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Census of Housing 
Block Statistics 📊

• Most granular, earliest, extant Census spatial 
data on housing. 

• 1940-1970.

• Tens of thousands+ of scanned pages of tables 
and maps.
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• Tenure, occupancy, structure age and condition, 
rents and values, race of occupants.

• All houses, not just occupied ones.

What’s in it? What’s it good for?

• High level of spatial detail: Usually, a city block.

• Small size (Pop. ~50 vs ~4,000 for ED/Tract).

• Coverage of large section of cities over time.

• 191 cities in 1940 à All 1970 urbanized areas.

Studies of policies and processes that occur at 
extremely localized spatial scales.

Studies of many cities, or a single city’s history. 

Studies of housing investment and maintenance 
and long-run urban dynamics. 
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Digitizing Block Statistics

• What

• Why

• Goals

• Tasks and Challenges

Localized processes 

Localized policies

EXAMPLES
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• Residential segregation in South 
Philadelphia, 1970 at Census Tract scale

Percent of

population Black

Localized Processes
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Percent of

population Black

• Residential segregation in South 
Philadelphia, 1970 at Census Block scale

Localized Processes
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Localized Policies
Runner-up design

• “Expecting an Expressway” (Brinkman, 
Lin & Mangum).

• Two proposed routes for the 
Crosstown Expressway in South 
Philadelphia.

Tracts Blocks

Difference in differences
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Our Goals

• Block data for 16 cities, 1940-1970.
• Training and validation data.
• Code and methods.
• Freely distributed for use and re-use.
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Digitizing Block Statistics

• What

• Why

• Goals

• Tasks and Challenges

Shapes

Situations

Statistics

Three Tasks

Limitations of 
traditional 

approaches

Our current work

Challenges
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3

Shapes

Situations

Statistics

3 Tasks, 3 Pieces of Data

PHILADELPHIA, PA., BY CENSUS TRACTS AND BLOCKS: 1940
PART 4 8 OF 6 5 PARTS

BLOCK NUMBERS
TRACT NUMBERS
TRACT BOUNDARIES

U- S DEPARTMENT OF COMMERCE. BUREAU OF THE CENSUS
W P. A PROJECT NO 165-2-97-66. NEW YORK CITY

PHILADELPHIA, PA. 7 
Table 2.-CHARACTERISTICS OF HOUSING BY CENSUS TRACTS: 1950-Con. 
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Blocks need to know their:



3 Tasks, 3 Pieces of Data
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Segmenting Block Shapes from MapsShape

Situation

Statistics



Our Ideal Process 
Has Only Three 
Steps

1. Identify closed loops of black ink.
2. Call them all blocks.
3. Declare victory.
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Unfortunately, This Process Fails Spectacularly

Many closed loops of black ink 
are not blocks L

While many closed loops of 
black ink are blocks….
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Can We Handle the Noise?
Many noise polygons 

caused by tract identifiers 
have plausible shapes & 

sizes
Many blocks have 

unlikely shapes & sizes

The polygons inside block 
identifiers and street 

names are small enough to 
be removed safely



Our Ideal Process 
Has Only Three Four 
Steps

1. Remove the tract identifiers from the page 
2. Identify remaining closed loops of black ink
3. Call any reasonably large loops blocks
4. Declare victory
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How can we remove 
tract identifiers?
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Traditional Method 1: Matching Large Shapes

Issues
• Arbitrary Rotations, Inconsistent 

Scale, Shape, and Font, 
Noise/Interference from other 
features.

Low-confidence matches
• If we accept low confidence matches 

of enough templates, everything 
starts to look like a tract identifier.

• Especially problematic with blocky 
characters like 1 and E.
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Traditional Method 2: Matching Patterns

• Sometimes speckled
• Sometimes no fill
• Block boundaries still a problem
• Sometimes inked



Current Work: CNN

More holistic
• Consider properties of block boundaries 

as well as properties of tract identifiers.

• Focus on identifying block boundaries, 
not removing tract identifiers.

More flexible
• Can learn more patterns than we can 

with shape template matching.

• Can address partial shapes.

• Important because of intersections 
between boundaries and identifiers.
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Creating 
Training Data

• Hand annotations are 
expensive; Simulating maps 
is cheap.

• Sample 1990 Census block 
and tract boundaries from 
NHGIS.

• Sample tract and block 
identifiers from real 1940 
maps.

• Randomly assign speckle 
density to tract identifiers.

Simulated Map Training Mask
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Can the model trained on simulated 
maps generalize to real ones?
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What’s Next?

Model and training improvements
• Better simulated maps.
• Augment with hand annotations.

Add more steps
• Inpainting lines erased by CNN.
• Suggestions?
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And Now For Something 
Completely Different 
(1970 maps)

Promises
• Tract boundary segmentation is somewhat easier.

Pitfalls
• Which block is this? Block identifiers are 

inconsistently located, look like street names. 
• Too much detail: Block boundaries look like streets.
• ”Fishhooks” are important and omnipresent.

Our current approach
• We are relying on hand annotations for training and 

validating CNN. 



3 Tasks, 3 Pieces of Data

1

2

3

Geo-Referencing Maps

Shape

Situation

Statistics
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Just Keep Clicking 🐟

+ = …



32Federal Reserve Bank of Philadelphia

A Georeferenced Map 🎯

We know where this picture goes now!

But…
• Sloooooooow.

• Only 3 points doesn’t handle map inaccuracies well.
• Doesn’t match (blue) reference NHGIS shapefile.
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How Can We Get Better?🏋

• Faster!

• We want to process many maps.

• More accurate!

• How much of this can a computer do for us?
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Can we get close?Simplifying the Problem
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How Hard Could This Be?

I still remember the 
block boundaries! 

I still remember 
where I am in the 

world!
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How Hard Could This Be?

I still remember the 
block boundaries! 

I still remember 
where I am in the 

world!
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Super. Duper. Hard.
• Too many matches.

• Several per corner!

• We need to narrow these down.



The Basic Steps 💃🕺

1

2

3

Randomly select internally consistent links.

For selected links, how much do maps overlap?

Keep best guess.

Make guess

Evaluate 
guess

Repeat
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Selecting Links
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Selec2ng Links
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Selecting Links



3 Tasks, 3 Pieces of Data

1

2

3 Digitizing Tables

Shape

Situation

Statistics
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Scale and Scope of Problem
• 1940, 1950, and 1960 Census of Housing, Block Statistics (1970 is digital)

• Sixteen Target Cities

• New York City

• Chicago

• Philadelphia

• Los Angeles

• Detroit

• Baltimore

• Cleveland

• St. Louis

• Washington, DC

• Boston

• San Francisco

• Pittsburgh

• Houston

• Cincinnati

• Columbus, OH

• Atlanta
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Scale and Scope of Problem
• 1940, 1950, and 1960 Census of Housing, Block Statistics

• Sixteen Target Cities

• ~2,000 pages of tabular data, ~170,000 blocks,  ~2.5 million cells per 
decade

• Structured, tabular form, with rows and columns properly associated and 
with accuracy better than 99%

• New York City

• Chicago

• Philadelphia

• Los Angeles

• Detroit

• Baltimore

• Cleveland

• St. Louis

• Washington, DC

• Boston

• San Francisco

• Pittsburgh

• Houston

• Cincinnati

• Columbus, OH

• Atlanta
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Bottom Line Up Front

• Four stage process

• Isolate table and each column

• First pass with Tesseract

• Algorithm to structure table

• ML model to correct errors in OCR

• Great results

• Approach only makes sense if dataset is large and consistent
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Bottom Line Up Front (1950)
• Custom Solution

• 0.07% Observations with Error

• 0.03% Character Error Rate



48Federal Reserve Bank of Philadelphia

Bottom Line Up Front (1950)
• Custom Solution

• 0.07% Observations with Error

• 0.03% Character Error Rate

• Data Entry

•  0.12% Observations with Error

•  0.13% Character Error Rate

• Tesseract (with assist with table structure)

• 12.94% Observations with Error

•   7.24% Character Error Rate
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Why Not Use Out of The Box Solutions?
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Why Not Use Out of The Box Solu2ons?
• Adobe:
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Why Not Use Out of The Box Solu2ons?
• Adobe:
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Why Not Use Out of The Box Solu2ons?
• Adobe: Bad character recognition, relation of rows lost
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Why Not Use Out of The Box Solu2ons?
• Textract:
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Why Not Use Out of The Box Solu2ons?
• Textract: when it works it works!
• 1.5% error rate, 0.22% ignoring cell alignment errors (stats for this page only)
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Why Not Use Out of The Box Solu2ons?
• Textract: when it doesn’t work…
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Why Not Use Out of The Box Solu2ons?
• Textract: when it doesn’t work… it doesn’t work! Small input tweaks do not fix error.
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Why Not Use Out of The Box Solu2ons?
• Textract:

• Sample Size: 169 Pages

• Catastrophic Failures: 45

• Moderate Failures: 6

• Unacceptable page level error: 30%

• Small errors in table layout can be algorithmically corrected, catastrophic failures cannot
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Method
• Isolate table

• Isolate columns

• Tesseract columns

• Structure into table

• Match to labeled data

• Train model to correct Tesseract errors

• Visualize and correct issues throughout

• Final check for internal consistency and vs tract
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Isolate Table Body, Straighten Image
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Isolate Table Body, Straighten Image
Pass through Textract
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Isolate Table Body, Straighten Image
Find where, vertically, we go from mostly alpha to mostly numeric 

Mostly Text

Mostly Numbers
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Isolate Table Body, Straighten Image
Table is isolated
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Isolate Table Body, Straighten Image
Find the rotated bounding box that contains all the body bounding boxes
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Isolate Table Body, Straighten Image
Rotate image around center of table – image is straightened
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Always Be Checking
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Isolate Columns
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Isolate Columns
Find everything that could be a character. Be aggressive, recall is important
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Isolate Columns
Isolate and smear (slightly horizontally, aggressively vertically) what is left
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Isolate Columns
Find (N – 1) longest lines that are nearly vertical, N=# of columns

1 2 3 4 5 6 7 8 9 10 11
12

1314 15 16 17
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Isolate Columns
Columns are isolated



74Federal Reserve Bank of Philadelphia

Tesseract Each Row in Each Column

• Tesseract highly sensitive to input parameters, but flexible and governable 

• Use restricted character set and character level confidence

• Collect character level text, bounding boxes and confidence
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Use Table’s Internal Structure to Build Rows and Columns 

• Start with block column (always populated)

• Look right to find the two-way unique nearest neighbor for each row, 
requiring the angle to the nearest neighbor be similar for all rows

• Create a synthetic cell for cells that do not have a nearest neighbor 
conforming to angle and distances of other cells in column

• Repeat moving out left and right to cover all columns

• Create PDF of all pages to scan for errors
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Use Table’s Internal Structure to Build Rows and Columns 



78Federal Reserve Bank of Philadelphia

Use Table’s Internal Structure to Build Rows and Columns 
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Use Table’s Internal Structure to Build Rows and Columns 
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Train and Apply Custom Model

• Match cells to training data – Washington DC, Mapping Segregation

• Train random forest model at the character level
• Pixel value by position in bounding box

• Tesseract predicted text

• Tesseract confidence

• Grid search with cross validation to tune hyperparameters

• Apply model (out of sample) to remaining cities



81Federal Reserve Bank of Philadelphia

Iden2fy Internal Inconsistencies, Compare to Tract Totals

• Internal consistency, e.g. Owner Occupied + Renter Occupied = Occupied

• Check for outliers at column level

• Compare stats to tract totals, accounting for suppression

• Make corrections easy with Excel tool
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Caveats

• Approach requires some customization per dataset

• Manual steps remain (and probably always will)

• Identifying unusable scans

• Identification of page ranges in source documents (missing pages)

• Always be checking

• Tract transcription is still manual
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Current State

• Scaling work to all 16 cities for 1950

• Refining issues with 1960 model

• Starting 1940 work

• Textract for assist with tract identifiers?

• Claude or other LLM based service for first cut?
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Summary
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Summary

• We are working on digitizing the historical Censuses of Housing Block Statistics, 1940 to 1970.

• Our goal: Develop & release data for 16 cities, training & validation data, and methods & code.

• The three major tasks are digitizing block shapes, the block situations, and the block statistics. 

• This is a work in progress; Questions and comments welcome!



Thanks!


