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Investment managers have
an excellent opportunity to
re-design their investment
management practices
using Al to achieve
investment outcomes that
are often influenced by
market uncertainty, data
proliferation, and rapid
advances in finance and
technology.

Investment managers in the Commercial Real Estate (CRE) industry
have an excellent opportunity to leverage new and transformative
methodologies for clients’ success by re-designing their investment
management practices using Al to achieve investment outcomes
that are often influenced by factors such as market uncertainty,
data proliferation, and rapid advances in finance and technology.

This article will provide a practical guide to developing and
deploying machine learning capabilities, highlighting the feature
engineering process, model selection trade-offs, and Machine
Learning Operations (MLOps) best practices necessary to
operationalize Al at scale.

Al AND WORKFLOWS

The traditional process for modeling investment decisions among
most real estate professionals relies on linear relationships, such
as those between rent growth and vacancy, often overlooking
the complexity caused by the heterogeneity of real estate markets
and other key factors. However, using Al to identify and leverage
pattern recognition from complex, non-linear relationships offer
deeper insights into markets.

Itis important to note that while more advanced algorithms enhance
accuracy, they often reduce interpretability, whereas simpler
algorithms improve interpretability at the expense of accuracy. The
tradeoff between accuracy and interpretability can be mitigated
using (real estate) domain knowledge, feature engineering, and
Explainable AT (XAI) techniques.

Al technologies—Machine Learning (ML), Natural Language
Processing (NLP), and Generative Al (GenAl)—are transforming
commercial real estate by enabling more accurate market
predictions, risk assessments, and opportunity identification. ML
models, such as classifiers and regressions, enhance credit risk
evaluation and scenario analysis by quantifying the impact of
economic factors on rent growth and cap rates. With sufficient data
and computing power, Deep Learning uncovers patterns in complex
datasets like financial news, market data, and social media. NLP
extracts sentiment and insights from unstructured text, while
GenAl not only interprets data but also generates reports, market
updates, and multimedia content, improving communication and
decision-making across the investment lifecycle.

In modernizing our CRE life cycle management process, our firm
experimented with transitioning a couple of risk-related processes
from traditional rule-based approaches for estimating loan default
probabilities to an Al-driven risk assessment system. The following
section offers a broad overview of our Al-driven framework,
which utilizes sophisticated classifier models that combine domain
expertise with advanced statistical methods. This approach
generates risk signals that reflect broader economic and capital
market conditions, thereby closing the gap between our economic
forecasts and risk-management investment decisions, enhancing
scenario analysis grounded in our outlook, and enabling our teams
to respond more quickly to macro events.
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MODEL DEVELOPMENT WORKFLOW OVERVIEW

The process of deriving an investment strategy from data follows
a well-established pattern (as shown in Exhibit 1), it involves the
collection, ingestion, and organization of data from capital market
indicators, offering memorandums, financial statements, and
images into a processed stage that could be turned into signals. A
signal refers to meaningful information or patterns extracted from
data that could help build Machine Learning models and generate
predictions. The generated predictions can be used for decision-
making and creating strategies to forecast space fundamentals and
returns, identify economic states and cycles, or predict probabilities
of default. The entire process could be challenging however, given
the fragmented nature of the data in our industry.

The feature engineering process for generating signals utilizes real
estate domain knowledge and statistics, often involving advanced
mathematical techniques, to transform the processed data. This
makes it easier for machine learning algorithms to learn patterns
that are useful in modeling the desired outcome. The source data
could include loan details, economic factors, and key performance
indicators (KPIs) specific to real estate markets.

These are transformed to create new features or to adjust the scale
of existing ones, preventing the model from being biased toward
features with larger values. It’s crucial to handle data types properly,
examine bias in the data, and apply suitable sampling strategies to
improve signal quality and model performance. Relying on solid
real estate domain knowledge is essential to maintain the right
balance between model interpretability and accuracy.

EXHIBIT 1: DATA TRANSFORMATION: FROM RAW DATA TO STRATEGY

-> PROCESSED ->

DATA SIGNALS =9  MODELS =39 STRATEGY

RAW DATA

Source: Adapted from Denev and Amen (2020), p. 9. © 2020 Wiley.

ESTIMATING PROBABILITY OF DEFAULT
IN COMMERCIAL REAL ESTATE WITH
MACHINE LEARNING

As an example of the modeling framework (Exhibit 2), we utilized a
diverse set of signals from inputs, such as debt yield, loan-to-value,
unemployment rate, and occupancy, to estimate the probability of
default of loans in our commercial mortgage portfolio. To enhance
accuracy and mitigate blind spots inherent in any single model, we
employed an ensembling technique.

With this approach, our quantitative researchers combined
multiple models, each with unique strengths and weaknesses,
to contribute distinct insights and integrate their outputs using
a meta-learner, providing a more robust and comprehensive
estimate for decision-making.
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EXHIBIT 2: A MODELING FRAMEWORK TO ESTIMATE THE PROBABILITY OF DEFAULT IN CRE

INPUTS USED TO BUILD ML MODELS
oo s

e Debt yield e Bankruptcy * Rent growth
e LTV rate e Unemployment rate e Vacancy
e Rollover e 10 yr—2yryield e NOI Growth r
e Occupancy rate Spread e Cap Rates
o Time to Maturity e Gross metro product . etc
. etc ¢ Median Income
* etc

Source: Principal Asset Management
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MACHINE LEARNING OPERATIONS

To ensure that our machine learning framework was reliable,
scalable, and maintainable in a production environment, our team
relied on a concept called MLOps. It consists of a set of practices
that automate and streamline ML workflows from start to finish,
often utilizing cloud infrastructure.

Exhibit 3 illustrates the MLOps workflow, starting with data
storage and management as the foundational layer. Then, the
modeling process involves model training, validation, and
deployment, supported by continuous integration and continuous
development (CI/CD) practices. This ensures updates are smoothly
integrated and deployed. The workflow also includes an evaluation
and feedback loop to keep improving model performance, along
with a model registry and prediction serving layer to manage model
versions and deliver predictions reliably. MLOps is essential for
generating results that are reproducible and auditable, which is vital
for maintaining regulatory compliance and building trust.

EXHIBIT 3: MLOPS WORKFLOW

Data Storage and Management

DATA > DATA . FEATURE
INGESTION PROCESSING ENGINEERING
MODEL > MODEL N MODEL
TRAINING VALIDATION DEPLOYMENT

MODEL
MONITORING :
AND Model Registry and
VERSIONING Predictions Serving

Source: Principal Asset Management

KEY LESSONS

The use of Al on a scale in developing investment strategies,
improving decision-making, and evaluating and managing risks
does not come without its challenges. Successfully scaling Al within
CRE hinges on careful consideration of several key factors. Our
experience indicates key factors include the importance of selecting
the right capabilities through systems engineering and strategic
alignment, having the proper support for change management, and
finding the right partners for technology implementation.

SYSTEMS ENGINEERING AND
STRATEGIC ALIGNMENT

The first step in scaling Al in CRE firms is to select the appropriate
capabilities aligned with strategic business objectives. Systems
engineering plays a critical role in this process, as it involves a
structured approach to integrating complex systems and ensuring
that all components work well together. Early on, crowdsourcing
can be valuable in generating innovative ideas or talking about
specific challenges, but systems engineering provides a more
structured, comprehensive, and reliable approach to deploying
AT solutions. The latter’s focus on integration, quality control,
risk management, and compliance make it a superior method for
ensuring Al systems are effective, scalable, and aligned with the
organization’s strategic objectives.

Strategic alignment ensures that Al initiatives are technologically
feasible and relevant to the firm’s long-term objectives. This aligns
closely with the Cross Industry Standard for Data Mining (CRISP-
DM), which is widely recognized for guiding data-related projects
and emphasizes the importance of understanding the business
context as the first step.
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CHANGE MANAGEMENT

With the 2025 Artificial Intelligence Index report from Stanford
University showing that public unease around AI remains
widespread, with only 55% of people globally seeing “Al products
and services as more beneficial than harmful,” it is essential to
recognize that resistance from staff is natural and can hinder Al
adoption. Effective change management strategies, including
transparent communication about the benefits of Al, employee
engagement in the implementation process, and ongoing support
from top management, are a must to increase buy-in. Our
experience demonstrates that developing AI systems requires
a highly collaborative and iterative approach. This approach
fundamentally reshapes organizational workflows and operating
models. As such, having the right capacity, skills, and alignment is
vital to ensure success.

STRATEGIC PARTNERSHIPS

Better collaboration and partnership will be required to increase
the ability of technology firms and startups to meet the needs of
CRE firms and to close the gap in understanding between the two.
This will continue adding to innovation and will foster sharing
of research across businesses. The shared learnings will lead to
reduced costs and will accelerate development. Partnerships will
also enhance communication, giving access to a pool of talent
specialized in navigating complex Al projects.

A MAJOR SHIFT

The adoption of Al in Commercial Real Estate marks a major
shift from traditional, rule-based investment methods to advanced
Al-driven frameworks. By using machine learning, investment
managers can understand complex, non-linear market relationships
and gain deeper insights from large and scattered datasets. Using
advanced techniques, like ensembling and feature engineering
guided by strong domain knowledge, enables firms to produce more
accurate, reliable, and interpretable predictions of key investment
indicators, including loan default risks and rent growth forecasts.
Additionally, applying best practices in MLOps ensures that
AT solutions are scalable, easy to maintain, and meet regulatory
standards, thereby boosting trust and transparency.

However, successfully scaling Al in CRE requires careful systems
engineering aligned strategically with business goals, effective
change management to overcome internal resistance, and strategic
partnerships to fill knowledge gaps and foster innovation. By
addressing these factors thoroughly, investment management firms
can maximize AD’s benefits, leading to better decision-making,
increased operational efficiency, and a competitive edge in an
evolving CRE landscape.
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Al systems requires a highly collaborative
and iterative approach. This approach
fundamentally reshapes organizational
workflows and operating models.
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By using machine learning,
investment managers can
understand complex, non-
linear market relationships
and gain deeper insights
from large and scattered
datasets.
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