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Decennial Census Digitization and Linkage Project

• Project motivation
• Background
• Digitization
• Capture
• Linkage
• Upcoming related work
• Data access

2



Motivation
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U.S. Census Bureau

Mission: The Census Bureau's mission is to serve as the nation’s leading 
provider of quality data about its people and economy
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Title 13 U.S.C. 

• Title 13 protects the data we collect at the Census Bureau
• It is against the law to disclose or publish any private information that

identifies an individual or business, including names
• All systems, software must be approved and protected
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Research partnerships

• Federal Statistical Research Data
Centers (FSRDC) are
partnerships between federal
statistical agencies and leading
research institutions

• FSRDCs provide secure
environments supporting
qualified researchers using
restricted-access data while
protecting respondent
confidentiality
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1850-1930 
Censuses

1940 
Census

1950-1990 
Censuses

2001-2022 
ACS

User-provided Data
Examples: clinical trials, 

administrative records, surveys

Administrative Records
Examples: SSA Numident

Data Linkage Infrastructure

Census Surveys and Data
Current Population Survey (1973, 1978-present)

American Housing Survey (1983-present)
Survey of Income and Program Participation (1984-present)
Longitudinal Employer-Household Dynamics (LEHD) Data

2000-2020 
Censuses

Administrative Data
SSA Numident

Medicare and Medicaid Eligibility Data
IRS Form 1040, 1969-1994 

Administrative Data
SSA Numident

Medicare and Medicaid Eligibility Data
IRS Form 1040, 1969-1994 
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IPUMS Multigenerational Longitudinal Panel
NBER Census Linking Project

BYU Census Tree 
1850-1940

Digitized full-count U.S. Census data, linked over time
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Digitized full-count U.S. Census data, linked over time
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IPUMS Multigenerational Longitudinal Panel
NBER Census Linking Project

BYU Census Tree 
1850-1940

Digitized full-count U.S. Census data, linked over time



11



Long history of studying mobility 
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DCDL Background
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IPUMS Multigenerational Longitudinal Panel
NBER Census Linking Project

BYU Census Tree 
1850-1940

Digitized full-count U.S. Census data, linked over time



Why are the 1950 data missing?

• Microdata for 1950 only exist for 1% of the population

• Census images were made public in April 2022

• Full-count microdata became available in 2024

• Will be linked to modern data by 2026
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DRB approval numbers of CBDRB-FY19-204, CBDRB-FY20-ERD002-010



Microfilm Numbers

Year Reels Images
1960 11,745 21,141,000 
1970 37,250 67,050,000 
1980 92,250 166,050,000 
1990 115,000 207,000,000 

256,245 461,241,000 
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•Microdata files for 1960-1990 exist but do not include names

•Names were handwritten on census forms

•Census forms are stored on 250,000 microfilm reels

•Forms and data for 1960-1990 are protected by Title 13

Why are the 1960-1990 data missing?

23



DCDL has been a long time coming…

DCDL feasibility research (2013-2019)
• National Academies panel on intergenerational mobility
• Demonstrated methods for scanning, OCR, record linkage

DCDL Full production work (2020-2026)
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Decennial Census Digitization and Linkage Project

1. Digitizing 250,000 reels of microfilm

2. Capturing handwritten names and some bubbled data

3. Merging names with original microdata files

4. Linking all possible records over time

5. Sharing linked data securely



Decennial Census Digitization and Linkage Project

Support for feasibility research, 2013-2019

Support for full-production work, 2020-2026



Digitization

27



Digitization: Microfilm Scanning

• Digital scanning at the Census Bureau’s National Processing Center
(NPC)

• Reel preparation includes unwinding, attaching trailers, and rewinding
all of 1970 reels and various other reels
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DRB approval numbers of CBDRB-FY19-204, CBDRB-FY20-ERD002-010
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Microfilm reel scanning specifics

• Each reel has ~1800 images
• Each scanning machine can scan about 15-20 reels per day
• Creates one gray scale .jpg and one black and white .tif of each image
• Gray scale reel: ~12 Gb
• Black and white reel: ~.16 Gb
• Producing 5-6 Tb digital images per day
• ~250,000 reels, 460 million images, 700 million names
• Estimating nearly 4 Pb of images total
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Image Storage

• Move scans to 4 Pb Dell Isilon Network Attached Storage (NAS)

• Back up to digital tape in facility in Maryland

• Created storage organization for live scanning and back ups

• Perform technical quality assurance and scanning of images
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Project Status
• Follow our progress on the DCDL website: www.census.gov/dcdl
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http://www.census.gov/dcdl
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Capture

39



Form Capture –  Questionnaire
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Form Capture –  Newly Digitized Data
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Capture: Keyed training and truth data
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Optical Character Recognition (OCR) for 
handwritten names
• Team from Information Sciences Institute at University of

Southern California for custom OCR software
• Performed best on 1990 feasibility test in 2015
• Alexander, J. T., Fisher, J. D., & Genadek, K. R. (2022). Digitizing

hand-written data with automated methods: A pilot project using
the 1990 US Census. Journal of Economic and Social
Measurement, 46(2), 95-108

• OCR supported by Census Bureau staff

44



OCR Progress

• Handwriting Capture
• 1990 software developed: 87-95% exact name capture
• 1980 software in development: 86-93% exact name match
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Optical Mark Recognition (OMR)

• Census Bureau Information Technology Office developed and
implementing custom OMR

• Team at NPC supporting OMR with Quality Assurance checks
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OMR Progress

• OMR – Bubble Capture
• 1990 OMR software developed: 99% accuracy rates
• In production, QA ongoing
• 1980 software in production
• 1970 software in development
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Additional Capture

• 1960, 1970 Enumeration District Books
• 1970 Census Addresses

• 1980 Address files
• 1990 Group Quarters
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1960 ED Listings
Original Pre-processed Project-ready data

state prefix min_ed max_ed reel
AL 64 1 16 119
AL 64 17 31 126
AL 64 32N 49 127
… … … … …

AL 402 147 164 137
AL 402 165 181 138
AL 402 182 194 139
AL 402 195 218 140

Crop, align, 
clean

Edit, parse, 
csv

OCR Output



Project-ready data

state reel prefix ed_min ed_max
MI 451 77 1550 1553
MI 452 77 1554 1554
MI 453 77 1555 1557

… … … … …
MI 464 81 5 9
MI 465 81 10 13B
MI 466 81 14 19

Edit, 
parse, csvCrop, columns, 

clean

Original Pre-processed OCR Output

1970 ED Listings



Preprocessing: Clean Images 
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Methods: Binarization  noise reduction  de-skewing  line removal  binder hole removal 
 increasing DPI

Original Image Preprocessed Image



Document Image Analysis: Detect image layout

61Label Studio Annotations Detectron2 Model Detection

Methods: Annotating 50 scans with Label Studio, splitting up train-test data, training layout 
detection model.



Text Extraction: Tesseract OCR Engine

62Detectron2 Model Detection OCR Output

Methods: For each column, predict most likely text and transform raw output into 
readable data frame. 

Layout Parser 
Interface



1970 Block Header Records 

Detectron2 Layout Detection Tesseract OCR Output

Methods: Document Image Analysis, OCR and transform raw output into readable data frame. 

Layout Parser 
Interface



Linkage
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Census Bureau Record Linkage

All cases linked to a common composite of administrative records

• Linkage with name, date of birth, sex, birthplace, address

• Standard techniques of data cleaning and probabilistic matching

• Matched cases are assigned a “Protected Identification Key” (PIK)

• Names removed before data are made available for research
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Linkage rates for decennial censuses
Records with PIK 

assigned
% of all records with 

PIK

2010 Census 283,000,000 91%

2000 Census 249,000,000 89%

1940 Census 54,000,000 41%
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Administrative data coverage: availability and gaps
Easiest to assign PIKs:
• Taxpayers
• Workers
• People on Medicare (most of the 65+ population)
• People receiving housing/medical/food assistance
• Men who ever registered for Selective Service

Harder to assign PIKs:
• Mobile and transient populations
• Residents without SSN
• Children not claimed on tax forms
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DRB approval numbers of CBDRB-FY19-204, CBDRB-FY20-ERD002-010

PIKs in the 1940 Census by Age and Sex

8000000 6000000 4000000 2000000 0 2000000 4000000 6000000 8000000

0-4 years

5-9 years

10-14 years

15-19 years

20-24 years

25-29 years

30-34 years

35-39 years

40-44 years

45-49 years

50-54 years

55-59 years

60-64 years

65-69 years

70+ years

Matched Men Unmatchedl Men Matched Women Unmatched Women

WomenMen
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DCDL Linkage

Techniques being developed with available samples

Using standard Census Bureau linkage techniques
• Making historical composite with 1969-1989 tax files
• Using recovered street addresses from 1970/80/90 censuses
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Preliminary Results

National Survey of College Graduates – 150,000 cases 
1990 Census names entered for a sample of college grads 
PIK rate: 93%

1990 Census Content Reinterview Survey – 28,000 cases
Names entered in follow-up interviews
PIK rate: 82%
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Upcoming work
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1950 Census
• University of Minnesota partnered

with Ancestry.com to obtain full count
microdata

• Census Bureau agreement with IPUMS
for use of restricted full count data

• We will  link 1950 into Census Bureau
infrastructure

• Funding through NIH-NIA R21
• Expect linkages in 2025
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1960 Census
• 1960 Census microdata is only from

long form
• 1960 Census microfilm at the

Census Bureau from short form –
100% file

• We will create microdata file for
the full 1960 Census

• Funding from NIH-NIA R01
• Work will take place 2024-2029
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So many 
people have 
worked on 
this project 
or are 
working on it 
at this 
moment. 

It could not 
be done 
without 
them.



Quick Data Access
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Decennial 
censuses

1940 2000
2010
2020

IRS Form 
1040 
returns

Large-scale linked data infrastructure in the modern U.S. 



Decennial 
censuses

1940 2000
2010
2020

IRS Form 
1040 
returns

1969
1974

1979
1984

1989
1994

Large-scale linked data infrastructure in the modern U.S.
Available NOW!



Decennial 
censuses

1940
1950
1960

1970 1980 1990
2000
2010
2020

IRS Form 
1040 
returns

1969
1974

1979
1984

1989
1994
1995

Large-scale linked data infrastructure in the modern U.S.
Coming Soon (hopefully by the end 2026)



Standard Application Portal
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Federal Statistical Research Data Centers 
(FSRDC)
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Contact information:
Katie Genadek – katie.r.genadek@census.gov
Trent Alexander – jtalex@umich.edu

www.censusdigtization.org
www.census.gov/dcdl
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