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Executive Summary

The rapid adoption of Apache Airflow has been a powerful enabler for data
teams, providing the agility to orchestrate complex data pipelines. However,

this success introduces a challenging paradox: As the use of Airflow expands
across multiple teams, so does your footprint and the number of production
instances that have to be managed. This introduces hidden risks, operational
visibility gaps, service delivery uncertainty, and a growing “observability tax” that
consumes valuable engineering resources.

The growth in Airflow adoption is unprecedented. As of late 2024,
Airflow downloads soared to over 31 million per month, a staggering

increase from just 888,000 in 2020.

APACHE AIRFLOW® 3 IS GENERALLY AVAILABLE!.

This paper explores the problems that arise from a growing Airflow landscape
and charts a strategic path forward. It argues that to transform your data
operations from a reactive cost center into a proactive value-generation engine,
you must move beyond the limitations of siloed instances. Instead, it is essential
to use a unified, intelligent platform that operates as an overlay. To realize
maximum value from Airflow, teams need this platform to feature an architecture
that is built for, and proven to deliver, enterprise-wide visibility, enabling
optimized efficiency and alignment.


https://airflow.apache.org/blog/airflow-three-point-oh-is-here/
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THE MODERN DATA- Data teams are no longer serving a back-office function; they are tasked with
. managing the central nervous system of the modern enterprise. With the
DRIVEN ENTERPRISE: widespread adoption of DataOps, the pressure has shifted from merely storing
THE OPERATIONAL data to delivering it with maximum speed and reliability. Within this paradigm,
REALITY Apache Airflow has emerged as the standard for orchestration. However, as

Airflow’s usage scales from a few isolated pipelines to functioning as a critical
utility that’s employed across the enterprise, the “happy path” of early adoption
quickly gives way to the complex reality of managing a fragmented, mission-
critical estate.

This reliability is now the bottleneck for innovation. 96% of
data leaders state that pipeline performance issues are directly
96% delaying their Al initiatives and reducing Al accuracy.

DIMENSIONAL RESEARCH/BROADCOM: ENTERPRISE Al AND THE DATA PROBLEM
(SEPT 2025), PAGE 3

THE PARADOX OF Airflow’s low barrier to entry and flexibility have made it indispensable. But as

SUCCESS: WHEN SCALING its adoption accelerates, a familiar pattern emerges: What starts as one or two
managed instances quickly blossoms into a sprawling estate of many, and these

AIRFLOW CREATES instances are often administered by different teams. This organic growth, a

HIDDEN RISK sign of success, simultaneously creates significant, yet often difficult to detect,
challenges that undermine the very goals of DataOps.

The stakes are high: Recent industry surveys reveal that for 46% of
organizations, an Airflow issue now halts their entire business operation, while

72% report significant negative impacts on revenue and team productivity.

AIRFLOW SURVEY 2024

« Cross-Instance Visibility Gaps and The Fragile Dependency Chain
One of Airflow’s most common approaches for creating dependencies
between DAGs in different projects or instances is the use of the
ExternalTaskSensor. While functional, this creates a fragile, “point-to-point”
dependency. Any time an upstream team renames their DAG or changes
its schedule, a hidden failure can occur. The downstream sensor will simply
wait, timing out hours later or holding resources indefinitely, with no clear,
immediate signal as to why. The system appears to be “running,” but a
critical business process has ground to a halt. Without a global view of
all DAGs and their schedules, diagnosing this simple but impactful issue
becomes a painful exercise in cross-team firefighting.

« The “Observability Tax” and Spiraling Overhead
To combat this lack of visibility, data engineering teams are forced to
pay an observability tax. They spend an inordinate amount of time
building and maintaining brittle, homegrown monitoring scripts, custom
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THE PARADOX OF
SUCCESS: WHEN SCALING
AIRFLOW CREATES
HIDDEN RISK (cont’d)

WHY NATIVE AIRFLOW
CAPABILITIES FALL
SHORT AT SCALE
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dashboards in Grafana, and complex SQL queries against the Airflow
metadata database. This isn’t a one-time cost. It’s a recurring tax that pulls
your best engineers away from building value-generating data products.
The overhead is compounded by the configuration drift that arises when
teams are managing different versions of providers, plugins, and airflow.
cfg files across dozens of instances. This makes standardized deployment
difficult and it means upgrades are a high-risk, labor-intensive effort. This
tax is further compounded by the cognitive load of context switching.

Just to diagnose a single issue, engineers are forced to toggle between
disparate Airflow Uls, cloud consoles, and custom Grafana dashboards. This
fragmentation fractures focus, increases mean time to resolution (MTTR),
and turns simple troubleshooting into a multi-screen investigation.

Research shows that 83% of Al and data experts now
spend at least 10% of their time—with a third spending over a
quarter of their day—just managing their pipeline tools rather

83% than innovating.

DIMENSIONAL RESEARCH/BROADCOM: ENTERPRISE Al AND THE DATA PROBLEM
(SEPT 2025), PAGE 11.

« Death by a Thousand Cuts: The Slow Degradation Problem

Another insidious, yet silent failure arises due to slow performance
degradation. Imagine a critical data processing task that historically took 10
minutes. Due to subtle changes in data volume or infrastructure, it starts to
take 12 minutes, then 15. No single run fails or breaches its explicit timeout.
All tasks remain “green.” However, the cumulative effect across dozens of
tasks means a pipeline that used to finish at 4 AM now completes at 5:30
AM, missing a critical delivery SLA for a business intelligence report. Native
Airflow tooling does not easily detect these long-term trends, meaning

you only discover the problem after a business deadline is missed and
leadership is demanding answers.

Given Airflow’s continuous improvement, it’s natural to ask: “Can’t we solve
these scaling challenges with native features?”

While features in Airflow 2.x and Airflow 3, including its roadmap, are both
innovative and powerful, they are fundamentally designed to manage workflows
within an instance and cannot solve the enterprise-wide problems of a
fragmented ecosystem. Here are just a few of the areas where limitations arise:

« Instance-level views versus an estate-wide view. Airflow’s Ul is excellent
for monitoring its own DAGs and tasks. However, it cannot natively provide
an end-to-end visualization of a business process that spans multiple
Airflow instances. The introduction of datasets for data-aware scheduling
is @ major step forward, but this mechanism does not work across separate
Airflow deployments. It leaves you blind to the critical, cross-instance
dependencies that characterize a scaled environment.
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A STRATEGIC IMPERATIVE:
CONNECTING YOUR
AIRFLOW ESTATE TO
BUSINESS OUTCOMES

© BROADCOM

« The challenge of multi-tenancy and governance. Giving each team its own
Airflow instance is a common best practice for isolation, but it’s the very
source of the fragmentation problem. This creates silos that are difficult
to govern and monitor holistically. Future Airflow versions aim to improve
multi-team management, but the core challenge of gaining a single, unified
operational view and enforcing standards across these logical boundaries
will remain.

« The “now versus next” dilemma. The promise of future features like
integrated analytics and ML-driven anomaly detection validates the very
problems this paper outlines. However, these challenges are having an
impact on your team’s efficiency and your organization’s trust in data today.
Waiting for a future open-source release, or for your Airflow provider to
offer it, means accepting the ongoing costs of the observability tax and
the risk of failures that aren’t caught until it’s too late. The solution is not to
replace Airflow, but to augment it with an intelligence layer that delivers this
cross-platform visibility now.

m “Expense Payment Processing W oo s O 6 kel 250 CORATES Lot

Visualizing dependencies across DAGs

The technical challenges detailed above directly hinder your ability to deliver
reliable data products and support the attainment of strategic business
objectives. Viewing these issues through the lens of the following key value
drivers reveals the urgent need for a new approach:

« Increase visibility. A fragmented Airflow estate creates operational visibility
gaps. When you can’t see the full critical path of a business process as it
moves across multiple DAGs and instances, you cannot effectively manage
risk. A unified view is essential to build trust and transition from a reactive to
a proactive operational posture.

« Optimize efficiency. The observability tax places a direct drain on
efficiency. It represents technical debt that prevents your data team from
focusing on high-value work. Additionally, a hidden killer of data velocity
is not slow code, but resource latency—the time tasks spend waiting for
available worker slots, database connections, or external sensors. A unified
intelligence layer distinguishes between this wait time and run time. This
visibility enables you to pinpoint exactly where infrastructure bottlenecks
are delaying value, rather than wasting cycles optimizing code that isn’t
the problem.
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A STRATEGIC IMPERATIVE: - Create alignment. Disparate data workflows make it impossible to align
pipeline performance with business outcomes. When you can see,

CONNECTING YOUR measure, and manage the end-to-end process, you can have meaningful
AIRFLOW ESTATE TO conversations with business stakeholders about SLAs, data freshness, and
BUSINESS OUTCOMES the true impact the data platform has on business goals.
(cont’d)
THE PATH FORWARD: To bridge the gap between technical execution and business value, operations

leaders must look beyond simple orchestration. The solution is not to replace
ARCHITECTING Airflow, nor is it merely to “watch” it with standard monitoring tools. Data teams
AN INTELLIGENT need a dedicated operational intelligence layer—a system of record that sits
OPERATIONAL LAYER above your distributed Airflow estate to provide context, prediction, and control.

Crucially, this intelligence layer must be non-intrusive, connecting via lightweight
API plugins or connectors that don’t require refactoring of existing DAGs. Plus,
this layer can’t present any disruption to production pipelines.

BUSINESS VALUE

SLA PREDICTIVE AUTOMATION
GOVERNANCE ANALYTICS INTELLIGENCE

AIRFLOW @
AIRFLOW AIRFLOW
AIRFLOW Bl
AIRFLOW

AIRFLOW
AIRFI OW AIRFLOW

TECHNICAL EXECUTION

This layer does not manage the code; it manages the commitments the data
team has made to the business. To truly scale operations, data teams need a
platform that delivers six non-negotiable capabilities:

1. From Log Aggregation to Business Process Observability

Standard monitoring tools tell you if a specific task failed. An intelligent platform
must tell you if a business process is at risk. This requires a “manager of
managers” architecture that ingests real-time event data from every Airflow
instance and constructs a dynamic model of your data estate.

« The requirement: Look for a platform that allows you to map disparate
DAGs and tasks into logical business services (for example, “end of
month close” or “real-time fraud detection”). This decouples the technical
implementation from the business view, allowing stakeholders to monitor
the health of the service, without needing to understand the underlying
DAG structure.
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THE PATH FORWARD:
ARCHITECTING

AN INTELLIGENT
OPERATIONAL LAYER
(cont’d)
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2. Predictive SLA Management (The “Time-to-Insight” Engine)

Reactive alerting (which tells you “The job failed 5 minutes ago”) is insufficient
for enterprise SLAs. The platform must move from deterministic monitoring to
calendar-aware, probabilistic forecasting. Simple averages fail to account for
operational realities, such as the fact a month-end aggregation will naturally run
longer than a daily load.

« The requirement: The system must maintain sufficient workload data to
understand and react to your business calendar and cyclical events. It
should dynamically calculate estimated complete time of running DAGs
based on these relevant historical patterns. Alerts should trigger in your
existing tools, whether you’re using PagerDuty, Slack, ServiceNow, or
Jira Service Management. Further, these alerts should not be generated
when a failure occurs, but when the model predicts that a future SLA will
be missed given the current velocity and specific calendar context. This
gives operations teams a window of opportunity to intervene—rerouting
resources or notifying stakeholders—before the business is affected.

3. Dynamic Critical Path Analysis

In complex, parallelized Airflow DAGs, not all failures are created equal. The
impact of a failure in a non-critical side branch may be negligible, while a 2%
latency increase in a core dependency could be catastrophic.

» The requirement: The platform must automatically calculate the critical path
of any business process—the longest sequence of dependent tasks that
determines the total duration. This calculation must be dynamic, updating in
real-time as tasks complete or stall. When an alert fires, the platform should
instantly isolate the specific task on the critical path causing the delay,
filtering out the noise of non-critical failures. This transforms root cause
analysis from hours of log-trawling into minutes of targeted remediation.

4. Federated Security and Operational Sovereignty

Organizations deploy multiple Airflow instances specifically to maintain
separation of duties. For example, this ensures that the FinOps team cannot
accidentally interfere with engineering pipelines, and vice versa. A unified
platform must respect these boundaries, acting as a secure overlay that unifies
visibility, without compromising operational isolation.

« The requirement: The platform must implement a multi-tenant security
model that mirrors your organizational structure. It must enforce granular
role-based access control (RBAC) to ensure that specific operations teams
retain exclusive command-and-control capabilities (such as troubleshooting)
over their designated instances. Simultaneously, it must support safe,
“read-only” corridors for business stakeholders to view their service delivery
status. This capability allows the enterprise to achieve a “single pane of
glass” for observability, while strictly enforcing the segregation of data and
operational control required by compliance and security policies.
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THE PATH FORWARD:
ARCHITECTING

AN INTELLIGENT
OPERATIONAL LAYER
(cont’d)
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5. Cost Governance and Resource Optimization (FinOps)

In a cloud-native Airflow environment (such as MWAA, Cloud Composer, or
Kubernetes-based deployments), a lack of visibility directly translates to wasted
budget. Without a unified view, engineering teams often over-provision worker
nodes to ensure performance, leading to massive costs spent on idle computing.

« The requirement: The platform must act as a FinOps enabler by correlating
pipeline execution with infrastructure utilization. By identifying the critical
path, the platform can reveal which tasks actually require high-performance
computing to meet an SLA, and which are non-critical tasks running on
expensive instances unnecessarily. Further, it should allow for “showback”
and “chargeback” reporting, enabling IT leaders to attribute orchestration
costs directly to the specific business services they support. For example,
in this way, leaders can identify that marketing is consuming 40% of the
Airflow computing budget. This turns the data platform from a black-box
cost center into a transparent, managed utility.

6. Centralized Audit and Compliance (The “System of Record”)

Airflow is an orchestration engine, not a compliance archive. Its internal
database is optimized for retaining short-term operational state information,
and keeping years of history within it degrades scheduler performance. Yet, in
regulated industries, auditors demand immutability and long-term retention of
execution data.

» The requirement: The platform must serve as the historical system of
record for the entire data estate. It should offload execution history from
individual Airflow instances into a centralized, immutable repository capable
of retaining data for years. This allows teams to instantly generate audit
reports across every instance.
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CONCLUSION: FROM
REACTIVE MAINTENANCE
TO PROACTIVE BUSINESS
ACCELERATION
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connecting everything e
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A fragmented approach to scaling Apache Airflow, while common, is
fundamentally unsustainable. It introduces risks, buries engineers in technical
debt, and prevents a clear alignment between data operations and business
value. The path forward requires a strategic shift—establishing a unified,
operational intelligence layer. This fuels the following advantages:

« Reduce risk and accelerate the Al roadmap. Even the best Al models
deliver garbage if the data pipeline feeding them is late or erroneous.
This platform protects Al investments by guaranteeing data supply
chain reliability.

« Unleash engineering value. The cost of fragmentation is tangible. With
a third of data experts spending over a quarter of their day on manual
pipeline management, a significant portion of your most valuable
engineering resources are spent on non-innovative work. A unified
platform reclaims these lost cycles. This isn’t just a cost saving; it enables
you to reinvest the observability tax into innnovation. You free up senior
engineering talent to focus on initiatives that directly generate revenue,
such as building the next-generation customer personalization engine or
supply chain optimization model.

« Evolve to a “data product SLA” model. Finally, this shift enables you to
change the conversation with the business. It becomes possible to move
beyond technical SLAs (such as task uptime) to business-meaningful “data
product SLAs. “ These SLAs govern the end-to-end freshness, quality,
and cost of a critical asset like the “certified customer 360 view.” With a
fragmented estate, this would be impossible to achieve, but with a unified
view it can become a reality.

It is time to stop managing Airflow instances and start promoting business value.
Establish an operational intelligence layer and transform the data platform from a
source of recurring risk into the most reliable system in the enterprise.

Find out more.

For more information, visit our website at: www.broadcom.com
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