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Qui perd els orígens, perd la seva identitat

Frase utilitzada i adaptada pel cantautor
Raimon, tot i que el seu origen real és

confús i el seu llinatge s’ha perdut. Fet que
representa una paradoxa en ella mateixa.
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European Space Agency National Aeronautics and Space
Administration Japan Aerospace Exploration Agency Chinese National Space
Administration

Volunteered
Geographic Information
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World Wide Web Consortium
International Organization for Standardization / Technical Committee 211 Open
Geospatial Consortium

Findable Accessible
Interoperable Reusable
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marc de cooperació que té
com a finalitat facilitar el coneixement, l'accés i la utilització de la informació geogràfica disponible
en un àmbit territorial a través d'Internet, per mitjà de geoportals que ofereixen serveis de catàlegs
de dades i de metadades; de visualització, per mitjà de serveis de mapes; de localització, per mitjà
d'adreces i de nomenclàtors, i, eventualment, d'altres tipus de geoserveis específics, a més de
descàrregues de dades, de documents o d'altres recursos d'informació geospacial”
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Linked Data Linked Data

 

 

 

 

Resource Description Framework
Linked

Data

Linked Data

Spatial Knowlegde Infraestructures

Protocol and RDF Query Language
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Linked Data

 

features
coverages

Standard for
Digital Geospatial Metadata (CSDGM) Dublin Core
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Metadata Initiative ;

core

, Informació geogràfica Metadades
Defineix els elements de metadades i

l'esquema que descriu conjunts de dades
geoespacials

Substituït per la 19115 1:2014 2003

, Informació geogràfica Metadata
Part 1: Fonaments

Defineix els elements de metadades i
l'esquema que descriu conjunts de dades

geoespacials
Publicat / Vigent 2014

, Informació geogràfica
Metadata Part 2: Extensions per imatges i

dades de malla

Amplia la norma ISO 19115 definint elements
de metadades addicionals i esquemes per

descriure imatges i dades de malla
Substituït per la 19115 2:2019 2009

, Informació geogràfica
Metadata Part 2: Extensions per adquisió i

processament

Amplia la norma ISO 19115 1 definint
l’esquema necessari per a una descripció

millorada de l'adquisició i el processament de
informació geogràfica, incloses les imatges.

Publicat / Vigent 2019

, Informació geogràfica
Metadata Part 3: Esquemes XML per

conceptes fonamentals

Defineix una implementació XML integrada de
ISO 19115 1, ISO 19115 2 i
conceptes de la ISO 19139

Publicat / Vigent 2016

, Informació geogràfica Metadata
Esquemes XML d'implementació

Defineix els elements de metadades i
l'esquema que descriu conjunts de dades

geoespacials

Substituït per la 19115 3:2016 i
per la 19139 1:2019 2007

, Informació geogràfica Esquemes
XML d'implementació Part 1: Normes de

codificació

Proporciona normes de codificació per
implementar UML en XML. Publicat / Vigent 2019

, Informació geogràfica
Metadata Part 2: Esquemes XMLper imatges

i dades de malla

Proporciona un esquema per implementar ISO
19115 2 en XML. Substituït per la 19115 3:2016 2012
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Figura 1

subapartat �
Gestió del Llinatge (subapartat 1.1.3.5).

subapartat 1.1.3.5.1
subapartat 1.1.3.5.2 subapartat 1.1.3.5.3

subapartat 1.1.3.2)

provenance

linea

Content Standard for Digital Geospatial Metadata (CSDGM)
Federal Geographic Data Committee

“la
informació dels esdeveniments, paràmetres, les fonts, i els agents participants en la construcció d’un

provenance



Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació

1. Introducció 10

conjunt de dades geospacials International Organization for Standardization

provenance, fonts i eines emprades per produir un
recurs provenance

.
provenance

provenance

provenance
provenance

provenance

provenance

dataset provenance

ClearingHouse.
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statement
human reading8

machine readable
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Cas d’us:

Infraestructures.cat, empresa pública de la Generalitat de Catalunya adscrita al
Departament de la Vicepresidència i d'Economia i Hisenda, ha aprovat l’ampliació de dos
a tres carrils per sentit de la carretera C 25 en el tram comprès entre Espinelves i Santa
Coloma de Farners. Com a pas previ a la licitació de les obres, Infraestructures.cat ha
encarregat al Negociat de Plans i Mapes del Departament de Territori i Sostenibilitat
(DTES) la generació d’una cartografia amb les parcel les cadastrals afectades per
l’ampliació.

Un cop el Negociat de Plans iMapes ha realitzat l’encàrrec en el context d’un SIG, ha lliurat
la següent IG:

El conjunt de dades amb les parcel les de cadastre afectades. Cada registre (parcel la)
conté la següent informació temàtica:

 Referència cadastral
 Propietari
 Superfície total de la parcel la (ha)
 Àrea afectada de la parcel la (ha)
 Percentatge àrea afectada

Conjuntament amb les dades, es lliuren també les metadades associades a la IG
generada. Les metadades recullen el procés de producció. La informació de llinatge
derivada de la generació del conjunt de dades “parcel les de cadastre afectades“ és la
presentada en les Taula 2 Taula 8

Capa vectorial de carretetres uri 20/12/2019 Input Retalla_01012020_1335

Capa vectorial del Cadastre uri 25/01/2020 Input Retalla_01012020_1336

Capa vectorial de carretetres retallada uri 01/01/2020 Output | Input Retalla_01012020_1335 |
Buffdist_01072020_1337

Capa vectorial del Cadastre retallat uri 01/01/2020 Output | Input Retalla_01012020_1336 |
Combicapa 01072020_1338

Area d'afectació uri 01/01/2020 Output | Input Buffdist_01072020_1337 |
Combicapa 01072020_1338

Coord array (x,y) UTM na Input Retalla_01012020_1335 | Retalla_01012020_1336

50 m na Input Buffdist_01072020_1337
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Aquesta informació, si està degudament estructurada i és comprensible, pot servir a
tercers per consultar el procés de producció del conjunt de dades (Figura 3) i respondre
una sèrie de qüestions com per exemple:

 El conjunt de dades resultat, ha estat realitzada amb fonts oficials?
 Quines eines s’han emprat?
 Qui ha generat (institució) el conjunt de dades resultat?
 Quin ha estat el procés de producció complet per generar el conjunt de dades?

Execució de l'eina Retalla del MiraMon MM Retalla v10 Carreteres_cat | Carreteres_cat_ret

Execució de l'eina Retalla del MiraMon MM Retalla v10 Cadastro | Cadastro_cat

Execució de l'eina Buffdist del MiraMon MM Buffdist v7 Carreteres_cat_ret | Àrea afectació
50m

Execució de l'eina Combicapa del MiraMon MM Combicapa v5 Cadastro_ret | Àrea afectació 50m |
Parcel les cadastre afectades

Input | Output

Input | Output

Input | Output

Input | Input |
Output

Eina que retalla capes a partir partir d'un objecte poligonal 12/12/2019

Eina que genera zones d'influència (buffers) 05/02/2020

Eina que combina dues capes espacialment 07/08/2020

Extraction_algorithm

Buffer_algorithm

Union_algorithm

Creador/propietari

Creador/propietari

Creador

Desenvolupador

Propietari

Carreteres_cat

Cadastro

Retalla_01012020_1335 | Retalla_01012020_1336 | Buffdist_01012020_1337 |
Combicapa_01012020_1338 | Carreteres_cat_ret | Cadastro_ret | Àrea_afectació_50m
Retalla_V3 | Buffdist_v5 | Combicapa_v4
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Parcel les cadastre afectades
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log
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Analysis Ready Data Committee on Earth Obsebation Satellites)

Voluntered Geospatial Information

Workflows

Model web:

.

 

statement
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conjunt de dades

Annotacions
inversion

inversió anotacions

workflows



Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació

1. Introducció 20

 

Figura 4

statement LI_Sources LI_ProcessStep

LE_Sources LE_ProcesssStep LE_Source

LE_ProcesssStep

 

Open Provenance Model XML Schema .
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 (WMS,WFS,WCS)
(WPS),

. WPS,

 Dublin Core Metadata Initiative

provenance
statement.

 

Gestió del llinatge

Gestió del llinatge
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statement

XML Schema Definition
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Workflow Management
Systems WFMS)

 

 

 

Common Workflow Language
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 Probe It!

 MetaViz

 Provis
Standard

interactive graph , force
directed graph,

,

 

1.1.3.3 Beneficis del
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Quines fonts s’han emprat per generar aquest producte
Quina ha estat la seqüència de processos que s’ha executat?
Quin ha estat el procés que ha trigat més estona en executar se?
Qui ha generat aquest conjunt de dades?

En un catàleg de dades, quines dades s'han generat amb una versió específica d'un programa?
En un catàleg de dades, quines dades s'han generat amb una font concreta?
En un catàleg de dades, quines són les diferències entre la cadena de processos de dos productes
similars?
En un catàleg de dades, quines dades han estat generades per una persona que es va retirar el
2018?
En un catàleg de dades, quina cartografia de base és la més usada i ha donat resultat a més
productes derivats?

generacions
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Structured Query Language

Global
Earth Observations System of Systems

Group on Earth Obser

TestBed 10
Testbed 10 Provenance Engineering Report
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clearinghouse (Figura 7)
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 statement

 
 
 

 

 

 

 

.

,
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assenyalen  cap a diverses  solucions però  totes amb  la voluntat d’incrementar  les  capacitats dels 
models de llinatge geospacials. 

Els capítols 2, 3, 4 i 6 aporten diverses propostes per a la millora dels models de llinatge.  

1.2.1.2 Mancances en la captura del llinatge 

Dades  i  metadades  encara  són  sovint  produïdes  i  publicades  amb  programaris  i  en  moments 
diferents. En el cas del llinatge, la complexitat de les seves relacions i l’elevat nombre de dades fa que 
la seva documentació a posteriori de la generació de les pròpies dades sigui una tasca costosa.  

Existeix  una manca  d’eines  que  capturin  el  llinatge  en  el  context  de  SIG  generals.  Per  tant,  són 
necessàries eines que documentin el  llinatge automàticament en el  context d’un SIG d’acord als 
principals models de llinatge.  

Aquesta  tesi  doctoral  fa  propostes  en  el  camp  de  la  documentació  automàtica  del  llinatge.  Les 
propostes,  ideades en un marc teòric  i conceptual, s’han aplicat al camp pràctic en el context del 
programa  de  SIG  i  Teledetecció MiraMon.  Una  de  les  principals  característiques  del  programa 
MiraMon és que  les metadades es  gestionen  i  s’integren  acuradament de  forma  simultània  a  la 
creació  de  les  dades.  El Gestor  de Metadades  del MiraMon  (GeMM)  genera metadades  posant 
especial atenció als aspectes de qualitat (Zabala, Masó, Bastin, & Bigali, 2013) (Zabala, Masó, & Pons, 
2016), a la descripció del model de dades i a les relacions amb les bases de dades. La informació de 
metadades  es  guarda  i  es  documenta  en  arxius  de  format  REL  (format  de  text  de metadades  i 
relacions del MiraMon, basat en el format INI de Windows) o en format XML descrit per la ISO 19139.  

Els  capítols  3  i  4 mostren  els  treballs  fets  en  el marc  del MiraMon  per  la  generació  d’una  eina 
(Provenance Engine) que captura el llinatge conjuntament a l’execució dels geoprocessos. A més, s’ha 
treballat  en  la  interfície  gràfica del GeMM  (Figura 16) per possibilitar  l’edició de  les  fonts  i dels 
processos a posteriori de l’execució. 

1.2.1.3 Mancances en la visualització del llinatge 

Més  enllà  dels  models  utilitzats  per  capturar  i  emmagatzemar  el  llinatge,  és  necessària  una 
visualització eficaç per a una correcta comprensió i avaluació de les dades i dels processos implicats. 
No obstant, és estrany veure sistemes o eines que proporcionin capacitats de consulta més enllà de 
la clàssica visualització estàtica de metadades.  

Anàlogament a les tasques fetes en l’apartat de captura del llinatge, el GeMM ens ha permès disposar 
d’una interfície gràfica per proporcionar també una implementació pràctica dels casos pilot. 

Així doncs, els capítols 3  i 4 es mostren els  treballs  fets en el marc del GeMM per representar el 
workflow executat en la generació d’un producte geogràfic determinat.  

El capítol 6 també mostra una proposta per visualitzar el llinatge però, a diferencia dels capítols 3 i 4, 
està pensada per representar el llinatge de diversos conjunts de dades en un context distribuït.  
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1.2.1.4 Mancances en les consultes sobre el llinatge 

Són necessàries eines que complementin les tècniques de visualització i ajudin a endreçar i filtrar la 
informació  de  llinatge.  Eines  que  permetin  seleccionar  dades  geospacials  o  eines  de 
geoprocessament, que  a partir de  la  informació del  llinatge  aportin  valor  afegit  al  llinatge  i  ,per 
extensió,  a  les  metadades  en  general.  Tot  i  que  l’estandardització  proporciona  un  vocabulari 
interoperable que podem utilitzar per a fer consultes, no hem trobat aplicacions desenvolupades en 
entorns  distribuïts  que  permetin  avaluar  l’origen  de  grans  volums  de  dades  i  analitzar  les 
interrelacions entre elles (principalment fonts i processos). 

El capítol 5 es centra en l’aplicació pràctica del model de llinatge proposat per a realitzar consultes 
sobre  la  informació de  llinatge de dades de Teledetecció. L’objectiu és el de rebre només aquells 
fragments de dades o processos que ens poden  interessar en un moment determinat. A més, el 
capítol 6 presenta el disseny d’una eina que permet seleccionar dades geospacials o aplicacions de 
geoprocessament utilitzant informació de llinatge de diversos conjunts de dades.  

 

1.3 Objectius i metodologia de la tesi 

L’objectiu general d’aquesta tesi és el de proposar millores que potenciïn una major incorporació del 
llinatge a  les metadades, per  tal de millorar  la  interoperabilitat de dades  i processos  i  il∙lustrar el 
potencial del llinatge com a element de consulta en entorns distribuïts. Aquest objectiu general s’ha 
dividit en quatre objectius específics que alhora es concreten en diferents sub‐objectius: 

1. Contribució als estàndards de representació del llinatge.  

1.1 Analitzar diferents possibilitats de  representació del  llinatge amb diferents estàndards 
existents: ISO 19115‐1, ISO 19115‐2, W3C‐PROV, etc.  

1.2 Proposar alternatives per representar el  llinatge a diferents nivells de granularitat de  la 
informació geogràfica (nivell d’element geospacials, d’atribut i conjunts de dades).  

1.3  Investigar  els  beneficis  d’incorporar  altres  estàndards  (p.  ex.  WPS)  per  enriquir  la 
descripció del llinatge.  

1.4  Investigar mecanismes per utilitzar  el  llenguatge de  serialització RDF per descriure  el 
llinatge, i el GeoSPARQL per a poder seleccionar dades a partir de la informació del llinatge.  

1.5 Proposar mecanismes de  representació del  llinatge que considerin els diferents nivells 
d’abstracció dels geoprocessos (funcionalitat, algorisme, eina, execució).  

2. Contribució a les eines de captura i reproductibilitat del llinatge. 

2.1 Introduir les millores proposades en el sistema de metadades del MiraMon.  

2.2 Analitzar les potencialitats del llinatge en el camp de la reproductibilitat de la informació 
geogràfica i la generació de processos encadenats en sistemes distribuïts a la xarxa d’Internet.  

2.3 Capturar i documentar les execucions descartades com a part del llinatge. 
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3. Contribució a les eines de visualització del llinatge.  
3.1 Proposar i implementar un nou entorn de visualització del llinatge en el context del Gestor 
de Metadades del MiraMon (GeMM).  

3.2 Proposar i implementar un entorn de visualització del llinatge en el context del navegador 
web de mapes de MiraMon. 

4. Contribució a l’augment del valor afegit del llinatge geospacial com a part de les metadades.  

4.1. Generar eines que permetin elaborar consultes complexes del llinatge. 

4.2 Construir un entorn de representació del llinatge unificat de diversos conjunts de dades. 

Per tal d’acomplir aquests objectius, la metodologia s’ha basat en l’ús i l’estudi dels estàndards i les 
tecnologies disponibles  a  fi d’identificar‐ne  les  carències  i proposar millores. Més  concretament, 
cadascuna  de  les  propostes  realitzades  en  aquesta  tesi  doctoral  ha  seguit  el  següent  procés 
metodològic:  

 Revisió: S’han analitzat els principis bàsics del llinatge, les seves definicions i aplicacions. S’ha 
recopilat  i  estudiat  la  bibliografia  científica,  així  com  també  dels  diversos  estàndards  de 
documentació del  llinatge disponibles. S’han analitzat alguns dels exemples pràctics  i casos 
d’ús. 

 Detecció de necessitats: Una vegada els principis bàsics han estat observats, s’han comparat 
les aproximacions actuals amb les necessitats derivades dels casos d’ús i s’han fet aparents 
un conjunt de mancances que calia adreçar, tant en el pla teòric com en l’aplicat.  

 Discussió amb la comunitat: S’ha participat en els fòrums de discussió (p. ex. OGC, ISO) amb 
l’objectiu de compartir les propostes d’evolució dels estàndards o documents de referència 
per tal de validar, amb la comunitat, la possible integració d’algunes d’aquestes propostes en 
els nous estàndards internacionals. 

 Pilots: S’ha validat el conjunt de propostes a nivell pràctic en un entorn científic rellevant. En 
aquest punt s’han desenvolupat exemples d’aplicació a nivell de programari que han estat 
provades en els casos d’ús exposats. Els desenvolupaments s’han inclòs en el programari de 
SIG i de teledetecció MiraMon pel seu ús en entorns de producció. Això ha permès millorar 
les contribucions científiques que formen els diferents capítols del compendi. 

La Figura 8 relaciona els objectius de la tesi i la seva implementació en els diferents capítols d’aquest 
document. 

 

1.4 Organització de la tesi 

Aquesta introducció (capítol 1) té com objectiu situar el lector en el context general necessari que li 
serveixi de base pels capítols següents. Cal considerar que en ser aquesta una tesi per compendi de 
publicacions, el nucli central del document el formen les 5 publicacions que es troben incloses del 
capítol  2  al  capítol  6.  Naturalment,  cadascuna  d’aquestes  publicacions  també  conté  un  resum 
(abstract) i la seva pròpia introducció individualitzada, el que permet aprofundir una mica més en els 



Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació 

 

1. Introducció  34 

 

aspectes  tractats  en  cada  capítol.  Cal mencionar  que  el  capítol  6  reprodueix  un  text  en  format 
d’article que, en el moment de redactar aquests  línies, encara no havia estat enviat per a  la seva 
consideració com a publicació.  

Malgrat que les publicacions presenten i desenvolupen el tema del llinatge des de diferents angles, 
el conjunt presenta una sola unitat temàtica amb una estructura coherent que primer contribueix a 
l’estudi  i  la millora conceptual dels models de  llinatge, per anar passant a  tractar problemàtiques 
progressivament més  aplicades  en  les  diverses  fases  de  gestió  i  explotació. Des  del  principi,  les 
publicacions realitzades durant l’elaboració de la recerca es varen dissenyar per a formar part d’una 
tesi  temàticament  unitària  i  coherent.  Tot  i  això,  aquestes  també  han  de  ser  comprensibles 
individualment.  Per  tant,  existeix  una  repetició  de  certs  conceptes  bàsics  en  les  diferents 
publicacions. A més, aquesta  introducció recull  i agrupa conceptes  i vocabulari general per  tal de 
facilitar la comprensió dels 5 articles.  

El capítol 2 analitza  la representació del  llinatge geospacial en un entorn distribuït quan s’aplica a 
diferents nivells de granularitat: nivells d’atribut, element i conjunt de dades dels models ISO 19115 
i PROV. A  continuació, es presenta una proposta per aplicar el model PROV a  tots els nivells de 
granularitat d’un entorn geospacial. 

El  capítol  3  presenta  una  eina  que  captura  i  representa  el  llinatge  basada  en  l’ús  combinat  de 
l’estàndard Web Processing Service (WPS) i el model de llinatge ISO 19115. L'eina, desenvolupada en 
el marc del programa MiraMon, mostra una visualització gràfica de la provenance.  

L’article del capítol 4 és en part una continuació del treball discutit en el capítol 3 on es presenta de 
nou  l’eina  implementada  al  GeMM  per  captar  i  representar  automàticament  mitjançant  una 
combinació de WPS i l’ISO 19115. L’eina permet als usuaris editar informació de provenance afegint 
o suprimint passos o fonts a un flux de treball geospacial. Aquest treball inclou també la descripció 
de com capturar els paràmetres  involucrats en  les execucions  i com això ha quedat  reflectit a  la 
darrera  versió  de  l’ISO  19115‐2.  A  més  es  defensa  la  necessitat  de  capturar  les  execucions 
descartades  com  a part del procés de producció  científic  i es  fa una proposta al  respecte. Parts 
d’aquestes propostes són ara incloses en l’ISO19115‐2 com a fruit de processos de consens. 

El capítol 5 il∙lustra l’ús del llinatge en les tasques d’avaluació de dades de Teledetecció. La contribució 
es focalitza en com consultar la informació de llinatge per tal d’obtenir les fonts, els agents implicats 
o els geoprocessos, no només d’un conjunt de dades, sinó de diversos conjunts de dades que formen 
un catàleg. L’objectiu és potenciar els beneficis del llinatge per inferir la qualitat de les dades, rastrejar 
fonts d’errors i determinar la confiança de la informació geospacial, entre d’altres. 

El  treball del capítol 6 és, en part, una continuació de  les  idees presentades al capítol 5. L’article 
parteix de la idea de poder fer consultes sobre la totalitat del llinatge contingut en un catàleg per tal 
d’afegir‐hi valor a la informació. A l’article s’introdueixen les bases per poder generar un model que 
documenti els diferents nivells d’abstracció dels processos, el disseny d’una eina fonamental per tal 
de connectar el llinatge provinent de diferents programaris. A més, es presenta una implementació 
en un entorn web que permet generar gràfics de llinatge i fer‐hi consultes.  
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El capítol 7 inclou un resum dels resultats extrets dels capítols 2 a 6. Finalment, el capítol 8 inclou les 
conclusions que serveixen per donar una visió general de les fites assolides.  

Per  altra  banda,  s’ha  afegit  un  annex  que  conté  una  llista  dels  acrònims  que  apareixen  en  la 
introducció, el resum de resultats i les conclusions de la tesi.  

 
Figura 8: Resum gràfic que relaciona els objectius de la tesi i la seva implementació en els diferents capítols. 

(Font: Elaboració pròpia)
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Provenance, ametadata component referring to the origin and the processes undertaken to obtain a specific geo-
graphic digital feature or product, is crucial to evaluate the quality of spatial information and help in reproducing
and replicating geospatial processes. However, the heterogeneity and complexity of the geospatial processes,
which can potentially modify part or the complete content of datasets, make evident the necessity for describing
geospatial provenance at dataset, feature and attribute levels. This paper presents the application of W3C PROV,
which is a generic specification to express provenance records, for representing geospatial data provenance at
these different levels. In particular, W3C PROV is applied to feature models, where geospatial phenomena are
represented as individual features described with spatial (point, lines, polygons, etc.) and non-spatial (names,
measures, etc.) attributes.
This paperfirst analyses the potential for representing geospatial provenance in a distributed environment at the
three levels of granularity using ISO 19115 and W3C PROV models. Next, an approach for applying the generic
W3C PROV provenance model to the geospatial environment is presented. As a proof of concept, we provide
an application of W3C PROV to describe geospatial provenance at the feature and attribute levels. The use case
presented consists of a conflation of the U.S. Geological Survey dataset with the National Geospatial-Intelligence
Agency dataset. Finally, an example of how to capture the provenance resulting from workflows and chain exe-
cutionswith PROV is also presented. The application uses awebprocessing service,which enables geospatial pro-
cessing in a distributed system and allows to capture the provenance information based on the W3C PROV
ontology at the feature and attribute levels.

© 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

According to the Union of Concerned Scientist (UCS), at the end of
January 2015, there were 192 Earth observation (EO) satellites in orbit
(USC_Satelite_Database, 2015) measuring different Earth parameters
and generating, together with amyriad of other sensors andmonitoring
systems, huge volumes of geospatial data (Kogan, Powell, & Fedorov,
2011). The large and diverse Earth science data, often converted to tra-
ditional cartographic products, are consumed by scientific workflows
involving multiple complex geoprocessing steps in different contexts
at different times (Di, Yue, Ramapriyan, & King, 2013b). In this context,
the availability of information about data provenance, which is part of
the metadata that provides the description of the origin of the data
and the processes involved to achieve the current status (Buneman,

Khanna, & Chiew Tan, 2001), is crucial for assessing the suitable fit for
purpose in each case.

The scientific community has traditionally considered geosciences
data provenance as necessary. In 1991, Lanter (1991) used the word
‘lineage’ to define the provenance of derived products in geographic in-
formation systems (GIS) as information that describes materials and
transformations applied to the derivation of data. More recently,
Greenwood et al. (2003) expanded Lanter's definition of lineage, con-
sidering it as metadata recording the process of experiment workflows
and annotations (notes about experiments). According to Simmhan,
Plale, and Gannon (2005), provenance can be associated not only with
data products but also with the processes that enabled their creation.
In practice, these two concepts are difficult to separate, and in this
paper, we use them as synonyms. Inmetadata, processes are referenced
by identifiers, and this limits the information about the nature of the
processes. We assume that the designated community can access to
the same level of acknowledgement and that they know how the pro-
cessworks internally (e.g. which algorithm is involved). This can be par-
tially solved by citing the documentation of process algorithm in the
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metadata or can be rigorously addressed by introducing spatiotemporal
information generation models that express the algebra behind a pro-
cess (Scheider, Gräler, Pebesma, & Stasch, 2016).

Provenance can be captured manually by editing the metadata after
some process has been executed, or it can be automatically recorded
though a module (Di, Shao, & Kang, 2013a). This module is called prov-
enance engine in this document.

Despite the documented importance of provenance information, its
complete description in geospatial metadata is scarce (Díaz et al.,
2012). Normally, most of the geodata come with some provenance in-
formation, but in many cases, it is a simple textual form, which has a
negative effect on its automated usage (Yue, Gong, & Di, 2010). There-
fore, to achieve the maximum benefit of provenance information, it
should be recorded according to some precise structure. Thus, before
presenting the details on how to connect provenance metadata to the
data, it is necessary to review the data models used in geospatial
information.

Geospatial data have been traditionally represented in two different
models: raster (grid coverages) and vector; this paper focusses on ex-
emplifying the vector model. There are several works related to repre-
sent provenance derived from raster models (e.g. Yue, Zhang, Guo, &
Tan, 2014). In the vector model, information is organized in features.
A feature instance is an abstraction of real world phenomena [Interna-
tional Organization for Standardization (ISO) 19101] and can be tangi-
ble, such as a river, building or triangulation pillar, or abstract, such as
a political boundary or a health district. Feature instances are grouped
in collections of features that share the same feature type (what implies
the same sequence of property types) and are described by a set of geo-
metric and non-geometric properties called attributes (Fig. 1). A geo-
metric attribute instance is the position and shape (and even
topology) of a feature that can be expressed through geometries such
as points, lines and polygons (as a sequence of co-ordinates). Examples
of non-geometric attribute instances are the name of a river or the
amount of water flowing. Attribute instances of the same kind are
grouped in attribute types. In this paper, we allude to a collection of fea-
ture instances sharing the same feature type as a dataset, which in the
GIS context is represented by a thematic layer (OSGeo, 2015). However,

in other environments, a dataset is known as a data product that is com-
posed of a set of feature instances of several types. Moreover, when re-
ferring to a feature level, we are talking about feature instance level,
whereas when talking about attribute level, we are referring to an attri-
bute instance level. Datasets can also be grouped in dataset collections
or series.

Depending on the process type,more or lessfine granularity is need-
ed to completely describe provenance. In some cases, provenance at the
dataset level would be enough as it is a re-projection of the complete
dataset. Other cases may require a finer grained provenance, as in the
process of conflation of two datasets using a distance threshold factor,
where a part of the content (at the feature or attribute level) may be af-
fected but the rest of the content may not. For this reason, provenance
models should allow the representation of lower levels of geospatial
granularity. Therefore, the common characteristics should be shared at
a higher level, and just the specifics would be represented at a lower
level (Di et al., 2013a). This reduces the redundancy and repetitiveness.
To this end, the provenance engine is responsible for skipping the doc-
umentation of the same provenance information atmore than one level
simultaneously to avoid inconsistencies. Although this storage method
may have its advantages, it introduces more steps in recovering the
provenance of a single feature, and this can affect the service perfor-
mancewhen resolving complex queries (Masó, Closa, Gil, & Prob, 2014).

In addition to raster and vector models, Goodchild, Yuan, and Cova
(2007) proposed the concept of the geo-atom, defined as an association
between a point location in space-time and a property. Geo-atom pro-
vides the foundation for discrete-object and continuous-field conceptu-
alizations. However, no provenance-related works have been found.
Another representation of data is provided by the Sensor Web and the
Observation and Measurements (O&M) standard. O&M is an interna-
tional standard developed by the SensorWeb Enablement (SWE) initia-
tive of the Open Geospatial Consortium (OGC), which defines a
conceptual schema encoding for observations and for features associat-
ed with the sampling process of observations (ISO 19156:2011, 2011).
In applying O&M to geosciences, Cox (2015) addressed the provenance
issue using an association class ‘PreparationStep’. However, this ap-
proach was not fully satisfactory, particularly as the preparation step

Fig. 1. Conceptual diagram representing the three levels of granularity of geographical information.
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is not easily linked explicitly to a predecessor; there is a verywide range
of specimen preparation and provenance paths. As an alternative, Cox
proposes the combination of PROV with O&M to describe provenance
at the attribute level. Because of the constraints of the research conduct-
ed and described in this paper, we do not further consider this approach
or the geo-atom approach.

Currently, most of the geospatial metadata use ISO standards for the
description of geospatial provenance information (Masó et al., 2014; Di
et al., 2013a). Beyond the geospatial community, there is no single
model for lineage representation across disciplines and, because of di-
verse needs, it is a challenge to converge all of them in a suitable single
model (Myers et al., 2003). In the computer science community, the
Provenance Markup Language (PML) and the Open Provenance Model
(OPM) were initially proposed. Feng (2013) mapped OPM with ISO
model, which allows accessing data provenance in spatial data infra-
structures (SDI) by other domains that require the use of spatial data.
On the basis of the OPM, the World Wide Web Consortium (W3C) led
efforts to develop amore flexible and interoperable provenance ontolo-
gy and data model for capturing data provenance: the W3C PROV
(Moreau & Missier, 2013), hereinafter referred to as PROV.

Recently, some initiatives have appeared to promote the use of PROV
in the geospatial realm (e.g., Tilmes et al., 2013; Garijo, Gil, & Harth,
2014). In this sense, Ma et al. (2014) compared PROV with
ISO standards, OPM and PML showing the similarities and the improve-
ments that PROV brings to the geospatial field. Other authors such as
Lopez-Pellicer and Barrera (2014) proposed to adapt and extend the
PROV model to geospatial community requirements. He, Yue, Di,
Zhang, and Hu (2015) combined PROV and ISO to describe provenance
at the dataset and feature levels, without considering the attribute level.

Despite these examples, a comprehensive description of geospatial
provenance at the attribute, feature and dataset levels, either with ISO
or with PROV, remain challenging. To this aim, the present work ad-
dresses an analysis of two different alternatives available for the de-
scription of provenance at the three levels of granularity (dataset,
feature and attribute levels) in distributed environments. Following
this, the application of PROV is presented as a suitable one for the repre-
sentation of the different provenance granularities in distributed envi-
ronment contexts. As a proof of concept, a geospatial data conflation
Web Processing Service (WPS) instance is presented to demonstrate
the feasibility of the model. Finally, an example of how to capture the
provenance resulting from workflows and chain executions by using
PROV and its technological architecture is also presented. This paper is
a step forward in improving the completeness of geospatial provenance
at the attribute, feature and dataset levels.

2. Metadata standards for the descrption of geospatial provenance

A metadata standard intends to establish a common understanding
of the semantics of data to ensure correct and proper use and interpre-
tation of the data by their owners and users. Metadata should link di-
rectly to the data itself (Masó, Pons, & Zabala, 2012) and, when
selecting a standard for describing provenance of a geospatial object,
we need to ensure that the model captures the following elements (Di
et al., 2013a):

• Sources: A geospatial object, which can be a dataset, feature or geo-
metric/non-geometric attribute that was used to derive the resulting
elements. Such elements can be referenced using a descriptive cita-
tion, an element id, a metadata id, an element URI or a metadata
URI. Note that this definition encompasses the three levels of granu-
larity.

• Process executions (process steps): These are operations applied to a
dataset, feature or geometric and non-geometric attribute. They can
be referenced by providing the name of the operation, a URI of the op-
eration or a full description of the operation.

• Process: An engine that can execute a process step.
• Algorithm: The abstract logic that describes how a process engine was
implemented.

• Parameters: Constant or variable elements that modify the behaviour
of the algorithm.

• Responsible parties: People and institutions that are in charge of
sources, algorithms and execution of geospatial operations.

Garijo et al. (2014) also found the need for these elementswhen elu-
cidating on possible 38 queries on provenance metadata.

In this section, we explore the potential and the weakness of ISO
19115 andW3CPROV for representing geospatial lineage at the dataset,
feature and attribute levels of granularity.

2.1. ISO 19115 family

The ISO 19115:2003 and 19115-2:2009 standards define the schema
for describing geographic information and services metadata. In the ISO
19115 model, provenance information (LI_Lineage) is part of the
DQ_DataQuality (ISO 19115-1:2014). The LI_Lineage is divided into
three parts: Statement, which gives a textual overview of the lineage in-
formation; LI_Source, describing all the sources involved in the genera-
tion of the dataset and LI_Process, defining which processes were
conducted to generate a specific data. When applied to remote sensing

Fig. 2. Lineage UML diagram under ISO 19115-1 and 19115-2, including Source (LI_Source and LE_Source) and Process step (LI_ProcessStep and LE_ProcessStep).
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images, the LI_Lineage is insuficent. In particular, there is no place to
document the processing level, the processing software, algorithm and
so on. In 2009, the LI_Lineage was extended in ISO 19115-2; LE_Source
and LE_Processing were added, which included the previously men-
tioned aspects, amongothers. The LE_Processing extends theprocess in-
formation by introducing tags about the software reference, the
algorithm used and procedure description, among others, whereas the
LE_Source completes the informationwith theprocess level and the res-
olution (Fig. 2). According to Di et al. (2013b), the combination of ISO
19115 and ISO 19115-2 serves as generic geospatial metadata models,
and the lineage models defined within them can potentially document
any geospatial provenance information.

The ISO model allows describing provenance information in three
differentways: a list of sources and a list of processSteps, a list of sources
that are used in concrete processSteps, and a list of processSteps that
use sources. In a distributed environment, ISO can list the processSteps
of a service-oriented architecture such as the WPS and describe the
sources of the data-oriented services such as theWeb Coverage Service
(WCS) and theWeb Feature Service (WFS). ISO 19139 provides the eX-
tensibleMarkup Language (XML) implementation schema for ISO 19115,
specifying the metadata record format to describe, validate and ex-
change geospatial metadata written in XML. The benefits of this are ap-
parent given that many of the geospatial services use XML as the
primary format for message exchange (Simmhan et al., 2005).

2.1.1. Dataset-, feature- and attribute-level provenance with ISO
In the ISO model, provenance information can be specified at differ-

ent levels of granularity using the role value of scope: ‘dataset series’,
‘data set’, ‘feature type’, ‘feature instance’, ‘attribute type’ or ‘attribute in-
stance’. Nevertheless, the hierarchical tree form of the standard gener-
ates a very deep structure that hinders comprehensibility.

We explored the possibility of combining the ISO model with Geo-
graphic Markup Language (GML) architecture to describe provenance
at the attribute and feature levels. GML offers the possibility to embed
an ISO document directly in a feature or a feature collection by using
‘gml:metaDataProperty’ to reference the provenance information. Spe-
cifically, the ‘xlink:href’, ‘xlink:role’ and ‘xlink:arcrole’ attributes were
proposed to fully describe the relationship of features and attributes to
the provenance elements in the dataset-level provenance file. However,
metaDataProperty was recently deprecated in GML 3.2. Therefore, this
option is not recommended. In addition, the possibility of defining a
complex property type derived from ‘AbstractMetadataPropertyType’

was also explored, but this requires addition in the GML schema,
which is not always possible. Unfortunately, there is a lack of consensus
on how to implement provenance at the feature and attribute levels
using the ISO 19115 Lineage model.

2.2. W3C PROV

According to Groth and Moreau (2013), provenance is information
about entities, activities and people involved in producing a piece of
data or a thing, which can be used to assess quality, reliability and trust-
worthiness. PROV defines a provenance data model (Moreau & Missier,
2013) to support the interoperable interchange of provenance
in heterogeneous environments such as the web. The PROV core
structure relies on the definition of the entities, activities and agents
that are involved in producing a piece of data or a thing and on how
they are related by defining the following four property types:
wasGeneratedBy, wasAssociatedBy, wasAttributedTo and used (part of
Fig. 3 enclosed by the dashed line).

The PROV ontology (Moreau & Missier, 2013) document expresses
the PROV-DM using the W3C OWL2 Web Ontology Language (OWL2).
It provides a set of classes, properties and constraints that can be used
to represent and interchange provenance information. Using this on-
tology, provenance can be encoded in Resource Description Frame-
work (RDF). RDF is a standard model for data interchange on the
web, extending the linking structure of the web to use URIs to name
the relationship between things and the two ends of the link, usually
referred together as a ‘triple’ (W3C Semantic Web, 2015). Consequent-
ly, the RDF notation allows describing, capturing and querying
provenance in a distributed environment. There are several
RDF common serialization formats; in this paper, we favoured the
use of Notation3 (N3). The use of RDF brings us closer to Linked
Data (http://linkeddata.org), which allows the sharing of informa-
tion in a way that can automatically be read by computers
and enables data from different sources to be connected and que-
ried (Bizer, Heath, & Berners-Lee, 2009). In the geospatial world,
Linked Data allows the setting of relationships between multiple
datasets, incorporating additional descriptions to original data
(Vilches-Blázquez, Villazón-Terrazas, Corcho, & Gómez-Pérez,
2014) and enriching the final datasets and maps.

PROV can be used in heterogeneous environments and several disci-
plines, but its application in the geospatial domain requires a matching
process between geospatial provenance concepts and PROV semantics.

Fig. 3.Matching of geospatial data concepts with the core elements of PROV-DM.
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Fig. 3 shows the correspondence between the PROV core structure ele-
ments and the geospatial provenance concepts.

In addition, there is a need to define the geospatial algorithm, which
does not match with any class of the PROV core structure (part of Fig. 3
enclosed by the dashed line) butmatcheswith that of the PROV extend-
ed structures (Moreau&Missier, 2013) instead. In PROV, an algorithm is
considered as a Plan. A plan is defined as ‘an entity that represents a set
of actions or steps intended by one or more agents to achieve some
goals’ (Groth & Moreau, 2013). According to this definition, the execu-
tion of an activity needs a plan.

3. Geospatial extension of PROV

Several characteristics make the PROV a suitable data model to de-
scribe geospatial provenance at the feature and attribute levels:

• It is an object-oriented data model based on the declaration of classes
and objects corresponding to real-world things. This conceptual
model offers a flexible solution for linking provenance information
to geospatial elementswith the necessary semantics and eases the de-
scription of features and attributes.

• In PROV, lineage information can be documented in RDF notation,
which adapts better than XML to describe object-oriented data
models and exchange data provenance in distributed environments.

• The broad definition of PROV classes such as entities and activities,
which implicitly includes levels of granularity (e.g. an entity can be a
dataset, a feature or an attribute), facilitates the implementation of
provenance at different levels.

• PROV requires less computer storage space than that required
by the combination of ISO and GML. A very simple provenance
example1 was documented with ISO and GML (https://github.com/
GuillemClosa/PROV_geo_extension/tree/master/ISOGML) and with
PROV (https://github.com/GuillemClosa/PROV_geo_extension/blob/
master/W3CPROV/Conflation_PROV.N3). The example shows how
the PROV document is much lighter (12 KB) than the same example
using the combination of ISO and GML documents (23 KB), almost
100% more.

Different examples of the usage of PROV to describe provenance at
thedifferent granularities in the geospatial context already exist.We ex-
plored the possibility of embedding PROV information serialized with
XML directly in the GML-encoded features for the representation of
the feature and attribute levels (https://github.com/GuillemClosa/
PROV_geo_extension/tree/master/W3CPROVGML). Using this method,
similar to the one presented in Section 2.1.1, the same obstacles were
detected. Other researchers, such as Lopez-Pellicer and Barrera (2014),
suggested an expansion of the PROV-DM to adapt it to the needs of
geospatial data and proposed the inclusion of ISO19115 lineage con-
cepts such as ‘primary topic’ and ‘scope’.

This paper contributes to this issue from a different point of view. In
sub-section 3.1, we present a general provenance model (Fig. 5) for
geospatial data at the three levels of granularity based on the definition
of entities, agents, activities, plans and the interrelationships between
these PROV classes. A use case is presented in sub-section 3.1.

3.1. Provenance model

A. Entity
An entity includes all kinds of data sources or results at all levels of
granularity, even at the attribute level. Feature level is adopted as
the basic level to describe the three different levels of granularity
of geospatial provenance (Fig. 4). Thus, features are mapped as enti-
ties. Next, a dataset (considered as a collection of features) ismapped
as a collection, which is also treated as an entity. Datasets acquire
features as members by declaring hadMember. At the attribute
level, both geometric and non-geometric properties are also consid-
ered as entities. The reason of this decision is not conceptual or prac-
tical: In PROV, things we want to describe the provenance of are
called entities (Moreau &Missier, 2013), so we are forced to consid-
er attributes as a special kind of entity.

Properties need to be related with features, but PROV does not have
the right relation type to do this. Therefore, we propose the introduction
of had Geometry and hadProperty relations, and thus, feature can gain ge-
ometry and property, respectively (Table 1). Geometric properties can
be points, lines or polygons, which are sub-classes of features.

1 This example is a simplification of theuse case presented in Section 3.2.2. It is based on
the conflation execution of two features of two different datasets.

Fig. 4. Diagram representing the dataset, feature and attribute levels in PROV.
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B. Activity
In a geospatial PROV implementation, a geoprocess execution is con-
sidered an activity (geos:Execution rdf:subClassOf prov:Activity).
The definition of relationships between entities and activities implies
the definition of the granularity level; an activity can act over the
complete dataset or only over selected features or attributes. A
more detailed explanation of the relationships between entities
and agentswith activities is given in part E of this sub-section.

C. Agents
An agent is something or somebody who has some responsibility
over an activity. The definition of relationships between agents and
entities implies a granularity-level definition; for example, an agent
may have some responsibility over just some attributes or over the
complete dataset. The way agents function is defined using the
prov:role attribute; an Agent can act as the executor of a geoprocess,
the developer of an algorithm and so on. A more detailed explana-
tion of prov:role is provided in part F of this sub-section. In this exam-
ple (Fig. 5), we specified that there are two agents: the developer of
the algorithm used in the execution (Person 2) and the client or the
executor of the process (Person 1). All agents act on behalf of other
(prov:actedOnBehalfOf) agents; these may be, for instance, employees
of a company. The delegation property extends responsibility for an
activity and entity until the delegator (Groth & Moreau, 2013).

D. Plans
When using PROV in the geospatial context, a plan is used to define
the provenance of the implemented algorithm. Normally, algorithms
are members (prov:hasMembers) of a bigger service. This service,
which is a sub-class of prov:Collection, may be composed of several
geoprocesses or algorithms.

E. Interrelationships
The PROV model also relies on the definition of four property
types that serve to relate the aforementioned class elements:
wasGeneratedBy, wasAssociatedBy, wasAttributedTo and used.
Fig. 5 shows how these four PROV properties are used together
with the PROV classes to express geospatial provenance at the
dataset, feature and attribute levels. To simplify the diagram, rela-
tionships between activities and agents with entities are only
drawn at the feature instance level, but the same was performed at
the attribute dataset levels.

The level of granularity defined in a PROVmodelmainly depends on
two main aspects, the entity-level definition (dataset, feature and attri-
bute) and the way that activities and agents are related with entities.

Spatial objects (datasets, features and attributes) are generated
(prov:wasGeneratedBy) by activities. An activity can act over the whole
dataset or just over a part of it (some attributes of features or specific
features), so the definition of this relationship implies the definition of
the level of granularity.

Someone runs the executions (prov:activity), so these are associated
with (prov:wasAssociatedWith) an agent (e.g. the person who executes
the operation). Agents may have responsibility over the complete
dataset or just over a part of the content, dictating the level of granular-
ity. At the same time, the activities use (prov:used) entities to run their
operations. Finally, entities are attributed (prov:wasAttributedTo) to an
agent.

A plan, which is used to capture the algorithm, is attributed to
(prov:wasAttributedTo) an agent (the person who developed the algo-
rithm). Simultaneously, activity used (prov:used) a plan to be executed.

The majority of geospatial operations require the use of special
parameters thatmodify the behaviour of the execution, e.g. map projec-
tion, geographic datum, resolution, distance threshold, etc. In PROV,
because an entity is any kind of thing (part A of this sub-section), param-
eters are also described as entities. Parameters are used (prov:used) by
activities.

F. Roles
Entities and agents may have different functions inside the model:
geospatial features (prov:entities) can be an input or an output of a
process (prov:activity), and a responsible party (prov:agent) can be
the developer of an algorithm (prov:plan) or the executor of a
geoprocess (prov:activity). The prov:hadRole property and prov:Role

Table 1
Declaration of different levels of entities and their relationships in RDF.

Fig. 5. PROV model for geospatial provenance representing feature, attribute and dataset levels.
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class are used to describe the functions that an agent and an entity
have with respect to an activity. The role is defined in the context
of a usage, generation, invalidation, association, initialization and fi-
nalization of a qualified property. A role is defined by connecting it to
a qualified relation property in which the influencer of that relation
property receives the role defined in the prov:Role class.

Fig. 6 shows the roles of the example presented in Fig. 5, and one role
is illustrated in N3 notation language in Table 2.

3.2. Example of use: web processing conflation service

A conflation process between different datasets is the selected
geoprocess to demonstrate the implementation previously presented,
i.e., a model to describe geospatial provenance at the feature and attri-
bute levels with PROV in a distributed environment. The aim of this pro-
cess is to enhance the Base Map [U.S. Geological Survey (USGS)] using a
Target Dataset [National Geospatial-Intelligence Agency (NGA)]. As our
example is designed to be executed remotely, a WPS, which enables
geospatial processing in a distributed system, fits with our needs. In
Section 3.2.2, a PROV model ontology for a conflation example is de-
scribed. Then, in Section 3.2.3, the provenance captured in the previous
example is described.

3.2.1. Geospatial conflation process
Geospatial data conflation is the compilation or reconciliation of two

different geospatial datasets covering overlapping regions (Saalfeld,
1988). The purpose of conflation is to combine the elements of highest
quality of different datasets created at different times or based on differ-
ent levels of accuracy and/or precision, with the final objective of im-
proving the quality of the resulting dataset (Fig. 7). Depending on the
types of geospatial datasets, the conflation process can be classified as
vector to vector, vector to image, or image to image (Chen, Knoblock,

& Shahabi, 2008); moreover, Ruiz, Ariza, Ureña, and Blázquez (2011)
added the raster to DEM and DEM to DEM types. In this paper, a vector
to vector case is developed and tested. The extensions to other confla-
tion types is left as futurework. A conflation use case canmerge both at-
tribute and geometric information or just one of these:

• Attribute: The process of adding new attribute information to a
dataset based on feature matching because the information is missing
or the data are outdated.

• Geometric: The process of adding a new feature or correcting the po-
sition and shape of a feature based on an algorithm.

Our conflation example consists of adding new features and
updating the geometry or other attributes, which are based on two con-
flation rules, the Id matching rule and the Distance matching rule. The Id
matching rule adds features from the source dataset if they do not exist
in the target dataset. A Distance matching rule acts as a threshold, where
NGA features closer to aUSGS feature than the distance threshold can be
considered the same. Deriving from these specific rules, different situa-
tions can emerge as follows:

• Some completely new features can be added to the USGS dataset, and
in these cases, feature-level provenance should be provided.

• Other features are conflated at the attribute level: the geometrical
property (location) is modified or non-geometrical properties (attri-
butes) are added from the NGA dataset. In both cases, an attribute-
level provenance is needed.

3.2.2. Provenance model for a conflation process
To describe the presented conflation example process executed in

WPS, we implemented a conceptual model divided into six levels
(which we call layers) of abstraction, from the most general and ab-
stract concepts to more specific executions. This structure facilitates
the model comprehensibility and the correspondence between PROV
and geospatial concepts.

Fig. 8 shows the complete provenance conflation diagram. The dif-
ferent colours represent the six layers of abstraction of the approach.
The central part of the figure enclosed by a dashed line represents the
bundle. In PROV, a bundle is a named set of provenance descriptions
and is itself an entity, thus allowing provenance of the provenance
to be expressed. Thus, in our example, which represents a single
execution, the bundle includes the provenance information that ema-
nates from that specific execution. The provenance ontology used in
this conflation example can be found in Notation (N3) serialization in
https://github.com/GuillemClosa/PROV_geo_extension/blob/master/
model.N3.

Fig. 6. Diagram representing the PROV roles corresponding to Fig. 5.

Table 2
The prov:Role defined as geos:Input is associatedwith the qualified relation prov:Usage be-
tween Execution1 and Feature1 receiving this geos:Input role.
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3.2.2.1. Levels of abstraction.
• TheGeospatial Concepts (layer 0) describes how the general geospatial
concepts (explained in Section 2) are related to the PROV semantics.
This includes the abstract of WPSService andWPSProcess, theWPS Ex-
ecution and the Responsible Party. This level also defines all entities: pa-
rameter, feature collection (dataset), feature and both properties of
features (geometric and non-geometric). These concepts are shown in
the topmost layer and derive directly from the PROV OWL definition.
All the elements have a defined role in themodel. This level also defines
the generic roles, which in this example are Developer, Client, Process
Input and Process Output.

• TheWPS Conflation Profile (layer 1) defines a generic conflationWPS,
which is a sub-class of WPSExecution, and a generic conflation algo-
rithm, which is a sub-class of WPSProcess. The first one is considered
an activity, whereas the second one is a plan. This level also specifies
the kind of input and output roles declared in a conflation process. Spe-
cifically, these roles are Conflation distance threshold, which filters the
executions depending on the distance (beyond this distance, the algo-
rithm will not look for new matches), a Reference Map role, which is
themap that is being updated, and a Crowds Map role, which nourishes
the reference map. In addition, as a result of the conflation process,
there is a conflation output map role.

• The Conflation WPS (layer 2) describes the conflation example
process, in our case developed by 52North. In this example, the
‘52NWPSService’ has a member ‘52N Conflation Algorithm version

1’, which is used during the ‘52N ConflationWPSExecution’ and is at-
tributed to a ‘Benjamin’, who acts as a developer.

• The User level (layer 3) defines the agent who executed the process.
In this example,David, who has the role of the executor, actedOnBehalf
of the NGA.

• The Conflated Map Definition (layer 4) defines the conflation exam-
ple inputs and outputs at the three levels of granularity. This defines
datasets (the source maps and the conflated map), feature types and
attribute types and describes the generic concept of distance. In this
level, features and attributes (both geometric and non-geometric)
are sub-classes of entities, but datasets are sub-classes of collections
of entities.

• In the Conflation layer (layer 5), the user supervises the conflation
steps that involve a set of a few features, and, for each step, we docu-
ment the specific features and specific attributes participating in it
(Fig. 9). In this level, the value of the distance parameter is defined.
All the elements of this level are objects themselves. The relationship
between the features and attributes and their executionwith the spe-
cific input and output parameters are defined.

3.2.3. Provenance captured
The following is a sequence of tables (Tables 3–12) illustrating frag-

ments of an example of provenance conflation output encoded in RDF.
The reader can find explanations by reading the lines starting with a
‘#’ symbol. The complete provenance data derived from the WPS

Fig. 7. Graphical example of conflation of two different sources (Seth & Samal, 2007).

Fig. 8. Diagram showing the main PROV elements involved in the conflation process example. The complete diagram of the PROV conflation example with all the relations between
different elements can be found at https://github.com/GuillemClosa/PROV_geo_extension/blob/master/conflation_PROV_model_legend.png, and the complete N3 notation can be
found at https://github.com/GuillemClosa/PROV_geo_extension/blob/master/model.N3.
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execution in N3 notation can be found at https://github.com/
GuillemClosa/PROV_geo_extension/blob/master/prov.N3.

• Datasets involved in the conflation process

• Attribute types involved in the conflation process

In this example, the positions and the name properties of the fea-
tures are taken into account. The non-positional properties are specified
by the conflation rules. Fixed attribute values are not taken into account
here.

• Feature types involved in the conflation

• Individual features of the datasets

Fig. 9. Diagram showing the conflation use case definition.

Table 4
Attribute types involved in the process are described by the rdfs:subClassOf attribute.

Table 5
RDF properties are used to describe individual feature properties.

Table 6
Feature types of the involved datasets are also described by the rdfs:subClassOf attribute.

Table 7
Individual members of the input datasets are described as members of a dataset.

Table 3
Datasets are described as ows:FeatureCollection.
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• How individual conflated feature properties relate to sources

• Relations between individual features and individual executions

• Roles for individual executions and features

3.2.4. The usefulness of provenance
Once provenance information is captured and serializedwithN3 no-

tation, it can be exploited and used to audit the origin of elements of the
geospatial dataset. Graphical representations of provenance aid the
comprehension of geographical products. The Gruff 5.8.0 software
(http://franz.com/agraph/gruff/) is used to interpret the triples and to
generate automatically a graph of provenance (Fig. 10).

The RDF N3 language also allows the generation of SPARQL queries
over provenance. SPARQL (http://www.w3.org/TR/rdf-sparql-query/)
is a RDF query language that can retrieve and manipulate data stored
in RDF format. Thus, provenance data can be used to select specific
geospatial data. This is very useful in scenarios where datasets are up-
dated periodically and new versions of the same dataset are generated.
Several queries over provenance can be done, such as:

• Show data derived from a particular geospatial process.
• Show features conflated on a specific date (Table 13 and Fig. 11).
• Show attributes derived from a specific dataset.
• Show attributes that are new in the dataset.

4. Workflows and chain executions with PROV

The scientific community requires complex models that normally
process data in a chain of executions that configure a complete
workflow. Thus, there is a necessity to track and represent the prove-
nance of all these intermediate processes, intermediate results, param-
eters, inputs, agents, and dates and times. For instance, we can
imagine a situation such as that in Fig. 12where there is a need to estab-
lish a safety buffer area of 50 m beside conflated roads' maps.

4.1. Chain of executions with PROV

PROV has two ways of capturing provenance of workflows: (1) by
generating a chain of activities and (2) by generating a chain of entities
that forms the workflow execution. Thus, following the Fig. 12 example

Table 8
Relationship between result and input features is described by the prov:wasDerivedFrom
predicate for newly created features and the owl:sameAs predicate for unchanged
features.

Table 9
Relationship between properties is captured by the prov:wasDerivedFrom and
wasRevisionOf predicate.

Table 10
Relationships between the execution and the used input features are established.

Table 11
New entities generated are related to individual executions.

Table 12
Roles of executions and features are defined by connecting them it to a qualified relation
property.

• How individual conflated features relate to sources
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• The wasDerivedFrom relation connects (new) entities derived
from previous entities generated in previous executions. A derivation
is a transformation of one entity into another. This property allows
the generation of chains using entities as threads (Table 14 and
Fig. 13).

• The wasInformedBy property connects activities. This permits the de-
scription of provenance of a workflow consisting of several process
steps. Activities are informed by previous activities, and this connec-
tivity provides information on dependency without explicitly provid-
ing the activity start and end times (Groth & Moreau, 2013).

4.2. Web architecture of chain execution

4.2.1. Chain of execution architecture using WPS
A practical implementation of this workflow was written in Java

using the Jena API2 and creates provenance information in RDF.
Fig. 14 shows the internal architecture of the workflow execution
using WPS.

The workflow starts with the extraction of all roads (features) from
the topographic maps. This process is done by exporting the result of a
query that selects all the roads into a new roadmap. The operation is ex-
ecuted twice: for the NGA topographic map and for the USGS topo-
graphic map. At this stage, all features in each of the two new roads
maps have the same origin; therefore, the dataset provenance level is
enough.

The second step is a conflation process between the two roadmaps.
During execution, the process iterates over all target features (NGA). To

determine which features from the target dataset should be added, the
IDs of all target features are checked against each ID of the current
source feature (more detailed explanation of the conflation rules can
be found in sub-section 4.2.2.3). If the target feature does not exist in
the source dataset (NGA), a new empty feature is created according to
the schema of the source dataset. Attributes of new features subject to
a conflation rule are accordingly mapped against an attribute of the
original feature or set to a fixed value. All other attribute values are set
to their respective default value. The ID of the target feature is used as
the ID of the new feature. The relationship between the newly created
feature and the target feature is preserved by annotating this relation-
ship in the provenance information. At this step of the workflow, fea-
ture-level provenance is needed because of the different origin of
some features: Some features were extracted from the NGA dataset
and others from USGS dataset. Thus, the system provides feature-level
provenance in RDF.

Finally, a buffer of 50 m over all the entities of the road map is gen-
erated and exported into a new affected areamap. This newly generated
map inherits the need for feature-level provenance.

4.2.2. Web conflation process service

2 https://jena.apache.org/

Fig. 10. Provenance graph of a reduced number of entities derived from the conflation example presented above.

Table 13
SPARQL query to select features at a specific date.
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The geospatial process is implemented as aWPS process and is internal-
ly divided into a conflation process and a provenance engine. The in-
puts, outputs and internals of the implemented process are described
in the following sections.

4.2.2.1. User inputs. The user must enter the following information to
start the process:

• Source: All features of the source dataset will be included in the con-
flated dataset. The schema of the data will be applied to the features
derived from the target dataset. Features are expressed in GML and
are passed to the process as a reference to a WFS.

• Target: Non-existing features in the source dataset will be taken from
the target dataset and added to the resulting conflated dataset. As is
the case with the source features, these are expressed in GML and
are passed to the service as a reference to WFS.

• Rules: Section 4.2.2.3 illustrates how the Id matching rule was used in
the implementation of the conflation processes.

4.2.2.2. Process outputs. The following outputs can be requested:

• Conflated result: The resulting conflated dataset including all features
of the source dataset in addition to the new ones extracted from the
target dataset is generated by the geospatial process. Features are
expressed in GML.

• Provenance: The provenance information about the process and in-
volved features and attributes is generated by the provenance engine.
Provenance is expressed in RDF.

4.2.2.3. Conflation rules. Conflation rules for the conflation WPS process
were encoded in JSON. With this encoding, some rules can be specified
(e.g. which attribute values are to be taken over from the target features
and which attribute values shall be set to fixed values). The structure of
the JSON code is shown in Table 15.

An example taken from the scenario is given in Table 16:
This example only covers simple rules for conflation scenarios in

which features from the target dataset not existing in the source dataset
are added to the result. Extensions of this technique to more complex
conflation scenarios, e.g. updating the source features/attributes on
the basis of distance rules, would also be possible.

Fig. 12. Example of Geospatial Workflow determining the area affected in conflated roads.

Fig. 11. Graphical representation of the results of Table 13 SPARQL query. Elements that were generated at 2014-03-18T09:09:17 are represented.

Table 14
Declaration of derivation between entities in RDF.
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5. Conclusions

Because of the heterogeneity and complexity of the geospatial data
derived from diverse geospatial processes, the required fineness of
provenance granularity can change dependingon the geospatial process
requirements (e.g. conflation process and buffer execution). Thus, the
provenance models should allow for the representation of lower levels
of geospatial granularity and the generation of the dependencies be-
tween different levels. This paper highlights that the common mecha-
nisms for describing provenance at the dataset, feature and attribute
levels using ISO 19115 and W3C-PROV are not satisfactory.

In case of ISO 19115, its combination with GML documents has been
explored, but this quickly becomes a very verbose solution that de-
mands large amounts of computer storage space and does not entirely
satisfy the requirements of attribute-level provenance. Moreover, the

ISO 19115 solution requiresmodification in theGML 3.2 or newer appli-
cation schemas, and this may require extensive community dialogue to
permit a change. Thus, it is still not clear how towrite provenance at the
feature and attribute levels using the ISO 19115 model.

Regarding the PROV model, although this model was not originally
designed for describing geospatial provenance, in this paper, we have
shown a way to apply PROV for use in the geospatial domain: its mod-
ular structure, the flexibility of its semantics and the definition of rela-
tionships between different elements make it ideal to describe
geospatial provenance at the dataset, feature and attribute levels.
This paper has presented an application of the PROV ontology to
describe provenance without introducing major changes in the PROV
model; just by adding two entity property types (hadProperty and
hadGeometry), the PROV model was used to connect the feature level
with the attribute level.

Fig. 13. Diagram illustrating that prov:wasDerivedFrom allows the generation of chains using entities as threads.

Fig. 14. Diagram of the workflow execution of the conflation process and provenance engine using WPS.
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The feasibility to serialize PROV with RDF notation triples makes
PROV an optimummodel for the description of provenance in a distrib-
uted environment and in the linked data sphere. The combination of the
presented provenance model and the WPS allows connection between
the results of an analysis and the original sources. This is very beneficial
when assessing the quality of results or when reproducing the
workflows. In addition, the use of SPARQL enables powerful queries
that involve data, metadata and provenance.

The presented example demonstrates that it is possible to use
PROV to describe geospatial provenance at the three levels of granu-
larity in a distributed environment. In addition, an example of the ar-
chitecture of a workflow and the chain implementations written in
Java using the Jena API shows how provenance information serial-
ized in N3 notation language can be retrieved satisfactorily in a dis-
tributed environment.
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Abstract— There are still some gaps regarding the complete 
geospatial provenance description. These gaps prevent the use 
of provenance information for replication and reproducibility 
task. In addition, the lack of automated tools for capturing the 
provenance is an obstacle to a widely generation of provenance 
information. In this sense, we present a tool that captures and 
represents provenance information based on the combined use 
of Web Processing Service (WPS) standard and the ISO 19115 
lineage model. The tool, developed in the frame of the 
MiraMon GIS & RS software, shows a graphical visualization 
of provenance and allow users to edit provenance information 
by adding or deleting process steps or sources to a geospatial 
workflow. The automatic capture of lineage information is a 
step forward in the development of a model constructor tool. It 
will allow reproducing previous process workflows and 
applying them to other similar situations. 

Keywords- Provenance; WPS; Modelling 

I.  INTRODUCTION

Buneman [1] defines provenance information as the 
description of data origins and the processes by which a 
dataset is created. This includes also the description of the 
algorithms used, the processing steps, the inputs and 
outputs, the computing environment where the process runs, 
the organization/person responsible for the product, etc 
[2][3]. In the context of scientific models, data provenance 
records the workflow processing steps and their 
inputs/outputs that contribute to the production of the final 
data products [4]. 

The scientific community is interested in provenance 
information because it provides important information to 
determine the fit for purpose and the reliability of a product. 
In the geospatial domain data provenance plays a significant 
role in data quality and usability assessment [5], among 
others qualities. Moreover, if data provenance information is 
complete and points to real data and metadata, it can be used 
as a source for a workflow replication (with other inputs) or 
for data replication (reproducibility purposes) [2]. 

As a result of web-technology improvements that have 
reduced the data volume, computing steps, and resources 
required by the end-user, geospatial data and geoprocessing 
tools are available as services [6]. More recently, Model as 
a Service (MaaS) approach has been defined [7][8]. In this 
paradigm, where the origin of data has a high level of 

heterogeneity, several authors [9][10] see that provenance 
information is even more important for inspecting and 
verifying quality, usability and reliability of data. 

Although that the importance of provenance in the 
geospatial community is documented, its complete 
description in geospatial metadata is still scarce [11]. 
Usually, most of the geodata come with some provenance 
information but in many cases only as a simple textual 
description, thus having a negative impact on its automated 
usage [12]. According to Di et al. [5], there are two main 
obstacles that generate this situation: the lack of standards 
that fully describe provenance information models ensuring 
reproducibility, and the lack of automated tools for 
capturing the provenance information. 

To exchange and share geospatial data provenance in a 
distributed information environment, an interoperable model 
for provenance is needed [13]. The geospatial community 
has traditionally used the ISO 19115 [14] and 19115-2 
standards to encode metadata and provenance [15]. 
However, there are still some gaps in the ISO models, such 
as the concrete model initialization, its basic assumptions 
and parameters values. These deficiencies prevent the 
complete description of provenance and blocks it use in 
workflow replication and data reproduction tasks.  

Besides representation, provenance applications also 
need to ensure provenance capture, management and 
retrieval [16]. In addition, automatic tools that capture and 
store provenance as a part of metadata information are 
needed. Most of the work has focused on analysing and 
capturing provenance information that was created during 
execution, rather than on metadata generated before 
execution [17]. However, tools that document provenance 
before and after the execution are needed too. 

In this regard, we have implemented a provenance 
engine tool that automatically captures and represents 
provenance information based on the combined use of Web 
Processing Service (WPS) standard and ISO 19115 lineage 
model. The tool, developed in the framework of the 
MiraMon Geographic Information System (GIS) and 
Remote Sensing (RS) [18], presents a graphical 
visualization of provenance and allow users to edit 
provenance information of a geospatial workflow before and 
after the execution. This automatic acquisition of geospatial 
provenance represents a step forward in the development of 
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a model constructor tool in the context of MiraMon 
software. 

This paper is structured as follows. Section II introduces 
related work, then sections II and III present the use of WPS 
to capture provenance and the developed tool. Following 
section IV introduces the efforts done in generating 
geospatial models from the captured provenance 
information. Finally, the conclusions are presented in the 
last section. 

II. RELATED WORK

When selecting a standard for describing provenance in 
the geospatial domain, some requirements should be taken 
into account [3]. For Di et al. [5] ISO 19115 and ISO 
19115-2 templates are enough to record the complete 
geospatial lineage. Alternatively, He et al. [14] combines 
ISO 19115 with W3C PROV [19] to better describe 
provenance. Others, such as Lopez-Pellicer et al. [20] 
propose to adapt and extend the W3C PROV model to 
geospatial community requirements.  

Beyond the models used to capture and store 
provenance, an effective visualization of provenance is also 
necessary to understand and evaluate data [21]. There are 
different types of visualization proposals [22], namely: 
• Provenance as node-links: data is represented as points

and processes as lines. [23][24].
• Provenance as a radial plots: Brings a visual focus to

the relationships rather than the relative spatial
locations [25].

• Tree diagrams: This technique displays a tree-form
diagram starting from the data that is being analysed.
Most provenance data have hierarchical properties or
attributes [26][27]. Thus we found this type a suitable
one to describe provenance.

When generating a geospatial model from concrete 
executions, a generalization process have to be carried out 
to standardise and reference the common processing 
functions. Yue et al. [28] use three levels of encapsulation to 
reduce the difficulty of sharing and use geo-analysis models 
in the web. Otherwise, Müller [29] proposes a hierarchical 
approach to process definitions with different abstraction 
levels. WPS process profiles [30] are also useful to 
determine which information from the concrete execution 
needs to be added to the model to ensure it reusability. An 
Application Profile is essentially the same as the 
ProcessDescription document obtained in response to a 
DescribeProcess request [31] (Fig. 1). This approach is in 
line with our approach of using the WPS standard to capture 
provenance, consequently we will use DescribeProcess 
documents to generalise models. 

III. WPS TO CAPTURE GEOSPATIAL PROVENANCE

A. DescribeProcess documents to capture Provenance
The Web Processing Service (WPS) Interface provides

rules for standardizing inputs and outputs (requests and 

responses) for geospatial processing services [32]. WPS 
instances are exposed via HTTP-GET, HTTP-POST and 
SOAP [33] Internet protocols. The potential of 
geoprocessing applications supported by the WPS allows to 
apply it in a wide range of fields [34]. Its main properties 
are: remotely execution, chain of several processes and 
standardized encodings for data and metadata. WPS is 
applied in many different fields and sectors that need 
geoprocessing applications; in particular it is successfully 
implemented for environmental models [35][36] and in 
combination to other standards: WPS+OpenMI [37], 
WPS+WCS [38], WPS+WFS [39]. WPS has three main 
operations: getCapabilities, describeProcess and Execute.  

The describeProcess is the operation that allow a client 
to request and receive back detailed information about the 
processes that can be run on the service instance, including 
the inputs required, the allowable formats, and the outputs 
that can be produced [32]. The describeProcess response 
documents use the eXtensible Markup Language (XML). 
The information described in the WPS describeProcess 
documents(Fig 1) is the following:  
• Process Description: A description of the process and

an Identifier.
• Inputs: The input description, the dataType

(ComplexData, BoundingBox, LiteralData), the MIME
type, an identifier and the name.

• Outputs: The output description, the dataType
(ComplexData, BoundingBox, LiteralData), the MIME
type, an identifier and the name.

Considering that provenance information is the 
description of processes and sources, describeProcess 
documents could also be used to document provenance 
information. In addition, describeProcess operation can be 
requested in a local environment. This provides a 
magnificent opportunity to capture provenance 
automatically in a GIS local instance. In our case, we have 
used the describeProcess documents to describe all the 
MiraMon Applications (App), and capture its provenance 
information when executed. This permits the system to 
reference sources as a complex data, bounding box or 
capture the values of the LiteralData type. 

Figure 1. WPS DescribeProcess response UML diagram. The 
DescribeProcess schema is composed by a processDescription tag that 

includes a list of DataInputs and ProcessOutputs. 
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WPS is enough well known for the geospatial 
community, and this allows to jump the interoperability wall. 
More detail about the use WPS describeProcess documents 
in the context of MiraMon GIS & RS software are provided 
in Section III. 

B. Combining WPS and ISO to  describe provenance
As mentioned, we have detected some limitations in the

ISO 19115 models that prevents the reproducibility of 
geospatial data using provenance information. In order to 
overcome this issue we propose the combination of the ISO 
provenance schemas (LI_Lineage and LE_ProcesStep) with 
WPS describeProcess documents (Fig. 2) presented in the 
previous section. Combining these two models allows to 
describe provenance as an ordered list of processes with 
ISO, including a WPS description of sources and outputs of 
each process step. 

The ISO 19115 and 19115-2 can be described using the 
eXtensible Markup Language (XML). In fact, the ISO 
19115-3 provides the XML implementation schema for ISO 
19115 and 19115-2 and may be used to describe, validate, 
and exchange geospatial metadata. The lineage models of 
ISO (LI_Lineage and LE_ProcessStep) allow to describe the 
provenance information in three different ways: 
• A list of process steps and a list of sources separately.
• A list of all the sources used and then add the

description of all the processes as a child.
• A list of all the process steps that use some sources.

Describing provenance with a list of processes that use
some sources provides the better way to report a complete 
record of provenance [12], because it follows the workflow 
execution. Thus, we use ISO in this way because permits the 
full description of provenance of a workflow as an ordered 
succession of different process steps. ISO model describes 
for each intermediate step the sources used and the outputs 
generated. 

Figure 2.  ISO 19115 provenance model combined with WPS model. 

However, when describing sources, there is no place to 
indicate the data type or the value used (for literal data). In 
this context, to improve the description of the sources and 
the outputs of each step we introduce the use the WPS 
DescribeProcess to capture, among others characteristics, 
the data type and the literal data values. The sources and 
outputs used in each process step of the WPS are connected 
via identifiers to the ISO schemas. 

The combination of ISO provenance schemas with WPS 
permits the automatic description of the algorithms used, the 
processing steps, the execution dates, the data type, the units 
(when necessary) and data values or data location. 

The detected gap (no place to define the data type or the 
value used for literal data) has been introduced as a request 
for the revision of ISO 19115-2 and we are working with the 
editors to extend the standard to include this information. 

IV. PROVENANCE ENGINE TOOL

A. Provenance capturation in the context of GEMM
MiraMon is a Geographic Information System (GIS) and

Remote Sensing (RS) software [18]. The main characteristic 
of MiraMon software is that metadata are carefully managed 
and completely integrated with the dataset, which allows, at 
every processing step, to program automatic decisions based 
on quality information from the previous steps in the 
process chain [40]. MiraMon incorporates a Metadata 
Manager (GeMM) to ensure maximum documentation of 
layers. GeMM allows generating, editing and saving 
metadata, including the description of the data model and 
the relations with databases for several hierarchical levels 
(dataset to several dataset series). The metadata information 
is stored in REL format documents, which are the native 
format of MiraMon to document and store metadata 
information. These files store metadata about identification, 
extent, related databases, responsible party, technical 
specification and quality information [41][42]. In addition, 
as a part of quality information, there is also place for 
documenting provenance information. REL documents 
conform to INSPIRE ISO 19115 and FGDC standards and. 
moreover, metadata can be exported to HTML or XML 
(ISO 19139) files. Unlike others purely documentary 
applications, GeMM maintains the dependencies and 
consistency by checking coherence between metadata and 
datasets.  

MiraMon software has more than 90 applications. In 
order to capture provenance information automatically, the 
main task has been the generation, for each App, of a 
DescribeProcess response template that describes the 
process and its allowed input and output data types. In 
addition, we use the optional tag ows:metatada to define  the 
exact syntax and order of the parameters.  

The provenance engine, using the WPS DescribeProcess 
templates, captures provenance of each process carried out 
and stores it in the metadata files as a part of the quality 
information of the dataset. 
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The provenance engine is a piece of code that is shared 
by the visual interface of the GeMM and the MiraMon Apps. 
It is encoded as a library of C functions that can be linked to 
each module. Each App uses these functions to read 
metadata of the source datasets, load it, integrate it, and add 
the current App process step in the provenance information 
of the resulting dataset. 

The provenance engine writing function can select 
between two alternatives: a) include all lineage details: 
complete sequence and description of process steps and 
previous data sources; or b) write only the last process step 
and link to the metadata sources. To save space, the generic 
purpose of each process step and its parameters is not stored. 
Instead, only identifiers are recorded. The reading function 
supports the two alternatives described before, being able to 
read the provenance information by following the links to 
previous sources recursively if needed. The graphical 
interface of GeMM requires a more elaborated set of 
functions to enrich the presentation of provenance 
information extracted from a DescribeProcess response 
template.  

This allows the GeMM to capture, concurrently to an 
App execution, provenance information using the 
DescribeProcess response templates of each App (Fig. 3). 

The system captures the exact parameters and values 
involved in an execution (that can be numbers, text strings, 
or bounding box data) and references to datasets or to data 
services. The system updates metadata information at every 
intermediate step maintaining the dependencies between the 
datasets and metadata files during all the workflow 
execution. The tool keeps track of the dependencies to 
source datasets and can browse to their metadata too. 

B. Provenance editing and visualization
In complex environments, scientists rely on visualization

tools to help them understand large amounts of data that are 
generated from experiments [24]. 

Figure 3.  Provenance Engine uses WPS DescribeProcess documents to 
extract provenance information and then the GeMM interface allows users 

to edit and modify provenance. 

According to Steele et al. [43], there are two categories 
of data visualization Exploratory, designed to support 
researcher who has not certain what is in it; and 
Explanatory, when a researcher is trying to explain the data 
to someone else. This differentiation remits also to the 
contraposition of the “data user needs” in front of “data 
producer needs”, where the user needs more exploratory 
visualization ways, while producers more explanatory. The 
graphical interface of our provenance engine fits for both, 
exploratory and explanatory data visualization approaches. 

The provenance engine presented in this paper helps data 
users to navigate and interpret provenance. The tool 
represents provenance information as a succession of 
processes. Each process has an indented list of all 
parameters used and outputs generated. At the same time, 
some parameters of the workflow are derived by previous 
processes (child process), which have, in a deeper level, its 
own indented list of parameters used, and so on. Thereby, 
the structure of the provenance schema is progressively 
increasing its profundity reminding a hierarchical indented 
form (Fig. 4). From our point of view, this tree-like 
provenance structure is a suitable way to visualise the 
provenance information because can easily represent the 
flow of a specific chain of processes.  

The graphical interface of GeMM allows also editing 
provenance information by adding or deleting child 
processes or child sources to a geospatial workflow. 
Moreover, the algorithm description, the processing steps 
carried out, the execution dates, the responsibility of the 
product and the processes order can be edited and adapted to 
each scenario if necessary. This allows data producers to 
complete the provenance description automatically captured 
during the process or workflow execution. 

Figure 4.  Tree-like provenance workflow representation in GeMM.  
The example shows processes and sources used in the layer 

(Curve_Number.img) generation.  
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V. GEOSPATIAL MODELLING

The automatic acquisition of geospatial provenance 
provides the complete recipe of the geospatial data 
generated. This supposes an opportunity to develop a model 
constructor tool in the MiraMon architecture. A model 
constructor allows the reproduction of previous chains of 
processes in different scenarios and applying them to similar 
situations using the provenance captured from previous 
executions. 

Models, as a general representation of a system, are used 
to understand and simulate a geospatial phenomenon. Thus, 
a model have to provide enough information to enable the 
model users to apply it in different scenarios. As pointed in 
section II there are different approaches in order to 
generalize specific workflows. In our case, to document 
models we use the same WPS DescribeProcess templates 
generated to capture provenance. The WPS templates 
provide the necessary information of each App (process 
description, process syntax, algorithm location and 
parameters data type) to allow users to understand each 
individual process that conforms the model. 

The provenance tool (presented in Section III) provides 
the specific order of the process chain and allows browsing 
the data inputs of each intermediate step, if necessary. 

Finally, all captured information can be automatically 
exported as a batch file. The generated batch files points to 
processes and sources used to run workflows. Thus, this 
allows users to easily reproduce a workflow, or replicate it 
with different conditions (scope, data, parameters, algorithm 
options, etc). In addition, the collection of MS-DOS 
command lines permits automatize executions and ease the 
use of loops to process large volumes of data. 

VI. CONCLUSIONS

Geospatial provenance facilitates geospatial data 
evaluation for reuse, and brings us closer to the replication 
of process chains and geospatial modelling. We have 
detected that there still some gaps regarding to the complete 
geospatial provenance description, affecting the provenance 
usefulness. Some gaps detected in the ISO 19115 lineage 
model has been introduced as a request for the revision of 
ISO 19115-2. 

In this paper, we have shown that the combination of 
WPS DescribeProcess documents with ISO model provides 
a more complete provenance description. As a proof of 
concept, we have presented a provenance engine in the 
framework of MiraMon GIS and Remote Sensing software. 
The tool allows automatically capturing provenance 
information and its manually edition if needed. In addition, 
the automatic description of provenance information is a 
step forward in the development of a model constructor tool 
in the context of MiraMon software. 

The near future efforts should point to enhance the 
process chaining and model generation in a distributed 
environment using provenance information. 

ACKNOWLEDGMENT 
This work has been conducted within the framework of 

the Geography PhD program of the Universitat Autònoma de 
Barcelona, and was supported by the European Commission 
[grant agreements H2020-641538: ConnectinGEO, H2020-
641762: ECOPotential and H2020-689744: Ground Truth 
2.0], Spanish Ministry of Economy and Competitiveness 
[ACAPI (CGL2015-69888-P MINECO/FEDER)] and 
Catalan Government [SGR2014-1491]). 

REFERENCES 
[1] P. Buneman, S. Khanna,W and Chiew Tan. Why and Where: 

A Characterization of Data Provenance. In  Database
Theory—ICDT. Springer Berlin Heidelberg.  pp. 316-330, 
2001. 

[2] L. Di, P. Yue, H. Ramapriyan and R. King. Geoscience Data
Provenance: An Overview. Geoscience and  Remote Sensing,
IEEE Transactions on, 51(11). pp. 5065-5072, 2013. 

[3] D. Garijo, Y. Gil and A. Harth. Challenges in Modelling
Geosaptial Provenance. Proceedings of the Fifth 24
International Provenance and Annotation Workshop (IPAW),
Cologne, Germany, June 9-13, 2014. 

[4] A. Chebotko, S. Chang, S. Lu, F. Fotouhi, and Yang, P.
Scientific workflow provenance querying with security views.
In Proceedings of the 2008 The Ninth International
Conference on Web-Age Information Management
(Washington, DC, USA), WAIM ’08, IEEE Computer
Society, pp. 349–356, 2008. 

[5] L. Di,Y. Shao and L. Kang.Implementation of geospatial data
provenance in a web service workflow environment with ISO
19115 and ISO 19115-2 lineage model. Geoscience and
Remote Sensing, IEEE Transactions on, 51(11). pp 5082-
5089, 2013. 

[6] L. Di and McDonald, K. Next generation data and
information systems for earth sciences research, in: 10
Proceedings of the First International Symposium on Digital
Earth, vol. I. , Science Press, Beijing, 11 China, pp. 92–101, 
1999. 

[7] G. Geller and  W. Turner. The model web: a concept for
ecological forecasting. In IEEE International Geoscience and
Remote Sensing Symposium. Pp.  2469-2472, 2007. 

[8] S. Nativi, P. Mazzetti, and G. Geller. Environmental model
access and interoperability: The GEO Model Web
initiative. Environmental Modelling & Software, 39. pp. 214-
228, 2013. 

[9] S. Bechhofer, D. De Roure, M. Gamble, C. Goble and I.
Buchan. Research objects: Towards exchange and reuse of
digital knowledge.  In, The Future of the Web for
Collaborative Science, Raleigh, NC, USA. 2010. 

[10] Z. Xu, Y. Wang,Y. Li., F. Ma, F. Zhang and  C. Ye. Sediment
transport patterns in the eastern Beibu Gulf based on grain-
size multivariate statistics and provenance analysis. Acta
Oceanologica Sinica, 32(3). pp. 67-78, 2010. 

[11] P. Díaz, et al. Analysis of Quality 19 Metadata in the GEOSS
Clearinghouse. International Journal of Spatial Data
Infrastructures Research, 20 7. pp. 352-377, 2012. 

[12] P. Yue, J. Gong and L. Di. Augmenting geospatial data
provenance through metadata tracking in 28 geospatial

89Copyright (c) IARIA, 2017.     ISBN:  978-1-61208-539-5

GEOProcessing 2017 : The Ninth International Conference on Advanced Geographic Information Systems, Applications, and Services

Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació

3. Article :



service chaining. Computers & Geosciences, 36(3). pp.  270-
281, 2010.  

[13] L. He, P. Yue, L. Di, M. Zhang and L. Hu. Adding Geospatial 
Data Provenance into SDI—A Service-Oriented Approach.
Selected Topics in Applied Earth Observations and Remote
Sensing, IEEE Journal of, 8(2).pp. 926-936, 2015.

[14] ISO 19115-1:2014 (2014). “Geographic Information- 
Metadata- Part 1: Fundamentals”. 

[15] J. Masó, G. Closa, Y. Gil and B. Prob. OGC® Testbed 10
Provenance Engineering Report OGC Public Engineering
Report (pp. 1-87): Open Geospatial Consortium. 2013. 

[16] S. Miles, et al. The requirements of using provenance in e-
science experiments. Journal of Grid Computing, 5 (1).pp. 1–
25, 2007.

[17] J. Kim, Y. Gil and V. Ratnakar. Semantic metadata generation 
for large scientific workflows, Proceedings of the 5th
International Semantic Web Conference, Athens, Georgia,
USA, Lecture Notes in Computer Science (LNCS) 4273.
Springer, Berlin, Germany, pp. 357–370, 2006. 

[18] X. Pons. (2004). MiraMon. Geographical information system
and remote sensing software. Centre de Recerca Ecològica i
Aplicacions Forestals (CREAF).

[19] P. Groth, and L. Moreau. PROV-Overview: An Overview of
the PROV Family of Documents. Working group note, W3C.
2013. 

[20] F. Lopez-Pellicer and J. Barrera. D16.1 Call 2: Linked Map
VGI Provenance Schema. In Linked Map subproject of Planet
Data. Seventh Framewok Programe, 2014. 

[21] M. Kunde, H. Bergmeyer and A. Schreiber. Provenance and
annotation of data and processes. In J. Freire, D. Koop, and L.
Moreau, editors, IPAW ’08, chapter Requirements for a
Provenance Visualization Component. p.p. 241–252, 2008

[22] M.Borkin et al. Evaluation of filesystem provenance
visualization tools. IEEE Transactions on Visualization and
Computer Graphics, 19(12). pp. 2476-2485, 2013. 

[23] N. Del Rio and P. Da Silva. Probe-it! visualization support for 
provenance. In International Symposium on Visual
Computing. Springer Berlin Heidelberg .pp. 732-741,2007. 

[24] G. Salton, J. Allan, C. Buckley, and A. Singhai. Automatic
analysis, theme generation, and summarization of machine-
readable texts. Science, 264. pp. 1421–1426, 1994. 

[25] C. Scheidegger, et al. Tackling the provenance challenge one
layer at a time. Concurrency and Computation: Practice and
Experience, 20(5). Pp. 473-483, 2008. 

[26] G.Closa and J. Masó. A provenance visualization tool for
global earth observation system of systems. In EGU General
Assembly Conference Abstracts (Vol. 15, p. 8266). April,
2013. 

[27] L. Gou and X. Zhang. Treenetviz: Revealing patterns of
networks over tree structures. IEEE TVCG, 17(12), December 
2011. 

[28] S. Yue, M. Chen, Y. Wen and G. Lu. Service-oriented model-
encapsulation strategy for sharing and integrating
heterogeneous geo-analysis models in an open web
environment. ISPRS Journal of Photogrammetry and Remote
Sensing, 114. pp. 258-273, 2016. 

[29] M. Müller. Hierarchical process profiles for interoperable
geoprocessing functions. In Proceedings of the 16th AGILE
Conference on Geographic Information Science, Leuven,
Belgium. 2013. 

[30] OGC® WPS 2.0 Interface Standard. OGC 10-59r2, 2010 14-
065 

[31] WPS concepts (November, 2016) Retrieved
from:http://geoprocessing.info/wpsdoc/Concepts 

[32] OGC® WPS 2.0 Interface Standard. OGC 10-59r2, 2010 14-
065 

[33] D. Box et al. Winer, Simple Object Access Protocol (SOAP)
1.1, W3C Note. Retrived: November, 2016.
http://www.w3.org/TR/SOAP 

[34] C. Michaelis and D. Ames. Evaluation and implementation of
the OGC web processing service for use in client-side
GIS. Geoinformatica, 13(1). pp. 109-120, 2009. 

[35] A. Castronova, J. Goodall and M. Elag. Models as web
services using the Open Geospatial Consortium (OGC) Web
Processing Service (WPS) standard Environmental Modelling
and Software Volume 41, pp. 72-83, 2013. 

[36] L. Granell, S. Díaz, N. Schade,J. Ostländer and  J. Huerta.
Enhancing Integrated Environmental Modelling by Designing
Resource-Oriented Interfaces. Environmental Modelling &
Software, 39.pp. 229-246,  2013. 

[37] J. Goodall, B. Robinson and A. Castronova. Modeling water
resource systems using a service-oriented computing
paradigm. Environmental Modelling & Software, 26(5). pp.
573-582, 2011. 

[38] G. Yu, P. Zhao, L. Di, A. Chen, M. Deng and Y. Bai.
BPELPower-A BPEL execution engine for geospatial web
services Computers and Geosciences Volume 47. pp. 87-101,
2012. 

[39] X. Meng, Y. Xie and F. Bian. Distributed geospatial analysis
through web processing service: A case study of earthquake
disaster assessment Journal of Software Volume 5, Issue 6,
pp. 671-67, 2010. 

[40] L. Pesquer, J. Masó, G. Moré, X. Pons, J. Peces and E.
Doménech. Servicio interoperable (WPS) de procesado de
imágenes Landsat. Teledetección, 37. pp. 51-56, 2012. 

[41] A. Zabala, J.  Masó, L. Bastin and L. Bigali. Increasing
dataset quality metadata presence: Quality focused metadata
editor and catalogue queriables. . Inspire Conference.
Florence, Italy, June 23-27, 2013. 

[42] A. Zabala, J. Masó and  X. Pons. Quality and user feedback
metadata: theoretical aspects and a practical implementation
in the MiraMon metadata editor. Inspire Conference.
Barcelona, Spain, Setember 26-30, 2016.

[43] J. Steele and N. Iliinsky. Beautiful visualization: looking at
data through the eyes of experts. "O'Reilly Media, Inc.", 2010. 

90Copyright (c) IARIA, 2017.     ISBN:  978-1-61208-539-5

GEOProcessing 2017 : The Ninth International Conference on Advanced Geographic Information Systems, Applications, and Services

View publication statsView publication stats

Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació

3. Article :



Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació

A
provenance metadata model integrating ISO geospatial lineage and the OGCWPS: Conceptual model
and implementation Transactions in GIS, Volume23, Issue5 October 2019 Pages 1102 1124



Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació



1102 |  Transactions in GIS. 2019;23:1102–1124.wileyonlinelibrary.com/journal/tgis

DOI: 10.1111/tgis.12555  

R E S E A R C H  A R T I C L E

A provenance metadata model integrating ISO 
geospatial lineage and the OGC WPS: Conceptual 
model and implementation

Guillem Closa1 |   Joan Masó2 |   Alaitz Zabala1 |   Lluís Pesquer2 |   
Xavier Pons1

This is an open access article under the terms of the Creat ive Commo ns Attri bution License, which permits use, distribution and 
reproduction in any medium, provided the original work is properly cited.
© 2019 The Authors. Transactions in GIS published by John Wiley & Sons Ltd

1Grumets Research Group, Dep de 
Geografia, Edifici B, Universitat Autònoma 
de Barcelona, Bellaterra, 08193, Catalonia, 
Spain
2Grumets Research Group, CREAF, Edifici 
C, Universitat Autònoma de Barcelona, 
Bellaterra, 08193, Catalonia, Spain

Correspondence
Guillem Closa, Department of Geography, 
Universitat Autònoma de Barcelona, 
Cerdanyola del Vallès, Barcelona 08193, 
Spain.
Email: guillem.closa@uab.cat

Funding information
Catalan Government, Grant/Award 
Number: SGR2017 1690; European Union's 
Horizon 2020. ECoPotential research 
project, Grant/Award Number: No 641762; 
NEWFORLAND research project, Grant/
Award Number: RTI2018-099397-B-C21/
C22 MCIU/AEI/ERDF, EU

Abstract
Nowadays, there are still some gaps in the description of prov-
enance metadata. These gaps prevent the capture of compre-
hensive provenance, useful for reuse and reproducibility. In 
addition, the lack of automated tools for capturing provenance 
hinders the broad generation and compilation of provenance 
information. This work presents a provenance engine (PE) that 
captures and represents provenance information using a com-
bination of the Web Processing Service (WPS) standard and the 
ISO 19115 geospatial lineage model. The PE, developed within 
the MiraMon GIS & RS software, automatically records detailed 
information about sources and processes. The PE also includes 
a metadata editor that shows a graphical representation of the 
provenance and allows users to complement provenance in-
formation by adding missing processes or deleting redundant 
process steps or sources, thus building a consistent geospatial 
workflow. One use case is presented to demonstrate the use-
fulness and effectiveness of the PE: the generation of a radio-
metric pseudo-invariant areas bench for the Iberian Peninsula. 
This remote-sensing use case shows how provenance can be 
automatically captured, also in a non-sequential complex flow, 
and its essential role in the automation and replication tasks in 
work with  very large amounts of geospatial data.
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Provenance information, also known as lineage, is defined as the description of data origins and the processes by 
which a dataset is created (Buneman, Khanna, & Wang-Chiew, 2001). Provenance also includes the description of 
the algorithms used, their inputs and outputs, the computing environment where the process runs, the organization/
person responsible for the product, and so on (Di, Yue, Ramapriyan, & King, 2013). The scientific community is inter-
ested in provenance because it provides relevant information for determining whether a product is fit for purpose and 
reliable. It also plays a significant role in assessing data quality and usability of the model outputs (Di, Shao, & Kang, 
2013), and helps in auditing the trail of model execution, locating errors and assisting users in performing uncertainty 
propagation analysis (Yue et al., 2011; Zhang et al., 2017). In short, provenance allows users to determine the “what,” 
“when,” “who,” “how,” and “where” of the generation of geospatial data (Jiang, Kuhn, & Yue, 2017).

The tasks of preserving digital data and metadata (ISO, 2018) require contextual information (authority, pro-
cess environment, software, etc.) to determine which information should be preserved to fully understand and 
reuse the archived data. In the case of GIS data this is a very complex task, because geospatial information is 
usually divided into several parts (Pons & Masó, 2016). Therefore, provenance information can be used to select 
the part of the information that should be preserved to ensure long-term understandability and avoid possible 
future geospatial data losses.

In the context of scientific models, data provenance records the workflow processing steps and the inputs or out-
puts that contribute to generating the final data products. Due to distributed web technology, geoprocessing tools 
are available as services (Di & McDonald, 1999), and a Model as a Service (MaaS) approach has recently been defined 
(Geller & Turner, 2007; Nativi, Mazzetti, & Geller, 2013). The task of assembling geoprocessing workflows is central to 
any GIS. Sharing and integrating models over the web can help organizations to save labor and computational resources 
by reusing methods and data (Scheider & Ballatore, 2018), thus promoting modeling research (Nativi et al., 2013).

In this paradigm, where the origin of data and algorithms has a high level of heterogeneity, several authors 
(Bechhofer, De Roure, Gamble, Goble, & Buchan, 2010; Xu et al., 2010) see provenance information as even more 
important for inspecting and verifying quality, usability, and reliability of data. Provenance is also a central issue 
for dealing with remote-sensing (RS) data. RS data can be offered at different processing levels. For instance, 
the Copernicus (the European Union's Earth observation program) open access hub offers Sentinel-2 data at 
top-of-atmosphere (TOA) or bottom-of-atmosphere (BOA) reflectances. In addition, Copernicus Services offer 
high-level products (i.e. biophysical variables, land cover maps, etc.) obtained using specific algorithms that have 
been proven satisfactory for general purposes. Nevertheless, other scientific communities (e.g. regional research 
groups, professional associations, local developers, etc.) offer other alternative processing methods for the same 
outputs, which favor particular conditions (e.g. optimized for mountain areas) or allow more coherent radiometry 
to be obtained but require more calibration effort (e.g. determining pseudo-invariant areas), and which provide 
different results. Other authors go further and determine the potential of data provenance (when it is complete 
and points to actual data and/or metadata) for data replication (reproducibility purposes) and for workflow repli-
cation (with other inputs). Thus, provenance information can help to overcome the barrier between model provid-
ers and model users who want to reuse these models in different contexts, regions, or environments. Although the 
importance of provenance in the geospatial community is documented, the provenance description in geospatial 
products is still largely incomplete (Díaz et al., 2012). Although geospatial data usually come with some degree of 
provenance information, in many cases this is expressed with a simple textual description, which has a negative 
impact on its automated usage (Yue, Gong, & Di, 2010). According to Di, Shao, et al. (2013), there are two main 
obstacles that generate this situation: the lack of standards that fully describe provenance information models, 
thus ensuring reproducibility, and the lack of automated tools for capturing the provenance information.

An interoperable model for provenance is necessary to be able to exchange and share geospatial data prove-
nance in a distributed information environment (He, Yue, Di, Zhang, & Hu, 2015). The geospatial community has 
traditionally used the ISO 19115-1 (ISO, 2014) standard to encode metadata and provenance (Masó, Closa, Gil, & 
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Proß, 2013). ISO 19115-2 (ISO, 2019) (initially designed as an extension for imagery) includes a model for acquisi-
tion and extends the lineage model to better capture processing metadata. Alternatively, He et al. (2015) and Jiang 
et al. (2018) propose extending W3C PROV (Groth & Moreau, 2013) to ISO 19115 in order to describe provenance 
better. Others, such as Lopez-Pellicer and Barrera (2014) and Closa, Masó, Proß, and Pons (2017) propose adapt-
ing the W3C PROV model to geospatial community requirements. However, from our point of view, there are still 
some issues to solve in the geospatial lineage models, such as the concrete model to capture initialization, and its 
basic assumptions and parameter values. These deficiencies prevent the complete description of provenance and 
obstruct workflow replication and data reproduction tasks. In the present article, we propose combining the Web 
Processing Service (WPS) standard with ISO lineage models (LI_Lineage and LE_ProcessStep) to describe prove-
nance more precisely. The ISO models make it possible to describe provenance as a succession of processes, while 
the WPS schemas permit capturing the inputs and the algorithm used with a higher level of detail.

Besides the data model chosen to represent provenance, applications also need to ensure provenance cap-
ture, management, and retrieval (Miles, Groth, Branco, & Moreau, 2007). Thus, automatic tools that capture and 
store provenance in the metadata information are needed. Some existing workflow systems have been extended 
to support the capture and query of provenance, such as Kepler (Altintas, Barney, & Jaeger-Frank, 2006). Yue et 
al. (2011) demonstrate how geospatial services in spatial data infrastructures (SDI) can also be extended to share 
geospatial data provenance in the web environment. In this article we describe how we have implemented a prov-
enance engine (PE) that automatically captures provenance information. This tool, developed in the framework 
of the MiraMon GIS & RS software (Pons, 2019), collects the provenance from each individual tool execution. 
MiraMon has the GeMM metadata editor, which is capable of graphically representing and handling the accumu-
lated provenance information of all the tools executed in a geospatial workflow.

Most work has focused on analyzing and capturing provenance information that is created during execution, 
rather than on metadata generated before execution (Kim, Gil, & Ratnakar, 2006). This results in a linear description 
of the steps followed to generate the result. In this approach, provenance information about previous experiments, 
repeated iterations to obtain the correct parameters, or discarded executions are not recorded. Nevertheless, the 
data associated with e-science experiments have less value if other scientists are not able to access the previous tests 
made with these data (Greenwood et al., 2003). The current article claims that it is necessary to document the dis-
carded executions or previous iterations as a part of current provenance information about a dataset. It is proposed 
to extend the potential of ISO models to capture the complete history of e-science experiments.

The remainder of this article is organized as follows: in Section 2, we identify some strengths and weak-
nesses of ISO and WPS models; Section 3 introduces the solution adopted to better describe provenance and 
the assets accomplished with this model; Section 4 describes how the system captures provenance and how it is 
represented. Section 5 provides a discussion based on a use case that exemplifies the usefulness of our proposal. 
Finally, we summarize our conclusions and identify future work in Section 6.

|

| describeProcess and Execute documents to capture provenance

WPS is a standard protocol developed by the Open Geospatial Consortium (OGC) that makes it possible to exe-
cute remote geospatial processes on the web. The WPS interface provides a standard way to encode inputs and 
outputs for each of the geospatial processes offered in a service, as well as the specific input and output of each 
execution (OGC, 2010). WPS instances are exposed via HTTP-GET, HTTP-POST, and SOAP (Box et al., 2016) 
internet protocols. The potential of geoprocessing applications supported by WPS allows for application in a wide 
range of fields and sectors (Michaelis & Ames, 2009). In particular, it has been implemented successfully for envi-
ronmental models (Castronova, Goodall, & Elag, 2013; Granell, Díaz, Schade, Ostländer, & Huerta, 2013) and in 
combination with other standards: WPS+OpenMI (Goodall, Robinson, & Castronova, 2011), WPS+WCS (Yu et al., 
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2012), WPS+WFS (Meng, Xie, & Bian, 2010), WPS+SWE (Jirka, Nüst, & Proß, 2013), and WPS+SOS+WFS (Pesquer 
Mayos, Jirka, Stasch, Masó Pau, & Arctur, 2016). Its main properties are remote execution and support of multiple 
input and output formats. The description of the individual processes, as well as the input and output values, is 
made in a generic way and can be used independently of the remainder of the standard. In practice, this means 
that WPS process description can be applied to any processing tool (e.g. a command line application), even if it is 
not part of a distributed environment.

WPS has three main operations: getCapabilities, describeProcess, and Execute. The three operations use the 
eXtensible Markup Language (XML) to encode requests and responses. Like any other OGC web service, it starts 
with a getCapabilities that includes the service metadata as well as the list of available processes.

The describeProcess is the operation that allows a client to request and receive a response with detailed infor-
mation about a process that can be run on the service instance, including the inputs required and the outputs 
that can be produced (OGC, 2010). Inputs and outputs can be simple types expressing isolated numbers (called 
LiteralData), complex types (e.g. a geospatial file format) (called ComplexData), or extents (called BoundingBox). 
The Execute operation allows WPS clients to run a specified process implemented by a server, which returns the 
produced output values. The Execute request document contains the elements that identify the process that will 
be executed, as well as the exact data input values.

As provenance information contains the description of processes and sources, describeProcess response and 
Execute request documents can be used to extract information about provenance information or even store that 
information. Applying the same descriptions to local executions makes it possible to capture provenance auto-
matically in a desktop GIS local framework in a standard way, and increase the completeness of the documented 
provenance information. Specifically, describeProcess documents are used to create structured documentation on 
how individual command-line tools work and to automatically inherit detailed descriptions of each parameter from 
the documentation. Execute request document fragments are used to capture the actual values of each execution. 
More details about the use of WPS to record provenance are given in Section 3.

|

ISO 19115-1 and 19115-2 are commonly encoded in XML. In fact, ISO 19115-3 provides the XML implementation 
schema for ISO 19115-1 and 19115-2, and can be used to describe, validate, and exchange geospatial metadata. 
The ISO metadata standards provide a lineage model based on sources which are either used or produced in a 
series of process steps (LI_Lineage and LE_ProcessStep). Sources and process steps are linked together to describe 
the lineage of a resource. The lineage models of ISO allow the provenance information to be described in three 
different ways:

1. A list of process steps and a separate list of sources.
2. A list of all the sources used and then an added description of all the processes as child processes.
3. A list of all the process steps that use sources.

According to Díaz et al. (2012), describing provenance with a list of processes that use some sources is the best way 
to make a complete record of provenance, because it follows the workflow execution order. If it is used recursively, it 
can capture the complete provenance sequence. Therefore, the MiraMon metadata model uses ISO 19115 in this way 
because it permits the provenance of a workflow to be described fully as an ordered succession of different process 
steps (Figure 1).

However, as mentioned above, there are some limitations in the ISO 19115 lineage models that inhibit the 
reproducibility of geospatial data that use provenance information. For instance, the only way to record execu-
tion parameters that are not geospatial sources (e.g. LiteralData) is to provide them jointly as text in runTimePa-
rameters (e.g. a sequence of key–value pairs). In ISO 19115 models there is no way to indicate them separately, 
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preventing the inclusion of each parameter characteristic—such as a description, the data type, and the direction 
(input or output).

|

|

In order to overcome some of the ISO provenance model gaps, we propose the combination of the ISO provenance 
schemas (LI_Lineage and LI_ProcessStep) with WPS Execute response documents). In general, a process receives a 
list of inputs, some of them being geospatial datasets and others being numerical or alphanumerical parameters. 
In the ISO 19115 model, the LI_ProcessStep class has an attribute that is a composition of the LI_Source class that 
is ideal to represent input geospatial datasets but ignores other types of parameters. In Figure 2 we can see that 
by adding the Input element coming from WPS Execute response (in yellow) to the ISO model (in pink), we can 
describe provenance by a complete list of inputs of each process step. This way, for each input we capture, among 
other characteristics, the identifier (code) and the data type (see literalValueChoice) that can be a WPS literal or an 
ISO LI_Source. In our implementation, we link each input to its original description coming from the WPS describe-
Process response document to add the meaning of the process inputs.

|

In the context of the MiraMon GIS, combining ISO provenance schemas with WPS makes it possible to describe 
the algorithms used automatically, the processing steps, the execution dates, the data type, the units (when nec-
essary), and data values of all parameters. Table 1 shows the correlation between the provenance elements con-
templated in the MiraMon metadata model and the provenance elements in ISO 19115-1 and ISO 19115-2. The 
left column of the table shows the provenance elements of ISO 19115 captured by PE. The right column describes 
the origin of these elements: those coming from the ISO model are written in red, those coming from the WPS 
standard are written in blue, and the solutions natively adopted in the MiraMon metadata model are written in 
black. Some of the assets accomplished with this model are as follows.

|

The order of the parameters or sources might be important, but there is no place to specify this order following 
the actual standards. To solve this issue, we use the optional tag ows:metadata of WPS describeProcess response. 
Concretely, we add an incremental number to each source with this optional tag, which corresponds to the 
source's position in the command line (e.g. ows:Metadata xlink:title="Param01").

ISO 19115 and 19115-2 lineage model permits us to depict the complete sequence of the 
workflow
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To define if a source is an input or an output, we use the current WPS describeProcess response tags (\
DataInputs\Input\LiteralData; \ProcessOutputs\Output\LiteralOutput). However, there are sources or param-
eters that become an output (in/out) after the execution. For this purpose we have used the tag to define the 
order: when a source (Input\ows:Metadata xlink:title="ParamIdentifierX) becomes an output, it is written again as 
an output (Output\ows:Metadata xlink:title="ParamIdentifierX) but using the same xlink:title.

|

As already stated, literal values of parameters are recorded using WPS describeProcess. Concretely, \DataInputs\
Input\LiteralData in the case of data inputs; \ProcessOutputs\Output\LiteralOutput in the case of outputs. In 
addition, the detected gap (no placeholder to define the data type or the value used for literal data) was intro-
duced as a change request for the ISO 19115-2 work item, and we worked in the TC211 meetings with the edi-
tors to extend the standard in this direction. The new ISO 19115-2 revisions support this request. Thus, the 
new ISO TC211 lineage model captures source as well as literal values through the addition of the element LE_
ProcessParameter (Figure 3). This means that lineage information captured and represented in the MiraMon meta-
data manager (GeMM) is ISO compliant, thus becoming a reference implementation of ISO 19115-2:2019.

|

As part of the scientific process, it is important for researchers to be able to verify the correctness of their own 
experiments, or to review the correctness of their peers’ work (Miles et al., 2007). Validation ensures that results 
generated from experiments are meaningful. This is also necessary in the geospatial domain, especially when we 

ISO 19115 LI_Lineage describes provenance as a sequence of LI_ProcessStep that uses LI_Source. 
The information contained in LI_Source is extended with the use of some WPS elements (UML class diagram)
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are working in Big Data environments and in scientific contexts where we should repeat and replicate processes 
and results frequently.

As pointed out, ISO 19115 captures provenance as a succession of process steps, LI_ProcessStep. In ISO19115-2, 
LI_ProcessStep was extended into LE_ProcessStep, adding details of the algorithm and software used for processing 
(LE_Processing and LE_Algortihm). However, occasionally there are executions that are not purely sequential and 
require some iterative flow that progressively adjusts the final result (e.g. the generation of training areas in a 
supervised classification: several versions of this file are usually produced in order to improve the final classifica-
tion). Iterative loops (that might overwrite a dataset) are not commonly recorded in the provenance of the result. 
Our proposal is that these previous executions are part of the workflow itself and therefore should be recorded 
as additional process steps. With this purpose, the added steps can use otherProperty of LE_Processing as a flag to 
document that the output was not the intended result. Therefore, we can still document the discarded executions 
as well as the satisfactory (final) iteration. otherPropertyType is mapped to a recordtype with a single field called 
"iteration" and otherProperty states that "iteration=discarded" (default value is "satisfactory") (Figure 4).

This table shows the equivalences between the lineage elements of the ISO model and the lineage 
elements of the GeMM metadata model. The ISO model elements are written in red, those coming from the 
WPS standard are written in blue, and the solutions natively adopted in the MiraMon metadata model are 
written in black
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This extension of the provenance model is useful for documenting decisions and conditions encountered 
during the execution of a workflow. Even if this brings provenance a bit closer to workflows, constructs such as 
conditional branches and loops will not be recorded because provenance only reflects the actual path followed 
in an execution and not all the possible alternatives. For example, in a condition presenting two options, only the 
selected option is recorded. However, the “iteration” extension provides a way to document branches in condi-
tional clauses that have been tested and, despite being wrong, are needed to know the final correct path. Including 
typical constructs of programming languages, like conditional branches or loops, is the mission of a workflow but 
is beyond the scope of the current provenance models.

|

Examining previously recorded provenance information has potential in choosing the best-suited algorithm. 
However, not much research has been done to solve this issue. The current ISO 19115-2 permits us to point 
directly to the algorithm used and to its description (LE_Algortihm). Furthermore, the possibility of linking the algo-
rithm to online resources via CI_Citation is provided. One possible implementation of this element can make use 
of citing a GIS generic vocabulary (such as https ://gisge ograp hy.com/gis-dicti onary-defin ition-glossary), where a 
semantic description of the standard GIS operations is provided. Potentially, users in need of a particular algorithm 
can discover a variety of implementations of it in previously recorded usages, in their respective contexts, and 
learn which tool fits their specific case.

|

The completeness and interoperability of the model are two key aspects that should be considered when a stand-
ard is selected for describing provenance. In the MiraMon metadata model, the completeness of the provenance 
information has been increased by combining the original version of the ISO 19115-1 model (LI_lineage) and the 
original version of the ISO 19115-2 model (LE_lineage) with WPS (describeProcess response and Execute request 
documents). Thereby, the provenance captured automatically by the PE describes what occurred during the work-
flow execution more precisely than the ISO lineage standards.

The completeness achieved by combining three different models could be a handicap in terms of interopera-
bility. The PE is able to export the provenance as an extended ISO 19139 XML document using the first version of 
the ISO model and the WPS elements as extensions. Other applications most probably will not use the ISO–WPS 

LE_Processing has an aggregation type: LE_ProcessParameter
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combinations and will not be able to fully interoperate with the generated XML. As explained in Section 3.2.2, 
to solve the issue of combining standards, the authors of the present work collaborated in the revision of ISO 
19115-2 to include the necessary elements of WPS, mainly the description of the non-geospatial parameters that 
were finally mapped to the new LE_ProcessParameter. Later on, the conceptual encoding was included in the ISO 
19115-3 XML encoding. The metadata editor is also able to generate this new XML document, which only uses 
the new ISO TC211 XML elements and schemas and will be more portable when other metadata tools adopt it.

|

|

MiraMon is GIS & RS software (Pons, 2019), free for students, universities, and so on. One of the main charac-
teristics of the MiraMon software is that metadata are carefully managed and integrated in the dataset, which 
makes it possible at every processing step to program automatic decisions based on metadata information from 
the previous steps in the process chain (Pesquer et al., 2012). Its metadata manager, GeMM, generates metadata 
paying special attention to quality aspects (Zabala, Masó, Bastin, & Bigali, 2013; Zabala, Masó, & Pons, 2016), the 
description of the data model, and the relationships with databases. If necessary, the MiraMon metadata model 
can be structured in hierarchical levels (dataset item to dataset series) (Zabala & Masó, 2005). The metadata infor-
mation is stored and documented in REL format documents (open native text MiraMon metadata format) or in 
ISO 19139 XML. In addition, as part of the quality information, there is also a place for documenting provenance 
information. Unlike other metadata tools, the PE maintains the dependencies with previous source datasets and 
ensures consistency between metadata and datasets.

The MiraMon software has more than 100 independent processing command-line applications handling dif-
ferent data models, mainly vector and raster layers; most of these applications can work with both data models 
in the same process. Some of them have already been migrated to WPS and the remainder will be migrated 
in the near future. For each app a describeProcess response document is generated, describing the process and 
the allowed input and output data types. DescribeProcess response syntax fits with the purpose of describing 

The attribute of LE_ProcessStep, OtherProperty, is used in a Boolean way to document whether 
the execution is satisfactory or not. In this figure the final output is generated after three iterations of the same 
process (different executions) with a different parameter value: the first two iterations were discarded and the 
third one was considered satisfactory
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command-line syntax with one exception, the order of the parameters in the command line; as already stated, this 
issue is solved using the optional tag ows:metadata.

The PE uses the generated WPS describeProcess template to capture, concurrently with an app execution, 
provenance information and store it in the metadata files (Figure 5). All captured information can be exported 
automatically as a batch file which collects the MS-DOS command line. This permits users to easily reproduce 
workflows, replicate them with different conditions (scope, data, parameters, algorithm options, etc.), and autom-
atize executions.

The PE is a library that is shared by the visual interface of the GeMM and the MiraMon apps. It is encoded as 
a C library that can be linked to all GIS and RS apps. Each app uses these functions to read the metadata of the 
source datasets, load them, integrate them, and add the current app process step to the provenance information 
of the resulting dataset. In addition, GeMM's graphical interface requires a more elaborate set of functions to 
enrich the presentation of provenance information extracted from a DescribeProcess response template.

The PE writing function has two alternatives: (a) to include all lineage details—the complete sequence and 
description of process steps and previous data sources; or (b) to write only the last process step and link to 
the data sources. The generic purpose of each process step and the description of its parameters is not stored. 
Instead, only identifiers linking to the describeProcess documents are recorded. The reading function supports the 
two alternatives described above, and is able to read the provenance information by following the links to previous 
sources recursively if necessary.

The MiraMon system captures the exact parameters and values involved in an execution (which can be num-
bers, text strings, or bounding box data) and references them to datasets or data services. The system updates 

The PE uses WPS DescribeProcess documents to extract provenance information and then the 
GeMM (metadata manager) interface allows users to edit and modify the provenance of the geospatial data 
generated by MiraMon apps
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metadata information at every intermediate step, maintaining the dependencies between the datasets and meta-
data files during the entire workflow execution.

As mentioned before, all the executions are recorded as satisfactory (iteration=satisfactory) by default. 
However, in a non-sequential flow where the system detects that the output of an execution already exists and is 
generated by the same algorithm that is being re-executed, the PE will ask the data producer to also overwrite the 
provenance of the last step (removing the history of the previous loops), or to keep the last execution documented 
as a discarded execution (iteration=discarded).

|

In complex environments, scientists rely on visualization tools to help them understand large amounts of data that 
are generated from experiments (Salton, Allan, Buckley, & Singhal, 1994). Beyond the models used to capture and 
store provenance, an effective visualization of provenance is also necessary to understand and evaluate data and 
the processes involved (Kunde, Bergmeyer, & Schreiber, 2008). According to Steele and Iliinsky (2010), there are 
two categories of data visualization: Exploratory, designed to support researchers who are not certain about what 
is in the data; and Explanatory, when a researcher is trying to explain the data to someone else. This differentiation 
also refers to the contraposition of the “data user needs” compared to the “data producer needs,” where the user 
requires more exploratory visualization tools, while the producer requires more explanatory information. In addi-
tion to these two viewing approaches, a review and edit functionality can help the producer to supplement the 
information captured automatically with extra details. Thus, a graphical interface in a provenance representation 
tool should fit the three purposes: exploratory, explanatory, and editing.

The GeMM graphical interface (Figure 6) presented in this article helps data users to navigate and interpret 
provenance. The tool represents the provenance information of a top-level dataset as a list of processes. Each 
process has an indented list of all the parameters used and all the outputs generated. At the same time, some 
parameters of the workflow (mainly the data sources) are derived by previous processes (child process), which are 
represented at a deeper level with their own indented (set in from the margin) list of parameters used, and so on. 
Thereby, the structure of the provenance schema increases progressively in profundity. From our point of view, 
this tree-like provenance structure is a suitable way to visualize the provenance information because it graphically 
represents the flow and dependencies of a specific chain of processes. The exploratory mode is facilitated by the 
left-hand-side tree view, while the explanatory mode is provided with the extra information of each node of the 
tree in the right window.

The GeMM graphical interface also allows provenance information to be edited by adding or deleting child 
processes or child parameters in a geospatial workflow. Moreover, the algorithm description, the processing steps 
carried out, the execution dates, the responsibility of the product, and the order of the processes can be edited 
and adapted to each scenario if necessary. This allows data producers to complete or adjust the provenance 
description that was automatically captured during the processes or workflow execution. By default, the prove-
nance of a data source is linked to the provenance of a previous source; however, this has the disadvantage that if 
the source is removed, the provenance tree is broken and some part of the provenance is also lost. In editing the 
provenance, the producer can decide to embed the source provenance in the dataset description instead of linking 
it, thus ensuring its preservation.

|

In order to discuss the capabilities of the presented solution, the system was tested against a real use case. 
Concretely, we tested with a workflow to detect pseudo-invariant areas in remote sensing. Even if the use case is 
mainly focused on raster data, the presented implementation has also been tested for vector data and for raster 
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and vector data in the same process. We consider this an example of how the management of metadata informa-
tion, and specifically provenance information, can be used to efficiently manage Big GeoData projects.

|

Pseudo-invariant areas (PIAs) are used to deduce atmospheric effects in images captured by passive sensors in 
the solar spectrum (Pons, Pesquer, Cristóbal, & González-Guerrero, 2014; Padró et al., 2017). The idea is that 
radiance captured by satellite sensors varies due to changes in the Earth's surface, such as land cover phenol-
ogy dynamics, land cover changes, and so on, but also due to other conditions (illumination angle, atmospheric 
conditions, etc.). To be able to separate land cover response (the most common interest) from other factors, it 
is useful to find areas where reflectance is almost invariant. These PIAs can be used in algorithms to remove 
atmospheric effects (Hadjimitsis, Clayton, & Retalis, 2009), which allows us to obtain not only better radiomet-
ric corrections for improved land cover classifications, but also images that are physically comparable. In addi-
tion, highly coherent time series can be generated from remote-sensing data (Vidal-Macua, Zabala, Ninyerola, 
& Pons, 2017).

Pesquer et al. (2012) proposed a methodology to generate an extensive bench of PIAs using the Terra-MODIS 
(MODerate resolution Imaging Spectroradiometer) MOD09GA daily surface reflectance product (Vermote & 
Kotchenova, 2008). This cited methodology has now been applied to the four MODIS tiles (h17v05, h17v04, 
h18v05, h18v04) that cover the Iberian Peninsula (IP) (Figure 7). The bench of PIAs is generated using 17 years 
(2000–2016) of daily MODIS products, specifically the bands numbered 1, 2, 3, 4, 6, and 7 of the solar spectrum 

The GeMM graphical interface: (1) the path of the metadata file and the name of the geospatial 
file; (2) the exploratory mode with a tree including all processes and sources used in the history of the creation 
of the dataset; (3) the explanatory mode to view or edit the attributes of each 
source or process—attribution, execution date, process description, execution description, and so on
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(visible, near-infrared, and short-wave infrared). There are more than 850,000 MODIS images for this period and 
area in the NASA archives. In addition, in order to ease the workflow execution and to better regionalize the spa-
tial pattern analysis, each MODIS tile has been divided into smaller sub-tiles of 100 × 100 km. Thus, there are 81 
scenes corresponding to the IP.

|

The methodology is based on selecting a subset of high-quality images and defining a threshold of low deviation 
values (Pesquer, Domingo, & Pons, 2013). The selection of the highest-quality MODIS images combines the qual-
ity assessment of USGS (Roy et al., 2002) with a geostatistical spatial pattern analysis (Pesquer, Domingo, & Pons, 
2019). Throughout the workflow execution and depending on the results obtained, a block of steps might need to 
be re-executed more than once. This loop of steps iterates parts of the workflow until proper results are gener-
ated. In addition, the entire workflow is replicated for each MODIS sub-tile generated. The complete workflow 
(Figure 8) has the following steps:

0. Data preparation: import and clipping the images to the 100 × 100 km sub-tiles.
1. Accurate topographic correction of the MOD09GA product.
2. Total mask generation from quality assessment (QA) of the MOD09GA: topographic mask and geometric quality 

mask.
3. Application of the total mask to the result of step 1 for bands 1, 2, 3, 4, 6, and 7 of the solar spectrum (Wang,

Zeng, Li, & Shen, 2011).
4. Image classification depending on the number of non-valid pixels: a first subset of images that contains a very

high ratio of valid pixels and a high ratio of valid pixels. If there is a low number of daily images containing a very 

Main MODIS tiles and 100 × 100 km sub-tiles over the Iberian Peninsula
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Complete workflow of PIAS generation. The dashed red lines mark the part of the workflow used 
to exemplify how provenance is captured in the Section “Replication with different pixel thresholds”
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high ratio and/or a high ratio of valid pixels, progressively lower the threshold until sufficient images have been 
selected.

5. Selection of high-quality images by comparing the spatial pattern model and each daily image. Select the subset
that presents a variogram structure with parameters within predefined thresholds (Kitanidis, 1997).

6. Calculation, for the highest-quality subset of image series (2000–2016) of standard deviation, the number of
valid images and the average reflectance value for each pixel and band.

7. Application of map algebra to all bands in order to select the near-invariant pixels that are considered as PIAs.
If the number of PIAs is very low, increase the threshold deviation.

8. Vectorization and transfer of the average reflectance value from the high-quality subset. Each vectorized con-
tiguous group of pixels results in a PIA entity.

|

Figure 9 illustrates the provenance information captured by the PE during the PIA workflow execution. In order 
to shorten the explanation, we will concentrate on a single step of the PIA workflow execution (inside red-dashed 
rectangle of Figure 8). Specifically, we focus on step number 4 (select by % of pixels using a Histoselection.exe 
app) to demonstrate how provenance information is captured, stored, and then how it can be used. The frag-
ment has been selected because it includes a re-execution loop with different parameters until proper results are 
generated.

Replication with different pixel thresholds

After applying the total quality mask over the MOD0GA daily surface reflectance product to the six abovemen-
tioned bands, the next step is the generation of a list with higher-quality daily images. Therefore, images are 
selected depending on the percentage of valid pixels compared to the total number of pixels of the image:

• Images with at least the inferior threshold (by default 75% of pixels) of valid pixels. These images, written in the 
High ratio valid pixels list, are used to generate the PIA bench.

• Images with more than the superior threshold (by default 90% of pixels) of valid pixels. These images, written
in the Very high ratio valid pixel list, are also used to generate the PIA bench, and to obtain a representative var-
iogram of the area, the variogram model.

The invariant (in time) property of the PIA is not guaranteed with a poor subset of quality images. In some regions, de-
pending on the particular regional climatic and atmospheric conditions, there are not sufficient representative dates 
to generate PIAs (at least 10% of the time series), or to create the variogram (at least five or six images are needed), 
using the default threshold values. In these cases, it is necessary to lower the thresholds and repeat the process in 
order to increase the statistically representative set of selected daily images (Figure 10).

Provenance capture and description

The metadata editor represents provenance as a process source-oriented tree. In each process the list of all 
parameters used and the outputs generated are shown. Processes can be tagged as discarded (iteration=discarded) 
by data producers and no output is generated, or can be considered satisfactory (iteration=satisfactory) and an 
output is generated. However, when producers consider it appropriate, the PE also saves all provenance related 
to discarded iterations.

Table 2 shows the provenance documented during the generation of the High_ratio_pixels.lst and Very_high_
ratio_pixels.lst, and Figure 11 shows the provenance tree generated by the PE. It can be seen that the HistoSelection.
exe app is executed three times until the results are considered satisfactory according to the intrinsic scientific 
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Example of provenance tree including all processes and sources used in PIA file generation. To 
show the provenance tree more clearly, only one branch is shown completely, some parts of the workflow are 
minimized, and step number and name labels have been added
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requirements (subsection 5.B.i). For each iteration of the HistoSelection.exe app, the PE recorded the sources 
used and, in the case of the parameters, also recorded the real values. Data users can observe how the data pro-
ducers have lowered the superior and inferior thresholds to generate a proper result.

In order to test the implementation against ISO 19115-1 and 19115-2, this use case has been exported to ISO 
19139 XML and imported in GeoNetwork (GeoNetwork, 2019). We consider GeoNetwork a reference implemen-
tation of the standards. The non-native ISO elements and the parameters are lost, due to the fact that the new 
version of ISO is not published yet, but the remainder of the elements are exported correctly.

|

The use case presented has shown that combining WPS with the ISO lineage model provides a more complete 
provenance description and allows us to overcome some of the identified gaps (such as the documentation of 
parameters or sources order). In addition, the PE included in the MiraMon GIS & RS software captures provenance 
automatically. This more complete capture of provenance information can be used to infer quality, attribution, and 
trust about the generated PIAS, or to help in reproduction tasks. For instance:

• In the context of step 4 (Section “Replication with different pixel thresholds”), data users can reuse the per-
centage of pixels threshold in similar cloud regime areas or can replicate the task with a larger percentage of pixels 
threshold in more favorable cloud regimes (the number of valid dates is inversely correlated to the cloud regime, 
among other factors).

Detailed graph of step 4. The execution is repeated until the number of valid dates is sufficient
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Snippet of provenance captured in the example of replication with different pixel thresholds. The 
dashed line indicates the end of each loop
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• In the context of the whole PIA generation process, users can use provenance to check if there are sufficient
images to ensure PIAs with high-quality data (the quality and consistency of the PIAs generated are directly
related to the final number of images used). Or, to check if the final selection of images is representative enough 
of the whole dataset series (to define an area as pseudo-invariant it is necessary to have a homogeneous distri-
bution of image dates).

• In the context of the whole PIA generation process, users can use provenance to check which of the algorithms 
used are open source.

• Users can replicate the entire workflow that was used to generate PIAs using provenance information with the 
same or different parameters.

Beyond the applicability of the provenance model improvements in the presented use case, most of them can also 
be applied to many other workflows where provenance has been captured. As a proof of fact, some of them were 
included as a change request in the revision of ISO 19115-2 (the documentation of parameters), and the new revision 
recognizes the usefulness of this improvement and includes this request. Therefore, the PE captures provenance in 
compliance with the current version of ISO 19115-2.

The use case also points out the utility of documenting scientific experiments that are not purely sequential, 
such as loops of discarded executions performed during data-generation processes. Step 4 (Sections “Replication 
with different pixel thresholds” and “Provenance capture and description”) is an evident example. To solve the 
issue, this article proposes a practical solution using the LE_Processing:otherPropertyType of the LE_Lineage model 
(ISO 19115-2). The otherPropertyType tag is mapped to a recordtype with a single field called "iteration" and other-
Property states that "iteration=discarded" (default value will be "satisfactory"). In the future, it might be useful to 
have in the ISO model a new attribute to contain the "iteration" information.

Concerning visualization, the MiraMon metadata editor (GeMM) has successfully represented the provenance 
information captured during PIAS generation (Figures 9 and 11), allowing users to interpret it. Moreover, the 
GeMM graphical interface (Figure 6) permits us to edit and complete the information captured. Nevertheless, 

Step 4 tree-like provenance workflow representation in the GeMM. The graph records the 
satisfactory and discarded executions with the parameters used in each loop. The right-hand panel shows the 
properties of each parameter and the processes executed, such as the file name, execution date, command line 
(history), and purpose
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representing a graph of provenance is a difficult task due to its complexity (multiple relations and different hierar-
chical levels). Thus, more effort to enhance the comprehension of provenance should be made.

|

This article claims that data provenance is useful in the phases of quality, reliability, the fitness-for-use assessment, 
and workflow replication and data reproduction, when provenance information is complete.

However, we have detected that there are still some gaps in the full geospatial provenance description, which 
affect the provenance usefulness. In this sense the article has proposed some improvements to the ISO 19115 lin-
eage model, to provide more complete and accurate provenance information. In addition, the article presents the 
PE to capture complex workflows like the one presented as a use case for generating a PIA bench. This relevant 
amendment and the automatic acquisition of geospatial provenance provides a complete recipe for generating 
geospatial data for data users.

The automatic acquisition of geospatial provenance represents a step forward in the development of a model 
constructor tool in the context of the MiraMon software. A model constructor would allow scientific modelers 
to reproduce previous chains of processes in different scenarios, using the provenance captured from previous 
executions. Future efforts should also aim to enhance the exploitation of catalogues of provenance information 
previously captured. Therefore, tools for facilitating queries about the “what,” “when,” “who,” “how,” and “where” 
of the generated geospatial data will give added value to the provenance information captured. These queries 
should provide information about geoprocessing tools implementing generic algorithms (e.g. in a given dataset 
where data have been generated with a specific algorithm). This will help users to more precisely choose not only 
the appropriate geospatial data, but also the correct algorithm and geoprocessing tool.

This work has been conducted within the framework of the Geography PhD program of the Universitat Autònoma 
de Barcelona. This work has been partially funded by the Spanish MCIU Ministry through the NEWFORLAND 
research project (RTI2018-099397-B-C21/C22 MCIU/AEI/ERDF, EU), by the Catalan Government (SGR2017 
1690), and by the ECoPotential and ERA-PLANET research projects. ECoPotential received funding from the 
European Union's Horizon 2020 research and innovation program under grant agreement (GA) No. 641762; ERA-
PLANET under GA No. 689443. Xavier Pons is the recipient of an ICREA Academia Excellence in Research Grant 
(2016–2020).
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ABSTRACT 

Auditing Remote Sensing (RS) data can be a tough task 

due to the huge heterogeneity of RS data and 

geoprocessing tools available. In this sense, provenance 

particular geospatial data, can be very useful. This 

contribution focuses on how to query provenance 

information in order to receive back data sources and 

geoprocessing tools that have participated in the 

generation of datasets in a catalog. This way, queries 

over data provenance can be used to infer data quality, 

trace errors sources, trust and authority of a geospatial 

information. 

Keywords- Provenance  Data queries  Metadata 

1. INTRODUCTION

Geospatial provenance, information about the origins of 

geospatial data products, has been pointed as a 

fundamental issue in distributing spatial information 

over the web [1]. Provenance includes information 

about sources, process executions, algorithms used, 

algorithms definition, moment of execution and 

responsible parties [2]. This way, tracking back the 

production process, scientists can assess the usability, 

reliability, data quality, errors location and propagation 

[3] [4] among other qualities and uncertainties.

In Remote Sensing (RS) applications, data can be 

offered at different processing levels. Moreover, the 

origin of the algorithms and data used can have a high 

level of heterogeneity and be crucial for the proper 

understanding and usage of this data. Provenance can 

be useful in this field as presented in [5]. For instance, 

Copernicus (the European Union's Earth Observation 

Programme) open access hub offers Sentinel-2 data at 

Top-Of-Atmosphere [TOA] or at Bottom-Of-

Atmosphere [BOA] reflectance. In addition, 

Copernicus Services offer high-level products (i.e., 

biophysical variables, land cover maps, etc.) that were 

obtained using specific algorithms that have been 

proven satisfactory for general purposes. Nevertheless, 

other scientific communities (e.g. regional research 

groups, professional associations, local developers, 

etc.) might need other alternative processing methods, 

which favor particular conditions (e.g., optimized for 

mountain areas) or allow more coherent radiometry to 

be obtained, even if they might require more precise 

calibration (e.g., determining pseudo-invariant areas), 

and which can provide a slightly different results. In this 

context, the question is how scientists and technicians 

can easily choose the more convenient algorithms or 

sources for their specific purposes based on trust, data 

quality, authority, property type, etc. 

Some GIS and RS tools provide users with some 

functionalities to store provenance information. In 

addition, spatial agencies have sometimes been 

particularly careful on saving provenance information 
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as part of their data preservation strategies. Despite the 

enormous potential of the stored provenance 

information, it is rare to see a system that provides 

query capabilities beyond basic metadata visualization. 

In this regard, this contribution presents the initial 

efforts done in order to generate a provenance queries 

information system. The possibility to formulate 

queries over datasets or clearinghouses (e.g. given a 

clearinghouse, which data have been generated with a 

specific version of an algorithm?), will give an added 

value to data provenance, and will provide scientists 

and technicians the opportunity to inspect not only 

specific geospatial data, but also the algorithms and 

methodologies used.  

2. BACKGROUND

One could assume that a simple statement could be 

enough for documenting provenance, but to be able to 

query provenance, a well-known internal structure is 

needed. Indeed, the usability of provenance increases if 

an interoperable metadata model is used, permitting the 

exchange and share of the geospatial data provenance 

in a distributed information environment [6].  

The geospatial community has traditionally used the 

standards ISO 19115-1 [7] and 19115-2 [8] (the later 

initially designed for imagery). In the work (Closa et al, 

2017) [9] a provenance system based partly on ISO 

standards is presented. The system, developed in the 

MiraMon GIS and RS software [10], is composed by a 

provenance engine that captures complete provenance 

contemporaneously to a process execution, and 

provides a graphical interface that shows provenance 

information in a tree form. We believe that is necessary 

to go further and extract more profit from provenance. 

To this goal, users should have the possibility to search 

(provenance queries) among geospatial data and 

processing tools. 

3. PROVENANCE QUERIES

In order to illustrate the potential benefits that 

provenance can provide to users, a list of 28 general 

queries is formulated (Table 1). The table relates the 

benefits of provenance (columns), with standard 

elements of provenance that users are querying (rows). 

The queries are grouped into the following 4 benefit 

areas: 

- Trust and authority: Based on the sources and tools

used. The authority can help in determining liability.

- Data quality: Related to quality of the sources and

processes used, and can help to estimate error

propagation (both uncertainty and blunder

propagation). E.g. which sources have been produced

with a tool that we know now that have a bug?

- Documentation and reproducibility: The

documentation of the complete workflow can help in

reproducibility task, especially if provenance points to 

real data, metadata or used tools.

- License and accessibility: Is related to the author right

of a source and to enhancing or not the accessibility.

The table 1 is now applied to a hypothetical and

plausible scenario in table 2. The scenario is:

A European research group has been generating land

cover maps by automatic classification of satellite

images every five years during the last 30 years.

Depending on the map version, Landsat-5, Landsat-7,

Landsat-8 or Sentinel-2 images have been used.

Orthophotos and regional topographic maps provided

by the national mapping agency and road maps

provided by the land policy department are also used as

ancillary data.
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Table 1: This table shows the 28 generic queries. Columns are the benefits or applications from provenance, while rows represent 
the different standard elements of provenance. 

Table 2: This table shows 42 queries corresponding to the presented use case. Columns are the benefits or applications of 
provenance, while rows represent the different standard elements of provenance. 
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Since the last 30 years the available software have been 

evolving, appearing new methodologies, geoprocessing 

possibilities and new versions of the same applications. 

Finally, manual editing tasks to fix the unavoidable 

errors have been done by the technicians, as well. 

Several revisions of the same version of the land cover 

maps are generated until the product is validated as the 

final one, and all of them are stored in a database.  

4. FUTURE WORK AND CONCLUSIONS

It is recognized that geospatial provenance has benefits 

in distributing spatial information over the web. Thus, 

near future efforts should point to enhance the 

exploitation of the provenance information captured 

and tools for facilitating 

of geospatial data will give an added value to the 

provenance information captured. In this sense, the 

implementation of a tool that allows to select geospatial 

data or geoprocessing tools on the basis of the 

information from provenance queries will be the main 

goal. Then, based on a real RS scenario, the list of the 

generated queries will be validated.  

Important questions are not possible to solve if 

provenance is not provided. The standardization 

provides an interoperable vocabulary that we can use to 

make queries. The separation of concepts in the data 

model facilitates building software that is able to 

answer complex the queries to a metadata catalogue. 
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ABSTRACT 

Lineage information is the part of the metadata that describes “what”, “when”, “who”, 

“how” and “where” a piece of geospatial data was generated. If it is well-presented and 

queryable, lineage becomes very useful information to infer data quality, trace errors 

sources and increase trust in geospatial information. In addition, if lineage from a 

collection of datasets can be related and presented together, it allows for comparing 

datasets, workflows and methodologies. 

To do that, this paper proposes the extension of process step lineage descriptions into 

four explicit levels of abstraction (process run, tool, algorithm and functionality). The 

inclusion of functionalities and algorithms descriptions as a part of lineage provides a 

high-level information that is independent from the details of the software used. This 

permits to transform lineage metadata that is initially documenting concrete processing 

tools into an abstract workflow that focus on the aim of the processing chain. 

This paper presents a system that provides lineage information as a service in a 

distributed environment. The system is complemented by an integrated provenance 

window that is capable of visualizing and querying a provenance graph composed by the 

lineage of a collection of datasets.  

In order to integrate provenance of a collection of datasets, we have combined ISO 19115 

standards family with W3C PROV. To represent lineage elements, we chose the ISO 

19115-2 lineage class names (LI_Lineage) because they express the names of the 

geospatial objects involved in a more geographic and precise way. The relation naming 

conventions of W3C PROV are used to represent relations among these elements. 

Elements and relations are presented as a queryable graph. 

Keywords: Provenance; Data queries; Metadata
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1. INTRODUCTION

The volume of Earth Observation (EO) data available is increasing progressively due to, in part, the rise of satellites and 

sensors promoted mainly by national and international spatial agencies such as ESA, NASA or JAXA, which are capturing 

data with an unprecedented level of velocity (near Real Time and Real Time). In addition to this big volume, EO data is 

being produced in a variety of formats with a wide range of veracity. Moreover, the continuous technological improvements 

allow the treatment of bigger volumes of data giving an added value to geospatial scientific research. Thus, Big Data 

concept (IBM 2019) also applies to the geospatial field. The convergence of all these trends together has generated that 

geospatial data users have difficulties to choose the more convenient EO data product for their specific purposes, based on 

terms of trust, data quality, authority, license and accessibility, etc. This also applies when trying to compare and select 

geoprocessing services (Muller 2015). Geoprocessing tools can have technical limitations, work under some licence types 

or have certain access restrictions. Knowing those characteristics a priori would help geospatial data users to choose the 

most suitable products for their specific purpose. 

According to Baker (2016) over two-thirds of the Earth and Environment works are not reproducible because of 1) the lack 

of methodology or code, 2) access limitations to raw data and 3) incomplete metadata documentation. This is what Lemos 

(2012) has called a “usability gap”. Thus, tools that improve the comprehension of data production process are needed 

(Spiekermann et al., 2019). Brinckman (2019) presented some recommendations to increase the level of transparency and 

to capture the “Whole Tale” of the computational environments. In the geospatial world there are some initiatives such as 

"Analysis Ready Data" (ARD), data prepared with minimum processing requirements and metadata (Giuliani et al., 2017), 

that facilitates the use and interoperability of remote sensing (RS) products and attempts to reduce the usability gap. 

However, ARD data may not be applicable under certain circumstances because for apparently identical implementations 

of common algorithms, occasional case studies generate slightly and sometimes clearly different products (Fisher, 2006) 

(Lutz et al., 2003). For instance, processing methods which favours particular conditions (e.g. mountain areas or 

Mediterranean climate). That is why it is necessary to have precise information on how an ARD product was created and, 

this way, to determine its a priori limitations. In this sense, information at the different abstraction levels of geoprocessing 

services will help to distinguish and discriminate geoprocessing tools (CEOS, 2020). 

In this paradigm, geospatial lineage, information about the origins of geospatial data products, has been pointed out as a 

fundamental issue in spatial information (Jiang et al., 2018). Tracking back the production workflow, scientists can assess 

the usability, in terms of data quality, conditioned by steps more sensible to uncertainties and error propagation (Yue et al., 

2011) (Zhang et al., 2017). Moreover, when lineage information is complete and points to actual data sources and code, it 

can help to data replication (reproducibility purposes) and to workflow reuse (with other inputs). Summarizing, lineage 

information helps to overcome the knowledge gap between data providers and data consumers who want to reuse these 

models, data or algorithms in different contexts, regions or purposes. 

One could assume that a simple statement could be enough for documenting lineage, but a well-known internal structure 

is needed to extract the maximum benefit of it. Indeed, the usability and the utility of lineage increases if an interoperable 

metadata model is used, permitting the exchange and share of the geospatial data lineage in a distributed information 

environment (He et al., 2015). The Provenance Working Group of the World Wide Web Consortium (W3C) defined a 

model to represent provenance over the web. The W3C-PROV (PROV from now on) defines provenance as information 

of sources, process executions, algorithms used, conceptual frameworks behind algorithms, moment of execution and 

responsible parties involved in producing a piece of data or thing (Groth and Moreau 2013). In the geospatial domain the 
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term lineage was used to define the provenance of geographic information systems (GIS) products (Lanter 1991). The 

Spatial Data Transfer Standard (SDTS) (SDTS 1998) of the Federal Geographic Data Committee (FGDC) defined a lineage 

model, and the International Organization for Standardization (ISO) included a lineage model first in the ISO 19115:2003 

an later in ISO 19115-1:2014 (ISO 2014) and ISO 19115-2 (ISO 2019). Although the term “lineage” is more associated to 

geospatial standards, several works use both terms as a synonymous (Di et al., 2013) (Di et al., 2013). In this paper we 

introduce a slight differentiation: we consider the term lineage as the history of a single dataset, while provenance refers 

to the integrated history of more than one dataset. 

According to Ivanová (2017), the initial version of the ISO model offered an unstructured narrative to the history of the 

spatial resource and thereby it is unsuitable for automation purposes in the web. To cover this gap, López-Pellicer et al. 

(2014) and Closa et al. (2017) propose adapting the PROV model to the geospatial community requirements. Other authors 

such as He et al. (2015), and Jiang (2018) went further and semantically enriched the PROV structure with ISO concepts 

in order to permit the representation of geospatial particularities with PROV. However, the recently edited version of ISO 

(ISO 19115-2:2019) has improved substantially in structure and now is able to better represent the workflow of a production 

line (Closa et al., 2019).  

Another key factor to enhance the comprehension of the data production description is the selected provenance 

visualization approach. In complex environments, scientists rely on visualization tools to help them understand large 

amounts of data that are generated from experiments (Salton et al., 1994). Visualization tools are essential in the steps of 

discovery and inspection of data and workflows (Konkol & Krai 2019). Provenance can have a complex structure with 

multiple relations and dependencies. This can make users feel overwhelmed when exploring the different steps that lead to 

a dataset. Given the linked nature of the provenance information, one possible approach to simplify visualization is the use 

of graphs that summarize the process effectively (Yazici., et al 2018).  

Some GIS and RS tools provide users with some functionality to store lineage information. In addition, spatial agencies 

have sometimes been particularly careful on saving lineage information as part of their data preservation strategies. 

However, despite the potential of the recorded lineage information, it is rare to see a system that provides query capabilities 

that goes beyond basic metadata visualization. In this regard, there is a need for interactive systems and tools able to 

visualize, query or mine provenance information (Cohen-Boulakia et al., 2017). Nevertheless, given the multiple relations 

and dependencies between different datasets that provenance information can describe, designing such tools is a 

challenging task.  

This contribution tackles this issue presenting a system that provides lineage information as a service in a distributed 

environment that can be queried. The system is developed in order to be able to query lineage not only of specific data, but 

the provenance of a collection of datasets or federated metadata services. Our graphs go beyond to the typical lineage 

graphs which are sources or process workflow oriented; instead, the system can show the used tools, the executions done, 

the outputs generated, or the agents involved in the collection of datasets. In order to be able to include all the heterogeneity 

and variety of provenance information in a single graph, four different levels of geoprocessing abstraction are proposed, 

concretely at execution, tool, algorithm and functionality levels.  The preliminary results are tested in a map server. 

The rest of this paper is organized as follows: in Section 2, the chosen provenance representation system, paying special 

attention to the different level of granularity of the geoprocessing tools, is presented; in Section 3, the potential for 

provenance query is described; in Section 4, a query provenance system is presented; in Section 5, a use case to show the 

implementation of the system and the visualization tool is described. Section 5 also provides a discussion based on a use 
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case that exemplifies the usefulness of our proposal. The identification of future work is covered in Section 6 and finally 

the summary the conclusions obtained are presented in section 7. 

2. PROVENANCE MODEL

This paper takes advantage of the legacy of the lineage data model in the ISO 19115 family standard and the W3C PROV 

provenance data model to propose an evolved data model that relates collections of datasets in a network using provenance 

as a basis. On top of this legacy, the proposed model presents a set of levels of abstraction for process steps. 

2.1. Levels of Abstraction of process steps 

The definition and capture of the different levels of granularity of geospatial provenance data has motivated several works 

such as the one of Yue et al. (2014). In the work of Closa et al. (2017) ISO and PROV were compared to describe the 

provenance of different levels of abstraction of geospatial data (feature types, features, attribute types, attributes) and a 

proposal to describe the different levels of granularity with PROV was stated. In this present work we see the necessity to 

define the different levels of abstraction of the processing steps too: process run, processing tool, algorithm and 

functionality (see Figure 1). The meaning of these concepts is (going from more concrete to more abstract): 

 Process run (process step): An individual execution of a processing tool where a concrete set of parameters is 

used. It is a single GIS operation. 

 Processing tool (executable): A concrete version of an implementation of an algorithm in a piece of software 

that obviously can be executed several times with different sources. It is what we can find in the GitHub, buy 

from a software vendor, etc. 

 Algorithm (model): A set of mathematical and logical steps that allows to transform some inputs into some 

outputs. It can be implemented in software in different ways and programming languages. It is what usually a 

scientific paper describes. 

 Functionality (operation): an operation that transforms data into other data or information with spatial problem-

solving orientation. It is a black box that can be implemented with different algorithms giving slightly different 

results. It is what a GIS and RS textbook describes. 

These levels of abstraction are related as follows (see Figure 1): the process runs, as a single execution, executes a 

processing tool. The processing tool implements an algorithm. Finally, the algorithm gives a functionality.  

The inclusion of functionalities and algorithms descriptions as a part of provenance provides a high-level provenance 

information that is independent from the software used. This permits to take a provenance graph that is initially 

documenting concrete processing tools and abstract it into a higher-level diagram that describes the aim of the processing 

chain. This idea goes beyond pure reproducibility by providing reasoning and the intentions that are behind each process 

step. Exploiting this approach allows to: 

 Represent together in a single provenance representation the origin of different datasets. 

 Formalise provenance queries at different levels of abstraction and over a complete dataset. For instance (from 

more abstract to more concrete): 

o What functionalities are more frequently used in my organization?

o Given a quality test in my final products, what is the best algorithm that I can use?
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o How are my results affected by a specific processing tool version that has a bug?

 Translate a lineage description done in one software brand into another software product and to reproduce the 

results. 

Figure 1: The representation of the four levels of process steps abstraction 

The description of all functionalities used in a process chain depicts the task that the workflow was designed for. In the 

geospatial domain a task describes all actions that require human input or the knowledge about context and is usually 

composed by functions (Albrecht, 1998) (Sun et al., 2012) (e.g. watershed delineation or a polluting industry buffer zone 

delimitation). In any case, tasks are not bound with specific tools. Back in 1998, Albrecht (1998) demonstrated that is 

feasible to translate flow charts based in a universal GIS functionality into specific GIS software flow charts when the link 

between functionalities and GIS operations (tools used) is clear. To this purpose the different GIS software tools should be 

clearly linked to common GIS functionalities. In this sense, even though several classifications of the principles of GIS 

functionalities have been formulated (Goodchild 1991) (Kuhn 2015), semantic descriptions are still ambiguous or 

incomplete (Yue et al. 2015). This is possible the reason why the authors of this work fail to find a common, universally 

accepted, classification of the GIS functions. However, in spite of this situation, it is generally acknowledged that the main 

GIS software perform a common core of functionalities (tools with the same problem-solving intentionality (in 

concordance with the exposed in section 1, we are aware that each software tool favours specific conditions and, then, 

results will have differences)). The same can be applied to RS functionalities. In this regard, Table 1 shows a subset of this 

common GIS and RS functionalities and the name of the implementation in ArcGIS (ESRI, 2020), MiraMon (Pons, 2020), 

GRASS (GRASS Development Team, 2017) and SNAP (SNAP – ESA, 2020). 

Table 1: A relation of some of the functionalities in GIS and RS with the different implementation names in ArcGIS, 
MiraMon, GRASS and SNAP software 

GIS functionality ArcGIS tool MiraMon tool GRASS tool 

Geometric union Union CombiCapa v.overlay(or)

Extraction Clip Retalla  v.overlay(and)

Proximity Buffer BufDist v.buffer

Distance Distance BufDist r.distance

Surface interpolation Interpolation InterPNT r.resamp.interp

Slope Slope Pendent r.slope.aspect
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Aspect Aspect Pendent r.slope.aspect

Shade Hillshade Illum r.relief

Visibility Viewshed Visible r.viewshed

Cell statistics Cell statistics EstRas r.univar

Field statistics Field statistics EstCamp v.vect.stats

Joining Join GestBD v.db.join

Merging Merge GestBD v.patch

Aggregation Dissolve Ciclar v.disolve

Feature selection Select by features VecSelect v.extract

RS functionality SNAP MiraMon tool GRASS tool 

Georeferencing Orthorectification CorrGeom i.ortho.photo

Radiometric correction Sen2Cor CorRad i.atcorr

2.2. Linking geospatial datasets collections through the history of processes 

In Closa et al (2019) a lineage system was presented partly based on ISO 19115 family standard. The interactive metadata 

visualization tool (GeMM), part of the MiraMon GIS and RS software (Pons 2020), provides a graphical interface that 

shows lineage information in a hierarchical tree form. A tree represents the lineage of an isolated geospatial dataset, but it 

is not possible to represent the provenance of a collection of datasets as a forest.  

While the lineage model of the ISO metadata standards focuses on the final product instances and their history, PROV 

focuses on the relation of different pieces of information in terms of knowledge creation flow and is commonly represented 

as a graph. This does not mean that the ISO model cannot be represented as a graph, but the nature of their relations makes 

more indirect to express it and sometimes implies the use of multiple connections for representing a single relation. These 

difficulties increase when representing provenance of a dataset collection. In this sense, several authors (Jiang et al. 2018) 

(Lopez-Pellicer et al. 2015) have proved that mapping both models is possible (Table 2) and the two models (PROV and 

ISO) can be used to represent provenance of equivalent data. Thus, the combination of both models is possible. 

Table 2: This table show the PROV-ISO equivalences

PROV relations ISO elements and properties relating them 

Used LI_ProcessStep/source LI_Source (or LE_Source) 

WasAssociatedwith LI_ProcessStep/processor CI_Responsability 

WasGeneratedBy LI_ProcessStep/output LE_Source 

WasAttributedTo LE_ProcessStep/processingInformation/LE_Processing/softwareReference/CI_Citation/citedResponsiblePar
ty CI_Responsability 

WasDerivedFrom: 
Gave 

LE_ProcessStep/processingInformation/LE_Processing/procedureDescription CharacterString
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wasDerivedFrom: 
Implemented 

LE_ProcessStep/processingInformation/LE_Processing/algorithm  LE_Algorithm 

Use: Executed LE_ProcessStep/processingInformation LE_Processing 

2.3. W3C PROV to represent the abstraction levels of processes 

In PROV, provenance is the representation of entities (e.g. source, output, executable, etc), agents (person, institution, etc) 

and activities (e.g. execution). Entities, Activities and Agents form the PROV Data Model (PROV-DM) core types are 

related by the PROV-DM core relations: 

 Used  Relates activities (PROV:Activity) with (PROV:Used) entities (PROV:Entity). 

 WasAssociatedwith  Relates activities (PROV:Activity) with (PROV:wasAssociatedwith) agents 

(PROV:Agent). 

 WasGeneratedBy  Relates entities (PROV:Entity) with (PROV:WasGeneratedBy) activities 

(PROV:Activity). 

 WasAttributedTo  Relates entities (PROV:Entity) with (PROV:wasAttributedTo) agents (PROV:Agent). 

 WasInformedBy1  Relates activities (PROV:Activity) with (PROV:WasInformedBy) activities 

(PROV:Activity). 

 WasDerivedFrom1  Relates entities (PROV:Entity) with (PROV:WasDerivedFrom) entities (PROV:Entity). 

 ActedOnBehalfOf1  Relates agents (PROV:Agent) with (PROV: ActedOnBehalfOf) agents (PROV:Agent). 

In addition to the PROV core types relations, which are high-level descriptions, there are mechanisms to ‘open up’ those 

descriptions to a lower level specification. In this sense, we have introduced three subtyping of PROV-DM core relations 

to relate the four level of processing abstraction described in section 2: 

 Executed   The subtype Used:Executed, is introduced to relate the Process runs (PROV:Activity) with the 

Processing tool (PROV:Entity). A Process run executed a Processing tool once. 

 Implemented  The subtype WasDerivedFrom:Implemented is used to relate the Processing tool 

(PROV:Entity) with an Algorithm (PROV:Entity). A Processing tool implemented an Algorithm. 

 Gave  The subtype WasDerivedFrom:Gave is used to relate an Algorithm (PROV:Entity) with a Functionality 

(PROV:Entity). An algorithm gave Functionality. 

2.3.1. The combination of W3C PROV and ISO19115 to represent provenance 

In this paper, to encode provenance of a collection of datasets, we have chosen a composed solution: the combination of 

ISO with PROV. To represent each element, we chose the ISO 19115-2 lineage class names (LI_Lineage) because it 

expresses the names of the geospatial objects involved in a more geographic and precise way. The relation naming 

conventions of PROV are used to represent relations among agents (CI_Responsability), actions (LE_ProcessingSteps) and 

entities (anything else). The result of this combination can be seen in Figure 2. 

1 These PROV core relations are not used in this proposal.  
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Figure 2: This graph shows how the use of PROV is used to relate the different lineage elements. The ISO naming is 
restricted to the description of the lineage elements 

Figure 2 can be read as follows:  

A Source (LI_Lineage:LE_Source) is used (PROV:use) by a Process step (LI_Lineage:LE_ProcessStep). 

An output (LI_Lineage:LE_Source) was generated by (PROV:WasGeneratedBy) a Process step. A Process 

step was associated with (PROV:wasAssociatedWith) an Agent (LI_Lineage:CI_Responsability). A 

Processing tool is executed (PROV:used:executed) by a Process step. A processing tool implements 

(PROV:wasDerivedFrom:implemented) an algorithm (ISO:LE_Algorithm). The algorithm gave 

(PROV:wasDerivedFrom:gave) the Functionality

(LE_ProcessStep/processingInformation/LE_Processing/ procedureDescription) of a geoprocess. 

Relating the four levels of abstraction with PROV we can describe the provenance of many products in a single relational 

graph. We propose the use the global identifiers to sources and processing tool (ISO MD_Identifier) (Masó et al. 2012) , 

to coalesce repeated objects and to integrate remaining objects in a provenance graph connected by PROV relations (see 

Figure 3). By no longer separating the individual product lineage instances, PROV opens the door to a new set of 

possibilities in terms of representation and query over the data of a collection of datasets. 
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Figure 3: Graph A and graph B represent individual executions with the same functionality done with MiraMon and 
GRASS respectively. Graph C represents provenance of both executions merged into one. 

3. QUERIES FACILITATED BY THE PROVENANCE DATA MODEL

The exploitation of provenance is really enhanced when formulating queries. There are several examples in the literature 

where a consolidated and standardized data model and the associated interoperable vocabularies is the base for a query 

language that exploits the data expressed in the data model. Erwig et al (1999) see this relation for spatio-temporal data; 

Koubarakis et al (2012) show this relation in the linked data; and Amman et al (1993) recognizes the link between a model 

and query language for graphs. The same happens for the presented provenance information data model. The separation of 

concepts and the introduction of the different levels of abstraction in the data model facilitates formulating formal queries 

that involve this concepts and relations. In addition, allows for querying not only on a specific dataset, but also in a dataset 

collection.  

Queries can be formulated over the different lineage elements. In Table 3 forty-four general queries over lineage elements 

are provided. The queries presented are only an example of the potential of what we can get if we have the possibility to 

query provenance from a collection of datasets. The table is a dual entry table which relates the different lineage elements  

between them. Only the first row restricts queries to the ones that affect only to a one lineage element. 

Table 3: Forty-four examples of queries to provenance. 
Process 

run 
Processing 

tool Algorithm Functionality Agent Source Time Output 

Was any 
execution 
covering 
Africa? 

Was version 
3 of InterPNT 
used? 

Was kriging 
algorithm 
used? 

Was a 
reprojection 
functionality 
used? 

Had the user 
Bob a role in 
the creation of 
this dataset? 

Did we used a 
dataset called 
Rivers? 

Was something 
executed in 2013? 

Did we create a 
rain dataset? 

Pr
oc

es
s 

ru
n 

What was 
executed 
after the 
Process 
step 5?  

Did the 
Process step 5 
use the 
version 3 of 
InterPNT? 

Was the 
Process step 5 
a krigring 
interpolation? 

What was the 
purpose of 
Process step 5 ? 

Was the Process 
step 5 executed 
by Bob? 

Did the Process 
step 5 use a 
DEM of 2m? 

How long did the 
Process step 5 
last? 

Which data was 
generated with 
Process step 5? 

Pr
oc

es
si

ng
 

to
ol

 

 
Which tool is 
often used 
right after 
InterPNT? 

Does the 
version 3 of 
InterPNT 
support an 
IDW 
interpolation? 

Did InterPNT 
and 
r.resamp.intep
implement 
equivalent 
functionalities? 

Which 
interpolation 
tools were 
developed by a 
trusted software 
vendor? 

Did the version 3 
of InterPNT  
used any 
GeoJSON 
format?  

Is the version 3 of 
InterPNT the last 
version available? 

Which outputs 
were created 
with the version 
3 of InterPNT? 
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A
lg

or
ith

m
 Which are the 

different 
versions of 
the buffer 
algorithm 
used?  

Did GRASS 
and MiraMon 
buffer tools use 
the same 
algorithm? 

Was Bob the 
author of any of 
the used 
algorithms? 

Is this algorithm 
suitable for 
categorical data? 

When was this 
algorithm 
developed? 

Which outputs 
were created 
using this 
algorithm? 

Fu
nc

tio
na

lit
y Have all the 

corrections 
been done with 
the same 
software?  

Who did the 
radiometric 
corrections? 

Which used 
datasets were 
reprojected? 

Was something 
reprojected in 
2015? 

Which outputs 
were 
reprojected? 

A
ge

nt
 

Who used tools 
developed by 
Bob? 

Which of the 
sources used 
were produced 
by a public 
institution? 

When did Bob 
make his first 
execution in this 
collection? 

Which 
institution 
generated the 
resulting maps?  

So
ur

ce
 

Which two 
sources were 
used together?  

Were all the 
sources from the 
same temporal 
interval as the 
output? 

Was a rain 
intensity dataset 
needed to create 
rivers flow 
dataset? 

T
im

e How long it took 
to complete 
production? 

When was this 
output 
generated? 

O
ut

pu
t Was this output 

a revision of 
another 
output? 

Answers allow users to inspect directly the datasets generation history. Depending on which aspect of provenance is 

queried, different benefits can emerge: 

 Information and transparency: Description of the lineage allows us to learn how datasets are done 

 Trust and authority: of the sources and tools used: The authority can help in determining liability. 

 Data quality: Sources and processes used can be used to estimate uncertainty and blunder propagation. E.g. 

which sources have been produced with a tool that we know now that has a bug? 

 Documentation and reproducibility: The documentation of the complete workflow can help in the 

reproducibility, especially if provenance points to actual and exact datasets, parameters and tools used. 

 License and accessibility: Related to the author rights of a source. 

4. REPRESENTATION AND QUERY PROVENANCE TOOL

4.1 MiraMon Map Brower 

The MiraMon Map Browser is a visualization, analysis and download web application that runs in web browsers (Masó et 

al., 2020). The browser is coded with HTML5 and JavaScript, it uses Open Geospatial Consortium web standards service 

protocols and APIs to communicate with web services to get the minimum subsets of the information necessary to create 

a fast and dynamic user interaction. The MiraMon Map Browser can be configured to provide an integrated view of several 

datasets having something in common (geographic or thematic or both). These datasets might come from a single service 

or by several services from different institutions. In this paper we present the design of a new characteristic of the MiraMon 

Map Browser to provide an integrated provenance visualization and demonstrate the potentialities of querying provenance. 
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Lineage is communicated from servers hosting the metadata to the client that is capable of merging and presenting it in a 

provenance graph (see Figure 4). In our implementation, the lineage information of each dataset is communicated from 

service to client independently. The client relates the lineage of each dataset in an integrated provenance graph. The 

integrated view takes advantage of the connections created by common processes or sources at the different abstraction 

levels that the individual dataset lineage may have. To achieve that, for each dataset, the client software needs to identify 

the common elements processes and sources and merged them before presenting the graph. On top of that, the client offers 

different ways to filter and query the resulting graph. This permits the user to control the amount of content of the graph 

and progressively increase understanding of the graph itself and, with that, of the provenance information that represents. 

Figure 4: Steps that make possible that users retrieve information to build a integrated provenance graph. A CSW lineage 
request (1) to the server allows the retrieval of the independent lineage of each requested dataset (2). Finally, the client 
generates the provenance graph (3) 

4.2 Lineage server 

Lineage is part of the metadata, so one possible solution to retrieve lineage in a standard way is to use the OGC Catalogue 

Service for the Web (CSW). The GetRecordById request retrieves the default representation of metadata records 

characterized by this identifier. However, instead of getting the whole metadata record, we wanted a way to retrieve only 

the lineage information from the servers. Thus, we came up with a small extension of the CSW protocol that includes the 

ELEMENTSETNAME key that has “lineage” as a value. In addition, to facilitate the reading process in the JavaScript client 

we also included the OUTPUTFORMAT key and the possibility to request the lineage in a JSON encoding of the ISO 

19115 data model. Currently there is no official JSON encoding for the ISO19115, so we defined one using the draft rules 

proposed in the OGC Architecture DWG JSON best practice (https://github.com/opengeospatial/architecture-

dwg/tree/master/json-best-practice).  All these modifications were implemented in the MiraMon Map Server. The 

MiraMon Server is a stand-alone CGI application that runs on Windows operating systems and can be used in combination 

with a general-purpose web server (e.g. Internet Information Service, Apache, etc). 

The example in Figure 5: A CSW GetRecordById request operation 
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www.ogc3.uab.cat/cgi bin/mcsc/MiraMon.cgi?SERVICE=CSW&REQUEST=GetRecordById&OUTPUTSCHEMA=
http://www.isotc211.org/2005/gmd&ELEMENTSETNAME=lineage&id=MCSCv2Nivell2:EPSG:4326&OUTPUTFORMAT=application/js
on
 shows a CSW GetRecordById operation which returns the lineage information in a JSON encoding. Part of the JSON 

response is in Figure 6: Fragment of the CSW GetRecordById operation response in JSON 

"lineage":{
"statement": {“cat":" The present raster is the result of the change of cartographic

projection of the CLCM2 level 2 layer from SR UTM 31N ED50 to SR UTM 31N ETRS89."},
"processes":[

{"processor":[
{
"role":"processor",
"party":{

"organisation":
{
"name":"CREAF"
}

}
}
],

"purpose":"Metadata edition of the CLCM2 level 2",
"timeDate":"2020 06 19T19:29:38.069+02:00",
"executable":

{
"reference": "c:/miramon/GeMM.exe",
"compilationDate":"2020 06 19T19:29:38.069+02:00",
"functionality": "Metadata management and edition "
},

"parameters":
[

{
"id":"Param1",
"name":"MCSCv2Nivell2_1",
"direction":"in",
"purpose": null,
"valueType":"source",
…

. 

Figure 5: A CSW GetRecordById request operation 
www.ogc3.uab.cat/cgi bin/mcsc/MiraMon.cgi?SERVICE=CSW&REQUEST=GetRecordById&OUTPUTSCHEMA=
http://www.isotc211.org/2005/gmd&ELEMENTSETNAME=lineage&id=MCSCv2Nivell2:EPSG:4326&OUTPUTFORMAT=application/js
on

Figure 6: Fragment of the CSW GetRecordById operation response in JSON 
"lineage":{

"statement": {“cat":" The present raster is the result of the change of cartographic
projection of the CLCM2 level 2 layer from SR UTM 31N ED50 to SR UTM 31N ETRS89."},

"processes":[
{"processor":[

{
"role":"processor",
"party":{

"organisation":
{
"name":"CREAF"
}

}
}
],

"purpose":"Metadata edition of the CLCM2 level 2",
"timeDate":"2020 06 19T19:29:38.069+02:00",
"executable":

{
"reference": "c:/miramon/GeMM.exe",
"compilationDate":"2020 06 19T19:29:38.069+02:00",
"functionality": "Metadata management and edition "
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},
"parameters":
[

{
"id":"Param1",
"name":"MCSCv2Nivell2_1",
"direction":"in",
"purpose": null,
"valueType":"source",
…

4.3 Provenance representation 

The use of a JSON encoding is particularly convenient for a JavaScript client. A JSON file can be converted into a 

JavaScript data structure with only one sentence of code. Internally, the MiraMon Map Browser also relies on a JSON file 

to define the configuration of the client. In particular, contains an array of data layers (representations of datasets) that 

describes their metadata and schemas. Among those layers metadata and schemas, lineage is described exactly in the same 

way as the JSON response of our lineage server. This provides the capability to have lineage specified directly in the 

configuration file when the layer has no CSW server to respond. The configuration file can be validated with the JSON file 

following the schema language (https://json-schema.org/) that includes the data model description and the validation 

information for the lineage part. The MiraMon Map Browser JSON schema file can be found in GitHub 

(https://github.com/grumets/MiraMonMapBrowser/blob/master/src/config-schema.json).  

4.4 Provenace interface 

To provide a more flexible provenance visualization, we departed from the tree visualization implemented in the GeMM 

and mentioned in section 2.2. In the map browser we wanted to represent lineage of one dataset or to combine lineage from 

more than one dataset in a single provenance view. Thus, we have opted for using a network representation by using vis.js 

library, which has an implementation of graph diagram visualizations. A graph is defined as a set of nodes that have 

identifiers and a set of edges that connect nodes. In the vis.js library, nodes and edges are described as two independent 

arrays of JavaScript objects in an encoding that is very different from the one used by the ISO19115 (and our JSON 

transcription of it), that are based on the concept of objects (e.g. process steps) that have other objects (e.g. sources) as 

properties, recurrently. A JavaScript code converts the JSON encoding based on the ISO 19115 into the JSON arrays 

required by vis.js. In this conversion, a process step is represented as a blue box with purple border, a tool as dark green 

box, an algorithm as purple box and a functionality as green box. A source is represented as yellow ellipsis and an agent 

as oranges circle. Edges use the color of their origin and have the PROV relations as labels (see section 2.3). Finally, the 

bright yellow ellipse is reserved for the resulting dataset itself (see Figure 7, panel 2).  

Users start the process of visualizing integrated provenance by checking for the presence of lineage information of a single 

dataset in the legend (see Figure 7). Then all the processes steps, processing tools, algorithms, functionalities, agents and 

sources documented in the production process of that dataset are displayed in a provenance window. The vis.js library 

calculates the optimal position of nodes in provenance window to avoid overlaps. This window can be resized, moved and 

there are a zoom-in and zoom-out options provided by the vis.js library. Users can still move nodes around as required. 

Additionally, JavaScript code handles the onclick events and shows more information about the node in a text area. 

Once users have the provenance graph with a single dataset represented, there are have several options to continue exploring 

provenance (see Figure 7, panel 1): 
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 Users can select some lineage element types to be hidden in order to simplify the visualization (see Figure 8, 

panel 2): 

o Agents: they can be hidden with no consequences to simplify visualization.

o Leaf sources (sources that existed independently of the executed process step): to make the workflow

simple, they can be removed from the view,

o Internal and many times temporary sources (sources which were produced during the workflow

execution): In order to enhance the comprehension of the workflow execution they can be removed from

the view.

o Processes steps: When steps are removed, tool names take their place.

o Tools: When tools are removed, they are replaced by the algorism names.

o Algorithms: When algorithms are removed, they are replaced by the functionality provided.

In the last 3 described sequence of events, the represented provenance becomes more abstract and less 

dependent from the details of the software used, making the lineage of two products created with different 

software comparable.  

Figure 7: A. Legend panel: users can navigate to a specific layer present in panel, click with the mouse button and select 
Lineage selection option in the layer. B. Provenance window: 1- Visibility and query options panel (detailed in Figure 8). 
2- Provenance graph panel. 3- Element attributes panel
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 Users can select another dataset. The “incoming” lineage elements are accumulated in the provenance window. 

This combined graph can be represented in different ways  (see  Figure 8, panel 3):  

o A new independent graph that is presented next to the previous one in the same window.

o The union of all lineage element in a provenance graph: The common elements are represented only once, 

allowing users to see the full picture of the provenance, including provenance connections between two

production processes, such as shared sources, tools, agents, etc.

o The intersection between the two graphs: The common elements are represented, creating a view that

only presents the nodes that connect and are shared by both lineage graphs. Common elements are the

most useful.

o The subtraction of the first graph: Only elements of the first graph that are not present on the other graph

are represented. This puts the emphasis on what is different in the first graph form the second one.

o The complement of the intersection: The elements that are not common in the graphs are represented,

putting the emphasis in the elements used only once.

 Users can click on the box of the process steps and request to group processes with the previous step or with the 

next step. This creates a “virtual” process that is the sequence of the previous two; in the same way as we create 

batch processes. 

 User can check the lineage statement by clicking with the right button on the resulting dataset (bright yellow 

ellipsis). 

Figure 8: Visibility query and filter options panel: 1- Layers panel. 2- Lineage elements filtered/visible panel. 3- Lineage 
fusion options. 4- Simple queries panel. 5- Complex queries panel. 

4.5 Provenance query tool 

Users can generate queries to the provenance graph resulting from the dataset activated in the Layers panel (see Figure 8, 

panel 1). The selection of lineage elements (see Figure 8, panel 2) described in section 4.4 also applies on the query result. 

There are two types of queries:   

 The simple query interface offers two lists of all objects that are present in the graph (classified per type). An 

algorithm determines if the start object is connected with the end object and masks them as well as all 

intermediate nodes that connect them. For instance, we would like to check the activity of the Agent “CREAF” 

regarding to a concrete CanviPrj execution (see Figure 8, panel 4).  
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 The complex query allows selecting two objects types and their respective attribute values. In this case, the 

user does not know the start and the end nodes names, several start and end nodes might be marked as selected. 

Not filling the attribute value will result in selecting all the nodes with the same attribute type as starting or 

ending point. For instance, we would like to check the activities of the Agent “CREAF” regarding to all the 

executions (see Figure 8, panel 5) whatever they are. As in the previous case, the objects that match the query 

are selected as well as all objects that connect them. 

Once the provenance queries are solved, the provenance window can present the resulted provenance information in two 

different forms:  

 A graph representing only the elements that were selected by the query. The result is simpler but some relations 

to other objects that are essential to understand the graph might not be visible. 

 A full graph with all element but with the selected elements emphasized. This option is more useful for graph 

that contains a limited number of elements. 

5. USE CASE: CATALONIA LAND COVER MAP

The Catalonia Land Cover Maps server (http://www.opengis.uab.cat/mcsc/) provides the first (1993), the second (2000), 

the third (2005) and the fourth (2009) edition of Catalonia Land Cover Map (MCSC) (https://www.creaf.uab.es/mcsc/), 

and 1987, 1992, 1997, 2002, 2007, 2012, 2017 editions of Land Use and Cover Maps of Catalonia (DTES MUCSC) (DTES 

web site2) (see Figure 8). Even though the usability of both products is similar, its workflows generation and what are 

representing is quite different. 

On the one hand, the MCSC were done by photointerpretation and digitizing on computer screen, which permits the use of 

other digital cartography elements as a direct support for the process. The base materials for the photointerpretation are a 

set of orthophotos in natural colour from the Cartographic and Geologic Institute of Catalonia (ICGC). The 2005 and 2009 

editions have hierarchical levels of complexity of the legend (the simplest is the level 1 and the more complex is the level 

5) (Ibàñez et al., 2010). The server contains the level 2 of all editions and the level 5 of 3rd and 4th edition. On the other

hand, MUCSC were generated using automatic classification of satellite imagery and auxiliary cartography. While the

1987, 1992, 1997 and 2002 MUCSC maps editions where generated by the ICGC, the 2007, 2012 and 2017 editions were

generated by the UAB. In addition, 1987, 1992, 1997, 2002 and 2012 MUCSC were done using Landsat images (Landsat

5, Landsat 7 or Landsat 8 depending on the edition), the 2017 was done with Sentinel 2 images (Gonzalez-Guerrero et al.,

2019). The software used has evolved, with new methodologies and new versions of the same applications. Finally, manual 

editing tasks to fix the unavoidable errors of the automatic classification have been done. This scenario represents a good

example to validate the visualization and queries techniques developed within the framework of MiraMon Map Browser.

5.1 Provenance visualization examples 

Based on the MCSC scenario, some examples of provenance visualization capabilities can be showed:   

 Visualization example 1 (see Figure 9, left image): A provenance graph shows the agents involved in the 

generation of the MCSC version 1. The attributes text panel shows the attribute of the lineage selected element 

2 https://territori.gencat.cat/ca/01_departament/12_cartografia_i_toponimia/bases_cartografiques/medi_ambient_i_sostenibilitat/bases_
miramon/territori/mapa-dusos-i-cobertes-del-sol/ 
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(in this case, processor:CREAF). The visibility, query and filter options panel has only the layer 

MCSCv1Nivell2 selected and the agents are visible.  

 Visualization example 2 (see Figure 10, right image): The provenance graph panel shows processing tools and 

sources involved in the MCSC version 2 generation.  In this example process steps have been abstracted into 

used tools. The attributes text panel shows the attribute of the lineage selected element (in this case, Resulting 

dataset). The visibility query and filter options panel has only the layer MCSCv1Nivell2 selected and the internal 

sources, leaf sources and processing tools are visible. 

 Visualization example 3 (see Figure 11): The provenance graph panel shows a representation of the 

combination of the lineage of the MCSC version 1 and 2. In this example the shared lineage elements are detected 

and represented only once. The attributes panel shows the attribute of the lineage selected element in this case, 

processor:Grumets/MM). The visibility, query and filter options panel have both layers selected, 

MCSCv1Nivell2 and MCSCv2Nivell2, and all lineage elements are selected.  

Figure 9: Visualization example 1 (left image) and Visualization example 2 (right image)  
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Figure 10: Visualization example 3 

5.2 Provenance Query examples 

Table 4 shows forty-four possible queries that we can apply on the provenance of our land cover map use case. The 

presented queries are only examples of the potential of querying provenance from a collection of datasets. In the dual entry 

table, we present queries that relate two lineage elements. Only the first row restricts queries to the ones asking only about 

one lineage element. 

Table 4: Forty-four examples of queries that can be formulated on the Catalonia Land Cover Maps 
Process run Processing 

tool Algorithm Functionality Agent Source Time Output 

(over a complete 
dataset) 

Q1. Was any 
execution not 
using 
MiraMon 
software? 

Q2. Was 
version 3 of 
ClassKnn 
used? 

Q3. Was the 
Knn algorithm 
used? 

Q4. Was 
supervised 
classification 
functionality 
used? 

Q5. Which 
roles had 
CREAF done? 

Q6. Was a 
dataset called 
Orto25m 
used? 

Q7. Was 
something 
executed in 
before 2013? 

Q8. Was any 
output not 
owned by 
CREAF? 

Process run 
(over MUCSC 

2017 generation) 

Q9. What was 
executed after 
version 5 of 
ClassKnn?  

Q10. Did the 
process Step 5 
use the version 
3 of 
ClassKnn? 

Q11. Was the 
Process step 5 
a Knn 
classification? 

Q12. What is 
the 
functionality 
provided by 
Process step 
5? 

Q13. Which 
process steps 
where 
executed by 
Grumets? 

Q14. Did the 
Process step 5  
use a DEM of 
2m? 

Q15. Which 
was the last 
process step? 

Q16. Which 
outputs where 
generated with 
Step 5 
execution? 

Processing 
tool 

(over MUCSC 
series 

generation) 

Q17. Which 
tool was more 
often used 
right after 
ClassKnn 
tool? 

Q18. What 
algorithm 
implemented 
version 3 of 
ClassKnn? 

Q19. Provided 
the tools 
ClassKnn and 
IsoMM 
equivalent 
functionalities
? 

Q20. Were the 
used tools 
developed by 
trusted 
software 
vendors? 

Q21. Did the 
version 3 of 
ClasskNN tool 
need PIA3 
sources?  

Q22. Was the 
version 3 of 
ClassKnn tool 
the last 
version 
available? 

Q23. Which 
versions of 
MUCSC used 
version 2 of 
ClassKnn 
tool? 

3 Pseudoinvariant areas 
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Algorithm 
(over a complete 

dataset) 

Q24. Which 
were the 
different 
versions of 
Knn algorithm 
used?  

Q25. Did all 
the 
Sup.classificat
ion tools used 
the same 
algorithm? 

Q26. Was 
CREAF the 
author and 
owner of any 
of the used 
algorithms? 

Q27. Was the 
reclassificatio
n algorithm 
suitable to 
work with 
categorical 
data? 

Q28. When 
was the 
current 
version of the 
Sup.classificat
ion 
developed? 

Q29. Which 
versions of 
MUCSC were 
created using 
Knn 
algorithm? 

Functionality 
(over a complete 

dataset) 

Q30. Were all 
radiometric 
corrections 
done with the 
same 
software?  

Q31. Which 
institution 
performed the 
radiometric 
corrections? 

Q32. Which of 
the used 
datasets were 
reclassified? 

Q33. Was 
some dataset 
classified 
before 2015? 

Q34. Which 
Land  Cover 
Maps were 
photointerpret
ated? 

Agent 
(over a complete 

dataset) 

Q35. Who 
used tools 
developed by 
CREAF? 

Q36. Which of 
the sources 
used in this 
collection 
have open 
access 
licences? 

Q37. When 
did CREAF  
made his first 
execution in 
this 
collection?  

Q38. Did 
CREAF create 
a MUCSC 
2007dataset? 

Source 
(over 2012 and 
2017 MUCSC 

series 
generation) 

Q39. Which 
sources were 
used in all 
workflows?  

Q40. Had the 
orthos used 
the same 
temporal 
interval as the 
MUCSC 
outputs? 

Q41 Which 
orthos were 
used in the 
generation 
MUCSC of 
2012 and 
2017? 

Time 
(over 2017 
MUCSC  

generation) 

Q42. How 
long took the 
complete 
workflow to 
be completed? 

Q43. When 
was the 
MUCSC map 
finalized? 

Output 
(over 20017 

MUCSC 
generation) 

 
Q44. Was this 
LULC a 
revision of 
another 
MUCSC map? 

From the forty-four examples we are showing how the results look like in two examples: 

 Query example 1 (see Figure 11): Over the complete MCSC dataset series, which processes steps were executed 

by Grumets research group? (Q13 in Table 4)  

The provenance graph shows all the processes steps involved in the generation of any of the MCSC version 

executed by Grumets and related to the generated dataset. The isolated datasets (1987, 1992, 1997 and 2002) 

mean that there are no processes steps executed by Grumets its lineage.  

The layers panel contains all MCSC versions; in the visible elements panel only agents and process steps are 

selected, and finally a complex query is filled in order to obtain only the end elements. The attributes panel 

shows the attributes of the selected element (in this case, processor: Grumets research group).   

 Query example 2 (see Figure 12): Over the complete MCSC dataset series, which versions have been generated 

using kNN (Classification by number of nearest neighbours) algorithms? (Q29 in Table 4) 

The provenance graph shows the kNN algorithm, including the functionality, related to the different versions of 

tools that implemented the kNN algorithm: ClassKnn_v2.exe and ClassKnn_v3.exe. These tools are related to 

the generated datasets. The isolated datasets (1987, 1992, 1997 and 2002) mean that the kNN algorithm have 

not been used in its lineage.   

The layers panel contains all MCSC versions; in the visible elements panel functionalities, algorithms and 

processing tools are selected and finally a complex query is filled in order to obtain only the target elements 

(those one related to knn algorithm). The attributes panel shows the attributes of the selected element (in this 

case, ClaskNN_v2.exe).   

Aportacions en el camp del Llinatge Geospacial en entorns distribuïts: de la captura a l’explotació

6. Article 5: Geospatial Queries on a Data Collection using a common Provenance Data Model 1



Figure 11: Query example 1 

Figure 12: Query example 
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5.3 Discusion 

In a network graph, dependencies and relationships between elements are represented in a more natural way than in a 

hierarchical tree form (see Figure 10). Even though it can be more difficult to follow than in a linear way, particularly in 

complex scenarios, it allows for presenting collections of datasets in as single view. Although a provenance graph with full 

detail is more informative, filtering the graph results in an easier to interpret (Figure 9 and 12) diagram. In addition, the 

possibility to formulate queries over provenance helps to take advantage of it. Answers to provenance questions allow 

users to inspect directly dataset generation history and, depending on which aspect of provenance is queried, different 

benefits can emerge4: 

 Informative and transparency. They provide a better understand and compare methodologies in Q1, Q3, Q4, 

Q10, Q11, Q12, Q15, Q16, Q18, Q21, Q24 and Q25, Q27, Q28. Q32, Q33, Q39, Q42 and Q43 

 Trust and authority: agents and its responsibility can be inferred based on the sources and tools used in Q2, Q5, 

Q13, Q20, Q31, Q37 and Q38 

 Data quality can be deduced from the quality of the sources and precisions of the processing tools used in Q6, 

Q7, Q10, Q14, Q19, Q21 Q22, Q25, Q30, Q34, Q40 and Q44.  

 Documentation and reproducibility can be achieved if all necessary details about the actual dataset, metadata or 

tools are present such as in Q9, Q16, Q17, Q23, Q24 Q29 and Q41.  

 License and accessibility: Informs about the needed resources that were accessed and licences needed such as 

in Q8,  Q26, Q35 and Q36 

6. FUTURE WORK

In the conceptual side, the levels of abstraction introduced for processes allow for transforming a precise lineage graph in 

more abstract workflow diagram or even in a list of functionalities that inform a GIS operator or student on how to create 

datasets by chaining GIS tools. By doing that, we realize that it could be also possible to abstract the sources into generic 

ones by pointing to the schema of the product or in the extreme, by providing only the topic category they belong. This 

information can be extracted from source metadata by looking at the ISO 19115 metadata fields not directly related to 

lineage. 

This paper is presenting a sketch of a provenance window that has been co-designed in collaboration with the MiraMon 

maps browser implementers. The development was completed only the first loops of an agile methodology that has been 

prototyped and only been tested with the data presented in this paper. Further loops into the development can reveal the 

need for extra functionalities or the need to repurpose the user interface of the provenance query and filter panel. 

Extending the queries presented in this paper to bigger collections is a challenge for the visualization but combined with 

the right queries could be applied to an organization to determine the most useful datasets and tools. This will be a new 

benefit for the organizations they are facing, for the first time: the challenge to have to decide which datasets should be 

preserved from the too big organizational digital legacy, and what information can be forgotten and erase from the archives. 

A comprehensive provenance study can help to this purpose. 

4 Some queries could provide more than one benefit. The most relevant benefit is presented in this classification 
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7. CONCLUSIONS

The geospatial lineage is a necessary component in the metadata of spatial information distributed over the web. However, 

it is recognized that these benefits cannot be materialized if there are no proper tools to help users in visualizing and 

interpreting it. This paper has made two main contributions to overcome this situation, 

On one hand, the introduction of four levels of abstraction of the process step description (process run, processing tool, 

algorithm and functionality) has proven as a valuable way to better describe lineage. The inclusion of functionalities and 

algorithm descriptions as a part of lineage provides a high-level information and representation that is independent from 

the software used or the moment in time the step was executed. This solution has provided benefits: allows for 

interconnecting datasets coming different workflows and opens the possibility to compare workflows at the methodology 

level. In this sense, the combination of the lineage model of ISO19115 family (to express the object types of the geospatial 

objects involved the production processes) with W3C PROV (to convey the relation naming conventions) was 

demonstrated. In this paper, a provenance symbolization as a provenance graph instead of hierarchical tree was explored 

as more flexible alternative.  

The web tool presented in this paper helps users to interpret lineage by making connections among processes and source 

more visible and allowing for filtering and querying lineage elements. The tool facilitates the formulation of queries to 

interrogate the origins of geospatial data of a collection of datasets. The tool generates on-demand visualizations that 

provides answer to queries that emphasize the benefits of lineage information: Informative and transparency; trust and 

authority, data quality; documentation and reproducibility; and license and accessibility. 

The possibility to formulate queries over a collection of datasets will give an added value to provenance and will provide 

scientists and technicians the opportunity to inspect dataset interrelations and workflow performance. Provenance graph 

could help on the difficult task of determining the most useful datasets and eventually deciding what information should 

be preserved for future generations. 
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El resum de resultats d’aquesta tesi es realitza presentant de manera unificada9 les principals fites 
assolides al llarg dels capítols 2, 3, 4, 5 i 6. En primer lloc, es presenten els resultats relacionats amb 
els Aspectes derivats de les propostes en els models de representació (subapartat 7.1). A continuació, 
es presenten els  resultats  relacionats  amb els Aspectes derivats de  les propostes  en  la  captura  i 
visualització (subapartat 7.2). Finalment, es presenten aquells resultats relacionats amb els Aspectes 
derivats de les propostes de consultes sobre el llinatge (subapartat 7.3).  

7.1 Aspectes derivats de les propostes en els models de representació 

En aquesta secció es detallen les diverses propostes realitzades sobre els aspectes relacionats amb 
la representació del llinatge, l’estudi dels models disponibles i les seves codificacions.  

7.1.1 PROV  i  RDF  per  descriure  llinatge  a  nivell  d'atribut,  element  geospacial  i 
conjunt de dades  

En determinats processos geospacials és fonamental capturar el llinatge a nivell d’atribut, d’element 
geospacial i de conjunt de dades. En són un exemple els processos recurrents de fusió de dades, on 
els conjunts de dades resultants poden contenir objectes amb diversos orígens. Per aquest motiu, els 
models  de  llinatge  han  de  permetre  representar  els  nivells  més  baixos  de  granularitat  (nivell 
d’element i/o atribut), a la vegada que compartir les característiques comunes dels nivells més alts 
(nivell de capa) i especificar les característiques concretes només quan sigui necessari. Així es redueix 
la redundància i s’aconsegueix una notació més compacte.  

A tal efecte, es proposa l’ús de l’estàndard PROV per capturar els diferents nivell de granularitat en 
base a les següents evidències: 

 PROV  és  un  model  de  dades  orientat  a  objectes,  basat  en  la  declaració  d’objectes 
corresponents a aspectes del món real agrupats en classes. 

 Amb PROV es pot documentar informació de llinatge en notació RDF. Aquesta notació s’adapta 
millor que l’XML de la ISO per a descriure models de dades orientats a objectes i intercanviar el 
llinatge en entorns distribuïts. 

 La definició àmplia de  les classes PROV, com ara entitats  i activitats,  inclou  implícitament els 
diferents nivells de granularitat. 

 PROV  requereix menys espai d’emmagatzematge que una alternativa que usi  la combinació 
d’ISO i GML. 

La proposta es basa en la definició d’atributs, elements geospacials i conjunt de dades com a entitats 
(en PROV qualsevol cosa a descriure és una entitat) i la introduccció de hadGeometry i hadProperty 
per relacionar els elements geospacials amb els atributs i les seves geometries (Figura 9). La relació 
hadMember  (relació  definida  pel model  PROV)  vincula  els  conjunts  de  dades  amb  els  elements 
geospacials.  

 
9 Per tal de donar una visió unitària, s’ha preferit no mencionar en quin capítol s’arriba a cada resultat. 
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Figura 9: Diagrama que representa la relació dels nivells de conjunt de dades, element geospacial i atribut amb 
PROV (Font: Figura 4 capítol 2) 

Per altra banda, l’ús de l’RDF ens apropa al concepte de dades enllaçades (Linked Data), permetent 
relacionar‐les amb altres dades, de manera que es fan més útils mitjançant consultes semàntiques. 
La Taula 11 mostra les declaracions dels diferents nivells d’entitats del diagrama de la Figura 9. 

Taula 11: Declaració dels diferents nivells d’entitats i les seves relacions amb RDF en codificació N3 (Font: Taula 
1 capítol 2) 

 
7.1.2 Combinació del WPS i el model ISO per descriure el llinatge 

La constatació que el model de llinatge ISO té certes limitacions ens ha portat ha experimentar amb 
la  combinació  d’aquest model  amb  el model WPS  de  l’OGC  per  tal  de descriure  el  llinatge més 
completament.  Tal  i  com  es  pot  observar  a  la  Figura  10,  presentem un model  de  llinatge  on  el 
LI_Lineage  (ISO) és ampliat amb  l’estàndard WPS. En concret, aprofundeix en  la descripció de  les 
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fonts  i  les  sortides. D’aquesta manera,  el  llinatge  és  pot  llegir  com  una  seqüència  de  processos 
descrits amb el model ISO, que usen una sèrie de paràmetres (inputs) descrits amb el WPS, alguns 
dels quals poden ser fonts.  
 

 
Figura  10:  L’ISO  19115  LI_Lineage  descriu  la  provenance  com  una  seqüència  de  LI_ProcessStep  que  usa 
LI_Source. La informació continguda a LI_Source és ampliada amb l’ús d’alguns elements del WPS (diagrama 
de classes UML) (Font: Figura 2, capítol 4) 

La incorporació del WPS ens ha permès presentar els resultats següents:  

 Establir l’ordre de les fonts i la direcció 

L’etiqueta  opcional  ows:Metadata  del WPS  describeProcess  response  ens  permet  associar  cada 
paràmetre  i/o  font  amb  un  paràmetre  de  la  sintaxi  i  establir  l’ordre  (p.  ex.  ows:Metadata 
xlink:title="Param01" pel paràmetre 1 d’una línia de comanda) .  

Per definir si una font és una entrada o una sortida, utilitzem les etiquetes de la resposta a un WPS 
describeProcess actuals: \DataInputs\Input i \ProcessOutputs\Output respectivament. Per les fonts o 
paràmetres que es converteixen en una sortida (entrada/sortida) després de l'execució, hem utilitzat 
l’etiqueta per definir  l’ordre: quan una font (Input\ows:Metadata xlink:title="ParamIdentifierX”) es 
converteix  en  una  sortida,  es  torna  a  escriure  com  una  sortida  (Output\ows:Metadata 
xlink:title="ParamIdentifierX”) utilitzant el mateix xlink:title. 

 Descripció dels valors literals 

El model ISO tenia una mancança en quan a la descripció dels paràmetres de tipus literal (numèric o 
alfanumèric), doncs no preveia  la captura del valor  individualitzat de cada paràmetre. En el model 
proposat, els valors literals de paràmetres es capturen fent servir el document de resposta d’un WPS 
describeProcess.  Concretament,  \DataInputs\Inputs\LiteralData  en  el  cas  d’entrades  de  dades; 
\ProcessOutputs\Outputs\LiteralData en el cas de les sortides.  
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Aquesta proposta es va introduir com a sol∙licitud de canvi de l’ítem de treball ISO 19115‐2 i es va 
treballar en les reunions del TC211 amb els editors per ampliar l'estàndard en aquesta direcció. Les 
noves revisions de l’ISO 19115‐2 (Figura 11) ja incorporen aquesta sol∙licitud. 

 
Figura 11: Diagrama UML del model de llinatge de l’ISO 19115‐1 i l’ISO 19115‐2. Els rectangles 1 i 2 formen 
part  dels  canvis  introduïts  a  la  revisió  de  l’ISO.  El  rectangle  vermell  1  mostra  la  nova  classe 
LE_ProccessParametre  i els seus atributs. El rectangle vermell 2 mostra com es codifica si el paràmetre és 
entrada o sortida (Font: Elaboració pròpia sobre il∙lustració extreta de la ISO 19115‐2:2019) 

 Captura dels experiments científics, iteracions prèvies o execucions descartades 

Era necessària una proposta per capturar les iteracions prèvies o les execucions descartades com a 
part de les anotacions dels experiment científics. Amb aquest objectiu, proposem l’ús del marcador 
otherProperty de LE_Processing del model ISO per documentar si el resultat obtingut és el resultat 
previst o definitiu. En aquest  sentit vam assignar el otherProperty  com  recordtype amb un  camp 
anomenat “iteration” que pot tenir dos valors: “iteration=discarded" o “iteration= satisfactory". 

7.1.3  Abstracció dels diferents nivells de processament 

La  definició  de  diferents  nivells  d’abstracció  de  processament:  execució,  eina  de  processament, 
algorisme i funcionalitat(Figura 12) s’introdueix amb un objectiu doble:  
 Enriquir semànticament les descripcions dels processos. 
 Relacionar  les descripcions de  llinatge de conjunts de dades per  tal de possibilitar  la seva 

representació  gràfica  conjunta,  comparació  i  generació  de  consultes  sobre  llinatges  de 
diversos conjunts de dades. 
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 Abstracció dels diferents nivells de processament  

S’han ampliat els diferents nivells d'abstracció que descriuen un procés:  

 Execució (process run o process step): Execució individual d’una eina de geoprocessament. És 
una operació SIG individualitzada. 

 Eina de processament (executable): Versió concreta d’una implementació d’un algorisme en 
un programari que, òbviament, es pot executar diverses vegades amb fonts diferents. 

 Algorisme (model): conjunt de passos matemàtics i lògics que permeten transformar algunes 
entrades en sortides. Es pot implementar en programari de diferents maneres i amb diferents 
llenguatges de programació. Es sol descriure en un document científic o tècnic. 

 Funcionalitat  (operació):  Nom  de  l’operació  que  transforma  dades  en  altres  dades  o 
informació  amb  una  orientació  clara  a  la  resolució  de  problemes  espacials.  És  un  dels 
elements del llistat de capacitats que descriu un llibre de text de SIG i/o de teledetecció. 

Aquests nivells d’abstracció es relacionen de la manera següent Figura 12):  

L’execució  executa  (Executed)  una  eina  de  processament.  L’eina  de  processament  implementa 
(Implemented) un algorisme. Finalment, l'algorisme proporciona (Gave) una funcionalitat10 

 
Figura 12. Nivell d’abstracció de les eines de processament (Font: Figura 1, Capítol 6). 

La inclusió de funcionalitats i descripcions d'algorismes com a part de la provenance proporciona una 
informació d'alt nivell que és independent del programari utilitzat. Això permet que un diagrama de 
provenance que inicialment està documentant eines de processament concretes (per exemple part 
del propi programari;  com  fa el MiraMon), es pugui abstraure a un nivell  superior per descriure 
l'objectiu o la metodologia general de la cadena de processament. 

 

 
10 Per seguir amb les regles proposades per W3C PROV aquestes relacions entre objectes s’expressen en passat. 
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 Combinació del model PROV i el model ISO per representar els diferents nivells d’abstracció 

Per codificar el llinatge d’un catàleg complet de dades, hem escollit una solució composta basada en 
la combinació del model PROV i el model ISO (Figura 13):  

 Les  convencions  de  PROV  s’han  utilitzat  per  representar  relacions  entre  agents 
(CI_Responsability), accions (LE_ProcessingSteps) i entitats (qualsevol altra cosa).  

 Els  elements  de  llinatge  s’han  representat  amb  els  noms  de  classe  de  l’ISO  19115‐2 
(LI_Lineage). Aquests proveeixen noms més concrets per referir‐se al que PROV anomenaria 
entitats, agents i accions. 

 
Figura 13 Aquest gràfic mostra com s’usa PROV per descriure les relacions, mentre que l’ISO està restringida 
a la descripció dels elements (Font: Figura 2, Capítol 6). 

Presentant els quatre nivells d’abstracció amb PROV, podem descriure l’origen de diversos conjunts 
de dades en una sola visualització que mostra les relacions entre elles (Figura 14). S’ha proposat l’ús 
d’identificadors  globals  per  les  fonts  i  les  eines  de  processament  (ISO MD_Identifier),  per  a  co‐
escriure objectes repetits i integrar els objectes restants en un únic graf de provenance connectat per 
relacions PROV. 

En integrar diversos conjunts de dades de llinatge en una representació, PROV obre les portes a un 
nou conjunt de possibilitats en termes de representació i consulta sobre les dades d’una col∙lecció de 
conjunts de dades o catàlegs de metadades sencers.  

El  subapartat  7.2.2  descriu  els  resultats  obtinguts  en  la  representació  conjunta  del  llinatge  de 
conjunts de dades i el subapartat 7.3.3 presenta els resultats per l’eina de generació de consultes en 
entorns distribuïts. 
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Figura 14: Els gràfics A i B representen execucions individuals amb la mateixa funcionalitat realitzada amb dos 
programaris diferents: MiraMon  i GRASS, respectivament. El gràfic C representa  la provenance d’ambdues 
execucions fusionades en una sola instància(Font: Figura 3, Capítol 6). 
 

7.2 Aspectes derivats de les propostes en la captura i visualització 

Aquesta  secció  detalla  els  resultats més  destacats  dels  aspectes  relacionats  amb  la  captura  i  la 
visualització del llinatge.  

7.2.1 Provenance Engine: eina integral de gestió del llinatge 

El Provenance Engine (PE) és l’eina integral de gestió del llinatge desenvolupada en el marc del GeMM 
i el MiraMon per capturar, editar, visualitzar i exportar el llinatge geospacial.  

 Captura automàtica del llinatge 

El PE és una biblioteca de funcions, escrita en llenguatge C, compartida entre la interfície visual del 
GeMM  i  les  aplicacions  de  SIG  i  teledetecció  del MiraMon. Així,  cada  aplicació  utilitza  aquestes 
funcions per llegir les metadades dels conjunts de dades font, i integrar aquesta informació al llinatge 
del conjunt de dades resultant. 

Per tal de millorar  la gestió del  llinatge del PE, per a cada aplicació del MiraMon es va escriure un 
document  plantilla  que  fa  servir  l’esquema  dels  document  de  resposta  del  describeProcess  de 
l’estàndard WPS. El PE utilitza la plantilla generada per capturar, durant l’execució de l’aplicació, tota 
aquella informació de llinatge comuna per totes les execucions (p. ex. la descripció de cada paràmetre 
de la sintaxi, el propòsit de l’aplicació, etc). Per altra banda, el PE empra els documents de resposta 
execute del WPS per emmagatzemar en el  llinatge  informació especifica de cada aplicació  (p. ex. 
fitxers fonts, valors literals, sortides, etc)(Figura 15). 
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Figura 15: La PE utilitza documents resposta de WPS DescribeProcess per extreure informació i incorporar‐la 
al llinatge. La interfície del GeMM (gestor de metadades) permet als usuaris editar i modificar la provenance 
de les dades geospacials generades per les aplicacions del MiraMon (Font: Figura 6, capítol 4). 
 

 Edició del llinatge 

Tal i com mostra la Figura 15 un cop la informació de llinatge està capturada, aquesta pot ser editada 
a posteriori amb el GeMM. La interfície gràfica del GeMM (Figura 16) permet editar la informació de 
llinatge afegint o suprimint processos o paràmetres en un  flux de  treball. A més,  la descripció de 
l’algorisme, els passos de processament, les dates d’execució, la responsabilitat del producte i l’ordre 
dels  processos  es  poden  editar  i  adaptar  a  cada  escenari. Això  permet  als  productors  de  dades 
completar o ajustar  la descripció de  llinatge que es captura automàticament durant  l’execució del 
flux de treball.  

 Visualització del llinatge com un arbre 

La  interfície gràfica del GeMM (Figura 16) ajuda als usuaris d’IG a navegar  i  interpretar el  llinatge. 
L'eina  representa  l’origen  d'un  conjunt  de  dades  com  a  llista  de  processos.  Cadascun  d’aquests 
processos té una llista indentada de tots els paràmetres utilitzats i de totes les sortides generades. Al 
mateix temps, alguns dels paràmetres del flux de treball (les fonts de dades) es deriven de processos 
anteriors  (procés  pare),  que  són  representats  a  un  nivell més  profund  amb  la  seva  pròpia  llista 
indentada de paràmetres utilitzats, etc. Per tant, l'estructura de l'esquema de provenance augmenta 
progressivament en profunditat. 
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Figura 16: Interfície gràfica del GeMM: (1) ubicació de l’arxiu de metadades i nom del conjunt de dades; (2) 
caixetí amb l’arbre de llinatge que inclou tots els processos i les fonts utilitzades en la història de la creació del 
conjunt  de  dades;  (3)  caixetí  per  visualitzar  o  editar  els  atributs  de  cada  font  o  procés:  atribució,  data 
d'execució, descripció del procés, descripció d'execució, etc (Font: Figura 6, capítol 4). 

7.2.2 Visualització del llinatge com un graf 

En  un  entorn  distribuït,  on  es  necessita mostrar  el  llinatge  de més  d’un  conjunt  de  dades,  la 
visualització en  forma  xarxa és preferible. Aquest  tipus de visualització  s’ha desenvolupat dins el 
navegador de mapes del MiraMon. Aquest permet proporcionar una visió integrada del llinatge de 
diversos conjunts de dades que tenen alguna cosa en comú (geogràfic o temàtic)  i que poden ser 
produïts per més d’una organització.  

En  el  sistema  servidor‐navegador  del  MiraMon  el  llinatge  es  recupera  del  servidor  però  la 
representació gràfica del llinatge es fa al costat client. S’ha utilitzat la biblioteca visjs (2020), que té 
una implementació per la generació de grafs, per a simbolitzar el llinatge.  

S’ha creat un codi JavaScript que converteix la codificació JSON basada en la norma ISO 19115 a les 
matrius JSON requerides per la biblioteca de funcions del vis.js. El graf es defineix com un conjunt de 
nodes que tenen identificadors i com un conjunt de vores que es connecten als nodes que identifica. 
La Figura 17 mostra un exemple de representació del llinatge d’un sol conjunt de dades. 
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Figura 17: Vista del llinatge d’un conjunt de dades del navegador de mapes del MiraMon. Les fonts emprades 
estan representades amb el∙lipses grogues. Les execucions amb rectangles porpra i les eines emprades amb 
rectangles de color verd. En aquest cas només hi ha un agent (cercle de color taronja). L’el∙lipse de color groc 
brillant és el conjunt de dades resultant del llinatge descrit. (Font: Elaboració pròpia). 

7.3 Aspectes derivats de les propostes de consultes sobre el llinatge 

A continuació es detallen els resultats més destacats quant als aspectes relacionats amb les consultes 
i l’explotació del llinatge. 

7.3.1 Demostració d'ús SPARQL per consultar el llinatge geospacial 

Un cop la informació de llinatge és capturada i serialitzada amb la notació N3 d’RDF (tal i com s’apunta 
al  subapartat  7.1.1),  es  pot  emprar  el  llenguatge  de  consultes  SPARQL  per  explotar  les  dades  i 
seleccionar fragments específics del llinatge (Taula 12).  

Taula 12: Consulta  amb  SPARQL per  seleccionar  elements  generats d’una data  específica  (Font:  Taula 13 
capítol 2)  

 
 

Les representacions gràfiques de la totalitat, o de fragments derivats de les consultes sobre el llinatge, 
ajuden  a  la  comprensió  dels  productes  geogràfics.  El  programari  Gruff  
(http://franz.com/agraph/gruff/)  es  pot  utilitzar  per  interpretar  les  tripletes  i  generar 
automàticament un graf. La Figura 18 mostra la representació de les tripletes derivades de la consulta 
de la Taula 12. 
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Figura 18: Representació gràfica dels resultats de la consulta de la Taula 12 (Font: Figura 11, capítol 2) 

7.3.2 Consultes sobre el llinatge de catàlegs de dades en entorns distribuïts 

S’ha constatat que és rar trobar un sistema de  llinatge que ofereixi funcionalitats de consulta que 
vagin més  enllà  de  la  visualització  bàsica  de  les metadades.  En  aquest  sentit,  s’ha  plantejat  la 
necessitat de  fer cerques  sobre conjunts de dades geospacials  i eines de processament. Amb  tal 
propòsit, els usuaris haurien de disposar d’un entorn (interfícies gràfiques) que facilités la generació 
de consultes així com la clara representació de resultats. A més, es planteja la necessitat de poder 
consultar  tot el  llinatge present en un  catàleg de metadades,  augmentant‐ne el  valor  afegit,  tot 
proporcionant  als  científics  i  tècnics  l'oportunitat  d'inspeccionar  no  només  dades  geospacials 
específiques, sinó el conjunt de dades d’un catàleg , algorismes i metodologies utilitzades. 

Disposar d’un model de dades de  llinatge sòlid  i complet permet plantejar consultes complexes  i 
obtenir resultats satisfactoris. La Taula 13 mostra un conjunt de consultes que es poden formular no 
només  sobre un conjunt de dades,  sinó  sobre  la  totalitat del catàleg de metadades. Els  resultats 
d’aquestes consultes ens poden aportar informació sobre la credibilitat, la qualitat de les dades, la 
reproductibilitat de la informació i l’accessibilitat a les dades. 
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