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Introduction: this paper addresses the storage of data on health events and PM2.5 particles in the 
city of Medellín, Colombia. The consolidation of data from heterogeneous sources poses a significant 
challenge in this context. 
Objective: the aim of this study is to propose a metamodel that facilitates the integration and stora-
ge of these data using a model-based approach. 
Methods: a modeled approach was developed to identify common aspects for building a data ware-
house. An abstraction layer was defined over the conceptual models of particulate matter and health 
events. 
Results: the main result was the creation of a data warehouse prototype that allows for the efficient 
consolidation of data on PM2.5 and health events. This prototype demonstrates the effectiveness of 
the proposed approach in data integration. 
Conclusion: it is concluded that using a model-based approach strengthens decision-making in 
public health policies and quality management strategies in the healthcare sector.

Keywords: metamodel, Data warehouse, Architecture, Air quality, Public health.

Introducción: en este artículo, se aborda el almacenamiento de datos sobre eventos de salud y partículas 
PM2.5 en la ciudad de Medellín, Colombia. La consolidación de datos provenientes de fuentes heterogé-
neas representa un desafío significativo en este contexto. 
Objetivo: el objetivo de este estudio es proponer un metamodelo que facilite la integración y almacena-
miento de estos datos, utilizando un enfoque basado en modelos. 
Métodos: se desarrolló un enfoque modelado que identifica aspectos comunes para la construcción de un 
data warehouse. Se definió una capa de abstracción sobre los modelos conceptuales de materia particula-
da y eventos de salud. 
Resultados: como resultado principal, se obtuvo un prototipo de data warehouse que permite la conso-
lidación eficiente de datos sobre PM2.5 y eventos de salud. Este prototipo demuestra la efectividad del 
enfoque propuesto en la integración de datos. 
Conclusión: se concluye que el uso de un enfoque basado en modelos fortalece la toma de decisiones en 
políticas de salud pública y estrategias de gestión de calidad en el ámbito sanitario. 
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Why was it conducted?: 
This research was made in a Interuniversity macro project financed by Colombian Government. The aim of this project is to 
improvement the innovation and research capabilities of states (Antioquia, Caldas) invoved.

What were the most relevant results?
The principal results of this project is a health and particular matter domain modelling. Additionally, we proposed a metamo-
del to consolidate the data of the domains. Too we get a first approach to analytic model.

What do these results contribute?
The results of this project can be used to generate a big data models of different domain related with public health.

Graphical Abstract
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Introduction
Data storage is a proccess that refers to the saving, preservation and organization of 
information, in a specific format, with accessibility capacity, for later retrieval and use by 
data users (1). In that order of  ideas, data storage frames the technologies, instruments, 
processes and standards related to the management of information in digital format. This 
means that information is stored in different types of storage devices, whether hard disks, 
floppy disks or virtual disks in the cloud.

Storage also involves the use of databases, file systems, database management systems, 
use of external systems and/or dynamic data structure systems. This facilitates access to 
and processing of information from different sources (2).

Different approaches are used to address data warehousing, including: i) approaches 
based on domain ontologies (3), ii) based on business process management (4), and iii) 
based on data warehouses (Datawarehouse). These approaches have one characteristic 
in common, which is the prior analysis of the data, as well as the use of appropriate 
standards for data modeling. 

One of these standards is the CWM (Common Warehouse Metamodel), which is a set 
of specifications for the standardization of the way database models (schemas), data 
transformation models, OLAP and data mining models, among others, are represented 
(5). The main objective of CWM is to facilitate the exchange of metadata, in a metamodel 
context, with a data warehouse in distributed heterogeneous environments.

Model Driven Architecture (MDA), is an architecture that unifies each step of the 
software development life cycle, using “Metamodels” to describe the functionalities 
and performance requirements of an application (6). MDA has use in the integration, 
transformation, translation and alignment of notations, formats and/or schemas with 
heterogeneous characteristics. For example, Saiji, et at. (7), who use MDA together 
with BPMN (Business Process Managment Notation) to semi-automatically transform 
conceptual models into specific models of a web-type platform. 

Some related works in this area are those of Sun, et al. (8) and Azzaoui, et al. (9), where 
they propose the implementation of solutions based on MDA, for the construction of 
knowledge graphs from relational databases and for the generation of multidimensional 
schemas from data warehouses and with a metamodel. Also Belkadi (10), design a solution 
for the transformation of business rules described in SQL to a NoSQL database. 

Another related work is presented by Xie et al. (11), which proposes a mechanism for 
mining data from heterogeneous sources, using MDA. Hanine et al. (12) also present a 
novel method for the construction of conceptual schemas from relational databases, using, 
as in the previous work, a multidimensional approach. Esbai et al. (13), for their part, have 
developed an approach based on MDA for the automatic generation of data warehouses 
from business rules and performance indicators. 

These works reflect the potential that MDA has for data management, processing, 
storage and integration, mainly with the use of database architectures, specifically, data 
warehouses. The latter facilitate the work with MDA, since their internal processes and 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://repositoriokoha.uner.edu.ar/fing/pdf/5249.pdf
https://doi.org/10.1007/978-3-662-05153-5
https://doi.org/10.18417/emisa.si.hcm.10
https://doi.org/10.1007/978-3-642-33143-5
https://books.google.com.co/books?hl=es&lr=&id=w2sYDDYdzxQC&oi=fnd&pg=PR5&dq=Common+warehouse+metamodel&ots=r1J0JDz897&sig=gqWviYBo6F2eBGJ-Er7f5mks0hI&redir_esc=y#v=onepage&q=Common%20warehouse%20metamodel&f=false
https://doi.org/10.11591/eei.v11i5.3973
https://doi.org/10.1088/1742-6596/1584/1/012073
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structures can be seen as part of the model-based approach.This is why the motivation of 
being able to integrate data for storage related to particulate matter and health vents, a 
key aspect for decision making in the air quality management cycle. 

Given the magnitude and complexity of the data generated in different scientific areas, 
among them, the operation of air quality monitoring and surveillance networks, in relation 
to different pollutants such as particulate matter (PM), a criteria pollutant with high impact 
on health, the information generated in its measurement is robust, being feasible to 
analyze it under a model-based approach. 

A area that is directly related to PM is the management of health events, since it is 
precisely the effects generated by the presence of PM that affect people’s health. Health 
events are recorded from information on patient attendance at health services in the cities, 
whether they are emergency or basic care services (14). From the analysis of health events, 
it is possible to design surveillance systems that allow the detection of the behavior of a 
community and, from this, strategies for its improvement can be defined (15). 

Health surveillance systems are characterized by a systemic approach to the collection, 
analysis and interpretation of health data, which can be accessed periodically. The 
main objective of these systems is the detection and monitoring of diseases and other 
important events for the health of a given population (15). With this it is possible to 
perform early detection of health problems, evaluation of the impact of public health 
interventions and the recording of evidence for decision making in the field of health. 

However, despite advances in the management and processing of data related to 
particulate matter and health events, these are still characterized by high complexity, 
given the diversity of formats, heterogeneous structures, different access mechanisms and 
different storage architectures. Because of the above, it is complex to carry out processes 
such as data analysis, intelligent information processing and knowledge management. 

This paper presents a structural proposal based on MDA for the storage of data related 
to PM2.5 particulate matter and health events, which are being generated in the city of 
Medellin. as part of two research processes that are being led by several higher education 
institutions in the city together with the environmental authority and health sector entities. 
From the design of a metamodel and using the CWM standard, which allows its use in data 
warehouses and the design of an architecture that supports knowledge management.

Methodology
For the development of this research, the use of MDA for the storage of environmental 
health data is proposed. The focus is the participation of experts and the construction of 
artifacts (conceptual diagrams) that allowed the identification of the Platform (Platform 
Independent Model -PIM-).

From this, a metamodel was proposed, which in turn allowed the definition of instances 
of a Platform Definition Model (PDM) and thus finally achieve an approximation to the 
Platform-Specific Model (PSM). Figure 1 summarizes the work methodology, detailing the 
activities carried out and the artifacts generated in the application of the MDA.

https://revsaludpublica.sld.cu/index.php/spu/article/view/2358
https://doi.org/10.1016/j.gaceta.2021.01.003
https://doi.org/10.1016/j.gaceta.2021.01.003
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Figure 1. Work Methodology for MDA application. Source: author 

As a starting point, a conceptualization of the domains was carried out, in which 
information was gathered and the data storage platforms and their representation 
schemes were recognized. Then, together with the experts of each domain, the conceptual 
models were built in UML class diagrams. 

Once the conceptual models were built, the common aspects were identified in order to 
obtain a unified conceptual model. In addition, a conceptual integration was achieved 
based on a data abstraction approach, i.e. the definition of metadata. With this, an 
extension to the CWM standard was defined, based on the definition of meta classes and a 
diagram of the metamodel. 

Once the metamodel was obtained, we proceeded to the generation of instances related 
to the air quality and public health domains. This was achieved with the logical design of 
the data warehouse, which includes the definition of the dimensions and their respective 
facts. With this, it was possible to identify key elements for the unification of the models, 
such as the date. 

As a working mechanism for validation, a prototype-based approach was used. The 
conceptualizations and decisions about the project were worked on conceptual diagrams, 
which were refined - as prototypes evolved - in periodic meetings. It should also be noted 
that validations were carried out based on the opinion of experts and on the contrast with 
data sources. 

Ambient domain model - PM2.5 particulate matter characterization

Figure 2 presents the conceptual model of the chemical characterization of PM2.5. PM 
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is defined as a complex mixture of organic and inorganic, solid and liquid substances 
suspended in the air with aerodynamic diameters between 50 µm and less than 2.5 µm 
(PM2.5) (16), the latter having undesirable effects on the health of its inhabitants, inhalable 
due to its capacity to enter the pulmonary alveoli, accumulate, pass through the pulmonary 
mucosa, enter the lung and in some cases be transported through the bloodstream and 
reach other types of organs. For this reason, it is considered one of the most harmful 
atmospheric pollutants due to its effect on local and regional deterioration of air quality 
and severe effects on respiratory and cardiovascular diseases. This affectation is directly 
related to its chemical composition including diverse elements and compounds, mostly 
organic matter including polycyclic aromatic hydrocarbons, sulfates, nitrates, ammonium, 
sodium chloride, minerals and water, whose association with an estimated 7 million deaths 
per year (17), is today considered of high importance for the consolidation of robust and 
valid information on this subject in relation to health events. The impact on the cellular 
system is biological, genotoxic or cytotoxic.

Figure 2. Conceptual model of chemical and microbiological characterization from 
PM2.5. Source: author

This diagram specifies that special equipment is used to collect PM2.5 samples, which 
are located at monitoring stations. Once the samples are collected, they are taken to the 
laboratory for characterization. The types of characterization are: chemical, physical and 
biological. Then the characteristics of the sample are associated, such as its label and 
concentration, and by means of the sampling date, meteorological characteristics that 
interfere in the analysis are related. Once the samples have been recovered and made 
available to the laboratory, they are classified according to their label and lot, which makes 
it possible to identify the type of characterization that will be carried out for each sample. 

For the chemical characterization, information is available for all the components analyzed, 
determining in each of the samples their concentration (%) and in micrograms per cubic 
meter (µg/m3). For the physical characterization, the particles to be studied are linked; 
therefore, all particles reported in the physical characterization must be registered as 
particles. 

https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=70800
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Microbiological characterization can be of the metagenomic type, and has associated 
genotoxic or cytotoxic impacts. With respect to genomic analysis, the situation is very 
similar to that mentioned in the chemical and 

physical characterizations, where a class of microorganisms is available from DNA. In this 
case, the main variables of interest will be to determine the number of microorganisms and 
genes in each sample. Finally, the genotoxic analysis seeks to determine the mutagenic 
potential present in each batch of samples. 

It is now possible to obtain genomic information directly from microbial communities in 
their natural habitats in order to infer taxonomic and functional profiles of a microbial 
community. Thus, metagenomics provides the ability to study microorganisms at the 
genomic level in order to understand the relationships between microorganisms, 
communities, and the habitats in which they live (18). 

Metagenomic studies associated with air quality are of great importance for understanding 
the potential impact of microorganisms on human health through periodic monitoring of 
air-associated microbiota. These studies may also lead to the discovery of new genes or 
metabolic pathways relevant to industrial,  meteorological, environmental bioremediation, 
and biogeochemical cycling applications (19). 

Some studies have associated microorganisms present in the atmosphere to different 
human diseases, for example, fungi identified as causing respiratory problems (20), lymph 
node syndrome, Kawasaki disease (21), as well as endotoxins from airborne bacteria have 
also been associated with health problems (22).

Until recently, many of the microbial diversity studies in air relied on culture media-based 
methods, however, culture-independent methods using DNA sequencing technologies 
are widely employed lately. This technology allows a broader picture of the diversity of 
microorganisms and thus compares their temporal variation under different meteorological 
conditions. 

In this way, metagenomics provides the ability to study microorganisms from the genomic 
level in order to understand the relationships between microorganisms, communities, and 
the habitats in which they live.              

Health event domain model

For MinSalud (23), a health event is related to “circumstances that may affect the health 
situation of an individual or community. Health events are classified into physiological 
conditions, diseases, disabilities and deaths; protective factors and risk factors related to 
environmental conditions, consumption and behavior; specific protective actions, early 
detection and care of diseases and other associated determinants”.  

Figure 3 presents the conceptual model of health events, represented in a UML class 
diagram, which shows the different stages of collection and integration of the information 
of this dimension, as a result of the implementation of a cohort study in environmental 
health (24), whose objective is to investigate the relationship between exposure to 
particulate matter and the occurrence of health events in a population over time (25).           

https://doi.org/10.1371/journal.pcbi.1000667
https://doi.org/10.1093/gbe/evv064
https://doi.org/10.1007/s00484-012-0604-0
https://doi.org/10.1073/pnas.1400380111
https://doi.org/10.1289/ehp.6552
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://d1wqtxts1xzle7.cloudfront.net/56020362/Guia_Atencion_de_Brotes_ETA1_Vr_4-libre.pdf?1520725543=&response-content-disposition=inline%3B+filename%3DSECRETARIA_DISTRITAL_DE_SALUD_DE_BOGOTA.pdf&Expires=1726075099&Signature=JAWJYEhyIfsPTV162wg7J8U9q8-uwViEi2JH1tkB0Rw8x6YJIrL0WV917FTDhwx6zrEow1Bs3WniYqSfRLDYigQ1aIWSwiuT9CGhfSYEjYjuOTdrUpyHZ8cLuqeTDRYemjVOt2KztipxJoKjVNj~YKZFKljv3yzLVVY4DFT90HNhe0ynNnFfwwUPipQQtgPHvDUnvQ-urMpGBqVNh9NHVWeMvpBrDn-ktAixs4WS3luFYXCVNdRYQZUTfuVzGwI0x4qTOuAUC5sgWHXoUFhR7sxswcNhAiEnfTj4-rbGle3os2GRNnUOgfOHqIFbZ4DDwuKROWPCpQ~Rv9GiCDT8yQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1590/S0036-36342000000300010
https://doi.org/10.1016/j.scitotenv.2019.02.341
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Figure 3. Conceptual Model of Health Events. Source: author

This study has formed a fixed cohort of men and women in the age groups under 15 years 
and over 44 years, who were previously selected, considering aspects such as their clinical 
history, time of residence in the study area and their acceptance to participate and to 
provide information on their health status and living conditions and authorization to access 
their health service care records. The selection of participants is part of a cohort study, and 
their characteristics are not part of the study design. 

Participants entered the cohort based on a pre-selection process of families from the study 
areas. The participants were selected from the study areas. The persons identified as having 
entered the cohort were subjected to different data collection procedures: information-
gathering procedures: physical examination, clinical survey according to their age group. 
socioeconomic surveys, and felt morbidity surveys. 

We also accessed the Individual Health Services Provision Records (RIPS), which compiles 
all the care provided to an individual. Additionally, in a subgroup of participants, the 
health information was complemented with pulmonary function information by means of 
Spirometric tests (26). Finally, to broaden the spectrum of analysis of the health impacts 
of PM2.5 to a molecular scale, a genotoxicity analysis was performed using the Ames test, 
which seeks to determine the mutagenic potential present in each batch of PM 2.5 samples 
at times of environmental contingency.

Application of MDA

MDA allows the creation of highly abstract, machine-readable models that are developed 
independently of the implementation technology and stored in standardized repositories. 
Tools can access them repeatedly and automatically transform them into schemas, code 
skeletons, test cases, integration code and deployment scripts for various platforms (27). 

Figure 4 presents the traditional OMG modeling architecture, which consists of a hierarchy 
of model levels, each (except the top one) characterized as “an instance” of the top level. 
The lower level, also referred to as M0, contains real-world elements corresponding to the 
“user data”, i.e., real data objects for which the software has been designed to manipulate, 
while level M1 contains models of the real-world objects. Level M2 contains models of the 
models in M1, and level M3 contains models of the models in M2 (28).

           

https://doi.org/10.1016/j.scitotenv.2019.02.341
https://books.google.com.co/books?hl=es&lr=&id=-uodwVPBG6YC&oi=fnd&pg=PR11&dq=MDA+explained:+the+model+driven+architecture:+practice+and+promise&ots=mCy8ovaiFc&sig=96_DXYkDmYkg587vUQTRp9mjnSc&redir_esc=y#v=onepage&q=MDA%20explained%3A%20the%20model%20driven%20architecture%3A%20practice%20and%20promise&f=false
https://doi.org/10.1109/MS.2003.1231149
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Figure 4. Arquitechture of 4 levels proposed by OMG. Source: author

For the definition of the metadata-oriented metamodel, use is made of the Common 
Warehouse Metamodel (CWM) standard, aligned with that proposed by the Meta-
Object Facility (MOF). The latter provides the modeling standard resides in the M3 layer. 
Specifically for the problem of PM2.5 characterization data warehousing and health events, 
the layers of the MDA architecture are as follows: 

Layer M0: This layer has as its initial input the structured data from each of the domains, 
represented in turn as  databases, spreadsheets, flat files, and physical files. This layer is the 
lowest hierarchy of the models and represents the most concrete and detailed level of the 
metamodel. 

For the PM2.5 domain there is a representation of data by means of flat files in .cvs and 
.txt format. The PM2.5 data and the characterization of its samples, includes the processing 
of the source files to be interpreted by the domain models. In the case of data related to 
the health events domain, the surveys are stored in relational databases linked to running 
applications. Likewise, spreadsheets are available for automation in macros.  

Layer M1: E This layer comprises the instance of the metamodel, i.e. the defined domain 
models (characterization and health events), together with their respective business rules 
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with which it is possible to reason in an integrated manner. Mainly, a conceptual model was 
obtained from the data present in the M0 ayer. The logic and basic functionality around the 
data were reflected in these models. 

In this M1 layer, there is a platform-independent view, since it describes the logic and 
behavior of the system, without going into specific details. An advantage of this is the 
ability to generate schemes that can be exploited by other domains, which have not been 
taken into account so far, such as meteorological or satellite information. 

To model the M1 layer, a specific notation was taken into account, this was the UML class 
diagrams, with which a formality accepted by the community is achieved. In addition, UML 
includes extensions for the representation of meta-classes and meta-meta-classes, which 
facilitates the definition of schemes for adaptation to specific models of the platform. 

Layer M2: The proposed metamodel is present in this layer. Mainly, from this layer it is 
possible to generate instances where common aspects of the models of layer M1 are 
visualized in an integrated way. That is to say, from layer M2, a specific representation of 
the platform can be made, in this case for data warehouses.

The models generated in the M2 layer are an abstraction of the M1 layer, where the 
specific data execution platform, either a data schema or a specific technology, is reflected. 
Specifically, for the research, the metamodel is defined based on what is proposed by the 
CWM standard. Thus, the M2 layer instances are structured in such a way that they can be 
easily carried in data warehouses. 

From this layer, it is possible to obtain a detailed implementation of its instances, since it 
is expected that the models generated in the M2 layer serve as a basis for the generation 
of source code that can be implemented in software tools. This means that the capacity to 
rewrite the execution logic according to the defined platform is strengthened. 

Layer M3: Not applicable to the scope of this research.

Results and discusion
Proposed Metamodel (Layer M2)
The proposed metamodel is based on the metaclasses schemas, tables and columns. With 
these metaclasses, instances of the metamodel can be generated that are appropriate for 
the integration of data from the characterization and health event domain models. The 
metamodel that complements the CWM standard was then defined. Figure 5 presents 
the proposed metamodel in UML notation. The CWM standard is defined as the central 
package, which is complemented by an integration schema management model and a 
model for managing the data generated in the domains. 

Regarding the domain models, the introduction of the Factory Method design pattern in 
the metamodel efficiently presents how to manage the integration of the different domain 
information, specifically in the areas of environment and health. This pattern was applied 
based on the experience of the work team. The use of the Factory Method pattern This 
approach effectively allows the creation of objects, facilitating the extensibility of the 
metamodel by incorporating new domain schemas in a simple and organized manner. 
The adoption of the Factory Method pattern provides flexibility and scalability to the 
model, where the creation of meta class instances, related to the environment and health 
domains, is centrally managed,providing a consistent standard for the incorporation of 
future domain schemas. 
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The adoption of the CWM standard in the metamodel design facilitates the coherent 
and structured representation of metadata describing both relational databases and the 
complexity of a data warehouse. Thus, a “star” schema can be represented as a relational 
database. Typically, data warehouses are relational databases, which are processed in a 
relational database management system (29). 

The proposed design provides a unified framework for describing diverse domain schemas, 
allowing the seamless integration of data corresponding to the environment and health 
domains, as well as the incorporation of other possible domain schemas in the future. 
The standardization offered by CWM simplifies the relationship of metadata, allowing for 
efficient management of information in the data warehouse. 

Figure 5. Proposed Metamodel. Source: author

This metadata-based approach has the advantage of ensuring consistency in data 
relationships, regardless of the complexity and diversity of domain schemas, by uniformly 
defining key database objects such as tables, views or columns, as well as the constraints 
between them, which facilitates the understanding and maintenance of the metamodel. 
Likewise, the flexibility of the CWM standard provides a solid and scalable foundation, 
allowing the metamodel to adapt to new requirements and domain schemas without 
compromising the integrity and consistency of the data warehouse. In this sense, the 
columns that act as primary keys in the dimension tables are surrogate keys, artificially 
generated to identify each record uniquely in the dimension table (30). 

Finally, the implementation of a multidimensional approach as part of the metamodel 
design of the data warehouse, represents in a comprehensive and structured way, the 

https://doi.org/10.22541/au.170537198.88138048/v1
https://doi.org/10.33379/gtech.v8i2.4091
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management of the data generated in the domains by using dimensions, facts and 
measures, allowing a clearer understanding of the relationships between the stored data. 
In this way, it is possible to classify and organize the data into relevant categories that 
describe the domains, as well as the events or phenomena that occur in them. 
The design also introduces a metaclass, whose instances refer to the variables that 
allow the quantification and analysis of data, facilitating the storage of heterogeneous 
information in a coherent manner, as well as enriching the metamodel by allowing data 
related to the environment and health domains to be represented in a more complete and 
understandable way for decision making.

Implementation and validation 
Based on the proposed metamodel, the preliminary design of a prototype of a data 
warehouse is presented to validate the instances generated from the metamodel. Initially, 
the design of the bus matrix is presented, to later define the star model that represents it. 

Proposed bus matrix
In the field of research on the impact of air pollution on human health, the construction 
of a bus matrix is a fundamental resource designed with the primary purpose of 
facilitating the integration and analysis of multidimensional data, thus allowing a deeper 
understanding of the relationship between exposure to air pollutants and health effects. 
In a bus matrix, granularity refers to the level of detail at which facts or measurements are 
recorded, while hierarchy relates to the structured organization of dimensions at different 
levels of aggregation or detail (31). 

Table 1 presents data from various sources, including measurements of contaminant 
concentrations (expressed in micrograms per cubic meter), meteorological characteristics 
(temperature, wind speed and direction, rainfall and radiation), and contextual attributes 
(time, geographic location of monitoring stations, details on study participants, information 
on monitoring equipment, and specific chemical elements present in the particulate matter 
samples). 

Table 1. Bus matrix for the design of the data warehouse

Dimenssions
Facts

Deaths

Time ● ● ●
Geography ● ● ●
Station ●
Equipment ●
Element ●
Participant ● ●
Diagnosis ● ●
Service ●
Medication ●
Procedure ●

https://books.google.com.co/books?hl=es&lr=&id=XoS2oy1IcB4C&oi=fnd&pg=PR1&dq=The+data+warehouse+toolkit:+the+definitive+guide+to+dimensional+modeling&ots=1EGfkDkQjG&sig=YzFcsIqVgMQyiAeiTDyR_6RTNVs&redir_esc=y#v=onepage&q=The%20data%20warehouse%20toolkit%3A%20the%20definitive%20guide%20to%20dimensional%20modeling&f=false
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The cells of this matrix store specific data representing the concentration of PM2.5 particles 
in a given geographic location and at a given time, as well as the number of medical 
care and deaths related to exposure to that concentration. The dimensions (Time and 
Geography) allow these data to be organized and contextualized, which facilitates their 
multidimensional analysis. 

For the validation of the metamodel, P.M.2.5 pollutant concentration data were collected 
with a sampling frequency of every 3 days. The dimensions of time, geography and 
monitoring station are included. Each of these dimensions has hierarchies that allow data 
analysis at different levels of detail. As an example, the “Time” dimension has a hierarchy 
that ranges from the highest level (year) to more detailed levels (month, day) to allow 
temporal analysis at different scales. The “Geography” dimension includes hierarchies 
ranging from the highest level (Municipality) to more detailed levels (Commune, 
Neighborhood, Block, Coordinates of the monitoring point). 

The columns of this matrix represent the facts to be analyzed according to the dimensions 
that describe them. For the three facts an analysis will be required from the dimensions 
of Time and Geography. To describe the fact of the Concentration level of the pollutant 
P.M.2.5 it will also be necessary to include aspects such as the Monitoring Station and 
Equipment where the sample was collected, and additionally, the Elements that compose 
each sample. 

On the other hand, the facts related to morbimortality (both care and deaths) require the 
addition of dimensions that present contextual data of the Participant of the cohort and 
its determined Diagnosis, while those recorded in the medical records obtained during 
the process of care in the different health Services and the Medications and Procedures 
provided will be essential only in the fact of Care.

The construction of the data warehouse for the integration of health and environmental 
information, as an instance of the data metamodel, poses significant challenges in terms 
of heterogeneity of data sources, quality, privacy and scalability. For this purpose, a star 
schema was defined based on the proposed bus matrix. Figure 6 shows the star schema 
defined, whose main fact is Morbidity, on which the Geography, Participant and Time 
dimensions depend. 
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Prototype of a star schema for the data warehouse 

Figure 6. Star Schema. Source: author

Managing missing data and correcting recording errors are essential procedures to 
avoid biases in the analysis. In addition, data availability presents challenges in terms 
of geographic coverage and temporal continuity, requiring effective data collection 
and processing strategies. The complexity of the relationships between contaminant 
exposure and health effects demands advanced analytical approaches to capture nonlinear 
relationships and control for confounding factors. Similarly, privacy and security of 
participants’ personal data are key considerations. 

In addition, scalability of the data infrastructure and ongoing record keeping are critical as 
more data accumulates over time. Finally, effective communication of results to technical 
and non-technical audiences is essential to translate findings and informed decisions into 
public health and air quality management. The main difficulty of data management at the 
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M0 level of the metamodel is the constant modification and risk of data corruption. This 
is reflected in changes of sources and file extensions. Likewise, there is a dependence on 
maintenance and privacy processes. These difficulties can affect the other layers, hence the 
importance of parameterization.  In the case of environmental information, different types 
of data are also available, according to the chemical characterization, the levels of each 
specific element and compound and other potential analyses in relation to the grouping 
of these elements and compounds into more robust profiles according to specific sources 
of contamination. 

The temporal component must be kept in mind in this integration process; a longitudinal 
design implies the integration of environmental and health data in different time frames, 
i.e., data taken at various points in time. Health data is available from 2008 to date, 
from different sources, which have been taken at various times or at a single moment, 
depending on the objectives of the study. Likewise, the proposed metamodel must be 
able to integrate nested designs to the analyses, for example, cross-sectional analyses 
to the cohort, nested cases and controls, panel studies or cohort-cohort design. This will 
allow the metamodel to expand the possibilities for data integration. 

On the other hand, the advantages inherent in this construct are substantial. The synergy 
between health and environmental data can lead to a more holistic understanding of the 
causal relationships between exposure and human health effects. This, in turn, can more 
accurately inform the formulation of public policy and health strategies, and provide the 
opportunity for more sophisticated scientific research.

Early detection of adverse public health trends related to air quality can provide a 
preventive advantage and promote more informed decision making, while transparency 
in the availability of data and models can foster public and scientific confidence in 
environmental and health mitigation efforts.

Conclusions 
The work presented highlights the possibility of consolidating, through a metamodel, data 
related to PM2.5 particulate matter and public health events. From this, it is possible to 
store data in a conceptually coherent manner in order to facilitate decision making and 
promote health protection programs. 

The results derived from this analytical approach can be used as a solid basis for decision 
making in public health policies and air quality management strategies. The information 
obtained can contribute to the design of more effective pollution control measures and 
to the formulation of informed recommendations for the preservation of the health of the 
exposed population. 

The adoption of MDA and especially CWM, has proven to be an effective architectural 
design approach for the representation of a metamodel where metadata describing 
a data warehouse is presented, however, the integration of DDD (Domain Driven 
Design) principles could be considered to improve the identification and delimitation of 
specific domains within the data warehouse. DDD provides a robust design approach to 
understanding the business, allowing domain boundaries to be clearly established for a 
consistent representation of the data. 
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Likewise, frameworks such as DIF (Data Integration Framework) or MIS (Metadata 
Integration Strategy), represent areas of interest for future research, with the objective of 
approaching efficient data integration, considering the variety of data sources that can 
be stored in a data warehouse, as well as incorporating effective strategies to address 
metadata in an efficient manner.
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