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Equal population is a foundational principle of redistricting. The necessity of equal 
representation is summarized in the phrase “one person, one vote.”  Census data is taken as 
population ground truth for redistricting purposes. For reapportionment, only the total 
population of each state must be determined.  For redistricting, much finer grained data is 
used. States are divided into counties, which are subdivided into smaller and smaller units, with 
the census block the finest unit at which population and demographic data is counted. A census 
block is often a single city block. 
 

 
Figure 1: Census Geography (courtesy U.S. Census Bureau) 

 
The delay of block-level census data has made it important to determine whether good 
preliminary maps can be drawn using more granular and/or estimated population data. Two 
potential sources for data are the American Community Survey (ACS; a population survey that 
the U.S. Census Bureau makes every two years), and the Colorado State Demographer’s office 
estimates.  The ACS releases data at the block group-level, while the State Demographer 
estimates county-level populations each year.  One could certainly draw maps using whole 
block groups or counties as building blocks, but it may be very difficult to achieve sufficiently 



equal population with these larger units.  Block groups typically contain 600 to 3000 people at 
the beginning of a census decade, and could contain many, many more by the next census.  
Many counties are much too populous to be viable as whole units, especially for state 
legislative districts.  So the problem arises of how to estimate a finer population distribution 
from a coarser one.  This is a very difficult problem, and several different modeling techniques 
have been tried.  A simple and common method would be to estimate that people are 
distributed in the same way within each geographic unit as they were at the time of the last 
census.  In 2019, our group used Colorado data to investigate how accurate this simple 
estimate would be if it were applied at the end of a census decade.   
 
To give an example of the procedure we consider, say the ACS estimated that a block group had 
a population of 1000 people in some year.  The ACS data doesn’t indicate exactly where those 
1000 people live inside the block group. To solve this problem, we would estimate populations 
at the later time by distributing people into census blocks using the known proportions from 
the last census—if 10% of the block group population were in a given block at the last census, 
we would distribute 100 people out of the 1000 to that block in our current estimate.  
  
For our analysis, we focused on precinct-level error because, in order to determine the partisan 
balance of a proposed district using past election returns, the district must be made up of 
whole precincts.  Theoretically a district could be drawn using units as small as census blocks, 
but this would create potentially major problems in estimating vote share variation across a 
single precinct.  We were considering using this modeling technique using 2020 population 
estimates to create some idea of what new districts might look like and what their partisan 
balance might be after the 2021 redistricting, a very similar problem to that facing map drawers 
at this moment. We sought to evaluate the model to see how much error we might run into 
using a technique like this.  In the end, this technique was not necessary for the analysis we 
focused on, but the model evaluation was enlightening. 
  
To evaluate the model, it was necessary to have actual block-level population data for the 
“current” year to compare to the estimates, so we used census data for Colorado from 2010 
and 2000.  We used 2010 census populations at the block group and county level, distributed 
the 2010 population to blocks as described above.  At this point, we compare the real and 
estimated block-level populations.  We then sum populations to the precinct level and compare 
to the actual 2010 precinct-level populations.   
 
One issue that arose in this model was the change of block and block group lines between the 
2000 and 2010 censuses.  We used GIS technology to essentially use block boundaries from 
2000, which were larger than those in 2010, some blocks having been split by 2010.  Thus 2010 
data could be accurately aggregated to 2000 blocks.  We used with block group boundaries 
from 2010, since both 2000 and 2010 block data could generally be aggregated into 2010 block 
groups.  The incompatibility of these lines is certainly responsible for some of the issues.  
However, this same incompatibility would exist in using 2019 or 2020 block group population 
estimates to estimate populations in the new, post-2020 census geographies. 
 



At the block level, the discrepancy was not large in most blocks. The median population 
discrepancy was 2 people per block.  However, in some blocks it was quite large, yielding a 
mean population discrepancy of 19.   The mean block population was 35 people, so this 
represents a large relative error.  The graphics in Figures 2-5 below depict the error that 
resulted at a precinct level when block group or county level population data was distributed as 
described.  We see that in both cases, most precincts are off by fewer than 300 persons.  
However, in areas of high population change, precincts can be off by much larger numbers of 
people.  Many heavy outlier precincts are military bases, like Fort Carson and the United States 
Air force Academy in Colorado Springs. It makes sense that these precincts are outliers, due to 
the challenges of measuring the populations of bases. Many other heavy outliers are newly 
constructed neighborhoods. For example, the Stapleton neighborhood of northeast Denver, 
which was constructed primarily after the year 2000, contains multiple heavy outliers. The 
areas with a large difference show clear patterns. They are heavily concentrated in on the Front 
Range and along major highways, especially on the urban frontiers of major metropolitan areas 
like Denver, Colorado Springs, and Fort Collins. This pattern is logical since the frontiers of these 
cities are highly susceptible to growth and therefore major population shifts. Focusing in on 
Denver, this pattern repeats on a local level. 
 

 
Figure 2: Detail showing population deviation of model in Denver, using block group level-data. 

 
The areas with the highest difference numbers are all areas of redevelopment, including the 
Lower Downtown (LoDo) Five Points area, the development area around the 40th and Colorado 
Blvd transit station, the Stapleton neighborhood, and the Lowry neighborhood. 
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In the Colorado Springs area we see major issues at Fort Carson, which is its own precinct, and 
is the most under-predicted population at the precinct level. This demonstrates that the model 
may not be effective at predicting census populations at military bases. This can have a 
significant effect when studying some areas of Colorado, such as Colorado Springs, and 
modeled population data in these areas should be carefully considered and any model 
estimates checked against other data sources. 
 
The reliability of this pattern in our data provides evidence for the accuracy of our map and 
provides insight into the nature of the population model. The locations in which the model 
misestimates are highly predictable. Established urban areas and rural areas are relatively well-
predicted by the model, while suburban areas and isolated redevelopments are poorly 
modelled. As expected, block group-level data results in smaller errors than county-level data. 
 
Given the delay of 2020 US Census data, this analysis is currently very relevant, and we plan 
two follow up studies.  First, further analysis is required to see how much these precinct-level 
errors could add up or cancel out at the district level.  In cases where a district consists of whole 
counties or block groups, the precinct-level errors would cancel out within each block group or 
county.  In cases where district lines go through areas with high error, and cut through counties 
and block groups, there could be considerable errors in population estimates.  This could be 
estimated for the enacted 2011 districts through fairly straightforward GIS work.  A better idea 
of how these errors would accumulate for randomly created districts would require ensemble 
analysis. 
 
This line of thought leads to the hypothesis that, because the districts are smaller and the maps 
are likely to break more counties or block groups, preliminary maps for State House and State 
Senate districts would be likely to see larger overall population estimate error using this model 
than US Congressional district maps would.  However, preliminary maps at all levels would be 
less reliable in areas of high growth and development than in established urban or rural areas.   
 
A second area for further investigation is the how accurate preliminary, more granular data 
would be in modeling important demographics at the precinct level.  This could be important in 
determining when opportunity districts should be created in accordance with the Voting Rights 
Act of 1965.  It is certain that the same types of errors would arise in such an analysis, though 
we have not yet investigated the magnitude of errors that would arise using real data. 
 
For complete data and further discussion of methods, contact Dr. Beth Malmskog at 
bmalmskog@coloradocollege.edu. 
 



 
Figure 3: Population error at precinct level when using block group-level data. 

 
Figure 4: Population error at precinct level when using block group-level data, focus on Denver 

and Colorado Springs regions 



 
Figure 5: Population error at precinct level when using county-level data 

 
Figure 6: Population error at precinct level when using county-level data, focus on Denver and 

Colorado Springs region. 


