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Redistricting the nation’s congressional districts, state legislatures, 
and local councils is just around the corner—as soon as the Census 
Bureau produces the delayed 2020 Census data. The process these 
days relies on GIS tools, and a number of vendors and others offer 
specialized GIS software for redistricting. A GIS practitioner might 
ask, “How does software for redistricting differ from a typical GIS 
package?” After all, if the central process of redistricting is drawing 
and mapping new geographic districts, shouldn’t a GIS have what’s 
needed? The traditional vector-based GIS provides a great deal of it, 
but there are additional features designed for redistricting that bring 
vital convenience to the process.

The process of creating new districts involves many bread-
and-butter GIS operations. Navigating around an area, adding 
(and hiding) different layers, examining quantitative attributes of 
features, selecting, merging, and editing polygons, and publishing 
maps are just a few. Most of the available redistricting software 
offerings were in fact built on top of a pre-existing GIS platform, 

such as MapBox, Esri’s ArcEngine, Maptitude, and QGIS. Here 
we describe additional redistricting functions, ranging from 
the indispensable core tools to some of the latest cutting-edge 
functions that may be of use for redistricting practitioners. Many, if 
not most, of these specialized functions are available in the web-
based applications as well as desktop systems. Specific redistricting 
software systems, both desktop and web-based versions, are 
described in the forthcoming “Redistricting: a Guide for the GIS 
Community”.

The most fundamental components
Districts are built from smaller census geographies, generally the 
census block, though larger geographic entities in the Census Bu-
reau’s TIGER hierarchical database such as county subdivisions and 
counties can be used as well. Thus, a district might be a collection 
of counties, townships and cities, and blocks. VTDs are another layer 
provided in the TIGER system, representing voting tabulation areas, 
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Figure 1: Identifying a District in Table and the Pending Changes Window Source: Blake Esselstyn, AICP, GISP · Principal, FrontWater, LLC + Mapfigure Consulting
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most often known as precincts. At its most basic level though, in 
most cases a district is simply an aggregation of census blocks. 

Accordingly, the most crucial added functionality of 
redistricting tools to a GIS has to do with the aggregation of the 
shapes and attributes of a district’s component parts.

Aggregated statistics
The manual process of creating districts involves selecting census 
geographic entities that will become part of each district. The prima-
ry required objective is population equality among districts and it is 
tremendously helpful to see—at each step—the total population of 
the districts as a user is building each district. Most redistricting soft-
ware packages display a separate table which shows the aggregated 
population attributes of each district under construction. Most also 
provide a column in that table showing how close each district is to 
the desired ideal population, generally the average population size. 
Many of them also allow for a preview of the effects before the user 
has “committed” that edit. Figure 1 is an example of how one system 
looks.

For example, one key metric users might consider when looking 
to satisfy the requirements of the Voting Rights Act, which concerns 
providing opportunity for minorities to elect candidates of their 
choice, is the %BVAP, or the percentage of the voting age population 
that is Black. The block-level redistricting data (the Census Bureau’s 
P.L.94-171 database) provide the number of persons and persons 
age 18 and over by race and Hispanic ethnicity at every level of 
geography. But the %BVAP statistic requires that the sum of each 
race or ethnicity voting age population must be divided by each 
district’s total population age 18 or over (and multiplied by 100) to 
yield the voting age percentage of the racial or ethnic minority. 

The user specifies the desired demographic statistics (such as 
%BVAP) using configuration settings, and the results are calculated 
automatically and shown alongside the total population each time 
the draft districts are updated. This feature saves several steps that 
would be required using standard GIS software functions.

If partisan information is deemed useful to the districting 
process (possibly as a criterion) a similar calculation can be provided 
based on data that the user or vendor supplies on recent election 
results for the geographic units being combined. A partisan index 
can be created by dividing the sum of votes for a party’s candidate(s) 
in previous races by the total number of votes cast (or the two-
party total). The resulting fraction provides a sense of how a party’s 
candidate is likely to perform in a district. Election results are usually 
available at the precinct level, and some software includes tools 
to disaggregate those numbers down to the block level. Figure 
2 is a screenshot used as an exhibit in a North Carolina partisan 
gerrymandering trial in 2019 and shows that the VTDs are shaded 
based on a partisan index formula like the one described above. RV 
indicates Republican Votes and DV indicates Democratic Votes from 
nine statewide races.

Compactness scores
Compactness of districts is often a goal for a districting plan. But 
there are a variety of methods to consider the compactness of a 
district or the overall compactness performance of an entire dis-
tricting plan. While such methods are not standard tools in a typical 
GIS software package, most redistricting software systems allow for 
swift calculation of these measures. Some states or jurisdictions may 

Figure 2: Example of a Partisan Index Calculation Source: Blake Esselstyn, AICP, GISP · Principal, FrontWater, LLC + Mapfigure Consulting
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require documentation of how districts or plans perform on some of 
these measures, and similar statistics are often cited in court cases 
where plans are alleged to have been gerrymandered.

Integration of hierarchical data structures
If you’re drawing a state-level plan, and choosing which counties to 
include in a district, especially in a large or heavily-populated state, 
you wouldn’t want to be manually clicking on (selecting) all the 
voting districts (VTDs) or blocks in each county. That would be not 
only tedious, but also prone to error. Most software allows you to 
operate at multiple levels…for example, in moving back and forth 
between selecting counties, voting districts, or blocks, as one builds 
districts. Since each of these entities perfectly nests hierarchically 
within their parents’ geographies (note that the “TI” in TIGER stands 
for Topologically Integrated), higher level selections can always be 
mapped down to blocks. Most redistricting software systems allow 
taking advantage of this kind of hierarchical spatial data relationship 
with minimal effort.

Additional helpful features
Without the functions mentioned above, the act of drawing districts 
would be much harder. The features listed below aren’t quite as 
essential, but certainly add convenience. There are more than this 
handful of additional features, but this list includes some major 
ones.
• A plan management utility 

Most tools have a dedicated, separate interface for initiating 
and managing plans, with additional features beyond how 
other geographic files are managed. Metadata such as the 
owner, descriptive notes, and date last edited can be easily 
viewed and compared. At least one even provides versioning 
features.

• Plan integrity checks 
One single command can verify whether a plan has left 
any blocks unassigned to a district, or whether any district 
parts aren’t contiguous. The same tests could be performed 
with other standard GIS processing steps, but having the 
preprogrammed tests makes it easier (and benefits the novice 
user).

• Reports 
Care to see a summary of which cities and towns are in which 
districts, and which of them are divided—including statistics 
about how the area is divvied up? Many tools allow the simple 
creation of just such a report with only a few clicks. Or a 
preformatted report about the demographics of each district, 
or the compactness statistics, or whether incumbents are 
paired in a district. Generally, the pricier packages offer more 
such pre-designed reports.

• Locking of districts 
When creating a plan, sometimes you’re satisfied with a 
particular district—at least for the moment. Being able to lock 
one or more districts prevents that district or districts from 
being accidentally modified while you’re working on others. 

The nicely implemented versions of locking allow you to even 
select a county (for an active, unlocked district) that already has 
some sub-units assigned to locked districts, and it will assign 
only the subunits of that county that aren’t in locked districts.

• Comparison of plans 
One common part of a redistricting process is evaluating two 
or more plan candidates to see how they compare. Other than 
simply a visual comparison of a plan’s maps, some tools allow 
comparison of various statistics such as overall compactness, 
population equality, or partisan proportionality, for example. 
The comparison function can permit the comparison of districts 
attributes, and even report on which subunits differ between 
the two plans.

• Disaggregation 
As mentioned above, repetitive aggregation of statistics for 
districts is a crucial piece of what redistricting software offers. 
But some users will want to proportionally divide and assign 
estimated statistics to sub-geographies. For example, one 
can use block populations (or perhaps voter registrations) to 
estimate from a previous election how many votes in a precinct 
likely came from each block within the precinct. The more 
advanced programs have specialized tools for this task.

• Written descriptions 
The final legal rendition of a districting plan is usually not a map 
of the plan, but a written description of the districts. Whether 
this written description is in the form of a listing of each 
district’s component geographic units or in the form of a metes 
and bounds description of boundaries, some programs will 
automatically generate this cumbersome language.

New bells and whistles for this decade.
The redistricting guide from which this article is extracted provides 
more details on software tools, including a summary of each system 
and a brief description of what sets it apart. Yet, this districting cycle 
brings more application options than any previous cycle, and the 
vendors and developers are looking for ways to further distinguish 
themselves, so there may be additional functions in the near future. 
The following list briefly highlights some of the new features that 
software-makers are promoting as significant, but keep in mind that 
practitioners were able to do without these options ten years ago.
• New metrics  

There are new measures of compactness, including a “cut 
edges” method, which is based on a network graph, and KIWYSI 
(“know it when you see it”). Other measures purport to help 
identify excessive partisan skew; these include the efficiency 
gap, mean-median difference, and declination metrics.

• Integrated publishing of plans to the cloud—and commenting 
thereon 
Recognizing that citizens have become used to exploring 
interactive maps, some packages now facilitate the viewing 
of plans in web portals. Some even provide for viewers to add 
comments “pinned” to specific spots on the map.

• Simultaneous collaborative editing 
Are you used to tools like Google Docs, where multiple people 
can be editing a document at the same time? At least one 

Redistricting continued from page 5



7

app provides a similar option for collaborators working on a 
redistricting plan.

• Touch-screen friendliness 
We’re in an age of ubiquitous devices steered by fingers 
touching screens. Some of the new tools sport a reimagined 
interface in order to be much more usable via the 
touchscreen—not only for plan-making on an iPad, but also on 
a large-screen smartphone.

• Algorithmic, or automated, district creation or editing 
These “smart” automated functions come in multiple flavors, 
ranging from automated “fixes” (e.g., automatically assigning 
a stranded donut hole unit to the district which surrounds it), 
to fully automated creation of plans based on pre-designated 
criteria. One vendor promises to provide automatically 
generated ensembles of plans (large samples of possible plans) 
with which to statistically compare officially proposed or 
approved plans. This enables assessment of whether the official 
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plan has outliers with respect to partisan performance or, 
conceivably, in the protection of minority voting rights. 

Conclusion
Redistricting is an important application of GIS and the application 
of the technology will be especially useful during the next year or 
two. Use of GIS will change the nation’s political geography, with 
major changes affecting all our lives well beyond. New specialized 
GIS software tools are making it relatively easy for even the less ex-
perienced user to get involved in drawing the boundaries. Addition-
ally, the Internet is making these abilities accessible to concerned 
citizens and voting rights organizations. These developments ex-
pand the reach of GIS in the political realm and the GIS professional 
(and we include those without the certification) should be encour-
aged that our technology offers increasing opportunities for more 
people to play important roles in the process.
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Don’t miss 
these upcoming 
opportunities to learn:

Thursday, June 17, 2021 - GIS Return on Investment Workshop: 
First time delivered virtually! Recently updated, this URISA Certified 
Workshop will be presented as a half-day course on Thursday, June 
17. It will also be offered as a full-day course at GIS-Pro 2021 in Bal-
timore. Always a hot topic! Instructors: Doug Adams and Rebecca 
Somers

Determining Return on Investment (ROI) is an important task for 
identifying GIS project and program cost and benefits, securing 
support and funding, choosing among alternative components and 
tasks, and evaluating performance.  ROI analysis is applicable to all 
stages of GIS project planning, development, operation, and expan-
sion.  Developing the metrics necessary to determine ROI, however, 
can be a daunting task.  This workshop will present principles and 
methods to accomplish this goal. 

The workshop will cover ROI basics, types of ROI, how to determine 
costs, how to determine and quantify benefits, categorizing the re-
sults, calculating different types of ROI, and interpreting, using, and 
presenting the results. Hands-on Exercises include identifying and 

documenting costs, identifying and measuring benefits, and putting 
it together to develop an ROI analysis.  Workshop participants will 
use their own computer for the exercises, using calculation tools 
provided by the workshop. 

Half-price for URISA members (only $75 - the nonmember fee is $150). 
Register for this virtual workshop opportunity here.

Tuesday, June 22, 2021 (3:00 Eastern/2:00 Central/1:00 
Mountain/12:00 Noon Pacific): Digging a Little Deeper into ETL for 
NG9-1-1 GIS Data
This presentation gives an overview of ETL concepts before turning 
to a specific use case of loading local road centerlines into the NENA 
GIS Data Model. An educational product from URISA’s NextGen 9-1-1 
Task Force. Free for members.

Take advantage of your URISA member benefits and register for 
one or both events! https://www.urisa.org/webinars

https://www.urisa.org/webinars
https://www.urisa.org/webinars

