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What is zoning?



What is zoning?

“From the start, zoning has separated more than 
just land uses. It also separates people.” 



There are no (comprehensive, 
comparable, and current) zoning data?
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How can data science help?

1. Use natural language processing to extract 
zoning rules directly from local zoning codes 

2. Use machine learning to predict zoning rules
based on property assessment data 



Use machine learning to predict zoning rules based on 
property assessment data

Property assessment data?



Use machine learning to predict zoning rules based on 
property assessment data

• Lot size
• Year built/remodeled
• Land use description 
• Geographic information

Property assessment data?



Zoning rules?
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Zoning rules?

Use machine learning to predict zoning rules based on 
property assessment data 

Maximum allowed by-right floor area ratio (FAR) 

FAR = 1.0

FAR = 9.0
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Machine learning?

Use machine learning to predict zoning rules based on 
property assessment data 

Step 1:   Transform property assessment data 
into meaningful features  

Pro per ty-L eve l Z o n e -L eve l

Lot size  Average lot size per home

Land use description  Share of low-density homes
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Machine learning?

Use machine learning to predict zoning rules based on 
property assessment data 

Step 2:   Build a predictive model

ZTRAX features

Zoning codes
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Machine learning?

Use machine learning to predict zoning rules based on 
property assessment data 

Step 3:   Evaluate our model 

How close are our predicted FARs to the true FARs?

• In-sample? Out-of-sample? 
• Weighted RMSE? Weighted Relative MAE? 



How do we do? 



How do we do? 

1. Predicting Washington, DC in-sample?

2. Predicting DC, Montgomery, and Arlington County in-sample?

3. Predicting Montgomery County out-of-sample?

4. Predicting Arlington County out-of-sample?



How do we do? 
Predicting Washington, DC in-sample?

Weighted RMSE Weighted 

Relative MAE

Residential 0.26 0.12

Non-Residential 0.39 0.04



How do we do? 
Predicting Washington, DC in-sample?



How do we do? 
Predicting DC, Montgomery, and Arlington County in-sample?

Weighted RMSE Weighted 

Relative MAE

Residential 0.21 0.09

Non-Residential 0.67 0.13



How do we do? 
Predicting DC, Montgomery, and Arlington County in-sample?



How do we do? 
Predicting Montgomery County out-of-sample? 
(Training using DC) 

Weighted RMSE Weighted 

Relative MAE

Residential 0.42 0.26

Non-Residential 1.54 2.23



How do we do? 
Predicting Montgomery County out-of-sample? 
(Training using DC) 



How do we do? 
Predicting Arlington County out-of-sample? 
(Training using DC & Montgomery County) 

Weighted RMSE Weighted 

Relative MAE

Residential 0.80 0.31

Non-Residential 1.65 1.35



How do we do? 
Predicting Arlington County out-of-sample? 
(Training using DC & Montgomery County) 
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What comes next?

1. How can we improve the model?
More features and more jurisdictions!



What comes next?

1. How can we improve the model?
More features and more jurisdictions!

2. Can this generalize?
To other regions? 
To other built environments? 
To other zoning characteristics? 



Can this generalize to other regions?
In some cases – yes! 
In other cases – not with ZTRAX alone



Can this generalize?
Not with ZTRAX alone – we need open data!



We can use data science to unlock zoning data.

“What are we zoned for and what have 
we built – what is the delta? It’s nearly 
impossible to know.” 
- Ruby Bolaria, Chan Zuckerberg Initiative



Blog: https://greaterdc.urban.org/blog/we-need-better-zoning-data-data-science-
can-help

Technical Appendix: 
https://www.urban.org/sites/default/files/2019/10/15/predicting_zoned_density_usin
g_property_records_next_steps.pdf

Links

https://greaterdc.urban.org/blog/we-need-better-zoning-data-data-science-can-help
https://www.urban.org/sites/default/files/2019/10/15/predicting_zoned_density_using_property_records_next_steps.pdf


Appendix Slides



Feature importance
Washington, DC in-sample 



Feature importance
DC, Montgomery County, Arlington County in-sample 



Feature importance
Montgomery County out-of-sample



Predicting Montgomery County
Training on DC & Arlington County

Weighted RMSE Weighted 

Relative MAE

Residential 0.43 0.22

Non-Residential 1.26 1.52


