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Abstract 

As modern software development progresses towards automation and scalability, Monitoring as 

Code (MaC) has emerged as a critical approach to integrate observability directly into the 

software development lifecycle. MaC treats monitoring configurations as code, it ensures 

consistency, reduces manual effort, and enables proactive issue detection. However, its adoption 

presents challenges, including tooling complexity, cross-team collaboration, governance issues, and 

skill gaps. This paper explores these adoption roadblocks and provides strategies to overcome 

them. Additionally, it examines future trends such as AI-driven monitoring, GitOps-based 

observability, self-healing systems, and OpenTelemetry standardization, which are shaping the 

next generation of automated observability. By leveraging MaC, organizations can transition from 

reactive monitoring to proactive observability, ensuring resilience, performance, and operational 

efficiency in modern cloud-native architectures. 
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I. INTRODUCTION 

Today’s technology landscape is evolving rapidly and is more complex than ever before [2]. This has 

increased the need for automation in all facets of technology, like software development, infrastructure 

management, and operations. In this era where agility, scalability, and reliability are extremely important, 

traditional manual processes are increasingly being replaced by automated code-driven approaches. This 

transformation led to the rise of Infrastructure as Code (IaC). IaC emerged alongside with DevOps, 

allowing teams to define, provision, and manage infrastructure using declarative and imperative code. 

This solved critical problems such as inconsistencies between environments, slow manual provisioning, 

and configuration drifts. 

With the success and efficiency of IaC, its principles began to influence other areas of software 

development and maintenance. One such areas is observability. Organizations realized that the principles 

of IaC could be applied in the space of Observability to address the growing complexity of monitoring 

modern environments [4]. By treating monitoring as a code, Monitoring as Code (MaC)enables 

automation, repeatability, and collaboration in monitoring practices [2]. 

A. Need for Monitoring as Code 

As organizations transition to cloud, containerized, and microservices, the complexity of maintaining 

this technical stack increases exponentially [1]. Manual approaches to monitoring struggle to keep up 
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with this complexity [1]. These traditional approaches are not sufficient to keep with the speed and scale 

of modern software delivery. Monitoring as Code (MaC) has the ability to address this gap. 

B. Key benefits of Monitoring as Code 

MaC transforms the monitoring practice into an agile, repeatable process, ensuring that monitoring is 

a robust reliable and integral part of the software development [1]. 

• Automation: MaC automated the monitoring set up and configuration, reducing the need for manual 

interventions. This enables the organizations to keep with the speed and scope of the growing 

technology landscape while maintaining a robust observability standard.  

• Consistency: With MaC, the deployed monitoring configurations are version controlled, therefore 

ensuring uniform monitoring in development, staging, and production environments. 

• Improved Collaboration: With monitoring configurations being a part of the codebase, the 

Developers, Site Reliability Engineers, and DevOps teams can work together seamlessly. 

• Scalability:MaC makes it easy to adapt the monitoring configuration for complex, multi-cloud, or 

hybrid infrastructures. Therefore, increasing the efficiency of deploying monitoring across the 

technical stack. 

 

This paper explores the common challenges organizations face when getting started with Monitoring 

as Code. The paper examines cultural, technical, scalability, and security hurdles and provides practical 

solutions to address these issues. 

II. KEYWORDS 

A. Software Development 

Software Development is the process of designing, developing, testing, and maintaining a software. 

B. DevOps 

DevOps is a practice that integrates Development (Dev) and Operations (Ops) to increase the speed 

of the development lifecycle. 

C. Site Reliability Engineer (SRE) 

Site Reliability Engineering is a discipline that applies software engineering principles to IT 

operations. SREs focus on maintaining system reliability, performance, and availability while 

automating operations and handling incident responses to minimize downtime. 

D. Infrastructure Management 

The process of managing and maintaining all hardware, software, networking, and data storage 

components that support IT services. 

E. Infrastructure as Code (IaC) 

A practice where infrastructure components are provisioned and managed using code rather than 

manual processes. 

F. Observability 

The principle of measuring the health of a system’s internal state. Observability focuses on collecting, 

analyzing, and correlating data to gain insights into the systems performance, availability, and reliability. 
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G. Monitoring as Code (MaC) 

The practice of deploying and managing monitoring configurations using code, like Infrastructure as 

Code. 

H. Declarative Monitoring 

An approach to monitoring where the desired states are defined, and system automatically configures 

itself to meet those states. 

I. Configuration Management 

The process of systematically maintaining and updating configuration of a system or software to 

ensure consistency.  

J. Configuration Drift 

Configuration Drift is a situation where the configuration of an entity deviates from its original 

defined state over time.  

K. GitOps 

A methodology using Git repositories as source of truth for defining and managing infrastructure and 

application deployments. 

III. CHALLENGES IN MONITORING AS CODE ADOPTION 

Monitoring as Code (MaC) is a powerful and transformative step in modernizing technology 

operations. It provides automated, consistent, and scalable observability. But as with any change, 

adopting MaC for organizations pose multiple challenges.  These challenges are a combination of cultural 

resistance, technical complexities, scalability issues, security concerns, and operational inefficiencies 

while implementing MaC. This section explores the key challenges faced by organizations while 

implementing and adopting MaC. 

A. Cultural and Organizational Challenges 

Cultural and Organizational barriers areone of the most complicated challenges in adopting 

Monitoring as Code (MaC). Resistance to change is common as teams are accustomed to traditional 

monitoring and may struggle to adopt a code-driven monitoring approach. In most cases, this resistance 

is often due to gap in skills as MaC requires knowledge of scripting, configuration management, and 

monitoring tools. Additionally,there is an increase in resistance if teams work in silos.For example, if 

development, operations, and monitoring teams work in different siloed workflows then collaboration 

between the teams is very difficult. This can result in incomplete and broken observability strategy. 

B. Technical Challenges 

The complexity of modern systems requires complex monitoring configurations [4]. If these systems 

are integrated with legacy systems, then the complexity of monitoring increases manifold times [4]. In 

most cases, these modern systems would be accompanied by diverse tooling. Ensuring the compatibility 

across multiple monitoring tools, many of which lack robust APIs or automation features that can 

become a significant hurdle. Also, MaC for such architectures would require maintaining complex 

configuration often in the formats like YAML or JSON, which requires precision and expertise, without 

which errors and misconfigurations would be a frequent issue. 
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C. Scalability and Maintenance Challenges 

The need to manage observability across a large-scale, dynamic, and multi-cloud environment poses 

multiple challenges in terms of scalability and maintenance. Due to the differences between platforms 

such as varying APIs, tool limitations, and infrastructure complexities, it is very difficult to maintain an 

uniform monitoring configuration across the board.Additionally, environments usually have 

configuration drifts. This complicates maintenance and reliability further. Also, as MaC is code based, it 

is important to maintain good version controlling and change management process. This can be resource 

intensive in a rapidly growing environment. 

D. Security and Compliance Challenges 

Security and compliance challenges in MaC primarily are around protecting sensitive data and 

adhering to regulatory requirement. Monitoring configurations usually include credentials, API keys, 

tokens, etc., which if improperly managed could lead to severe security breaches. Additionally, in 

industries with strict regulatory standards such as Utilities, Finance, Defense, and Health Care, the 

monitoring configuration would need to meet standards such as GDPR, HIPAA, etc. This can be 

difficult to implement with MaC. Also, for access control, Role Base Access Controls (RBAC) can be 

difficult to implement for large teams, increasing the risk of unauthorized changes and accidental 

misconfigurations. 

E. Operational and Workflow Challenges 

Operational and workflow challenges can be broken into two parts, first is the integration of MaC 

with existing architecture and second is standardizing the operations of observability. With respect to 

integrating MaC into existing architecture, in organizations with established CI/CD pipelines, getting 

monitoring configurations to follow the same development, testing, and deployment strategies as 

application code can be difficult [3]. As monitoring such organizations is generally an afterthought, this 

would mean the monitoring team would need to understand the application and reinvent the wheel when 

it comes to building monitoring configurations.This could delay the project timelines and further reduce 

the trust on MaC. 

In terms of standardizing observability, organizations run primarily into two challenges. First is 

managing fragmented tooling. If an organization uses multiple tools for their monitoring, it becomes 

very difficult to maintain standardized monitoring across the board. Another challenge to proactively 

address is improper tuning of the alerting thresholds. Improper tuning can lead to alert floods, which can 

desensitize the technology teams and reduce trust in the observability practices. 

 

IV. STRATEGIES TO OVERCOME CHALLENGES 

Although the adoption of Monitoring as Code poses multiple challenges, these challenges are not 

something that are impossible to overcome.  By deploying well thought out strategies, organizations can 

overcome cultural, technical, scalability, security, and operational barriers to unlock the full potential of 

MaC. This section elaborates on some such strategies that can be used to overcome the challenges. 

A. Cultural and Organizational Challenges 

Overcoming the cultural and organizational challenges in adopting MaC would require a shift in 

mindset, skill, and collaboration. Organizations must address the resistance to change from the get-go.  

The need and benefits of adopting MaC should be clearly communicated, demonstrating wins through 
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pilots could be very useful. It is also essential to upskill the resources, investing in hands-on training 

programs and certifications on monitoring tools, scripting, etc. could instill confidence and reduce the 

friction of adoption. It is also vital to break the silos between different groups to foster collaboration 

through integrated workflows and shared goals. 

B. Technical Challenges 

To overcome the technical challenges in adopting MaC, organizations need to adopt a structured and 

tool-focused approach, choosing a monitoring tool that has a robust API which supports automation 

which is critical to ensure seamless integration to MaC workflows. Standard templates need to be 

defined for different aspects of monitoring configuration. This will ensure different aspects of 

monitoring configurations such as alerts, dashboards, access, etc. to be streamlines and error free. 

Automation frameworks such as Terraform, Ansible, or Helm can simplify the deployment and scaling 

of monitoring configuration. There are some monitoring tools like Dynatrace that have built in 

frameworks to support MaC workflows. Automated validations for the pipelines should be implemented 

to test the configurations for syntax and logic errors before deployment. This reduces the risk of 

misconfigurations. Lastly, incrementally modernizing tools and consolidating the monitoring ecosystem 

ensures compatibility while reducing fragmentation. This creates a strong foundation for MaC  

C. Scalability and Maintenance Challenges 

In large organizations, scalability and maintenance can be very problematic. To overcome it, 

organizations must implement practices that ensure consistency, adaptability, and efficiency across the 

environments. Managing the configurations in a centralized fashion using GitOps can provide version-

controlled monitoring setup and enforce uniform configuration across development, staging, and 

production environments [5]. Automated drift detection/ change detection tools can be used to detect 

deviations from the expected state. 

For multi-cloud and hybrid environments, maintaining consistency across the data centers could 

prove to be more challenging. It is essential to choose tools that could work seamlessly across multiple 

platforms. This will allow organizations to have a unified observability strategy without having 

fragmentation.  

Finally, it is very important to regularly audit the configurations and integrate them with CI/CD 

pipelines to ensure that monitoring remains maintainable, scalable, and aligned with evolving 

infrastructure needs. 

D. Security and Compliance Challenges 

Security and Compliance are key for organizations, and they play a crucial role in adopting MaC. To 

overcome the security and compliance challenges in adopting MaC, the organizations need to set robust 

standards for protecting the sensitive data and ensuring adherence of regulatory standards. Organizations 

should implement good vaulting tools such as HashiCorp Vault or AWS Secrets Manager to securely 

store credentials, API keys, and other such tokens. Encryption for data in transit and rest should be 

considered. Role-based access controls (RBAC) should be enforced to restrict unauthorized access. 

Automated compliance checks can be integrated with CI/CD pipeline to check the monitoring 

configurations to the regulatory requirements such as HIPAA or GDPR, this can help reduce the risk of 

non-compliance [3]. These strategies collectively build a secure and compliant foundation for the 

adoption of MaC.  
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E. Operational and Workflow Challenges 

Adopting Monitoring as Code (MaC) presents several operational and workflow challenges that 

organizations must address to ensure seamless integration and long-term success. While MaC offers 

benefits such as automation, consistency, and scalability, its adoption often disrupts traditional 

monitoring practices and requires alignment across teams, processes, and technologies. One major 

challenge is the complexity of tooling and integration, as organizations rely on diverse monitoring 

solutions like Dynatrace, Prometheus, Grafana, and OpenTelemetry [5]. Ensuring compatibility, 

standardizing APIs, and managing conflicts between different monitoring configurations can be daunting. 

Additionally, MaC shifts monitoring responsibilities closer to development teams, leading to cross-team 

collaboration and ownership issues. Resistance from DevOps teams, siloed ownership, and coordination 

gaps in defining SLIs, SLOs, and alerting thresholds can hinder adoption [5]. 

Another critical challenge is version control and change management, as MaC requires treating 

monitoring configurations like software code with proper governance, auditing, and rollback strategies. 

Without structured approval workflows, misconfigurations can lead to unintended consequences. 

Organizations also struggle with balancing standardization versus customization, where rigid templates 

may not meet unique application needs, while over-customization creates inconsistency and maintenance 

overhead. Additionally, alert fatigue and noisy monitoring become significant concerns when improper 

MaC design results in excessive or irrelevant alerts, leading teams to ignore or miss critical incidents. 

Tuning thresholds dynamically with AI-driven anomaly detection and prioritizing incidents based on 

intelligent correlation are essential for mitigating this issue. 

Security and compliance considerations further complicate MaC adoption, as sensitive credentials 

embedded in monitoring scripts, improper access controls, and compliance enforcement challenges pose 

risks. Moreover, a lack of MaC expertise across teams creates training and skill gaps, requiring structured 

learning programs to accelerate adoption. Many DevOps and observability teams are unfamiliar with 

Infrastructure as Code (IaC) principles, making the learning curve steep. To overcome these challenges, 

organizations should standardize monitoring templates while allowing necessary customization, leverage 

automation and AI/ML for proactive alerting, implement strong governance models with version control 

and approvals, invest in workforce training, and adopt a unified observability platform that seamlessly 

integrates MaC principles. Addressing these operational and workflow challenges will enable 

organizations to unlock the full potential of MaC, driving a proactive, efficient, and scalable observability 

strategy. 

V. CONCLUSION 

Monitoring as Code (MaC) represents a noteworthy shift in how organizations approach observability, 

moving from fragmented, manual monitoring setups to an automated, scalable, and consistent framework. 

While MaC offers several advantages, including proactive monitoring, enhanced governance, and 

improved collaboration between development and operations teams, its adoption often poses many 

challenges. Tooling complexity, integration issues, skill gaps, governance hurdles, and cross-team 

coordination are among the crucial roadblocks that organizations must overcome. By leveraging 

standardized monitoring templates, AI-driven automation, GitOps workflows, and structured training 

programs, businesses can successfully implement MaC and transform their observability strategies. 

Addressing these challenges not only ensures seamless monitoring integration into the CI/CD pipeline but 

https://www.ijlrp.com/


 

International Journal Research of Leading Publication (IJLRP) 

E-ISSN: 2582-8010   ●   Website: www.ijlrp.com   ●   Email: editor@ijlrp.com 

 

IJLRP23051405 Volume 4, Issue 5, May 2023 7 

 

also enhances system reliability, performance optimization, and operational efficiency [3]. As enterprises 

continue to scale their cloud-native and distributed environments, adopting MaC will be critical in 

achieving proactive observability and self-healing monitoring ecosystems, making it an essential pillar of 

modern DevOps and SRE practices [4]. 

VI. REFERENCES 

[1] H. Lenke, “Monitoring as Code: Worth The Hype?,” https://www.apmdigest.com/, Nov. 01, 2022. 

https://www.apmdigest.com/monitoring-as-code 

[2] “Automatic generation of monitoring code for model based analysis of runtime behaviour,” IEEE 

Conference Publication | IEEE Xplore, Dec. 01, 2017. https://ieeexplore.ieee.org/document/8305998 

[3] M. Luebken, “Monitoring-As-Code with Crossplane,” The Crossplane Blog, Apr. 18, 2023. 

https://blog.crossplane.io/monitoring-as-code-with-crossplane/ 

[4] J. Park, S.-H. Hong, and I. Chun, “Approach to Generating Monitoring Code toward Advanced Self-

healing,” in Communications in computer and information science, 2011, pp. 138–148. doi: 

10.1007/978-3-642-26010-0_16. 

[5] K. Renders, “Monitoring-as-code through Dynatrace’s Open-Source Initiative,” Dynatrace News, 

Jan. 13, 2021. [Online]. Available: https://www.dynatrace.com/news/blog/monitoring-as-code/ 

 

 

 

https://www.ijlrp.com/

