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Abstract 
This research explores an innovative approach to 

enhancing the monitoring capabilities of Apache 

Airflow, a widely-used open-source platform for 

orchestrating complex computational workflows and 

data processing pipelines. The study focuses on 

addressing the limitations inherent in Airflow's default 

monitoring tools by seamlessly integrating it with 

Grafana, a powerful open-source analytics and 

interactive visualization web application. The primary 

objective of this integration is to provide users with 

real-time, comprehensive insights into the status and 

performance of Directed Acyclic Graphs (DAGs), 

which form the core of Airflow's workflow 

representation. To achieve this, the research 

encompasses two key technical enhancements: first, 

the migration of Airflow's underlying database from 

SQLite to MySQL, and second, the development of a 

bespoke Grafana dashboard tailored to Airflow's 

specific monitoring needs. This research contributes to 

the field of workflow management and data pipeline 

orchestration by showcasing how the integration of 

advanced visualization tools can substantially improve 

the monitoring and analysis capabilities of existing 

systems. The findings and methodologies presented in 

this thesis have broad implications for organizations 

seeking to enhance their data processing 

infrastructures and optimize their operational 

efficiency in handling complex, data-intensive 

workflows. 

Keywords: Airflow, Grafana, DAG, Open 

Source, System Design. 

 

1. Introduction 

In today's rapidly evolving data-driven 

landscape, the efficient orchestration and 

monitoring of complex workflows have become 

critical for organizations across various sectors. 

As data pipelines grow in complexity and scale, 

the need for robust, flexible, and highly visible 

workflow management systems has never been 

more pressing. Apache Airflow has emerged as a 

frontrunner in this domain, offering a powerful 

open-source solution for scheduling, executing, 

and monitoring intricate computational 

workflows and data processing tasks. 

 

At the core of Airflow's architecture lies the 

concept of Directed Acyclic Graphs (DAGs), 

which provide a structured and intuitive way to 

define workflow dependencies and execution 

logic. This approach has garnered widespread 

adoption due to its flexibility and scalability in 

managing diverse workflow requirements. 

However, while Airflow excels in workflow 

orchestration, its built-in monitoring capabilities 

often fall short of providing the depth and visual 

clarity necessary for optimal operational insight. 

The importance of comprehensive, real-time 

monitoring in workflow management cannot be 

overstated. It serves as the eyes and ears of data 

engineering and DevOps teams, enabling them to 

rapidly identify issues, assess performance 

bottlenecks, and maintain the overall health of 

data processing pipelines. In light of these 

requirements, the integration of Apache Airflow 

with Grafana, a leading open-source platform for 

data visualization and monitoring, presents a 

compelling solution to address the limitations of 

Airflow's native monitoring tools. 

This thesis delves into the synergistic integration 
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of Airflow and Grafana, aiming to leverage 

Grafana's advanced visualization capabilities to 

enhance the monitoring experience of Airflow 

DAGs. By migrating Airflow's backend 

database from SQLite to MySQL, this project 

lays a robust foundation for efficient data 

handling and seamless connectivity between the 

two platforms. The overarching goal is to 

develop a comprehensive monitoring solution 

that offers real-time, granular insights into 

workflow statuses, performance metrics, and 

execution details. 

 

The primary objectives of this integration are 

threefold: 

  

To transcend the constraints of Airflow's default 

monitoring tools by offering a more 

comprehensive and visually intuitive dashboard 

for tracking DAG statuses and performance. 

 

To implement real-time monitoring and alerting 

mechanisms for workflow executions, failures, 

and performance metrics, thereby enhancing 

operational efficiency and system reliability. 

To improve the user experience by creating a 

seamless interface between Grafana dashboards 

and Airflow logs, facilitating rapid access to 

detailed execution information and streamlining 

troubleshooting processes. 

 

By addressing these objectives, this thesis not 

only contributes to the advancement of 

workflow management and monitoring 

practices but also demonstrates the practical 

benefits of integrating complementary 

technologies to solve complex operational 

challenges. The resulting solution aims to 

empower data engineers and DevOps 

professionals with enhanced visibility and 

control over their workflow ecosystems, 

ultimately leading to improved decision-making 

and operational excellence. 

 

Through this research, we aim to showcase how 

the strategic integration of open-source tools 

can significantly enhance the capabilities of 

existing systems, providing a blueprint for 

organizations seeking to optimize their 

workflow management processes and gain 

deeper insights into their data pipelines. 

2. Methodology 

This section outlines the approach, techniques, 

and procedures employed to achieve the project's 

goals of enhancing Apache Airflow's monitoring 

capabilities through integration with Grafana. 

The methodology encompasses system design, 

database transition, integration steps, and the 

creation of custom visualization tools, along with 

the challenges faced and their resolutions. 

2.1 System Design 

2.1.1 Baseline Assessment and Project 

Requirements 

The project began with a comprehensive 

evaluation of Apache Airflow's existing 

monitoring features, which relied on an SQLite 

database. The primary objective was to 

significantly improve the visibility of monitoring 

data and provide easier access to detailed logs for 

all DAG states (running, completed, and failed) in 

a more intuitive and comprehensive manner 

compared to Airflow's default interface. The 

proposed solution needed to be scalable, easily 

accessible, and capable of delivering real-time 

insights into workflow operations. 

 

2.1.2 Database Transition: From SQLite to 

MySQL 

 
A crucial initial phase involved transitioning 

Airflow's database from SQLite to MySQL. This 

migration was essential due to SQLite's limitations 

in handling concurrent access and its inadequate 

support for real-time data processing and 

visualization, which are vital for robust workflow 

monitoring. MySQL was selected for its scalability, 

reliability, and extensive support for complex 

queries and operations. The transition process 

involved extracting data from SQLite, transforming 

it to ensure MySQL compatibility, and importing it 

into the newly established MySQL database. 

 

2.2 Integration Methodology 

2.2.1 Establishing Airflow-Grafana 

Connectivity 
Integrating Airflow with Grafana required creating 
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a direct link between the MySQL database and 

Grafana. This was accomplished by configuring 

Grafana to recognize and interact with the MySQL 

database as a data source, enabling Grafana to 

extract and visualize data directly from Airflow's 

operational database. This step was fundamental 

for enabling real-time monitoring and visualization 

capabilities. 

 

2.2.2 Bespoke Dashboard Creation 

 
With the data connection established, the next 

phase focused on developing custom Grafana 

dashboards tailored to Airflow's DAG monitoring 

requirements. These dashboards were designed to 

showcase key metrics such as DAG execution 

statuses, processing times, and success/failure 

ratios, incorporating features like failure alerts and 

interactive links for accessing detailed logs. The 

development process involved carefully selecting 

appropriate visualization widgets and configuring 

them to dynamically query and display data from 

the MySQL database. 

 

2.2.3 Obstacles and Resolutions  

Throughout the project's life cycle, several 

challenges were encountered and 

successfully addressed: 

  

Data Integrity and Compatibility: The 

SQLite to MySQL migration presented risks 

of data incompatibility and potential 

information loss. To mitigate these risks, a 

carefully planned data export/import 

procedure was implemented, accompanied by 

comprehensive testing protocols. 

Dynamic Data Visualization: Ensuring 

Grafana could display Airflow data in real-

time necessitated the optimization of MySQL 

queries and Grafana refresh settings. This 

was achieved through iterative testing and 

refinement of query performance and 

dashboard configurations. 

User Experience and Accessibility: Creating 

dashboards that were both informative and 

user-friendly was a top priority. Early-stage 

feedback from potential users was 

incorporated to guide the layout and 

functionality of the dashboards. 

Technical Proficiency: The project team 

needed to quickly enhance their skills in 

Grafana dashboard design and MySQL 

administration. This was accomplished by 

leveraging online learning resources, 

community forums, and the extensive 

documentation available for both platforms. 

 By methodically addressing these challenges and 

following this structured approach, the project 

aimed to create a robust, user-friendly, and 

efficient monitoring solution that significantly 

enhances the operational oversight of Apache 

Airflow workflows. 

 

  3.  Implementation 

 
T The execution phase of this project was crucial in 

transforming the conceptual design into a 

functional, real-world solution. This stage 

encompassed the technical aspects of database 

transition, Grafana dashboard setup, visualization 

of Directed Acyclic Graphs (DAGs) statuses, 

implementation of success and failure notifications, 

integration of log access for detailed analysis, and 

enhancement of user interaction and experience. 

 

3.1 Database Migration Process 

 

Transitioning from SQLite to MySQL was a 

fundamental step in boosting Apache Airflow's 

monitoring capabilities through Grafana 

integration. The process involved several key 

stages: 

SQLite Data Extraction: Employing 

specialized tools to export data from the 

SQLite database into a format suitable for 

MySQL import. 

 

Schema Adaptation: Modifying the 

database schema to ensure MySQL 

compatibility, including adjustments to 

data types and index structures. 

 

MySQL Data Import: Transferring the 

converted data into MySQL, with a focus 

on maintaining data integrity and 

consistency. 
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Airflow Reconfiguration: Updating 

Airflow's settings to utilize MySQL as its 

primary database, including modifying 

connection parameters and verifying 

connectivity. 
 

 

3.2 Grafana Dashboard Setup 

Following the successful data migration and 

connection, the next critical task was configuring 

the Grafana dashboard: 

- Data Source Integration: Incorporating 

the MySQL database as a primary data 

source within Grafana. 

- Dashboard Design: Creating an intuitive 

dashboard layout to effectively display 

key Airflow DAG metrics. 

- Query Development: Crafting SQL 

queries for each panel to retrieve and 

present relevant data, such as DAG 

execution times, success rates, and 

operational logs. 

 

3.3 DAG Status Visualization 

A core feature of the Grafana dashboard was the 

visual representation of DAG statuses. Customized 

panels were developed to offer real-time insights 

into each DAG's state, including: 

- Active DAGs: Currently executing 

workflows. 

- Successful DAGs: Recently completed 

workflows. 

- Failed DAGs: Workflows that 

encountered errors in their last execution. 

These visualizations incorporated color-coding and 

graphical elements to provide quick, intuitive 

insights, enhancing the overall monitoring 

experience. 

3.4 Notification System Implementation 

To ensure prompt awareness of critical events, 

customized alert rules were established within 

Grafana: 

- Failure Alerts: Notifications were 

configured to trigger upon DAG failures, 

sending alerts through designated channels 

such as email or Slack. 

- Success Notifications: For key 

workflows, alerts were also set up to 

inform stakeholders of successful 

completions. 

 

3.5 Log Access Integration 
A significant enhancement to the dashboard was the 

implementation of direct links to detailed logs for 

each DAG. This feature allows users to navigate 

from a DAG status within the dashboard directly to 

the corresponding Airflow logs, streamlining 

troubleshooting and review processes. 

 

3.6 User Experience Optimization 
This project's implementation successfully showed 

how integrating Airflow with Grafana could 

significantly enhance workflow monitoring, 

providing a more informative, interactive, and user-

friendly monitoring solution. Through careful 

planning and execution, the project addressed the 

initial limitations of Airflow's monitoring 

capabilities, offering a robust tool for data 

engineers and DevOps teams. 

 

This implementation phase successfully 

demonstrated how the integration of Airflow with 

Grafana could substantially improve workflow 

monitoring, offering a more comprehensive, 

interactive, and user-friendly solution. Through 

meticulous planning and execution, the project 

addressed the initial limitations of Airflow's 

monitoring capabilities, providing a robust tool for 

data engineering and DevOps teams. 

 

4. Outcomes and Assessment 

 
The implementation of Grafana for enhanced 

Apache Airflow DAG monitoring has undergone a 

comprehensive evaluation to measure its effects on 

system efficiency, user satisfaction, and overall 

performance in comparison to Airflow's built-in 

monitoring tools. This section presents the project's 

results in terms of system performance analysis, 

user feedback and usability, and a comparative 

overview with Airflow's default monitoring 
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capabilities. 

 

4.1 System Performance Evaluation 

The transition from SQLite to MySQL and the 

subsequent Grafana integration were crucial steps 

aimed at enhancing monitoring capabilities while 

maintaining system performance. The following 

key observations were made during the system 

performance evaluation: 

- Query Efficiency: Grafana's queries to 

the MySQL database demonstrated 

notably faster response times compared to 

SQLite, indicating improved data 

retrieval for monitoring purposes. 

- Dashboard Performance: Initial worries 

about potential increases in dashboard 

loading times were addressed through 

SQL query optimization and Grafana 

configuration adjustments, resulting in 

minimal performance impact. 

- Resource Consumption: Monitoring the 

system's resource usage under the new 

setup revealed a moderate increase in 

database resource utilization, which was 

deemed acceptable given the enhanced 

functionalities provided 
 

4.2 User Experience and Feedback 

Users who interacted with the new Grafana 

dashboard provided overwhelmingly positive 

feedback, highlighting several key aspects: 

- User-Friendliness: The Grafana interface 

was found to be more intuitive and 

visually appealing than Airflow's native 

dashboard, allowing users to quickly 

grasp DAG statuses. 

- Enhanced Functionality: Users praised 

the ability to access detailed logs directly 

from the dashboard by drilling down into 

specific DAGs, which significantly 

streamlined troubleshooting processes. 

- Customizable Alerts: The flexible 

alerting system was commended for its 

effectiveness in notifying users about 

DAG successes or failures, improving 

operational awareness and response 

times. 

 

4.3 Comparison with Airflow's Default 

Monitoring 

The project's success was further highlighted by a 

direct comparison with Airflow's built-in 

monitoring tools, revealing several areas of 

improvement: 

- Visual Representation and Accessibility: 

Grafana's dashboard offered superior 

visualization capabilities, featuring 

dynamic graphs and color-coded status 

indicators for a more accessible overview 

of DAG states. 

- Live Monitoring: Real-time monitoring 

and alerting functionalities were 

significantly enhanced, providing 

immediate insights into DAG performance 

and issues as they occurred. 

- Adaptability and Expandability: 
Grafana demonstrated greater 

customization options and scalability, 

allowing the monitoring setup to be 

tailored to specific requirements and easily 

expanded as system complexity increased. 
 

In summary, the integration of Grafana with 

Apache Airflow for DAG monitoring represents a 

substantial improvement in workflow operation 

management and oversight. The positive outcomes 

observed in system performance, enhanced user 

experience, and comparative advantages over 

Airflow's default monitoring tools validate the 

project's goals and methodology. This integration 

not only addresses immediate needs for improved 

monitoring solutions but also lays the groundwork 

for future advancements in workflow management 

technologies. 

 

5. Analysis and Interpretation 

 
The successful integration of Grafana with Apache 

Airflow has yielded valuable insights and findings, 

highlighting the potential for advanced monitoring 

tools to revolutionize workflow management. This 

section explores the project's key takeaways, its 

implications for the broader field of workflow 

management, and acknowledges the constraints 
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encountered during the study. 

 

5.1 Key Takeaways and Observations 

 
A primary insight from this project is the crucial 

role of visualization and real-time monitoring in 

managing complex workflows. The 

implementation of Grafana dashboards 

demonstrated a significant improvement in the 

ability to swiftly assess and respond to workflow 

states, emphasizing the value of intuitive visual 

tools in operational settings. Moreover, the project 

underscored the importance of database selection 

in supporting scalable and efficient data handling 

for monitoring purposes. The shift from SQLite to 

MySQL enabled a more robust integration with 

Grafana and enhanced overall system 

performance. 

 

Another significant finding was the effectiveness 

of tailored alerting mechanisms in improving 

operational responsiveness. By customizing alerts 

for specific DAG outcomes, teams can prioritize 

issues and minimize downtime, substantially 

impacting workflow reliability and efficiency. 

 

5.2 Ramifications for Workflow 

Management 

The outcomes of this project have several 

implications for the field of workflow 

management. Firstly, they underscore the necessity 

of adopting versatile and powerful monitoring 

tools capable of adapting to the intricacies of 

modern data workflows. This integration serves as 

an exemplar for leveraging such tools to enhance 

oversight and operational efficiency. 

Secondly, this project demonstrates the potential 

for open-source solutions to deliver enterprise-

grade monitoring capabilities, making advanced 

technology accessible to organizations of all sizes. 

The ability to customize and extend these tools 

empowers teams to create monitoring solutions 

that precisely match their operational 

requirements, fostering innovation and continuous 

improvement. 

Lastly, the project highlights the ongoing need for 

technical expertise development in areas such as 

database management, data visualization, and 

system integration. As workflow systems grow in 

complexity, so does the demand for skilled 

professionals capable of navigating and optimizing 

these environments. 

5.3 Study Limitations 

 
While the project achieved its primary objectives, it 

was not without constraints. One of the main 

limitations was the scope of testing environments. 

The implementation and evaluation were conducted 

in a controlled setting, which may not fully 

replicate the complexities and scale of production 

environments across diverse organizations. 

Another limitation lies in the focus on specific 

technologies (Airflow, MySQL, and Grafana). 

While these tools are widely adopted, the findings 

may not be directly applicable to organizations 

using different workflow management or 

monitoring solutions. 

 

Furthermore, the project did not extensively explore 

the potential security implications of the 

integration, particularly regarding data access and 

management. Future research could benefit from a 

more in-depth examination of these aspects to 

ensure the secure deployment of similar 

integrations. 
 

6. Concluding Remarks 

 
This thesis has successfully showcased the 

substantial benefits of integrating Grafana with 

Apache Airflow for enhanced Directed Acyclic 

Graph (DAG) monitoring. The project has 

effectively addressed key shortcomings in Airflow's 

native monitoring tools, contributing significantly 

to the workflow management domain. By providing 

a detailed methodology for improving operational 

oversight, this research has demonstrated the 

practical advantages of leveraging advanced data 

visualization in complex workflow environments. 

 

6.1 Key Contributions 

The primary contributions of this research include: 
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- Advanced Monitoring Solution: The 

Grafana-Airflow integration has 

introduced a superior monitoring platform 

offering real-time insights, intuitive 

visualizations, and comprehensive 

analysis of DAG statuses, execution 

durations, and outcomes. 

- Database Transition and Integration: 

The shift from SQLite to MySQL has 

highlighted the critical role of database 

selection in supporting scalable and 

efficient data management for 

sophisticated monitoring requirements. 

- Flexible Alert System: The 

implementation of a customizable alerting 

mechanism within the Grafana dashboard 

has proven highly effective in boosting 

operational responsiveness and 

minimizing downtime, thereby enhancing 

overall workflow reliability. 

- Enhanced User Interface: The user-

friendly Grafana interface has markedly 

improved the user experience, simplifying 

the process of monitoring, analyzing, and 

troubleshooting workflows for teams. 
 

6.2 Future Research Directions 

While this project has made significant 

advancements in DAG monitoring for Apache 

Airflow, several areas warrant further 

investigation: 

- Security Reinforcement: Additional 

research could focus on strengthening 

security measures within the integration, 

particularly regarding data access 

controls, management protocols, and 

privacy safeguards within the Grafana 

ecosystem. 

- Scalability and Efficiency 

Optimization: As organizations expand 

their operations, future studies could 

explore more advanced database solutions 

and optimization strategies to ensure the 

monitoring system remains efficient and 

scalable under increasing loads. 

- Expanded Tool Ecosystem: 

Investigating Airflow's integration with a 

broader range of monitoring and 

visualization tools could offer enhanced 

flexibility and functionality to meet 

diverse organizational requirements. 

- AI-Driven Predictive Analytics: 
Incorporating artificial intelligence and 

machine learning algorithms to analyze 

workflow patterns and forecast potential 

failures or bottlenecks could represent a 

significant leap forward in proactive 

workflow management. 

 
In conclusion, this thesis establishes a solid 

foundation for future innovations in workflow 

monitoring and management. By addressing current 

challenges and exploring emerging technologies 

and methodologies, there exists vast potential for 

further enhancing the efficiency, reliability, and 

scalability of workflow systems. 
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