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Hello!



WOZ up?



3 Challenges

Data and Modeling
Outlier sales exist. How should we identify and exclude them?
Past ratio stats have room for improvement. Does a non-linear model help?

Transparency problems
We’ve improved the data and modeling. How can we earn trust after years of 
public mistrust and documented assessment inequities? 

This follows up on work I presented with Jean Cochrane, Senior Data Scientist, at the IAAO Annual 
Conference in 2024.
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Today’s Agenda

• Analytic approachesOutlier sales

• Linear vs. tree-based 
model: does it matter?A new model

• A new sale comps 
algorithmExplainability



Cook County

Cook County, Illinois, USA:
 Largest market-based 

assessment jurisdiction in the 
United States
 1.9M parcels (2024), 2450 km2

 Population: 5.1M (2022)
 Tax Facts:
 Over 130 municipalities
 941 taxing agencies (like 

schools, parks) for roughly 800 
units of government\]



Cook County Property Taxes: By the Numbers

Property values and tax bills vary throughout Cook County.
 Chicago $220k home  $4k bill (1.8% effective tax rate)
 Winnetka $1.08M home  $24k bill (2.2% effective tax rate)
 Dixmoor $66k home  $2.2k bill (3.3% effective tax rate)

Property assessments are zero-sum: if my neighbor’s home is under-
assessed (and under-taxed), my property is over-taxed.



“
”



9Source: Chris Berry/NYT, using assessments from prior years

$75K estimate

$100K sale

$800K estimate

$1M sale



10Source: Chris Berry/NYT, using assessments from prior years

1.0

1.5

2.0

$100K estimate

ÿ $100K sale

= 1.0 ratio

$1M estimate

ÿ $1M sale

= 1.0 ratio



11Source: Chris Berry/NYT, using assessments from prior years

1.0

1.5

2.0

$100K sale

Dixmoor

$1M sale

Winnetka



Sales 
& 

characteristics
The Model High-quality 

assessments



The IAAO Standard on Ratio Studies 
contains guidelines for sales that are 
invalid for ratio studies.

In theory, these sales would also be 
invalid for training the valuation model. 

In practice, excluding these sales would 
exclude approximately 1 in 10 sales.

In Cook County, we have a larger 
problem.
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Outlier Sales: In an ideal world



Problem: Characteristics errors 14

Sale price: 
$775k



Problem: Characteristics errors 15



Problem: some sales are outliers (e.g, a home that sells for 50% 
higher than similar homes.)
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Outlier Sales @ccao-data/model-sales-val

Why it matters: Garbage in, 
garbage out. 

Solution: build a pipeline to 
identify and exclude statistical 
outlier sales (~7% of sample). 



Not flagged as a statistical outlier High-price outlierLow price  outlier



Analysis: the first iteration flagged many Low-Price outliers on 
Chicago’s very heterogeneous south side. 
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Linear Model: Training

https://livebook.manning.com/book/grokking-machine-learning/3-2-the-solution-building-a-regression-model-for-housing-prices/v-4/57



Linear Model: Prediction

https://livebook.manning.com/book/grokking-machine-learning/3-2-the-solution-building-a-regression-model-for-housing-prices/v-4/57

Pros: Highly interpretable and 
generalizable.

Cons: sometimes not as 
performant, and conditional 
averaging may introduce 
inequities



Non-Linear Model: Training

Decision tree models make 
decisions about where to split 
the data into two partitions using 
“if-then” rules. 

Partitions are split into two again 
with more “if-then” rules until 
more partitions don’t add much 
information.



Tree-Based Model: Prediction

Pros: Advantageous for non-
linear relationships, handles 
categorical variables well, can 
outperform linear models.

Cons: requires careful tuning to 
avoid over-fitting.
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sales for model training.
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• Linear vs. tree-based model: tree-
based model is more performant.A new model
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“What sales did the model use 
  to assess my home?”

Explainable AI (XAI): AI should be able to produce details that make its 
functions easy to understand for its intended audience.



PRE-DECISIONAL DOCUMENT NOT FOR PUBLIC RELEASE. 31

“…the chatbot falsely suggested it is 
legal for an employer to fire a worker 
who complains about sexual 
harassment, doesn’t disclose a 
pregnancy, or refuses to cut their 
dreadlocks.”



SHAP values to the rescue?



SHAP values confusing, require understanding the “baseline”

characteristic char_value shap_value
time_sale_day 3288 $40,340
loc_school_elementary_district_geoid 610046 $26,172
time_sale_year 2024 $9,959
loc_school_secondary_district_geoid 609732 $7,053
time_sale_post_covid TRUE $4,803
… … …
char_fbath 1 -$8,507
time_sale_day_of_year 1 -$9,920
char_yrblt 1915 -$10,213
meta_nbhd_code 71250 -$27,845
char_bldg_sf 1197 -$49,459



We created an algorithm to analyze our model's 
decision trees...



We created an algorithm to analyze our model's 
decision trees...



… to find sales that each decision tree thinks are 
similar...



… then make comparisons between decision trees...



… then make comparisons between decision trees...



… then make comparisons between decision trees...



… and tell us which sales the model thinks are 
comparable



Does it work?

Our internal analysis of 113k sale comps 
found that these model sale comps are:
 Accurate. Comps have a correlation of 0.98 

with the PIN’s predicted value. 
Well-behaved. Highly-ranked comps 

are nearby the subject property; the 
median comp distance is 1,501 ft 
from its subject.
 Typically consistent. Comp patterns 

typically make sense within property 
groups.



These comps show us how the model predicted value 
for a property

Demo 1

Demo 2



Measuring Impact: New Statistical Methods for Assessment Accuracy 
and Transparency
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sales for model training.
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Nicole Jardine
Chief Data Officer

Cook County 
Assessor’s Office, 
Illinois, USA

github: @ccao-data
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cookcountyil.gov
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