order to finalize the most appropriate
selection of FOS3n that section the important criteria that must be considered as well as future
trend in GIS software are discussed and finally the recommendations and conakilsioe

presented.

2.1 OPENGEOSPATIATONSORTIUNOGQ STANDARD

The Open Geospaiti Consortiun{OGC 2013% an international industry consortium 4%3

companies, government agencies, and universities participating in amsus@rocess to develop

publicly available interface standards. OGC® Standards support interoperable solutions that "geo
enable" the Web, wireless and locatimasedservicesand mainstream IT. The standards empower
technology developers to make compleasial information and services accessible and useful with

all kinds of applications. In fact, OGC encourages development and implementation of open standards
for geospatial content, processing, services, and data sharing.

OGC® and OpenGIS® are registeesttmarks of the Open Geospatial Consortium. OGC is the brand
YIEYS 2a20AF0SR gA0K GKS aidlyRFENR&a YR R20dzYSy
document, approved by the OGC Membership that provides rules and guidelines, aimed at the
achievemenof the optimum degree of order (interoperability) in a given context.

CERTIFIE n.
COMPLIANT

Figure4: OGC Compliance

When OGC standards are implemented in products or online services
andtwo different software engineers working independently, the
resuting components plug and plagndthey work tayether without
further debugging.

Therefore,it is important to find the OGC trademark associated with
products that implement standards and have obtained the Certified OGC Compliant brand.

' FOSS; Free and Open Source Software, FOSS4G; Free and Open Source Software for Geospatial information
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Most of the OGC standards depend on a generalized architectutareafn a set of documents
collectively called the Abstract Specification, which describes a basic data model for representing
geographideatures.

OGC(R) standards are technical doeuts that detail interfaces or encodings. Software developers
use these documents to build open interfaces and encodings into their products and services. These
standards are the main "products” of the Open Geospatial Consortium and have been developed by
the membership to address specific interoperability challenges.

In developing a Web services application using OGC standards it helps to think of publish, find and
bind as the key functions for applications in a Web services environi8esEigure5

Publish Resource providers advertise their resources.
Find:End users and their applications can discover resources that they need-tatnein

Bind: End users and their applications can access and exercise resourcediatgudost of the OGC
standards developed in recent years are standards for the Web services environment, and these

Discovery Map Viewer SURENTY VE s
Client Client Euplo}taﬁon Mana-gement
Client Client
——

Multi-source, Integrated Application Client

7
_____ .
—— - ,
————————— GML Open Web
T 3.1.1 Context
. % . Service
Service Device Other Type
Metadata
Catalog Catalog Catalog Catalog
- Filter Web Map @ Transducer
Catalog Services

S, —— 1 _ - Encodings

AIRAC I 3 st TGO
Grid M M ‘
Coverage
: . “Service® Servic

Portrayal Services Processing Services
Data Servnces I
t

FIGURBE WEB SERVE FRAMEW®RF OGC GEOPROGESSTANDARD
standards are collectively referred to as OGC Web Services (OWS). The figure below provides a
general architectural schema for OGC Web Servites s€hema identifies the generic classes of
services that participate in various geoprocessing and location activities.

The OGC standardSeeFigure6) baseline comprises more than 30 standaids|uding:

CSW Catalog Servicir the Web: access to catalog information; it is a standard for exposing a
catalogue of geospatial records on the Internet. The format of each metadata record is defined in the
standard only as XML. Whatever format is used, each record must contairvfcsee fields, suchs

Title, Format, Type (e.g. Dataset, DataSetlection,or Service), Bounding Box (a rectangle of

interest, expressed in latitude and longitude), Coordinate Refer&ystemand Association (a link to

! http://en.wikipedia.org/wiki/Open_Geospatial_Consortium#cite_nege
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another metadata record). Itafines common interfaces to discover, browse, and query metadata
about data, services, and other potential resources as well.

GML- Geography Markup LanguagéML-format for geographical informatiorit is the XML grammar
defined by OGC to express geographical features. GML serves as a modeling language for geographic
systems as well as an open interchange format for geographic transactions on the Internet. GML
contains a rich set of primitives, whielne used to build application specific schemas or application
languages. These primitiveglude Feature, Geometry, Coordinateeferencesystem, Topology,

Time, Dynamic feature, Coverage (including geographic images), Unit of measure, Directions,
Obsenations, Map presentation styling rules.

GeoXACMLE Geospatial eXtensible Access Control Markup Language (as of 2009 in the process of
standardization)

KML- KeyholeMarkup LanguageXML-based language schema for expressing geographic annotation
and visualization on existing (or future) Wbhsed, twadimensional maps and thregimensional

Earth browsers. KML was developed for usén Google Earth, which was originally named Keyhole
Earth Viewer.

OGC Reference Modeh complete set ofeference modelsThe OGC Reference Model (ORM)
describes the OGQ@amdards and their relationships with ISO standards. The ORM provides an
overview of OGC standards and serves as a useful resource for defining architectures for specific
applications.

OWS- OGC Web Service Common

SOS Sensor Observation Service; It iweb service to query redime sensor data and sensor data

time series and is part of the Sensor Web. The offered sensor data comprises descriptions of sensors
themselves, which are encoded in the Sensor Model Language (SensorML), and the measured values
in the Observations and Measurements (O & M) encoding format.

SPS Sensor Planning Service; The OpenGIS® Sensor Planning Service Interface Standard (SPS) defines
interfaces for queries that provide information about the capabilities of a sensor and htaskdhe
sensor. The standard is designed to support quehas have the following purposes

To determine the feasibility of a sensor planning request; to submit and reserve/commit such a
request; to inquire about the status of such a request; to upaateancel such a request; and to
request information about other OGC Web services that provide access to the data collected by the
requested task.

SensorML: Sensor Model Language; SensorML can be used to describe a wide range of sensors,
including both gnamic and stationary platforms and bothsitu and remote sensors

SES Simple Featureg SQLSimple FeaturegofficiallySimple Feature Accegss both an Open
Geospatial Consortium (OGC) and International Organization for Standardization (1ISO)d&@dar
19125that specifies a common storage model of mostly {thimensional geographical data (point,
line, polygon, multpoint, multi-line, etc.)

Styled Layer DescriptqiSLD); /Styled Layer DescriptdiSLD) is an XML schema specified by the OGC
for describing the appearance of map layers. It is capable of describing the rendering of vector and
raster data. A typical use of SLDs is to instruct a Web Map Service (WMS) of how to render a specific
layer.

WCS Web Coverage Service: provides access, sulmgetnd processing aroverage objectsThe
Open Geospatial Consortiuviieb Coverage Servidaterface StandardW/C$S defines Wekbased
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NBE G NR SOl f ¢ehdis, Cigitdl §dspathiSrdbémation representing space/tinvarying
phenomena. A WCS provides access to coverage data in forms that are useful fesident
rendering, as input into scientific models, and for other clients.

WCPS Web Coverage Processing Servicevjales a raster query language for-adc processing and
filtering on rastercoverage It defines a language for filtering and processing of raliftiensional
NI & G SNJ O 217eS dehsarSsinalationirda@e, and statistics data.

WFS- Web Feature Service: For retrieving or altering feature descriptions, It provides an interface
allowing requests for geographical features across the web using platfatependent calls. One can
think of geographical features as the "source code" behind a map.

WMS- Web Map Service (WMS): provides map images;

It is a standard protocol for serving georeferenced map images over the Internet that are generated
by a map server using data from a Gl&Hdase. The WMS interface or online mapping portals like
Google Maps return only an image, which arsgrs cannot edit or spatially analyze.

WMTS- Web Map Tile Service: provides map image tiles; It is a standard protocol for sensng pre
rendered georeferaced map tiles over the Internet.

WPS- Web Processing Service: remote processing serviceWRtanterface Standard provides rules

for standardizing how inputs and outputs (requests and responses) for invoking geospatial processing
services, such as pggn overlay, as a Web service. The WPS standard defines how a client can
request the execution of a process, and how the output from the process is handled. It defines an

AYGSNFIFOS GKFG FFHOAEAGEGSa GKS Lidzery of ankbingigto2 ¥ 3IS2 & L

those processes. The data required by the WPS can be delivered across a network or they can be
available at the server.

GeoSPARQLGeographic SPARQL Protocol and RDF Query Language: representation and querying of
geospatial data fothe Semantic Wep

WTS- Web Terrain Service (WTS)

In this Thesis, it has been assured that utilization of geoprocessing and location services procurement
and technology developméiprograms and software are fully compliant with OGC standards!

Tl = 1o hrawserl e b Serverl

Wyviorld Vvind
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2.2 OPENSOURCEOFTWARE

Opensource softwardOpen Source Software foundation 201i8)computer software with its source

code made available and licensed withcatise in which the copyright holder provides the rights to
study change and distribute the software to anyone and for any purpose.-€qu@ice software is

very often developed in a public, collaborative manner. Programmers who have access to a computer
program's source code can improve that program by adding features to it or fixing partotimait

always work correctly’

Open source software licenses promote collaboration and sharing because they allow others to make
modifications to source code and orporate that code into their own projects. Some open source
licenses ensure that anyone who alters and then shares a program with others must also share that
program's source code without charging a licensing fee for it. In other words, computer programme
can access, view, and modify open source software whenever theydikéong as thelet, others do

the same when they share their work. In fact, they could be violating the terms of some open source
licenses if theylo notdo this.

This is a common ndenception about what "open source" implies. Programmers can charge money
for the open source software they create or to which they contribtitewever,sincemost open

source licenses require them to release their source code when they sell softwareeis omany

open source software programmers find it more lucrative to charge usesoftware services and
supportrather than for the software itself. This way, their software remains free of charge and they
make money helping others install, use, anoLibleshoot if.

2.3 GNUGPL(GENERAPUBLIAICENSE

GNU(Stallman 2013)vas launched by Richard Stallman (rms) in 1983, as an operating system, which
would be put together by people working together for the freedom of allwaft users to control
their computing. rms remains the Chief GNUisance tdday

The primary and continuing goal of GNU is to offer adampatible system that would be 100%

free software. Not 95% free, not 99.5%, but 100%. The name of the system, GNEkussive

acronym meaning GNU's Not Unia way of paying tribute to the technical ideas of Unix, while at the
same time saying that GNU is something different. Technically, GNU is likeHdWBXer,unlike

UNIX, GNU gives its users freedom.

The ultimae goal is to provide free software to do the ent@emputer jobsusers want to dpand
thus make proprietary software a thing of the past.

As a matter of the fact,yblished software should be free software. To make it free software, you
need to releasd under a free software license. We normally use the GNU General Public License
(GNU GPL), but occasionally we use other free software licenses. Documentation for free software
should be free documentation, so that people can redistribute it and imprioalmng with the

software it describes. To make it free documentation, you need to release it under a free

! http:// en.wikipedia.org/wiki/Opersource_software
2 http://opensource.com
3 http://www.gnu.org/licenses/#GPL
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documentation license. It normally uses the GNU Free Documentation License (GNU FDL). It is
important to note that due to the availability and populs of commercial software that are always
advertized by those companies these type of licensing are neglected.

2.4 THEFRREESOFTWARBEFINITION

The free software definition presents the criteria for whether a particular software program qualifies

as free sdfvare. (The Free Software Foundation 206BCNBE S a2 F 06l NBé¢ YSlIya az2¥ig4l
users' freedom and community. Roughly, the users have the freedom to run, copy, distribute, study,

changeand improve the software.

ThuE GFNBS az2Fdol NB¢ Aa F YFGGSNI 2F ftA0SNIez y20 LINR
GFNBS:¢ BRAISEPKEENF S G Wit thédsg freeddnmeBHe usirdlfoothlindididually

and collectively) control the program and wheaerit does. When users do not control the program,

the program controls the users. The developer controls the program, and through it exercises power

2POSN) GKS dza SNEB®NE KS NENIZANBENE LIINJGYRIYNE (¢ LINBINI Y Aa |y
A program idree software if the program's users have the four essential freedoms:

1 The freedom to run the progm, for any purpose (freedom 0);

1 The freedom to study how the program works and change it so it does yoysuting as you

wish (freedom 1); andAccess tdhe source ode is a precondition for this;

The freedom to redistribute copies so you daip your neighbor (freedom 2);

The freedom to distribute copies of your modifiedrsions to others (freedom 3y doing this

you can give the whole community aasfce to benefit from your changes. Access to the source
code is a precondition for this.

)l
)l

A program is free software if it gives users adequately all of these freedoms. Otherwise, Higaon
While we can distinguish various nfmee distribution scheras in terms of how far they fall short of
being free, we consider them all equally unethical.

Freedom to distribute (freedoms 2 and 3) means you are free to redistribute copies, either with or
without madifications, either gratis or charging a fee for dimition, to anyone anywhere. Being free
to do these things means (among other things)tthau do not have to ask or pay fpermissionto

do so.

You should also have the freedom to make modifications and use them privately in your own work or
play, without even mentioning that they exist. If you do publish your changes, you should not be
required to notify anyone in particular, or in any particular way.

The freedom to run the program means the freedom for any kind of person or organization to use it
onany kind of computer system, for any kind of overall job and purpose, without being required to
communicate about it with the developer or any other specific entity. In this freedom, it isghes
purpose that matters, not theleveloper'purpose; you a a user are free to run the program for your
purposes, and if you distribute it to someone else, she is then free to run it for her purposes, but you
are not entitled to impose your purposes on her.

2.5 THE LIST O®VAILABLGEISSOFTWARE

GIS software encompaes a broad range of applications, which involve the use of a combination of
digital maps and georeferenced data. Software that is used to create, masaagze and visualize
3S23INI LIKAO RFEGF A& dzadz £ f& Ay O2 NISRiNder ) S&RWeds,lRSNJ 1 KS ¢
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R 2009)It can be sorted into different categories with respect to the tool sets that offer according to
the tasks that can be accomplisheBlich tasks involve basic activities that are common to daily
computer usage such as (1) data visualization and exploration, (2) data creation, (3) data editing and
(4) data storage. Other common GIS tasks incl(iB)éntegrationof data from different sources

(Blasby D. et al. 2003p) Data queries to select a subset of the d4i§ Data analysis, which we
considerthe creation of new information (output) from existing data (inpyg) Datatransformation,

as some analysis tasks require the user to transform, or manipulate, the d&gseband (e.qg.

transform the data into a different coordinate system, or convert them from raster toovdotmat),

and lastly(9) The creation of mapghe most common method used to visualizamalysis and query
results. In this thesis,

(Steiniger, S.& Weibel, R 2008¢ntified seven major types of GIS software as follows:

Desktop GIS (Viewer, Editor, and Analyst/prajMappingsoftware that is installed and runs on a
personal computer and allows users to display, quepglate, and analyze data about geographic
f20GA2ya YR (GKS AYyT2N¥ESBRIZ0RY fAYy]1SR G2 (K2asS ¢

Remote Sensing Softwar&emote sensing software generally focuses on the modification and
transformation (geometdal and spectral) of aerial and satellite image data as well as LIDAR data.
Such software can include photogrammetric tools (i.e., geometric) and remote sensing (thematic)
analysis tools for image correction and filtering, georeferencing and orthoredttificanosaicking,
vectorization and image object extractidgdensen 2006)

Explorative Analyst Toolst X8 (2 RSAONAOGS |yR @AadzZ AT S aLlk da
locations or spatial outliers; discover patterns of sgldssociation, clusters, or hot spots; and
adzZ33sSad aLyd Al ¢ NBEIAYSaAa 2N pAOSKIS, NI eFa2 ROPOY 2 F & LJ G A

Spatial DBMS& { LI} GALt 5FGFor &S alyl3SyYSyd {eadadbd 65. a
2FGSYy f&42 LINEOARS O6fAYAGSRO I (Bleifigerio&Welbgl, R R G I
2009)

Web Map ServerWWebMap Servers are used to distribute maps and data over the internet. In
particular the softwae, that supports the Open Geospatial Consortiums (OGC) Web Mapping Service
(WMS) and Web Feature Service (WFS) standards.

Server GIS/ WPS Serv&erver GIS is software thdlt is used remotely]lj provides access to

functionality via web protocols suas the OGC Web Processing Se(f@ckut, P. 2004nd (I1)

allows for the provision of data and input parameters from other vibalsed services (i.e., allows

service chaining]Neun, M., et al. 2008escribevarious data types that a Server GIS should be able

to return, e.g., geometries, attributes (i.e., single values), single features, and complex data structures
such as graphs.

WebGIS Client2 SoDL{ /ftASYyd a27Fidg!l NBdaactedsBnalgzs Sl querg NJ R |
functionality from Server GIS over the internet or intranet.

(o}
0

Mobile GISWe consider Mobile GIS to be GIS software thaufis on a mobile platform, e.g., a
tablet PC, a Personal Digital Assistant (PDA), or a mobile paodéehat (ii) provides special
functions that support data acquisition and redlining (updating) in the field. As such, the functions
provided by a mobile GIS platform are generally a subset of those offered by most desktop GIS
augmented with direct podibning capability via either an internal or external GBtinige,

S.,Hunter, A. 2012)
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GIS LibrariesSoftware libraries provide functionality thatcdoe used by other applicationshat is
they do not offer a graphical or commaline user interface that allows direct use of the functions.
Examples may include methods thaterform cartographic projections; enable reading and writing of
different data formats; or provide geographical analysis algorithms, etc. Libraries cameamded by
coupling them to a host application, i.e., a desktop GIS or a GIS §8temiige, S.,Hunter, A. 2012)

2.5.1 OPENSOURCIKSISSOFTWARE

Our goal is to present an overview of (major) GIS software projects that develop frepamdaurce
software.

Desktop GIS Catalogue / Registry/
Metadata

-gvSsIG

- uDig - GeoNetwork

- OpenJUMP -MDWeb

- Quantum GIS - deegree

- GRASS

- MapWindow

- etc.
Web Map Server
- MapServer

<j - GeoServer
E - MapGuide OS

- deegree

Web GIS Toolkits

' ﬁ B - QGIS mapserver
- FeatureServer
- MapBender ﬁl - GeoRest
Web GIS

- GeoExt

- MapFish Sanier Spatial DBMS
- GeoMoose

- GeoMajas -52 North WPS - PostGIS
-SharpMap -PywPs - Spatiallite

- etc. -deegree 3 ~&tc,

Websites with listings of free GIS software (projects)
http://lwww.freegis.org

http://www.opensourcegis.org

http://www.osgeo.org

The state of the art available Open Source Software in GIS, classified according to their flityctiona

2.5.1.1 DESKTQO®BIS:

QUANTUMGIS(QGIS) y)

Quantum GIS (QGIS) is a user friendly, Open Source, client base where you can T
visualize, manage, edit, analyze data, and compose printable maps. It includes . -
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powerful analytical functionality through integration WiGRASSt runs on LinuxXNIX Mac OSX,
and Windows and supports numerous vector, raster and dataf@seats,and functionality. QGIS is
OGC standards compliant (WMS, WF).

1 Website: http://www.qgis.org

1 License: GNU General Public License

1 Software Versionl1.8.0

1 Supported Platforms: Windows, Linux, Mac, Unix

ILWIS

ILWIS(IntegratedLand andWater Information Systen) is a GIS / Remote sensing
software for both vector and raster processing. ILWIS delivers a wide range of ﬁ
features including import/export, ditizing, editinganalysisand display of data, as [

well as production of quality maps. ILWIS was initially developed and distributed i ‘)‘

AdT& Enschede (International Institute for Géaformation Sciencand Earth Observation) in the
Netherlandgfor useby its researchers and students, but siticst of July2007,it has been

distributed under the terms of the GNU General Public License and is thus free software. ILWIS has
some very powerful raster analysis modules, a fpgicision and flexible vect@nd point digitizing

module, a variety of very practical tools, as well as a great variety of user guides and training modules
all available for downloading. The current version is ILWIS 3.8.1. Similar to the GRASS GIS in many
respects, ILWIS is currendlyailable natively only on Microsoft Windows.

ILWIS supports, Orthophoto, image georeferencing, transformation, mosaicing, 3D visualization,
production,and visualization of stereo image pairs as well as, Web Mapping Service (WMS) and Web
Processing Sewg (WPS).

1 Website http://52north.org/communities/ilwis
9 LicenseGNU General Public License
1 Software Version: 3.8.1

GRASS&IS(FULLY FEATURKEIS)

The Geographic Resources Analysis Support System, commonly referred to as
GRASS, is a Geographic Informmatiystem (GIS) providing powerful raster,
vector, and geospatial processing engines in a single integrated software suit
GRASS includes tools for spatial modeling, visualization of raster and vector
data, management and analysis of geospatial data, hagptocessing of

satellite and aerial imagery. It also provides the capability to produce
sophisticated presentation graphicaghardcopy maps. GRAS8anslated into twenty languages
andit supports a huge array of data formats.

GRASS is used aroune thorld in academic and commercial settings as well as by many
governmental agencies and environmental consulting companies. It runs on a variety of popular
hardware platforms and isee open-source software released under the terms of the GNU General
PuHbic License.

The GRASS software includes more than 400-inugihalysis modules. Additionally, over 100
community supplied modules and toolboxes are availdifgely, from the community wiki site. After
nearly 30 years of continuoukevelopment, GRASS Ixoth the oldest and largest Open Source GIS
available. It is easily scriptable and versatile enough to be used foothatch data processing on
massively paralldupercomputers as well as a handy desktop GIS for handheld PDAs or notebooks.
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1 Website:http://grass.osgeo.org

9 LicenseGNU General Public License (GPL) version 2

i1 Software Version: 6.4.3

9 Supported PlatformsGNU/Linux, Mac OSX, MS Windows

GVSIGDESKTOP

GvSIGs a Geographic Information System (GIS) desktop application designe.
for capturing, stoing, handling, analyzing and deploying any kind of
referenced geographic information in order to solve complex management S |
and planning problemssvSIGs known for its usefriendly interface and
being able to access all common vector and raster forntatsatures a wide
range of tools for working with geographic information (query, layout
creation, geoprocessing, networks, etc.), which turns gvSIG into the ideal tool for users working in the
land realm.

S

GvSIGs available in over 20 languages (Sparisiglish, German, French, Italian as well as
Windows and Linux (there are also nofiicial Mac OS X versions).

Provides common GIS tools like data loading, map navigation, query map information like
alphanumeric information, distance measurement, thetio cartography, legend edition using

common legend types, labeling, feature selection by many selection types, data tables with statistics,
ordering, table relations, table linking, layout manager, geoprocessing tools, CAD, raster processing,
etc.

It canwork with raster format such as ecw, ENVI hdr, ERDAS img, (Geo)TIFF, GRASS, NetCDF,... as well
as vector & CAD format such as, shapefile, NetCDF, GML, KML, DGN, DXF, DWG. The database file
such as PostGIS, MySQL, Orauoid, ArcSDEan be imported into it

It support numerous Open Geospatial Consortium (OGC) standards: WMS, WMTS, WFS and WCS
layers, SLD legends, Web Map Context (WMC), Search on catalogues with CSW (1ISO/19115 and
ebRIM), Search on gazetteers using WEH&commendation.

1 Website http://www.gvsig.org/

9 LicenseGNU General Public License (GPL) version 2
I Software Version2.0

1 Supported PlatformaiVindows, Linux

USERFRIENDLRESKTOINTERNEGIS(UDIG)

Userfriendly Desktop Internet GIS (uDig) is an open source spatial data
viewer/editor, with special emphasis on the OpenGIS standards for internet Gl
the Web Map 8rver (WMS) and Web Feature Server (WFS) standards.

UDigis Userfriendly (providing a familiar graphical environment for GIS users),
Desktop locatedrunning natively on Windows, Mac OS/X and Linuntgrnet
oriented(consuming standard and de facto gpasial web services) an@1S readyproviding the
framework on which complex analytical capabilities can be built, and gradually subsuming those
capabilities into the main application).

For developers uDig provides a common Java platform for buildingabppplications with open
source components. The website provides series of clear tutorials covering making a simple tool
through to releasing your own custom application.
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It can beintegratedwith existing infrastructure: ArcSDE, Oracle, DB2 and more. It works

With vector format such as Shapefile, jpeg, png, tiff and more as well as advanced spatial raster
formatsECW, MrSIand JPEGQ000. Itsupportsfor compliant Web Map Server&éoServer
MapServer) and Java Application built using@eoToolsJTS Topology Suite (JTS).

UDig has Implemented WMS, WFS, WF®/MSC, and SLD OGC standards.

Website:http://udig.refractions.net/

License: Dual BSD / EPL (Eclipse Foundation)

Software Version: 1.4.0b

Supported Platforms: Windows, Linux, Mac

API Interfaces: GeoTools, Imd@eExt, Java Advanced Imaging, Eclipse Rich Client Platform,
Eclipse Modelingrramework

=A =4 -4 -8 9

KOSMODESKTOP

g it
Kosmo- Desktop is a user friendly, desktop GIS application, which allo 3
you to explore, edit, and analyze spatial data from a variety of databas ay N
vector, andraster formats. It follows WMS, WFS, and SLD OGC standa o
and provides excellent topology integrity. Its plugins architecture enables it to be easily customized
for specific purposes.

Its Supported formats includes, Vector file formats such as Shap@&iMis, DXF, DWG, DGN, CSV (by
an extension), Raster file formats such as, ECW, MrSID, (Geo)Tiff, Erdas IMG, ENVI hdr, JPG, GIF, PNG
BMP. It also supports PostgreSQL, PostGIS, Oracle, and MySQL Databases.

1 Website: http://www.opengis.es/index.php?lang=en

9 Lieense: GNU General Public License (GPL) version 2
1 Software Version: 3.0 RC2

1 Supported Platforms: Windows, Linux

OPENJUMPGIS

OpenJUMP is an easy to use and powerful desktop Gl&nhbleusers to

display, editanalyzeand conflate geographic data. It comes in a CORE and a
PLUS edition, with the latter adding lots of useful plugins. OpenJUMP is excellént
for data editing and rapid prototyping of GIS functions.

It can read vector filéormat such as GML, SHP, DXF+, MIF*, CSV+, KML+ & TIFF, ASCII grid, JPG, PNG,
JPEG2000+, MrSID, ECW+, and reads Database format such as PostGIS, ArcSDE*, Oracle*, MySQL*
and SpatiaLite* as well as writing GML, SHP, WKT, DXF+, PostGIS & JPG, TIkE, 88GH.dt

must be noted thathe formatsmarked with a (*) require an additional plugins, and with (+) are part

of the PLUS edition. SEXTANTE raster analysis toolbox included in PLUS edition

GML2, SFS, WMSML ,and SLD OGC standards are supported.
Website:http://www.openjump.org

LicenseGNU GPL

Software Version: 1.6.3

Supported Platformsa/indows, Linux, Mac, Unix

= =4 -4 -8 -9
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SAGA

SAGA (System for Automated Gamientific Analyses) is an open source Pl Wy
geographic information system (GIS) used for editing and analyzing spatial dat; ‘

includes a large number of modules for the ays#8 of vector (pointjne, and B
polygon), table, gridand image data. Amongthers,the package includes a\w
modules for geostatistics, image classification, projections, simulation of dynami

processes (hydrology, landscagevelopment)and terrain analysi. The o
functionality can be accessed through a GUI, the command line or by using the C++ API.

Digital TerraiPAnalysisand 3D visualization is one of the important capabilities of this software.

1 Website:http://www.saga-gis.org

1 LicenseLGPL v2.1 (api); GPLv2 (GUI and modules)
M1 Software Version: 2.1.0

9 Supported Platformsiindows, Linux, FreeBSD

MAPWINDOWGISASDESKTOKBIS

MapWindow GIS is a Windows based, Open Source GIS cli M A P W | N D GS'W

where you can visualize, manage, editalyze data, and

compose printable maps. It includes powerful analytical functions through integration with GEOS and
GDAL/OGR. MapWindow is easy to incorporate inteQffe based products such as #%cel and
MS-Access, as well as programs written ir6\V8++, C#, VB.NET, and Delphi, as MapWindow is based
upon ActiveX controls.

MapWindow requires installation on a Microsoft Windows system before it can be run. MapWindow
has a friendly graphical user interface, on the fly projection, print layout, fedaéleling, vector and
raster symbols library.

MapWindow supports Easy Viewing of many vector formats including ESRI shapefiles, Maplinfo, SDTS
and GML, and raster formats such as digital elevation models, aerial photography or landsat imagery.
It supports,Tiles services, like OpenStreetMap, ArcGIS Online, digitizing tools for shapefile format,
GPS tools to import and export GPX format, convert other GPS formats to GPX, or down/upload
directly to a GPS unit and perform map algebra, terrain analysis, hydrofagleling (TauDEMANd

network analysis.

MapWindow Comply with OGC Standards WMS, WFS, WMTS, and GML.
Website: http://www.mapwindow.org

License: MPLv1.1

Software Version: 4.8.8

Supported Platforms: Windows

=A =4 =4 =4 =4

2.5.1.2 GENERAGISVIEWINGEDITINGNDANALYSIBHROGHOUTHBNEB

OPENAYERSASBROWSERSISCLIENT

OpenLayers makes it easy for web developers to embed dynamic maps, f
a multitude of sources, in any web page. OpenLayers providegtansive
set of mapping tools and widgets, similar to the Google Maps API. All

functionally runs inside the web browser, which makes OpenLayers easy to
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install, without any server side dependencies.

It uses JavaScript API, Support for standard and ousénl protocols for interacting with servers, as
well as Support for kbrowser data rendering (using SVG, VML, or Canvas technologies), and mobile
devices (with a focus on touch devices)

Commercial Layers such@sogleand Bing can be integrated into it.supports WMS, WMTS, WFS,
WFST, GeoRS, Atom, ArcXML, GeoJSON, GeoRSS, KML, OSM, SLD, WMTS and GML OGC Standard,
well as OpenStreetMap (OSM), ArcGIS, Images, MapGuide, MapServer, TileCache.

1 Website:http://openlayers.org
1 License2-clause BSD Licengka FreeBSD License)
1 Software Version: 2.13.1

LEAFLEASMOBILEFRIENDLWTERACTIMEAPS

e, 0r .z
Leaflet is a JavaScript library for browser based, mdbédadly, ,'_f_t@/j" ;,4';_,1'?,(9:,}’;, | .
interactive maps. It isghtweight, yet has all the features most ¥

developers ever need for online maps.

Leaflet is designed with simplicity, performance, and usability in mind. It works efficiently across all
major desktop and mobile platforms out of the box, taking advantad¢TéfiL5 and CSS3 on modern
browsers while being accessible on older ones too. It can be extended with many plugins, has a
beautiful, easy to use and walbcumented API and a simple, readable source code that is a joy to
contribute to.

It support Desktop Bmser such as Chrome, Firefox, Safari 5+, Opera 11.11a¢10EIE 6 (not
perfect but accessible)

It supports Mobile Browser such as Safari for iOS 3/4/5/6+, Android browser 2.2+, 3.1+, 4+, Chrome
for Android 4+ and iOS, Firefox for Android, Other web&ged browsers (webOS, Blackberry 7+,
etc.), and IE10 for WinBased devices.

It is extremely lightweight (around 31 KB of gzipped JS code) and needs no external dependencies

1 Website:http://leafletjs.com

1 License: BSD

1 Software Version: 0.6.2

1 Supported Pldbrms: Windows, Mac, Linux, Android, iOS

GEOMAJAASBROWSEIGISCLIENT

Geomajas is an extensible waapping framework, which seamlessly
integrates powerful server side algorithnmgo the web browser.

The focus of Geomajas is to provide a platformstenversideintegration of
geospatial data (be it througBeoToolor Hibernate), allowing multiple users
to control and manage the data from within their own browsers. In essence,

' BSD licenseare a family of permissive free software licenses, imposing minimal restrictions on the
redistribution of covered software.
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Geamajas provides a set of powerful building blocks, from which the most advanced GIS application
can easily be built.

What makes Geomajas unigue is its strong server side focus. The processing, styling, filtering, caching,
etc. of geospatial data always hagps within a secured context. All this makes Geomajas applications
incredibly scalable and performing, keeping the cliergal thin client

Geomajas integrates clieiserver architecture, enables geometry and attribute editing, and supports
Cross browsermwithout the need for browser plums.

It supports WMS, and WFS OGS.

1 Website:http://www.geomajas.org/

f LicenseAGPL

i Software Versionl.8

1 Supported Platforms/Nindows, Linux, Mac

MAPBENDER ASEOPORTAERAMEWORK .

Mapbender is a graduated OSGeo project. It is a web based geoportal
framework to publish, register, view, navigate, monitor, and grant secure
access to spatial data infrastructure services.

Mapbender is the tip of the iceberg metalayer of software preiding access to SDI components
adhering to international standards. Mapbender allows users to easily create customized browser
clients from a wide range of widgets (without any/with minimal) programming required. Widgets
integrate with server functionaltto provide advanced functionality like security proxying, digitizing,
auto snapping and more.

Mapbender management applications are straightforward and easy to use providing highly focused
functionality for the operation of large scale distributed SDhponents. It is the tool of choice for

SDI administrators who need to maintain, categorize, and monitor map and feature services.
Mapbender grants access to individuals, groups and manages machmachine access. Adherence

to standardized services, suah OGC WMS allows taking advantage of interoperable services from a
multitude of server platforms.

Mapbender is based on Symfony2, OpenLaydepproxy,and jQuery. It can print highuality maps
using your own PDF templatesirtplementsWMS OGC Standis

1 Website:http://www.mapbender3.org/

1 LicenseDual licensed under the GNU General Public License and Simplified BSD licens
9 Software Version: 3.0.0.2

1 Supported Platformsd/indows, Linux, Mac

! TheAffero General Public Licenseoften abbreviated asffero GPLand AGPL(and sometimes informally
called theAffero Licensg, refers to two distinct, though historicaltglated, free software licenses: GNU
General Public License, version 2 (GPLv2). And GNU GeublialLicense, version 3 (GPLv3).
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MAPHSHASWEBMAPPINGFRAMEWORK

MapFish is a flexible and complete framework for building rich-web

mapping apptiations. It emphasizes high productivity, and kigh
guality development. mapﬂ S h

MapFish is based on the Pylons Python web framework. MapFish
extends Pylons with geospatispecific functionality. Foexample MapFish provides specific tools for
creating web servis that allows querying and editing geographic objects.

MapFish also provides a complete Rifented JavaScript toolbox, a JavaScript testing environment,
and tools for compressing JavaScript code. The JavaScript toolbox is composed of the ExtJS,
OpenLayersand GeoExdavaScript toolkits.

MapFish is compliant with th®pen Geospatial Consortiustandards. This is achieved through
OpenLayes or GeoExt supporting several OGC norms, like WMS, WFS, WMC, KML, GML etc.

1 Website:http://www.mapfish.org

i License: BSD License

1 Software Version: 2.2

1 Supported Platforms: Windows, Linux, Mac

GEAMIOOSEASWEBGISPORTRL

GeoMOOSE is a browser based mapping framework for m

displaying distributed cartographic data. It is particularly useful

for managing spatial and nespatial data within county, city and municipal offices (from which
GeoMOOSE originated). It extends thadtionality of MapServer and OpenLayers to provide built in

services, like driftlown identify operations for viewing and organizing many layers, selection
operations,and dataset searches.

GeoMOOSE is fast, performing well with hundreds of layers andreices at a time. Data from
multiple custodians can be maintained with different tools and on different schedules as each map
layer has its own set of configuration files for publishing, symbetsplates,as well as source data.

The user interface is sdy configurable, and additional services can be added through a modular
architecture.

It provides Distributed data maintenance amongst multiple owners as well as access maps from:
MapServer, Google, VirtualEarth, YahooMaps, TileCache, ArcGIS RESTeraniM@. It supports
configuration of multiple views of data sources.

GeoMOOSE is compliant with tpen Geospatial Consortiustandards and supports WMS, WFES,
and Transactional WFS.

1 Website: http://www.geomose.org/
f License: MIT based licersattp://www.geomoose.org/info/license.html

! TheMIT Licensés a free software license originating at the Massachusetts Institute of Technology (MIT). Itis a
permissive free software license, meaning that it permits reuse within proprietary software providezpads
of the licensed software include a copy of the MIT License terms.
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i Software Version: 2.6.1
1 Supported Platforms: Windows, Linux, Mac

CARTARQASGEOSPATIACONTENT MANAGEMESYSTEM

Cartaro provides geospatial functionality and web services within the Drupal o
Content Management Syster(CMS). With just a few clicks within Cartaro, you P

can setup and run OGC standards based web services, as well as build maps%;ﬁ'@,y B
web pages. Caaro builds upon robust Open Source components: RiostGIS RN
database, GeoServer and GeoWebCache web ser@pesi.ayeranaps in the D ‘
browser, all managed from within the powerful Drupal CMS.

Cartaro is designed for CMS websites needing to handle geospatial data, and for organizations
wanting a lightweight Spatial Data Infrastructure (SDI) with minimal configuratidpeogramming.

Most SDI functionality comes right out of the box through the close integration of Drupal with PostGIS
and GeoServer. The main features of Cartaro are:

Spatial data storage with true geometry data types;

Creation of data types from withithe Drupal GUI;

Integrated online editing of geospatial data;

Data publishing with integrated maps;

Configuration of map layouts and behaviors;

Symbol styling;

Data publishing through OGC standaodsnpliant web services (OWS) like WMS and WFS;
High perfomance map output through GeoWebCache;

Transparent privilege handling and security for all spatial data;

Content publication workflow and revision moderation;

Basic metadata collection through access to GeoSdbdr

Full extensibility through thousands Dfupal modules or individual programming;
Compliant OGC Standard over WMS, WFS, WCS, FE, SLD, and GML

1 Website:http://cartaro.org/

9 License: GNU General Public License (GPL) version 2
1 Software Version: 1.0

1 Supported Pldbrms: Windows, Linuxgnd Mag

GEONODEAS AGEOSPATIACONTENTMANAGEMENT S'O
SYSTEM ol GeoNode

GeoNode is a Content Management System for geospatial data,

! Drupal is an open source content management platform powering websites and applications.
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which provides creation, sharing, and cblaative use of geospatial data. Datasets can be uploaded
in various formats, maps can be editatlyled,and aggregated througbrowserbasedtools, maps

and metadata can be published and searched, and revietiags,and comments can be captured
from users.

GeoNode is built upon GeoServer, GeoExplorer, pycsw, Django, and GeoExt.
Spatial Data Discovery

Powerful spatial search engine

Federated OGC services

Metadata catalogue

Import and Manage Geospatial Data

Publish raster, vector, and tabular data

Managemetadata and associated documents

Securely opublicly,share data

Versioned geospatial data editor

Interactive Mapping

GeoExplorer GIS client

Graphical style editor

Create multilayer interactive maps

Share and embed maps in web pages

Print maps as PDF

Support collaboration simultaneously

Provide possibility to review, rate, and comment on data
Support multi users

Supports announcements and notifications throughout the web
Compliant OGC Standard over WMS, WFS, WCS, FE, SLD, and GML

Website:http://geonode.org/

License: GNU General Public License (GPL) version 2.0
Software Version: 2.0 RC1

Supported Platforms: Windows, Linux, Mac

API Interfaces: Python (Django)
Support:http://opengeo.org/technology/geonode/
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GAIAGEOSPATIAL PLATFORM _

Gaia is a platform designed for advanced geospatial network and SDI needs. Based/"
the CarbonTools PRapengeospdial development toolkit, this viewer can access an ’,
F NN & 2F 3S2aL)l GAFEf a2d2NOSa 6AGK hD/ Qap
well as, services such as Microsoft Bing Maps, Yahoo! Maps and OpenStreetMap A

{Z 2at¢
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(OSM) It supports formats such as ESRI ShigefiGoogle Earth KML/KMZ, DXF, MIF, Geography
Markup LanguagegML),and GML Simple Features (GMLsf).

GAIA can use geospatial content from different sources and overlay them into a single map view, with
each layer individually configured and styled. GalAti-layer view allows seamless use of multiple
layers of different types. Panningpoming,and other mapping tools provide a fast and convenient

tool for browsing the map. GAIA uses dynamic caching of content to memory, providing enhanced
mapping perfomance.

9 Supported Platforms: Linux, Mac, Windows
1 Commercial Supporhttp://www.thecarbonproject.com

CHAMELEON

Chameleon is a distributed, highly configurable, environment for developing Web Mapping

applicatbns. It is built on MapServer as the canapping engine and works with all MapServer

supported data formats through a regular MAP file. It also works well with OpenGIS Consortium

standards for Web Mapping Services (WMS) and WMT Viewer Contexts through$Mg3 S N & & dzLJLJ2 NIi
for these standards.

Chameleon incorpates the ability to setip quicklynew applications from a common pool of
widgets that can be placed in an HTML template file. These widgets provide a fixed piece of
functionality, but the representabn of the widget is usually highly configurable.

Chameleon is also extendable. Developers can create their own custom widgets and then use them in
mapping applications.

Chameleon is Open Source, this means that you can use it freely for your own apmdicatid that
you also have access to the source code. Just like with any Open Source project, we hope that users
of Chameleon will contribute their improvements and report any problems or suggestions.

Chameleon technology was developed as the Configuiatele Mapping Client Component (CWC2)
for Canada's GeoConnections Access Program. It is currently being used by the GeoConnections
Discovery Portal and will be used by a number of CGDI based applications in the future.

1 Website: http://chameleon.maptools.org
1 Software Version: Chameleon version 2.6 rcl

2.5.1.3 WEBSERVIGEUBLISHINGPATIADATATOTHENTERNET

GECSERVERFORWEBSERVICE

GeoServer is a web server that allows you to serve magsiata ti“;q Geo server

from a variety of formats to standard clients such as web

browsers and desktop GIS programs. This means that you can store your spatial data in almost any
format you prefer but that your users do not need to know anything about GIS data. At thkestm
level,all they need is a web browser to see your maps exactly as you want.

GeoServer is the reference implementation of the Open Geospatial Consortium\{@&s8ahd WCS
standards, as well as a high performance certified compWétS GeoServer forms a core
component of the Geospatial Web.
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It supportsdata from a variety of data stores including, Vector, Shapefiles, External WFS, PostGIS,
ArcSDE, DB2, Oracle Spatial, MySql, SQL Server, Raster, GeoTiff, JPG and PNG (with world file), image
pyramid, GDAL formats, Image Mosaic, Oracle GeoRaster

Data is sered as safe and quick images using WMS and WMTS protocols. As the data is served up as
animage,your data is completely safe and secure. Unless thaligitize yourdata,there is no way

to steal your data. The appearance of each map layer can be dexdtiging the SLEtandard, which

allows features to be colored and labeled. By combining these rules with OGCdegtierdependent

styling can be implemented allowing more detail to be added as a user zooms in. Label collision
management, grouping, a@npriorities are also implemented.

Full vector data can be sent to a client using the WFS protAdMFS enabled client can download
vector data and use it for mapping, spataalysisand other operationsAlso,if authorized the user
can modify the d& and send it back to the server to update the stored data using the WFS
Transactional protocol. The data can be transmitted using GML (compressed) as well as other
standard data formats like shapefile and json.

Raster data values can be sent to a clesing the WCS protocdh GIS client can request the actual
raster data for use in spatial analysis. This allows a user to create applications, which can model the
process described by your data.

On the fly reprojection, means th&@eoServer supports theajority of the EPSGlatabase of
projections and can rproject to any of them on demand to allow clients with limited reprojection
support to pass the load to the server.

Tiling Cache is performed BeoWebCacheavhid is integrated into GeoServer, tiles and caches map
images from a variety of sources such as WMS. It implements various service interfaces (such as
WMSC, WMTS, TMS, Google Maps KML, Virtual Earth) in order to accelerate and optimize map
image delivery.tican also recombine tiles to work with regular WMS clients.

Web Processing Service (WPS) by utilidiegspatial algorithms, including those frdi§ can be

called through GeoServ&v/PSnterface. This includes the chaining of processes, and using rendering
transformations to create powerful visualizations through the WMS interface.

It supports numerous Open Geospatian€ortium (OGC) standards including; WMWES WFST
(transactiona) WCSWPSFE SLDGML

Website:http://geoserver.org/display/GEOS/Welcome

License: GNU General Public License (GPL) version 2

Software Version: 2.3.4

Supported Platforms: Cross Platform JavaM8ndows, Linux, Mac
API Interfaces: WMS, WRSBCS, REST
Support:http://geoserver.org/display/GEOS/Commercial+Support
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! The EPSG Geodetic Parameter Dataset is a structured dataset of Coordinate Refetents &yb
Coordinate Transformations, accessible through this data registry.

’TheJTS Topology Suite anopen source pure JavaP| of 2D spadl predicates and functions tmonforms to
the Simple Features Specification for Sfblished by theDpen GIS @sortium
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MAPSERVER FOREBSERVICE

MapServer is an Open Source geographic-data M S r‘ /
rendering engine written in C. Beyond brang GIS !\ a openssweb mpe r
RFGIZ al LY SNBSNI ff2pga &2 ONEB | G3S2aNS LKA O AYEF 38
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University of Minnesota (UMN) ForNet project in cooperation with NASA, and the Minnesota

Depariment of Natural Resources (MNDNR). Later it was hosted by the TerraSIP project, a NASA

sponsored project between the UMN and a consortium of land management interests.

7~~,

MapServer is now a project of OSGeo, and is maintained by a growing number of dev@ieparg

20) from around the world. It is supported by a diverse group of organizations that fund
enhancements and maintenance, and administered within OSGeo by the MapServer Project Steering
Committee made up of developers and other contributors.

Advaned cartographic output including:
Scale dependent feature drawing and application execution;

Feature labeling including label collision mediation, Complex Multi Label/Symbol Symbology, Label
Leader Offsetting, Precise Symbol Placement, and SVG Symbology;

TrueType font support for labeling and symbolization;

Map element automation (scale bar, reference map, and legend);

Thematic mapping using logical or regular expresbiased classes;

Pluggable renderer support with drivers for AGG, Cairo, GD and Opad®Gthars;
Special provisioning for tiled output generation;

Mask Layers;

Vector Fields;

Multiple Font Support;

Sophisticated spatial query support

Identify features by attributes, point, bounding box or geometry across one or more layers;
Support for rastr queries;

Fully customizable, template driven output;

OGRbased query output generation;

Support for popular scripting and development environments

CGl/FastCGl,

PHP, Python, Perl, Ruby, Java, and .NET,;

Crossplatform support

Linux, Windows, Mac OS X,&8id, and more;

A multitude of raster and vector data formats

Native support for ESRI shapefiles, PostGIS, ESRI ArcSDE and Oracle Spatial;
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Many other formats via GDAL and OGR;

Map projection support

Onthe-fly map projection with 1000s of projections thrghi the Proj.4 library;
Implemented Standards

Support of numerous Open Geospatial Consortium (OGC) standards, WMS (client/server), non
transactional WFS (client/server), WMC, WCS, Filter Encoding, SLD, GML, SOS, OM;

Website: http://www.mapserver.org/

Liceng: MITstyle license

Software Version: 6.2.1

Supported Platforms: Windows, Linux, Mac

API Interfaces: C, PHP, Python, Perl, Ruby, Java, and .NET
Support:http://mapserver.org/community;
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DEEGREEORWEBSERVICES

Deegree provides geospatial web services based upon Open d ee ree
Geospatial Consortium (OGC) and INSPIRE Network Services

specification§ Deegree supports WFS, WMS, WMTS, CSW, SLD,

and WPS

It Supports KVP, XML and SOAP requests, GMutbogut, Onthe-fly coordinate transformation, as
well as numerous back ends, such as PostGIS, Oracle Spatial, MS SQL Server, Shapefiles or GML
instance documents

Deegree has capabilities for high quality rendering, and scale dependent styling and
Suppots different backend, such as GeoTIFFs, anthetily caching (using EHCache)

1 Website: http://deegree.org

9 License: GNU GPL

1 Software Version: 3.3.1

1 Supported Platforms: Windows, Linux

NOAWVWMSFORWEBMAP SERVICE

NcWMSpublishes multidimensional data (such as environmental and weather
data) as an OGC compliant Web Map Service (WMSYMSquickly and

YIn Europe a major recent development has been the entering in force of the INSPIRE Directive in May 2007,
establishing an infrastructure for spatial information in Europe to support Community environmental policies,
and policies or activitiewhich may have an impact on the environmeiNSPIRE is based on the infrastructures

for spatial information established and operated by the 27 Member States of the European Union. The Directive
addresse84 spatial data themeseeded for environmental ggications, with key components specified

GKNRdAK GSOKYAOFt AYLX SYSYyiGAy3I NHzZ Sad ¢KA&a YI1S8a Lb{

approach.
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efficiently extracts the map images from the very large data files typically associated wit
environmental data.

NcWMSs capable of Fast data extraction, Generation of time series and vertical profile plots, as well
as Automatic recognition of vect@momponents and generation of vector arrows. It supports large
range of projections (for both swce data and target images) and creation of animations.

It supports NetCDF, GRIB, and OPeNDAP as Input formats and PNG, JPEG, animated GIF, KML
Implemented Standards in ncWMS is WMS and .KML

1 Website:http://www.resc.rdg.ac.uk/trac/ncWMS/

1 LicenseModified BSD Lénse

M1 Software Version: 1;1

1 Supported Platforms: All Java 1.5 platforms: Windows, Linux;, Mac

EXXSERVERFORWEBCOVERAGEERVICE

EOxServer is a server for presenting big Earth @agen Eouse wer

(EO) data archives and metadata via Open Standards.

Earth Observation supported data currently includes 2D raster data generally acquired using sensors
on satellites or aircrafts and including information about the time of acquisition and theriobgm
LI FySG 9FNILIK® LG Aa dGeLAOFftfte dzaSR (2 Y2YAG2NI 9 NIif

EOxServer builds upon an Open Source stack of software, which includes Ridb&erver
Django/GeoDjangoGDAL PROJ.4, andSpatialiteor PostGl$latabase.

EOxServer supports WCS, WKIEC GML, GMLCOV, Ei&M, standards, as well aSeoTIFFs

SYyO2RAY3 F2NJ O20SNI3SQaz D5![ fAONINEXZ LINBRSTAYSR L
Website:http://eoxserver.org/

LicenseMIT-style license

Software Version: 0.3.0
Supported Platforms: Linux, Windows, Mac
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GEONETWORK TO MANAGE MBRTACATALOGUE
GeoNetwork Open Source is a catalog application for managing g%% ws‘e&}g{%rék

spatially referenced resources. It provides pofuemetadata
editing and search functions, an embedded interactive web map viewer, and is based upon Open
Standards. It allows immediate search and access to local and distributed geospatial catalogues as
well as Up and down loading of data, graphics,utieents, pdf files, and any other content type. It is

an interactive Web Map Viewer to combine Web Map Services from distributed servers around the
world. GeoNetwork allows online editing of metadata with a powerful template system. It is a native
support br 1SO19115/ISO19119/1SO19139/ISO19110, FGDC and Dublin Core formatted metadata.

GeoNetwork allows, group and user management, mulgual user interface and support CSW,
according to OGC standards.

1 Website:http://geonetwork-opensource.org
9 License: GNU General Public License (GPL) version 2
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T Software Version: 2.10.0
1 Supported Platforms: Windows, Linux, Mac

Pycsw FORETADATAATALOGUE MANAGEMENT

Pycsw enables users to publish a catalogue of dataset désnos{metadata) to
the web, using standards based interfaces and formats, such that it can be
gueried and updated by catalogue clients. pycsw is simple to setup within an
Apache web server and can access metadata records stored as XML files wit
database.

pycsw

Pycsw is a Python implementation of tb& C Catalogue Services for the Web (CSW) standard
The project is certified GC Complianand is artODGC Reference Implementatiofhe CSW standard
defines common interfaces to discover, browse, and query metadata about spatial dataewidtes,
and related resources.

Pycsw is OpeSource, released under an MIT license, and runs on all major platforms (Windows,

Linux, and Mac OS X). It supports for WMS, WFS, WCS, WPS, WAF, CSW, and SOS INSPIRE Discover
Services 3.0. It supports, GeoNode, and Open Data Catalog connectivity andighiweight

(Python + CGl). It supports, GML, Dublin Core 1.1, SOAP 1.2, ISO 19115 2003, ISO 19139 2007, ISO
19119 2005, Metadata Standards.

1 Website:http://pycsw.org;

1 LicenseMIT;

9 Software Version: 1.6;0

1 Supported Platforms: Windows, Linux, Mac

MAPPROXY FORROXWWMS& TILE SERVICES r 1
MapProxy speeds up mapping applications byneredering and integrating maps .

from multiple sources and storing in a locatha. Layers can be made transparent, L ‘
projections can be changed, multiple map layers can be transformed into one,

watermarks can be added, and more...

MapProxy is flexible and scales from simple to complexcases: from a single tile cache for an
OpenLayrsweb client to a central SDI node that combines, unifies, and accelerates dozens of
distributed WMS services.

MapProxy is used for the German broadband atlas to deliver maps for thousands of users and the
German Federal Agency for Cartography and Geodsss MapProxy to aggregate WMS services
from all 16 states on the fly.

MapProxy

any WMS or tile server every GlS client

MRS ERVEY, SELSEPVEY, Tecktopsiael Pmas),
AreclS Server, o, CpEnLAErS, Grogleaps, ete.
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MapProxy Input sources can be:

WMS fromMapServerGeoServeretc;

WMTS from TileCache, GeoWebCadlie;

MapServer and Mapnik directly, without WMS

Any TileCache, Google Maps or Bing compatible spurce

It is compliant with OGC standards in WMS, TMS, WMTS, KML, and allows tile cachees.g. sto
identical images just once (e.g. ocean tiles), stores tiles in file system, MBTile files or CouchDB and
add watermark to tiles.

It allows adding transparency to opaque layers, merging multiple sourcgsojecting to other SRS
and building layer tres from different sources.

MapProxy accelerates existing WMS 10 to 100 times and allosttsesily reprojection.

1 Website: http://mapproxy.orgf

1 LicenseApache Software License 2.0

1 Software Vesion: 1.5.0

9 Supported Platforms: Linux, Mac, Windows

QGISS=ERVER FOREBMAP SERVICE V

QGIS Server provides a web map service (WMS) using the same libraries as the = )
Quantum GIS (QGIS) desktop application. Maps and print templates created in QGIS'T‘- &/
desktop ca be published as web maps simply by copying the QGIS project file into the
server directory. The resulting web maps look the saxactlyas in the desktop. QGIS Server is
usually run as CGI/FastCGI module within the Apache Web server.

It is supports WMSSLD implementation compliant with OGC standards,-sulRDF output,
WYSIWYG map creation with QGIS, and advanced cartographic symbolization.

1 Website: http://www.qgis.org/

9 License: GPL

i Software Version: 1.8.0

9 Supported Platforms: Windows, Linux

TINYOWSFORWFSTRANSACTIONAERVICE I B
TinyOWS is a high performance, Transactional Web Feature Servicd \WFigh is m'-.:.'
lightweight and easy to deploy, using a CGI or FastCGl interface andast@Sor ) ' )

data storage.

TinyOWS is commonly used in conjunction WithpServeto provide WFS and fast WFS services

for QGBand/or OpenLayers clients. It is used in production in organizations around the world,

including risk adverse government agencies. TinyOWS strictly implements the WES 4téndards,

andit has passed all OGC CITE units 1€st$000 uit tests)

Li LINPOPARSa O2yySOiGAz2zy (42 tz2adDL{ RFGFZ YR A& [ 2Yy1
allowing a single configuration file for both applications. TinyOWS implements WFS, FE, and GML

Standards, in compliance with OGC.

1 Website: http:tinyavs.org
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 License: MIT
1 Software Version: 1.1.0
1 Supported Platforms: Linux, Unix, Mac, Windows

ZOOPROJECT ASWWPSSERVER

ZOOProject provides a developer friendly Web Processing Service z oo
(WPS) framework for creating and chaining Web Processing Servi

A WFS provides web access to functions, which run spatial algorithmsPZQ)ért supports many
programming languages.

Z0OO0 is made of three parts:

Z0O0 KernelA powerful serveside C Kernel that makes it possible to manage and chain Web services
coded in diférent programming languages.

Z0O0 Services growing suite of example Web services based on various Open Source libraries.

Z0O0 APIA serverside JavaScript AiPlat isable to call and chain thOO Servicesjakingthe
development and chaining processessier.

Ybhh Aa oFaSR 2y F W2t { {SNBAOS YSNYyStQs gKAOK C
The latter is able to load dynamic libraries and to handle them adeomand Web services. The ZOO

Kerrel is written in C language, aitdsupports sgeral common programming languagdisenables
connecton to numerous libraries andibove allsimplifiesthe Web serviceenR S @St 2 LISNR A& 2 2 ¢

A ZOO service is a link composed of a metadata file (.zcfg) and the code for the corresponding
implementation. Tle metadata file describes all the available functions, which can be called using a
WPS Exec Request, as well as the desired input/ougarizices contain the algorithnisinctions,

and, it can beéimplemented in C/C++, FORTRAN, Java, Py@ttirand JavaSipt.

1 Website:http://zoo-project.org

9 License: MIT x/11

1 Software Version: 1.2.0

1 Supported Platforms: Windows, Linux, Mac

MAPGUIDEOPENSOURCE FOREBSERVICE M d pGUIdE

MapGuide Open Sougds a webbased platform that enables Open Source
users to develop and deploy web mapping applications and
geospatial web services. MapGuide features an interactive viewer that includes support for feature
selection, property inspection, map tips, and operationshsas buffer, select within, and measure.

MapGuide includes an XML database for managing content. Maestro allows users to edit the XML
database and build a website without writing a single line of code. MapGuide also supports most
popular geospatial file fonats, databases, and standards.

MapGuide can be deployed on Linux or Windows, supports Apache and IIS web servers, and offers
extensive PHP, .NET, Java, and JavaScript APIs for application development. MapGuide Open Source is
licensed under the LGPL.

MapQuide supports, Interactive Map Viewing, Dynamic browsased viewer, Feature selection and
properties, Buffering, querying, and Printing and Plotting for Quality Cartographic Output, as well as
Scaledependent detail, Rulelriven thematic stylization, Artiliased image rendering, and True color
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support. It can Perform coordinate reprojection, Create, manipulate, and analyze geometry and
Implemented WMS, OGC Standards

1 Website: http://mapguide.osgeo.org/

9 License: GNU Lesser General Public License (LGPL)
i1 Sofware Version: 2.4.0 PfRelease

1 Supported Platforms: Linux, Windows

2.5.1.4 DATASTORESSTORINGPATIADATA

POSTGISASSPATIAIDATABASE

PostGIS spatially enables the popular PostgreSQL ejatibnal database, allowing (
it to be used as a baaind databasdor geographic information systems (GIS) and -
web-mapping applications in the same manner as Oracle Spatial enables the Oracle [
database.

PostGIS is stable, fast, standards compliant, with hundreds of spatial functions and is
currently the most widely usedp2n Source spatial database. PostGIS is used by diverse
organizations from around the world, including rkerse government agencies and organizations
storing terabytes of data serving millions of web requests per day.

Database administration is availalfior desktop and the web via pgAdmin, pghgAdmin, and others.

Data import/export can be done by command line tools (shp2pgsql, pgsqgl2shp, ogr2ogr, dxf2postgis)
or from desktop and web GIS clients. These clients can also map and manipulate PostGi&tpatial
tables.It allows hundreds of spatial functions including, Buffers, unions, overlays, distance and more
as well as ACIIransactional integrity, Rree spatial index, Mukiizd S NJ & dzLJLJ2 NI Z | Yy RX

PostGIS implements SFQL OGC Standards.

Website:http://www.postgis.net

License: GNU General Public License (GPL) version 2
Software Version: 2.0.3

Supported Platforms: Windows, Linux, Mac

API Interfaces: SQL

=A =4 =8 =8 =4

SPATIAITE AS AIGHTWEIGHDATABASE
SpatiaLite is 8QLitédatabase engine with spatial functions added.

SQLite is a Database Management System (DBM&his simple, robust,
easy to use and very lightweight. Each SQLite database is simply a file. YL~
can freely copy it, compress it, andrpit between Windows, Linux, and MacOs etc.

! ACID stands for atomicity, consistency, isolation, and durability. These properties ensure piedietzavior,
reinforcing the role of transactions as-al-none propositions designed to reduce the management load when
there are many variables.

2SQLite is a software library that implements a-selfitained, servetess, zereconfiguration, transactinal SQL
database engine. SQLite is the most widely deployed SQL database engine in the world. The source code for
SQLite is in the public domaifSQLite 2013)
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The SpatiaLite extension enables SQLite to support spatial data conformity to OGC specifications.

It supports standard WKREnd WKBformats, and implements SQL spatial functions, as well as the
complete set oDpenGlIS functions, which is supported via GEOS

The SpatialLite supports full Spatial metadata alongdpenGISpecifications, alternative Geometry
notations- EWKT, GML, KML, and GeoJSON, importing and exporting to shapefiles as well as
coordinate repojection via PROJ.4 and EPSG geodetic parameters dataset.

The VirtualShape extension enables SQLite to access shapefiles as VIRTUAL TABLEs and it can then
perform standard SQL queries on external shapefiles, with no need for importing or converting them.

1 Website: http://www.gaiagis.it/gaiasins/

 License: MPL v1.1 and GPL v3

1 Software Version: spatialite 3.1.0 / librasterlite 1.1 / spatiadjte 1.5.0 / spatialitegis 1.0.0
1 Supported Platforms: Linux, Mac, Windows

RASDAMANSMULT+DIMENSIONARASTERDATABASE

rasdaman |

Rasdaman is an Array Datab&estem, whiclprovides flexible, fast,

scalable geo services for muitimensional spatidemporal sensor,

image, simulation, and statistics data oflinited volume. Aehoc

access, extraction, aggregation, as well as remix and analytics is enabled through a Nest8QL
query language with highly effective senade optimization. Cloud/cluster parallelization is
accomplished in a secure, adminigtiacontrolled way. Data is stored in a PostgreSQL database,
thereby achieving full information integration.

LY FRRAGAZ2Y G2 GKS NI &adSNJ |jdzSNE {wWoPShddWPSwebwl & R
service standards, as well as C++ and Java ARdsdanran driver is part of GDAL and MapServer.

Rasdaman has received a series of international innovation awards, among them the prestigious
European IT Prize and Geospatial Innovation Award. Technology is mature and stable, being in
operational for more tlan ten years. Among the operatorsRasdamanservices are mapping
agencies and climate data centers.

It is truly multidimensional 1-D, 2D, 3D, 4D, powerful, and has flexible query language for
visualization, classification, convolution, aggregatiand many more geospatial functions. It allows
full information integration of raster data with all geo data in the PostgreSQL database and support
for the rasterrelevant OGC standards, Reference Implementation for WCS, WCPS. Rasdaman
implements WMS, WPRSGC Standards.

1 Website: http://www.rasdaman.org
9 License: GNU Lesser General Public License (LGPL) version 3

L WKT stands for Well Known Text.

2WKB stands for Well Known Binary

® GEOS stands for Geometry Engifpen Source

*NewSQL is a new database access language. NewSQL is a class ofetatieraldatabase management
systemshat seek to provide the same scalable performance of NoSQL systepdifa transaction
processindreadwrite) workloads while still maintaining the ACID guarantees of a traditional database system.
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i Software Version: 8.5
1 Supported Platforms: Linux, MacOS, Solaris
PGROUTINGSROUTING FOROSTGIS

PgRoutingextends thePostGl$PostgreSQgeospatial database to provide
geospatial routing and other network analysis functionality.

Advantages of the database routing approach are:

Data and attibutes can be modified by many clients, lReantum GlSnd
uDigthrough JDBC, ODBC, or directly using Pl/pgSQL. The clienteeither
PCs or mobile devices.

Data changes can be refted instantaneously through the routing engine. There is no need for pre

calculation.

¢tKS 602aG¢ LI NIYSGSNI OFy 6S ReylLYAOILtte OFf OdA I SR
multiple fields or tables.

PgRoutings available under the GPLv2 license anslipported by a growing community of
individuals businessesand organizations.

PgRouting provides functions performed by various algorithms.
Website: http://www.pgrouting.org
License: GNU General Public License (GPL) version 2

91 Software Version: 2.0
1 Supported Platforms: Linux, Windows, Mac
1 Navigation and Maps

GPPDRIVE ASPINAVIGATION SOFTWARE

GpsDrive is a car (bike, ship, plane, foot) navigation system. GpsDrive displa
your position provided from a GPS on a zoom able map. The map file is auto
seleded depending on your position and preferred map scale. All GPS receivi [
which support the NME#protocol should be usable, as well as many USB GP g » .

using a binary protocol known to the Gp$8PS daemon and multiplexer. —

GpsDrive downloads LANDSAT or Opee8Vap data from the Web, or register your own images,

YR NBYRSNE tA@Ste hLISy{adNBSilallLl RIFGF ait2NBR Ay I t
Blue Marble higkresolution mosaic.

It allows verbal instructions usirgpSpeaksearch for nearest®l waypoints within a given radius,

NRdzi S LI FYyyAy3I a 6Stf Fa aSNBSNI G 2-Fijn@@dioni NI 01 2F ¢

! NMEAIs a combined electrical and data specification for communicaigtweenmarine electronicsuch as
echo sounder, sonar, anemometer, gyrocompass, autopilot, GPS receivers and many other types of
instruments. It has been defined bynéis controlled bythe National Marine Electronics Association

2G|osd isa softwarethat receives data from &PSeceiver, and provides the data back to multiple applications
such aKismetor GPS navigation software
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1 Website: http://www.gpsdrive.de

1 License: GNU General Public License (GPL) version 2
1 Software Version: 2.12

1 SupportedPlatforms: GNU/Linux, Mac OSX

GPPRUNE TWIEW, BEDIT ANDCONVERTGPSIRACKS

GpsPrune is a tool for viewinggliting,and converting coordinate data from
GPS systems. It us@penSteetMapimagery to show recorded tracks and
waypoints, and provides a variety of tools to let you edit, crop and prune th
data points. It also has functions for correlating photos and audio files to th
coordinates using the file timestamps.

B

GpsPrune useSpsbabel, if available, to read data directly from a GPS receiver, and can send the
edited data back to the receiver toGpsPrune runs on Mac OSMndows,and Linux, and is
available in over ten different languages.

It allows Zoom able map imagery frabpenStreetMap, altitude or speed profile view, Interactive 3d
view of the data, and automatic correlation of photographs and audio files with the loaded data using
timestamps, as well as creation of charts such as altitude against distance, speed against t

1 Website: http://gpsprune.activityworkshop.net/

1 License: GNU General Public License (GPL) version 2
1 Software Version: 13.1

1 Supported Platforms: GNU/Linux, Mac OSX, Windows

MARBLE ASWRTUAL GLOBE AND WORTLAS

Marble is an open source KDE EducaRooject program @ ) M

similar to NASA World Wind or Google Earth. Besides choos\ A\ / ARBLE
any number of maps to view on your globe (including o

OpenStreetMap), you are encouraged to include a KDE Marble widget in your application.

9ELX 2NB (KS ySA 3KrizeshtkfZi® Bnd strkel 1&vel mapslSdarBhicr addresses
and places of interest. Marble takes care of querying various search back ends and presents their
results in a unified view. Calculate pedestrian, bike and motorcar routes with- @atiee andoffline,
with an arbitrary number of via points.

Start exploring the world. View clouds and sun shadow, follow satellites and space stations and
display their orbits, all updated in retime. Travel back in time and learn about historic views of our
plang using maps from past centuries. Earth is enbugh.Marble also offers maps of the moon and
other planets.

Marble allows to search (Online address search, Online POI search), as well as routing & Navigation
(Voice navigation, Online motorcar routing, lde bike routing, Online pedestrian routing, Offline
routing optional download, Turby-turn navigation). It supports tools (Distance measurement,
Bookmarks, Time Simulatioand OfflineMode) and OpenStreetMap integration.

1 Website: http://marble.kde.org;

9 License: GNU Lesser General Public License (LGPL) version 2.1;
 Software Version: 1.6.0;

1 Supported PlatformgSNU/Linux, Mac OSX, MS Windows;
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OPENCPNASMARINEGP3CHART PLOTTER NAVIE@NISOFTWARE

OpenCPN provides free navigation software for use at the helm of vessels of g
types and sizes, as well as offline for route planning. It has been developed by ) 4

team of active sailors using real world conditions for program testing and
refinement. ‘

hLISy/tb LINBASYyGa I dza SN sspeédandicduSe s@pdrimpdSdd Qpon O dzZNNEB vy i
accurate navigational chart imagésle, and current predictions. Information received by standard
radio links describing the position and intent of ethvessels can also be shown.

As the host vessel moves, new charts are selected and displayed at user specified resolution and
detail. Further, the user may enter routes and waypoints allowing interface to an external autopilot
for precise course following

OpenCPN supports, NMEA GPS or Gpsd daemon input, waypoint / autopilot navigation and unlimited
route/mark creation.

1 Website: http://www.opencpn.org

9 License: GNU General Public License (GPL) version 2
1 Software Version: 3.2.2

1 Supported Platforms: GNU/LinuMac OSX, MS Windows

OPENSTREEWMAP AS A TOOL FOR WMA¥G THE WORLD

OpensStreetMap is a project aimed squarely at creating and providing free
geographic data such as street maps to anyone who warite project was
started because most maps you thinkas free actually have legal or technical
restrictions on their use, holding back people from using them in creative,
productive,or unexpected ways.

A number of programs have been included: J&3Mrkaartof, Osmosis Osm2pgsd) and a
number of smaltommand utilities. lIraddition,recent sample data for the host city and a number of
JOSM plugins have been included.

OpensStreetMap is global massively cresalirced dataset, andidespreadyeo-application
integration

Website: http://www.openstreetmap.org
license OpenStreetMap datahttp://wiki.openstreetmap.org/index.php/OpenStreetMap_License
JOSM: GNU General Public License (GPL) version 2

)l
)l
1
1 JOSM plugins collection: Ranging from Public Domain to GPLv3

1 JOSM is an extensible efitfor OpenStreetMagOSM) written inJavab.

Merkaartor is an OpenStreetMap editor for Unix, Windows and Mac OSX (prerelease, Intel only), distributed
under the GNU General Public License.

% Osmosis is a command line Java application for processing OSM data. The tool consists offaphegigahte
components that can be chained together to perform a larger operation.

4 osm2pgsql is a commadthe based program that converts OpenStreetMap data to PostGéBled

PostgreSQL databases.
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Merkaartor: GNU General Public License (GPL) version 2
Software Versions:

JOSM: Latest stable snapshot (svn r6060)

Merkaartor: 0.17.2

Osmosis: 0.40.1

osm2pgsgl: SVN version 0.81.0

Supported Platforms: GNU/Linux, Mac OSX, MS Windows

=4 =4 -4 -4 8 _a 9

VIKINGTOMANAGE AND PLEGIP DATA

Viking is a GPS data editanalyzerand viewer. Viking aims to be easy to |
use, yet powerful in accomplishing a wide variety of GPS related tasks. It
uses a hierarchical layering system to organize GPS data, maps, and oth
layer types with spatial data, such as coordinate lines. It works with
OpensStreetMap data and various online tile servers.

Viking allows Upload ardbwnloadswaypoints, tracks to and from your GPS with real time GPS
tracking and track recording. It prepareatks and waypoints for trips using maps from services such
as OpenStreetMap and Bing Aerial. You only need to upload the data to your GPS before you leave.
The maps together with your tracks and waypoints can also be printed and used during the trip as
well as creating maps with coordinate lines. It enables speed analysis at different places.

1 Website: http://sourceforge.net/apps/mediawiki/viking/
1 License: GNU General Public License (GPL) version 2
1 Software Version: 1.2.1
1 Supported Platforms: GNU/Linux, M3ndbws

2.5.1.5 SPATIAIANALYSIBOOLS

GEOKETTLE ABTL(EXTRACTTRANSFORM ANDDAD) TOOL < 3

DS2YS{HGtS Syl 6f BREI BEINBRARY 27F t éyﬂl-ﬁ 50/04 LyGS
as Kettle). It is a powerful, metadathiven spatial ETL (Extrad¢tansformand

Load)tool dedicated to the integration of different data sources for building and

updating geospatial databases, datarehousesand web services.

GeoKettle enables the Extraction of data from data sources, the transformation of data in order to
correct erros, clean data, change data structure, make data compliant with standards, and Loading of
transformed data into a target Database Management System (DBMS), GIS file, or geospatial web
service. GeoKettle is particularly useful for automating complex anditeeedata processing

without producing specific code, converting between data formats, migrating data between
databases, feeding data into databases, etc.
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In the geospatial domain, GeoKettle compares to EMPproprietary spatial ETL tool. GeoKettle is
stable, fast, standards compliant, with hundreds of functions and read/write support for many file
formats,servicesand DBMS. GeoKettle is used by diverse organizations from around the world,
including governmental agencies, banksd insurancend geopatial system integrators. It allows
extractingdata from 35+ database types such as MySQL, PostgreSQL/PostGIS, Oracle ... It supports
OGC Web services such as SFS;WRSS, CSW, SOS, Giid,KML

1 Website: http://www.geokettle.org/

1 License: GNU Lesg8eneral Public License (LGPL) version 2.1
M1 Software Version: 2.5

1 Supported Platforms: Windows, Linux, Mac, Solaris

GMTAS ATHEGENERI®IAPPINGIOOLS FORARTOGRAPHRENDERING

SRiE ;"-;:

GMT is a caliction of tools that allow users to manipulate {¥,and (X,
y, z) data sets (including filtering, trend fitting, gridding, projecting,
etc.) and produce Encapsulated PostScript File (BR#pws
illustrations ranging from simpleyplots through cotour maps to
artificially illuminated surfaces and[3 perspective views in black and white, gray tone, hachure
patterns, and 24it color.

GMT supports many common map projections plus linear, log, and power scaling, and comes with
support data such as estlines, rivers, and political boundaries.

It supports gridding and contouring functions for quality cartography.

1 Website: http://gmt.soest.hawii.edu

9 License: GNU General Public License (GPL) version 2

1 Software Version: 4.5.6

1 Supported Platforms: GNU/Linux, Mac OSX, MS Windows

MAPNIK ARARTOGRAPHRENDERING ENGINE

Mapnik is a toolkit for rendering beautiful maps, with clean, sc
feature edge provided by quality antliasing graphics,

intelligent label placement, and scalable, SVG symbolization.
Most famously, Mapnik is used to render the OpenStreetMap main map layers.

It can comfortably be used for both desktop map design and web developiapnik has typically
been embedded in Python applications which deliver their maps over the internet although scaling
improvements have meant that Mapnik has recently been getting used to create high resolution
paper maps too.

Essentially a collectiorf geographic objects (map, layer, data souffeature, geometry) existshe
librarydoesnotNBf & 2y aGaoAYyR2¢Ay3I aeaiasSvyaéd IyrR OFy 68
intended to play fair in a multhreaded environment and is aimed primarily,tlnot exclusively, at

! FME is software to transform and exchange Geospdstd into/from more than 300 formats to use and
share.
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web-based development. Higlevel Python bindings (boost. Python) facilitate rapid application
development, targeting zope3, Django etc.

Mapnik is cross platform. Packages are available for most linux distributions and installers are
commonly used on Mac OS X and windows.

1 Website: http://www.mapnik.org/

1 License: LGPL (GNU Lesser General Rid#icseg
1 Software Version: 2.0.0

1 Supported Platforms: Windows, Linux, Mac

TILEMILL AS AESIGN STUDIO FREBMAPSSTYLING AND
PUBLISHING

K TileMill

TileMill is a design studio for creating beautiful, web based, interactive maps an open saurce project
from a wide range of existing spatial data sources.

Generated webmaps can use hover tooltips, clickable pop ups, interactive graphs and images, SVG
markers, rich textures, and migte layers. Customized maps can be exported to different formats
like, .png, .pdf, .svg and MBTiles. The MBTiles spec defines how to store tiles as a single file, as a
SQLite database.

Data can be sourced from vector data (CSV, shapefile, KML, GeodS@NjGeoTIFF), as well as
large data sources like OpenStreetMBostgreSQland SQLite.

TileMill makes use of thelapnikmap-renderinglibrary (as used by OpenStreetMap) and uses the
CartoCSS as a style sheet language.

TileMill is typically used in camjction with a desktop GIS (like QuantomGIS) for preparing data, and a
graphics editor (like GIMP) for creating icopatterns,and textures.

TileMill can load data from a wide range of sources and formats such as, ESRI Shapefile, KML,
GeoJSON, GeoTIFESYV spreadsheet, OpenStreetMap, PostgreSQL, PostGIS, and SQLite.

TileMill publishes .png, .pdf, .svg, MBTiles, and maps as WebPages

TileMill does not support OGC standards, like WMS or WFS. Rather it adheres to the widespread
practices of z/x/y tile scheas, used by Google and OSM and is based on the MBTiles and UTFGrid
specifications.

T Website: http://tilemill.com

9 License: BSD

1 Software Version: 0.10.1

1 Supported Platforms: Windows, Linux, Mac

MAPTILER ASAAPPUBLISHINGREATEMAPTILES

L

MapTiler is a deskfapplication for the creation of map tiles for rapid raster e

map publishing. Geodata is transformed to tiles compatible with Google Maps = ‘
and Earth ready for publishing via direct upload to any web server or a cloud '
"l |

storage (such as Amazon S3).

No extensre configuration on the server side is necessary; any simple file
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hosting is fine. Dynamic interaction such as panning and zooming, overlay of markers and vector data
is provided by powerful browser functionality. The application directly generates a teache
simple viewer based on OpenLayers and Google Maps APl and can be easily customized.

MapTiler is a multplatform desktop application. Installers are available for Windows, Mac OS X and
packages foLinux(Debian/Ubuntu).

MapTiler supportdavaScripl t La adzOK Fa hLISYy[lFI&@SNa> D223tS al Lk
for TMS as well as various file formats such as TIFF/GeoTIFF, MrSID, ECW, JPEG2000, Erdas HFA,
NOAA BSB, JPEG and more...

1 Website: http://www.maptiler.org/

9 License: New BSD License

1 Sofware Version: 1.0beta2

1 Supported Platforms: Windows, Linux, Mac

OSSIMFORREMOTESENSING 4 Y
Open Source Software Image Map (OSSIM) is a high performan-c__e’ e S0 SN
engine for remote sensing, image processing, geographical s R SEng

information system and photogrammetry.

OSSIM hsbeen funded by several US government agencies in the intelligence and defense
community and the technology is currently deployed in research and operational sites. It has been
actively developing since 1996.

OSSIM is designed as a series of high perfoomaoftware libraries, it is written in C++ employing
the latest techniques in objeairiented software design. Many command line utilities, GUI
applications, and integrated systems have been implemensseral of which are included with the
software dstribution.

It supports Universal Sensor Models (RPCs) and Wide range of Map Projections and Datums as well as
precision terrain correction and orthectification. It allows advanced mosaicing, compositing and
fusions.

1 Website: http://www.ossim.org

9 Licemse: GNU General Public License (GPL) version 3
1 Software Version: 1.8.16

9 Supported Platforms: Linux, Mac, Windows

OTBFORIMAGEPROCESSING

ORFEO Toolbox Library (OTB) is a high perforniayacg processing
library. It is primarily used for processing rei®sensing images such as
those gathered by radarsatellites,and aerial photography. OTB provides
tools for the future optic and radar images (tridimensional aspects,
segmentation, classification, changes detection, texture analysis, pattern
matching, @tic/radar complementarities,).

OTB has been funded by the French Space Agency (CNES) in the frame of the Methodological Part of
the ORFE@ccompanimenProgram and has been actively developed since 2006. It is based on the
established medicaimageprocesinglibrary ITK and is distributed as open source.
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OTB supports ortheoectification, map reprojection and sensor model refinement, and calibration as
well as image fusiotiltering, blurring, denoising, and enhancement.

Feature extraction, object detéion, large-scaleimagesegmentationand classification using K
means, Markov random fields are supported by OTB. It is able to dijesetd image analysis,
geospatial analysis, and stereoscopic reconstruction from optical images.

SAR data analysisisodéF h¢. Qa oAt AGEd

1 Website: http://www.orfectoolbox.org/

1 License: CeCILL (CeCILL is compatible with GPL and enhanced to address French law)
1 Software Version: 3.18.1 (released in July 2013)

1 Supported Platforms: Linux, Mac, Windows

RPROJECT FERATISTIAAPROGRAMMING

R is a powerful, widely used software environment for statistical computing;"
andgraphics, whickexcels at analyzing and processing geographic data se'§
Geospatial analysis capabilities within R are available in R packages (moc
that exterd the capabilities of R) that provide access to a large number of
traditional and state of the art algorithms, often before they are available in other open source or
proprietary software. R and its packages are able to process point, line, polygon @udtgriUsers
can accomplish a broad array of tasks sasimage classification, statistical analysis to infer spatial
relationships and patterns of features, and others. The functions available via R complement and
advance capabilities found in GIS amégje processing software.

The core R interface is a command kmedow, whichprovides excellent flexibility and control but
tends to lengthen the time required to become a proficient user when compared to software with a
graphical user interface (GURartunately, R is well documented on the welite, whicheases the
learning process. Scripts are often used to automate processing steps but there arén€léiading

one being RStudfo

R is an implementation of the S programming language and themgnigicant compatibility between

R and legacy S anéP8us code as well as between R and the modern commercial version of S, TIBCO
Spotfire S+. This makes it possible to convert different versions of S code to run on R without major
code modifications.

R isa Complete Object Oriented Programming Language designed for Statistics and similar
Mathematical intensive applications and hundreds of community contributedadgackages for
spatial statistics.

R supports handling of spatial data, point pattern analyGeestatistics such as Spatial regression,
ecological analysis.

1 Website: http://cran.rproject.org

i License: GPL

 Software Version: 3.0.1

1 Supported Platforms: Windows, Linux, Mac, Unix

! http://www.rstudio.com
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1 Domain Specific G[8pplications targeted at a specific domain)

SAHANAEDENFORDISASTER MANAGEMENT

Sahana Eden is a Family of Appi@ss to Help You Help SAHANA E t

Others. It provides web based collaboration tools that
address the common coordination problems faced during
a disaster including finding missing people, managing aid, managing volunteers, and tracking camps
effectively between Goveament groups, the civil society (NGOs) and the victims themselves.

Solutions are available for Disaster Management, Emergency Management, Development,
Humanitarianand Environmental sectors. Free and Open Source means that it is easily Customizable
and Efensible. Sahana Eden is also able to integrate with other solutions and can provide a
management/ticketing interface around crowsburced data such as that collected in the Ushahidi
incident mapping application.

The Sahana project was initiated by vdkers in the Sri Lankan FOSS development conitsnt;

help theirfellow citizensaffected during the 2004 Asian Tsunami in December 2004. The system was
officially used by the Government of Sri Lanka and the system was released as Free and Open Source
software. Subsequently a #@rite as a generic disaster management tools was incubated with the
sponsorship of the Swedish International Development Agency, IBM, the US National Science
Foundation and it has been used by dozens of Governments and NGOs simce th

The Sahana supports:

Mapping- Situation Awareness & Geospatial Analysis;

Requests ManagemenfTracks requests for aid and matches them aglaflonors who have pledged
aid;

Volunteer Management Manage volunteers by capturing their skills, availgbdind allocation;
Missing Persons RegistriReport and Search for Missing Persons;

Disaster Victim Identification;

Shelter RegistryTracks the locatiordistribution, capacity,and breakdown of victims in Shelters;
Hospital Management Systentdospita can share information on resources & needs;

Organization Registayt 2 K2 A& R2AYy3 2KI 0 9 2KSNBe¢od ! ff2g0a
activities;

Ticketing Master Message Log to process incoming reports & requests;

Messaging Sends & Receiveseils via Email & SMS;

Document Library A library of digital resources, such as Photos & Office documents;
Ushahidi Integration Able to integrate data from Ushahidi;

Website: http://eden.sahanafoundation.org/
License: MIT License
Software Version: 1.0.1

1
1
1
1 Supported Platforms: GNU/Linux, Mac OS X, Microsoft Windows
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USHAHIDI FORICIDENTIMELINE& MAPPING

o T o g
TheUshahidiEngine is a free and open source platform that yas USh a h ld |
allows anyone to gather distributed data via SMS, ikoraweb *

and visualize it on a map or a timelingshahidigoal is to create tools for democratizing information,

increasing transparency and lowering the barriers for individuals to share their stories.

' AaKI KARAZ 6KAOK YSI ya nitally Sevaioped & yhapérepdrty of fiokehc&ih £ A = &
Kenya after the postlection fallout at the beginning of 2008. Ushahidi roots are in the collaboration

of Kenyan citizen journalists during a time of crisis. The website was used to map incidents oéviolenc

and peace efforts throughout the country based on reports submitted via the web and mobile phone.

This initial deployment of Ushahidi had 45,000 users in Kenya, and was the catalyst for us realizing

there was a need for a platform based on it, which ddug use by others around the world.

‘!'.ll'

Ushahidi supports Interactive map, timeline, ability to subscribe to report alerts based on proximity,
CSS based themes, Scheduler, and Video upload.

Website: http://www.ushahidi.com

License: GNU Lesser General Pulitiense (GPL) version 3
Software Version: 2.7 (Bamako)

API Interfaces: PHP

Supported Platforms: Linux, Mac, Windows

=a =4 -4 -8 -9

OSEARTH AFERRAIN RENDERING IKID o

OsgEarths a scalabléerrain-renderingtoolkit for WISIG E ﬂ R T H
OpenSceneGraph (OSG), an open source, highrpefce, -

3D graphics toolkit. Just create a simple XML file, point it at your imagery, elevation, and vector data,

load it into your favorite OSG application, and @sigEarttsupports all kinds of data and comes with
lots of examples to help you get up andhning quickly and easily.

OsgEarthmakes it easy to deploy scalable terraiodels, create terrain modelsither offline, or
dynamically at rurstime. It can alsdoad wholeearth terrains without writing any code, and set up
map tile caches to maximizerformance. It can adjust layer opacity for miitkturing effects and
drape vector (GIS) data on the terrain.

OsgEarttsupports GeoTIFFs imagery and Digital Elevation Model (DEM) files (plus lots of other
formats) such as vector data like ESRI shagse@isgEarthis OG&ompliant forWMS

1 Website: http://osgearth.org/

1 License: GNU Lesser General Public License (LGPL)
 Software Version: 2.4.0

1 Supported Platforms: Linux, Mac, Windows

MB-SYSTEM FOSEAFLOORMAFRPING

MB-System is an open source software package for the processi , S W
and display of bathymetry and backscatter imagery data derived| SYSTEM [¢ 00w
from multi-beam, interferometry, and side scan sonar. It makes -

extensive use of th&MTsoftware.

MB-System has been under development since 1993, with active support from a number of research
and science organizations.
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MB-System supports Interactive 3D visualization Read, gridding, statistical analysis, actaxtf
cleaned bathymetric product, as well as s&tmn and amplitude data processing and mosaicing. It
supports Exporting data products to GIS and visualization packages and is able to prodextosub
profiler data and tide modeling and correction.

1 Website: http://www.ldeo.columbia.edu/res/pi/MESystem/

9 License: GNU General Public License (GPL) version 3

9 Software Version: 5.4.2128

Supported Platforms: GNU/Linux, Mac OSX, MS Windows (with Cygwin

ZYGRIBFORWEATHER FORECASTING

ZyGribis a program to download and visualize weather forecast data in the standa
GRIB distribution format.

ZyGribsupports visualization of meteorological data from files in GRIB format,

automatic downloadf weather and wave forecasts from IAC (fleet code) data, and

playing animations of-8ay forecastsZyGribcan create regional weather maps (worldwide), or view
a detailed quantitative forecast for a particular location as well as plotting wind, pressure
temperature, humidity, rain, snow, cloud cover, dew point, wave height, and high altitude data.

Website: http://www.zygrib.org
License: GNU General Public License (GPL) version 3
Software Version: 6.1.4

1
1
1
1 Supported Platforms: GNU/Linux, Mac OSX, MS Windows

2.5.1.6 GEOSPATIAIBRARIES

GDAL/OGRSGEOSPATIADATATRANSLATIONOOLS

Geospatial Data Abstraction Library (GDAL/OGR) provides corrimandilities NN
to translate and process a wide range of raster and vector geospatial data

formats. ] '\
The utilities are based upon a cross platform, C++ library, accessible via numeG:DALI-
programming languages. As a library, it presents a single abstractndatal to

the calling application for all supported formats.

GDAL/OGR is the most widely used geospat&ih access library. It provides the primary data access
engine for many applications including MapServer, GRASS, QGIS, and OpenEV. It is albg utilized
packages such as OSSIM, Cadcorp SIS, FME, Google Earth, VTP, ThubdapEMdS8and ArcGIS.

! From:http://cygwin.com/;Cygwin is:
1 A collection of tools which provide a Linux logiddeel environment for Windows;
1 ADLL (cygwinl.dll) which acts as a Linux API lagreiding subtantial Linux API functionality;
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GDAL supports large filefarger than 4GB, Library access from Python, Java, C#, Ruby, VB6 and Perl,
as well as having a coordinate system engine builPR0OJ.4 and OGC Well Known Text coordinate
system descriptions.

GDAL supports over 50 raster formats, and OGR over 20 vector formats including:
RasterGeoTIFFs, Erdas Imagine, SDTS, ESRI Grids, ECW, MrSID, JPEG2000, DTED, and more ...

Vector:Maplnfo (ab and mid/mif), ESRI Shapefile, ES®RierageESRI Personal Geodatabase, DGN,
GML, PostGIS, Oracle Spatial, and more ...

The OGR vector data model is compliant with the OGC Simple Features specification.

1 Website: http://www.gdal.org

1 License: X/MIT styl®@pen Source license

1 Software Version: 1.10.0

1 Supported Platforms: Windows, Linux, Mac

JTSTOPOLOGR®RUITE(JTS, JAVATOPOLOG®UITH
JTS is an open source library of spatial predicatds au TS TOpOlogy SU ite

functions for processing geometries. It provides a
complete, consistent, and robust implementation of fundamental algorithms for processing linear
geometry on the Zlimensional Cartesian plane.

We{ AyOfdzRSa GKS dawe{ ¢ SrtéstsandzéxpeRreNtivith@dohed K |  f 2 &
through an interactive desktop interface. JTS stability is ensured through an extensive test suite.

JTS is used by most java based Open Source geospatial applicatiocB&@@ahich is a C++ port of
JTS, is used by most C based applications. Additional ports are available for C# and JavaScript.

JTS supports Well Known Text (WKT), Well Known Binary (WKB), GML 2, and Java Swing/AWT writing,
as well as OGSimple Features for SQL (SFSQL)

1 Website: http://tsusiatsoftware.net/jts/main.html
9 License: LGPL
1 Supported Platforms: Windows, Linux, Mac

GEOToOOLS ALVAGISTOOLKIT

GeoTools is an open source (LGPL) llanaay, whichprovides standards
compliant methals for manipulating geospatial data, and uses data structures
based on Open Geospatial Consortium (OGC) specifications.

GeoTools is used by a number of projects including web services, command line

tools,and desktop applications. GeoTools has, Integr&@edmetry supports provided by JTS

Topology Suite (JTS), capability to access GIS data in many file formats and spatial databases and work
with an extensive range of map projections as well as filter and analyze data in terms of spatial and
non-spatial attibutes.

GeoTools can compose and display maps with complex styling and supports arcsde, arcgrid, GeoTIFFs,
grass raster, gtopo30, image (JPEG, TIFFa@PNG imageieext-gdal, image mosaic, image
pyramid, and JP2K, matlab file formats.
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GeoTools supmts db2, h2, MySQL, oracle, PostGIS, spatialite, sglserver databaseshappa,

arcsde, csv, dxf, edigeo, excel, GeoJSON, org, property, shapefile, wfs vector formats, and Java data
structures and bindings provided for the following: »@me (xml simp types) fes, filter, gml2, gmi3,

KML, OWSSLDWCSWFSWMS WPS vpf as Xml binding.

GeoTools is compliant with OGC standards in SLD, SF, CQWM&-8ndWPS.

1 Website: http://geotools.org/
i License: LGPL
1 Supported Platforms: Cross Platform Java 6

GEOSA C/C++SPATIALLIBRARY
Geometry

GEOS (Geometry Engin®pen Source) is a C++ port of the G E 0 S Engine
JTS Topology Suite (JTS). It includes the OpenGIS Simple ;‘L’:‘If“_p
Features for SQL spatial predicate functions and spatial o
operators, as well as specific JTS enhanced topologyidms.

GEOS is the most widely used geospatial C++ geometry library, being used by open source projects
such as PostGIS, QGIS, GDAL/OGR and MapServer, and by proprietary products including FME.

GEOS implemented OpenGIS Simple Features for SQL spaiizdteréahctions and spatial
operators.

Website: http://geos.osgeo.org/

License: LGPL

Supported Platforms: Windows, Linux, Mac

API Interfaces: C, C++
Support:http://lists.osgeo.org/mailman/liinfo/geos-devel
http://www.osgeo.org/search_profile

=A =4 =4 =4 =4

LIELASA LDARDATAACCESBIAPBENDER

[ ]
LibLASs a C/C++ library for reading and writing the very comina8s ]_]_bLAS
LiDAR format. The ASPRS LAS format isueised binary format ' f"‘\."'\('). ...

used to store data from LIDAR sensors and by LiDAR processing —~ —
software for data interchange and archival.

LiDAR (Light Detection and Ranging) is a form of high precision range detection much like a radar

system that uses laser lighia 4G KS St SOUNRYIF3IAySGiAO SYrAaarzyod hyS 27
GLRAYyG Of 2dzRé RIFEGlF LINPRAzOG GKFIG OFy 06S 02y OSLJidz £ Al
representing distance from the sensor to a returned emission. A common storage format for these

point cloud data is ASPRS LAS formidl. AS makesoordinate reprojection via GDAL.

1 Website: http://liblas.org
M License: BSD
M Software Version: 1.7.0

Supported Platforms: Cross Platform G#ac OS X, Windows (\@85e04W, and Linux
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2.5.1.7 COMMERCIAL OR PROFPREYGISSOFTWARE

AUTOCAMAP3D AUTOCAD

Autodesk, Incis an American multinational software corporation that MAP 3D
focuses on acquiring 3D Computer Aided Design,

3Dhttp://en.wikipedia.org/wiki/Autodesk- cite _note-2 design software for use in the architecture,
engineering, construction, manufacturing, media, and entertainment industries, from independent
developers and leveraging the maximum possible returmis fthose investments

Products that interface with its flagship AutoCAD software package include Map 3D, Topobase, and
MapGuide.

AutoCAD® Map 3D software provides access to GIS and mapping data to support planning, design,
and data management. Intelligentodels and CAD tools help you to apply regional and discipline
specific standards. Integration of GIS data with your organization helps to improve quality,
productivity, and asset management.

With AutoCAD Map 3D software, you can access and use CADSaddt&from a range of sources.
With comprehensive gas, water, wastewater, and electric industry data models, you can more easily
organize disparate asset information and apply industry standards and business requirements.

AutoCAD® Map 3D supports, GlSlysia and planning tools, publishing and interoperability,
Topographical data access and editing,

1 Website: http://www.autodesk.com/products/autodesutocadmap-3d/overview
1 Software Version: AutoCAD Map 3D 2014
BENTLEWAPVS

Bentley Map is a desktop gspatial information system that is ——
3D by nature and designed to meet the needs of infrastructure Jr.. Be nﬂ,e U
professionals. Bentley Map is offered in three editions aligned

with user requirements: Bentley Map PowerView, Bentley Map,
and Bentley Map Enterprise.

Bentley Map is a fully featured GIS that is 3D by nature. This mapping software is designed to address
the unique and challenging needs of organizations that map, plan, design, build, and operate the
world's infrastructure. It supports the creation, persistenggintenance, analysis, and sharing of

2D/3D geospatial information. It is also ideal for developing custom GIS applications.

With Bentley Map, you can:

Leverage native Oracle Spatial or SQL Server Spatial to store and edit all types of spatial data
Utilize smart 3D Object Editing Tools

Publishimodels for use on Bentley Map Mobile

Analyze 2D and 3D spatial data

Access and share disparate data stored in-Bemtley formats

Define and administer feature models and rulzssed symbology and annotation

Generate powerful 3D scenes and animations
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Manage the entire cadastral fabric
Publish higlguality maps for map books or largeale plots

1 Website: http://www.bentley.com/erUS/Products/Bentley+Map/
1 Software Version: Bentley Map V8

GEAMEDIARWEEBVIAP
GeoMedia®» Soal LI A & L y-baSadEanlvisusligesion ¢ S 6
and analysis product that supports abroad range of customers INTERGRAPH

needing to visualize and examine geographic data on the web. It

enables users to publish industsyandard, programmable web servicegdavuild powerful

geospatial interactive web sites. GeoMedia WebMap providestiea access to geospatial data that
your organization maintains or to geospatial data from any organization that has chosen to make it
available through industry standard mettis.

GeoMedia WebMap enables you to generate both raster and vector maps, and renders maps on the
web using native browser functionality or one of several available-ipltigchnologies.

GeoMedia WebMap Advantage: a configurable and customizable brevesed web portal that can
be used for finding, viewing, querying, and analyzing geospatial data published by Intergraph
products and/or other standard web services. Using a modern sergitested architecture, the
Geospatial Portal enables the user to cenhto many data sources at the same time.

GeoMedia WebMap Integrates multiple data sources into a single map view, supports 3D globe based
on myVR technolodysupports WESNVFST, coordinate transformation capability.

1 Website: http://geospatial.intergrph.com/products/GeoMedia/Details.aspx
1 Software Version: GeoMedia 2014

GEOSPATIADI

Geospatial SDI is an interoperable and scalable spatial data

infrastructure for cataloging and delivering enterprise geospatial |N']'ERGRAPH

data over the web. It is designed for dadroviders that need to

manage and serve secure or licensed information using standards based web services. The product
adheres to Open Geospatial Consortium (@EANSPIRE, and International Standards Organization
(ISO) standards for web services and adgita compliance, and can extend those offered in
GeoMediaWebMap and ERDAS APOLLO to the full set of services required of Spatial Data
Infrastructure (SDI) implementations. In addition to publishing services, Geospatial SDI provides tools
for managing, ranitoring, and reporting service performance.

GEOSPATIAL SDI provides:

Secureaccess to OGC compliant web services;

! myVR Software patented technology platform enables higolution realtime interactive network streaming
of 3D geometry and graphics over networks with even limited bandwidth (+256kbps) on any 3D hardware
supported (OpenGL) client platform including mobile (OpenGL ES)
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Compatiblewith any standardNSPIRE ardGC clients, (CSW, WCS, WCTS, WFS, WMS, WPS, INSPIRE
view service, INSPIRE discovery Service|RESRrect download, and INSPIRE coordinate
transformation service;

Facade and proxy architecture;

Performance and ease of integration;

Integration with the wider IT system environment;

Quiality of administration, configuration, and service control,

1 Website http://geospatial.intergraph.com/products/geospati&@DI/Details.aspx
1 Software Version: GEOSPATIAL SDI 2014

GEAOVIEDIADESKTOKIS

Intergraph’'sGeoMediais a geographic information system (GIS) |NTERGRAPH
application for working with and conducting analysis on gaphic

information as well as producing maps from that analysis. GeoMedia is used for: creating geographic
data; managing geospatial databases; joining business data, location intelligence and geographic data
together; creating hard and seftopy maps; condct analysis in 'redime'; base platform for multiple
applications, geographic data validation, publishing geospatial informatiomaalgzingnapped
information.

The system does not rely on proprietary data, but rather accesses and uses data saaactbsati

data that adheres to open standards such as those defined by the Open Geospatial Consortium and
others. It is an enterprisbased system, providing an organization the ability to access, conduct
analysisand distribute information through the ganization or over the Web.

GeoMedia includes the following Windows desktop software:

GeoMedia Viewer, a free applicatitimat allows for map display, simple analysis and output of
GeoMedia GedWorkspace data. It is intended as a distribution mechanisnddta created using
GeoMedia products;

GeoMedia is licensed under three functional ti€ts:

GeoMediaEssentialsllows for dynamiccomplex,andad hocquery and perform basic spatial
analysis of vector geospatial data across various data sources as well as create layered maps;

GeoMedia Advantage, adds to the functionality of Essentials by adding terrain and grid functions
which will allow for additional analysis on digital elevation msdflow analysis and contour line
generation; or

GeoMediaProfessionaincludes added capability to collect features, linear referencing management,
guality assurance and validation tools as well as database schema mapping and management.

Besides the dddop platform, there are also sernvrased GeoMedia products and well as GeoMedia
products for various mobile devices to include smartphones and tablet computers. Optional
extensions can be acquired separately to increase the functionality of GeoMedia.

1 Welsite: http://geospatial.intergraph.com/products/GeoMedia/Details.aspx
1 Software Version: GeoMedia 2014
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ERDASVMAGINE

ERDAS IMAGIN&Ea remote sensing application withster graphics

editor, designed by ERDAS for geospatial applications. The latest I\n' R ﬂPH
verson is 2013, version 132 ERDAS IMAGIM&Imed primarily at I ERG

geospatial raster data processirajlowingthe user to preparedisplay,and enhance digital images
for mapping useni GIS or in computeaided design (CAD) software. It is a toolbox allowleguser
to perform numerous operations on an image and generate an answer to specific geographical
guestions.

By manipulating imagery data values and positions, it is possible to see features that would not
normally be visible and to locate ggositionsof features that would otherwise be graphical. The

level of brightness or reflectance of light from the surfaces in the image can be helpful with
vegetation analysis, prospecting for minerals etc. Other usage examples include linear feature
extraction, gaeration of processing work flows ("spatial models" in ERDAS IMAGINE), import/export
of data for a wide variety of formats, orthorectification, mosaicking of imagery, stereo and automatic
feature extraction of map data from imagery.

1 Website: http://geospaial.intergraph.com/products/ERDABIAGINE/ProductLiterature.aspx
i Software Version: version 13.0.2

ESRI

ESRI uses the name ArcGIS to refer to its suite of GIS software proc
which operate on desktop, server, and mobile platforms. ArcGIS alsc
includes @veloper products and web services. In a general sense, th
term GIS describes any information system that integrates, stores,

edits, analyzes, shares and displays geographic information for infodaaigjormaking

As of OctobeP013,the company's cuent desktop GIS suite is ArcGIS for Desktop version 10.2. The
suite's components, ArcMap\rcCatalogand ArcToolbox, allow users to author, analyze, map,

manage, share, and publish geographic information. The product suite is available in three levels of
licensing: ArcViewArcEditor,and Arcinfo. ArcView provides a basic set of GIS capabilities suitable for
many GIS applications. ArcEditor, at added cost, allows more extensive data editing and manipulation,
including server geodatabase editing. Arcinfiothe high end, provides full, advanced analysis and

data management capabilities, including geostatistical and topological analysis tools.

ArcGIS Explorer, ArcReader, and ArcExplorer are basic freeware applications for viewing GIS data.

ArcGIS for Desktdpxtensions are available, including Spatial Analyst for raster analysis, and 3D
Analyst for terrain mapping and analysis. Other more specialized extensions are available from ESRI
and third parties.

Server GIS products provide GIS functionality and depéogied from a central environment. ArcGIS

for Server is an internet application service, used to extend the functionality of ArcGIS for Desktop
software to abrowserbasedenvironment. It is available on Solaris and Linux as well as Windows.
ArcSDE (SpatiDatabase Engine) is used as an Relational database management system connector
for other ESRI software to store and retrieve GIS data within a commercially available database:
currently, it can be used with Oracle, PostgreSQL, DB2, Informix and Mic@@iofServer databases.

It supports its native SDE binary d&vamat, Oracle Spatial, and -§€ometry. ArcIMS (Internet

Mapping Server) providdsowserbasedaccess to GIS. As of ArcGIS 10.1, ArcIMS has been
depreciated in favour of ArcGIS for Servet, there are still many instances of ArcIMS (10.0 and
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older) in production environments. Othserverbasedproducts include Geoportal Extension, ArcGIS
Image Server and Tracking Server as well as several others.

Mobile GIS conflates GIS, GPS, locatiasel services, handheld computing, and the growing

availability of geographic data. ArcGIS technology can be deployed on a range of mobile systems from
lightweight devices to PDAs, laptops, and Tablet PCs. The firm's products for this use are ArcPad,
ArcGISdr Mobile,and ArcGl%or Server (Serveoriented APIs), ArcWeb Services (Welented

APIs), hosted geographic databases, ArcGIS mobile.

ArcGIS for mobile ADF is ApplicationProgramming interface (API) for developing solutions on
various Windows Mobiland Windows Embedded platfornigocketp¢ Smartphone, ultranobile
devices, etc.

Developer GIS products enable building custom desktop or server GIS applications or embed GIS
functionality in existing applications. These focused solutions can then beygeplhroughout an
organization. The firm's products for this ar@BDeveloper Network or EDN, ArcEngine (Desktop
oriented APIs), ArcGIS for Server (Seoramted APIs and a web development ADF which is part of
ArcGIS for Server), ArcWeb Services (\idnted APIs).

ArcGIS includes internet capabilities inEiR$oftware products. The services, provided through

ArcGIS Online at www.arcgis.com, include web APIs, hosted map and geoprocessing services, and a
usersharingprogram. A variety of basemajssa signature feature of ArcGIS Online. ESRI

Community Maps program compiles detailed user basemap information into a common cartographic
format called Topographic Basemap.

1 Website: http://www.esri.com/products
1 Software Version: ArcGIS for Desktop210.

MAPNFO
Maplnfo Corporationinitially incorporated as Navigational Technologies . -
Incorporated, developed leading edge Location Intelligence solutions. The .. Praiertiona

company was headquartered in North Greenbush, New York. It was acquired |

April 19, 2007 by PitneBowes, and on January 28, 2009, the name of the Pitn

Bowes division it had become was changed to Pitney Bowes Business Insigh

From inception, MaplInfo had grown quickly, appearing at number 23 in Inc. Magazine's annual list of

the 500 fastesgrowingLINA @I 4§ S O2YLI yAS& Ay GKS | ®{ ® Ay wmMpdoH
includes:

Maplnfo GISSuite lets you create, access and manage geospatial assets, visualize business
intelligence and customer data, and share higlality interactive mapsg quicly and easily.

Maplinfo Professionals a powerful mapping and geographic analysis application. By visualizing the
relationships between data and geography, Mapinfo Professional makes it fast and easy to create,
share and use maps by turning data into imf@tion.

Maplinfo Engage3[irom streamlinedmap production to powerful 2D and 3D analytical tools, the
Engagesuite turbocharges the Maplinfo Professional GIS environment with an extensive tdng
capabilities.

Maplnfo Vertical Mappelis a spatial data analysis tool that lets you disphagnageand interpret
gridbased continuous spatial information. Gain an upper hand by turning geospatial data into
compelling information and actionable igsit.
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Maplnfo MapBasi¢ Customize the geographic functionality of Maplnfo Professional, automate
repetitive operations, and integrate Maplnfo Professional with other applications quickly ailg.ea

Maplnfo WEBnstantly share location data via powerful interactive maps online. Publish spatial
information in an easy way farganizationgo enhance collaboration and boost efficiencies and cost
savings.

Maplnfo Stratusprovides an efficient wayotpublish and share location data and geospatial assets
through interactive, robust maps online, so you can enhance information sharing and collaboration
across the enterprise internally or externally.

Maplnfo Exponaras an information portal that make®porate data more meaningful to facilitate
better analysis and improved decisiomaking.

1 Website: http://www.mapinfo.com

RevoTHEW < OVERWATCH

Overwatch is an industry leader in geospatial analysis and *

exploitation solutions and serviceSur flagship products, ResteView and ELT/Series, provide a

comprehensive range of capabilities, from hijgbwered exploitation and mapping for geospatial

Fylrteadga G2 AYlF3S Fylteara G22ta F2N GFOGAOIt dza SNE
modules such aBeatuie Analystand LIDARAnalyst whichinclude sophisticated visualization tools

for geospatial intelligence professionaBur integrated solutions division provides integration,

customization and collaboration services to address a wide range of unique clien

needs.Overwatchhelps imagery and geospatial analysts integrate radtirce data to deliver

advanced exploitation capabilities, with greater accuracy, and in shorter response times than

available alternatives.

RemoteView's main function is an imagearyd geospatial analysis tool. It can display a wide array of
imagery formats, elevation data sets, and vector data sets. Capabilities include image enhancements,
photogrammetry, orthorectification, multispectral classification, pan sharpening, changetaate

assisted search, location positioning, and 3D terrain visualization. These features allow an intelligence
analyst to review largscale imagery and generate annotated reports on any findings.

RemoteView for Windows comes in two versidRemoteViewDesktop and RemoteView Pro.
RemoteView Desktop is an erdigvel imagery exploitation and analysis solution, for focusing on a
single image at a time or reviewing the results of another analyst's work. RemoteView Pro is the
flagship product offering a gréa number of tools, extensions, and capabilities.

Overwatch offers a series of extensions that add specialized capabilities to RemdtdViese
include:

Virtual Mosaig; a tool for quickly joining more than four adjacent or overlapping images;

3D Prog a module that expands visualization tools to allow creating 3D virtual worlds for simulating
real world conditions and planning missions;

! http://en.wikipedia.org/wiki/RemoteView#cite_not&kemoteView Exsentiont
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RVConnect a tool that enables automatic data sharing between RemoteView &Rz | NDa | LJ
software;

V-TRAC Basica complementary video player that allows analysis of full motion video recorded by
UAVs;

V-TRAC Prq expands the abilities of-WRAC Basic to include mank and reporting tools;

GeoCatalog for Desktapa complementary database that makes it easier tocaoige and retrieve
geospatial data;

SVIALLWORL® CORE H,f“'\\

This revolutionary, objeatriented, databaselriven product provides a powerful, |. ]
consistent architecture at the heart of many applications, such as those used for '\5 f_/
planning electric, gas and water dibution systems, designing telecommunications "‘
networks and evaluating strategic market opportunities. The software integrates with other products
that require spatial information, including systems for customer relationship management, market
analysisand networkand work management.

Web Mapping Applications
Smallworld Internet Application Server

Smaliworid Smaliworld
Smaliworld Smaliworld Gas Global Smaliworld

Network Electric R g Water
Distribution Transmission
Inventory Office Office Office Office

T
s

Mobile Computing
MapFrame FieldSmort

Smallworld Core Spatial Technolo . .
Smallworld Design Manager, SmEIIworId Schematics ng)éromr Enterprlse AnolyS|s
Smallworld GeoSpatiol Analysis

Integration
Smaliworld Enterprise Gateway s 1k 15;6'5 \nteqrator,
mallwor eoSpatiol Server

i 3

Vertically Focused Enterprise Systems
Corporate Data Sources OMS/OMS

Oracle Spatial, Databases, CAD Files, Etc... Integrity Management
l’fcw‘slr.m%ﬁI & Network Management Systems
ERP & Other Asset/Management Systems

Smallworld Core Spatial Technology is designed for deployment throughout distributed organizations,
reaching all users who need to access and maintain the network asset inventory. Its database is highly
scalable to handle vg large networks while also modeling the detailed connectivity necessary for its
advanced applications.

Smallworld Core Spatial Technology is designed around industry technology standards, allowing direct
access enterprise data from Oracle® and othercesl

Smallworld Enterprise Gateway allows access to all network asset data throughout the organization.
It synchronizes the data held in the Smallworld database with an enterprise Oracle® database to
leverage the value of the Smallworld data for othesimess processes.

Smallworld Geospatial Server provides access to geospatial data and functionsservieds to
supportserviceorientedintegration with operational systems such as a Distribution Management
System and provides OGC® certified services.
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Smallworld Web Solutions provide easy access to network data and applications for anybody in the
enterprise through the web to support business processes without specific GIS expertise.

Smallworld Geospatial Analysis is the spatial business intelliggndieation, which leverages
geospatial and all other data sources for operational and strategic asset management processes. It
allows a wide range of users to generate visualizabiased analysis on combined enterprise and
spatial data to meet a rangd business needs, including meeting regulatory reporting requirements,
monitoring key performance indicators and optimizing network investment strategies using network
data.

GE Energy's Smallworld GIS platform is based on three technologies:

An objectoriented programming language called Matfit supportsmultiple inheritance,
polymorphism. It is alsdynamically typed.

A database technology called Version Managed Data Store (VMDS) that has been designed and
optimized for storing and analyzing complexasal and topological data. The native Smallworld data
store can be stored in an Oracle Database. This allows the use of Oracle facilities for backups and
recovery

JavaEnterprise Edition architecture for web services and web mapping

SUPEMAPGIS

SuperMapSoftware Co., Ltd. was founded by scientists from The Chinese Academy of Science (CAS) in

1997. SuperMap GIS is a complete integration of a series of GIS platform software, including Desktop

GIS, Service GIS, Component GIS and Mobile GIS, which deBveap@iilities to all types of

computers, including Desktop PCs, Servers and Mobile devices. It fulfills the needs for managing,

visualizingand analyzing spatial data, serving them out via the Web, and customizing all kinds of GIS
applicationsthatbesF A i G KS Odza(2YSNEQ o0dzaAySadaa ySSRad ¢KAA [ F

SuperMap GIS includes the following products:

Service GKevelopment platform for customizing Web GIS Applications
SuperMap iServer JAVA,; Java based Enterprise Service GIS
SuperMap IS .NET; .NEB&&hEnterprise Service GIS

SuperMap iClient; Web SDK for customizing Rich Internet GIS Applications
Component GKlatform for Customizing Desktop GIS Applications
SuperMap Objects; CObased Components GIS

SuperMap Objects.net; Pure .NET Components GIS

SuperMap Object Java; Pure Java Components GIS

Desktop GISProfessional and Readyg-Use GIS Clients

SuperMap Deskpro; Professional andiddDne Deaktop GIS

SuperMap Express; Professional GIS Data Authoring Desktop GIS
SuperMap Viewer; Free GIS Datewing Detop GIS

SuperMap Desktop .NET; New Generation .NET based Desktop GIS
Mobile GIS; GIS Especially Designed for Mobile Devices
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eSuperMap; General Mobile GIS Development Platform
SNE; Navigation Application Development Platform
SuperMap FieldMappeBesktop GIS Special for Mobile Devices

Website:http://www.supermap.com/

Cimoen)  (owwcs) (commes]  (Mewess)

SuperMap iCent for Realspace SS':‘WM*P f{**wo Ng
3 perMap Express N SuperMa: Q,,ms Java
SuperMap iChent for Flex SuperMap Viewer NET Py : NET Superiiap Flex habile
SuperMap iChent for Siverbght SuperMap Deskpro en o s B
- : SuperMap Express SuperMap Objects Superhiap iblobile
SuperMap iClent for Ajax SuperMap Viewer
, ‘ (- : s  — , ,9"9'“
§ L : . 3 { | .
= |
{ .;//A“‘ '.-» !g .
— | | —w.p-——:& — | | L~ ‘ >
1
Service GIS Development Platform Service GIS Development Platform
S Server Side G
SuperMap iServer SuperMap IS .NE
RDBMS

FIGURE SUPERMAP GIS 6R PBOLS

2.5.2 SOFTWARMANUFACTURERS ARTDJECTS

GIS software is not only provided by companies but increasingly also by free and open source
software projects. While commercial vendors usuaffer products for all of software categories,

open Source Software projects often concentrate on a single category, e.g. desktop GIS or WebMap
server.

The key players in the GIS software market today are Autodesk, Bentley, ESRI Inc., GE (Smallworld),
Pitrey Bowes iaplinfo), and Intergraph. GIS software companies tend to target specific application
R2YlIAyad C2NJ AyaidlyOSz 9{wLQ& ! NODL{ LINBRdzO{ S
and environmental applications, while Autodesk, GE andIBgproducts are rather used in utility

and facility management. Competitive GIS software that is developed by free software projects exists

as well- especially with respect to server applications (MapServer, GeoServer) and spatial DBMS
(PostGIS). Free dtop GIS projects, such as Quantum GIS and gvSIG, currently experience growing

user communities. Such free GIS software rather complements the set of proprietary software instead

of competing with it.
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2.5.3 SFLECTINEREE ANODPENSOURCESISSOFTWARE

There arewvell-known benefits of open source software, such as cost savings, vendor independence,
and open standardsdowever there are also a number of barriers, such as knowledge barriers, legacy
integration, forking, sunkosts,and technologymmaturity(Nagy, D., Yassin, A. M., & Bhattacherjee,

A. et. al 2010).(Nagy, D., Yassin, A. M., & Bhattacherjee, A. 2010)

Knowledge barriers often exist because potential users are not aware of the availabibtewance
of FOSS4Gnor of the technical requirements necessary to make effective use of FOSS4G.

Legacy integration has been problematic when using FOSS4G, but in recent years there have been
numerous middleware solutions developed that have minimizes! biarrier.

Forking of a project occurs when different groups develop software, and the resulting components no
longer interoperate with each other because the original project failed to impose adequate
standards. This can result in tFalure of smalleropen source projects that fail to maintain a large
enough developer base. This particular barrier can be addressed through the development of self
managed standard groups within a project.

Sunk costs arise due to prior investment in proprietary softwahe simplest way to address this
barrier is to compare future cost streams of maintaining proprietary software versus open source
software.

With regard to technical maturity, it Bssentiakhat software be evaluated independently against
case studies8NA SR FNRBY |y 2NBI YA lorgakizajofjtwoudsbalBlly t6 dzy Ol A 2 y I §
adopt FOSSA4G just because other organizations do, or based solely on claims in the literature.

Instead, the decision to adopt FOSS4G should be based upon carefidered rational@/en, K.,
Verelst, J., & Mannaert, H. 2008)he selection process, if it is for businessgarchor teaching,
should be based on a rigorous software evaluation process.

Among the criteria that should be alpgd during the evaluation process are for instargaftware
functionality, software stability, platform support, market share, credibility (and branding) of the
software manufacturer, as well as the size of the support and distribution netWéhile these

criteria are common to the selection of proprietary softwangith respect to free and open source
software other criteria are also important. In particular, consideration should also be given to the
software project that created the FOSS4G softwareesthe status of the project will influence
software support, software evolution (in terms of functionality and domain of use), and prolonged
existence see algCruz, D., et al. 2006)

A formal software selection processahd consist of five stepsigured):
() 550St21L) a2FGol NB dzasS OF&asSa F2N) 246y O2yGSEG 62N
(i) Establish a set of evaluation criteria based on the use cases,
(i) Perform the software evaluation with respect to the establishateda,
(iv) Develop a weighting criteria according to application context (note, weighting is intended to
be flexible so as to allow for different contexts),
(v) Select the software based on results of the evaluation and weighting scheme.

! FOSS4G stands for Free and Open Source Software for Geospatial.
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Criteria
Weighting

Evaluation

Use Cases Evaluation Selection

Criteria

Figure8 Possible Software Selection Process

Sets of evaluation criteria for free (GIS) software have been proposed by several authofRedg.,
J., & Martin, F. 200 Ramsey 2007(Wagner 2006jCruz, D. et al. 2006, 11pveen 2008)Steiniger,
S., & Bocher, E. 2009)ut of those publications a list of criteria has been compilg&teinige,
S.,Hunter, A. 2012presented in Table 2. In tli&ablel the criteria has been sorted out according to
their relevance if the software is to be used for business only.

Tablel: Project and Software evaluation criteria

V  Accomplish different tasks in an efficient way; Dz
sharing within various department with different task
hD/ Qa {4l yRFENRAY 2C{z 2;
compliant with

GIS use objectives

Evaluaton Criteria

V  Required Functionality
Usability

Customization options

User level (viewer vs. analyst
Project road map/ focus

Nice to have functionality

Functional

Supported Operating Systems
Programming Language
Reliability (Maturity Robustness)
Maintainability

Technical

Size/ Existence of user and developer community
Project drivers & lead
Adoption by companies and administration

Organizational

Company/hotline support
Documentation

Email lists

Forum

Wiki

Support

Migration costs
Training Costs
Maintenance Costs

Economical

< <K KKK <KKLK|IKLKK|IKKLKKLKKIKKLKKLKK KL

<

Legal License type (GPL, LPGL, BSD)

In Tablel all evaluation criteria needed to be checked with the target software project. The
organizational and legal criteria are thosenfissing and interpretable subjects. These two shows how
good support from the community will be. The more users and developers a software project has, the
higher the chance that users experiencing similar issues will help each other. The probable receiving
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necessary needed support will increase by strong leadership. License type (GPL, LP@hjdBSD)
FNBS a2Fi6F NP Aada RA&AGNAOdzISR 6AGKI OFy Ol dAaS fS3lf
important to clarify these criteria@NU GPL (General Public License)

To narrow down the subject of software evaluation it is beneficial to start it with basic set of
questions that are linked to above criteria. These questions are list€dldle2

Table2 Complementary Questions

Guiding Questions

Functionality:

Can you deliver detailed case studies / uses cases that show what the user should be ab
with the software and what they should not be able to do? (Note: whatuber shouldhot be
able to do adds requirements.)

For desktop GIS or wdimsed service infrastructures:

Do you want tocreate maps, or do you need analysis functionality as well? l.e., do you n
simple data viewer, or do you need a data editor andlgsis functions too3ee for instance the
GIS tasks listed tarror! Reference source not found.

Are your data in raster or in vector format?

Are your data stored in a database or files? Do you want to write gata to a database o
files?

Platform:

Will your users work with Microsoft Window®)acO$ or Linux only? Do you prefer a crg
platform product that runs on MacOS and Linux as well? (Note: this may become imp
when adding custom functionality)

Sipport:

What programming languages are your users and developers comfortable with? (Note:
important for user

support on email lists and forums)

Is hotline and emergency support needed?

Do your functional requirements need custom developmentsgblaf others are contracte
for customized development, then these external developers need to be available. A
community developers or contractors should help, then the software should support
implementation, e.g. by offering a pldg mechamsm and an API.)

Other:

Is using freeof-cost but proprietary GIS an option, or even lowst but proprietary solutions
(Note: if yes, the set of software to be considered may be much larger.)

' The GNU GPBasically, you are allowed to usedistribute, and change the software, but any changes you

make must also be licensed under the GPL

The LGPL is similar to the GPL, but is more designed for software libraries where you want to al@aLnon

applications to link to your library and uteé it. If you modify the software, you still have to give back the source

code, but you are allowed to link it with proprietary stuff without giving the source code to all of that back.

¢CKS . {5 aL&asz bl SNBQa (KS a2 doddfou aeep®Eem® Bsyouk | (1 SOSNI 82dz 6
problem". That means you can taBS[2ds code and turn it into a proprietary application if you so wish

there's nothing saying you have to give the code back (although it is nice to 8b so).

60



Chapter 2

2.6 CONCLUSION

However,n each case in particular there couid different questions to be asked and answered.

These questions can be originated from national or international as well as business and commercial
points of view. Some of them are concerned by Managers that has to take care of politics, hi level
longterm economic trend and some of them are technical issues that deals with technological nature
of GIS softwardNeverthelessit is getting clear that the future belongs to Open Source Software for
Geospatial FOSS4G, and the lafakaturity in this field ideing vanished during the ages. The more
experiences that GIS community gains throughout the development of FOSS4G push them closer into
the core design of the software which in past was a black box controlled and dominated by giant GIS
software companiesThe increasing number of papers, reports as well as the sheer number of
downloaded FOSS4G, prove the fact that the future belongs to those who establish it through the
breaking all the barriers and bridge towards solving GIS related subjects.

According ¢ (Steinige, S.,Hunter, A. 2022¢ see three characteristics features for future FOSS4G
development, besides a growth in users:

Emergencef new projects;
Consolidationdue to projects that stop their developments (e.g. MapBerated MonoGIS);
Collaboration among projects

Apart from the necessity for transition showed by GIS community toward Free and Open Source
Software that caused considerable multi Safte exchange and collaboratiorestablishment of
OSGeo foundation can glan important role as a focal point in this waydhas been useful and
very efficient.
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3. GEANODEA WEBAPPLICATIORORDATASHARING

3.1 INTRODUCTION

Federal agencies and their partners collect and manage large amounts of gecdatatialt it is

often not easily found when needed, and sometimes data is collected or purchased multiple times. In
short, the best government data is not always organized and managed efficiently to support decision
making in a timely and cost effective manner.

National mapping ageies, various Departments responsible for collection of different types of
Geospatial data and theauthorities cannot, for very long, continue ¢perate,as they did a few
years agdike an islandLeaders need to look at what is now possible that watspossible before,
considering capabilities such as cloud computing, crowd sourced data collection, buifdimgation
models (BIM), available remotely sensed data multi source information vital idecisionmaking
as well a;new Webaccessible seiges that provide, sometimes at no cobMany of these services
previously could be obtained only from local GIS experts. These authorities needsider the
available solution andather information about new capabilities, reconsider agency missiotis an
goals, review and revise policies, make budget and human reséaurdecisions, anévaluatenew
products, cloud services, and cloud service providers.

In order to reach that target it is necessary to hav@enspatial Platform to provide that serviceda
capability.An Internetor intranetcbasedplatform with capabilityto provide shared and trusted
geospatial data, services, and applications for use by government agencies and partners tioeineet
mission needs. Through th&eapatialplatform, userawill have access to:

9 Authoritative data to support informedecisiormaking

1 Problem solving applications (services) that are built once and used many times across multiple
Federal agencies and other organizations

1 A shared clougomputing infrastructurdo host data and applications

1 A National and Federal focal point where governmental,-gonernmental, privateand public
data and applications can be visualized together to inform and addre¢&saband regional
issues

ThisPlatform will significanyl expand access to high quality data; enabling users to improve problem
solving and streamline mission critical operations. We expect that increased sharing and reuse of
resources facilitated by the Geospatial Platform will reduce costs, result in savidggise

investments, and improve decision making while stimulating innovation. On balance, the integrated
approach of the Geospatial Platform will mean that the federal portfolio of geospatial data will be
better managed, service a broader audience, aadhbsier to use.

The target audience for thi$latform couldbe various departments inside theederal agencies, State,
andlocal, governments, private sector, academia, {gmvernmental organizationgnd public
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The traditional schema of activities catesis the work of map producers in various disciplines as well

as map users as separated. Most of the authorities act as Geospatial information users and define the
characteristics of the maps, while other map producers apply the users' needs and reledse ha

copies of their products or digital copies different file formats such as DGN, BMI®DF i O X
Therefore,in this schemanap, usersdo nothave the possibility to modify their maps contents in case

of need but they have to ask back other map prodgaeren for simple modifications suchcador

schemes, symbol schemes, data styling, skead®r, and bounding boxMoreover,map users cannot

reuse the data that are part of the map for other representations nor spatial analysis unless
performing an annging operation of redigitizing.

In very recent years, especially after the sev@isaster that was the earthquake in Haiti on January

12, 2010, humanitarian agencies, civil protection departments and other aid structures started
expressing the need ofaving data beyond the maps, in order for them to be possible to reuse the
data themselves. Ithat, particular case there was a strong interest in damage assessment data, such
as closed roads and collapsed buildings, but also base reference data suevatism|

transportation,and ground cover.

At the same time initiatives for promoting the importance of geospatial data sharing in order to
better face natural disasters were borfRurthermore,such an initiative was accompanied by the
development of an oprational tool that allows data sharing over the internet, the GeoNode.

Key criteria for selecting GeoNode are:

1) Its Functionality;Completely Support for all tasks that are defined for the establishment of a
SDI

2) Assembled and therefore acting aslaregrated package software

3) Support of common data distribution standards (e.g. OGC, ISO, CEN standards);

4) Supported platforms (Windows vs. Linux, etc.);

5) Software reliability according to the implementezhses which we will discover inside this
chapter;

6) Options for customization;

7 Distribution costs,

8) Installation and maintenance effort (incl. costs),

9) Training and support options including pricing;

10) Reliablecommunitypf developefor solving the probable issues

For a firstevaluation of the software it ilecommended that adopters make use of GIS distribution
packages (for Linux), or Virtual Machine

The licenses used by free and open source products ensure a low acquisgtqtypically no cost)
for the software itself, and ensure that the software istomizableand adaptable to the SBbntext.
Hence, and with respect to the lattpoint, free and open source software often implement a wide
set of (OGQ3tandardgSee.1), and if not, at least permit the implementation/addition of
components thare OGC/ISO standard compliant. The use of open source licenses allassptar
to deploy SDI components to other locations at no additional cost, e.chpftrontal schng of a
system. Finally, we note that helpful user and develapenmunities exist, and that support and
maintenance options are offered by varioc@mpanies, which are similar to those currently offered
by proprietary softwarevzendors. In summary, we eghat FOSS4GIS software can provide a viable
alternative to proprietary productsand we hope that our review helps to asséss utility of
FOSSA4GIS for SisNext Chapter, there will be a detailed review over the existing software to cover
all the tasks that has been defined in this chapter for implementation of SDI.
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In thischapter,the GeoNode platform is introducethoreover,technical details on the main
functionalities and an overview of the main software components are provided which isshk of

the previous chapter in selection of Open Source Software and the answer to the criteria that were
defined for such software according to thbovementionedgoal as geospatial platformeeoNode
introduction

GeoNode is an open source platform tliatilitates the creation, sharing and collaborative use of
geospatial data. The project aims to provide and create a spatial data infrastructure by
implementation of GIS and cartographtiols (Balbo 2013)

At its core, the Gedode is based on open source components: GeoServer, GeoNetwork, Django, and
GeoExt that provide a platform for web browser enabled spatial analysis and visualization. Map
composer and viewer along with analysis and reporting tools are integrated in #tisrpi.

To promote collaboration, the GeoNode is designed on Webg2ifciples to:

1 make it simple to share data and control the process;
9 easily add comments, ratings, tags;
1 Make connection between GeoNode and existing GIS tools and other data store.

Tosecure distribution, the GeoNode enables:

1 simple installation and distribution;
i automatic metadata creation;
9 Search through catalogues and search engines, such as Google, OpenStretetMap

Moreover, to promote data collection, the GeoNodiensat encoulagngandcreaton of aproductive
and rich Spatial Data Infrastructuire orderto:

9 align efforts so that amateur, commercial, NGO and governmental data producer all naturally
collaborate;

1 figure out workflows, tools and licenses that work to assure dgafality;

9 to promote living, constantly evolving, authoritative and always up to date;data

The idea is to create a full featured platform for helping decision makers easily compose and share
stories told with spatial datéGeonode 2013)

3.2 GEANODEFUNCTIONALITIES

The GeoNode provides the user with a series of functionalities in the field ef@ldata, which

are typical of a desktop GIS application, such as creating and printing maps. The capability to access
information throughout the web igunctionalities, whicthave been accessible by desktop

applications for many years and is provided by many companies; for example the availability of

'Web 2.0 is the term gen to describe a second generation of erld Wide Welthat is focused on the

ability for people to collaborate and share information online. Web 2.0 basically refers to the transition fr
staticHTMLWeb pages to a more dynamic Web that is more organized and is basshong Web

applicationgto users. Oier improved functionality of Web 2.0 includes open communication with an emphasis
on Webbased communities of users, and more open sharing of information. Over time Web 2.0 has been used
more as a marketing term than a computstiencebased termBlogs wikis, and/Neb servicesre all seen as
components of Web 2.0
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common office applications offered by Googl€his is so called Software aService, which is

expected to increase in near future to achieve the common strategy of desktop applications. The aim
is to simplify the management of desktop computers, moving workload towards computer servers,
and to promote sharing among users, whilg¢alare centralized and can be easily accessed from

many computer clients even in parallel mode.

3.2.1 DATASHARING

The promotion of data sharing is among the first objectives of the community of GeoNode
developers. On onband,data sharing means that a useiiriscondition of being able to upload data

into the system and to give other users the possibility of exploring these data. On the other hand the
user is provided with the capacity of taking advantage of data shared by others either through online
tools orby downloading them locally in formats suitable for desktop applications.

3.2.2 DATAUPLOADING

Data can be uploaded by registered users through a simple web interface; with the last official
release, GeoNode permits to upload ggmatial data in the followingofmats:

GeoTIFEst is a file format for storing georeferenced raster data

Shapefilgit is theESRiormat for georeferenced vector data standardormat among the GIS
community.

Add data

Ty Powsred by Gealiode 1.2| Need Help? s | Ece Deveiopers

ored by Gaotiode 12 | Need Heip? Haio | For Devsioger

Figure9: Sreenshot of the webpage designied data uploading. Note that permissions on data viewing and editing can be
assigned to users and groups by means of the commands implemented on tHearigtgide of the pag&.hispage belongs
to the projects done in ITHACA for MALAWA(frica

Moreove, for each data the web interface permits also to upload the description of the style to be
used during graphical rendering of the data themselves, encoded into anfopeat, whichis called
SLDhat is Styled Layer Descriptéturthermore during the ypload process data are converted and
then stored into the server in formats suitable for efficient storing and future retrieving: this step is
invisible to the user. A screenshot of the web page developed for data uploading is shawgee:an

! http://support.google.com/docs/bin/answer.py?hl=en&answer=49008
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3.2.3 DATA DOWNLOADING

Data can be found on the platform by exploiting the embedded search engine, which allows
combining classical search on a keyword basis with spatial search, by graphically defining a bounding
box on a computer screefSee Figurel0)

Once interesting data have been found, the user is prompted to the so acdtadbage it is a web

page where data are graphically rendered in a frame, over a base layer that is retrieved dynamically
from availabldree web services, for example Google Maps, Open Street Map and NASA Blue Marble.
This frame contains also tools for zooming and panning the spatial content as well as a querying tool
for data semantic content.
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FigurelO: screenshbof the webpage designed for data uploading. Note that permissions on data viewing and editing can be
assigned to users and groups by means of the commands implemented on tHearighgide of the page

T\ Amieramickarad near

The graphical rendering is generated by GeoSerhat,is a Web Mapping Server able to serve data

and maps in an efficient and powerful way and can convert data into different formats upon request.
The user can take advantage of this technology and download data by simply clicking on the specific
link on the righthand side of the data page. With the latest release of the GeoNode, raster data can

be downloaded as GeoTIFFs, JPEG, PDF, PNG, KML and vector data as shapefile, GML, CSW, Excel,
GeoJSON, JPEG, PDF, PNG, KML.

Other interesting elements displayedl the data pageare themetadata, whickare showed partially
on top and partially under thabovementionedframe, and the style manager application that allows
changing the way data are displayed. Furthermore, if the current user has been given thedequir
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permissions by the data owner, several links for data management and permission assignment are
displayed on the righhand side. A screenshot of the mentiongata pageis showed in

Figurell: Screenshot of the GeoNode map pageontains preview of the map with the respective
titte and abstract on the lefhand side of the page; while the list of layers comprehended in the map
and some management tools are implemented on the Higéhd sde

3.2.4 MAP CREATING

Registered users cameate web maps bygollectinga number of data of interest and styling them in
the favorite way. Maps in GeoNode are ordered collectiolapérs, whichare rendered to a protocol
suitable for visualization in a web browser. The web interface for map oreatake this operation
similar to the most common desktop GIS applicatidrgs is GeoExplore@nce a map isreated,it

can be saved and stored into the platform, in order to be easily retriezxgulpred,and potentially
modified in the future. Maps caalso be easily published on blogs and other websites and they can
be printed to a pdf format

File Edit View Higtory Bookmarks Tools Help

| |8~ Google Als A #-
v G Search - @ Site [ Images $5 News ) Froogle ) Blog W Trends € - | M Email | & 2 -

mehrdad Change password 'Log out

s [1:17a71330 v

Figurel2: Creation of Map using several data layers

Moreover,maps existent on the platform can be searched by means of a searatedragsed on
keywords; when a map of interest is found, the user is prompted tasthealledmap page. Thigeb
pageshows a preview of the map itself in a frame on the-hedihd side of the screen anchdop ofit,
the map title and an abstract are diggkd.Furthernore, the list of layersn the map as wels the
link for data downloadss displayed on the rightand side of the screen. Finally, similar to data,
special commands for map management and permission assignment are showed, the@sgrent
user has been enabled by the map owner. A screenshot of the GeoNode map page, that represents
New York City map, is reportedfigurel2.

3.2.5 METADATA MANAGEMENT

When uploading data the userpsomptedto fill in a metadata formhat will be showed to the users
who will look for those data in the future. The same form can be used in every following time to
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update the metadata content in case of neddiescreenshos showing how to reackhe on-line
form for metadata editing areontained inFigurel3 and Figurel4.
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Figurel3: The process for Managing and editing data layer's metadata
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Figurel4: window for editing metadata

Thelast release of GeoNode can manage a metattata, whichcontains a subset of the collection
of fields suggested in the ISO standards for-ggatial data. The metadata form can be developed in
order to match the requirements defined in INSPIRE or angratpecific requirements.

3.2.6 DATA SENSITIVITY

Data sensitivity is a key issue in every environment that involves data exchange on a web platform. It
has to be guaranteed especially in case of spatial data related to emergency management.

The GeoNode implenmts a framework of usergjroups,and permissions typical of a DBMS,; this is
due to the Django framework that ensures fast, direct and reliable reading and writin® BiVeS,
whichruns in support of the web platform.

Every user can access and potentiatiyt onlydata, whichhe isallowed to see and manage. On the
other hand,the user who uploads data can assign permissions on his data to other users and groups.
The system administrator has the possibility and the responsibility of making changes to the
permissions in case of need.

3.3 GEAONODE ANOHEMAPPINCGORGANIZATION

In order to buildan effective mapping organization, mapping managpaticymakers and the public
must have access to the riglata and information to takgood decisions. Examplessafch
decisions includéow to make atouristicthematic map and add the latest informatiovith best
available data, how to insure public where the point of interest locatedow to reach that
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attraction sitesand what is special with that poinEharing dta and creating open systems promotes
transparency, accountability, and ensugesvide range of actors &ble to participate in the challenge
of making proper map with reference to its purpose and definition

Mapping organization apart from tiesize ad characteristics (Governmental, private sectmms to
collect data, process into information and present it to their audiences or clients. Data sources could
be collected directly fronthe field or from existing databases or sources. Like all the other
businessesa successful organization is the one who reducectists (leading to more economic

output) and increase the qualif the final product.To reduce the product costs one of the most
significant action could be elimination pérallel task anaptimization of cost effective part of the

job, whichis data collection.

It is important to note that in a mapping organization due to the variety of taskslaating subjects
there are many issueand datainside one of the departments or sectiorsat could be obscure to
the eyes of the others as well as their own managéherefore,GeoNode can providesalution by
establishment oDatabasesDatabase management systems (DB&)ellas catalogue service
manages accessible by all departments asthkeholders throughout the web

A mapping organization can improve theality and cost of production by data sharing according to
very clear policy and consequently reduce #eeess time from the point of production up to the
dza SN a Ofxoutsddhé Sefidibion of usedoes not necessarily implies outsiders of the
organization, and would includehoever(Internally and externallythat needs those product for

their own purposelnternal user means various departmsinside the organization inveed in
different tasksuch as Cartography, Photogrammetry, Confr@upervisionor service department
etc. External user cahe municipality, Disaster management organizatimnCadastre organization
etcX

3.4 GEANODECOMPONENS

When the GeoNode initiativaas conceived other useful projects in the field of gpatial data had

already been developed and were in production serving by many companies around the world. On

one hand,several companies had been developing software for decades in geospatial data
management, with proprietary formats and procedures. On the othard,the Open Geospatial

Consortium had been defining several open standards for geospatial data for years, on top of which
2LISy a2dz2NOS az2Figl NBEQA 0 20K hadbeei detelopedidy teietopdr | y R
communities and software houses. The GeoNode initiative builds upon the useful open source
softwares already developed ahcombines them together in order to take advantage of their
functionalities in an integrated mannéfigurelb)

In particular,the GeoNode is made of the following components:

PostgreSQL;
PostGIS;
GeoServer;
GeoNetwork;
GeoExplorer;
OpenLayers
Django

= =4 =4 =4 =8 -8 =4

In the followingsectionsthe mentioned components are introduced and theiteran the platform is
described.
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GeoNode Component Architecture
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Figurel5: GeoNode Components architecture

3.4.1 GEANODE ANFPOSTGREQL/PSTGIS

PostGIS is an extension to PostgreSQL, developed by a BpsdibhseTechnologyResearchProject,
which allows GIS objexto be stored into the database.

In GeoNode PostgreSQL is used with a double function: on one side it works in support of the
GeoNode website, being the place where all the information about users and groups is stored and the
instrument that assure thadherence to the user permissions. Moreover it contains also all the
information that regards specifically the dynamic content of the website such as sentence

translations in various languages. On the othiele,it works as data repository for geospatitdta by

mean of the PostGIS extension, in particular for vector data. Relevant advantages can be detected
when storing vector data in PostGIS, rather than storing them in file system, both in terms of
performances in data selection and loading and in datamagementOn the contrary, even if the last
PostGIS version allows raster storage, thisneota relevant advantage for raster dathgerefore,

they are stored in the file system.
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3.4.2 GECEERVER

GeoNode uses GeoServer for providing OGC ser@eedNode confures GeoServer via the REST

AP| andretrieves and caches spatial information from GeoServer. This includes relevant OGC service

links, spatial metadata, and attributes informatidny” a dzY Yl NB X DS2{ SNIBBSNJ O2y (I Ay a
YR DS2b 2 RS (eitentislwbabmitatasa s Present in GeoServer with its own.

1 GeoNode can discover existing layers published in a GeoServer via the WMS capabilities
document

GeoServer delegates authentication and authorization to GeoNode

Data uploaded to GeoNode issfi processed in GeoNode and finally published to GeoServer (or
ingested into the spatial database)

)l
T

File Edit View History Bookmarks Tools Help

> GeoServer: Layers

€ )P | @ 10.10.5.171/geoserver/web/wicket:bookmarkablePage=:org.geoserver.web.data.layer.LayerPage C | |B- Google Py A =

G- O - Google - v| |Gl Search -~ @ Site [ Images § News (3 Froogle [5) Blog W Trends €) - ‘ M Email‘ SL - ‘anmnnom

Logged in as mehrdad £ Logout
xii GeoServer
Layers F

About & Status

~

Manage the layers being published by GeoServer
Z\ Server Status @ Add a new resource

GeoServer Logs @ Remove selected resources
25| Contact Information
@ About GeoServer Resuits 1 to 14 (out of 14 items) \ Search
[0 Type  workspace Store Layer Name Enabled? Native SRS
O M geonode postgres_imports district_center_geographic v EPSG:4326
owu geonode postgres_imports roads v EPSG:4326
i Layers | - | geonode postgres_imports sea_geographic v EPSG:4326
@l Layer Groups ==
| no stgres_import: ty_point_geogray v i
@ eimyers O geonode postgres_imports city_point_geographic EPSG:4326
D Styles O W geonode postares_imports province_geographic 4 EPSG:4326
Services El = geonode postgres_imports vilage_1385 v EPSG:4326
& wes m geonode postgres_imports city_point v EPSG:4326
& wrs r—
& wms 0O M geonode postgres_imports province_center_geographic L4 EPSG:4326
O W geonode postares_imports index_25k 4 EPSG:4326
Settings
& Global O X geonode postgres_imports district_geographic 4 EPSG:4326
g GeoWebCache O B geonode postres_imports ske_geographic v £PSG:4326
T JAT
B Coverage Access O H geonode postgres_imports county_geographic v EPSG:4326
O geonode Am_Road1_1Mi Am_Road1_1Mil v EPSG:4326
a geonode Am_AsphaltRoad1 Am_AsphaftRoad1 v EPSG:4326

Results 1 to 14 (out of 14 items)

Demos

Figurel6: Index page of the GeoSenvadministration site; the software can be controlled
from remote by mean of a web browser

3.4.3 GEANETWORK

GeoNetwork OpenSource is a standard based and decentralized spatial information management
system, designed to enable access to-geferenced dtabases and cartographic products from a
variety of data providers through descriptive metadata, enhancing the spatial information exchange
and sharing between organizations and their audience, using the capacities and the power of the
Internet. The syst@ provides a broad community of users with easy and timely access to available
spatial data and thematic maps from multidisciplinary sources, that may in the end support informed
decisionmaking The main goal of the software is to increase collaboratighivand between
organizations for reducing duplication and enhancing information consistency and quality to improve
the accessibility of a wide variety of geographic information along with the associated information,
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organized and documented in a standand consistent way. A screenshot of an archive instance of
GeoNetwork OpenSource is containedFIGURE?7.
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FIGURE7: screenshot of an active instance of geonetwork opensource that shows the metadata
surface hydrology dataset

The main GeoNetwork features are:

=a =4 -8 —a 9

instant search on local and distributed geospatial catalogues;

uploading and downlagding of data, documentfDIE and any other content;

an interactive Web map viewer that combines WMS services from distributed servers around the

world;

online map layout generation and exportPDFormat;
online metadata editing with a powerful templagystem;
scheduled metadata harvesting and synchronization between distributed catalogues;
groups and users management;
fine grained access control;

Specifically the GeoNode takes advantage of two main functionalities that are implemented in
GeoNetwork: tle two search engines.

The first is a typical web search engine and works on the basis of some keywords that are assigned to
each dataset and then retrieved when submitted in the search string. The second is a spatial search
engine by mean of which it i®psible to search for data covering a determined area of interest,

based orits geographic extent. An example screenshot of the two search engines,
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Implementedinto a GeoNode page, is shownFigurel8.
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Figurel8: Screenshot taken from the GeoNode instance set up specifisdMASDARroject, that shows the
page containing the two search engines; on the left the search engine based on keywords is showed, w
the right the search engineased

3.4.4 GECEXPLORER

One of thekey GeoNode functionalities is the possibility to create and edit Web maps, by taking
advantage via a Web browser with some capabilities typically offered by desktop GIS applications.
This is allowed by an open source application called GeoExplorerpdeddbr this purpose by an
American software house called

GeoExplorefs a web application, based on tfeoExt framework, for composing and publishing
web maps with OGC and other web based GIS Services. GeoExplorer is used inside GeoNode to
provide many of the GIS and cartography functions that are a core part of the application.

The goal of GeoExplorer is to make it easy for anyone to assemble a browser based mapping
application GeoExploremcludes basic layer browsing capabilities &nwhn beusedin any compliant
WMSsoftware GeoExplorer takes advantage of the GeoExt toolkittakel advantageousf the user
interface power of ExtJS

! http://suite.opengeo.org/opengealocs/geoexplorer/
2 http://geoext.org/
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InparticularF N2 Y (G KS dza SNDa L2 is gbingosed by a @rgeSnacardd ditete LI 2 NJ
geospatial dta are rendered as maps and a table of content onldfehand side of the screen

where the list of layers present in the map is shovasdvell agools for controlling each
representationlayerandstyling, whichare embedded Furthermore, a set of toolsaimed at

controlling the zoom and pan functionality as well as the printing and publishing modules and a get

info function, isintegrated in buttons locateth the upper part of the window. An example of the
GeoExplorer user interface is showeigurel9. The GeoExplorer can access all the layers stored in

the PostGlSlatabaseconnected to the same GeoNode instapo®reover it can access every layer

provided through WMS services by a netwadnnected server.

3.4.4.1 GEAEXT

GeoExt is anpen sourcelavaScriptoolkit aimed at building rich web mapping applications. It brings
together the geospatial OpenLayers with tBavvy of Extl&er interface to help buiidg powerful
GlSdesktop style apps on the web with JavaScript.

On onehand,GeoExt extends Ext JS, a rich library olbwi widgets and helper classésparticular,
it is a JavaScript framework for building rich application in tuelwvsers thatenables developers to
use a modeliew-controller architecture when building their afpgation, and offers a wide range of
user interface widgets such as scalable gtigses,and menughttp://www.sencha.com].

On the otherhand,the OpenLayers mapping library is the key component of GeoExt, performing the
core maprelated functions of eery GeoExbased application
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Figurel9: A GeoExplorer screenshot shows the main components: on the right is a map canvas where geospatial
data are displayed; on the left a table of contents allows the layer management; on thettops implement
functions related to zoom, pan, printing and
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3.45 OPENAYERS

OpenLayers is a pure JavaScript library for displaying map data in most modern web browsers; it does
not have any serveside dependencies, and is developed and supported by a nupfbe

organizations around the world. In particul@#rimplements a JavaScript API for building rich web

based geographic applications and is completely free and open source

B
T

U

OpenLayers has been developed to further the use of geographic informatalhkaids; it makes it
easy to put a dynamic map in any web page and can display map tiles and markers loaded from any
source.

OpenLayers is used in GeoNode on the client side, in particular in the web pages that show
cartographic representation of datnd maps; in respect to what said previously and in sejon
OpenLayers is used in the GeoNode data and map page &@wbiaxplorer, whicls the map builder
application. Examples of OpenLayers functions are the zoom and map options in the map
visualization.

3.4.6 DJANGO

As stated previously, GeoNodembinesmany sdtware products, whichare already existing and
sufficiently stableaccording tovide community of usersAs aweb platform, the main GeoNode
component is the code that describes the website logic. This code is written in Python programming
language and tees advantage of a framework for web developmastsecalledéDjangab €

Django applies the DRY principle. The piR¥iple, whicHs an acronym ofDon't Repeat 2 dzZNE St FX ¢
statesthat,d SHGSNE LA SOS 2F (y2¢f SR3IAS Ydz iver&pregebtation a Ay 3If Sz
GAGKAY | adaedaidasSyéo

! http://www.openlayers.org/
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A mechanical, textual duplication is accepted as long as the authoritative source is well known; the
user tries to identify the single, definitive source of every piece of knowledge used in your system and
then use that source to generate applicable instances of that knowledge, which can be code,
documentation,and tests

3.4.6.1 THEMVCPATTERN AND RESPEEWVIODULES

Moreover, Djangoadheres to the MVC softwalchitecture thatis the acronym of ModeView
Controller(Figure20), an architectural pattern used in software engineering that isolates the
application logic for the user from the user interface, permitting independent developresiing,
and maintenance of each part.

The model manages thHeehaviour and data of the application domain, responds to requests for
information about its state from theiew, and responds to instructions to change state from the
controller. A model is the single, definitive source of data about the data contamea iweb site; it
contains the essential fields and behaviours of the data stored into the DBMS that supports the
website.

The view renders the model into a form suitable ifateraction thatis a user interface element;
multiple views can exist for a gjle model thatresponds to different purposes.

The controller receives user input and initiates a response by making calls on model objects; a
controller accepts input from the user and instructs the model and a view port to perform actions
based on thatriput.

An example of control flow is the followihg

! http://en.wikipedia.org/wiki/Model,_view, controller
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1. the user interacts with the user interface in some way, typically by pressing a button or
issuing a command;

2. the controller handles the input event from the user interface and converts the event into an
appropriate user action, understandable for the model,

3. the controller notifies the model of the user action, possibly resulting in a change in the
model state;

4. Aview queries the model in order to generate an appropriate user interface. The view gets its
own data from the model;

5. the user interface waits for further user interactions, whielstarts the control from cycle;

=
CLIENTS

!y

CONTROLLER

DATABASE

Figure20: Logical schema of the ModgliewController architectural pattern for software development (source:
Wikipedia)

The implementation of the MCV modeljangois realized in three Python modules that are
automatically generated by the softwarehen a new application is issuedpdels.py and views.py
contain the homonymous components, while the controlleimplemented into the template files.

These are template web pages written partially with HTML language and partially with Python code:
when the template is called by a view, the missing part of the HTML itself is generated by the Python
code and then thaveb page is ready for being sent to the client.

As previously mentionedjangoprovides support and API for managing a DBMS without the need of
dealing directly with SQL language. Many different DBMS can be used, two examples of which are
PostgreSQand SQLite
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3.4.6.2 IMPORTANDIANGOMODULES

Other two keyDjangomodules are thesettingsand theURLconmodule. The first contains all the
important configuration of the Web site and ttgjangoinstallation. Since it is a Python module, the
configurations are exmssed as variables at the module level and it must not contains syntax errors.
Among the variables, some of the most important are:

DEBUGIt is the condition of the site whether in debugging mode or production mode; if in debugging
mode the software commicates the stack trace of the errors when in site development phase;

SITEURIthe URLof the website we are working on;
ADMINSIt contains the website administrator name;

DATABASE_ENGINE, DATABASE_NAME, DATABASE_USER, DATABASE_PASSWORD, DATABASE
DATABASE_PORiFe a set of variables that describe the DBMS in support to the website and the
keywords to get data from and to it, such as name, user, password, connection host and connection

port;

TIME_ZONEHt is the time zone of reference of the website;
MEDIAdescribes the path that holds the media component;
TEMPLATE_DIRBe path to the template directory;
INSTALLED_APH% list of theDjangoapplications installed,;

GEOSERVER_BASE: gpiekific of theGeoNodeplatform, it defines théJRLfollowed by Djangoin
order to interoperate with theGeoServer

GEONETWORK_BASE: gpicific of theGeoNodeplatform, it defines the URL followed Bjangoin
order to interoperate with theGeoNetwork

Thesettingsmodule contains also the path of théRLconfodule: this contains thé&JRL

configuration and is responsible for correctly linking the requests submitted by the client machine
against the functions that have to be run by the server machihePython contains a simple
mapping betweerURLpatterns to Pytha calbackfunctions: that mapping is stored in a variable
calledurlpatterns in the form of a list of tuples. THéRLpatterns are stored as regular expressions
while thecalbackfunctions are Python methods stored in the views.

When a user types ddRLladdress into the address bar of a Web browser, he sends a request to the
server. In case the respective Web site is powereBjaygq it loads the Python module that

contains the variabl@rlpatterns,runs through eaclyRLpattern following theorder,and stops at the

first one that matches the request. Once the regular expression has matched, the view contained in
the tuple is called and the Python function executed. The view gets passed a request for returning an
HTTResponse as first argument and avglues captured in the regular expression as remaining
arguments.

To sum up, thd®jangoframework can be considered as the core of @eoNodeplatform because it
is responsible for keeping together all the other components and allows them to be intetipera
and efficient.Furthermore,it is the engine of the entire Web platform because it supports all the
operations called by the users from remofigherefore the Python programming language and the
Djangoframework are the instruments of th@eoNodadevebpment: they are a requirement for
every modification, improvementonfiguration,and customization of the Web platform itself.
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3.5 MALAWIDISASTEANDNATURAIRESOURCEPRATIAIDATASHARINAPLATFORM

In partnership with the World Bank's Open Data for Rasike Initiative (OpenDRI), the Shire River
Basin Management Technical Team and the Department of Disaster Management Affairs have
decided to launch an online platform to help ensure that the data created by a number of past or
ongoing projects is maintaikein an online platformTherefore thisinformation remains accessible
and useful to the Government of Malawi.

The consultancy foresvthe creation of a welbaseddata-sharingtool, managed by the National
Spatial Data Center with the participation okttbhther members of the Shire River Basin Management
Program Technical Taskforce. This platform is based on the free anesopsse software, GeoNode,
which is being used in a number of other OpenDRI projects in the region and around the world
(http://geonode.org)).

The project is composed of the following components:

1 Installation and configuration of an instance of GeoNode on servers owned or managed by the
National Spatial Data Center. ITHACA provided hosting recommendations (remote vs. in country)
andnecessary support during the procurement process. Once installed, the software was
customized to achieve basic branding goals including relevant logosathe,and description of
the project, and a custom theme. The theme includes a categorical entny odthe available
tools of the portal, including entry points to spatial tools and maps, the spatial data catalogue,
and a knowledge sharing entry point which provides a-#fisendly content management system
to upload experiences, images and videos nadigate this usegenerated content on a map
interface;

1 Population of the GeoNode with available spatial datasets relevant to clinmatelizaster risk in
the country;Specifically, ITHACA was responsible for:

1. Uploading identified spatial da layers(See3.22) ;

2. Ensuring metadata is entered into the platform, in compliance with World Bank GeoSpatial
Metadata stamlards (based on ISO 19115:20&2e3.2.5);

3. Styling of uploaded datasets usingtBLD format to allow for basvisualization on the
platform;

4 | NBIFGA2y 2F | A4dzA0S 2F o0FaAro0 aYlaKdzZlaé 2N Y LA
close collaboration with the National Spatial Daentér and relevant stakeholdegfSee3.2.4)

5. End user training to illustrate the potential of the system developed to facilitate decisi
making in a spatial context

- Basic training (overview of the software, map and data viewing, data uplaaddithgfocus on

data types, Coordinate Sgshs, ISO standard for metadatd)ap creating (focus on Styling, printing

and web publication)Data downloading (focus on various available formats), assigning permissions
to maps and data, overview of the main components installed with GeoNode (Tonneat applet,
Apacheweb serve), overview of GeoNetwork (focus on interactions with GeoNode), GeoServer main
functionalities and objects, Django Admin interface (focus on users and groups management and
DBMS interaction), overview of Postg@gSand PostGEshd data storage.

- Advanced training (Interaction between the different GeoNode componentsg Sityde
Layer Descriptor in xml format and examples, SLD generation trough offline tools such as Atlas Styler,
ArcMapto SLD, WMS, WCS, WFS web servicesatarpiblication, map generation by means of third
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part web services, use of GeoNode Documents application, Django web framework overview and
MVC pattern.

3.6 CONCLUSION

GeoNode is a platform for the management and publication of geospatial id&tengs togther
mature and stable opesource software projects under a consistent and easyse interface
allowing users, with little training, to quickly and easily share data and create interactive maps.

DS2b2RSQa RIFGF YI yIl 3SYSy ltoniofdath, inetadatd, ahdmap 2 NJ A Yy (i S =
visualizations. Each dataset in the system can be shared publicly or restricted to allow access to only
specific users. Social features like user profiles and commenting and rating systems allow for the
development of commuities around each platform to facilitate the use, management, and quality

control of the data the GeoNode instance contains

The GeoNode community is very active in proposing new improvements and functionalities

The GeoNode is the reference software o tBFDRR Open Data for Resilidnd@tive thataims to
reduce the impact of disasters by empowering decisimrakers with better information and the

tools to support their decisions. Several GeoNode instances are running in countries such as Haiti,
Grenala, Saint Vincenthe GrenadinesTheSaintLucia in the Caribbearegion, in Kenyan the Horn

of Africa Regiorin Malawi (Central Africa)his tool enables individuals and organizations to
download as well as contributgith their own data, thereby pmoting collaboration around the
managemat of the information needed for reconstructicand development

' www.geonode.org
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4. ReEVIEWOF AVAILABLEPENSOURCESEOSPATIADATA

4.1 INTRODUCTION

This chapter is consisted of an investigation and searching of available geosgiatiaiitth a global

extent, by mean of bibliographic review, technical documentation and web search engines. The public
domain datasets have a priority rank rather than commercial data; the use of commercial datasets
can be optional and postponed for gagtirig and quality increase purposes. This choice allows

getting an operational product in shorter terms by avoiding the management oft¢onsuming

licensing issues as well as other existing political measures.

Data quality assessment is another stageassary for the evaluation of the suitable available
Geographic Data Sources. The concept of data quality is defined based on the relationship between
the reality and its representation drawn by data itself. The closer to the reality data collected during
the inventory phase are, the more useful they are; if data does not pass a threshold of closeness to
the reality they cannot be considered useful reference data. Logically the data user is going to choose
the one that had better modeled the real conditiofts his purpose.

Data quality has to be defined by identifying a set of quality indicators: then they have to be applied
to the data in order to get a quality assessment.

Therefore, data quality assessment impliiestly the definition of data quality iterms of the
identification of a set of indicators; secondly the definition of a protocol for applying this indicator to
the dataset selected during the inventory phase; finally the publication of the results of the protocol
application to the real datasset that is a data quality statement.

4.2 INVENTORIFAVAILABLELOBALLEONSISTENDATASOURCES

With reference to thegeneral topographic feature lists core data, as well as Meteorological,
Geological, Socieconomic and disaster as thematic datais chater aims at identifying the
potentially exploitable sources for the geographic data tabesidered as the open source data
Table3 and Table4.

For this purpose, a review alailable data holders hda®en performed In particularthe following
sources have been considered as a starting point:
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1 the data sources identified by UNGI\W&e United Nations Geographical Information Working
Group (UNGIWG) 2013551 and, particulaly, those described in the Inventory Report (the
results of this report date back to 2007);

1 Queriesperformed in the metadata catalogues of the major organizations that wéhl
geographidata (i.e. UNEP GR|[FAO).

Identified data fulfill two majorequirements:

9 global consistency with respect to the geographic extent;
1 Absence or limitation of constraints on their access and use in the project; only datasets freely
accessible and available freé-charge or at reproduction cost, have been considered.

Moreover, for the purposes of the data sources revianwd activity performed irthis chapter, initial
efforts have focused only on globally consistent and-esthblished geographic datasets.

From a methodological point of view, if subsequent dataliqypiand consistency analyses highlight

the need of geospatial data with different features from the selected ones (i.e. data with larger scale
or for specific needs in different projects), the methodology for data sources review activity, can be
easily adpted and refined.

Table3: Core Data; Topics and Sulbopics

TOPIC SUBg TOPIC

Coastlines and Maritime Boundaries;

Country Political Level 0 Boundaries and Area of
Boundaries: costal, administrative and Dispute Boundaries;

areas of special interest Subnational Boundaries (from 1st Level on);
Areas of conflict;

Parks, conservancies, and Protected areas

The United Nations Geographical Information Working Group (UNGIWG) is a vohetiaork of UN

professionals working in the fields of cartography and geographic information science.

UNGIWG was formed in 2000 to address common geospatial iseusgss, boundaries, data exchange,

standards- that affect the work of UN Organizations ahttmber States. UNGIWG also works directly wmidin-
governmental organizations, research institutions and industry to develop and maintain common geographic
databases and geospatial technologies to enhance normative and operational capabilities.

Specificdy UNGIWG aims to:

Improve the efficient use of geographic information for better decisiteking;

Promote standards and norms for maps and other geospatial information;

Develop core geospatial data to avoid duplication;

Build mechanisms for sharing, maiitting and assuring the quality of geographic information;

Provide a forum for discussing common issues and emerging technological advances.

2UNEP/GRID is the new generation of PREVIEW initiated in 1999 by UNEBéBRIB. The Global Risk Data
Platform has now evolved following all standards for Spatial Data Infrastructures (SDI) and providing all the web
services in compliance with the Open Geospatial Consortium (OGC). This application allows the visualization of
data on natural hazards, exposure (bothrhan and economical), and risk. The dataset browse by hazards
(Cyclones, Droughts, Earthquakes, Fires, Floods, Landslides, Tsunamis, and Volcanoes).
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TOPIC

SUBg TOPIC

Surface hydrology: surface water bodies,
water points, drainage and watersheds

Drainage, Rivers and Flow Routing;
Surface WateBodies (SWB);
Watersheds and River Basins;
Water Points

Human population: population centres and
distributions

Population Centres;
Urban and Rural Population Density and Distributiol

Transportation: roads, railways, airports,
harbors and nautical routes

Roads;

Railway lines, Stations, and Marshalling Yards;
Airport;

Harbors;

Nautical Routes

Bathymetry and terrestrial elevation

Bathymetry;
Terrestrial Elevation

Points of Interest

Table4 ThematicData ¢ Topics and Subopics

TOPIC SUB-TOPIC
Geology;
Geomorphology;

Geology Hydrogeology;

Satellite imagery, land cover/use and
vegetation

Socieeconomic

Natural disasters

Soils and Soil Properties
Satellite Imagery;

Land Cover/Use and Forests;
Vegetation
Demography;

Economy;

Society;

Povety;

Environment
Earthquake data;
Volcanic eruptions data;
Flood data;

Fires data

This classification took also into account proposal of spatial data themes needed for environmental

applications addressed by tfuirectives.

The reviewstarted from an initial data list provided together with queries performed in the metadata
catalogues of the major organizations that deal with geographic data, such as UNEP GRID and FAO.

1 http://inspire.jrc.ec.europa.eu/
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Further review has been performed with Web search engines and spetific technical
documentation.(Boccardo P. et.al. 2012)

The results of the review were further filtered with some restrictions as was mentioned before; As a
result global datasets free of charge for access and use in eedesearch and other non
commercial uses constitutes most of the review.

The review activities provided an inventory of the available and globally consistent data sources,
grouped according to the predefined topics and 4apics and organized as tablegth useful
information for the following steps of the project, such as

Theidentification of the institutionorganizationor company responsible for the production and
maintenance of the dataset, the geometry data type, the reference scale, theofitite last edition
as well as the procedures needed to obtain the datasets and potential access conskaintwre
details about datasets, refer trror! Reference source not found.

4.2.1 THEVMAPOYMAP1

is a global vector datalsa at 1:250,000 scale with the same structure of VMAPO. VMAP1 data are
divided into a mosaic made of 234 geographic zones. Only 57 selected zones are released free of
charge; on the contrary many countries consider maps and cartography a state monopoly for
business or security reasons, therefore data for those countries are not released.

International Vector Data (VMAP1) covers the entire world seamlessly. VMAPL1 is an updated and
improved version of the National Imagery and Mapping Agency's (NIMA) Diggrald® the World.

The primary source for the database is the 1:1,000,000 scale Operational Navigation Chart (ONC)
series ceproduced by the military mapping authorities of Australia, Canada, United Kingdom, and the
United States. VMap Level 0 includes onapad and rail networks, hydrologic drainage systems,

utility networks (crossountry pipelines and communication lines), major airports, elevation and

depth contours, coastlines, international boundaries, vegetation, populated places and more.

VMAPO DOWNLOADS

% = This pages tells you where to download and how to
install the VMAPoO data sets.

e d— "-"-vﬂﬁ'." 3 » PP - MR Y N——'——hy"l’*“-u‘ R _\—‘;:J
e T VMAPO - Library Coverage ~--

VMap0 is divided into four libraries based on geographic areas. The above map shows these coverage areas.
Each library is on one CD-ROM or Zip-file as follows: Disk 1 North America (noamer), Disc 2 Europe and North Asia
(eurnasia), Disc 3 South America, Africa, and Antarctica (soamafr), and Disc 4 South Asia and Australia (sasaus). In
an effort to be helpful, the main NIMA website has a nice map interface and plenty of options, but if you just want to
rush in and download the VMAPO data, it can be rather confusing to actually locate the files that you want. To simplify
this, here are the 4 links that take you straight to the files...
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VMAP1 data is divided into a rather complex global mosaic of 234 geographic zones, with each
available on a single CD-ROM. However, as mentioned in the introduction page, only 57 of these

zones are currently available for public download. In an effort to be helpful, the main NIMA
website has a nice map interface and plenty of options, but if you just want to rush in and

download the VMAP1 data, it can be rather confusing to actually locate the files that you want. To
simplify this, I have provided the links that take you straight to the files - you can find them below

the map.

VMAP1 DOWNLOADS

x This pages tells you where to download and how to
install the VMAP: data sets.

wsl'l':o'[ 111 | 1

> 131f 132 [1asfasy

10 | syt [

Layer Name Description
Airports Airport/Airfield
Barriers Walls

Canals Aqueducts/Canals/Flumes
Bathymetry Depth Contours
City Areas BuiltUp Area

City Points BuiltUp Area
CoastLines Coastline/Shoreline
Contours Contour Lines 700'
Crops Cropland

Danger Points Rock/Wreck

Fish Hatchery

Grass

Industry Areas
Industry Points
Lakes

Ice- Land

Ice- Sea

Misc Industry Points

Misc Pop Points

Fish Hatchery/Fish Farm/Marine Farm

Grassland/Scrub/Brush

Mine/Quarry, Qil/Gas Field, Salt Evaporator
Mine/Quarry, Oil/Gas Field, Salt Evaporator, Well

Lakes
Snow Field/lce Field
Pack Ice/Polar Ice/lce Shelf

Processing Plant/Treatment Plant, Oil/Gas Facilities
Settlement, Building, Ruins, Native Settlement, Camp..
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Misc Trans Lines
Misc Water Lines
Misc Water Points
Native Settlements
Oceans Seas
PipeLines
PlaceNames
PoliticalBoundaries
Power Plants
RailRoads
RailRoad Yards
Rivers

Roads

Sand

Spot Elevations
Storage Points
Swamps

Trails

Transportation Lines
Transportation Points

Trees
Tundra
Utility Lines

Pier/Wharf/Quay, Aerial Cabhay Lines/Ski Lift Line
Seawall, Dam/Weir

Island, Spring/Water Hole, WaterFall, Dam/Weir, Rapids..
Native Settlement

Water- Nonlnland

Pipeline/Pipe

Points of Inteest

Administrative Area

Power Plant, Substation/Transformer Yard, Pumping Statit
Railroad

Railroad Yard/Marshalling Yard

River/Stream

Primary and Secondary Routes

Sand, Gitorted Surface, Lava

Spot and Inland Water Elevation

Tank, Storage Depot, Water Tower
Marsh/Swamp, Bog

Trail

Bridge/Overpass/Viaduct, Tunnel, Ferry Crossing
Bridge/Overpass/Viaduct, Ferry Crossing
Evergreen, Deciduous, Mixed Trees

Tundra

Power Transmission Line

4.2.2 GADNDATABASE @& OBAIADMINISTRATI\AREAS

GADM is a spatial database of the location of the world's administrativesdo administrative
boundaries) for use iGISand similar software. Administrative areas in this database are countries

and lower level subdivisions such as provinces, departments, bibhag, bundeslander, daerah istimewa,
fivondronana, krong, landsveedud,LJO A ydrékectuie®, dziunties, and thana. GADM describes
where these administrative areas are (the "spatial features"), and for each area it provides some
attributes, such as the name and variant names.
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The current version is 2.QJanuary 2012)

Compared to Version 1, GADM Version 2 has, among other things, more detailed data for Belgium,
Bosnia and Herzegovina, Croatia, Cuba, Dominican Republic, Luxembourg, Estonia, France, Hungary,
Nepal, Turkey, Switzerland, Syria, Uzbekistan, and Venezudém ®as split in two and a few

Caribbean islands were split or rearranged. With only a few exceptions, the second level subdivision
has now been mapped for all countries (see these maps by level of subdivision). The current version
of GADM delimits 556,048ministrative areas (or 218,238 if you count only the lowest level for each
country).

The data are available as shapefile, ESRI geodatabase, RData, and Google Earth kmz format.
Shapefiles can be used for most mapping and "GIS" software. You can ddwaritea program such
as QGIS or DIMBIS. The RData files can be used in R with the 'sp' package loaded.

You can download the data by country or for the whole world.

Thegoal is to map the administrative areas ofalntries at all levels.

4.2.3 THEGAUL

is an initiative implemented by FAO and funded by the European Commission. It aims at
disseminating and compiling the most reliable spatial information on administrative units for all the
countries in the world, providing a contribution to the standardiaatof the spatial dataset
representing administrative units. The GAUL always maintains global layers with a unified coding
system at country, first and second administrative levels. It is released once a year and the target
beneficiary is the UN, the Urksities and other authorized international and national institutions
and agencies; a disclaimer should always accompany any use of the GAUL data

1 Albania 34 | Maldives
2 Algeria 35 | Liechtenstein
3 Andorra 36 | Malaysia
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4 Austria 37 | Malta

5 Bahrain 38 | Moldova, Republic of
6 Belarus 39 | Mongolia

7 Belize 40 | Netherlands

8 Botswana 41 | New Zealand

9 Brunei Darussalam 42 | Papua New Guinea
10 | Burkina Faso 43 | Poland

11 | Canada 44 | Puerto Rico

12 | Croatia 45 | Qatar

13 | Cyprus 46 | Republic of Korea
14 | Czech Repuli 47 | Romania

15 | Dem People's Rep of Korea 48 | Russian Federation
16 | Dominican Republic 49 | Saint Kitts and Nevis
17 | Egypt 50 | Saint Lucia

18 | Equatorial Guinea 51 | Saudi Arabia

19 | Falkland Islands (Malvinas)| 52 | Singapore

20 | Greenland 53 | Slovakia

21 | Hungary 54 | Sudan

22 | Iceland 55 | Swaziland

23 | Irag 56 | Switzerland

24 | Ireland 57 | Tajikistan

25 | Israel 58 | The Former Yugoslav Republic of Macedon
26 | Jamaica 59 | Trinidad and Tobago
27 | Japan 60 | Tunisia

28 | Jordan 61 | Turkmenistan

29 | Kazakhstan 62 | Ukraine

30 | Kuwait 63 | United Arab Emirates
31 | Latvia 64 | Uzbekistan

32 | Liberia 65 | Western Sahara

33 | Libyan Arab Jamabhiriya 66 | Yemen

4.2.4 THEWVS+

World Vector Shoreline Plus (WVS+) is a seamless worldwide database that includes coastlines;
bathymetry and countrfevd boundaries. The data was derived primarily from 1:250,000 scale Joint
Operations Graphics and coastal nautical charts from the U.S. Defense Mapping Agency (DMA). The
data is based on the World Geodetic System (WGS 84) with the projection being Geographic
(latitude/longitude). The data exists at scales of 1:250,000, 1:1,000,000, 1:3,000,000, 1:12,000,000,
1:40,000,000, and 1:120,000,000. Each scale contains country lines (including boundaries, shorelines,
and gridlines) and country points (including coyniames only). Countries are NOT represented by
polygons. Bathymetry is shown at scales 1:3,000,000, 1:12,000,000 and 1:40,000,000. There are no
attributes associated with the bathymetry layers. This data set is useful for simple global or national
views with country borders and labels.

This data originated from the National Geospalidklligence Agency (NGA) aitds available

through Land Info Worldwide Mapping LLC

WVS+ is available in ArcView shapefiles (*.shp).
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425 THEGLOBAIMAP

is a database resulteiiom a global project promoted by the government of Japan with the aim of
bringing all nations and concerned organizations together in order to collaboratively develop and
provide easy and open access to worldwide geographic information at a scale0ffQ10D0. At
present data for 71 countries and 4 regions are availdbdeindariesare one out of the 8 themes of
the database. The first version of the database was released in 2000iamdainly based on existing
global geographic data, such as VMAPO.

Global Mapping Project is an international cooperation initiative through voluntary participation of
National Mapping Organizations (NMOSs) in the world, aiming to develop digitahfgranation
framework datasets ensuring spatial resolution at 1 km. Brjnobjective of the Project is to
contribute to sustainable development, environmental conservation and natural disaster mitigation
through provision of basic gdaformation framework datasets.

The Project was initially proposed by Ministry of Constarctf Japan (present Ministry of Land,
Infrastructure, Transport, and Tourism of Japan) in 1992, in conjunction with the adoption of Agenda
21 at United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro.
Preparatory works for cometization of the proposal thereafter eventually resulted in the
establishmenbf the International Steering Committee for Global Mapping (ISCGM) in 1996.

4.2.6 THERELATIONAWORLIDATABANKII (RWDBII)

is an update (1995) of the old€A World Data Bank WOBII) compiled between 1972 and 1977.

This appears to be available only by purchase ofROM, with licensing terms unclear. While the
nominal scale of maps used ffDBIlwas 1:3.000.000, parts of Europe, Central America, Southeast
Asia, and the MiddI&ast were digitized at 1:1.000.000, and the former Northeastern USSR and
Antarctica at 1:4.000.000. The data were originally digitized by the U.S. Central Intelligence Agency
(CIA) from ONC and other source maps.

With the release of th©®CWVmapQ the WDBI data library has to some degree treated as a legacy
database. Due to this, th&/DBIllhas not been utilized as fully for either base mapping at scales
ranging from 1:2 million through 1:5 million or for continental anelys/hich the database can

support A number ofVDBIlIderivative databases have been created over time, however, a fully
revised edition of these data was released in 2001 employing ESRI shapefile format. This edition of
the WDBIwill be referred to as th&®elational World Data Bank Il @hase in Shapefile format v1.1

or RWDBISv1.1

TheRWDBISv1.1database contains several datasets (points, lines, and polygons data types
available) that cate summarized into six theme$opulation (2 datasets), Transport (8 datasets),
Hydrology (7 dtasets), Coastlines (4 datasets), Administrative (4 datasets), Miscellaneous (3
datasets).

These data are available on demand, but the source is not clear; only coastline data are freely
available from theNGDC coastline extractaebsite

In the framewok of AWRD, some data have been revised and distributed through FAO GeoNetwork.
These data have been insed in the Data Inventorynder the name oAWRD
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4.2.7 THEGSHHG

The GSHHG is a hig¢solution geography data set, amalgamated from two databases inubgkgp

domain: World Vector Shorelines (WVS) and CIA World Data Bank Il (WDBII). The former is the basis
for shorelines while the latter is the basis for lakes, although there are instances where differences in
coastline representations necessitated addif@BII islands to GSHHG. The WDBII source also

provides all political borders and rivers. GSHHG data have undergone extensive processing and should
be free of internal inconsistencies such as erratic points and crossing segments. The shorelines are
construded entirely from hierarchically arranged closed polygons.

GSHHG combines the older GSHHS shoreline database withQAEH and borders, available for

file download in either ESRI shapefile format or in a native binary format. The GSHHG geogiaphy da
come in five different resolutions: crude(c), I¢ly intermediate(i), high(h), and full(f). Shorelines

are further organized into 4 hierarchical levels: boundary between land and ocean (L1), boundary
between lake and land (L2), boundary betweeatristin-lake and lake (L3), and boundary between
pond-in-island and island (L4). The primary GSHHG web site
(http://www.soest.hawaii.edu/pwessel/gshhg/) contains additional information.

4.2.8 SRTMNVATERBODYDATA(SWBD)

TheSRTM Water Body Data (SWBBR geogrphical dataset encoding higiesolution worldwide
coastline outlines in a vector format, published by NA#AiIgned for use in geographic information
systems, and mapping applications. It was created by BAE Systems ADR for the US National
Geospatialntelligence Agency (NGA) as a complementary product during editing of the digital
elevation model database of the Shuttle Radar Topography Mission (SRTM). SWBD data covers the
Earth's surface between 56° southern latitude and 60° northern latitude. It istdistd in ESRI

shapefile format, divided into 12,229 files, each covering orAey4T° tile of the Earth's surface.

SWBD data is in the public domain and is made available online for free download by NASA.

4.2.9 ASTEREM

The ASTER Global Digital Elevation MOASTER GDEM) is a joint product developed and made
available to the public by the Ministry of Economy, Trade, and Industry (MET]I) of Japan and the
United States National Aeronautics and Space Administration (NASA). It is generated from data
collected fom the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), a
spaceborne earth observing optical instrument.

The ASTER GDEM is the only DEM that covers the entire land surface of the Earth at high resolution.
Since the release of the ¥&on 1 on June 29, 2009 (*1), the ASTER GDEM has been widely used by
many users (*2) and it has greatly contributed to the global earth observing community.

! http://www.jspacesystems.or.jp/ersdac/GDEM/E/1.html
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vation Model (GDEM)

' Tﬂﬂgﬂ:zj' -y R
Overview Features Notes Information

ASTER GDEM

ASTER GDEM is an easy-to-use, highly accurate DEM covering all the land on earth, and available
to all users regardless of size or location of their target areas.

Anyone can easily use the ASTER GDEM to display a bird's-eye-view map or run a flight simulation,
and this should realize visually sophisticated maps. By utilizing the ASTER GDEM as a platform,
institutions specialized in disaster monitoring, hydrology, energy, environmental monitoring etc. can
perform more advanced analysis. (See another page,"Application")

Development of high quality General users / organizations
global DEM ASTER G-DEM will realize visually sophisticated maps, with
for any sizeflocation of bird's-eye-view maps and flight simulations easily generated
- by software.
target area
- easily available to all users ‘"“:::‘“' Specialized institutions
ASTER G-DEM will be utilized as a platform for advanced
analysis in such fields as disaster monitoring, hydrology,
energy and environmental monitoring.

( ASTER enables... ) GEOQSS Project (*), using DEM as an important platform,
expects a lot from the ASTER G-DEM.

4.2.10LANCSCAN

Using an innovative approach with Geographic Information System and Remote Sensibg, ORN

[ FYR{OFyun A& (GKS O2YYdzyAGe& adlyRFNR F¥2N 3ft26Ff L}RLk
resolution (30" X 30"), LandScan is the finest resolution global population distribution data available

and represents aambient population(average over 2#iours). The LandScan algorithm, an R&D 100

Award Winner, uses spatial data and imagery analysis technologies and aanialtile dasymetric

modeling approach to disaggregate census counts within an administrative boundary. Since no single

population distibution model can account for the differences in spatial data availability, quality,

scale, and accuracy as well as the differences in cultural settlement practices, LandScan population
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distribution models are tailored to match the data conditions and gaphical nature of each
individual country and regidn

eb.ornl.gov/sci/landscan/index.shtml

‘& LandScan Home | + |

CSE Division CCS Directorate ORNL

Home
Data Availability
Documentation

Frequently Asked
Questions

Related References
Sample Dataset
LandScan Usage
References

Credits/Disclaimers

FOR TRIAL ACCESS

Contact East View

ff"]
il ﬂ?&hn

siT3011 1981
lvml Jornge

il Q?II'I

Computational
Sciences &

..,3‘.. Engineering Division

m HE]

LandScan™

Using an innovative approach with Geographic Information System and
Remote Sensing, ORNL's LandScan™ is the community standard for global
population distribution. At approximately 1 km resolution (30" X 30"),
LandScan is the finest resolution global population distribution data
available and represents an ambient population (average over 24
hours). The LandScan algorithm, an R&D 100 Award Winner, uses spatial
data and imagery analysis technologies and a multi-variable dasymetric
modeling approach to disaggregate census counts within an administrative
boundary. Since no single population distribution model can account for the
differences in spatial data availability, quality, scale, and accuracy as well
as the differences in cultural settlement practices, LandScan population
distribution models are tailored to match the data conditions and
geographical nature of each individual country and region.

Please see the Data Availability page for access to the |latest available
LandScan™ dataset.

Mapping Technology Aids
Tsunami Recovery. ..

Relief agencies assist victims of
the Asian tsunami using a
demographic database developed
at ORNL.

= Download Citation in .RIS
Format

® Geographic Information Science
and Technology (GIST)

s Download Citation in .RIS
Format

LS2011 | LS2010 | LS2009
LS2008 | LS2007 | LS2006
LS2005 | LS2004 | LS2003
LS2002 | LS2001 | LS2000
L51998

4.2.10.1

Format and extentThe data is distributed in both an ESRI grid format and an ESRI binary raster
format. The dataset has 20,880 rows and 43,200 columns covering North 84 deg&msgh 90
degrees and West 180 degrees to East 180 degrees.

DATADESCRIPTION

Data valuesThe values of the cells are integer population counts representing an average, or
ambient, population distribution An ambient population integrates diurnal movements and
collectivetravel habits into a single measure (Dobson et al. 2000). Since natural or man made
emergencies may occur at any time of the day, the goal of the LandScan model is to develop a
population distribution surface in totality, not just the locations of wheemple sleep.Because of

! http://web.ornl.gov/sci/landscan/
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this ambient nature, care should be taken with direct comparisons of LandScan data with other
population distribution surfaces.

Resolution and Coordinate SystenT:he dataset has a spatial resolution of 30-se&conds and is

output in a geographical coordinate systetworld Geodetic System (WGS) 84 datum. The 30 arc
second cell, or 0.008333333 decimal degrees, represents approximately 1 km2 near the equator.
Since the data is in a spherical coordinate system, cell width decreaaegslationship that varies

with the cosine of the latitude of the cell. Thus a cell at 60 degrees latitude would have a width that is
half that of a cell at the equator (cos60 = 0.5). The height of the cells does not vary. The values of the
cells are inéger population counts, not population density, since the cells vary in size. Population
counts are normalized to sum to each sudtional administrative unit estimate. For this reason,
projecting the data in a raster format to a different coordinate sygsi{gncluding orthe-fly

projections) will result in a reampling of the data and the integrity of normalized population counts

will be compromised. Also prior to all spatial analysis, users should ensure that extents are set to an
exact multiple ofthecet &AT S 6F2NJ SEFYLX S opdPHpZ opdpnZ opdno

Data RevisionsThe database is updated annually by incorporating new spatial data and imagery
analysis into the distribution algorithms. Comparing different versions of the datasa cehlto-cell

basis may result in misleading conclusions. Some of the differences between LandScan dataset
versions are due to recently developed urban or suburban expansion. However, there are many cases
where a village identified with higresoluion imagery may have existed for years, but was neither
represented nor identified in a correct location in various spatial data products

4.2.11 CORPBPATASETS

42111 BOUNDARIEEOSTAIADMINISTRATIVE ANREAS OF SPECIAL REH

COUNTRYOLITICALEVED BOUNDARIES

In the subtopic, Country Political Level O Boundariles following datasetgfor further information
aboutdatasets seeError! Reference source not founphave taken part of the assessment

VMAPO(VMAPOQ)

Sample of VMARYMAPJ;

Global Administrative Ared§&SADM)

Global Administrative Unit Layef@AUL)
Sample ofVorld Vector Shoreline Plug/ySy;
Sample ofSlobal Map

=8 =4 =4 =8 =8 =4

COASTLINENDMARITIMBBOUNDARIES

In the subtopic, Coastline and Maritime Boundaritee following datasets &vebeen considered as
candidates and then submitted the assessmentrocess

1 Sample ofGlobal Map

1 Global Self Consistent, Hierarchical, HrRgsolution Shoreline Data Ba§&SHHS)

1 Sample of theshuttle Radar Topography Mission, Surface Water BodysBa&RTM SWBD

1 Vlaams Institute Voor De Zee, Flanders Marine Institute, Maritime Boundaries Geodatabase
(VLIZ)

1T VMAPO(VMAPOQ)
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1 Sample of VMARYMAPY;
1 Sample ofNorld Vector Shoreline Plug/ySY;

SUBNATIONABOUNDARIES

As far as th&ubnationals boundeessubtopicis concernedihe following datasets havieeen
considered fothe quality assessment:

VMAPO(VMAPOQ)

VMAP1(VMAP1yample of the entire dataset;

Global Administrative Areas (GADM);

Global Aministrative Unit Layers (GAUL)

Second Admisirative Level Boundaries (SAL&E)mple of the entire datasgt
GlobalMap (sample of the entire dataset)

= =4 -8 -4 -8 -9

AREA®FCONFLICT

In the subtopic Areas of conflicor disputedboundariesthe following datasetsook part inthe
assessment:

GAUL

Natural Earth

World Databank;
ACLED

1 Conflict Site Dataset

1
1
1
1

The following datasets, GAUL, Natural Eaatig WorldDatabank reports information uniquely about
disputed boundariesThe others are datasets of armed conflicts, whose classification can give also
information abou the dispute over a territory. The datasets were therefore evaluated together only
where possible.

PARKSCONSERVANCIESDPROTECTHEAREAS

In the topicparks, conservancies and protected artasfollowing datasets have taken part of the
assessment:

WDPA- World database on Protected Areas
FGGD Poverty and Environment Global GIS Datalizstected Areas
PA- Protected AreagMillennium Ecosystemssessment

WDPAstarted in 1981 by joint project of UNEP and IUCN, produced by WWERIC and the IUCN
World Commission on Protected Areas working with governments and collaborating NGOs

The FGGD protected areas map is a global raster data layer with a resolution -ohihetes. Each
pixel is classified as protected area where agriculture should notberring, protected area where
agriculture could be occurring, or ngorotected area.
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This dataset is contained in Module 5 "Land use patterns and land cover" of Food Insecurity, Poverty
and Environment Global GIS Database

The FGGD Digital Atlas catsiof more than 100 globdhatabaseghat allow analyzingood
insecurity and poverty in relation to the environment.

PA by Millennium Ecosystefitssessmenaims atproviding a baseline set of data for the year 2000
that could be used for future researchéanalysis into the condition and trends in ecosystems and
ecosystem services.

42112 SURFACE HYDROLOSYRFACE WATER BOMES ER POINBRAINAGE AND
WATERSHEDS

DRAINAGERIVERBNDFLOWROUTING

In the subtopic Drainage, Rivers and Floauting the following datasetgaccording to the data
inventory outcomeshavebeen considered fathe quality assessment:

NGAVMAPQ@QVMAPO);
NGAVMAPIVMAPL);

RWDBZ; Relational World Database;
Hydrolk

Hydro SHEDS

Global Map

= =4 =4 =4 =4 =4

SURFACWATERODIES
In the subtopic, SurfaceVater Bodieshe following datasets have taken part of the assessment:

VMAP@VMapO0);

VMAPIVMapl);

Food Insecurity, Poverty and Environment Global GIS Database (FGGD);
Shuttle Radar Topography Mission (SRTM) Water Body Data (SWBD);
Natural Earth databaséNE);

Global MODIS 250 m latwehter mask (MODIS);

Global Self Consistent, Hierarchical, HRgsolution Shoreline DB (GSHHS);
Global Lakes and Wetlands Database (GLWD);

Global Reservoir and Dam database (GRanD);

Global Map

=8 =4 =4 =8 =4 =8 -8 -a -8 4

WATERSHERSIDRIVERBASINS

! Food Insecurity, Poverty and Environment Global GIS Database (FGGD)

As part of thePoverty Mapping ProjectFAO prepared Bood Insecurity, Poverty and Environment Global GIS
Database (FGGr global analysis of food insecurity apdverty in relation to environment.
http://geonetwork3.fao.org/fggd/
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In the subtopic, Watersheds and River Basthge following datasets (according to the data inventory
outcomes) have been considered for the quality assessment:

1 Hydrolk

1 Hydro SHEDS

1 UNH/GRDC Runoff Data

1 WRI Major Watesheds of the World Delineation;

WATERPOIN'S

The data inventory about water points featured several datasets, each one including a very mixed set
of point categories. A common category has been chosen in order to perform a tighter analysis of the
available data.

In this case, the points represéngjdamshave been chosen, arttle following datasets havbeen
considered fothe assessment:

VMAPO(VMAP1)

Global Reservoir and Dam (GRanD) database
WWDRII

GeoNames geographical database

NGA GNS Geographic Names Database

= =4 -8 A -9

42.113 HUMAN POPULATIOROPWATION CENRE AND DISTRIBUTION

POPULATIOGENTERS
In the subtopic, Population Centrethe following datasets have taken part of the assessment:

1 Global RuraUrban Mapping Project: the interesting dataset of this project describes and
urban area distributiontlis a raster dataset, which represents the earth surface divided in 2
classes, rural and urban areas.

1 Vector Smart Map Level 0: the interesting datasetsBugtup which stands for built up areas
andMlspop which stands for miscellaneous data regardiogulation. Both datasets are
provided with point geometry and with polygon geometry: the first is the result of a process of
generalization of the other.

1 Vector Smart Map Level 1: As in VMAPQO, the interesting dataseBudtapand Mispop It

containsalso one more interesting dataset whictbigildand represents the most important

buildings in point and polygon geometries.

Global Map: the interesting datasets are the same as in VMAPO

GeoNames: the database contains several datasets of interest. @lethree datasets

representing cities, which are filtered based on the population number, in partiaitaas15000

represents the cities with more than 15000 inhabitartities1000and cities5000represents

cities filtered with similar approach. Thieree mentioned datasets are the result of queries

performed on the maifGeoNameable. The geometry type is point.

1 Relational World Database IlI: dataset analyzew @b _ppl It has point geometry and represents
a set of populated places (cities, townslages etc.).

= =
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TheGeoNameslata source is not specific to population centres. Data regarding population centres
have been extracted by performing a selection on the entire database of the records with a Feature
Class codeequal to P, which stands feity, villageX

URBANMNDRURAIPOPULATIONENSITANDDISTRIBUTION

In the subtopic, Urban and Rural Population Density dbidtribution,the following datasets have
taken part of the assessment:

FGGDRKRood Insecurity, Poverty and Environment Global GIS Bséab

GPW (Gridded Population of the World);
GRUMPGlobal RuralUrban Mapping Projedt
WWDRII(Vorld Water Development Repor;ll
EOSWorld Resources Institutg)

LandScan

=A =4 =4 =4 =4

TheO I y R A data 8oBrée€ are not specific to population density and distidginu Population data
have been extracted according to the following rules:

FGGDRural population densitgccessed through FAO GeoNetwork pdrtal
WWDRIIPopulation density and distribution raster accessed through specific website

All the datasets listé are raster with a global coverage: they show the higher or lower presence of
population in a certain area of the world. The cell values usually represent an estimation of the
number of people present in the correspondent area on the ground. The spatiadinates of all of
them are expressed in the Geographic Coordinate System WGS84.

An improvement to the data information content is provided by some of the datasets, which divide
GKS SINIKQ&a &adz2NFIF OS Ay NHzNI £ | Re mpyNktioryderdsiyS I ayY GKS
are in this case provided for urban areas and for rural areas in separate files.

42114 TRANSPORTATICRDADSRAILWAY,RIRPORTSARBORS AND NAUTIRABUTES

TRANSPORTATIOROADS
In the subtopic transportation- roadsthe following daasets have taken part of the assessment:

VMAPQ

VMAP1

Global Map;
Open$eetMap (OSM)
SDIT,

The first three candidate data sources have specific road layers inside a more complete dataset; OSM
is a collaborative mapping project having specific roadrié&yo, whereas SHBI is a transporspecific
component of a broader project (UNSDI) and contains specific objects dedicated to roads.

=A =8 =8 =8 =4

! www.geonames.org/export/codes.html
2 http://www.fao.org/geonetwork/
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The following datasets, even if identified as potential candidates during the data inventory process,
have been excludeftom the data quality assessment as data are provided in a form not suitable for
iKS LINBp2SOGQa FAYY

1 Global GIS Database: Fee payjmgad layer coming from VMAP1,

T NGA- labels extracted from road layers in VMA®Eonsidered in POI topic;
1 GedNames: labed extracted from road layers in VMAP@onsidered in POI topic

RAILWAYS
In the subtopic, Railwayshe following datasetsook part inthe assessment:

Vector Smart Map Level 0;
VMAPIsample of the entire dataset);
Global GIS Database

Global mapgsampleof the entire dataset)
Oper8reetMap (OSM);

Relational World Data Base 2

SDIT;

Global GIS Database was initially considered but then not included in the assessment due to the
access constrainfée-payingresource). GeoNames and NGA GEOnet Names eevpoint layers
and thereforethey were not considered ithe assessment, whicis aimed at comparintinear ones.

=A =4 -4 -8 8 -9 19

VMAPO, SBT, and OpenStreetMap include point layers concerning statosrailyardsand
therefore theyhave been excluded from the analy.

AIRPORTS
In the subtopic Airports, following datasets have taken part of thssessment:

VMAPQVMAPO);

Vector Smart Map Level 1(VMAPdample of the entire dataset);
Relational World Data Base 2 (RWDBII)

Global Airports Database (GAD)

Global Airpots Database and DAFIF

World Airport Codes

The Geography of Transport Systems

GeoNames

NGA GEOnet Names Seryer

=4 =4 -4 -8 _a_9a_4a_2°_2

World Airport Database, World alias Airport Codes and GeoName data was initially considered and
evaluated buthas been eliminated from thilist because of missing one of the fundamental
requirements since it is a paying resource.

HARBORS

In the subtopic Harborsthe following datasets have taken part of the assessment:
Relational World Database Il;

NGA GEOnet Names Server;

1 GeoNames
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1 WorldPort Index;
1 SDiT;

The first three candidate data sources are not harbespscific datasets. Harbour data has been
extracted according to the following rules:

Relational World Database 1. RWDB1 ports fartd ND s dpéil@ accessed through FAO
GeoNetworkportal*;

NGA GEOnet Names SerMextraction of the records corresponding to the following feature codes:

HBR: harbor(s), a haven or space of deep water so sheltered by the adjacent land as to afford a safe
anchorage for ships;

MAR: marina, a harbor faityt for small boats, yachts, etc.;

PRT: port, a place provided with terminal and transfer facilities for loading and discharging
waterborne cargo or passengers, usually located in a harbor;

RDST: roadstead, an open anchorage affording less protectioratharbor
GeoNamesExtraction of the records corresponding to the following feature codes:

H.HBR: harbor(s), a haven or space of deep water so sheltered by the adjacent land as to afford a safe
anchorage for ships;

S.MAR: marina, a harbor facility for ditaoats, yachts, etc.;

L.PRT: port, a place provided with terminal and transfer facilities for loading and discharging
waterborne cargo or passengers, usually located in a harbor;

H.RDST: roadstead, an open anchorage affgrtdias protection than a harbo

SDIT is a transporspecific component of a broader project (UNSDI) and contains specific objects
dedicated toharbors ports and their main characteristics.

The following datasets, even if identified as potential candidates during the data invemtmgss,

have been excluded from the data quality assessment as data are provided in a form not suitable for
a Spatial Data Infrastructure: they are only accessible through specific search tools embedded in
respective web pages:

1 Maritime-Database.com Ports database;
i Marine World Database;

42115 BATHYMETRY AND TERRES. ELEVATION

BATHYMETRY

In the subtopic Bathymetry the following datasets have taken part of the assessment:
GMRTGIlobal MultiResolution Topography

GEBCO General Bathymetric Chart of the Oceans

! http://www.fao.org/geonetwork/srv/en/resources.get?id=29042&fname=rwdb_port.zip&access=private
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ETOPO 1 Earth Topography Digital Dataset

"Smith and Sandwell Global Seafloor Topography (or Smith and Sandwell predicted bathymetry or
Smith and Sandwell measured and estimated seafloor topography)"

VMAPO

The listed datasets are raster and vector datthva globalcoverage. For raster datasets, the cell
values usually represent an estimation of the ground elevation or bathymetry. VMAPO is a vector
dataset, containing contour lines. The spatial coordinates of all of them are expressed in different
Coordnate System.

TERRESTRIBELEVATION

In the subtopic Terrestrid Elevationthe following datasets have taken part of the assessment:

1 ASTER GDEMdvancedSpaceborne Thermal Emission and Reflection Radiometer Global Digital
Elevation Model,

1 SRTM3 (ShuttlRadar Topography Mission);

1 GTOPOS30;

All the datasets listed are Digital Elevation Model built using several techniques and each pixel
represents the average altitude in the corresponding area on the ground. They are available in
different format while sptal coordinates of all of them are expressed in the Geographic Coordinate
System WGS84.

Dataset belowwas initially considered but then not included in theality assessmeniollowing the
analysis ofheirs data source.

T SRTM30 (Shuttle Radar Topograpliggibn);

1 CGIARCSI SRTM (Consortium for Spatial Information ofatvesultativeGroup for International
Agricultural Research Shuttle Radar Topography Mission data);

1 SRTM30 PLUS (Shuttle Radar Topography Mission Plus);

T HYDROI1k;

1 Hydro SHED@lydrological de& and maps based on Shuttle Elevation Derivatives at multiple
scales);

i GLOBE (Global Land Gtra Base Elevation Project);

T ETOPO 1;

1 Global Map;

Finally point layersinclude in thedata inventoryphase arenot considered in this assessment
because othe aim at comparingraster ones.

42116 POINT®HNTEREST

The data inventory about water points featured several datasets:

VMAPO

Vector Smart Map Level 1

GeoNames geographical database (GeoNames)
NGA GNS Geographic Names Database
OpenStreetMagfOSM)

TomTom point®f interests

=a =4 -4 -8 _a 9
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Some early conclusions can be derived right after a look at the datasets andwimeiiatabases:

1 VMAP@nNd Level 1 can be excluded from the analysis due to the extremely limited choice of
categories available (mainly industrglated categories)

1 TomTom points of interests were excluded due to the huge variety of non controlled sources of
data, and due to the consequent ndromogeneity of information carried by theNJ ¢ 02y a G St f | G A 2
of databases;

1 TheNGA GNS Geographic Names Database, despitelimg a wide range of interesting
categorieqfrom public servies, to infrastructures) features less than @00 elements for all the
world;

1 GeoNamess a bigger one, including 370.000 facility points, but more than 275t008A only,
failing to standas a really comghensive and homogenic dataset;

1 OSM databases (single country based) are covering many countries in an extensive way, but,
while each dataset realize a complete and extended coverage of each cowmivy,cgher ones
are not covered, andhe databases feature a few extra details.

= =

Based on these evaluations, the full analysis has not been performed, due to the scarce attitude
for comparison of the available datasets.

1 Anyway, the alternate (or joint) use BIGA GNS5eoNamesandOpenStreéMap databases on a
selective basis can be suggested.

4.2.12THEMATIOATASETS

42121 GEOLOGY
GEOLOGY

In the subtopic Geologythe following datasets have taken pantthe assessment:

1 OneGeology Portal (OneGeology);
1  World Mineral Deposits (GSC World);
1 World Geologic Mps (WGM);

OneGeology Portal (OneGeology) is an international initiative of the geological surveys of the world.
This initiative involves many different stakeholders working together (i.e. Geological Map of the
World (CGMW), International Union of Geolaji€ciences (IUGS) and UNESCO). The project's aim is
to create dynamic digital geological map data for the world. This data will be made available from a
portal via the Internet.

The Geological Survey of Canada (GSC) has been compiling the databaseDépesds for major
metallic mineral deposits on Canada and worldwide scale over a-tteeade period. Five easy-
use thematic world geology datasets provide generalized geological context for the global databases.

The World Geologic Maps (WGM) wasatesl by the U. S. Geological Survey World Energy Project. It
conducts geologic studies that provide an understanding of the quantity, quality, and geologic
distribution of world oil and gas resources. The geologic studies have fedlipationto geologc

maps of countries and continents at different scales.

HYDRGGEOLOGY
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In the subtopic Hydrogeologythe following datasets havieeen considered as candidates and then
submitted tothe assessmerprocess

1 Worldwide Hydrogeological Mapping and Assessnienagram(\WHYMAP);
1 Global groundwater information syste(@GIS)
1 Water Consumption and Resourd®¥CR);

TheWorldwideHydrogeological Mapping and Assessment RaogiWHYMAP) compiles data on
groundwater from nationaltegional,and global sources, andsudizesthem as printed maps, web
mapapplication,and web map servicdhe objective is providingaps, whictshow groundwater
resources, recharge areas, areas of low rainfall and areas of saline groundwater.

The Global édundwater information system (GGMas created bynternational Groundwater
Resources Assessment Centre (IGR&Chitiative ofUNESC@nd WMO, andwas first launched at
the "Fifth International Conference on Hydrolddy February 1999The SystenGGIGs envisaged as
an interactive and transparent portal to groundwateated information andknowledge. The GGIS is
publicly accessible through the internet.

Water Consumption and Resourd®¥CR) was created by AQUASTANO's global information

system on water and agriculture, developed by the Land and Water Division. The main mandate of
the program is to collect, analyze and disseminate information on water resources, water uses, and
agricultural water management

SOISANDSOIIPROPERTIES

In the subtopic Soils and SoRropertiespnly the datasetscontaining mainly soil type information
have taken part of the assessment:

1 Harmonized World Soil Database (HWSD);
1 WRB Map of World Soil Resour§@éSR);

9 Digital Soil Map athe World(DSMW);

1 Stuab_Rosen_GI$SISS).

421272 SATELLITE IMAGERANDCOVERUSE FORESTS AND VEGETATI

SATELLITHAGERY

The following data sources have been taken into account irSihietopic, Satellitédmageryand
considered during the assessment

ASTER

MOD 02

MOD 09

GLS

Landsat Legacy Collections
Landsat Archive Collections
EQ1;

AVHRR

=4 =4 -4 -8 _a_a_°a_-2

LANDCOVER/USEORESTANDVEGETATION
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The following data sources have been taken into account irSihietopic Land Cover/Use, Forests
and Vegetatiorand considerediuring the assessment:

GLC 2000

GLCEC

AVHHR Global Land Cover Classification
MOD 12

ESAGIlob cover

FGGD

Global Map

Land Use System database

Global Land Use Database (SAGE)
Global Land Use Data Sets (NASA)

= =4 =4 =4 =8 =8 - -8 -8

42123  SOCIEECONOMIC

The topic socioeconomic dévided into5 subtopic:
SOCIETY

ECONOMY

DEMOGRAPHY

ENVIRONMENT

POVERTY

The candidate datasetsere found during the data inventory, each of them includes several datasets
related to more than one of the cited subtopics. In order to avoid redundanceeagkessment was
performed, wherever possibldased orthe databases instead of datasets.

The following databases were evaluated:

Global Administrative Areas

Food insecurity, poverty and environmental GlobisBatabase
Geographic Information Systenms$ustainable Development;
GEO Data Portal

Atlas of the biosphereHuman Impagct

World Data Center for Biodiversity and Ecology

Global distribution of poverty

Food for education global atlas initiative

= =4 = =4 =8 =8 -8 =9

In the following table the list of datasets, aggated by database provenance, is presented:

Table5 Candidatedatasetsaggregated by databases

Dataset Database

Infant Mortality Rate
Life Expectancy
Population Growth Rate

Atlas of the biosphereHuman
Impact
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Dataset

Database

Human Developmerindex (MAP 1A)

Human Development Index in WFP countries (MAP 3)
Adult literacy Rate in WFP countries (MAP 12)
Percentage of net enrolment in primary education (2002
2003) (MAP 2A)

Percentage of net enrolment in primary education (2002
2003) in WFP counts (MAP 13)

HIV prevalence rate (%9 years) in WFP countries (MAP 3
Poverty and Hunger Index (PHI) in WFP countries (MAP
Life expectancy at birth in WFP countries (MAP 4)
Demographic growth 2062005 in WFP countries (MAP 5)
Percentage of populatioliving on less than 1USD/day (MA
5A)

People living on less than 1US$/day in WFP countries (M|
23)

Prevalence of underweight among unefares (MAP 8A)
Prevalence of underweight among uneeres in WFP
countries (MAP 39)

Food for educatiomlobal atlas
initiative

DEGREE OF HUMAN DEVELOPMENT, BY COUNTRY, |
(FGGD)

Occurrence of forest

SHARE OF POPULATION UNDERNOURISHED, BY CO|
20002002

SHARE OF POPULATION LIVING IN EXTREME POVER
COUNTRY, VARYING YEARS

Food insecurity, poverty and
environmental Global GIS Database

Net Enrolment Ratios in Primary Education
Improved Drinking Water Coveragé&otal Population
Improved Sanitation Coveragd otal Population
Human Development Index (HDI)

Human Poverty Index for Developing Countries {HPI
Aid- Percent of GNI

Energy use (kg oil equivalent) per $1,000 GDP (Constant
PPP 3)

Gross Domestic Product

Gross National Income

Agriculture Value AddedPercent of GDP

Crude Birth Rate

Crude Death Rate

Healthy Life Expectancy (HALE)

Life Expectancy

Infant Mortality Rate

Underfive Mortality Rate

Population Growth Rate

Emissions of CO2 per GDP (PPP)

Ecological Footprint

Forest Area

GEO Data Portal
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Dataset Database

Forest Average Annual Change

Total Forest Extent

Total Health ExpenditurePercent of GDP

Percentage of Population Below $3.25 per Day
Consumption

Percentage of Population Below US $ 2 per Day Consum

Dietary energy supply
Economic importance of agriculture
Food production growth

Food import dependency Geographic Information Systems in
Population growth Sustainable Development

Forests and other wooded lands

Food aid

Chronic undernutrition

WBINCOME; WBDEBT Global Administrative Areas

Infant Mortality Rates

Prevalence of Child Malnutrition Cleleel slgirlaiien & FavEy)

Forest mask World Data Center for Biodiversity
Areas of deforestabn and Ecology

42124 NATURADISASTERS
VOLCANIERUPTIONBATA

In the SubtopicVolcanic EruptionBata,the following datasets have taken part of the assessment:

1 CHRRentre for hazards and risk researdBolumbia Universjt
1 Global Hazards Information Network (GHiIRgcific Disaster Center
1 The collapse caldera databas@rupo de vulcanologia de Barcelona

The Center for Hazards and Risk Research (CHRR) draws on Columbia’'s acknowledged expertise in
Earth and environmentalciences, engineering, social sciences, public policy, public health and
businessThe missioris toadvance the predictive science of natural and environmental hazards and
the integration of science with hazard risk assessment and risk managenimen€CHR produced the

core dataset of Natural Disaster Hotspqta global risk analysis, whichntains 4 libraries of data:

Hazard Frequency and/or Distribution; Hazard Mortality Risks and Distribution; Hazard Total
Economic Loss Risk Deciles; Hazard PrapaittEconomic Loss Risk Deciles for each natural disaster.

TheGlobal Hazats Information Network (GHIN) (powered Bygcific Disaster Cenddas a collection of
information by Smithsonian Institution volcanologists summarizing 1,511 volcanoes activeastthe |
10,000 years. Adapted from Simkin and Siebert, 1994 "Volcanoes of the World: an Illustrated Catalog
of Holocene Volcanoes and their Eruptions™ and produced digitally by the Smithsonian Institution's
Global Volcanism Program.

The final aim of the CCDRollapse Calderadiabases to update the current field based knowledge
on calderas, bynergingthe databases and complementing them with the existing pesrewed
articles on calderaghe rationale behind constructing this new database is to create a
comprehensive catalogue including all known or identified collapse caldBnzsextensive data
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compilation should be an accessible and useful tool for studying and unddnstacaldera collapse
processes

FLOOMMDATA
In thetopic, FloodDatathe following datasets have taken pdur the assessment:

CHRREenter for hazards and risk researd@olumbia University

UNEP/GRIBPGlobal Risk Data Platform

Dartmouth Flood ObservationGlobal Active Archive of Large Flood Events

Centre for Research on theiipmiology of Disasters (CREEmMergency Events Database (EM
DAT)

The Center for Hazards and Risk Research (CHRR) draws on Columbia's acknowledged expertise in
Earth and environmental sciences, engineering, social sciences, public policy, publiahealth
businessThe missions to advance the predictive science of natural and environmental hazards and
the integration of science with hazard risk assessment and risk managehten€CHRR produced the
core dataset of Natural Disaster Hotspqté global isk analysis, whicbontains 4 libraries of data:

Hazard Frequency and/or Distribution; Hazard Mortality Risks and Distribution; Hazard Total
Economic Loss Risk Deciles; Hazard PrapaitEconomic Loss Risk Deciles for each natural disaster.

TheGlobal sk Data Platfornt UNEP/GRIE the new generation of PREVIEW initiated in 1999 by
UNEP/GRHBeneva. The Global Risk Data Platform has now evolved following all standards for Spatial
Data Infrastructures (SDI) and providing all the wekvices in complizce with the Open Geospatial
Consortium (OGCTJhis applicatiorallows thevisualizatiorof data on natural hazards, exposure (both
human andeconomical)and risk.The dataset browse by hazards (Cyclones, Droughts, Earthquakes,
Fires, Floods, Landsliddsunamisand Volcanoes

1
1
1
1

TheGlobal Active Archive of Large Flood Evébtatmouth Flood Observatigins derived from news,
governmental, instrumental, and remote sensing sources. The archive is "active" because current
events are added immediately. Eaentry in the table and related "area affected" map outline
represents a discrete flood event. The listing is comprehensive and global in scope. Deaths and
damage estimates for tropical storms are totals from all causes, but tropical storms without
signficant river flooding are not included.

TheEmergency Events Database (BMT)database is compiled from various sources, including UN
agencies, noigovernmentalorganizationsinsurance companies, research institutes and press
agencies. The main objectie¢ the database is to serve the purposes of humanitarian action at
national and international levels. It is an initiative aimedatonalizedecision making for disaster
preparedness, as well as providing an objective base for vulnerability assessmepriaity setting.
Dataset accessed through GEO Data Portal

FIRE®ATA

In the SUBtopic FiresData,the following datasets have taken part of the assessment:

 UNEP/GRIPGIlobal Risk Data Platform

! http://geodata.grid.unep.ch/
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1 Centre for Research on the Epidemiology of Disast&&3 Emergency Events Database (EM
DAT)

The Fire Locating ardodellingof Burning Emissions (FLAMBE'

MOD 14 Thermal AnomaliesFires and Biomass Burning

EUMETsat

The Fire Information for Resource Management System (FIRMS)

AATSR World Fire AJI@WFAA) ESA

TheGlobal Risk Data PlatforgiNEP/GRIE> the new generation of PREVIEW initiated in 1999 by
UNEP/GRHBeneva. The Global Risk Data Platform has now evolved following all standards for Spatial
Data Infrastructures (SDI) and providingladl web servicesn compliance with the Open Geospatial
Consortium (OGCThis applicatiorallows thevisualizatiorof data on natural hazards, exposure (both
human andeconomical)and risk.The dataset browseby hazards (Cyclones, Droughts, Earthquakes,
Fires, Floods, Landslides, Tsunamnisl VVolcanogs

=A =4 =4 =4 =4

TheEmergency Events Database (BMT)database is compiled from various sources, including UN
agencies, noigovernmentalorganizationsinsurance companies, resealostitutes,and press
agencies. Tédmain objective of the database is to serve the purposes of humanitarian action at
national and international levels. It is an initiative aimeddtonalizedecision making for disaster
preparedness, as well as providing an objective base for vulnigyadssessment and priority setting.
Datasetcan beaccessed through GEO Data Poartal

The Fire Locating arddodeling of Burning EmissiornsL(AMBER s a program to model biomass
burning emissions, transport, and rad@tieffects in a global prognostic rremrology model.
Initiated by the US Navy, National Aeronauticel Space Administration (NASANational Oceanic
and Amospheric Administration (NOAAand the University of Alabama, FLAMBE' is a multi
disciplinary program drawing from a broad range giextise and resources.

The MODIS Thermal Anomalies product includes ficeroence (day/night), fire loden, the logical
criteria used for the fire selection, and an energy calculation for eacHfimeluced from both the
Terra and Aqua MODi®riveddaily surface reflectance inputs, the algorithm analyzes the daily
surface reflectance dynamics to locate rapid changes, and uses that information to detect the
approximate date of burning, mapping the spatial extent of recent fires dtilg.product consts of
two suites of science data sets: MODIS Thermal Anomalies/Fire and MODIS Burned Area.

The main purpose of the Europe@rganizatiorfor the Exploitation of Meteorological Satellites
(EUMETSAT) is to deliver weather and clinmatated satellite dataimages and products24 hours a

day, 365 days a yedEUMETSAT provides an evolving range of meteorological and climate monitoring
data and products that reflect the needs of the user community, in this case the topic Land provides
information on the stag¢ of the land and on land process@#isinformation is of considerable

benefit for agriculture, forestry, surface transport management, and the monitoring of ecological and
hydrological systems.

The Fire Information for Resource Management System (BliRM§rates remote sensing and GIS
technologies to deliver global MODIS hotspot/fire locations and burned area information to natural
resource managers and other stakeholders around the WétRRMSs funded by NAS&nd it

! http://geodata.grid.unep.ch/
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delivers active fires detecteasing theMODISactive fire locations processed by NASANCHELand,
Atmosphere, near regime Capability foEOS)FIRMS present two dataset: hotspot/active fire data
and Burned Area Product (derived from MOD14)

TheAATSR World Fire Atlas (WFAA) iE®&ing processed in Near Real Time since the beginning of
February 2006t provides data processed for hot spot detection and the output file containing the
coordinatesof the hot spots is merged immediately with the other hot spots detected since the
beginning of the current month.

EARTHQUAKEATA
In the SUBtopic EarthquakeData, the following datasets have taken part of the assessment:

1 CHRRKentrefor hazards and ristesearch- Columbia University
1 UNEP/GRIBPGIlobal Risk Data Platform

1 IRIS Incorporated Research Institutions for Seismology

1 CSEMEMSC Centre Sismologidaereméditerranéen

The Center for Hazards and Risk Research (CHRR) draws on Columbia's dgkd@xjeertise in

Earth and environmental sciences, engineering, social sciences, public policy, public health and
businessThe missions toadvance the predictive science of natural and environmental hazards and
the integration of science with hazardki assessment and risk manageméiite CHRR producéake

core dataset of Natural Disaster Hotspaqta global risk analysis, which contains 4 libraries of data:
Hazard Frequencgnd/or Distribution; Hazard Mortality Risks and Distribution; Hazard Total
Ecaomic Loss Risk Deciles; Hazard Propoaii Economic Loss Risk Deciles for each natural disaster.

TheGlobal Risk Data PlatforgiUNEP/GRIE the new generation of PREVIEW initiated in 1999 by
UNEP/GRHBeneva. The Global Risk Data Platform has now eydbliowing all standards for Spatial
Data Infrastructures (SDI) and providing all the wetvices in compliance with the Open Geospatial
Consortium (OGCTJhis applicatiorallows thevisualizatiorof data on natural hazards, exposure (both
human andecanomical),and risk.The dataset browse by hazards (Cyclones, Droughts, Earthquakes,
Fires, Floods, Landslides, Tsunawis| Volcanoes

Founded in 1984 with support from th¢ational Science FoundatiphRISs a consortium of over 100

US universities dedicated to the operation of science facilities for the acquisition, management, and
distribution of seismological datdhe IRIS databasentains eventfrom different earthquake

catalogs including severabfin NEIC as well as the ISC, dating from the early 1960s to the present.

CSEMEMSG Centre Sismologique EuMéditerranéencollectsdata (from 2004 to present) provided

by several seismological networks. The collected data are automatically archivedtabase and
displayed on the web site. The collected data are automatically merged to produce automatic
locations, whichare sent to several seismological institutes in order to perform quick moment tensors
determination.

4.3 CONCLUSION

As discussed, the publdomain datasets have a prioritgnk rather than commercial data aride
use of commercial datasets can be optional and postponed for gaps filling and quality increase
purposes. This choice allows getting an operational product in shorter terms byrayte
management of timeconsuming licensing issues as well as other existing political measures.

There are somether points necessary to mentiaapart from the quality aspects of the data sets:
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1 Here itis needed to stress out the fact that selectiomigit datasetswvhich is correct, update
and accurate is one of the most important tasks of the data collection proces®ig mapping
and GIS projectt provides the necessary prerequisite step for theeryproject, butrequires the
right implicationof those data in the system

1 One of the key issues to mention is when tteaare very rareandthere are very few options to
supportdecision makersin otherwords,the value of the data would increase for subjects or
places that areinknown to usein some undeveloped areaorexample, The LandScan Datasets
canprovidevery precious informatiomegardingpopulation distribution around the worltike
central Africaor any other parts like desertk Cartographic aspects of mapping sometinmes
mapwe have no other option except adding some key features that perhaps does not fit into the
specification of that map in terms of scale or accuracy

i The thematic data are the complimentary information to positional data as semantic information
to feed nonGIS communitysing maps for their own disciplines and job. In fact the thematic data
related to other disciplines likeopulation, rainfall, Geologic and seismologic informatan play
a very important role in other types of project such as Early waraistemEnvironmental
AYLI OG 2F GFNR2dza LKSYy2YSyl S 5NRdAAKG Y2YyAG2NAy3aA:

1 Using some datasets like GeoNames in different areas needs very cautimideration,
especially in areas that may exisdcial or political conflictdt is very easy to find places thean
have different names due to the neighboring politiddferences, eithenationally or
internationally. For exampléhe islands located between China and Japan, oPthejab areas in
located in the boundaries betwedndia and PakistarThereare many controversial International
examplesas well as nationalases. These types of differences can be originated fnemership
cases (International) to budget allocations (Natignelowever using the proper names is one of
the key issues that must be considengdor to any types of name placement in mapping.
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5. OPENSOURCIDATAQUALITASSESSMENPROTOCOL

5.1 DATAQUALITYOEFINITION

DS2alLd GAFE RFEGE FNB I aY2RSt 2F NBIDulingthé Y SISNE
modeling process, a series of factors may carsers in the datahat are latelyproduced. All
geospatial data are then, at different levels, imprecise, inaccuratepbdate, and incomplete.

Several authors distinguished two definitionssphtial data qualityinternal qualityand external

guality. Onone hand,internal qualitycorresponds to the level of similarity that exists between the

RFEGF LINBPBRdzOSR IyR (GKS GLISNFSOGe RFEGF GKFG &aK2dA
g2 dzy R¢ ® Ly LINI O lineingl qualkySoeshgt se te nbrigalygro@nd that has no

NEBItf LKeaAlOlt SEA&AGSYyOS aAaAyO0S AlG A& Iy GaARSHT ¢
RFEGF LINRPRdAZOSRI g KAOK ANBYOD S (DéGHeis IRiDRayfsOUNRRE 2006y G I ¢ 2
On the other hand, the concept ekternal qualitycorresponds to the level of concordance that exists
between a product and user needs, or expectations, in a given contexalsbi®ften defined as
GFAGYSaa FT2NJ dzaS¢ 2 NJ aFA éxyeda qualificaMihplidzietiaxhatS ¢ & ¢ K S
describeinternal quality

The 1SO 19113 standard on geospatial data quality recommends the use of the following criteria to
descrbe internal qualit(ISGTC 21119113 2002)

1 Completenesspresence and absence of features, their attributes and relationships

1 Logical consistencizogical consistency is an assessment of how well the logical relationships
between items in the dataset, or spatial objects in the dataset, are maintained

9 Positional accuracyositional accuracy is an assessment of the closeness of the location of
spatial objects in the dataset in relation to their truegitions on the earth's stace;

1 Temporal accuracyaccuracy of the temporal attributes and temporal relationships of features

1 Thematic accuracyaccuracy of quantitative attributes and the correctness of-noantitative
attributes and of the classifications @dtures and theirelationships;

1 User defined data elements can be defined in order to be added to this quality listing.

Finally,data quality can be defined also by mean of the denotation, which is a fundamental quality

' aLISOG 2F IS23INFLKAOFEf GRRVEYIBSRBZABSIVTKESHEKR 2R
function of any representation. What represents is a sign toward what happens to be represented, a

sign, whichexpresses both the presence and the intensity of the phenomenon at §akéllers R.,

Jeansoulin R. 2006)

When geographical data are produced, the resulting denotation may depart from the expected
denotation, and consequently from the geographic features which happen to be represented. The
following are the sources for ftiuations in denotation:
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T

Modeling and realization of the model of the worttie construction of the model of the reality;
Modeling and realization of the operatiornie act of processing the initial data;

Spacegeometry and topologywWhile geometry istie numerical location of an object, the

topology is the invariant in the geometrical properties of objects;

Time;date and chronologyt KS& QNB G KS 'yl f232dza 2F 3S2YSONE
dimension;

Value; semantic and semiologhhey regard the expssion of the thematic values of objects.

5.2 DATAQUALITXSSESSMENT PROTOCOL

An assessment on denotation quality requires some general princggesssment is based on
comparisorof produced data to the real worldementarymeasure®n objects andtatisticsare
made, validity of measured characteristics may be pronounced on their inclusion wathiiiclence
intervals Eventuallyreportingof the results is require@Devillers R., Jeansoulin R. 2006)

Theuser needs assessmien terms of specifications on geographic extent, dataset referesaede,
and updates; the call specifications in termsioénseconditions;

A data quality proces@occardo P., et.al. 201Bas been performed on the spatidataset collected

in the Review of available open source geographic ds¢& chapted): the process ran separately for
eachdatasulii 2 LJA OQa I @FAflo6fS 21LISy a2d2NOS OK2aSy Ay
following steps:

T

)l
1
)l

|l

1

Twelve qualityindicators are defined on the basis of the user needs assessment, the ISO
specificationgISOGTC 21119113 2002)JISOGTC21119115 2004)

Several confidence intervals are set for each indicator;

Eat confidence interval is associated to a score between 1 and 5;

A value for each indicator is obtained through measurements and statistics performed on each
candidate dataset;

A score is assigned to each dataset by comparing the value obtained witkabectinfidence
intervals;

A Quality Matrix, containing all the information on the internal quality, is created for every sub
topic as a result of the previous steps;

A weight included in the range Dis then assigned to each indicator at the gopic le\el, thus
expressing the importance attributed by a hypothetical user;

The defined weights are collected together into the so called Vector of Weights, that is the
implementation of the external quality definition;

A vector of the total scores for each caeyed dataset is calculated as the result of an ordinary
matrix product between the Quality Matrix and the Vector of Weights;

Finally,a ranking of the datasets, based on their quality score, is set up.

In the following pages, all quality indicators aesdribed and the requirements for each of them are
thoroughly explained: finally the total score calculation is introduced.
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5.3 DATAQUALITWNDICATORZEFININTION

5.3.1 GEOGRAPHIEXTENT

The geographic extent of a dataset consatthe size of the bounding box otaining all its features.
Usually datasets with large nominal scale have a small extent and vice versa. Where a wide field of
view is needed, the extent could be insufficient to cover the area of interest and therefore a time
consuming operation of mergindifferent neighboring datasets is necess@ygnsequentlyissues

such as the integration and linking of different datasets arise in cross border situations.

On the purpose of creating a global service, the larger is the extent of a dataset the hitlger is
score.Table6 resumes the requirements and the respective scores.

Score | Requirements
1 Local
2 Sub national
3 National
4 Continental
5 Global

Table6 Proposed values for the indicator: GeograpBktent and respective scores

5.3.2 LICENSING ANBDNSTRAINTS

Table7 PROPOSED VALUES FOR THE INDICATOR LICENSING AND CONSTRAINTS AND RESPECTIVE SCOR

Score

Requirements

1
2
4
5

Commercial data with limitations
Commercial data

Free d#a with limitations

Public domain data

Different data holders deliver their spatial data under various license agreements. Two different
elements are taken into consideration: the cost of the data and their possible limitation of akke
7 contains several models of data distributions that are taken into consideration, and their respective

scores.

5.3.3 SCALEDENOMINATOR

In most of the applications and software, a digital map can be visualized at different scales using the
zoom butons: thisdoes notmean that the information contained in the map is adequate at all
visualization scales. Actually, geospatial data have their own nominal scale, which is the larger scale at
GKAOK (KS& OFy afl ¢7FdzZ t & £poiot 8f vighvithie gaissibiity o Zoonntld LINA y
the map at larger scale than the nominal one has to be interpreted as an occasion of reading better
the information that it contains, but not an occasion of reading more.

In particular,the concept of nominal scale deeply linked with the degree of precision and accuracy
of the content. The visualization tolerance of a map or spatial data can be derived from the nominal
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scale: the Italian topographic tradition defines the accuracy as the value of 0.2 mm at tlieahom

scale, which is derived from the smallest thickness of a printed mafdiomoglio G. 2004)

Furthermore, at the international level, tHéational Map Accuracy Standar@MAS) defines a less

restrictive tolerance, thaO2 NNB a Ll2y Ra (G2 GKS @l fdzS 2F wmkpné |G (K
AYlLEESNI GKFY MYHndonnnd Ly GKS FNIYSg2N] 2F (GKS LINE
according to theNational Standard for Spatial Data Accur@$SDAguidelines, using formulas

proposed inthe Appendix3 2 FDAXKBLIGGAI f t 232AGA2y Ay 3 (FGDOAzNT O
1998) SpecificallyNS®A uses roemeansquare erroito estimate positional accuracRMSE
GKNBaK2f Ra | NB NFB KB NE S B ZdblggAirdaracy thresholdgdopked for the
quality evaluatiorarereported in ground distaces I & G KS ¢p: O2yFARSYOS
b{55! ¢ Tae&t R A Y

¢ KS Ay ReefO I 512yNI YoarydssiirgeNtie values ithe evaluation is based on the metadata
or on the information published by the data holders. In case this information is not provided, some
geo-processing operations can be performed in order to give an estimafitirecscale: for example

as far as linear datasets is concerned, an analysis of the line segments length is carried out and a
statistical distribution graph is drawn. A value of the dataset tolerance can be estimated as the
smallest value of length with statistical importance: then using the relations reported below, a value
of reference scale is calculated.

S
c
{at

tf S@St A

Another approach to estimate the scale denominator is to carry out a relative comparison with
datasets with a defined map scale. Similar operaticans be performed in order to verify the
information provided in metadata or published by the data holders.

" ACCURACY RMSE NSSD ACCURACY NSDI Approximate

8 Requirements . NMAS (NMAS/1.5175 (RMSE GSD

S O MK p n-€F (m) NSSDA*1.7308CE (m)
90%)(m) 95%)(m)

1 > 1.000.000 > 508 > 335 > 579 > 320

2 | >500.000 <=1.000.00( 254508 167-335 290579 160-320

3 | >250.000 <=500.000 127-254 84-167 145290 80-160

4 | >100.000 <=250.000 51-127 3384 58-145 30-80

5 <=100.000 51 33 58 <30

Table8: Proposed values for the indicator Scale Denominator and respective scores

As far as raster datasets are concerned, approximate reference values of spatial resolution, that is
Ground Sample Distanc&$D)expressed in meters, are reported in tlast column ofTable8, taking
into account both achievable accuracy and proper viewing.

! the United States National Map Accurdtandards (NMAS)
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5.3.4 UPDATE

OS Data Quality Assessment Protocol

Different dataset may have different update rate: the more recently the data has been updated, the

more reliable the data is assumdalbe.

Score

Requirements

1
2
3
4

5

More than 5 years agt
From 3 to 5 years agc
In the past 2 years
Annually (planned)
Continuous

Table9 Proposed values for the indicator Update and consequent scores assigned to the datasets

The evaluation is performed using the information provided on the metadata or directly by the data
holders. Random controls can be performed if the time reference is provided feature per feature, for
instance in a field of thattribute table of the datast.

The indicatolUpdatecan assume the values contained in

Score

Requirements

a b~ w NP

More than 5 years agt
From 3 to 5 years agc
In the past 2 years
Annually (planned)
Continuous

Table9.

5.3.5 TEMPORAEXTENT

The indicatofTemporal Extenis applicable only in case of time series data. It efertheperiod
between the first available release of the data and its last updadégails are contained ifiablelO.

Score

Requirements

A WDN PR

5

Months
Years
10 years

Fifty years
Hundreds of years

Tablel0: Proposed value for the indicator Temporal Extent and respective scores

5.3.6 HTNESS FABSE

Score | Requirements

1 Need of significant prprocessing
2 Need of solid preprocessing
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Score | Requirements

3 Need of average prprocessing
4 Need of slight prgrocessing

5 No need of preprocessing

Tablell Proposed values for the indicator Fitness for Use and respective scores

The generic concelf fithess for usevariesbased orthe applications in which the data is exploited.
Current indicator aims to evaluate pprocessing requirements in order to provide data in a format
suitable and optimized for data maintenan@malysisand display, both for map preparation and fo
data display on desktop and WebGIS applicatidablell contains the values that can be assumed
by the indicatorFFitness for Useandthe evaluation is performed in a relative way, taking into
consideration the characteristicH all the candidates for each suibpic.

5.3.7 THEMATIEGACHNESS

Score Requirements
1 Low

2 X

3 Medium

4 X

5 High

Table1l2 PROPOSED VALUES FOR THE INDICATOR THEMATIC RICHNESS AND RESPECTIVE SCORES

The indicatoiThematic Richnes®rresponds to the amount of information provided by each

candidate dataset. It can be referred and calculated proportionally both to the numtzeraiible

FASTE RAQ LINRGARAY 3 NialyZdubipic addyokhn2 Mdlloladh2rgncdfv@ NJ § K S
theme represented by the datasat the respective sutbopic.

Tablel2 contains the values that can be assumed by the indicBl@mmatic Richnesthe evaluation
is performed in a relative way, taking into consideration tharacteristics of all the candidates for
each suktopic.

5.3.8 INTEGRATION

One of the most challengirigsuesn the implementation ofa geospatial dataervice is the need for

a perfect integration among datasets, both in the same and in differentepilcs;the most

significant example is the comparison between surface hydrology and elevation data. The issue is
even bigger if the datasets have different nominal scales, extents, geometrical and thematic
structures.

Score | Requirements

1 Stand alone dataset

3 Part of thematic database

5 Part of comprehensive databas

Tablel3: PROPOSED VALUES FOR THE INDICATOR INTEGRATION AND RESPECTIVE SCORES
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FaSR 2y (GKAa FaadzYLIiAz2ys (GKS RFEGF&aShaedinhB 02y 3
thematic or multipurpose database, since the relationship issues between datasets are already solved
by data holders; se@ablel3for details.

5.3.9 DATAINTEGRITY

Data integrityimplies the respect of topological relationpty the geometric shape of the features
belonging to a dataset: some topological rules can be defined atapib levelbased ortheir
specific role.

The evaluation is performed by mean of processing operations with computer software, in the
present caseéhe ESRI ArcGIS Desktdpis software can manage several topological rules both in
phase of data production and in phase of data quality controls: several controls can be applied to
different geometry type of data, such as points, lines or polygons.

Must not overlap | Must not have gaps =i

Py
% 'olygon errors are
9 e e

e

overtap.

Polygon

2 .
Use this rule to make sure that no polygon everlaps another A wating district map cannot Use this rule when all of your polygens should form Soil palygans cannot include gaps
polygon in the same feature class or subtype. have any overlaps in its coverage a continuous surface with no voids or gaps. atfarm voidi—they must farm a
continuous fabric.

Figure21 Description of two of the topological rules defined during the evaluation process (courtesy of esri)

1 The evaluation process consists of the following steps:

1 definition of the appropriate topological rules for each datasstamples are ifrgure21;

9 validation of the topology: each feature is compared with the others involved in the topology,
and their spatial relationship is controlled in order to find violations of the rules;

1 investigation of tke results: the errors are studied in order to understand the nature of the
violation and the effective presence of the violations themselves;

Score | Requirements
1 >5

2 205

3 0.502

4 0.1-0.5

5 <0.1

Tablel4: 14Proposedalues for the indicator Data Integrity and consequent scores

9 Building of the resume table: for each dataset and for each topological rule, a table record is
filled in with the results of the validation and with some notes and comments.

The indicatoData Integrity consists in the percentage of the sum of the errors, for all controls
performed on a dataset, over the number of features observed in that dataset: datasets are given a
score in compatibility with the values reporté&ilgure20.

5.3.10 POSITIONAACCURACY

Score | Requirements (% of errors)
1 Coarsg80-100)
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2 Low(60-80)

3 Intermediate(40-60)
4 High(20-40)

5 Fine(0-20)

Tablel5: Values that the indicator Positional Accuracy can assume

It is repreented by the mean value of the positional uncertainties for a set of positions, where the
positional uncertainties are defined as the distance between a measured position and what is
considered as the corresponding true position

Freereleased spatial datearely come with the definition of a value of Positional Accuracy in their
metadata: this value is deeply related withe reference scale and is derived from it, using an
approach, whichs the opposite of the onpresented in sectioiscale Denominatds.3.3

In both the ways the value of the positional accuracy is obtained, it is used to draw a buffer around a
set of sample features randomly extracted from the entire dataset under evaluation. Duéfees

are then put in visual comparison with a dataset that has a higher positional accuracy, of at least an
order of magnitude. If a buffestoes notcontain a feature from the most accurate dataset, this is
considered as an error of the dataset: thedfipercatage of errors in the dataset is used as indicator

of the Positional Accuraayf the dataset itself. It can assume values froourseto fine as

summarized ifrablelb.

5.3.11 THEMATIACCURACY

Score Requirements (% of errors)

1 Coarsg80-100)

2 Low(60-80)

3 Intermediate(40-60)
4 High(20-40)

5 Fine(0-20)

Tablel6: Proposed values for the indicator Thematic Accuracy and consequent scores

Thematic accuracy controls are random controls perfairoa attribute values: a number of feature
is investigated in order to verify the correctness of what reported in the fields déttinéute table of
the respective dataset. The percentage of the number of errors found overuhder of features
observedconstitutes the quality indicatoFhematic Accuracy

The indicator Thematic Accuracy can assume values from coarse to fine as summaraadlib.

5.3.12COMPLETENESS

The absence of gaps in spatial data is one of the major reqaesie from the user needs

assessment. Datasets are randomly investigated in order to reveal missing features by mean of inter
comparison with other datasets of the same dwoipic: the percentage of missing features over the
number of features observed caitsites the indicatorCompletenessl he reference confidence

intervals are reported iTablel?.
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Score Requirements
1 >5

2 2¢5

3 0.5¢2

4 0.1-0.5

5 <0.1

Tablel7: Proposed valugefor the indicator Completeness and respective scores

5.4 OVERALEVALUATION

5.4.1 QUALITWATRIX

After the quality assessment is performed on all datasets belonging to a specHigmobthe results

can be conveniently resumed in a matrix where each row costtie scores assigned to a dataset

for each indicator, while every column contains all the scores given to a specific indicator. The matrix
described is called Quality Matrix: a template is provideddsie 18.

Fitness For Use

Dataset
Geographic
Extent
Licensing and
Constraints
Scale
Denominator
Update
Temporal
Extent
Thematic
Richness
Integration
Data Integrity
Positional
Accuracy
Thematic
Accuracy
Completeness

Dataset 1
X Scores (from 1 to 5)
Dataset n

Teble 18 Example of a Quality Matrix

5.4.2 VECTOR OWEIGHTS

Parameter Weight
Geographic Extent
Licensing and Constraints
Scale Denominator
Update

Temporal Extent

Fitness For Use

Thematic Richness
Integration

Data Integrity

Positional Accuracy

values in the range O to 1
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Thematic Accuracy
Completeness

The indicators previously defined may not have the same importance in absolute terms; furthermore,
relative importance is normally significantly different accordinght® application in which data are

used. For instance the end user may prefer to deal with spatial data that have high scores for some of
the indicators, while he could not mind if the same data have low scores for the other indicators,
according to the requement of the application he is dealing with.

Tablel9: ASSIGNMENTS OF WEIGHTS TO THE QUALITY INDICATORS: TEMPLATE OF VECTOR OF WEIGHTS

On the basis of the experience and sensibility of the data analysts, a weight for eachiqdaléyor

is established as a hypothesis of the needs of a potential user, working in the field of emergency
management: it is a positive number between 0, if the indicator is not important at all, and 1, if it has
the maximum importance. Xector of Weigts for the indicators can be set up with the chosen

values (sed ablel9).

TheVector of Weightgonstitutes the implementation of the general concepteaternal qualityin

the protocol. Although a first approach definition oktlveights is given by the contractor, a real end
user could define and apply his own weights according to the specific current needs. The contractor
commits himself to publish all the partial quality scores in order to facilitate these operations.

It is inportant to highlight that the definition of th&ector of Weightsnust be done at a sutopic
level, in order to ease the process of choosing best quality data for each data category.

5.4.3 HNALSCORES ANRANKING

The final step of the assessment process iscideulation of the total score for each dataset. The
vector of total scores is the result of an ordinary matrix product betweerQ@bality Matrixand the
Vector of Weightsit consists of a weighted sum of the scores assigned to each dataset.

Based orthe quality final scores, datasets can be ordered in a ranking that reveals, for eatdpiyb
0KS 06Said RFEGF ofS G2 YIFIGOK SyR dzaSNRa ySSRo

5.5 CONCLUSIONSN THE PROTOCOL

In thischapter,the concept of geospatial data quality has been introduced and a pobfocdata

guality assessment has been proposed. It involves the definition ofdl@ators;each of them can

assume values in different ranges: possible values are divided in 5 categories with the introduction of
some confidence intervals. It also inve$ the assignment of a score to the datasets for each
indicator,based orthe values assumed by the single indicator for every single datasetly,a total

score of quality is calculated by meanaodum of the partial scordsased orthe weights setor the
indicators.
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During the GMESRDA project activities the definition of the weights was performed by the
O2y (NI OG2NJ RFGF Fylfeadazr Ay GKS GGSYLIG 2F Ayl
into numerical valuednstead,in the ideal world this operation has toébdone directly by the end
user. $ce this requires further considerable efforts to the end user, such as performing the
calculation himself maybe arranging a targeted spreadsheet, a Web application able to extract the
dataset of best qualitybased orthe defined weights, has been developed and is introduced in
chapter®6.

During protocol application to datasets gathered in the inventory phase, data analysts experienced
difficulties in exploitiig the proposed range of values and requirements for some indicators: in these
casesalternative values and requirements have been defined and applied. The modifications of the
general protocol should be studied case by case in order to highlight linthe pfotocol itself and

to come to a better definition of the protocol itself as a recursive process.

! Global Monitoring for Environment and Securitg theEuropean Programme for the establishment of a
Europearcapacity forEarth Observation
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6. DATAQUALITYASSESSMENPROCESSINGND RESULTS

6.1 INTRODUCTION

The geospatial data quality and consistency assessment protocol that has been developed and
described in theCHAPTERhas been actually applied tbe identified datasets

In the following pages, the data analysis related to the identified quality and consistency indicators is
applied over the identified datasgdescribedn details and the reults are presented: the current
chaptercontainsthe whole analysis over two importaf¢atures: Transportatioand bathymetry and

for the rest of the sub topicaould suffice to the overall evaluation result

It is important to note that due to the limattions there will be only two subtopics evaluation with all
details, includingTransportation; Road$ and Bathymetry( Bathymetry and terreitl elevation) For
the rest of the sulopics there will be onlyite final Scores and Ranking.

This chapter isrganizedaccording to the data categories proposedchapter4, Tablel and Table 2

6.2 NOTESON THEPROTOCOAPPLICATION

The process of data quality assessment is based on applying a set of indicators to a selection of
candidate datasets for each stdpic. The result of the analysis consists of a numeric value for each
dataset, whichs derived from the contribution of each indicator, weighteased onts importance

in relation to the sukopic itself. As mentioned before, théector of Weightbiave beeridentified by
the contractor data analystsr user itself

With respectto the definition ofThematicdatasets reported isection 5.1, if the user interest is

more focused on the semantic content of the data rather than on the geometric and geographic

O2yGSyids GKS ljddftAade aasSaaySyid 27 GKS aSYryidao 02y
specific field It is not possilte to evaluatecorrectlythe subjective indicatorsuch asPata Integrity,

Positional Accuracy, Thema#Accuracyand Completeneswithout having a proved topicelated

expertise.

Therefore the protocol states the application of all the quality indicatdo theCoredatasets whilst

the application of the first 8 quality indicatorslatesto the Thematicparts of theDatasets: so their
overall assessment is based on the objective quality indicators that can be assessed analyzing the
available metadatayithout applying the weight vector.
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6.3 BOUNDARIE®OSTALADMINISTRATIVAND AREAOF SPECIAL
INTEREST

6.3.1 COUNTRYPOLITICALEVEIO BOUNDARIES

In the subtopic, Country Political Level O Boundariles following datasets have taken part of the
assessment:

VMAP@VMAPOQ)

Sample of VMARYMAPY;

Global Administrative Ared§&SADM)

Global Administrative Unit LayefGAUL)
Sample ofWVorld Vector Shoreline Plug/VSY;
Sample ofslobal Map

= =4 -8 a8 -8 -9

Dataset Final Score

VMAP1 45.5
VMAPO 44.5

Global Map| 43

GADM 41.5
GAUL 39.5
WVS+ 39.5

Table20: RESULTS OF THEAQITY ASSESSMEAOR THEUBTOPICOUNTRY POLITICAL LEVEL 0
BOUNDARIES

6.3.2 COASTLINBND MARITIMEBOUNDARIES

In the subtopic, Coastline and Maritime Boundarigse following datasets havieeen considered as
candidates and then submitted the assessmentrocess

Sample ofslobal Map

Global Self Consistent, Hierarchical, HRgsolution Shoreline Data Bg§&&SHHS)

Sample of theshuttle Radar Topography Mission, Surface Water Body Daf8&SEM SWB])
Vlaams Institute Voor De Zee, Flanders Marine Institute, Maritime Boundaries Geodatabase
(VLIZ)

VMAPO(VMAPO)

Sample of VMARYMAPY;

Sample ofVorld Vector Shoreline Plug/yS;

1
1
1
1

=a =4 -

Dataset Final Score
VMAP1 46.5
VMAPO 44.5
Global Map | 44

G$IHS 43

WVS+ 42
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Dataset Final Score
VLIZ 39.5
SRTM SWBI 37.5
Table21: RESULTS OF THE QUALITY ASSESSMENT FORAME SORSTLINE AND MARITIME BOUNDARIES

6.3.3 SUB-NATIONABOUNDARIES

As far as th&ubnationals boundariesubtopicis concernedthe following datasets havbeen
considered fothe qualityassessment:

VMAPO(VMAPQ)

VMAP1(VMAP1sample of the entire dataset;

Global Administrative Areas (GADM);

Global Aministrative Unit Layers (GAUJL)

Second Admistrative Level Boundaries (SALE)mpleof the entire dataset
GlobalMap (sample of the entire dataset)

=A =4 =4 =8 =4 =4

Dataset Final Score
VMAP1 42,0

Global Map| 41,0

VMAPO 38,5

GADM 37,5

SALB 36,5

GAUL 32

Table22: RESULTS OF THE QUALITY ASSESSMENT FOROME:SSHBATIOIAL BOUNDARIES

6.3.4 AREAFCONFLICT

In the subtopic Areas of conflicor disputedboundariesthe following datasetsook part inthe
assessment:

1 GAUL

9 Natural Earth

T World Databank;

M1 ACLED

M Conflict Site Dataset
Dataset FinalScore
GAUL 28,5
Natural Earth 29
World Databank 23,5
ACLED 24,5
Conflict Site Datase 24,5

Table23: Results of the quality assessment: total scoreStdBTOPIC AREA OF CONFLICT
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6.3.5 PARKSCONSERVATIOMSID PROTECTESREAS

In the topicparks, conservancies diprotected areashe following datasets have taken part of the
assessment:

1 WDPA World database on Protected Areas
1 FGGD Poverty and Environment Global GIS Dataliastected Areas
1 PA-Protected AreagMillennium EcosystemAssessment

Dataset| FinalScore

WDPA | 32.5
PA 28.5
FGGD | 26.5

Table24: RESULT OF QUAALIY ASSESSMENAL SCORES FOR PARKS, CONSERVATIONS AND PROTECTED
AREA

6.4 SURFACEYDROLOGSURFACHVATERBODIESWATERPOINTS DRAINAGAND
WATERSHEDS

6.4.1 DRAINAGERVER#WNDH OWRDUTING

In the subtopic Drainage, Rivers and Flaauting the following datasetgaccording to the data
inventory outcomeshavebeen considered fathe quality assessment:

1 NGAVMAP@VMAPO);

1 NGAVMAPIVMAP1L);

1 RWDBZ Relational World Database;

1 Hydolk

1 Hydro SHEDS

1 Global Map
Dataset Final Score
VMAP1 26.5
VMAPO 26.0
Global Map | 26.0
RWDB2 26
Hydro SHED,| 22.5
Hydrolk 22.5

Table25: Results of the quality assessment: total scoreStd-TOPIC DRAINAGE, RIVER, AQW/ ROUTINGS

6.4.2 SURFACKRVATERBODIES

In the subtopic, Surface Water Bodidhe following datasets have taken part of the assessment:

1 VMAP@VMap0);
1 VMAPIVMapl),
1 Food Insecurity, Poverty and Environment Global GIS Database (FGGD);
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Shuttle Radar Topography Miss (SRTM) Water Body Data (SWBD);
Natural Earth database (NE);

Global MODIS 250 m latwehter mask (MODIS);

Global Self Consistent, Hierarchical, Hrgsolution Shoreline DB (GSHHS);
Global Lakes and Wetlands Database (GLWD);

Global Reservoir and Dam datse (GRanD);

Global Map

= =4 =4 =8 =8 -4 =4

Dataset Final Score
VMapl 30.5
SWBD 26.5
VMapO 26
MODIS 25.5
GLWD 25.5
GRanD 24.5
Global Map| 23.5
FGGD 22.5
NE 22
GSHHS 20.5

Table26: RESULTS OF THE QUALITY ASSESEMBNTSCORES FOR EACMNIBATOSURFACE WATER
BODIES

6.4.3 WATERSHEBF®IDRVERBASINS

In the subtopic, Watersheds and River Basthe following datasets (according to the data inventory
outcomes) have been considered for the quality assessment:

1 Hydrolk

1 Hydro SHEDS

T UNH/GRDC Rundifata

1 WRI Major Watersheds of the World Delineation.

Dataset Final Score
HydroSHEDS 29.75
Hydrolk 26.75
WRI Major Watersheds of the World Delineatif 21.50
UNH/GRDC Runoff Data 20.75

Table27 Results of the quality assessmetuttal scores for each datas@&NWATERSHEDS AND RIVER BASINS

6.4.4 \WATERPOINTS

The data inventory about water points featured several datasets, each one including a very mixed set
of point categories. A common category has been chosen in order to perfoghtartenalysis of the
available data.

In thiscase the points representinglamshave been chosen, artte following datasets havbeen
considered fothe assessment:
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VMAPO(VMAP1)

Global Reservoir and Dam (GRanD) database
WWDRII

GeoNames geographical datse

NGA GNS Geographic Names Database

= =4 -8 -8 -9

The final step of the evaluation process is the calculation of a total score for each dataset. The vector
of total scores is the result of an ordinary matrix product between the quality matrix and the vector of
weights; it consists in a weighted sum of the scores assigned to each dataset.

Based orthe quality final scores, datasets can be ordered in a ranking that reveals the best data able
G2 ardArafe SyR dzaSNRa ySSRo

Dataset FinalScore
VMAPO 34
GRanD 38
WWDRII 285
GeoNames | 39
NGA GNS | 33.5
Table28: RESULTS OF THE QUALITY OF THE ASSERSMENSCORES FOR EACH DATASET ON WATER OINTS

6.5 HUMANPOPULATIOROPUATION ENTREAND DISTRIBUTION

6.5.1 POPULATIORENTRES

In the subtopic, Population Ceinesthe following datasets have taken part of the assessment:

Global RuraUrban Mapping Project
V MapQ

VMAPZ;

Global Map

GeoNames;

Relational World Database I

E R N

Dataset Final Score
GeoNames| 41

VMAP1 37.5

VMAPO 36.5

Global Map| 36.5

GRUMP 31

RWDH 30

Table29: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORES FOREGREDPBTABEON CENTER

6.5.2 URBANANDRURALPOPULATIORENSITANDDISTRIBUTION

In the subtopic Urban and Rural Population Density ddidtribution,the following datasets have
taken part of the assessment:
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FGGDFKood Insecurity, Poverty and Environment Global GIS Datgbase

GPW (Gridded Population of the World);
GRUMPGlobal RuraUrban Mapping Projedt
WWDRII'World Water Development Repor;li
EOSWorld Resources Institute)

Land Scan;

= =4 =4 =4 =4

TheO I y R A data 8o8reea are not specific to population density and distribution. Population data
have been extracted according to the following rules:

FGGDRural population densitgccessed through FAO GeoNetworktab.
WWDRIIPopulation density and distribution raster accessed through specific website

All the datasets listed are raster with a global coverage: they show the higher or lower presence of
population in a certain area of the world. The cell valuesaliguepresent an estimation of the

number of people present in the correspondent area on the ground. The spatial coordinates of all of
them are expressed in the Geographic Coordinate System WGS 84.

An improvement to the data information content is providby some of the datasets, which divide
0KS SINIKQA &adzNFIFOS Ay NHzN}t |yR dzNBFyYy | NBFay GKS
are in this case provided for urban areas and for rural areas in separate files.

Dataset | Final Score
Landscan 32
GPW 29
GRUMP 29
WWDRII 28
EOS 27
FGGD 24

Table30: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORES FOREBNEGOPBIABEON CENTER

6.6 TRANSPORTATIORADSRAILWAYSAIRPORT,3HARBORAND NAUTICAL
ROUTES

6.6.1 ROADS

In the subtopic transportation- roadsthe following datasets have taken part of the assessment:

VMAPO(VMAPO);
VMAP1(VMAP1);
Global Map;
Open$eetMap (OSM);
SDIT;

=A =4 =4 =4 =4

! http://www .fao.org/geonetwork/
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The first three candidate data sources have specific road layers inside a more complete dataset; OSM
is a collaborative mapping project having specific road layer too, whereak iSRltransporspecific
component of a broader project (UNSDI) and contains specific objects dedicated to roads.

6.6.1.1 INDICATOERVALUATION

GEOGRAPHEXTENT

The analysis has beewk through the reading of the metadata and of the information published by
the respective data holders and an activity of visual control of the datadeisktopGIS software (in
the present case ESRI ArcGIS Desktop). The latter part has been repedieteteduring the

analysis of the rest of the indicators in order to potentially modify the previously given score with
more experience.

It must be pointed out that datasets Global Map and VMAPL1 even if they are global gtojeot
have a global coveraget for what concerns road#ll the results are resumed Table31.

Dataset Requirements| Score
VMAPO Global 5
VMAP1 Global 5
Global Map| Global 5
OSM Global 5
SDIT Global 5

Table31: Summary of saes given the datasets for the parameter Geographic Extent

LICENSINGNDCONSTRAINTS

Metadata or the information provided by data holders furnished enough elements to perform the
evaluation; VMAPOSM,and SDIT datasets can be considered of public domvalnile the VMAPL1 is
not free of charge for subsets regarding many countries around the world. Global Map is free of
charge only for nortommercial useTable32 contains the given scores.

Dataset Requirements Score

VMAPO Public bmain Data 5
VMAP1 Free data with limitations 4
Global Map| Free data with limitations 4
OSM Public Domain Data 5
SDIT Public Domain Data 5

Table32: Scores for the indicator Licensing and Constraints

SCALBENOMINATOR

The ewaluation process is based initially on metadata and the other information provided by data
holders (VMAPQ VMAP1¢ Global Map).

OSM derives from prexisting data sources and from specifically acquired data; globally, it can be
considered having a scdictor between 1/100.000 and 1/250.000.

SDIT derives from prexisting data sources and from specifically acquired data; globally, it can be
considered having a scale factor between 1/100.000 and 1/250.000.
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The scores are reported Fable33.

Dataset Requirements Score

VMAPO 1.000.000 2

VMAP1 250.000 4

Global Map| 500.000 3

OSM 100.000 <sc <= 250.0( 4

SDIT 100.000 <sc <= 250.00¢ 4
Table33: Summary of scores given for the indicatoal® Denominator

UPDATE

The evaluation regarding this parameter has been carried out on the basis of the metadata and the
information published by data holders: an assessment of the indi¢#ypolatebased on single

features is not possible on this data snthereare notdevoted fields in the attribute tables. OSM

and SDIT are updated continuously, on a voluntary bastse results are resumed Trable34.

Dataset Requirements Score
VMAPO In the past 2 years
VMAP1 In the past2 years
Global Map| In the past 2 years
OSM Continuous
UNSDIT Continuous
Table34: Summary of scores given for the indicator Update

TEMPORAEXTENT

Temporal extent indicator is not significant for roads $opic.

g1 gl W ww

FITNESSFORUSE

The evaluation has been carried out taking into consideration the effort needed to exploit different
candidate datasets in a GIS environment and through the analysis of their metRdstalts are
shown inTable35.

VMAPO is distributed in shapédiformat, divided into 4 tiles.
VMAP1 is distributed in shapefile foat divided into about 56 tiles.

Global Map is distributed in shapefile format, divided into about 73 countries; Global Map uses
different filenames for@ad layers among different countries.

OSM dataset is ready to use for drawing and printing in a map: it is possible to uda# Qriew,

plan a route, and print map images), to use it as WMS in desktop or web application, or download the
data to use irlocal projects. Data is available in XML format specific tools maké possible to

import it in PostgreSQRostGIS databases: a specific table contains information about roads.

SDIT is maintained in a spatially enabled database format, structurddavinaster table and several
relatedtables. Alldatasets can be easily imported in GIS environments; some time has to be spent to
import different tiles (especially where there are many): to speed it up some scripting may be
needed. Global Map gets a lewscore as uses different filenames for road layers among different
countries.
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OSM takes time to be downloaded and imported in a GIS environmenthatis expected because
of the huge amount of information; besides no scripting developmeneisded,as tools are
available for conversions.

SDIT is available as a database connectiime results of the evaluation are resumediable35.

Dataset Requirements| Score
VMAPO
VMAP1
Global Map
OSM
UNSDIT
Table35: Summary of scores for the indicator Fitness for Use in Cartographic Representation

THEMATIRICHNESS

VMAPO, VMAPL1 and Global Map, adopts a similar data structure; OSM ah&a&@yt each a specific
data structure. Here it is &d to evaluate the content of theggifferent data models.

o1 o1k~ 0101

VMAPO contains a classification of roads (primary 25%, secondary 60%, unknown 15%), some quality
fields (e.g. a rough estimate of the accuracy of the survey of the element (accuratea@p¥oxinmate
15 %)andthe information thatis operational (most are operational: 8%%

VMAP1 contains a classification of roads (primary 5%, secondary 10%, motorway 2%, unknown 83% ),
some quality fields (e.g. a rough estimate of the accuracy of the survey efdhent, although

Bohd: KIS Wl ObpeNtiodal @ T@INVdzSIAR yi 03 f 1§ K2dzAK Hpdz KI
The name of the road (89% missing), if it is paved (2% missing, 26% unpaved, 72% paved )and an
estimate about the possibility of usage dktroad in relation to the season and weather conditions

(all seasons 72%, unknown 2%)

GLOBAL MAP contajm@sclassification of roads (18% missing), some quality fields (e.g. a rough
estimate of the accurey of the survey of the elemer®4% accurate 5%approximateg 1% no data),

the operationalinformation (98% are operational), paved (27% lack this information) and an estimate
about the period of the yean which it is possible to uséAll, year66% unknown 319%).

OSM adopts detailed roadclassificéion (>20 categori€9): it can be assumed that the classification

is comprehensive of other kind of information thdwes nothave a specific field in the data structure.

It is estimated that it includes the surface type and its smoothness, beside thinéamad is

operational, that it is accurately surveyed, and if there can be seasonal problems in using it; OSM also
givesj, the name of the road (% of information missing varies on continent min 32% max 74% med
46%

SDIT has a complex table structurecontains the name of the road (84% missing), a detailed
classification(7 % unclassified, including road width99% missing, number of lanes99% missing,
type of road surface >99%missing) detailed information about actual situation (accessipjlgafety,
surface situationbut >95 % data is missingjeeTable36

! http://wiki.openstreetmap.org/wiki/Map_Featurefor detailed description
h{a Lytteara R28ayQid G 1S A abatospéedestdnypiias DrdzsdP LIS I YR b
percentage about missing information may be overestimated
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CLASSIFICATI( SURVEY ACCURZ OPERATIONA NAME PAVEL SEASONA
VMAPO Y Y Y N N N
VMAP1 Y Y Y Y Y Y
GLOBAL MA Y Y Y N Y Y
OSM Y N I Y I I
SDiT Y N Y Y Y Y

Table36: Summary thematic richness analysis
Y: there is a specific fietdN: information missingl: included in other fields

The result of the evaluation of the Thematic Richness indicator is summarizadlgB87.

Dataset Requirements| Score
VMAPO 3
VMAP1 5
Global Map 4
OSM 5
UNSDIT 5
Table37: Summary of scores for the indicator Thematic Significance

INTEGRATION

The information collected on the data holdings aegorted in the deliverable D10.1 is enough to
face the evaluation for this indicator: the results are reported @ble38 .

Dataset Requirements Score
VMAPO Part of comprehensive datas¢ 5
VMAP1 Part of comprehensive datas¢ 5
Global Map| Part of comprehensive datas¢ 5
OSM Part of thematic database 3
SDIT Part of thematic database 3

Table38 Scores for the indicator Integration

DATAINTEGRITY

Several topological analyses have been performed orl¢ita, whose results are reported Table
39.

Dataset INTERSEC| OVERLAF SELF INTERSE( SELF OVERLA
VMAPO 0,0 0,0 0,0 0,0
VMAP1 0,0 0,0 0,0 0,0
GLOBAL MAP 26 1,8 0,2 0,2
OSM* 19,8 0,7 0,9 0,1
SDIT 12,5 2,9 0,2 0,0

Table39: Synthetic view on topologic analyses

*North America and Europe were not considered to speed analysis up; this makes error percentage
higher as the two continents are covered in detail and have accurate data sources (including dat
coming from Public Bodies).
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Summarizing the result it can be said that the VMAPO and VMAPL1 datasets are excellent from the
point of view of the geometric relationship between their features (errors <1%); Global Map has small
topologic errors. SBT and &M have worst topologic scenario. Scores arEable40: Summary of

scores for the indicator Data Integrity

Dataset Requirements Score
VMAPO 5
VMAP1 5
Global Map 2
OSM 1
UNSDIT 1

Table40: Summary of scores for the indicator Data Integrity

POSITIONAACCURACY

For positional accuracy indicator, both metadata and GIS analyses are considered.

VMAPOVMAP1and Global Map have declared reference scale;Ts@id OSM have no declared
reference sca so are compared to other three datasets as follows:

Testareas ae considered in each continent.

In each test area reference scale datasets are considered (VMAPOQ, VBIAP4l, MAP, each dataset
is buffered in relation to its reference scale: buffechnsiders appropriate tolerance value (579m for
1:1.000.000, 290m for 1:500.000, 145m for 1:250.000); buff@rtines the tolerance value, in order
to take into account positional differences due to feature generalization;

Candidatedatasets (SBT andO3SM) are intersected with buffer layers, so that it is possible to
consider which reference scale suits it best. Data are analyzed in following way:

1 intersection with buffer 2 is meaningful of the % of overlapping features (it highlights which are
the roadsin common between candidate and reference datasets; percentage takes into account
the length of features)

9 intersection with buffer 1 divided by intersection with buffer 2 gives the % of features in
tolerance of the reference dataset (it highlights the pafrtommon roads that lie in the
tolerance area of reference dataset; percentage takes into account the length of features)

1 length of candidate dataset features minus length of intersection with buffer 2, gives the length
of candidate dataset roads notgsent in reference dataset (it tries to highlight how candidate
dataset is richer than reference one)

1 length of reference dataset features minus length of intersection with buffer 2, gives the length of
reference dataset roads not present in candidate dat(it tries to highlight how reference
dataset is richer than candidate one)

The result of the positional accuracy analysis is showiabte41 and Table42. In all test aeaso%€
refersto the total length of OSM or Sl roads in test areas

OSM % overlapping % in % in OSM AND notin RE in REF AND not in OSVM
tolerance

VMAP 0 69 62 31 328

VMAP 1 75 63 25 1396*

Global Map 62 40 38 223

SDIT % overlapping % in % in SDIT AND not in REl  in REF AND not in OSV
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tolerance
VMAP 0 72 93 28 -3
VMAP 1 48 48 52 208*
Global Map 20 36 80 29

Table41: comparison between OSM and SDand reference datasets in test areas

*in VMAPL also trails layer is considered; in Asia test dregetwas a great presence of trails.

Focus on North Africa test are@/ referring to the total length of OSM or SDkoads in test area)

OSM % overlapping % in % inOSMAND notin RER  in REF AND not in OSM
tolerance

VMAP 0 60 57 40 -12

VMAP 1 77 70 23 53

Global Map 54 30 46 10

SDIT % overlapping| . "™ | 9 in SDIT AND notin RE| in REF AND not in S
tolerance

VMAP 0 91 98 9 0

VMAP 1 50 35 50 199

Global Map 48 37 52 51

Table42: Comparison of OSM and SDWwith VMAPOVMAP1and Global Map in Algeria

In this test area, networks from different datasets are more similar: it is easier to compare their
positional accuracy.

Considering both global data and local ones, OSM dataset can be best compared to VMAP1 reference

dataset.

Besides, by overlaying OSM data on Google Earth satellite imagery, 100 % of 50 test roads are within

1:100.0000lerancesthe roads present in images.

Considering both global data and local ones; EBtaset can be best compared to VMAPO reference

dataset.

Beside, by overlaying SDidata on Google Earth satellite imagery, just some part of the test roads
are within 1:100.000 tolerance the roads present in images; most are in a 290 m tolerance.

According to the previous analyses, the following scbiese been attributed to each candidate

(Table43).

Dataset Requirements Score
VMAPO 579 m 2
VMAP1 145 m 4
Global Map | 290 m 3
OSM 58 m 5
UNSDIT 290m 3

Table43: Summary of scores given the datasetsthe indicator Positional Accuracy

THEMATIGIGNIFICAN@GENDACCURACY

Thematic significance and accuracy was estimated by considering how each data field is filled. It
completesthematic richnesindicator by estimating the percentage of missing data.

134



CHAPTER 6

CLASSIFICATIC SURVEY OPERATIONA| NAME | PAVED | SEASONA|
- ACCURAC — o e .
[Missing Data [Accurate [Missing Data | [Missing | [Missing | [Missing
%] Data %] %] Data %] | Data %] Data %]
VMAPO 15 85 15 - - -
VMAP1 83 >99 1 89 2 2
GLOBAL MAP 18 >99 2 - 27 31
OSM 0 100* 0* 46 0* 0*
SDIT 7 100* 95 84 97 99

Table44: Results of the thematic significance and accuracy analysis
*implicit.
To rate the accuracy and significance in relation to different data structures, the focus is given to road

classifiation, as other additional information is widely missing or implicit in classification data. For
VMAP1, classification and the surface information are considered together.

Accordingo those missing value3able45 has been filld with the appropriate scores.

Dataset Requirements| Score
VMAPO 4
VMAP1 4
GLOBAL MA 3
OSM 5
SDIT 5

Table45: Summary of scores given the datasets for the indicator Thematic Accuracy

COMPLETENESS

1 VMAPOhas a geographidistribution that is homogeneous and that can be considered global.

1 VMAPIcovers only some area in each continent.

i Global Map covers just some countries in each continent

1 OSM s a collaborative mapping project; data come from volunteer GPS survey gitizmdiand
open data, so in selected countries, it is particularly complete, thus having a good world
distribution.

1 SDIiT is locally the results of systematic field campaign acquisition and thus, in selected countries,
is particularly complete.

Table46, contains the scores for the Completeness indicator.

Dataset
VMAPO
VMAP1
Global Map
OSM
UNSDIT
Table46: Summary of scores for the indicator Completeness

Requirements| Score

o1 o1 w N Ol

6.6.1.2 OVERALEVALUATION
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The results of the analysis described in parag@ydihl.lcan be summarized all together in the single
matrix reported inTable47.

For the indicators of quality and consistency of datasets represeRtagls the user needs
assessment brought to the definition of weights cdn&d inTable48. The final scores are calculated
asthe result of the product between the quality matrix and the vector of weights; then the datasets
are ordered according to the final score, in descending ortiable49).

QUALITWATRIX

° & a
2 c = Q c c
. £ % | & 3 S eag S . Bzex 8
2 Sex@z O & 8. 5 8¢ 8| £ 5g8¢ ¢
g 2352 ¢ S8 £5 L 558 S8 §353 ¢E
A oSS 3 S5 8 £ Ffxz £ O £83E£& S
MAPO 5 5 2 3 n.a. 5 3 5 5 2 4 5
VMAP1 5 4 4 3 n.a. 5 5 5 5 4 4 2
Global Map 5 4 3 3 n.a. 5 4 3 2 3 3 3
OSM 5 5 4 5 n.a. 5 5 3 1 5 5 5
SDIT 5 5 4 5 n.a. 5 5 3 1 3 5 5
Table47: Quality matrix for the data sutbpic Harbors
VECTORVEIGHTS
Indicator Weight (0 to 1)
Geographic Extent 1
Licensing and Constraint 0.5
Scale Denominator 1
Update 1
Temporal Extent 0
Fitness For Use 0.5
Thematic Richness 1
Integration 0.5
Data Integrity 0.5
Positional Accuracy 1
Thematic Significance and Accurg 1
Completeness 0.5

Table48: Weights assigned to the indicators of quality and consistency for theéopithHarbors

FINALSCORESNDRANKING

Dataset Final Score
OSM 38.5
UNSDIT 36.5
VMAP1 35.5
VMAPO 31.5
Global Map 29.5

Table49: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORES FOREGNSHBITARPASIRDADS
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6.6.2 RAILWAYS

In the subtopic, Railwayshe following datasetsook part inthe assessment:

1 Vector Smart Map Level O;

1 VMAPIsample of the entire datset);

1 Global GIS Database

1 Global mapgsample of the entire dataset)

1 OpenStreetMip (OSM);

1 Relational World Data Base 2

1 SDiT;
Dataset Final Score
VMAPO 34,5
VMAP1 38
Global Map 34,5
OSM 35,5
RWDBII 28
SDIT 36

Table50: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORES FOR EACEUBRIREERAILWAYS

6.6.3 AIRPORTS

In the subtopic Airports, following datasets have taken part of tlssessment:

1T VMAP@VMAPO);

1 Vector Smart Map Level 1(VMAPdample of the entire dataset);

1 Rehtional World Data Base 2 (RWDBII)

1 Global Airports Database (GAD)

1 Global Airports Database and DAFIF

1 World Airport Codes

1 The Geography of Transport Systems

1 GeoNames

 NGA GEOnet Names Serve
Dataset Score
VMAPO(VMAPOQ) 37
Vector Smart Map Level 1(VNRA) 33
Relational World Data Base 2 (RWDB 35.5
Global Airports Database (GAD) 31
Global Airports Database and DAFIF | 35.5
World Airport Codes 35
The Geography of Transport Systems, 36
GeoNames 39,5
NGA GEOnet Names Server 39

Table51: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORERAFABEHAON SWUH°IC AIRPORT
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6.6.4 HARBORS

In the subtopic Harbors the following datasets have taken part of the assessment:

i Relational World Database II;

i NGA GEOnet Names Server;

1 GeoNames

1 World Port Index;

1 SDiT;
Dataset Final Score
SDIT 39.5
GeoNames 34.5
World Port Index 32.5

NGA GEOnet Names Servel 31
Relational World Database || 28.5
Table52: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORES FORERGHBAOPRSE HARBORS

6.7 BATHYMETRANDTERRESTRIALEVATION

6.7.1 BATHYMETRY

In the subtopic Bathymetry the following datasets have taken part of the assessment:

1 GMRTGlobal MultiResolution Topography

1 GEBCO General Bathymetric Chart of the Oceans

1 ETOPO 14gth Topography Digital Dataset

1 "Smith and Sandwell Global Seafloor Topography (or Smith and Sandwell predicted bathymetry or
Smith and Sandwell measured and estimated seafloor topography)"

1T VMAPO

The listed datasets are raster and vector data with a dlobaerage. For raster datasets, the cell
values usually represent an estimation of the ground elevation or bathymetry. VMAPQ is a vector
dataset, containing contour lines. The spatial coordinates of all of them are expressed in different
Coordinate System

6.7.1.1 INDICATORVALUATION

GEOGRAPHEXTENT

The analysis has been done through the reading of the metadata and of the information published by
the respective data holders and an activity of visual control of the datadeishktopGIS softwareir

the presentcase ESRI ArcGIS Desktop). The latter part has been repeated few times during the
analysis of the rest of the indicators in order to potentially modify the previously given score with
more experience.

Some datasets have a real global extent, inthe seiddeti (1 KS& O2OSNJ ( K&tSIH NI KQa &c
180 degrees in longitudand from-90 to 90 degrees in latitude. Sorde notcover the area of Arctic
and Antarctica (Smith and Sandwell); these datasets are retained as with global extent, but with some
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coveaage limitation (e.g. latitude thresholds). With tlissumptionall the datasets have a global
extent, so the score assigned for the respective indicator is the maximum feeallgble53).

Dataset Requirements| Score
GMRT Global 5
GEBCO 1 min Global 5
GEBCO 08 Global 5
ETOPO 1 Global 5
Smith and Sandwell Global 5
VMAPO Global 5

Table53: Summary of scores given the datasets for the indicator Geographic Extent

LICENSINGNDCONSTRAINTS

All thedataset listed for the present subtopic are free and available through the internet. They are
protected by copyright and there are constraints related to specific use.

It ispossible to browse GMRT freely, buis not possible to circulate or publish neatals obtained
from the site without accepting the terms of providing adequate citation to the contributing scientists
and MGDS (www.maringeo.org).

Data within GEBCO 08 Grid and GEBCO One Minute Grid are subject to copyright and database right
restricions. Reproduction of the gridded bathymetry data sets is derivative form for scientific

research, environmental conservation, education or other-asommercial purposeandis

authorized without prior permission, providing the source material is propaddited.

ETOPOL is considered public information and may be distributed or ctyyititk useof appropriate
line/photo/image credits

Permission to copymodify,and distribute any part of this Smith and Sandwell gridded bathymetry at
1 minute resolutiorfor educational, research and nguofit purposes, without fee, and without a
written agreement is granted.

Where appropriate, researchers are also encouraged to consider collaboration anedoitioarship
with original investigators.

The scores assigndar all datasets are the following (s@able54):

Dataset Requirements Score
GMRT Free data with limitations

GEBCO 1 min Free data with limitations 4
GEBCO 08 Free data with limitations 4

Public domain

ETOPO 1 (http://www. ngdc.noaa.gov/ngdcinfo/privacy.html) >
Smith and Sandwell Free data with limitations 4
VMapO Free data with limitations 4

Table54: Scores for the indicator Licensing and Constraints

SCALEDENOMINATOR

Rarely the metadata relatei raster data indicate a value of the reference scale because of the
nature of the data itself: the indication of the pixel size is more direct and clear.
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Dataset Pixel Size Derived scale denominator | Score
GMRT 100 m >250.000- <=500.000 3
GEBCO 1 min 1 minute (2 km) >1000000 1
GEBCO 08 30 arc sec (1 km) >1000000 1
ETOPO 1 1 arc minute (2km) >1000000 1
Smith and Sandwell | 1 arc minute (2km) >1000000 1
VMAPO / >500.000 <=1.000.000 2

Table55: Summary of scores given fortindicator Scale Denominator without-adaptation to the scale
range.

The pixel size values and the scores assigned are showedhleb5.

In order to use the full range of scores from 1 to 5, scores have been adapted &sthiation of the
available dataset, according to the criterialiable56.

Score scale denominator

1 >3.000.000

2 >2.000.000 <=3.000.000
3 >1.000.000 <=2.000.000
4 >500.000 <=1.000.000
5 <=500.000

Table56: Summary of Proposed values for the indicator Scale Denominator

The score readapted are the ones shown Trable57.

Dataset Derived scale denominator | Score
GMRT <=500.000 5
GEBCO 1 min >3.000.000 1
GEBCO 08 >2.000000-<=3.000.000 | 2
ETOPO 1 >3.000.000 1
Smith and Sandwell | >3.000.000 1
VMAPO >500.000 <=1.000.000 4

Table57: SUMMARY OF FINAL SCORES GIVEN FOR THE INDICATOR SCALE DENOMINATOR

UPDATE

The evaluation regarding this indicatoas been carried out on the basis of the metadata and the
information published by data holders; the results are resumethible58.

Dataset Requirements Score
GMRT Continuously (2011) 5
GEBCO 1 min 2003 1
GEBCO 08 2010 3
ETOPO 1 2008 2
Smith and Sandwell | continuously updated, 5
VMAPO 2000 1

Table58: Summary of scores given for the indicator Update

TEMPORAEXTENT
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Data cannot be considered as time series: for thason,the indicatorTemporal Bbent is not
significant for bathymetry topic.

FITNESBORUSE

The evaluation has been carried out taking into consideration the effort needed to exploit different
candidate datasets in a GIS environment and through the analysis of their metadata. Results a
shown inTable59.

The raster data type itself of the dataset listed for this -Safic makes them ready and optimized for
data maintenanceanalysisand display, on desktop and WebGIS applications.

Some datasets are providéd a format that can require the use of different software of the use of
code to read the data.

Dataset Requirements Score
GMRT No need of preprocessing 5
GEBCO 1 min elaboration of a code to read the data 3
GEBCO 08 elaboration of a code to read thdata 3
ETOPO 1 No need of preprocessing 5
Smith and Sandwell Using of differgnt softwares to read the data. Unusual Projection ng 5
manageable in ArcGIS
VMAPO No need of preprocessing 5

Table59: Summary of scores for tliedicator Fitness for Use

THEMATIRICHNESS

Most of the datasets (only VMAPO is vector) listed for the current Sub Topic are raster data. They
provide information about ground bathymetry as pixel value. Furthermore since this is the only
content in termsof thematic richness, the evaluation of the indicator is skipped.

INTEGRATION

In the framework of the Global Magroject and in particular in relation with the data quality
assessment activities, a database can be considered as comprehensive wheniitsfamtaite data

in different Topics of the project. It is considered as thematic when it contains data interesting for at
least more than one Sutopic.

All raster datasets can be considered as stand alone, while VmapO is theatadet, whictcontains
information interesting foother Topics of the Global Mapsoject. Theresults are reported iffable
60.

Dataset Requirements Score
GMRT Standalone dataset 1
GEBCO 1 min Standalone dataset 1
GEBCO 08 Standalone dataset 1
ETOPO 1 Standalone dataset 1
Smith and Sandwe| Standalone dataset 1
VMAPO Part of thematic databas¢ 5

Table60: Scores for the indicator Integration
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DATAINTEGRITY

The evaluation process as it was defiraehnotbe appled to raster data.

POSITIONAACCURACY

Positional accuracy has been evaluated through a procedure that compares the datasets in exam with
features referring to the same object but coming from dataset with a higher accuracy (at least an
order of magnitudé.

Since there is no availability of a free bathymetry dataset at an accuracy higher than one order of
magnitude to the examined dataset, positional accuracy has been tested by comparing the coastlines
derived from bathymetry dataset to the coast dataséMMAP1 (only on the available tiles). For

raster bathymetry dataset, pixels which are at the borderline between positive and negative values
have been defined as coastlines, while in order to define VMAPOQ coastlines, the vector coast has been
used. The psitional accuracy has been calculated by evaluating the portion of the coastlines derived
that are included in a buffer, selected according to the scale range of daFasethe datasets with a

ground sample distance (GSD) gredtem the one shown in ttable. Thdinear relation between

GSD and accuracy has been used is:

Accuracy=1.8*GSD

For the datasets GMRT and Smith &ahdwelljt has not been possible to perform the analysis of
positional accuracy: for the first because it is only possible taliie the data, while the second is in
a projectionnon-manageablédy ArcGIS and other software that have been used in order to project
the data. For this reason to both datasets has been assigned a medium score of 3.

The indicatoPositional Accuracganassume values from coarse to fine as summarizdabie61.

Dataset Requirements Score
GMRT N/A 3
gebcolmin high 4
GEBCO 08 high 4
ETOPO 1 high 4
Smith and Sandwe N/A 3
VMAPO intermediate 3

Table61: Scores assigned for the indicator Positional Accuracy

THEMATIGCCURACY

Since it was not available a dataset with a higher resolution to test bathymetry data values, it was not
possible to test thematic accuracy.

COMPLETNESS

In order to evaluate copleteness of the bathymetry dasats, 2 criteria have been useggtection of
areas in which the dataset is not available and research dData values, that correspond to areas
for which bathymetry has not been calculated.

According to the firstcriterig = 2yt & {YAUGK | yR {1}
Al R2SayQi O2@SNI NBIA2ya gA0K
(completeness = 0.897)
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In order to detect the presencef No-Data values, for all raster datdsea frequency histogram of
pixel values has been calculated. From this analysis all the datasets resulted to be cofrgitde (

62).

Dataset Requirements| Score
GMRT <0.1 5
gebcolmin <0.1 5
GEBCO 08 <0.1 5
ETOPO 1 <0.1 5
Smith and Sandwe| 0.5¢ 2 3
VMAPO <0.1 5

Table62: Summary of scores for the indicator Completeness

6.7.1.2 OVERALEVALUATION

The results ofhe analysis described isection5.4.1can be summarized all together in the single
matrix reported inTable63.

For the indicators of quality and consistency of datasets represeBiatigymetry the user needs
assessment brought to the definition of weightstained inTable64. The final scores are calculated

as a result of the product between the quality matrix and the vector of weights; then the datasets are
ordered according to the final score, in descending ordab(e65).

QUALITYW]ATRIX

A [9)]
2 = 3 2 0
s > c = I Llgun 8 @ Bxp g &
3 S: 2f o5 29: § E2E 5 S8t oE¢ ¢
© g S$So | 2o ol @ o © |25 S
5 $£/85 85 8 5% £ 25 & ® 23 28 5
[a) QW | T o A | D W it Fxl £ O o IO
GMRT 5 4 5 5 [INA |5 |[NA |1 [NA |3 NA |5
gebcolmin 5 4 1 1 |[NA |3 'NA |1 |[NA 4 NA |5
GEBCO 08 5 4 2 3 |NA |3 [NA |1 |[NA |4 NA |5
ETOPO 1 5 5 1 2 'NA |5 |[NA |1 |[NA |4 NA |5
Smith and 5 4 1 |5 NA |2 NA |1 NA 3 |NA |3
Sandwell
VMAPO 5 4 4 1 |[NA |5 |INA |5 |[NA |3 NA |5
Table63: Quality matrix for the data sulopic bathymetry
VECTOR OF WEIGHTS
Indicator Weight (0 to 1)

Geographic Extent 1
Licensing and Constrair 0.5
Scale Denominator 1
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Indicator Weight (0 to 1)
Update 0.5

Temporal Extent 0

Fitness For Use 0.5

Thematic Richness 0

Integration 0.5

Daa Integrity 0

Positional Accuracy 0.5

Thematic Accuracy 0
Completeness 1

Table64: Weights assigned to the indicators of quality and consistency for théogitbbathymetry

FINALSCORESNDRANKING

Dataset Final Score
GMRT 24

VMAPO 23
GEBCO 08 19,5
ETOPO 1 19,5
gebcolmin 17,5

Smith and Sandwell 16,5

Table65: Results of the quality assessment: total scores for each dataset

6.7.2 TERRESTRIELEVATION

In the subtopic TerrestrialElevationthe following datasets have taken partthe assessment:

1 ASTER GDEM (Advan&ghceborne Thermal Emission and Reflection Radiometer Global Digital
Elevation Model);

I SRTM3 (Shuttle Radar Topography Mission);

1 GTOPO30;

All the datasets listed are Digital Elevation MbHuilt using several techniques and each pixel
represents the average altitude in the corresponding area on the ground. They are available in
different format while spatial coordinates of all of them are expressed in the Geographic Coordinate
System WG84.

Dataset below s initially considered butot included in the quality assessment following the
analysis ofheirs data source. Documents providey the dataholders show in fact that all
dataexcludedfrom the evaluation are an elaboratiar integraion of rasterwith other type of

source, but theoverall accurac Yy QG 0SS O2y aARSaNdd o0SGGISNI (KIYy

1 SRTM30 (Shuttle Radar Topography Mission);

1 CGIARCSI SRTM (Consortium for Spatial Information oftwesultativeGroup for International
Agricutural Research Shuttle Radar Topography Mission data);

1 SRTM30 PLUS (Shuttle Radar Topography Mission Plus);

1 HYDROI1k;

1 HydroSHEDS (Hydrological data and maps based on Shuttle Elevation Derivatives at multiple
scales);
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1 GLOBE (Global Land Gkra Base ElevatioRroject);
1 ETOPO 1,
1 Global Map;

Finally, point layers include in the data inventory phase are not considetbd assessment that is
aimed at comparing raster ones.

6.7.2.1 INDICATORVALUATION

GEOGARPHEXTENT

The analysis has been done through the readiihe metadata and of the information published by
the respective data holders and an activity of visual control of the datadeishktopGIS software (in
the present case ESRI ArcGIS Desktop).

All dataset are part of a global project but only GTOPO3@meaal global extent, in the sense that it
O2@SNJ GKS SI NIB&KtQEO degedéFih [Gn§itude Biddl el to 90 degrees in
latitude, so it gains the maximum score (Seshle66).

Dataset | Requirements| Score
ASTER | Catinental 4
SRTM3 | Continental | 4
GTOPO3( Global 5
Table66: Summary of scores given the datasets for the indicator Geographic Extent

LICENSINGNDCONSTRAINTS

All the dataset listed for the present subtopic are free and availddslmigh the internet. Some of
them are constraints related to specific usephurticular,for ASTER constraints are related to
distribution and commercial use.

The score of this indicator is listedTiable67.

Dataset | Requirements Score

ASTER | Free data with limitations 4

SRTM3 | Public Domain Data 5

GTOPO3( Public Domain Data 5
Table67: Scores for the indicator Licensing and Constraints

SCALBENOMINATOR

Rarely the metadata related to raster data iratie a value of the reference scale because of the
nature of the data itself: the indication of the pixel size is more direct and clear.

A procedure for assigning a score to the datasets specific for this case has been used. The pixel size
values and the swes assigned are showedTable68.

Dataset Pixel Size Score
ASTER MQQ 5
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Dataset Pixel Size Score
SRTM3 0QQ 4
GTOPO30 onQQ 3

Table68: Summary of scores given fitve indicator Scale Denominator

UPDATE

The evaluation regardy this indicator has been carried out on the basis of the metdcatd the
information published by data holders. The ranking refers to the latest edition released for each
dataset. The results are resumedTiable69.

Dataset | Requirements Score

ASTER | Inthe past 2 years 3

SRTM3 | Morethan5vyearsag( 1

GTOPO3( More than5yearsag( 1
Table69: Summary of scores given for the indicator Update

TEMPORAEXTENT

Temporal extent indicator is not significaior terrestrial elevation sutopic.

FITNEFORUSE

The evaluation has been carried out in a GIS environment with operations of displapalgsis of
sample areas. Raster data are available directly, so operations-girpcessing are not necessary.

All dataset gains the maximum scorBaple70)

Dataset Requirements Score
ASTER No need of preprocessing | 5
SRTM3 No need of preprocessing | 5
GTOPO30 | No need of preprocessing | 5

Table70: Summary of scorder the indicator Fitess for Use

THEMATIRICHNESS

Thematic Richnesannotbe considered for digital elevation modstcausehe only important
information in the attribute table is the altitude value associated with each pixel.

INTEGRATION

The informaion collected on the data holdirig enough to face the evaluation for this indicator: the
results are reported iTable71.

! http://www.ersdac.or.jp/GDEM/E/index.htrmfior ASTER
http://srtm.csi.cgiar.org/for SRTM3
http://www1.gsi.go.jp/geowww/globalmapysi/gtopo30/README.htnfor GTOPO30
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Dataset | Requirements Score

ASTER | Standalone dataset 1

SRTM3 | Standalone dataset 1

GTOPO3( Standalore dataset| 1
Table71: Scores for the indicator Integration

DATAINTEGRITY

The evaluation process as it svdefined in previous chapteannotbe applied to raster data. In the
presentcase,only the machineeadability of the datacan be evaluated: all the datasets are perfectly
machinereadable.

POSITIONAACCURACY

Forthe evaluationof the presentquality parametey it wasdecidedto comparedata setswith
ahigherresolution,the USGS National Elevation Dataset (NED)rdstis dataare
availablethroughoutthe United States ah spatial resolution of-arcsecond andecondl/3-arcin
certain areasFor NEDnore accuratdiles and our raster dataset to validate, a
planimetricinformation consists of thavatershed was obtainethrough the useof a GIS software

Figure22: The figure shows the hydrographic grid obtained using GIS software for the NED in a sample area

(ESRI ArcGIS Desktop) The evaluation has been performed by means of the procedure
descibedbelow:

1 For each candidate, a sample of raster in the USA territory has been extr&ged=@2) andthe
hydrographic grid has been obtained with the use of a GIS software, in this case ESRI Arcatalog.
The set of vertices dhe obtainedline feature has been extragtland each point has been
buffered, setting as distance the accuracy estimated from the reference scale of the candidate
layers.

1 The positional accuracy of each sampled point has been estimated by comparing
the abovebuffer with the vertex obtained for the NED buffered setting a distance of 1/3 arc
second (about 10 m).
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In particular, the following courg¢s have been analyzed: Wyoming, Coloradw TexasThe
resultsare presented inTable72.

Dataset Requirements Score
ASTER | High 4
SRTM3 | Fine 5
GTOPO3( Intermediate | 3
Table72 SCORES FOR THE INDICATOR POSITIONAL ACCURACY

THEMATIGCCURACY

Raster datasets are not provided with an attribute table. The inforomationtent is stored as pixel
value expressing the average elevatafrthe area correspondintp each pixel itself. The evaluation
has been carried outy reading the datavailablein literature and comparingith the values
givenby theholderson their websites. Results are reportedTiable73.

ASTER and SRTM3 have respectively a vertical accuracy declared of 20 m and 16 m. The absolute
vertical accuracy of GTOPO30 varies by lochtionording o the source dataGenerally, the areas
derived from the raster source data have higher accuracy than those derived from the vector source
data and variesrom 18to 300meters inPeru Globally, thereforethe accuracys lower tharthe

2 previous set. Té procedure folassigningscoresn this casds an exception of the general protocol
(seeTable73).

Dataset | Requirements: vertical accurac Score

ASTER 20m 4
SRTM3 16 m 4
GTOPO3( variable 2

Table73: Results of the thematic accuracy analysis

6.7.3 COMPLETENESS

For all datesets,a frequency histogram of pixel values has been calculated in order to detect the
presence of N@ata values. These areas could comprehend also seas and oce@usl @omparison
between the datasets in evaluation and a dataset representing the coastlines has permitted to extract
only the real data gaps. In thesasesthe ratio between thenumbersof pixels of Ndata over the

raster size has been calculatedoirder to evaluate the currerindicator. As showin, all dataare
completelyconsistent (se@ able74).

Dataset | Requirements, Score

ASTER | O 5
SRTM3 |0 5
GTOPO3( 0 5

Table74: Summary of scores for thedicator Completeness

! http://www1.gsi.go.jp/geowww/globalmapysi/gtopo30/README.html
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6.7.3.1 OVERALEVALUATION

The results of th analysis described in sectiérv.1.1can be summarized all together in the single
matrix reported inTable75.

For the indicators of quality and consistency of datasets represemtngestrial Elevatigrthe user
needs assessment brought to the definitiohweights contained iffable76. The final scores are
calculated as a result of the product between the quality matrix and the vector of weights; then the
datasets are ordered according to the final score, in descending ofdéieg77).

QUALITWIATRIX

v) =)
= o £ | %5 2 S i
QL © = L o o c 5 _ < c
_ 5 2z £ 8 2 g g g Tz g | 2
2 ST eS8, & 8 g g & £ sg B 2
T | § 8fs5 2 5 E 2 §& g% B8 g %
o) © Jolvwol D [ i = = O o < &)
ASTER 4 4 5 3 NA |5 NA |1 NA |4 4 5
SRTM3 4 5 4 1 NA |5 NA |1 NA |5 4 5
GTOPO30 | 5 5 3 1 NA |5 NA |1 NA |3 2 5
Table75: Quality matrix for the data sutppic Terrestrial Elevation
VECTORFWEIGHT
Indicator Weight (0 to 1)
Geographi&Extent 1
Licensing and Constraint 0.5
Scale Denominator 1
Update 0,5
Temporal Extent 0
Fitness For Use 0.5
Thematic Richness 0
Integration 0.5
Data Integrity 0
Positional Accuracy 1
Thematic Significance and Accurag 1
Completeness 0,5

Table76: Weights assigned to the indicators of quality and consistency for theéopith Terrestrial Elevation

FINALSCOREBNDRANKING
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Dataset Final Score
ASTER 26
SRTM3 25,5
GTOPO30 | 21,5
Table77: Results of th quality assessment: total scores for each dat@étSUBTOPIC TERRESTRIAL ELEVATION

6.8 GEOLOGY

6.8.1 GEOLOGY

In the subtopic Geologythe following datasets have taken pantthe assessment:

1 OneGeology Portal
1 World Mineral Deposits (GSC World);
1 World GeologitMaps (WGM);

Dataset | Final Score

WHYMAP 24
GGIS 25
WCR 24

Table78: RESULTS OF THE QUALITY ASSESSMENT FORAOME SYBROGEOLOGY ONGRE
GEOLOGY

6.8.2 DILSANDSOILPROPERTIES

In the subtopic Soils and SaRropertiespnly the datasetscontaining mainly soil type information
have taken part of the assessment:

1 Harmonized World Soil Database (HWSD);
1 WRB Map of World Soil Resour§@gSR);
9 Digital Soil Map of the Worl(DSMW);
1 Stuab_Rosen_GI$SISS).
Dataset| Final Score
HWSD | 30
DSMW | 28
GISS |23
WSR 20

Table79 RESULTS OF THE QUALITY ASSESSMENT FORAOME BDROGEOLOGY ON-$0BIC soils and
soil properties
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6.9 SATELLITMAGERM_ANDCOVERUSEFORESTANDVEGETATION

6.9.1 SATELLITEMAGERY

With reference to the requirements defined in paragraph 3.1.2.2 of the deliverable of Task 10, the
following data sources have been taken into account in the SubBapédlite Imagenand considered
during the assessment

1 ASTER

T MOD 02

1 MOD 09

T GLS

1 Landsat Legacy Gadtions

1 Landsat Archive Collections

1 EO1

T AVHRR
Dataset Final score
ASTER 33
MOD 02 30
MOD 09 28
GLS 29

Landsat Legacy Collections | 28
Landsat Archive Collections | 32
EG1 32
AVHRR 28

Table80: RESULTS OF THE QUALITY ASSEFSMENE SUBPIC M DROGEOLOGY ON-30BICs satellite
imagery

6.9.2 LANDCOVERUSE FORESTANDVEGETATION

With reference to the requirements defined in paragraph 3.1.2.2 of the deliverable M21 of Task 10,
the following data sources have been taken into astan the SubTopitand Cover/Use, Forests and
Vegetationand considered during the assessment:

GLC 2000

GLCC

AVHHR Global Land Cover Classification
MOD 12

ESAGIlob cover

FGGD

Global Map

Land Use System database

Global Land Use Database (SAGE)

= =4 -8 -4 -8 _a_°a_4a_-2

Dataset | Final score
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GLC 2000 26
GLCC 28
AVHHR 25
MOD 12 29
ESAGIob cover 29
FGGD 25
Global Map 31
Land Use System db 24
Global Land Use db (SAGE) 19
Global Land Use Data Sets (NAS 23

Table81: RESULTS OF THE QUALITY ASSESSRHENERSUBOPIC MDROGEOLOGY ON-$0BIC land
cover/use FOREST&nd vegetation

6.10 METEGCLIMATIC

6.10.1RAINFALL

Due to the irrelevance of the sttbpic to theproject goal in this thesis, only thist of the available
datasets isnentioned here and the qualitgssessments ar@mitted.

6.11 SOCIEECONOMIC

The following databases were evaluated:

Global Administrative Areas

Food insecurity, poverty and environmental Global Gis Datgbase
Geographic Information Systems in Sustainable Development;
GEO Data Portal

Atlasof the biosphere Human Impact

World Data Center for Biodiversity and Ecology

Global distribution of poverty

Food for edication global atlas initiative;

=A =4 =4 =4 =4 =8 -8 =9

Dataset Final Score
Global Administrative Areas 26
Food insecurity, poverty and environmental Bab3SDatabase 21
Geographic Information Systems in Sustainable Developmer 24

GEO Data Portal 27
Atlas of the biosphereHuman Impact 20
World Data Center for Biodiversity and Ecology 20
Global distribution of poverty 21
Food for education globatlas initiative 23

Table82: Results of the quality assessment: total scores for each dataset FORORUB SOGELONOMIC
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6.12 NATURADISASTERS

6.12.1\VVOLCANIERUPTIONBATA

In the SubTopicVolcanic EruptionBata,the following datasetdiave taken part of the assessment:

1 CHRRentrefor hazards and risk researelColumbia University
1 Global Hazards Information Network (GHiIRgcific DisasteCentre
1 The collapse caldera databas@rupo de vulcanologia de Barcelona

Dataset| Final Score

CHRR | 30
GHIN |29
CCDB | 27

Table83: Results of the quality assessment: total scores for each dataset FOROEWB VOLCANIC ERRUPTION
DATA

6.12.2H.00DATA

In the SUBtopic FloodDatathe following datasets have taken part of the assasst:

1 CHRRKentrefor hazards and risk researelolumbia University

T UNEP/GRIBPGIobal Risk Data Platform

1 Dartmouth Flood ObservationGlobal Active Archive of Large Flood Events

1 Centre for Research on the Epidemiology of Disasters (CIREI2ygency Ents Database (EM
DAT)

Dataset Final Score
CHRR 30
UNEP/GRID 30
Dartmouth Flood Observatio| 27
EM-DAT/CRED 24

Table84: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORES FOR EACH DAPASELQODICSUB
DATA.

6.12.3HREDATA

In thetopic, FiresDatathe following datasets have taken part of the assessment:

 UNEP/GRIPGIlobal Risk Data Platform

1 Centre for Research on the Epidemiology of Disasters (CEEIBygency Events Database (EM
DAT)

The Fire Locating arddodellingof Burning Eissions (FLAMBE'

MOD 14- Thermal AnomaliesFires and Biomass Burning

EUMETsat

The Fire Information for Resource Management System (FIRMS)

AATSR World Fire Atlas (WFAA) ESA

=a =4 —a 8 9
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Dataset Final Score
UNEP/GRID 25
EM-DAT/CRED 22
FLAMBE' 25
MOD 14 30
EUMET Land Product 24
FIRMS 25
WFAA 22

Table85: Results of the quality assessment: total scores for each dataset ONMGHRIB FIRE DATA

6.12.4EARTHQUAKBATA

In the topicEarthquake Datahe following datasets have taken part of thesessment:

1 CHRRentrefor hazards and risk researefColumbia University

1 UNEP/GRIPGIlobal Risk Data Platform

1 IRIS Incorporated Research Institutions for Seismology

1 CSEMEMSC Centre Sismologigaeroméditerranéens
Dataset Final Score
CHRR 30
UNEPGRID 30
IRIS 24
CSEMEMSC 23

Table86: RESULTS OF THE QUALITY ASSESSMENT: TOTAL SCORES FOR EACH DAPASET ON SUB
EARTHQW&E DATA

6.13 DATASETUTILIZATIOMN VARIOU$ROJIECTS

6.13.1 EARLYMPACT ANALYSIS

The main aim of the Early Im@iaactivities is to rapidly produce geeferenced information on the
impact of disasters, especially data on affected areas and population. The rapid mapping activities
aimed at supporting the first stage of disaster management are generally based ditesegenote
sensing data. Different types of satellite data can be used, mainly according to the type of disaster
and the approximate extent of the affected areas:

1 Low/medium resolution multispectral optical imagery (e.g.: MODIS, ALOS AVNIR, DMC) Landsat
1 High resolution optical data (e.g.: Spot, Formosat, Ikonos, WorldViemd 2,Quickbird
GeoEye),
1 Medium resolution radar data e.g.: Enviseaadar sgtALOS Palsar)
9 Highresolutionradar data (e.g. Cosr®kyMed, TerraSAR),

The aforementioned da belong to two main families: publdomain data (generally accessible
through the web (e.g. MODIS, Landsat); or commercial imagery that should be purchased through
reseller companies (e.g.: Eurimage, Spotimage, DigitalGlobe). Sometimes it is podedially tccess
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satellite data on the basis of scientific agreements between Space Agencies and Principal
Investigators in charge of a specific research (e.g.: ESA Cafegseys).

Veryhighresolutionoptical data are generallgnalyzedo identify damayes to buildings and
infrastructures (road accessibility, collapsed bridggdandslides or temporary shelters.
Unfortunately,these kinds of data araffected by the cloud@overage, whicls often persistent

during flood or cyclone events. The-a#ather capability of the radar technology and the possibility
to acquire data also during nighttimedsucial advantages of a radar based approach for the
monitoring of those events. The number and distribution of potentially affected populations is
anotherimportant type of information requested by managers responsible for the distribution of
humanitarian help. A rapid estimate of this information can be obtained by overlaying potentially
affected areas with population distribution data.

The main outputs ohn earlyimpact analysis are normally in the form of cartographic products
covering the area of interest. Data should be represented following cartographic rules, both in
relation to output map scale and according to representation rules.

The disseminabn process has the same importance as the analysis and map production phases. Final
products should reach decision makers at the right time and in the right place. Integration of map
products with adequate metadata in a standard format is of great hetmmduiscovery and

exploitation phases.

TC-2008.000105-8GD

Bangladesh - Tropical Cyclone AILA - Affected areas as of May 27, 2009 Analysis based on Modis satellite data
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Figure23: Example of cartographic representation of flood affected areas
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Figure24: Example of cartographic representation of pestrthquake damage assessment

6.13.2 EXTREMRAINFALDETECTIOSYSTEMERDS) VERSIOR

The Extreme Rainfall Detection System (ERDS, http://erds2.ithacaweb.org/), developed and
implemented by ITHACA, is a service for the monitoring and forecasting of exceptional ezierfiéd],
with a neary global geographic coverage.

This system is conceived to be a strategic tool, providing complete, immediate and intuitive
information about potential flood events, to be used during the preparedness and response pliases
the emergency cycle. Informatiare accessible through a WebGIS application, developed in a
complete Open Source environment, that processes and disseminates warningsrideastandable
way also for norspecialized users. Available capabilities include the analyseanfreattime rainfall
amount and of forecasted rainfall for different lead times, with the aindeétver extreme rainfall

alerts. The combination of such information with reference data allowsystem to generate value
added and evenspecific information, such asdHist of the affecteccountries and an estimation of

the affected population. Currently the system is one of the tasisd by UN World Food Program
(WFP) Emergency Preparedness Unit.
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