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We Measure Housing Regulations through Novel AI Methods

Research Question: What are the key features and determinants of municipal zoning
regulations, and how do they influence housing production and prices?



We Measure Housing Regulations through Novel AI Methods

Research Question: What are the key features and determinants of municipal zoning
regulations, and how do they influence housing production and prices?
� We propose a novel general purpose method to parse and understand these rules at

scale: generative regulatory measurement
! Takes advantage of recent developments in Large Language Models (LLMs) and

embedding algorithms applied to zoning codes covering 63% of municipal population
! We assess LLM performance in dataset creation for complex laws: accuracy 96% (binary),

0.90 (correlation, continuous for min lot sizes)
! Cross-validated against existing hand-classification (MA Pioneer Data, Glaeser Ward 09)

and surveys (Wharton Regulatory Index, Gyourko Saiz Summers 08, Gyourko Hartley
Kimmel 21)



We Measure Housing Regulations through Novel AI Methods

Research Question: What are the key features and determinants of municipal zoning
regulations, and how do they influence housing production and prices?

� We propose a novel general purpose method to parse and understand these rules at
scale: generative regulatory measurement

� Create dataset on US zoning regulations to establish 5 facts:
1. Housing production disproportionately occurs in unincorporated areas w/o mun. zoning
2. Density is broadly limited by zoning
3. Zoning follows monocentric pattern, w/ suburban regulations strict in bulk regulations
4. Housing regulations cluster into two main principal components, the first corresponds to

zoning complexity and can be interpreted as extracting value in high demand environments
5. The second principal component associates with exclusionary zoning



Data, Methodology, and Model Validation



US Zoning Regulations and LLM Application
Advances in AI enable new comprehensive analysis of regulatory texts

� Collect data on broad range of US housing regulations
! Cover land use (permitted activities) and bulk regulations (building size, density, placement)
! Data sources: American Legal Publishing, Municode, Ordinance.com
! Coverage: Significant portion of US population Source Coverage Overall Metrics

� Use of LLMs for regulatory analysis:
! Advantages:

Scalable analysis of large textual documents (thousands of ordinances)
Auditable, replicable reasoning
Updatable with new information/improved models

! Challenges:
Potential for inaccuracies and classification errors
Limitations in context window and training content



Model Estimation, Training, and Testing
We build on frontier approaches in AI research and pre-existing hand-classifications

� Use Retrieval Augmented Generation (RAG): Details:

! Embeddings of zoning question and municipal ordinances to find relevant sections
! Feed relevant sections into LLM (baseline: Chat GPT 4.0 Turbo)

� Pioneer Institute data (Glaeser Ward 09) for training and testing: Pioneer Details

! Trained model on 107 municipalities
! Tested model on 30 municipalities (only once; 50 reserved for fine-tuning)
! Included additional questions for housing process (public hearing requirements, wait times)

� Training involves:
! Multi-step processing

Subtasks
Double-checking

! Prompt engineering
! Adding question background and assumptions



Example: First, We Embed Text and a Question For Arlington, MA



Examples of Relevant and Irrelevant Text

Relevant

� Section 11.08 - Affordable Housing
Requirements Part 1: ...1. Fifteen percent
(15%) of the Residential Units in new
Projects shall be Affordable Units...

� Section 11.08 - Affordable Housing
Requirements Part 2: where more than
50% of the units are affordable to
households ... the number of parking
spaces may be reduced to 50% of the
requirements

Irrelevant

� Section 8.10 - Pavement of Parking
Spaces: ...Parking areas with five (5)
spaces or less shall be surfaced with a
permanent material or binder such as
bituminous cement...

� Section 7.06 - Signs permitted in any B, I or
PUD District: ...a. One wall sign for each
street or parking lot frontage of each
establishment. Unless further limited by
the provisions...



Relevant Text Close in Space to Question

� We measure the distance from the
question vector to the text vector using
normalized cosine-similarity (in
n-dimensional space)

� Relevant sections on affordable housing
and exceptions to lot size and floor area
requirements are near the question vector

� We also use a re-ranking algorithm on high
cosine-similarity text



We Provide the LLM With Question Background Information

Inclusionary zoning requires or encourages developers to include affordable dwelling units within

new developments of market rate homes. Some municipalities call it “incentive zoning” - when

provision of affordable units is voluntary. The affordable units are typically located on site, but some

municipalities also allow off-site development under certain circumstances. Often, payments may

be made to a trust fund in lieu of building housing. Housing designated as “affordable” must be

restricted by deed or covenant, usually for a period of 30 or more years, to residents with low or

moderate incomes. The deed restrictions also limit sales prices and rents as the units are vacated,

sold or leased to new tenants.

Do not include provisions for entirely affordable, subsidized housing development by public or

non-profit corporations. Also do not include provisions under “rate of development” headings that

exempt affordable units from project phasing and growth caps.



Relevant Text Enables A Correct Answer
GPT-4 Turbo Output: The zoning bylaw/ordinance provided does indeed include mandates
and incentives for the development of affordable units. Here’s a breakdown of the evidence
supporting this conclusion:
1. **Mandates for Affordable Housing Development**: The ordinance mandates that 15% of the residential
units in new projects be affordable units (Section 11.08, Part 1, d. REQUIREMENTS, 1.). This requirement
applies to all new residential projects, including phased or segmented developments, with six or more units
subject to Environmental Design Review (Section 11.08, Part 1, b. APPLICATION). The affordable units must
conform to specific affordability criteria, ensuring they are accessible to households earning no more than 60%
of the median income for rental units and no more than 70% of the median income for homeownership units
(Section 11.08, Part 1, c. DEFINITIONS).
(other evidence omitted for brevity)

Given the evidence from the zoning bylaw/ordinance, it is clear that the town has both mandates and

incentives in place for the development of affordable housing units.

ANSWER: YES



High Accuracy on Binary Questions and Continuous Measures
Measuring model accuracy: AI vs. Pioneer hand-classification

Binary Details Continuous Details Reasons for Errors False Neg. & Pos. Wharton Comparison Questions Wharton Comparison Quantitative



Human Code Processing Costs vs. LLM Processing Costs
LLM cost effective after �200–500 municipalities; order of magnitude less expensive for use case



5 Facts About US Zoning




