
SUMMARY 
 

 

This final degree project is part of the EBRO-ADMICLIM LIFE project (13 ENV/ES/001182), 

which is a pilot project about mitigation and adaptation measures to the climate change in 

Ebro Delta. 

 

The aim of this final degree project is to create a database with PostgreSQL to store the data 

of different geophysical techniques and geologic exploratory drilling with conditions set by the 

INSPIRE (Infrastructure for Spatial Information in Europe) administration. 

 

Therefore, first, we must be clear about all the data that must be stored in the BBDD and 

how it is structured in the UML (Unified Modelling Language) schemes of the INSPIRE 

administration, in order to design a logical model and, after that, to create the database. 

 

It is also necessary to upload the data into the database (BBDD) automatically. To do so, 

some macros have been programmed with Microsoft VBA (Visual Basic for Applications) to 

generate the insertion scripts to the database. 

 

At last, to check and view all the information a web viewer has been created. 
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1  Introduction 

 

The EBRO-ADMICLIM LIFE (13 ENV / ES / 001182) project, is a project innovative at an 

international level, funded by European Union’s LIFE+ program, whose type of approach has 

not been applied in the European Union so far. It proposes mitigation and adaptation 

measures to the climate change in the Ebro Delta (Catalonia, Spain). 

 

Within the framework of the EBRO-ADMICLIM project, both geological and geophysical data 

are disposed to be standardized and stored into a database that may allow geoservices 

afterwards, all following the INSPIRE (Infrastructure for Spatial Information in Europe) 

administration. 

 

To store this data, we will use the PostgreSQL object-oriented relational database manager, 

which allows us to store special data, with the PgAdmin III administrating and development 

platform. Both have an Open Source license. For the implementation of the database 

(BBDD), first an analysis of the requirements will be made, after that the conceptual and 

relational logical models will be created and, finally, the physical model. 

 

Subsequently, for the management of this data, a geographic information system (GIS) must 

be created to be consulted and checked. 

 

Finally, this data will be imported into a web viewer. To do so, we will use QGIS to import the 

PostgreSQL data and download it in a format compatible with the INSTAMAPS viewer for the 

distribution and sharing of this data on the internet, both in Open Source. 

 

This final degree project is carried out thanks to the collaboration agreement between the 

ICGC (Institut Cartogràfic i Geològic de Catalunya) and the UPC (Universitat Politècnica de 

Catalunya), with an approximate extension of 8 months. 

 

In this technical document the processes and methods of all phases in which the project is 

divided are detailed to accomplish the set objectives. 
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2 OBJECTIVES 

 

This section specifies the main objectives of the final degree project and its different phases. 

 

2.1 General objectives 

 

The main objective of this project is to create a spatial database to organize all of the 

geological, geophysical and interferometric data that the ICGC has of the Ebro Delta area 

following the INSPIRE data specifications. 

 

2.2 Specific objectives 

 

To achieve the general objective of this project it is necessary to perform a series of specific 

tasks in a specific order, illustration 1. In the Gantt chart, table 1, we can see the dedication 

planned for each task. 

 

 

To achieve it, the tasks that must be carried out are the following: 

 

 Data organization (matching table) 

This table, file Geophysics Mapping Table.xlsx of the CD, which can be downloaded 

from the INSPIRE website (https://inspire-reference.jrc.ec.europa.eu/step/mapping-

table-filling-matching-table), establishes the correspondence between the source and 

the destination schema. 

 

 Database model creation 

A database model shows the logical database structure, including the relationships 

and limitations that determine how data is stored and how it is acceded. 

 

The objective of this section is to generate the data models that store all of geological, 

geophysical and interferometric data made by ICGC, complying with the technical 

specifications of the INSPIRE directive. In addition, it must be able to be implemented 

in PostgreSQL. The following models must be created:  

 

• Conceptual model 

• Logical model 

• Physical model 
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 Creation of the database implementing the model 

With values extracted from the data model and with SQL scripts the database 

(BBDD) can be implemented. 

 

For the BBDD implementation we will use the PgAdmin III database manager. 

Beforehand this should be given: 

 

1. Users of different levels for the consultation and/or modification of the 

BBDD 

2. Scripts to create the database, section 5.3 Implementación. 

2.1. Create BBDD 

2.2. Create schema 

2.3. Create tables (with attributes) 

2.4. Create restrictions 

2.5. Create relationships 

 

 Data structure modification 

The data in the database must be inserted in a certain order and structure. In the 

case of interferometric data, a macro will be programmed because there are too 

many points to perform this task manually, Codigo_macros.vb file of the CD, with 

Visual Basic for Applications in Microsoft Excel (VBA). 

 

 Views generation 

Once all the data has been loaded into the database, views must be generated with 

all the data that is required in each. A view is a virtual table generated from a 

'SELECT' statement of a set of tables from the database. These views are necessary 

to be able to link in the same table all the spatial information (a geometry field is 

always required to visualize the data in QGIS) of the tables 'geophobject' and 

'geophobjectset' with the data wanted from the other tables. 

 

 Web viewer creation 

Once the views have been generated, loaded into QGIS and exported to 

INSTAMAPS, must have to be downloaded in KML format (.kml), since it is one of the 

formats used to upload your own data in INSTAMAPS. INSTAMAPS is used because 

it is a tool developed by the ICGC. 
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3  Data 

 

Interferometric data, data from different boreholes and geological specimens, and data 

collected by different geophysical techniques is to be stored. 

 

The data is provided by the respective department and comes mainly from data captured 

and/or generated during the project. Moreover, information from bibliographic sources is also 

to be included. 

3.1 Interferometry 

 

Interferometry uses the information of the RADAR phase difference signal observed during 

the different steps of the satellite to be able to observe variations of elevation in terrain’s 

surface. (Figure 2) 

 

The main benefits of controlling and measuring the surface movements by interferometry 

techniques are: 

 Detection of subcentimeter range movements in large areas. 

 Acquisition of consistent and reliable data. 

 Regular capture and update cycle (according to the period step of each satellite). 

 

In this project the Persistent Interferometric Dispersion (PSI) technique by processing the 

images of the SENTINEL-1A/B satellites during the period from 11/12/2014 to 12/31/2016 is 

used. During this period have been calculated a total of 263,867 points have been 

calculated. To be able to perform the calibration of the images, 22 artificial reflectors have 

been installed in the Ebro Delta area. 

 
Figure 2. Interferometric WideSwatch Mode 
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Orbit Sun-synchronous, near polar, circular 693km (LEO) 

Radar bands C-Band 

SAR image type Interferometric Wide Swath Mode: 

 (GSD: 5x20m, 250km swath) single-look 

 (GSD: 25x80m, 240 km swath )3-looks  

Polarization VV+VH or HH+HV 

Sampling Distance (GSD) 5-20m 

Lifespan 2014-2021 

Period Step 12 days 

Angle of incidence 29 - 46º 

Table 1. General information of the SENTINEL-1 satellite. 

 

 

 

In the ICGC, for every interferometry campaign two Excel files are generated, one with the 

metadata and another one with the data. 

 

1. Metadata XLS file 

Contains the information of the campaign. This file does not comply the INSPIRE 

legislature as noted in (CE) Nº 1205/2008. 

 

2. Data XLS file 

Contains for each point: the identification number, the UTM coordinates in the 

reference system ETRS89, the speed, its coherence and the date in which the 

displacement difference was taken. 

 

The header of this file will have always the same format. In the same campaign is the 

date number differs so there may be a variable number of columns. It is important that 

the first date is always in the column F (D20150228). 

 

 

263,867 points generate such amount of observations that would make it impossible to 

manually manage and add them to the database. To solve this problem, macros have been 

coded with VBA to automatize the uploading to the BBDD process. 
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3.2. Geophysics 
 

Geophysics is the science that studies the study of the structure and composition of the 

Earth and the agents that modify it. 

In the ICGC it is compulsory to store the obtained data directly from the observations and the 

models generated from this data. The geophysical information comes from the campaigns 

carried out in the studied zone during the years 2014 – 2016. 

This data comes from different geophysical techniques: 

 

1. Diagraphy or geophysical soundings recognition 

Physical parameters measurements along a borehole to know the geological 

properties in different strati. 

The objective in a geophysical sounding recognition is to acknowledge the different 

drilled materials. This study is based on: electric resistance of the material, the 

propagation speed of the seismic waves and the temperature and conductivity of a 

fluid. This parameters are measured continually or punctually using different probes 

displaced along the borehole. 

For each diagraphy, the ICGC provides two LAS files which contain the metadata in 

the header and the data in the following columns. 

 

2. Electric tomography (ERT) 

An electric tomography measures the electric resistance of the materials found in the 

subsoil. The ERT profiles measure the variation of the electric resistance in every 

layer. These sections are linked with the geological and geophysical information of 

the area giving a detailed profile of the subsoil. 

For each one of the ERT profiles, the ICGV provides: 

• BLN file which contains two columns with data 

• DAT file 

• JPG file which contains the model 

• Two SHP file which contains the initial and final point of the ERT 
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Figure 3. Electric behavior in function of the deepness of the layer. 

 

 

 
Figure 4. Location of the ERT profiles. 
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3. Passive seismic (H/V). 

The passive seismic technique is based on acquiring de seismic noise with different 

dispositions of probes during certain periods of time. The appliance of this techniques 

does not require an active seismic source. The seismic noise is defined as the 

movement of the soil generated by sources no seism-genetic. This noise is defined by 

a low amplitude and wide frequency range. 

For every technique H/V, the ICGC provides a SHP file with the coordinates UTM of 

every point in the reference system ETRS89, the observation date, errors and 

comments. 

 
Figure 5. Probe location for the H/V technique 

 

 

4. Multichannel analysis of surface waves (MASW) 

The MASW method analyses the propagation of the superficial seismic waves (Vs), 

mainly the Rayleigh Waves, which spread horizontally from the source to the 

receptive geophone. 

For every MASW technique, the ICGC provides two SHP files with the spatial 

information of each line. 
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Figure 6. MASW lines 

3.3. Geology 
 

Geology is the science that studies the origin, formation and evolution of the Earth, the 

materials that conform it and its structure. Referring to the geological data, it is necessary to 

store the boreholes data and laboratory specimens. 

The boreholes consist of perforations of reduced diameter (between 65 and 140 mm). Even 

though it doesn’t provide an “in situ” view of the soil, this technique is used to obtain samples 

of the terrain which can be used to perform tests. 

1. Borehole. XLSX file which contains the source, identification, UTM coordinates, 

final height and interval between each geological unit. 

2. Specimens. XLSX file which contains the source, identification, UTM coordinates, 

height, deepness, dry density and composition. 

  

Figure 7. Drilling machine Figure 8. Subsoil specimens 
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4 INSPIRE Directive 

 
The INSPIRE Directive has set its objective to create a spatial data infrastructure that allows 

the interchange of spatial information about the environment between the public 

administration and organizations, grant access to the public to all Europe’s spatial 

information and contribute to elaborate policies across borders. 

INSPIRE is based on the infrastructures for spatial information established and operated by 

the Member States of the European Union. The Directive addresses 34 spatial data themes 

needed for environmental applications.  

The Directive came into force on 15 May 2007 (Directiva 2007/2/CE) and will be 

implemented in various stages, with full implementation required by 2021. The transposition 

of this Directive into the Spanish juridical ordering it is done thanks to Ley 14/2010, July 5th, 

that laws about the “Insfraestructuras y los Servicios de Información Geográfica en España” 

(LISIGE). 

 

 
Figure 9. INSPIRE document schedule 

INSPIRE Directive Metadata 
Regulation 

Data interoperability 
regulation 

Corrigendum 
Technical Guidelines 

LISIGE 

Technical 
Guidelines 
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To ensure that the spatial data infrastructure is compatible and interoperable within all the 

Member States, the Directive demands the Implementing Rules: 

• Metadata 

• Data sets 

• Web services 

• Spatial data services 

• Shared usage services and data 

• Tracing and documentation 

This rules are mandatory in every Member State. The technical implementation of this rules 

is done with the Technical Guidelines, technical documents based upon the international 

standards and rules. 

The INSPIRE Directive is being implemented in stages with the INSPIRE roadmap setting 

out target dates for implementation of these stages. 

 
Figure 10. Roadmap 
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5 BBDD design and implementation 

 

5.1 Requirement analysis 

First, the system to be build will be determined. The functional requirement define what will 

the system do, while the non-functional requirements are restrictions given by the services or 

system functions. 

 

5.1.1 Functional requirements 

The functional requirements are used to describe what the system must be able to do. These 

requirements depend on the services which the system must give and how it has to behave 

in particular situations. 

• Create different level users for query and/or modification of the BBDD. 

• Store correctly all the system data. 

• Database-Management System (DBMS) must be compatible with the spatial data. 

 

5.1.2 Non-functional requirements 

The non-functional requirements are constraints given by the services or functions of the 

system. Some of these constraints include time restrictions about the development process 

and standards. 

• Implementation of the BBDD in its totality. 

• Testing the system in different situations. 

• Ensure extensibility, for an easy growing in the future. 
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5.1.3 Hardware requirements 

In this section, the software used is specified and the hardware must be able to withstand its 

necessities. 

 

Icon Program Utility Open source 

  Navicat for 

PostgreSQL 

Database design NO 

  Excel 2010 Create SQL scripts and macros to 

insert the data into the database 

NO 

  pgAdmin III - 

PostgreSQL 

PgAdmin III used as administration 

and development platform for 

PostgreSQL database 

YES 

 

QGIS 2.18 Connection to PostGIS to export 

views to a vector data file 

YES 

 

INSTAMAPS Create a web viewer to share to 

internet  

YES 

Table 2. Software used. 

• Navicat for PostgreSQL: Used to design the database because it allows a connection 

with the PostgreSQL database and automatically creates SQL (Structured Query 

Language) scripts for easy implementation. 

• Excel 2010: Used to arrange the data. With the macro language Microsoft VBA, the 

“INSERT INTO” SQL scripts are generated automatically. 

• PostgreSQL: It is the database used in this project. It has been chosen because it is 

an object-oriented relational database system. In the following table, PostgreSQL 

limits can be seen: 

Limit Value 

Maximum Database Size Unlimited 

Maximum Table Size 32 TB 

Maximum Row Size 1.6 TB 

Maximum Field Size 1 GB 

Maximum Rows per Table Unlimited 

Maximum Columns per Table 250 - 1600 depending on column types 

Maximum Indexes per Table Unlimited 

Table 3. Limits of PostgreSQL. 
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• pgAdmin III: Chosen because it is the administration platform with more 

characteristics for PostgreSQL. pgAdmin III and PostgreSQL allow the insertion of 

spatial data, apart from containing numerous spatial functions. Can stablish a 

direct connection with the QGIS database to visualize the data. 

• QGIS: is a free and open-source cross-platform desktop geographic information 

system (GIS) application that supports viewing, editing, and analysis of geospatial 

data. 

• INSTAMAPS: It is an open-source web platform used to create and share 

cartographic information to internet. In this project served to upload a shape file to 

generate the geo-information viewer. 
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5.2 C.2 List of entities 

5.2.1 Analyticalsession 

This class describes the time and operator of a particular laboratory analytical session. 

AnalyticalSession also has associated links to the type of instrument and analytical method 

used, processing steps applied to data collected during a session, and instrument 

parameters unique to that session. 

5.2.2 Borehole 

A borehole is the generalized term for any narrow shaft drilled in the ground. 

5.2.3 Campaign 

Geophysical activity extending over a limited time range and limited area for producing 

similar geophysical measurements, processing results or models. Campaigns can be 

considered as parents of geophysical measurements or models. Children may refer to 

parent campaigns through the largerWork  identifier. 

For the codelist (cl_), An initial set of values are provided in the Implementation Rules. The 

codelist is expected to be extended by the geophysical community. Recommendations can 

be found in the Technical Guidence. 

5.2.4 cl_campaigntype 

Type of activity to produce data. Value shall be one of the items defined in codelist 

CampaignTypeValue. 

5.2.5 cl_collectiontype 

The type of the collection. Refers to a vocabulary of types, for example: geological map, 

thematic map, etc. 

5.2.6 cl_compositionpartrole 

The relationship of the composition part to the geologic unit composition as a whole. For 

example: vein, interbedded constituent, layers, dominant constituent. 

5.2.7 cl_geologicunittype 

The type of geological the unit. Logical constraints of definition of unit and valid property 

cardinalities should be contained in the definition. 

5.2.8 cl_lithology 

The material that comprises part or all of the geologic unit. This refers to a vocabulary of 

lithological terms. 
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5.2.9 cl_mappingframe 

The surface on which the mapped feature is projected. For example: topographic surface, 

Bedrock surface, Base of Permian, etc. 

5.2.10 cl_platformtype 

Platform on which data acquisision was carried out. Values to be used are defined in codelist 

PlatformTypeValue. 

5.2.11 cl_profiletype 

Type of geophysical profile. 

5.2.12 cl_purpose 

The purpose for which the borehole was drilled. For example: site investigation, mineral 

exploration, hydrocarbon exploration, water resources. 

5.2.13 cl_relatedmodel 

Identifier of the geophysical model that was created from the measurement. Results of the 

measurement can be referenced by these identifiers. 

5.2.14 cl_relatednetwork 

Name of a national or international observation network to which the facility belongs, or to 

which measured data is reported. Permanent measuring installations must be part of larger 

observation networks. It means that observation data is regularly sent to the archives of the 

related network in an official way. 

5.2.15 cl_resourcetype 

CodeList for the type of geophysical resource. 

5.2.16 cl_stationrank 

Geophysical stations may be part of a hierarchical system. Rank is proportional to the 

importance of a station. Significance of stations can be very different even for the same 

geophysical method. Rank must be take the following values: 1stOrderBase, 2ndOrderBase, 

secularStation, observatory. Base stations are used to tie local measurements to higher level 

networks. Secular stations are visited from time to time to detect long term temporal changes 

of physical parameters. Observatories are important facilities that collect data continuously, 

or on a regular basis.  

5.2.17 cl_stationtype 

Type of geophysical station. 

5.2.18 cl_surveytype 

Type of geophysical survey. The geophysical method is specified by this attribute. Value 

shall be one of the items defined in codelist SurveyTypeValue. 

Compositionpart 

The composition of a geologic unit in terms of lithological constituents. 
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5.2.19 Documentcitation 

Citation for the purposes of unambiguous reference to a document. 

5.2.20 dq_positionalaccuracy 

Position error estimate (or accuracy) data. 

5.2.21 Geobject 

This table is not part of the INSPIRE  / GeoSciML UML model. Relates Sf_specimen to 

geologiccollection. 

5.2.22 geologiccollection 

A collection of geological or geophysical objects. 

Geologic objects are commonly grouped into collections such as geological maps, thematic 

maps, or the required input to a geological model.  

5.2.23 Geologicfeature 

A conceptual geological feature that is hypothesized to exist coherently in the world. 

This corresponds with a "legend item" from a traditional geologic map. While the bounding 

coordinates of a Geologic Feature may be described, its shape is not. 

5.2.24 Geologicunit 

A volume of rock with distinct characteristics. 

Includes both formal units (i.e. formally adopted and named in an official lexicon) and 

informal units (i.e. named but not promoted to the lexicon) and unnamed units (i.e. 

recognisable and described and delineable in the field but not otherwise formalised). 

Spatial properties are only available through association with a MappedFeature.  

5.2.25 geophmeasurement 

Generic spatial object type for geophysical measurements. 

Geophysical measurements collect data outside or on the boundary of the observed spatial 

domain.  

5.2.26 geophobject 

GeophObject models single geophysical entities that are used for spatial sampling either by 

means of data acquisition or data processing.  

5.2.27 geophobjectset 

It is a set of geophysical objects that are grouped by some common property. p.e: created in 

the same measuring campaign. GeophObjectSets are used for spatial sampling either by 

means of data acquisition or data processing. The produced  result of a geophObjectSet is 

always collective, e.g. a map constructed from the results of the individual member objects. 
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5.2.28 Geophprofile 

Geophysical measurement spatially referenced to a curve. 

Used to collect data along a curve. Examples: 2D seismic line (field measurement), borehole 

logging, airborne geophysical flight line. 

5.2.29 Geophresult 

Container for geophysical measurement and processing results To be used in place of  

OM_Observation result 

5.2.30 geophstation 

Geophysical measurement spatially referenced to a single point location. 

Used to collect data at a single location. The source-sensor setup may be elongated or two 

dimensional, but the collected data is spatially referenced to a single point. Example: Gravity 

station, Magnetic station. 

5.2.31 Mappedfeature 

A spatial representation of a GeologicFeature. 

A MappedFeature is part of a geological interpretation.  

It provides a link between a notional feature (description package) and one spatial 

representation of it, or part of it (exposures, surface traces and intercepts, etc) which forms 

the specific bounded occurrence, such as an outcrop or map polygon. 

5.2.32 mappedinterval 

A special kind of mapped feature whose shape is a 1-D interval and which uses the SRS of 

the containing borehole. 

5.2.33 Observation 

An observation is an act that results in the estimation of the value of a feature property, and 

involves application of a specified procedure, such as a sensor, instrument, algorithm or 

process chain. The procedure may be applied in-situ, remotely, or ex-situ with respect to the 

sampling location. Use of a common model allows observation data using different 

procedures to be combined unambiguously. Observation details are also important for data 

discovery and for data quality estimation. Observation feature types are defined by the 

properties that support these applications.  

5.2.34 om_process 

The class OM_Process is an instance of the «metaclass» GF_FeatureType (ISO 

19109:2005), which therefore represents a feature type. OM_Process is abstract, and has no 

attributes, operations or associations. It serves as the base class for observation processes. 

The purpose of an observation process is to generate an observation result. An instance of 

OM_Process is often an instrument or sensor, but may be a human observer, a simulator, or 

a process or algorithm applied to more primitive results used as inputs.  



Creation of a geographical information system for the LIFE EBRO-ADMINCLIM Project | 20 

 

5.2.35 Processes 

Description of an observation process 

5.2.36 Referencespecimen 

A reference specimen is a specimen with known or accepted values of some property. The 

citation property describes the location of a published description of these values. Reference 

specimens include analytical blanks. 

Analytical results from a reference specimen analysed during an AnalyticalSession are 

delivered in the same way as the results of other specimens analysed in that session. 

5.2.37 Resultanalytical 

 

This table is not part of the INSPIRE  / GeoSciML UML model. Attribute parameter of the 

table analyticalsession. 

5.2.38 Resultobservation 

This table is not part of the INSPIRE  / GeoSciML UML model. Attribute parameter of the 

table observation. 

5.2.39 Resultsampling 

This table is not part of the INSPIRE  / GeoSciML UML model. Attribute parameter of the 

table sf_samplingfeature. 

5.2.40 spatialsamplingfeature 

When observations are made to estimate properties of a geospatial feature, in particular 

where the value of a property varies within the scope of the feature, a spatial sampling 

feature is used. Depending on accessibility and on the nature of the expected property 

variation, the sampling feature may be extensive in one, two or three spatial dimensions. 

Processing and visualization methods are often dependent on the topological dimension of 

the sampling manifold, so this provides a natural classification system for sampling 

features.   

This classification follows common practice in focusing on conventional spatial dimensions. 

Properties observed on sampling features may be time-dependent, but the temporal axis 

does not generally contribute to the classification of sampling feature classes. Sampling 

feature identity is usually less time-dependent than is the property value.  


