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1 INTRODUCTION

This guide is intended to inspire and help enable the
GIS professional and practitioner to engage in an
equitable and fair redistricting process for legislative
boundaries at federal, state and local levels, whether
on the job or as a volunteer. It is written for the Urban
and Regional Information Systems Association (URISA),
which is the largest association of GIS professionals in
North America and connects people and resources in
the geospatial community. According to URISA's web-
site, its mission is to be “...a multi-disciplinary geospa-
tial organization that provides professional education
and training, a vibrant and connected community,
advocacy for geospatial challenges and issues, and
essential resources. URISA fosters excellence in GIS
and engages geospatial professionals throughout their
careers.”

It is hoped that this guide encourages the GIS practi-
tioner to participate in the process when possible, and it
offers guidance in identifying how to do that. This guide
will also be helpful to those involved in redistricting

as employees of state legislatures, local governments,
redistricting commissions, political parties, consulting
firms, or nonprofit voting rights organizations. But other
GIS experts can also contribute their skills and time
either as volunteers for groups seeking to monitor and
evaluate the work of the organizations charged with
producing final redistricting plans for state or local com-
munities or as independent citizens with ideas about
what fair election districts should look like.

The release of this educational guide in July 2021 is
timely since the process for redistricting in the United
States, based on the 2020 Census of Population and
Housing, is about to take place. While there is a myriad
of educational resources on the topic, including videos
and other training materials on software techniques
and procedures and data management, the guide ex-
plains basic concepts and steps in the process. Though
there is some discussion of alternative software
systems (and links to more information provided), this
guide does not provide detail on how to use them;
such instruction is generally offered by the software
suppliers themselves.

The guide focuses exclusively on the United States and
is not intended to provide a complete or definitive set
of instructions and information about the redistrict-
ing process. Links and references are provided to the
valuable resources used in compiling this handbook
and to additional ones that provide more depth to an
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understanding of the issues surrounding and process
of redistricting. This document has benefited from
these and other sources.

1.1 Definition of redistricting

Before describing the redistricting process, the term
needs to be defined. The term districting refers to

the general process of dividing a geographic area into
more than one district. This may occur without prior
division of the geographic area, such as when city
wards or county councils are created for the first time.
An example of this “reapportionment”"—the redistribu-
tion of congressional seats to the states based on re-
cent Census data—is Montana. Based on 2020 Census
data, Montana, which is one of the seven states having
only one congressional representative in the current
(117th) House of Representatives, will have to draw (di-
vide) the state into two congressional districts for the
first time. Thus, Montana will be “districting” the state.

Redistricting, as implied by the addition of the pre-

fix “re,” refers to changing the areas delineated by

the current division of the geographic area. Thus, it

is a special application of the more general district-
ing process. In most states (and cities and counties),
redistricting is the process by which legislative district
boundaries are revised. Even though there are some
cases in which districting of an area takes place for the
first time, most districting is done repeatedly, generally
after each decennial census. The Census Bureau uses
“redistricting” in describing its data and programs.
Research and educational publications on the process
also generally refer to the process as “redistricting.”
Most of the specialized software providers also use
this term.

This guide offers information, resources, and perspec-
tive on both the process of redrawing districts and for
creating districts where none have previously existed.
Thus, unless citing another’s work or when only “dis-
tricting” is correct, this guide uses the terms inter-
changeably.

1.2 Organization of this guide

The organization of the guide is as follows:

1. Section 2 makes the case for why the redistricting
process is of great importance to our society and
to the role that the geospatial practitioner can play
in it.
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Section 3 covers the major constitutional principles
and key statutes that are used to justify the legal
constraints to how political boundaries are drawn.
Section 4 describes the process at the federal,
state, and local levels, including when it occurs and
the scheduling of its steps, and who is responsible
for drawing the boundaries.

Section 4.4 describes the necessary and optional
data, which is at the heart of the process, that are
used to develop a set of districts.

Section 4.5 identifies the important software func-
tionalities used in the process.

Section 5 discusses an important message of this
guide: that the process of drawing political/legis-
lative boundaries is not merely a technical one,
but that decisions about those boundaries should
be informed by their consequences and that,
therefore, clear criteria about the objectives in the
process should be explicitly understood.

Section 5.1 discusses the federally mandated crite-
ria that every redistricting process requires.
Section 5.2 covers the use of other, widely-used
criteria by states for congressional and state legis-
lative districting.

Section 5.3 discusses fairness criteria used to eval-
uate proposed districts.

11.

12.

13.

14,
15.

. Section 5.4 provides references and links to reli-

able sources on the current rules and processes in
each state.

Section 6 builds on the criteria and processes of
redistricting by framing them from an ethical per-
spective. The GISP Code of Ethics should be consid-
ered by those involved.

Section 7 discusses ways that the public and GIS
practitioner can participate in the process. URISA
supports the value of public engagement in gov-
ernmental and related planning and public service
activities (see the work of colleagues in the field

of Public Participation GIS), and the use of GIS
technologies for drawing election boundaries is no
exception.

Section 8 recognizes that nothing in the political
realm stays the same for very long, providing a
description of recent and trending changes to how
the process is done across the United States.
Section 9 provides final thoughts.

A supplement offers some insights into the vari-
ous specific software system choices available for
redistricting, including stand-alone, enterprise, and
web-based systems.
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2 WHY REDISTRICTING IS IMPORTANT

The GIS practitioner often works within or for agencies
charged with various aspects of public management
and administration and has a unique opportunity to
contribute to sound practices and actions that clarify,
inform, promote, and ensure sound, equitable, and
socially just public policies. One application of GIS
technology, where issues of equity and social justice
are particularly apparent and important to our demo-

cratic ideals, is in the redrawing of political boundaries.

These boundaries, periodically created and changed,
affect the lives of everyone. Legislative boundaries
affect who represents the population in local, state,
and federal government. Legislators that are elected in
noncompetitive districts may develop policies and pro-
grams that represent the interests of only a minority
of the population. The ways in which these issues are
manifest are discussed in this guide.

When GIS practitioners are directly involved in helping
to draw these districts, they have an opportunity and
an obligation to understand the impact they will have
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on the lives and aspirations of the population and the
various social, economic, racial, and ethnic groups re-
siding in those districts. Even when the GIS practitioner
is not directly involved in the drawing of these bound-
aries, he or she can participate in voluntary efforts to
evaluate them and can offer alternative districts for
consideration. These efforts can make important con-
tributions to society.

For the GIS practitioner, applications like redistricting
are not merely technical exercises. As a professional,
the GISP Code of Ethics should be understood and
used in exercising one’s technical skills. As the profes-
sional associations for GIS professionals and practi-
tioners, URISA and the GIS Certification Institute (GISCI)
urge members to observe the code and its emphasis
on obligations to other persons, colleagues, employ-
ers, the profession, and society as a whole. The Code
of Ethics is discussed in more detail in section 6.1.
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3 CONSTITUTIONAL PRINCIPLES'

Article 1, Section 2, of the U.S. Constitution requires an
enumeration of the “Number of free Persons” every
ten years to apportion to the states their number of
seats in the House of Representatives, while also pro-
viding that each state receive at least one representa-
tive. Subsequent amendments and laws eliminated the
restrictions on slave and minority group populations.
Key statutes affecting apportionment are found in the
Permanent Apportionment Act of 1929 and the Appor-
tionment Act of 1941.

While the number of representatives is apportioned
to the states, the Constitution leaves to the states how
those representatives are to be selected. However,
federal law now specifies that in each state, members
of the U.S. Congress must represent geographic dis-
tricts of nearly equal population as of the most recent
decennial census, and it provides protections against
discrimination for racial and language minority groups.
The decennial census of population is conducted as of
April 1stin years ending in “0,” and the states usually
receive population data used for reapportionment of
congressional seats by December 31st of that year.
However, due to delays caused by the COVID-19 pan-
demic, these deadlines have been moved back; the
detailed redistricting data are expected by mid-August
or the end of September 2021 at the latest.

Importantly, our shared concept of democracy in-
cludes two principles considered here: 1) one person,
one vote, and 2) the government should not suppress
free speech.

First, “One person, one vote” is the rule that, under the
Equal Protection Clause of the Constitution (Fourteenth
Amendment), legislative voting districts must be very
close to the same in population size. The idea behind
the rule is that, within each state, each person’s voting
power ought to be roughly equivalent to that of anoth-
er. The criteria of population equality are discussed in
section 5.1.1.

The second principle is that “viewpoint discrimination”
by government that restricts speech with a particular
opinion violates the First Amendment. A variety of
U.S. Supreme Court cases have held that some such
violations of the Constitution can apply to the drawing
of electoral districts. Constitutional arguments against
partisan gerrymandering (discussed in section 5.3.1)
have been based on this principle, though a recent
finding of that court failed to consider it (see Rucho et
al. v. Common Cause et al., 2019).

These two principles of our democracy are the basis
of litigation about redistricting debated by the courts.
Keeping these principles in mind, section 5 considers
the criteria used in creating legislative boundaries and
how they can influence viewpoint discrimination and
the Equal Protection Clause.

'This guide is not intended to be a legal analysis of these
topics. Good summaries of the issues are found in CRS
Report R44199, “Congressional Redistricting: Legal and Con-
stitutional Issues,” and CRS Report R44798, “Congressional
Redistricting Law: Background and Recent Court Rulings.” A
comprehensive review is provided by the National Conference
of State Legislatures (NCSL) in its publication Redistricting Law
2020.
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4 HOW REDISTRICTING IS DONE

Seven states currently have only one congressional
seat—Delaware, Hawaii, North and South Dakota,
Montana, Vermont, and Wyoming—though the 2020
Census will give Montana a second seat. All the other
states must redraw their congressional districts. At
the federal level, the Constitution leaves congressional
redistricting up to the states. Each state outlines the
procedures in its state constitution. In general, there
are few rules beyond equal populations though the
Voting Rights Act (VRA) of 1965 mandates that districts
must be created in which minority racial, ethnic, and
language groups have the opportunity to elect their
representative of choice (see discussion below).

In most cases, congressional and state legislative
districts are drawn by the state legislature, and the
majority party controls the process. The governor's
approval may also be required unless the legislature
can override a veto; in some states, the governor
cannot veto the plan. A few states require bipartisan or
nonpartisan commissions to oversee the line-drawing,
and the state’s governor and majority party leaders
often control who is appointed to these commissions.
Arizona, California, Idaho, Michigan, and Washington
draw districts using independent commissions with
regulations limiting direct participation by elected
officials. The procedures for redistricting in each state

are available at Ballotpedia's “State-by-state redistrict-
ing procedures” and the blog “Who draws the lines?".
A summary of the states using legislatures and those
using commissions is published by the Brennan Center
for Justice (January 30, 2019) in “Who Draws the Maps?
Legislative and Congressional Redistricting”.

Though there may be some exceptions, local redistrict-
ing of city wards and county districts is generally in the
purview of the legislatures of those communities.

4.1 The process

Figure 1 offers a simplified blueprint of the process
employed by GIS districting software systems to devel-
op plans for a set of districts.

Of course, there is much more to the process that
requires discussion and is covered in more detail in
the sections below. Nevertheless, the basic steps are
the following:

1. Determine how many districts are required.
With reapportionment, some states will gain
congressional seats and others will lose them. In
some cities, the number of wards may increase or
decrease depending on changes in population.

Are all districts
complete?

Ve 7. Subimit
district plan

Bb. Update
variables of
inerest counts s

Are all plan
criteria met?

-___'___,_.—-—-—'—"
1. Initiate new 2. Specify 6. Build
district plan number af district{s)
districts
3. Specify
souUrce —
geographies .
Ha. (re)Assign
geography to
district
._.—-—'_"_._._._._‘
4. Spacily
variables of
interest
. e,
5. Specify plan
contstraints

M-

Figure 1: The GIS Districting Software Process. Source: Morgan, J.D., and Evans, J. (2018). “Aggregation of Spatial En-
tities and Legislative Redistricting,” The Geographic Information Science & Technology Body of Knowledge (3rd Quarter
2018 Edition), John P. Wilson (Ed.). Doi:10.22224/gistbok/2018.3.6
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2. Determine the criteria if they are not already
established. This may provide an opportunity for
public input.

3. Get key data, such as census data, existing dis-
tricts, and other relevant geo-data, possibly includ-
ing information about communities of interest.

4. Analyze the overpopulation and underpopulation
of the districts to get a sense of which districts
are likely to require the most significant revisions.
Keep in mind that changes to such districts will
also require changes to those adjoining them.

5. Create one or more draft districting plans either
from scratch or based on redistricting the previous
districts.

6. Allow for public review of the draft districting plans
and for members of the public to submit their own
draft plans.

7. Revise plan(s) based on public and stakeholder
input.

8. Repeat steps 5 through 7 as needed.

9. Adopt the final plan.

This process is clearest for single-member districts
(SMDs). A single-member electoral district is an elec-
toral district electing only one representative to of-
fice and is the primary model in American elections.
Congressional districts must be SMDs, and most states
also elect their state legislators for SMDs. Exceptions
include Arizona, New Jersey, South Dakota, and Wash-
ington, which elect all members of their lower state
legislative chambers from multi-member districts
(MMDs). Some municipalities also utilize MMDs/wards.

There are several methods for determining the win-
ners in MMD elections, including apportioning seats
based on the proportional distribution of votes for
each party's candidates. Variations of these methods
are discussed in “How Proportional Representation
Elections Work.” Arguments for MMDs with propor-
tional representation are that they improve the chance
for creating fairer partisan representation and repre-
sentation of minorities and women (see the FairVote
organization’s “Multi-member districts mean fair repre-
sentation, less gerrymandering”).

The National Conference of State Legislatures (NCSL)
provides another good reference, “Into the Thicket:

A Redistricting Starter Kit for Legislative Staff,” that
details how the process is done for congressional and
state districts.

4.2 Federal and state legislatures

This section discusses the institutional responsibilities
for redistricting; that is, who does it. Broadly speaking,
congressional and state legislative districts for each
state are drawn by either the state legislature or a
commission. However, there are many variations to
both methods. Also discussed is the timing of the steps
involved in a process that starts well before the decen-
nial census is taken and that ends well after the data
are released.

Overview of State-Level Impact

LEGISLATIVE

CONGRESSIONAL®

IMPACT OF DELAY

States with general elections in 2021 2

States with set fixed constitutional or
statutory deadlines for completing

redistricting or deadlines tied to the census 20
year
States with deadlines for completing
redistricting tied to publication of the 1
census or the state’s receipt of redistricting
data
States with no set redistricting deadlines 12
States required to redistrict in 2022 5

States may need to use current maps for

n/a 2021 elections.
To avoid maps being drawn by courts,
10 states will need to adjust deadlines through

formal action or, in some cases, through
other default processes.

Deadlines will be adjusted automatically
but states will still need to complete
4 redistricting in time for 2022 elections. In
some states, this will require special
sessions.

No legal changes are reguired, but states
may need to hold special sessions to

28 complete redistricting in time for 2022
elections.
2 Mo or minimal impact.

*Mumbers do not add to 50 because some states will have only one congressional district and do not need to redraw congressional maps.

Figure 2: Overview of State-Level Impact of Census Data Delays. Source: “How Changes to the 2020 Census Time-
line Will Impact Redistricting,” the Brennan Center for Justice, May 4, 2020.
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4.2.1 Schedules

Generally, redistricting for election districts must be
completed before filing deadlines for the next primary
elections, which vary from state to state for state and
federal offices and locally for local offices. However,
some states have specific redistricting deadlines
regardless of the timing of primary elections. Delays in
delivering the 2020 Census data for both apportioning
congressional seats to the states and the subsequent
drawing of districts in 2021 will have major impacts on
the process in each state and on local districting.

The NCSL provides current information on schedules
for each state (see “State Redistricting Deadlines”). The
Brennan Center provides a summary of impacts, which
are shown in Figure 2. The Princeton Gerrymandering
Project’s “Redistricting Timeline Alert Map” provides
information on the possible impacts from delays of
congressional and state legislative redistricting. In ad-
dition, the reader is advised to consult his or her local
and state authorities for the most up-to-date informa-
tion on deadlines.

Some states and local governments may decide not
to wait for the census data due to their own current
deadlines for redistricting steps and could turn to
using existing districts temporarily, requesting exten-
sions through the courts, delaying primary elections,
or using other sources of data to redistrict.

One possible data source being considered is the Cen-
sus Bureau's American Community Survey (ACS), which
provides estimates of population and population char-
acteristics for relatively small geographic areas (e.g.,
block groups and census tracts). The ACS estimates
for small geographic areas are based on a five-year,
continuous survey and the Census Bureau's annual
population estimates for municipalities that are used
to calibrate the data for the smaller geographic units.
The ACS estimates at larger scales have relatively large
margins of error that would likely invite lawsuits chal-
lenging district plans based on them. The most recent-
ly released ACS data are from the 2015-2019 surveys,
and the 2020 census data are scheduled for release
before release of the 2016-2120 ACS estimates. Cen-
sus counts are likely to show significant differences
with the ACS estimates in many cases (see “Why using
population estimates instead of census 2020 is a bad
idea for drawing new congressional districts: Analysis,”
by Rich Exner, cleveland.com).

4.2.2 Legislatures

Most redistricting is done by state legislatures passing
a law the same way any other law is passed, but some
states have special procedures: some require the
governor's approval or an override vote while others
are not subject to gubernatorial veto, some require a
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supermajority, and some provide for a commission as
a backup for when the legislature fails to agree by a
specified deadline. For example, the Ohio congressio-
nal redistricting process provides several opportunities
for bipartisan approval, including activation of a com-
mission. Ultimately, however, without buy-in from the
minority party, the majority party is still in the driver’s
seat.

The National Conference of State Legislatures (NCSL)
and Ballotpedia are helpful sources for current
information on the laws in each state (see NCSL's
“Redistricting Systems: A 50-State Overview" and
Ballotpedia's “Redistricting” https://ballotpedia.org/
Redistricting).

4.2.3 Redistricting Commissions

Partly because of concerns about partisan gerryman-
dering, some states have adopted independent com-
missions for conducting redistricting either through
legislative action, ballot initiatives, or referenda. (The
U.S. Supreme Court upheld the right of such citizen ini-
tiatives in its 2015 decision, Arizona State Legislature v.
Arizona Independent Redistricting Commission.) These
laws specify how commission members are to be ap-
pointed and the procedures to be followed in drawing
congressional and state legislative districts.

Some commissions redistrict only either congressional
or state districts. Some commissions entirely control
the process, while other commissions must have plans
approved by either the state legislature or the gover-
nor, or both. Some commissions are clearly bipartisan,
while the partisanship of others depends on the parti-
sanship of those selecting the commission’s member-
ship.

Some states specify criteria to be used, such as contigu-
ity, compactness, respecting communities of interest,
or following county, city, township, precinct, or ward
boundaries. (See discussion on criteria in section 5.)

Generally, a commission can be classified as one of the

following;:

*  Advisory commission, which helps draw lines for
legislative districts by recommendation, though
the legislature has the final say.

*  Backup commission, which will step in to draw
plans if the legislature cannot agree on a redistrict-
ing plan in a timely fashion.

«  Politician commission, which is independent of the
legislature, though may have partisan legislators
or other elected officials as members.

Independent commission, which does not include
legislators or other public officials, though
legislators may have a role in selecting the
commissioners.
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Congressional redistricting by states using
commissions is summarized at NCSL's “Redistricting
Commissions: Congressional Plans.” State legislative
commissions are discussed at “Redistricting
Commissions: State Legislative Plans.”

4.2.3.1 Pros and cons of legislative- versus
commission-drawn districts

Some observers believe that having state legislators
draw the boundaries too often leads to protecting
incumbents, noncompetitive districts, and extreme
partisan gerrymandering. Critics of legislatively drawn
districts have argued they allow elected officials to
effectively choose their constituents and violate demo-
cratic principles. Reform efforts by “good government”
groups, such as Common Cause and the League of
Women Voters, have led to the use of redistricting
commissions and have been upheld, for example, by
the Florida Supreme Court in League of Women Voters
v. Detzner. Though the partisan independence of com-
missions varies, these efforts have been implemented
by individual states; yet proposed federal legislation to
promote them has yet to achieve passage.’

On the other hand, defenders of the legislative prerog-
ative maintain that, rather than creating a new insti-
tution, legislators know their constituents’ concerns
and can better delineate districts to adequately rep-
resent them. Elected legislators are also more directly
accountable to the public, whereas commissions are
less so. Yet it is also true that legislators may dilute

the political voice of those most likely to object to their
decisions.

The American practice of allowing legislators to draw
their own districts is not typical in other countries.
The Administration and Cost of Elections states that a
“substantial majority of the countries that delimit elec-
toral districts employ a specially designated boundary
commission or an election management body to draw
these boundaries. The legislature serves as the bound-
ary authority in several countries. And in a few coun-
tries, government agencies are charged with the task
of redistricting.” (See the agency's discussion in the
section, “Composition of the Boundary Authority.")

Commissions, too, may allow partisan control when
they consist of an odd number of partisan members.
The process is more likely to be bipartisan when either
1) an equal number of people from each major party
sit on a commission and a plan’s approval requires at
least one commissioner from each party to vote for it,

1As of this writing, H.R. 1, also called the “For the People Act,”
has been passed by the House of Representatives. The act
would impose new standards on congressional redistricting,
including a prohibition on partisan gerrymandering. See
section 8.2.5 for more on H.R. 1.

or 2) the commission includes a tiebreaking member
either appointed by the judiciary or selected by the
partisan commissioners themselves. Critics are skep-
tical of purported nonpartisan commissions, claiming
that the process might involve people who don't know
enough about political communities to make reasoned
choices, or that they give commissioners or their con-
sultants or technicians hidden ability to effect partisan
results.

4.2.4 Role of courts

In a few states, a judicial official, such as the chief
justice of the state’s Supreme Court, has some say in
determining the legislative lines, either as a backup
when the legislature cannot agree on a plan, in ap-
pointing one or more of the state’s commissioners, or
in appointing a tie breaking commission member. The
court may also appoint a “Special Master” to draw the
boundaries when the lines are deemed illegal. States
may also provide that the state’s court review the pro-
posed redistricting plan.

4.2.5 Consultants

Political consultants sometimes play significant roles in
the process of redistricting. When done by the legis-
lature, legislative staff are usually involved in support
of their employer, but they may not have the time

or technical expertise or political experience to do it
alone. In these cases, the political parties hire consul-
tants to work with the legislators and their staffs. The
NCSL offers direct assistance to legislatures by provid-
ing review of redistricting processes, helping with con-
tacts for consultants, connecting staff with peers doing
similar work, and answering procedural questions.

Commissions, too, may not have staff with sufficient
expertise with the data and software required to per-
form districting, and thus also need the expertise of
consultants. Web searches for consultants will produce
listings of companies to be considered.

4.3 Local electoral districts

State political subdivisions, such as cities and counties
with legislative bodies having geographic wards, coun-
cils, or other election districts, generally have the same
legal standards for redistricting as the states. The U.S.
Supreme Court has held that they must adhere to the
application of the Equal Protection Clause of the Four-
teenth Amendment of the Constitution (i.e., all citizens
have the right to equal protection by law), the princi-
ples of “one person, one vote” (i.e., equal population),
and the Voting Rights Act. These legal parameters are
discussed in section 5.1 on federally mandated criteria.
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The requirement for equal population, however, is
looser than that imposed on congressional and state
legislative districts such that the generally accept-
able range in population is 10 percent (£5%) for local
districts, rather than virtually equal for congressional
districts. Regardless of the range of district populations
in a districting plan, the plan must demonstrate “...an
honest and good faith effort to construct districts...as
nearly of equal population as practicable” (see Hulme
v. Madison County, the District Court for the Southern
District of Illinois).

Voting precinct boundaries are also redrawn or revised
periodically by local (county) boards of elections be-
tween general elections to balance or adjust the num-
ber of registered voters in them or to accommodate
changes in the locations of polling places. Precincts
serve two functions. One purpose is to provide elect-
ed neighborhood representatives for political party
committees, which nominate and select candidates
for office in the city and county. The second function
of a precinct is to serve as the election board’s admin-
istrative unit for tabulation of votes during elections.
Though the geography of the precincts is the respon-
sibility of the local board of elections, local political
parties may have input.

4.4 Data

There are two major types of data needed for redis-
tricting—spatial/geographic (geometry) data, which
enables boundaries to be drawn and referenced, and
population data, which allows for balancing population
by district. The latter data also include those on race
and Hispanic ethnicity. A third data type often used in
the process is recent election results, which can evalu-
ate the likely partisan outcomes in each district. Other
data, such as the housing and socioeconomic data
collected by the Census Bureau’s American Community
Survey (ACS), can also assist in delineating communi-
ties of interest.

The primary geographic files are from the Census
Bureau’s TIGER (Topologically Integrated Geographic
Encoding and Referencing) files. Additionally, some
districting applications may use other geographic data,
such as school, polling, or business locations; topo-
graphic features; or other customized local data. The
basic population and race/ethnicity data for congres-
sional, state, and local election districts are from the
Census Bureau's P.L. 94-171 database named for the
public law that requires it. These data are tabulated
for the shape polygons found in the TIGER shapefiles
and, unless the districting software vendor has already
done so, require joining to the shapefiles.
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However, while the U.S. Constitution provides that the
whole number of persons in each state be used for
congressional apportionment (also see the current ad-
ministration’s Executive Order), the NCSL reports that
“...the Constitution is silent on what data is to be used
for redistricting.” Only 21 states explicitly require the
use of census data for state legislative and congres-
sional districting, others only require it for congressio-
nal redistricting, some are either silent on what data
could be used for state legislative districts, and others
explicitly allow for the use of other, unspecified data
sources. Furthermore, specificity is generally lacking on
which census data are to be used—total population,
voting age population, or citizenship population (see
“Must States Use Census Data for Redistricting? Not
Always” .

Nevertheless, this guide presumes the use of P.L. 94-
171 data for the basic population requirements and
describes additional data sources that might also be
used to meet other criteria.

4.41 Spatial Data—TIGER

Released in January and February 2021 (delayed due to
COVID-19), TIGER 2020 data are used for the 2021 re-
districting process. TIGER was developed at the Census
Bureau to support its mapping needs for the Decennial
Census and other Bureau programs. Shapefiles for
2020 (including previous years) can be downloaded
from the Census Bureau’s website.

TIGER data include census statistical units such as
census tracts, block groups, blocks, selected political
boundaries, and more, as well as roads, railroads,
rivers, lakes, and other features. The data are based
on the North American Datum of 1983 (NAD 83) Global
(geographic) Coordinate System and should be viewed
with a map projection suitable for the area being redis-
tricted to avoid distortions in shapes and areas. If area
measurements are important, such as calculations of
compactness or distance, then it is also advisable to
save and use the data in a suitable projection, such as
a local state plane system.

While some national-level layers are available (such as
state boundaries and metro areas), data needed for
districting a state's congressional and state legislative
districts are provided for individual states. Layers are
also available by county, which is helpful for city ward
or county council districts and other local geography
districts. The attribute fields include the feature name,
type of feature, and other geographic data. Be aware
that these layers do not include demographic data.
GIS software is used to join such data using key fields.
Districting software tools such as those described in
this guide use these data for mapping and aggregating
geographic entities (such as census blocks) to create
districts and district plans.



https://law.justia.com/cases/federal/district-courts/FSupp2/188/1041/2576985/
https://law.justia.com/cases/federal/district-courts/FSupp2/188/1041/2576985/
https://www.census.gov/programs-surveys/acs
https://www.census.gov/programs-surveys/acs
https://www.census.gov/programs-surveys/geography/guidance/tiger-data-products-guide.html
https://www.census.gov/data/datasets/2010/dec/redistricting-file-pl-94-171.html
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-ensuring-a-lawful-and-accurate-enumeration-and-apportionment-pursuant-to-decennial-census/
https://www.ncsl.org/research/redistricting/redistricting-and-use-of-census-data.aspx
https://www.ncsl.org/blog/2019/06/20/must-states-use-census-data-for-redistricting-not-always.aspx
https://www.ncsl.org/blog/2019/06/20/must-states-use-census-data-for-redistricting-not-always.aspx
https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html

Figure 3 provides a listing of the various geographic
layers available as shapefiles from TIGER data. Figure 4
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Phase 3 — P.L. 94-171 Redistricting Data Shapefiles
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Census Bureau, 11/17/2020.
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Phase 3 — P.L. 94-171 Redistricting Data Geographic Products

2020 Census P.L. 94-171 Redistricting Data Geographic Products
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Shapefiles

Census Web Address
https://www.census.gov/geographies/mapping-files/time-series/geoltiger-

Cl..ll'.-lu‘ﬂ Staces
oy

Figure 3: Redistricting Data Program Shapefiles. Source: “Interim Joint Committee on State Government,”a
PowerPoint presentation by James Whitehorne, Chief - Census Redistricting & Voting Rights Data Office,

line-file.html
Maps

https://www.census.gov/geographies/reference-maps.html

Block Assignment Files

https://www.census.gov/geographies/reference-files.html

Block to Block Relationship Files

https://www.census.gov/geographies/reference-files/time-

series/geo/relationship-files.html

Shapefiles — geographic information system geometry files

Maps (PDF only) — County Block; State Legislative with Voting District; Tract; School District
Block Assignment Files — tables identifying the blocks used to build different geographic entities
Block to Block Relationship Files — Crosswalk of 2010 blocks to 2020 blocks

Shape
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Figure 4: Redistricting Data Program Geographic Products. Source: Ibid.
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Most efforts to create or revise election districts use
census blocks as the basic unit of geography with
which to build or revise districts. Larger units of geog-
raphy, such as counties, municipalities, townships, or
precincts, can also be used when all the blocks in them
are to be assigned to a single district. Precinct or ward
geographies (and population data in the P.L. 94-171
files) are included for those states that participated in
the Census Bureau's Voting District Project (see section
4.41.1).

Importantly, for the redistricting process, the block and
other polygon shapes used to build districts undergo
extensive changes between census years. The Bureau's
Boundary and Annexation Survey monitors annexa-
tions and other local boundary changes to municipali-
ties, villages, and townships. With local input, changes
to census tracts are also made between decennial
census years to account for population changes and
changes to the features used to delineate them. In
addition, a year or two prior to the decennial Census,
the Bureau's Redistricting Data Project asks state and
local entities to recommend boundaries for census
blocks and Voting Tabulation Districts (VTDs). VTDs
provide a layer that can be used with the state’s recent
election data. Thus, the layers used for redistricting in
prior cycles are all revised for the next cycle, and it is

necessary for the data user to download and use the
new TIGER files.

4.4.1.1 Voting Tabulation Districts

Some redistricting processes call for including recent
election results, which are tabulated by precinct. The
Census Bureau's Voting District Project is designed to
accommodate this process by providing states the op-
portunity to create a voting districts layer in TIGER. The
voting districts developed in the Bureau's program are
called VTDs. Precinct-level election results data (tabu-
lated by local boards of elections or the state) can be
joined to the TIGER VTD shapefiles. Some redistricting
software packages will have done this for the user.

The Bureau's program allows participants the ability
to use visible and nonvisible edges for voting district
boundaries since precincts and wards may be delin-
eated locally based on property lines or other features
not normally used to delineate census geography. In
VTDs, edges were added to delineate voting districts as
needed and were also used in block delineation; thus,
census blocks nest within VTDs (see Figure 5). TIGER/
Line products for the 2020 Census include the VTD
polygons, and the lines are used for block boundary
delineation.

3905531 02008
5 census blocks
390553107002007 I _ ) ‘
390543107 04 E Block code = concatenation of:
1 0008 State code = 39
Wyandot Rd County code = 055
T Tract code = 310700

IAC’]—W/R_

Block number = xxxx

| Camelot Dr
- 390553107002006
Forest Ln
Prescott Dr \E
CHESTER TWP | 3!
Cedar Rd o
8|
5
8 B
390553107002010 %I g 390553107002011
) 3
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Figure 5: Nested Census Blocks within “VTD |” of Chester Township. Source: Author
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However, the use of VTDs assumes/requires that the
precincts for which the election results have been
tabulated match the VTDs in name and shape. If the
VTD geography does not coincide with the precinct
geography for which election results are available,
then differences between the VTD and precinct shapes
must be reconciled. Additionally, states that are not
participating in the Voting District Project, but that
plan to include recent election data in the redistricting
process, have to reconcile any boundary differences
between census blocks and the precincts that split
block boundaries.

In such cases, some census blocks are geographically
shared by more than one precinct, requiring estima-
tion of the precinct-level election results at the census
block level. Several estimation methods are possible,
including proportional apportionment of the pre-
cinct-level election results data to the blocks based on
proportions of area, population, or geocoded regis-
tered voters. Figure 6 illustrates the problem when
precincts do not line up with census blocks. In the ex-

ample, three blocks are shared by two precincts, ADE
and ADF. To allocate the voting results from precinct
to the blocks, one might apportion the voting results
based on the proportions of precinct areas that are in
each block. A block with a third of the area of a pre-
cinct would be assigned a third of the election results.
Summing at the block level produces an estimate of
the voting results in each block. Conversely, block pop-
ulation data can be allocated to the precincts by the
proportions of the block area that are found in the pre-
cincts sharing the block. If registered voter addresses
can be geocoded with high matching rates, the propor-
tions of the registered voters in each block could be
used to apportion voting results.

4.4.2 Census demographic attributes

Normally the P.L. 94-171 data are released to the
states by March 31st of the year ending in “1" (e.g.,
2021). This cycle, however, delays due to the COVID-19
pandemic and issues related to compiling the data
accurately have caused delays in this schedule. The
Census Bureau announced that the data will be made

390553115001020 r"‘ [ 390553116002000
= p—
390553116002001
390553116002014
390553116002013 blocks
390553116002021 Precincts

Figure 6: Example of Precincts (green lines/labels) Not Aligning with Census Block. Source: Author
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available by September 30, 2021, though there are
expectations that they will be released in August.

Potential impacts of these delays are covered in “How
Changes to the 2020 Census Timeline Will Impact
Redistricting” (Yurij Rudensky, Michael Li, and Annie Lo,
the Brennan Center for Justice, 5/4/2020), and in the
NCSL's report, “2020 Census Delays and the Impact on
Redistricting” (12/10/2020). Another source is “Impact
of COVID-19 on 2020 Census Data & Redistricting”
from Common Cause.

The P.L. 94-171 data include voting age and total pop-
ulation by race and Hispanic or Latino ethnicity. The
census allows persons to indicate up to six race cate-
gories of association:

White

Black or African American

American Indian and Alaska Native

Asian

Native Hawaiian and Other Pacific Islander
Some other race

oukwn =

In addition to counts of persons indicating only one
race (e.g., White alone), tabulations also include all
combinations of the race categories, for example,
White/Black or African American, White/American
Indian and Alaska Native, White/Asian, etc., for the
two-race categories. Three-, four-, five-, and six-race
combinations are also included as tables in the file.

Redistricting Data Program

The census includes a separate question on Hispanic
or Latino ancestry; thus, persons may be Hispanic/Lati-
no of any of the races and race combinations above.
Therefore, Hispanic or Latino persons are also tabu-
lated with all combinations of race. Some detail to the
race question was added in 2020; see section 8.1.5 for
details.

Tables of housing occupancy and group quarters
population are also included. The included tables are
shown in Figure 7.

Geographic identifiers in the TIGER files have corre-
sponding codes in the P.L. 94-171 data so that they can
be joined easily.

4.4.3 Other data

Many of the population and housing characteristics
from the decennial census, such as detailed age and
household characteristics, may also be useful for redis-
tricting, but they probably will not be available until the
end of 2021 or later.

However, each year, the Census Bureau releases
estimates from the American Community Survey
(ACS). These data supplement the census by providing
information on more than 40 topics, including educa-
tion, income, citizenship, health insurance coverage,
commute times, occupations, and languages spoken at
home. ACS data may be particularly useful for identi-

Phase 3 - P.L. 94-171 Redistricting Data Tabulation Product

2020 Census P.L.94-171 Redistricting Data Tabulations

Table P1 — Race

Table P2 — Race for the Population 18 Years and Over

Table P3 — Hispanic or Latino, and not Hispanic or Latino by Race
Table P4 — Hispanic or Latino, and not Hispanic or Latino by Race for the Population 18 and Over

Table H1 — Occupancy Status (Housing)

New Table

Table P5 — Group Quarters Population by Group Quarters Type

All tables produced at multiple geographies including census block

Group Quarter types: Correctional Institutions for Adults, Juvenile Facilities, Nursing
Facilities/Skilled Nursing, Other Institutional, College/University Student Housing, Military

quarters, and other non-institutional

Group quarters is total population only, no demographic breakdown Shape

2020CENSUS. GOV

your future
START HERE >

Figure 7: Redistricting Data Program P.L. 94-171 Data Tabulation Product. Source: “Interim Joint Committee on State
Government,” a PowerPoint presentation by James Whitehorne, Chief - Census Redistricting & Voting Rights Data Office,
Census Bureau, 11/17/2020.
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fying and delineating communities of interest, which
may be one of the considerations used in the district-
ing process (see section 5.2.4).

The user should understand that the ACS data are
estimates based on a sample and therefore have
margin of errors (MOEs). The MOEs provided with
the estimates indicate, with 90 percent confidence,
the range of values in which the actual value would
lay were the data collected from the universe (e.g., of
persons) being measured. To provide estimates for
small geographic areas (such as census tracts and
block groups) with sufficient reliability (i.e., 90 per-
cent confidence in this case), the Census Bureau uses
(combines) five years of survey results to derive the
estimates and their MOEs. Estimates for larger popu-
lated geographic areas with 65,000 persons or more,
such as states, metro areas, and larger counties and
cities, are available based on one-year survey totals.
The five-year ACS estimates for census tracts and block
groups, because the populations being estimated are
small, may have relatively large MOEs, and the user
is cautioned to consider them in using the estimates.
The block group level is the smallest geographic layer
for which the ACS estimates are provided, but not all
of the estimates available at the census tract level are
available at the block group level.

Precinct-based population tabulations are included in
the P.L. 94-171 data for states that participated in the
Bureau’s Voting Precinct Project (see section 4.4.1.1).
Election results data showing results by candidate and
party, however, are the purview of the state and are
not provided by the Census Bureau. That type of data
is typically available by voting district (generally known
as precincts) from the secretary of state for each
state. Experience has shown that the names or codes
for these districts may not coincide with those found
in the TIGER data (as VTDs), since local precincts are
the responsibility of local boards of elections and can
change in both their geography and names from one
election to the next.

Other helpful sources of precinct geography and elec-
tion results include the University of Florida’s United
States Election Project and the Harvard Election Data
Archive. In addition, Tufts University has a crowdsourc-
ing project to digitize precincts: Project 2: Digitizing
Precinct Maps.

4.5 Plan outputs

Depending on legal requirements in each state or
government entity, the final plan of districts includes
a description of the plan listing the geographic com-
ponents of each district (e.g., counties, municipalities,
VTDs, or census blocks). A narrative description of the

plan could also be required, such as a detailed street-
by-street description of district boundaries (“metes
and bounds”). Possible other products include map(s)
showing the district boundaries and a report summa-
rizing relevant statistical information for each district in
the plan, such as population and racial/ethnicity data,
partisan metrics, or compactness scores and other
metrics. Sections 4.6 and the Supplement on software
options provide more information about software
tools for creating these outputs.

4.6 Software functionality for
redistricting

How does GIS 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 be adequate for the job? The
traditional vector-based GIS provides a great deal of
what is needed, but there are additional features in a
redistricting product that bring vital convenience to the
process.

The process of creating new districts involves many
standard GIS operations. Navigating around an area,
adding (and hiding) different layers, examining quanti-
tative attributes of features, selecting and editing poly-
gons, and publishing maps are just a few. Most of the
available redistricting software offerings were in fact
built on top of a preexisting GIS platform, such as Map-
box, Esri's ArcEngine, Caliper's Maptitude, and QGIS.
The following sections describe additional redistricting
functions, ranging from the indispensable core tools to
the latest cutting-edge functions that may be of use for
redistricting practitioners. Specific redistricting soft-
ware systems are discussed in the Supplement.

4.6.1 The most fundamental
components

As noted in section 4.4, districts are built from smaller
census geographies. Generally, the most basic geo-
graphic census unit is the block, though larger geo-
graphic entities in the TIGER hierarchical structure,
such as county subdivisions and counties, can be used
as well. Thus, a district might be a collection of coun-
ties, townships and cities, and blocks. VTDs might also
be used. At its most basic level though, most districts
are simply an aggregation of census blocks.

Accordingly, the most crucial added functionality of re-
districting tools to a GIS has to do with the aggregation
of the shapes and attributes of a district's component
parts.
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4.6.1.1 Aggregated statistics

The manual process of creating districts involves
selecting census geographies that will become part of
each district. As discussed in section 5, the primary re-
quired objective is population equality among districts
(see section 5.1.1). But by automating the process
with the use of GIS districting tools, the user will find it
tremendously helpful to see—at each step—the total
population of the proposed districts as each district is
built. Most redistricting software packages display a
separate table that 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 (see
description of the ideal population in section 5.1.1.1).
Many of them also allow for a preview of the effects
of changes before the user has “committed” that edit.
Figure 8 provides an example of how one GIS district-
ing system looks.

The total headcount for each district is straightforward
(simply the sum of each component part’s popula-
tion), but computation of some of the other popula-
tion attributes are a bit more involved. For example,
one key metric users might consider when looking to

satisfy the requirements of the Voting Rights Act (see
section 5.1.2) is the %BVAP, which is the percentage of
the voting age population that is Black. The block-level
redistricting data (P.L. 94-171) provide the number of
persons aged 18 and over by race and Hispanic eth-
nicity at every level of geography, but the sum of each
of those numbers must be divided by each district's
total population age 18 or over (and multiplied by 100)
to yield the voting age percentage of a 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 dis-
tricts are updated.

If partisan information is deemed useful to the re-
districting process (possibly as a criterion), a similar
calculation can be performed 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 num-
ber 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. As noted in the section
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Figure 8: Identifying a District in Table and the Pending Changes Window Using Maptitude. Source: Blake Esselstyn,
AICP, GISP, Principal, FrontWater, LLC + Mapfigure Consulting
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on data, election results are usually available at the
precinct level, and some software includes tools to
disaggregate those numbers down to the block level.
These methods are briefly discussed in the section

on VTD data (see section 4.4.1.1) and disaggregation
(see section 4.6.2). Figure 9 is an example used in a
North Carolina partisan gerrymandering trial in 2019.
It shows that the consultant, Dr. Thomas Hofeller, was
shading the VTDs in the map based on a partisan index
formula like the one described above. RV indicates
Republican votes and DV indicates Democratic votes
from nine statewide races.

4.6.1.2 Compactness scores

As discussed in section 5.2.1, there are a variety of
methods to consider the compactness of a district or
the overall compactness performance of an entire dis-
tricting plan. Most districting software allows for swift
calculation of these measures (not a standard tool in
a typical GIS). Some states or jurisdictions may 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.

l Maptitude for Redistricting (Licensed to FrontWater geo)

File Edit Map Dataview Selection Tools Redistricing Window Help

4.6.1.3 Integration of hierarchical data
structures

If one is creating a state-level plan, and choosing which
counties to include in a district, it would be a tedious,
error-prone exercise to manually click on (select) all
the voting districts or blocks in each county. Most GIS
districting software allows the user to operate at mul-
tiple levels by moving back and forth between selected
counties, voting districts, or blocks, as one builds dis-
tricts. Since each of these entities perfectly nests hier-
archically within their parents’ geographies (note that
the Tl in TIGER stands for Topologically Integrated),
higher-level selections can always be mapped down

to blocks. Most districting software systems allow the
user to take advantage of this kind of hierarchical spa-
tial data relationship with minimal effort.

4.6.2 Additional helpful features

Without the functions mentioned above, the act of
drawing districts would be much more difficult. The
features described below, by contrast, are not quite as
essential, but certainly add convenience to the district-
ing process:
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Figure 9: Example of a Partisan Index Calculation. Source: Blake Esselstyn, AICP, GISP, Principal, FrontWater, LLC +
Mapfigure Consulting
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+ Aplan 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 software system even
provides versioning features.

+ Plan integrity checks
One single command can verify whether a plan
has any blocks unassigned to a district, or whether
any district parts are not 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
Predesigned report templates can provide the user
with much useful information, such as a summary
of which cities and towns are in which districts,
and which of them are divided—including statis-
tics about how each area is divvied up. Addition-
ally, preformatted reports provide the user with
a relatively easy way to create reports about the
demographics of each district, or the compactness
statistics, or whether incumbents are paired in a
district. Generally, the pricier districting software
packages offer more such predesigned reports.

+ Locking of districts
When creating a plan, sometimes the user may
be 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 working on
others. The best versions of locking allow users
to select a county (for an active, unlocked district)
that already has some subunits assigned to locked
districts, and it will assign only the subunits of that
county that are not in locked districts.

+ Comparison of districting plans
One common part of a redistricting process is
evaluating two or more plan candidates to see
how they compare. In addition to a simple visual
comparison of a plan’s maps, some tools allow
comparison of various statistics such as overall
compactness, population equality, or partisan pro-
portionality. The comparison function can permit
the comparison of district attributes and report on
which subunits differ between the two plans.

+ Disaggregation
As previously mentioned, repetitive aggregation of
statistics for geographic units is a crucial piece of
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what districting software offers. But some users
may want to disaggregate, or to proportionally
divide and assign estimated statistics to geogra-
phies that are lower in the hierarchy of geogra-
phies. More advanced programs have specialized
tools for this task. 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.

Written descriptions

The final legal rendition of a districting plan is usu-
ally 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 lan-

guage.

4.6.3 New bells and whistles for this
decade

The Supplement provides more detail on software
tools, including a summary of each and a brief descrip-
tion of what sets it apart. In 2021, there are more ap-
plication options than any previous redistricting cycle,
and the list will most certainly continue to grow after
publication of this guide. The following list briefly high-
lights some of the new features that software makers
are promoting as significant in the current redistricting
cycle:

New metrics

There are new measures of compactness (see sec-
tion 8.3.2) as well as many measures purporting to
help identify excessive partisan skew, such as the
median difference (see section 5.3.1), efficiency
gap, and declination (see section 8.3.3).

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




Touch-screen friendliness

This is an age of ubiquitous devices steered by
fingers touching screens. Some of the new tools
sport a reimagined interface to be much more us-
able via the touchscreen—not only for plan-mak-
ing on a tablet but also for on a large-screen
smartphone.

Algorithmic, or automated district creation or
editing

These “smart” automated functions come in mul-
tiple flavors, ranging from automated “fixes” (e.g.,
automatically assigning a stranded donut hole unit
to the district that surrounds it) to fully automated
creation of plans based on predesignated criteria.
One vendor promises to provide automatically
generated ensembles (see section 8.3.1) of plans
with which to compare officially proposed or ap-
proved plans. This allows assessment of whether
the official ones are outliers with respect to parti-
san performance (or conceivably in their protec-
tion of minority voting rights).
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5 CRITERIA

What should a set of district boundaries (i.e., the dis-
trict plan) achieve? Population equality and minority
voting rights have been required by federal statute
and the federal courts’ interpretations of the Consti-
tution. Beyond these requirements, a commonly held
belief is that compact districts are desirable, presum-
ably because they are more likely than not to allow for
districts with communities of similar beliefs, customs,
and political interests to vote on the same candidates
and on the same issues. And less compact districts
suggest, though do not mean, that their configuration
was created to affect politically or racially motivated
outcomes (i.e., they have been gerrymandered—dis-
cussed below).

Such concerns indicate that election districts should be
drawn “fairly.” But what is fair?

Fairness is subjectively interpreted, so some schol-

ars and others have argued for computer-generated
“objective” map making that removes political or other
biases. Among others, Magleby and Mosesson (2018)
have offered an algorithm that achieves districts that
are politically “neutral” and are “...contiguous, balanced
(in population) and relatively compact.” Yet, drawing
election boundaries is more often seen as (and even
preferred to be) a process aimed at achieving political
end results. The variety of criteria that may be applied,
and which often conflict with one another, makes the
process subject to value judgments about which crite-
ria are more important than others. For this reason,
some advocates for fair redistricting schemes prefer

DEMOCRATIC GERRYMANDER
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to rely on a process for selecting nonpartisan commis-
sions rather than on criteria that are difficult to define
in detail.

Districts drawn to unfairly favor individual candidates
or a group's political interests over others are com-
monly referred to as gerrymandered (Figure 10) and
may be violating the Equal Protection Clause and/or
the First Amendment of the U.S. Constitution (view-
point discrimination). Such districts can be achieved
through geographically packing and cracking certain
groups of voters (Figure 11).

Packing voters who share similar voting behaviors con-
centrates them into fewer districts. Packing (concen-
trating) voters with shared voting preferences results
in a larger number of “wasted votes,” which are those
that exceed the minimum number to win the election.
Cracking occurs when boundaries are deliberately
drawn to divide a concentration of like-minded voters
who share similar voting preferences and disperse
them across several districts. Cracking dilutes the vot-
ing strength of a group and can prevent its preferred
candidates from receiving a majority of the votes.

Congressional redistricting involves, for each state with
more than one representative, creating or redrawing
geographic boundaries for U.S. House districts. Except
for population equality and adherence to the Voting
Rights Act (VRA) of 1965, redistricting rules vary and
are largely determined by state law. There are, howev-
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Figure 10: Partisan Gerrymandering. Source: A Citizen's Guide to Redistricting, the Brennan Center for Justice, 2010
Edition.
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Figure 11: Cracking and Packing. Source: Ibid

er, some common standards and criteria. Some of the
measurements used in evaluating a district or district
plan are discussed here.

See Ballotpedia's “State-by-state redistricting proce-
dures” and Justin Levitt's blog (now Doug Spencer’s)
“How can the public engage?”

5.1 Federally mandated criteria

Public Law 90-196 requires single-member districts
(SMDs) (voters only vote for a representative in their
own district). Other federal requirements are popula-
tion equality and compliance with the Voting Rights Act
of 1965 on racial/language minority protections.

5.1.1 Population equality

Over the years, legislative provisions have required
that, as nearly as practicable, congressional districts
contain an equal number of inhabitants within each
state. The U.S. Supreme Court has also established the
“equality standard,” or “one person, one vote” principle
(based on the Constitution’s Equal Protection Clause),
which requires that congressional districts within a
state be drawn to approximately equal population
sizes. Mathematically, differences must be as close as
possible to an ideal (average) district size.

The courts have required differences in a state’s
congressional districts to be extremely small (0 or 1
person), since the geographic building units used are
census blocks, which may have as few as one (or no)
population and make it easy to accomplish. Yet some
states, such as lowa, Ohio, and West Virginia, also
require preservation of political subdivisions, such as
counties and municipalities. State legislative districts,
which often require more requirements than popula-
tion equality and VRA compliance, can, and always do,
allow for more variation in population. Generally, pop-
ulation equality for state legislative districts can vary

by 5 percent around the average district population. In
addition, a number also have requirements concerning
preservation of political subdivisions.

While the total population seems to be the required
numbers to use for congressional districting, it is not

a forgone conclusion that this will be true at the state
and local levels in 2021. In 2011, all states used the
total population for state legislative districting. How-
ever, other measures may be tried this cycle, including
voting-age population, citizen voting-age population, or
registered voters. The “Guide to Drawing the Electoral
Lines” states that: “Each of these alternatives depends
on a logic of exclusion, denying representation to
those who pay taxes and who are expected to live by
our laws. Though the Supreme Court has formally left
this question for a future case, their last word in the
area left serious question as to whether such mea-
sures would be constitutional.”

5.1.1.1 Measurement

Population equality is calculated by measuring how
much each district's population varies from the num-
ber of people each district should have, using the
most recent census figures. The greater the variation,
the lower the plan scores. There are three statistical
concepts involved in measuring population equality.
The first is the ideal population, in which the “ideal”
district population is equal to the total state population
divided by the total number of districts (or represen-
tatives in multimember districting plans). The second
concept is the deviation or degree to which 1) an
individual district's population differs from the ideal,
and 2) how much all districts collectively vary in popu-
lation from the ideal. The deviation for a single district
is usually expressed as a percent of the ideal popula-
tion. Measuring the extent to which populations of all
the districts in a plan vary collectively from the ideal is
done with either the mean deviation (absolute or per-
centage) or the overall range of deviations among the
districts or between the largest and smallest district.
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The chart in Figure 12 provides the formulae for these
measures.

5.1.2 Compliance with the Voting Rights
Act

The Voting Rights Act (VRA) prohibits states (or political
subdivisions in the case of wards, for example) from
diluting the voting strength of persons based on their
race, color, or membership in a language minority. The
VRA is intended to prevent viewpoint discrimination
against such groups.

Determination of whether the VRA has been violated

is ultimately left to the courts, but until recently one
practical application of this requirement is that a re-
districting plan must draw as many minority-majority
districts as possible, which are ones in which the ma-
jority of the constituents in the district are of a racial or
ethnic minority (non-White or Hispanic). Courts have
allowed exceptions when there has been a history of
high minority turnout and/or crossover voting (e.g.,
Whites voting for Black-preferred candidates).

The Court noted that the VRA “...does not require a
covered jurisdiction to maintain a particular numer-
ical minority percentage. It requires the jurisdiction

to maintain a minority’s ability to elect a preferred
candidate of choice.” (“North Carolina Supreme Court
Disregards U.S. Supreme Court in Redistricting Case")

But because Black and Hispanic voters have tended
to lean Democratic, the VRA has also been used for

partisan gerrymandering by packing minority voters
in hyperconcentrated Democratic districts. In recent
cases, the courts have moved away from accepting
numerical racial targets, instead favoring district lines
that demonstrably comply with the VRA.

It is suggested that the reader also review the discus-
sion on recent changes in section 8.2.1.

5.2 Additional widely-used criteria
by the states

In addition to requirements imposed by the federal
government, several other traditional districting prin-
ciples are commonly used by many states, including
contiguity, compactness, observing administrative
boundaries or communities of interest, and following
physical or natural geographic features. The common
criteria for congressional and state redistricting used
by each state are provided in “Redistricting Criteria,” by
Ben Williams and Wendy Underhill, NCSL Newsletter,
September 2017, Vol. 25, No. 34.

Beyond the federally mandated criteria, many states
provide that the other criteria, including some found in
the section on fairness criteria below, should be used
in ranked priority; California does so explicitly in the
state constitution. As another example, Ohio pre-
scribes a process for both its state and congressional
districts that tries to minimize the splitting of counties
and municipalities. Other stipulations call for districts
to be compact and not give political party advantage.
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Figure 12: Statistical Terminology for Measuring Population Equality. Source: “Redistricting Law 2010,” National
Conference of State Legislatures, November 2009, p. 25.
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Measures for these objectives are unspecified. (see
“Ohio Issue 1, Congressional Redistricting Procedures
Amendment (May 2018)", Ballotpedia.)

5.2.1 Compactness

Geographical compactness is an easy concept to un-
derstand, but legislation may ignore the fact that mea-
surement methods vary. The goal of having compact
districts is to cluster geographically nearby residents
into the same district. When compactness is deemed
important, shapes like circles, squares, or hexagons
are favored over irregular or bizarrely shaped districts.
The extent of such irregularly and noncompact districts
is often seen as a possible indication of unfair district-
ing such as in the case of partisan gerrymandering.

Proponents of compactness tend to use arguments
based on advantages of propinquity, efficiency, and
communication. It is argued that compact districts can
reflect shared interests within districts or provide more
efficiency in legislative activities, such as in campaign-
ing. Yet, irregular districts may be necessary to comply
with what may be more important criteria, such as the
VRA, maintaining communities of interest or political
units, or limitations due to natural features such as
mountains and rivers.

There are differing opinions on how to quantitatively
define compactness, and there is a plethora of meth-
ods. Some compare a district's length to its width, for
example; others compare its area to that of a hypo-
thetical area that may consist of a circle minimally
containing the district or a minimum convex polygon
containing the district (like wrapping a rubber band
around the boundary). Others consider the geographic
distribution of the population within the district. Some
experts argue that if compactness is to be evaluated it
should be based on a combination (perhaps an aver-
age) of multiple compactness measures.

5.2.2 Contiguity

Most states require that districts have contiguity, that
is, that all parts of the district are in physical contact
with some other part of the district, even if only at

a point. Figure 13 demonstrates the concept. For a
district to be contiguous, some would also expect that
it generally must be possible to travel from any point
in the district to any other point in the district without
crossing into a different district. A district may also be
considered contiguous if the district is split by a body
of water but there is a method of transport over the
water, such as a bridge. For example, the eastern and
western portions of Ohio's 9th congressional district
is connected by a bridge that spans a bay in Lake Erie.
Forty-nine states require state legislative districts to be
contiguous, and 23 require congressional districts to
be contiguous (see “Where are the lines drawn?).

NON-CONTIGUOUS

CONTIGUOUS

Figure 13: Non-Contiguous and Contiguous Districts.
Source: RedistrictingOnline.org, https://redistrictingon-
line.org/basics-redistrictingprinciples/

5.2.3 Preserving political or
administrative boundaries

Most states specify that existing political boundaries,
such as counties, cities, or towns, be considered in
drawing state and/or congressional boundaries. These
requirements often involve such places not be shared
by districts or split only when either population size

or other criteria require it. Election administration

may be simplified in such cases. Another rationale is
that political entities often have agendas that are best
served by only one or a few representatives, and that a
representative with more than one such entity in his or
her district may not prioritize the entity's interests. On
the other hand, it could be argued that a political entity
could be better served by having more than one repre-
sentative. In addition, some states discourage drawing
district boundaries that would create electoral contests
between incumbent legislators.

Also, some state legislatures require nesting of lower
chamber districts within the higher chamber districts.
In Ohio, for example, each senate district includes
three house districts.

5.2.4 Communities of interest

Many geographic areas have a shared background

or common interests that may be relevant to their
legislative representation, and some states include a
requirement (or preference) in their redistricting pro-
cess. Common interests may be due to social, cultural,
historical, racial, ethnic, partisan, or economic factors.
In some instances, communities of interest may be
preserved by following criteria such as compactness
or preserving political subdivisions. However, selective
or overuse of this criteria may conflict with a goal to
create competitive districts (see section 5.3.3).
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5.2.5 Following geographic features

Natural features in the geographic landscape, such as
rivers, lakes, watersheds, or escarpments, may provide
suitable boundaries for legislative districts. Dominant
topographical features, such as mountain ranges and
bodies of water, may present barriers to transporta-
tion and communications that should be avoided in
creating cohesive legislative districts. Manmade fea-
tures too, such as highways or industrial and commer-
cial zones, may be logical features to separate districts.
Sometimes, as can be the case with transportation
corridors, they provide a logical way to connect other-
wise disconnected populations. They also can create
communities of interest.

5.3 Fairness criteria

The criteria described above do not explicitly consid-
er issues of political partisanship in the drawing of
boundaries. But, as noted above, drawing political
boundaries (or even some administrative ones) in-
evitably provides an opportunity for those drawing
the boundaries to use the districting process to their
advantage and to impose viewpoint discrimination
against others. Certainly, “fairness” is in the eye of
the beholder and means different things to different
people or groups. Some of the criteria that explicitly
concern what might be seen as matters of fairness in a
redistricting plan are described in this section.

5.3.1 Partisan advantage

In a fairly drawn districting plan, one might expect, all
other things being equal, that the number of seats won
by each political party is at least roughly equal to the
proportion of votes the parties' candidates received.
This is commonly referred to as “representational
fairness” or “proportional fairness.” Though this makes
intuitive sense, scholars point out that 1) there is no
constitutional or districting law requiring that the per-
centages of seats won and votes for a political party be
proportional, and 2) there are mathematical reasons
concerning what is known as partisan symmetry that
show why this relationship may be violated beyond
any obvious partisan influence. In fact, elections usual-
ly generate outcomes in which a majority party’s share
of seats tends to exceed its proportion of popular sup-
port. Furthermore, it has been shown that partisan
symmetry scores, which are intended to measure this
symmetry, can be misleading. Not surprisingly, geog-
raphy plays an important part; concentrations of a
party’s voters may make proportional fairness difficult
or impossible, especially when including other criteria
in the process. These issues are discussed after first
considering the likely impact when one political party
controls the districting process.
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When the districting process is largely controlled

by one political party, that party can exert partisan
advantage and the result is known as partisan gerry-
mandering. This is the process of drawing the bound-
aries of electoral districts in a way that gives one party
an unfair advantage over its rivals. Extreme Partisan
Gerrymandering occurs when the goal of a party seeks
to draw boundaries that guarantee producing an
extremely disproportionate share of seats. This is
achieved by geographically packing opponent's sup-
porters in few districts or cracking (splitting) geographic
concentrations of them into multiple districts. Mean-
while, its own supporters can be spread out into more
districts that are therefore likely to attain a majority
for the party’s candidate. The result of such a highly
partisan districting map is a disproportionate number
of seats won by the controlling party compared to the
proportion of votes the party’s candidates receive. It
has been argued that partisan gerrymandering re-
stricts the expression of political speech of a significant
portion of the electorate and therefore violates the
First Amendment.

An example of political gerrymandering is found in
Ohio, where one party had control of drawing both the
state legislative and congressional boundaries after
the 2010 census.? Figure 14 illustrates the results in the
elections of 2012 through 2020. With the percentage
of votes for congressional candidates in the controlling
party ranging from 52.1 percent to 60 percent in these
elections, a consistent 75 percent of the seats were
won by that party. Factors such as the advantage of
incumbency and possibly having stronger candidates
in these elections may have also played roles in the
disparity. Theoretically, the geographic concentration
of voters for the non-controlling party (such as in
dense urban areas) may have also made drawing dis-
trict boundaries with less partisan results difficult (or
easy). However, challenges to the districting plan have
shown that more politically proportionate district plans
were possible.

Measuring the disparity between percentage of votes
cast and seats won by each political party is often
accomplished using partisan symmetry scores. One
such measure is the mean-median difference metric,

in which a party’s mean percentage of votes across
all the districts in an election is subtracted from the
median percentage. The difference indicates any
non-symmetry between percentages of votes and
seats obtained and how far short of half of the votes

2 For a discussion of the partisan control of the districting
process in Ohio, see “Redistricting Congressional Districts

in Ohio, An Example of a Partisan Process with Long-Last-

ing Consequences,” by Mark Salling, in Miller, William J. and
Jeremy D. Walling, Eds., The Political Battle Over Congressional
Redistricting, Lanham, MD: Lexington Books, 2013.
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Figure 14: Example of Poor Representational Proportionality. Source: Author

a party can fall while still winning half the seats. The
relationship between these percentages is known as
the seats-votes curve, and measuring how many
seats were won or lost as a result of non-symmetry is
called the partisan bias metric. Note again, however,
that scholars have found these metrics can be
misleading depending on the distribution of a party’'s
voters among the districts. A greater range of voting
percentage discrepancies can lead to more majority
party wins than intuitively expected, while a narrow
range can even suggest the wrong party’'s advantage
in the metrics. Nevertheless, such metrics can be
used to call for an examination of the causes of the
discrepancies.

The conclusion reached is that the relationship be-
tween seats won and percentage of votes obtained
may be the result of partisan gerrymandering, howev-
er, understanding the extent of the disparity is com-
plex.

5.3.2 Incumbent protection and
maintenance of core area

Incumbent protection during the redistricting pro-

cess refers to either 1) any effort to avoid combining
portions of former districts that would result in compe-
tition between incumbents, or 2) attempting to ensure
that an incumbent is likely to win in a newly drawn dis-

trict by retaining at least the “core” of the incumbent’s
previous district. Partisan gerrymandering particularly
favors incumbents because they generally influence
the drawing of the voting boundaries to avoid competi-
tion. An argument for such practices is that it results in
continuity of representation. Some states allow inten-
tional incumbent protection and others prohibit it.

5.3.3 Competitiveness

In a competitive district, a candidate from either major
party usually has a realistic chance to win the general
election. Thus, one might seek to increase partisan
competitiveness among districts as a goal for parti-
san symmetry. In addition, electoral competition has
long been associated with greater interest in elections
and greater incentives to vote, and thus higher voter
participation rates. It is thought to be a crucial link in
ensuring a connection between public opinion and
responsiveness in the political system.

In “When does redistricting matter? Changing con-
ditions and their effects on voter turnout” (Electoral
Studies, August 2018, 54:128-138), Charles Hunt
affirms a history of extensive research that shows that
partisan redistricting, through packing and cracking,
causes individual districts to vary heavily in how much
election competitiveness changes among districts from
one election to another. Electoral competitiveness is
also linked to related goals such as partisan propor-
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tionality, more effort of candidates to take moderate
policy positions, more importance of each vote, and
fewer “wasted votes,” which occur when an election

is won with a far greater number of votes than the nec-
essary minimum.

Figure 15 shows the proportion of votes by candidates
of one political party in a state in which the other
major party was in control of redistricting at the start
of the decade. Among the 16 districts, only one, with
an average of 46.2 percent of the vote for the party’s
candidates, would be considered competitive using a
criteria of a 10 percent margin of victory for the win-
ning candidate. The result was that the party in control
of redistricting consistently won 12 of the 16 seats
and no district flipped in the winning party over the 80
races of the decade. Noteworthy too is that two races
in 2012 and one in 2014 were uncontested, a further
indication of lack of competitiveness.

Arguments in favor of creating competitive districts

include the following;:

+ Voters get excited by elections that are seen as
competitive and candidates will spend more time
and effort contacting voters and mobilizing them
to vote, thus increasing turnout.

+ Districts with an even partisan balance should
theoretically cause incumbent legislators to cater
more attentively to a wider range of their constit-
uents, because they would be more worried that
they might lose a close election.

+ Evenly balanced districts tend to elect more mod-
erate legislators, because the candidates have
to aim for the middle of the political spectrum to
increase their chances of getting elected.

* More qualified candidates may be encouraged to
challenge incumbents.

*  More voters feel that their vote made a difference,
that is, fewer votes might be considered to have
been unnecessarily cast, or “wasted.”

A counterargument, however, to the belief that com-
petitive districts are to be preferred asserts that “...
non-competitive districts lead to smaller ideological
differences between the positions of district median
voters and their representatives, voters being ideologi-
cally closer to their legislators in absolute terms, and a
distribution of ideology in the legislature that is closer
to the distribution of ideology in the electorate” (see
“The Case Against Competitive Congressional Districts,
by Justin Buchler, Journal of Theoretical Politics, 2005;
17(4):431-463).
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Figure 15: Example of Competitiveness. Source: Author
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5.3.4 Politicians’ preferences

In general, incumbent legislators express their prefer-
ences on changes to their districts. When legislatures
decide boundaries, the political parties frequently
must negotiate conflicting preferences among the
candidates.

5.3.5 Prison population

The Census Bureau counts persons incarcerated in
state and federal correctional facilities as residents of
the district where they are confined. These counts are
reported at the census block level as part of the P.L.
94-171 redistricting data program. Most states use
these population counts in drawing districts. However,
a handful of states have changed their procedures and
now reallocate prisoners from the prison location to
their residence prior to incarceration. Without reallo-
cation, representatives of a district with a significant
number of prisoners would represent fewer eligible
voters than those without such populations (prisoners
cannot vote in most states).

Assigning incarcerated persons to their place of res-
idence prior to incarceration requires acquiring and
geocoding their addresses and assigning them to the
census blocks or other geographic units used in the
process (i.e., the TIGER geography). Acquiring accu-
rate address data depends on planned collaboration
between agencies and authorities at the state and local
levels and must be initiated well before the release of
the P.L. 94-171 data. To assist state officials in reallo-
cating prisoner and other group quarters (e.g., student
dorms, military barracks, and group homes) popula-
tions to census blocks, the Bureau offers Geocoder, a
geocoding website.

The National Conference of State Legislatures's
(NCSL's) “Reallocating Incarcerated Persons for Redis-
tricting” provides up-to-date information on changes to
state laws on the reallocating of incarcerated persons
for redistricting. See also the Prison Gerrymandering
Project.

5.3.6 Military members and households

Most military households stationed or living in the
United States were responsible for responding to the
2020 Census. People were counted where they lived
and slept most of the time as of April 1, 2020 (Census
Day). For many, if not most, they were counted in

the barracks or housing at a military base. However,
they may be registered to vote elsewhere, such

as their hometowns. Also, in the 2020 Census, the
Census Bureau followed a new policy that counted
deployed troops and families living with them as
residents of the areas from which they were assigned
away. The Bureau used administrative data from the
Department of Defense to count those living overseas
at their home base (see “Why Deployed Troop Counts
Are a ‘Wildcard’ in 2020 Census Results,” NPR, April
23, 2021). Thus, districts having bases with large
military personnel and families and those with troops
and their families living abroad may be politically
overrepresented.

5.3.7 Fundraising potential

Potential campaign contributions to political parties
and individual legislators can influence how bound-
aries are drawn. Wealthy citizens and business enter-
prises make contributions to candidates they believe
will better represent their interests; thus, having those
potential contributors in a legislator's district may influ-
ence the redistricting process.

5.4 Variations by state

The NCSL's “Redistricting Systems: A 50-State
Overview" provides summaries of the redistricting
responsibilities, currently used criteria, and public
access and input rules for redistricting. In addition, the
Brennan Center provides a summary for each state

in its report, “50 State Guide to Redistricting.” Also
useful, Ballotpedia provides links to each state’s laws
at ballotpedia.org (search “redistricting criteria” and
the state).
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6 ETHICAL CONSIDERATIONS

Redistricting is one of the most important applica-
tions of GIS in maintaining a democratic, equitable,
and socially responsible society. As a professional, the
GIS practitioner should recognize the impact of his

or her work on society as a whole and on subgroups
of society, including geographic (e.g., those without
adequate transportation) and demographic minorities
and future generations. To that end, the profession
has established a Code of Ethics, which is found in

the requirements for professional certification by the
GIS Certification Institute (GISCI). The Code serves as

a guide to members of URISA (and other GIS profes-
sionals) to “...make appropriate and ethical choices. It
should provide a basis for evaluating their work from
an ethical point of view. By heeding this code, GIS
professionals will help to preserve and enhance public
trust in the discipline.” The duty to act morally and to
understand and consider consequences of decisions
and actions in the redistricting process is imperative.

6.1 GIS Professional (GISP) Code of
Ethics

The GIS Code of Ethics requires consideration of the
impact of one’s actions on other persons and groups
of persons and to modify one’s actions to reflect re-
spect and concern for them. It also emphasizes obliga-
tions to colleagues and the profession, to employers,
and to society. It calls for awareness of consequences,
good and bad, of one’s use of information and GIS
tools.

The Code asserts that the GIS professional will do the

best work possible by

+ being objective, using due care, and making full
use of education and skills;

+ practicing integrity and not being unduly swayed
by the demands of others;

« providing full, clear, and accurate information;

« being aware of consequences, good and bad; and

+ striving to do what is right, not just what is legal.

The Code of Ethics also calls on the GIS professional to

+ contribute to the community to the extent possi-
ble, feasible, and advisable by making data and
findings widely available;

+ strive for broad citizen involvement in problem
definition, data identification, analysis, and deci-
sion-making;
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+ call attention to the unprofessional work of others,
first taking concerns to those persons and if sat-
isfaction is not gained and the problems warrant,
then additional people and organizations should
be notified; and

+ speak out about issues and donate services to the
community.

Ideas on how to volunteer to fair and equitable redis-
tricting efforts are offered below.

We hope that these propositions will provide guidance
to GIS practitioners engaged in the practice of redis-
tricting by drawing attention to the fact that there are
ethical choices. Whether the person is involved in the
redistricting process for an employer, a client, or as

a volunteer, the choices should include being trans-
parent, documenting criteria, and speaking out and
advising others about what might be unfair to a disad-
vantaged population.

6.2 Transparency

Among the recommendations to improve the
redistricting process, the Brennan Center advocates
for transparency in the process: “Transparency is the
key to accomplishing the process reforms necessary
for communities to become effectively engaged

in meaningful communication with redistricting
authorities.” In “Redistricting Transparency,” from

a practical perspective, Rebecca Green’s research
shows that “[a] thoughtful approach to redistricting
transparency can both improve resulting maps and
stave off litigation” (William & Mary Law Review,

2018; (59)5, p. 1787).

Despite demands for greater transparency by fair elec-
tions organizations and the public, legislation requiring
public hearings before draft plans are proposed is
found in few (19) states, and even fewer (8) provide for
citizens to propose district plans (based on the au-
thor's count using the NCSL's “Redistricting Systems: A
50-State Overview”). In other cases, citizens can peti-
tion the courts to correct alleged errors or violations in
the law.

As the GIS Code of Ethics asserts, the GIS professional
should, to the extent possible, feasible, and advisable,
make data and findings widely available and strive for
broad citizen involvement in problem definition, data
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identification, analysis, and decision-making. In the
context of redistricting, efforts by a decision maker,
with the aid of a GIS practitioner, to hide the process
from the public would violate this requirement.

6.3 Equity and social justice

One can think of social justice in terms of the distribu-
tion of wealth, opportunities, and privileges within a
society. It is typically associated with ideas of equality,
freedom, and common good. According to the Center
for Economic and Social Justice, “Social justice also
imposes on each of us a personal responsibility to col-
laborate with others, at whatever level of the ‘Common
Good' in which we participate, to design and continu-

ally perfect our institutions as tools for personal and
social development” (see “Defining Economic Justice
and Social Justice”).

This guide focuses on the democratic institution of re-
districting, which has an immeasurable impact on and
implications for matters of equity and social justice.

For more insight on how the GIS community might bet-
ter use its skills for equity and social justice, see Greg
Babinski's “GIS for Equity and Social Justice.” See also
“The Role of the GIS Professional in Issues of Equity
and Social Justice” (Mark Salling, Greg Babinski, and
Nicole Franklin, GIS Professional, January/February
2019; 287:1-5. A publication of the Urban and Regional
Information Systems Association).
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7 HOW THE PUBLIC CAN ENGAGE

Thanks largely to the increased partisan polarization

in the United States and efforts of nonpartisan voting
rights organizations, the public has become increasing-
ly aware of the importance of redistricting. As a result,
states have incorporated more opportunities for public
input into the process, whether under the authority of
the legislature or a commission. These opportunities,
however, vary considerably. For example, Missouri's
state demographer, who submits legislative maps to a
legislatively appointed commission, provides an online
portal where citizens can view, submit, and comment
on proposed maps and plans. California requires that
publicly available map-drawing software be available
to citizens. At least six other states are expected to
provide for public submission of redistricting plans.

In Ohio, redistricting map proposals must be made
public before officials vote to approve them and public
hearings for citizen input are also required, as they are
in some other states.

Additionally, several companies, nonprofit entities,
and some states have created free, publicly available
map-drawing software for citizens to use to participate
in the redistricting process. The Supplement provides
information and discussion on specific redistricting
software.

The National Conference of State Legislatures (NCSL)
describes the following five categories of citizen input
that some states offer:
1. allowing citizens to contribute maps of their
own design to redistricting authorities,
2. allowing citizens to comment on proposed
plans throughout the map-drawing process,
3. giving the public access to redistricting author-
ities through hearings and available informa-
tion,
4. providing public notice of redistricting-related
actions and meetings, and
5. prescribing a procedure for citizens to seek
court review of enacted plans.

These categories and which states employ them are
discussed in NCSL's “Public Input into Redistricting.”
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7.1 Getting involved as a GIS
practitioner

The expertise of GIS practitioners provides a special
opportunity for getting involved in this important work.
One way to get involved is by helping to create precinct
geography for counties. The Princeton Gerrymander-
ing Project is using crowdsourcing methods to build
these files throughout the United States. In addition,
the project provides the current status of various
efforts of redistricting reform. It also helped create a
free, open-source tool for creating maps for communi-
ties of interest (see “Representable.org”).

Another way to get involved is through fair elections
advocacy redistricting competitions. The Public Map-
ping Project has developed DistrictBuilder, “an open-
source software redistricting application designed to
give the public transparent, accessible, and easy-to-use
on-line mapping tools.” The vision is to enable citizens
to compare their districting plans to those of the redis-
tricting authorities. Plans built to better meet chosen
criteria can be numerically scored and used to publicly,
and potentially legally, challenge the plan put forth by
the authorities. The Public Mapping Project has sup-
ported fair election organizations in several states and
plans to do more. The GIS practitioner would be able
to help propose plans for such competitions.

The number of states with opportunities for the public
to review and comment on proposed plans has grown
in the past several years. A handful explicitly provide
for the public to submit plans for consideration and
many others require opportunities for the public to
comment on plans posted for review on websites.
Open meetings also are required in some states.
These same opportunities often exist in local com-
munities when city wards and county districts are
proposed. In addition, administrative or service area
districting, such as for school attendance zones, can
benefit from the use of GIS technologies and experts.

All of these are ways in which GIS practitioners, as citi-
zens, can use their skills to get involved and to make a
difference in the process. As section 4.6 (on redistrict-
ing software) points out, the socially responsible and
independent GIS practitioner has many tools specifical-
ly designed to help build and evaluate districting plans
in his or her own communities and states.
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8 RECENT CHANGES

This section provides a discussion of recent changes,
especially for the benefit of those who are experi-
enced from previous cycles but should know what has
changed. The discussion may also help the GIS practi-
tioner inform the community with which he or she is
working about such changes.

8.1 The Census and demographics

Demographic and spatial data from the Census Bureau
provide the fundamentals for developing districting
plans, thus it is appropriate to start with changes relat-
ed to those data.

8.1.1 Timing of data delivery and its
format

The spring of 2020 was planned to be the peak time of
census data collection, but the coronavirus pandemic
delayed the process due to both reducing field op-
erations and a shortage of staffing. State totals used
for apportionment, usually issued by December 31 of
the census year, were released by April 30, 2021. The
redistricting data (P.L. 94-171), usually issued in Febru-
ary and March after the census year, were announced
as available by September 30, 2021, if not sooner. (See
James Whitehorne's “Timeline for Releasing Redistrict-
ing Data".)

However, Ohio's Attorney General brought suit in fed-
eral court to require release of the data by March 31
(The Washington Post, 2/25/2021). It was dismissed by
another federal court and, though appealed, the state
put a hold on its case when the Census Bureau agreed
to provide the data in a “legacy format” by August 16,
2021 (see “Ohio agrees to pause lawsuit over census
deadline,” by Tara Bahrampour, Washington Post, May
25,2021.)

The legacy format consists of several text-formatted
files that can be imported and used with relational
database software to extract tables by race, Hispanic
ethnicity, and voting age and at various geographic
summary levels. Prototype P.L. 94-171 Redistricting
Data Summary Files (in the legacy format) are now
available for downloading at the Bureau's “Redistricting
Data Program Management” web page. An MS Access
shell with a few example queries are also provided.
The Bureau plans to provide the 2020 data tablesin a
more user-friendly format (and accessible at its data.
census.gov website) by the end of September 2021.

Preparing now for the actual 2020 data with the proto-
type data is advisable. As noted earlier, the shape files
needed are already available. Redistricting consultants,
software providers, and those charged with redistrict-
ing this year will certainly acquire the legacy-formatted
data as soon as it is available.

The delay, whether by August 16 or September 30, will
have ramifications—ranging from mild to relatively
consequential—for governments across the country.
New Jersey and Virginia elect their legislatures in odd
years; their 2021 redistricting and elections under

new districts cannot proceed as usual. Candidate filing
periods for odd-year elections typically would begin
before the redistricting data is now expected to be
available. California requires completion of its maps by
August 15 but has extended the deadline to December
15. Other states have similar deadlines that must be
adjusted. Even a hyper-expedited redistricting process
would not be fast enough.

Local governments or full-time legislatures with even-
year elections will find their schedules compressed,
which could limit opportunities for meaningful public
involvement. In addition, many local governments
across the country also elect their officials in odd years
and will be forced to adjust their schedules.

State legislatures with part-time elected officials and
limited-length sessions may have to schedule special
sessions for the redistricting process later in 2021.
Some states have statutory or constitutional deadlines
that will not be met, requiring changes in their sched-
ules.

For more information, see the National Conference of
State Legislatures's (NCSL's) “2020 Census Delays and
the Impact on Redistricting” or the Brennan Center's
“How Changes to the 2020 Census Timeline Will Impact
Redistricting.” The NCSL also offers ideas about how to
handle the delays in “5 Ways to Handle Census De-
lays and Redistricting Deadlines.” In addition, see the
NCSL'’s “State Redistricting Deadlines” for a state-by-
state listing of redistricting deadlines.

8.1.2 Census geography files

The Census Bureau's TIGER files (section 4.4.1) are
updated annually with changes to streets and other
features and improvements to spatial accuracy. Since
2010, the Census Bureau has striven to update the
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comparatively coarse representations of feature geom-
etry of early TIGER data so that they are more likely to
align closely with features on the ground and with local
and state centerline and other GIS files, which were
often used by the Bureau to make such changes.

Even more importantly for the redistricting process,
the census block and other polygon shapes used to
build districts undergo extensive changes between
census years. The Bureau's Boundary and Annexation
Program monitors annexations and other local bound-
ary changes to municipalities, villages, and townships.
With local input, changes to census tracts are also
made between decennial census years to account for
population changes and changes to the features used
to delineate them. In addition, a year or two prior to
the decennial Census, the Bureau's Redistricting Data
Project asks state and local entities to recommend
boundaries for census blocks and voting tabulation
districts (VTDs) in order to provide a layer for the states
to use recent election data. Thus, the layers used for
redistricting in prior cycles are all revised for the next
one, and it is necessary for the data user to download
and use the new TIGER files.

8.1.3 Differential privacy, a.k.a.
disclosure avoidance

The growing social concern about data privacy, particu-
larly in the digital age, is shared by the Census Bureau.
In fact, the Bureau has the legal responsibility, through
Title 13 of the U.S. Code, to protect the privacy of
information about individuals and households that it
collects. In the past few cycles, the data have been ad-
justed in relatively small measures, such as switching
data between adjacent or nearby census blocks. But
for the 2020 census, the data are being subjected to
more complex computer algorithms that are referred
to as the differential privacy technique.

Differential privacy is designed so that larger “parent”
geographic units, such as census tracts and VTDs, will
have relatively smaller deviations from the measured
value than their component “child” census blocks. The
method attempts to balance accuracy with avoiding
potential identification of individuals or households.
The method is controversial since more inaccuracy

is introduced for the sake of data confidentiality (see
“New system to protect census data may compromise
accuracy, some experts say,” by Tara Bahrampour and
Marissa J. Lang, The Washington Post, June 1, 2021).

8.1.4 The use of other data

As noted in section 4.4, only 21 states explicitly re-
quire the use of census data for state legislative and
congressional districting and some only require it for
congressional redistricting. While standard practice
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in the states has been to use the federal decennial
census data, delays in release of the 2020 census

data for redistricting may lead some states and local
governments to turn to other sources. Furthermore,
heightened political and partisanship considerations
may also influence decisions to use voting age popula-
tion, citizenship population (from the Census Bureau's
American Community Survey), or possibly registered
voter data, rather than total population.

8.1.5 Racial and ethnic diversity

Racial and Hispanic/Latino ethnicity questions were the
same in 2020 as they were in 2010 with the exception
that those who identify as White, Black/African Amer-
ican, and/or American Indian or Alaska Native were
asked to provide more specificity about their racial
origins. White respondents, for example, could indi-
cate German, Irish, Lebanese, or other possible origins.
Black/African American individuals were asked to print
their specific origin (e.g., African American, Jamaican,
Haitian, Nigerian, Ethiopian, Somalian, etc.). As they
were previously, write-in options were also available
for “Other Asian” and “Some other race” categories.

8.2 The law

The past decade brought with it several landmark legal
decisions, some in federal courts and others in state
courts. How changes to the legal landscape might be
relevant to the GIS practitioner are briefly reviewed
here (with reference to other more authoritative
sources).

8.2.1 Nullification of section 5 of the
Voting Rights Act (VRA)

In the prior decades, redistricting plans from certain
parts of the country were subject to a “preclearance”
review by the U.S. Department of Justice before they
could go into effect. Section 5 of the U.S. Voting Rights
Act of 1965 identified several states—as well as select-
ed localities within other states—with a prominent his-
tory of racial or ethnic discrimination as meriting extra
scrutiny by the U.S. Department of Justice. In 2013, the
U.S. Supreme Court's Shelby County v. Holder decision
effectively negated the preclearance requirement.
While the controversial 5-4 opinion did not prohibit
the use of a preclearance process, it did rule that the
formula that had been used to identify the areas of
the country that needed extra scrutiny was outdated,
and that Congress would need to replace it before a
preclearance constraint could again be imposed.

There are three important implications of the Shelby

decision for the GIS practitioner:

1. Across the country, redistricting plans still must
satisfy section 2 of the VRA. Now, however, for a
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plan to be struck down, a legal challenge is typically
required after its adoption. The new situation adds
a costly burden for voting rights organizations, and
potentially could allow for a problematic plan to be
adopted and used for elections before the litiga-
tion can run its course.

2. The absence of the preclearance process frees
up a little more time to construct and enact a
plan in the formerly scrutinized parts of the coun-
try—something that could be significant given the
compressed time frame discussed above in section
8.1.1.

3. New federal legislation in 2021 could possibly rein-
state preclearance and is discussed briefly below.

Additionally, in recent years, Hispanic or Latino and
Asian populations have grown significantly, and some
experts are predicting that voting rights proponents
may argue for the creation of more districts with multi-
racial and multiethnic coalitions (see “The Redistricting
Landscape, 2021-22," by Michael C. Li, the Brennan
Center for Justice, February 11, 2021).

8.2.2 Racial gerrymandering

Several significant racial gerrymandering cases made
their way to the U.S. Supreme Court in the 2010s.

In the Cooper v. Harris case from North Carolina,
voting rights attorneys successfully argued that in
places where minority-preferred candidates would
also attract votes from White voters, a “50% plus one”
requirement led to excessive packing and prevented
minorities from being able to have influence in other
districts. Consequently, remedial districts were drawn
(and upheld) in the second half of the decade with
Black voting age population percentages closer to 40
percent (see “Restricting Race-Conscious Redistrict-
ing,” by Daniel Tokaji, The Regulatory Review, July 31,
2017).

Additionally, many areas of the country have be-

come more racially and ethnically diverse. There are
regions where one minority group may not be pop-
ulous enough to justify drawing a district to provide
the opportunity for that group to elect their repre-
sentative of choice. But if their population is taken in
conjunction with another minority group, the calculus
could change. If people of color in an area are likely to
support similar candidates, the potential for “coalition-
al” voting might be taken into consideration. Indeed,
some experts are predicting that voting rights propo-
nents may argue for the creation of more districts with
multiracial and multiethnic coalitions (see “New Tools
Are Needed to Protect Communities of Color in Redis-
tricting,” by Michael Li and Yurij Rudensky, the Brennan
Center for Justice, November 25, 2019).

8.2.3 Partisan gerrymandering

For more than two centuries, partisan gerrymander-
ing had been decried as distasteful and even inimical
to democracy—though probably not illegal. Then, in
2019, many redistricting reform advocates pinned their
hopes on multiple partisan gerrymandering cases that
went before the U.S. Supreme Court on the same day.
In combining court cases from North Carolina (Rucho
v. Common Cause), involving acknowledged partisan
gerrymandering by Republicans, and the Benisek v.
Lamone case from Maryland, with acknowledged parti-
san gerrymandering by Democrats, the Court's opinion
acknowledged that extreme partisan gerrymandering
might be a problem, but it held that it was not an issue
for federal courts to decide. Importantly though, it did
explicitly leave the door open for legislative restrictions
on partisan map-drawing (see discussion of H.R. 1 in
section 8.2.5) or for litigation in state courts. For more
on the ruling, see “Supreme Court Rules Partisan Ger-
rymandering Is Beyond the Reach of Federal Courts”
(NPR, June 27, 2019).

Around the same time as these and other cases were
progressing through the federal judicial system, two
cases in state courts, one in Pennsylvania and one in
North Carolina, challenged redistricting plans there

as violating elections clauses in their constitutions.
Ultimately, the plaintiffs prevailed in both cases, estab-
lishing precedents that districts could be struck down
for unduly favoring one political party. However, not all
states have similar “free and fair elections” clauses in
their constitutions allowing for such a challenge. The
NCSL's Free and Equal Election Clauses in State Consti-
tutions provides a list of the ones that do.

8.2.4 Ranking and scoring criteria

With greater attention paid to how redistricting is
done, who does it, and the outcomes, there is an
increased interest in deciding what criteria are used.
As is apparent from the discussions above about the
criteria, aside from adherence to the equal population
and VRA requirements, there are many considerations
possible. Many states, especially those having seen
recent reform movements, have moved to include
more objectives in their redistricting laws and rules. An
increased use of multiple criteria and considerations,
each with their own influence on outcomes, makes

the process very complex. Without clear priorities and
transparency, the outcomes are not likely to be any
more understandable or acceptable to the public than
they have been, nor are they likely to represent the will
of the people.

Some advocates for fairer and more representative
districting (e.g., Better Boundaries in Utah) and politi-
cal scientists (e.g., “Redistricting by Formula: An Ohio
Reform Experiment,” by Micah Altman and Michael
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McDonald, American Politics Research, 2018, 46(1):103-
131) argue for systems that measure, rank (prioritize),
and even score the criteria used. This could be admin-
istered by the legislature, redistricting commission, or
appointed master. Addressing the number of possible
criteria used by the states, the NCSL states, “No matter
who draws the maps—Ilegislators or a commission—
balancing a list of criteria may require prioritization.”
(See also “Redistricting Criteria,” by Ben Williams and
Wendy Underhill, NCSL Newsletter, September 2017,
Vol. 25, No. 34).

To date, no state or federal redistricting law has
required both prioritizing and scoring of plans. Some
experiments have been tried, however. Ohio’s Secre-
tary of State, in a proof-of-concept experiment, ran

an open, web-based congressional redistricting com-
petition in 2010 in which criteria were weighted and
scored to determine the winning plan(s). In addition
to population equality, contiguity, and VRA compli-
ance, criteria included compactness, communities of
interest, competitiveness, and representational fair-
ness. More than 70 participants submitted 14 plans
sufficiently complete to be scored. Three plans were
declared winners, each scoring higher than the existing
districting plan for the state. Notably, all 14 submitted
plans scored higher than the legislature’s congres-
sional district plan! (See “Ohio’s Use of Geographic
Information Systems to Demonstrate Public Participa-
tion in the Redistricting Process,” by Mark Salling, The
Duke Journal of Constitutional Law & Public Policy, 2010;
5:113-123.) Another web-based demonstration project
on Ohio's congressional map was run by the Midwest
Democracy Network (now defunct) in which 53 maps
were submitted and scored, all scoring better than the
existing map.

8.2.5 New legislation from Congress

When Democrats took the majority in the U.S. House
of Representatives after the 2018 election, their first
proposed legislation, For the People Act (also referred
to as “H.R. 1”), was a sweeping bill with changes they
mostly characterized as democracy reforms. With
Democrats now in control of Congress and the White
House, the bill has passed the House and is due for
consideration in the Senate. The reader can keep in
touch with its composition and its progress at https://
www.congress.gov/bill/117th-congress/house-bill/1/
text. As currently composed, it would have national
implications for redistricting.

Among other things, the legislation would do the fol-

lowing:

« Require that populations of districts be calculated
using the total population, rather than voting age
population or eligible voters.

« Require adherence to a number of districting
criteria such as prohibition of partisan gerryman-
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dering, respecting communities of interest, neigh-
borhoods, and political subdivisions to the extent
practicable (given population and VRA compli-
ance).

+ Require that congressional districts be drawn by
independent, nonpartisan commissions. (This
probably would not affect 2021.)

+ Impose processes for public engagement and for
timely legal challenges.

A bill referred to as “H.R. 4,” or the “John Lewis Voting
Rights Advancement Act,” passed the House in 2020
and is meant to restore the court-invalidated formula
from section 5 of the Voting Rights Act, which was used
to determine which state or political subdivision would
be subject to federal review. The bill's content and
progress can be monitored at https://www.congress.
gov/bill/116th-congress/house-bill/4. While such a new
law is likely to be challenged in court, it is theoretically
possible that the preclearance requirement negated by
Shelby County v. Holder could again be in effect in some
parts of the country by the fall of 2021.

8.3 Math

A new and noteworthy feature of most of the partisan
gerrymandering cases referenced above was their in-
clusion of significant testimony from witnesses whose
expertise lies not so much in political science, history,
or even election statistics, but in advanced mathemat-
ics. There are three broad areas where new quantita-
tive methods may determine how this decade’s plans
get measured, as well as a category of measures that
attracted significant interest late in the decade but
may be of less use in successful litigation.

8.3.1 Ensembles

One recurring question related to partisanship in map
making is how to determine if a plan just happens to
favor one party by chance rather than being an ex-
cessive partisan gerrymander. Mathematicians are
using Markov chain Monte Carlo (MCMC) computer
algorithms to generate large numbers of alternative
redistricting plans without using partisan data. The
approach provides a sampling of compliant plans
from the enormous universe of possible plans. It aims
to represent a benchmark against which to compare

a human-created plan under consideration. If the
human-drawn plan is an outlier compared to the large
ensemble (sample) of other possible plans, experts can
assert that it is “extreme” and tremendously (statis-
tically) unlikely to have been created without undue
focus on partisan advantage.

For one study brought to court, Figure 16 shows a
graphic representation of two districts compared to
ensembles (samples) produced for them using only
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Figure 16: Examples of Visualizations Comparing Partisan Results for Challenged District Versus Simulated Non-
partisan Districts. Source: Ohio A. Philip Randolph Institute, et al. v. Larry Householder, Speaker of the Ohio House of
Representatives, et al., United States District Court for the Southern District of Ohio, Plaintiffs’ Proposed Findings of Fact,

pages 132 and 136.

the required criteria—population size, VRA compli-
ance, and minimizing county and subdivision splits.
The votes for the Democratic party candidates in the
enacted (actual) districts lie well outside the range of
compliant nonpartisan plans. In one (Plaintiff Elizabeth
Myer) there are far more votes for the Democratic
party candidate than necessary to win, and in anoth-
er (Plaintiff Aaron Dagres) there are far fewer votes
needed to win the district for the Democratic candi-
date. In fact, such distributions are apparent for all 16
of the state’s congressional districts, providing strong
evidence of the packing and cracking that leads to
noncompetitive districts and proportional bias in the
election outcomes.

8.3.2 Compactness measurement

Geometers (that is what geometry experts are called!)
have worked for centuries to measure compactness
properties of two-dimensional shapes. As discussed in
section 5.2.1, a number of these measures have been
applied to district shapes, including some that consid-
er the distribution of the population. This past decade
has seen two new approaches to quantifying compact-
ness as it relates to electoral districts:

1. The cut edges approach uses a set of polygon
centroids (such as those for census blocks) and
adds connections (edges) between them for their
adjacent polygons. Weighted by population, these

points are iteratively aggregated into the specified
number of districts of equal population by cut-
ting the edges. The plan with the fewest cuts that
creates districts with equal population is the most
compact. This method does not initially consid-

er the shape of the polygon district boundary; it
measures how many cuts (deletions) of edges are
required to derive the number of districts. Visu-
alizations of the method can be seen at “What |
learned applying data science to U.S. redistricting,”
a Storybench website by Floris Wu at Northwest-
ern University. Further explanation is provided by
Shawn Doyle’s, “A Graph Partitioning Model of Con-
gressional Redistricting” (Rose-Hulman Undergrad-
uate Mathematics Journal, Vol 16, Issue 2, Article 3,
2015).

“KIWYSI” (know it when you see it) is another new
approach to compactness measurement. Citizens'
perceptions (including those of judges!) of whether
a district is compact can be significant for estab-
lishing public faith in the fairness and efficacy of
election districts, as well as for court decisions.
One proposal in “How to Measure Legislative Dis-
trict Compactness If You Only Know it When You
See It” involves “...a statistical model that predicts,
with high accuracy, solely from the geometric fea-
tures of the district, compactness evaluations by
judges and public officials responsible for redis-
tricting” (by Aaron Kaufman, Gary King, and Mayya
Komisarchik, forthcoming in American Journal of
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Political Science). It takes human psychology into
account, and it assesses shapes based on how
human subjects rate their visual compactness. The
researchers found, for example, that more sym-
metrical shapes are perceived as more compact,
even if their perimeter may be more irregular.

8.3.3 New fairness metrics

Recent court challenges to partisan gerrymandering of
districts have used new measures of the partisan bias
of district boundaries. The mean-median difference
discussed in section 5.3.1 is one such recent measure.

Another measure, the efficiency gap (EG), counts the
number of votes over the minimum necessary for the
winning candidate. Votes cast for a losing candidate
are considered wasted, as are all the votes cast for

a winning candidate more than the number needed
to win. The formula for this metric is as follows: EG =
(total party A wasted votes-total party B wasted votes)/
total votes. For more details, see “How the Efficiency
Gap Works" (by Eric Petry, the Brennan Center for Jus-
tice). The efficiency gap metric was introduced in Gill
v. Whitford to respond to U.S. Supreme Court Justice
Anthony Kennedy's prior request for a sound metric
to definitively find (extreme) partisan gerrymandering.
However, the Court passed on considering the consti-
tutionality of the issue in federal courts.

A third approach is found in the declination measure,
which examines the percentage distribution of votes
across the state’s districts for the candidates of each
party. The approach assumes a relatively smooth
increase in the slope of percentage of votes for each
party when the districts are lined up from most Dem-
ocratic to most Republican. Packing the supporters of
one party in a small number of districts creates a jump
in the party's percentage of votes in the graph, with

a few districts having vote shares significantly higher
than the 50 percent necessary to win and many dis-
tricts with shares well below the 51 percent target. The
method uses the ratio between a straight slope and
the actual one. Figure 14 in section 5.3.1 illustrates this
discontinuity. Additional explanation can be found in
Political Calculations’ “Math to Detect Partisan Gerry-
mandering” (April 11, 2018).

Recent court proceedings, however, seem to suggest
that these simpler measures are being replaced in
favor of more complex ones, such as the ensembles
approach discussed above, which can include other
criteria in judging the relative impact of partisanship in
the process.
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8.4 Technology

Every recent decade has brought remarkable changes
in technology. The world of redistricting has been no
stranger to such advances. More detail about software
offerings is available in the Supplement, but a review
of overarching themes is presented here.

8.4.1 Apps for power users

For the past two cycles, companies have offered spe-
cialized, fully featured redistricting software for sale
for thousands of dollars. These products are again
available and have been considerably improved. New
features such as dynamically linked data visualizations,
generation of ensembles, seamless integration of vari-
ous basemaps, and the addition of new metrics enable
capabilities that were not possible ten years ago.

One other option for the GIS power user looking for a
highly customizable desktop experience is QGIS, which
offers a free and open-source redistricting plugin. The
plugin does not provide the number of prefab features
as the commercial offerings, but for the seasoned GIS
specialist, many of the same ends are achievable with
a little extra effort and creativity.

8.4.2 Specialized code and utilities

For the GIS practitioner who also is comfortable with
writing and running code, there are many more re-
sources available than in the past. Groups from Duke
University, Tufts University, and MIT have published
code allowing those with programming skills to, for ex-
ample, create sets of algorithmically generated plans,
do analysis of racially polarized voting, apply partisan
bias metrics to districts based on their election data,
and streamline the processing of geospatial data relat-
ed to precincts and census blocks.

New utilities exist for non-coders as well. The
PlanScore.org site provides a prototype web-based
service to swiftly score uploaded plan geometry
(Shapefile, GeoPackage, or GeoJSON formats) using
metrics that may indicate partisan imbalance. As of
this writing, it is not clear how many states this service
will include. Several tools mentioned in the following
sections will also allow a plan to be imported and an-
alyzed (even if one is not interested in using the more
prominent plan-drawing capabilities).

8.4.3 Public apps

In the 2011 cycle, two free open-source, web-based
apps, Dave's Redistricting App and DistrictBuilder,
provided users access to free redistricting tools, and
Maptitude and Esri offered web-based tools for a fee.
In 2021, the two free apps are back, but with com-
pletely revamped designs, and Districtr has joined the
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mix as well. These apps vastly expand the capabilities
available to those wanting to either try their hand at
or just better understand the plans being put forth by
government entities. Note that they are described in
more detail in the Supplement.

A key service being provided by some is the drawing of
communities of interest by the public. Jurisdictions that
want to understand how their residents view areas of
shared concerns or characteristics can use Districtr or
Observable.org (and possibly others by press time) to
let users easily draw a community of interest's extent
in a browser-based interface and submititin a geo-
graphic format that can be imported into GIS software.

In early 2021, Dave's Redistricting App reported that in
2020, its users had created more than 550,000 redis-
tricting practice maps using 2010 census data. Not all
of them were complete or valid, but they provide a
clear sense of the tremendous interest in participating
in the process.

8.5 Public engagement

It is all but certain that the level of engagement by peo-
ple other than government officials, consultants, and
other specialists will be much higher than in previous
decades due to greater attention to partisan issues

by the news media, election reform organizations,

and the general public. Reforms in some states will
also drive interest up, and improved technologies will
greatly facilitate public engagement and attention to
the process.

8.5.1 Commissions and other reforms

Just in the past few years, state-level reforms have
occurred in Colorado, Michigan, Missouri, Ohio, Utah,
and Virginia. Generally, these reforms allow for more
public involvement, and in several of these states,
citizens are now serving on commissions that will draw
the lines.

California, which already had a citizens’ commission for
drawing statewide plans, has also recently enacted leg-
islation requiring scores of local governments to use
independent commissions for districting. Further, they
have added requirements to the process such as

+ a7-day period after plans are made public before
they can be considered in a public hearing, so that
citizens have time to review them;

* a21-day period after the redistricting data are
released before jurisdictions publish new drafts—
to allow members of the public to draft their own
plans; and

+ standards for accessible redistricting-specific web
pages, language translation services at meetings,
timing, and quantity of meetings, etc., in the name
of encouraging and facilitating public engagement.

8.5.2 Focus on communities of interest

Greater public understanding of redistricting and its
issues has significantly increased in recent years, and
as a result, it has elevated the importance of creating
districts that represent communities of interest. The
Brennan Center's “Creating Strong Rules for Drawing
Maps,” for example, identifies communities of interest
as a criterion that should be considered above com-
pactness, competitiveness, and the integrity of political
subdivisions. Other “good government” organizations
are also advocating for the prominence of communi-
ties of interest, and they are training people how to
consider, map, and include them in the process.

8.5.3 General level of interest and
interest in the GIS community

In 2011, public awareness of issues in redistricting was
not as high as it is today. Many voting rights and fair
elections organizations have taken these issues to the
public with media campaigns. Celebrities like Arnold
Schwarzenegger and John Oliver have devoted signif-
icant time to discussions on the subject. Grassroots,
nonpartisan reform effort for redistricting-related bal-
lot initiatives in Michigan, Ohio, and other states were
highly successful in gathering signatures and generat-
ing enthusiasm.

Presentations at URISA's GIS Pro conferences and
readers of its publication, the GIS Professional, have
brought some of the issues to the GIS professional
educational experiences (e.g., see “Boundaries That
Matter: Partisan Gerrymandering of U.S. Congressional
Districts,” by Mark Salling, GIS Professional, January/
February 2018, 281:1-4).
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9 CONCLUSION

Redistricting is an important application of GIS, the
application of the technology will be especially useful
during the next year or two, and use of GIS will change
the nation’s political geography, with major changes
affecting all of our lives well beyond that. New, spe-
cialized GIS software tools are making it relatively easy
for even the less-experienced user to get involved in
drawing the boundaries. Additionally, the Internet is
making these abilities accessible to concerned citizens
and voting rights organizations. These developments
expand the reach of GIS in the political realm, and GIS
professionals and practitioners should be encouraged
that the technology offers increasing opportunities for
more GIS practitioners and citizens to play important
roles in the process.

Redistricting: A Guide for the GIS Community

But it is not a vacuous observation that the redistrict-
ing process is complicated. It is complicated by the
manner of collection and management of the data, the
requirements and decisions about which data to use,
the software selection and use, the laws and criteria
that vary from place-to-place and over time, and the
competing perspectives and values of those who do

it. The GIS professional comes into this quagmire with
important skills, but also with much to learn and un-
derstand in order to play a productive role in achieving
competently and fairly drawn district boundaries. It is
hoped that this guide provides the assistance needed
for that role.
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INTRODUCTION

The landscape of redistricting software, like so much related to redistricting—and GIS—is constantly changing.

As a consultant, | strive to stay abreast of all the tools that might be useful to me or my clients, as well as to the
public. In spring of 2019, | first published a curated listing of redistricting tools online, and it has required numerous
updates since then. The information below reflects my current awareness about the state of the tools, but some
aspects will inevitably have evolved again by the time the reader sees this guide.

[NCSL also offers a listing of vendors at https://www.ncsl.org/research/redistricting/redistricting-vendors.aspx and videos
from 2020 for four of their products at https://www.ncsl.org/research/redistricting/redistricting-software-vendor-presen-
tations.aspx. Additionally, the Redistricting Data Hub offers a listing at Mapping Tools—Redistricting Data Hub.

Some readers may be wondering, “Why would someone need specialized redistricting software? What will it offer
that you can't find in a standard GIS?” Section 4.6 of the guide devotes several pages to addressing exactly those
questions. This supplement provides more information about specific offerings and how they differ from each
other.

The listings below are separated into desktop client applications and web-based applications, followed by brief
coverage of other related utilities, data resources, and coding resources. The descriptions of the applications
provide more detail than online listings, but providing about a page for each product means that not all distinc-
tive features can be included. For the tools that aren't free, costs of operation typically depend on the number of
licenses, whether the buyer is a nonprofit organization, optional functions beyond the basic product, and addi-
tional services (such as support). Final pricing often is subject to negotiation with the vendor.

S.1 Desktop client applications for making redistricting plans

The desktop applications listed below range from descendants of the first PC-based redistricting tools born in
the 20™ century to offerings built from scratch in the past three years. The ordering is alphabetical, based on the
name of the vendor or developer.
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S.1.1 DISTRICTSolv (by ARCBridge)

ARCBridge Consulting and Training, a small Northern Virginia-based firm founded in 1994, produces a redistricting
tool called DISTRICTSolv. DISTRICTSolv is designed as an add-on to ArcGIS Desktop and works within the widely
used ArcMap interface. The tool is geared towards human-driven custom district creation, although it also offers
some rudimentary options for automatically creating equally populated districts—perhaps for use as a starting
point for a plan, for example.

Datictag - Qans=, Peputs= Wrinies= (0] 8w $ 9 ¥ i

Image source: Blake, 2020

A few distinguishing features of DISTRICTSolv:

+ Ahugely frequent task in refining a redistricting plan is moving the base geographic units (like census blocks
or VTDs) from one district to another. DISTRICTSolv makes this simple and intuitive by allowing the user to
drag-and-drop the selected units from district to district.

« Different ways of visualizing the districts and their demographic statistics (such as dot density symbology and
pie charts) are provided by default and easily toggled by turning layers in the table of contents on and off.

« The software is designed with smaller states or government entities in mind; performance would suffer if
used for a block-level statewide plan in a state with hundreds of thousands of census blocks, for example.

« For atypical customer of DISTRICTSolv, who would already have licensed ArcGIS Desktop, the additional cost
of getting the redistricting functionality would likely be lower than for acquiring other paid products that ship
with their own GIS.
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S.1.2 Maptitude for Redistricting (by Caliper)

Caliper Corporation, founded in 1983 near Boston, first released their GUI-driven Maptitude GIS for Microsoft
Windows in 1995. The Maptitude for Redistricting product, built to integrate with that GIS, was introduced before
the 2000-2001 redistricting cycle and quickly became one of the mainstay options as governments moved to PC-
based redistricting. The general interface and workflow of the 2021 product remains similar to previous genera-
tions, but a number of additional features have been added.
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A few distinguishing features of Maptitude for Redistricting:

+ Often described as “professional grade,” Maptitude for Redistricting offers just about every function and
report that a redistricting practitioner (or their client) might ask for. These are mostly located in a Redistricting
menu and its sub-menus or in the dockable Redistricting Toolbox.

+ New features that this author is not aware of in any other product (as of this writing) include “travel conti-
guity"—which determines not only if all of a district is in one piece, but if every area can be reached by car
without having to leave the district—and a range of compactness and partisan skew metrics that have gained
attention and adherents since 2010.

+ ltuses proprietary data formats for key files, including the Maptitude CDF and DBD file formats.

+ Caliper also offers a companion web-based product, Maptitude Online Redistricting (summarized in section
S.2.2), which provides many of the functions of the desktop tool, thereby allowing customers to let members
of the public draw and review redistricting plans that can then be interchanged in formats fully compatible
with the desktop software.

Note: The Caliper Corporation website also lists an ArcMap extension for redistricting, but conversations with
their staff indicate that very few of their customers are still using this option.
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S.1.3 AutoBound (by Citygate GIS)

Citygate GIS is a small Annapolis, Maryland-based firm, which, like Caliper above, got into PC-based redistricting

in the 1990s. The company, an Esri partner, now offers what it bills as a complete enterprise redistricting solu-
tion. The core full-featured plan-creation product is called AutoBound (so named because the initial concept was
intended to provide algorithmic district creation—an approach later de-emphasized in favor of human-driven plan
design, but the name had stuck). For the 2020-2021 cycle, AutoBound will come in two flavors, a new standalone
“Edge” product based on Esri's ArcGIS Runtime (Windows) platform, and, secondarily, an extension to ArcGIS Desk-
top, more similar to the AutoBound product from past cycles, for clients who would like to stick with the familiar.
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A few other distinguishing features of AutoBound EDGE:

+ The product has a novel user interface with many color cues, integrated charts with dynamic brushing and link-
ing, an accordion-style panel housing most of the commands, and the floating wheel widget for quick access
to common tasks/options.

+ Itincludes a feature-rich plan manager allowing the user to examine—and in some cases, filter by—the plans’
last edited dates, last editor, percent completeness, thumbnail images, and a visual timeline history of edits.

+ Thedistrict attribute table, a key component of any redistricting software, offers many of the features of an
Excel spreadsheet, unlike a typical table in a GIS. See, for example, the custom formatting and sheet tabs in
the provided image.

+ Built upon an Esri technology, the app offers 11 styles of base maps (and familiar smooth panning and zoom-
ing behavior), and other Esri-supported feature services can be added in as layers.

+ The desktop product is supposed to integrate with related web-based products that allow for other redistrict-
ing-related functions that government entities may want to be able to provide to their constituents. For ex-
ample, web pages would allow the public to view, compare, comment on, and look up addresses in proposed
plans. (The web tools are based on Google Maps and allow for Google Street View and other imagery.)
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S.1.4 Two possibly useful desktop offerings from Esri

Esri, the multinational GIS powerhouse, is primarily promoting its web-based redistricting solution for 2021 (see
section S.2.4), but it does offer two desktop tools that may be practical for a certain subset of the GIS community.

S.1.4.1 Districting for ArcGIS

Esri offers Districting for ArcGlIS, a free extension for ArcMap. As stated above, the company is no longer strongly
promoting this offering, but staff confirm that it is “still out there” and could be useful “for very small jurisdictions.”
As of this writing, the documentation appears not to have been updated since early 2011. But for an ArcMap-lov-
ing GIS person wanting to explore redistricting options in a small jurisdiction, and not needing a wide array of
features, this might be just what the doctor ordered.
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Image source: http://help.arcgis.com/en/redistricting/pdf/Districting_for_ArcGIS_Help.pdf
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S.1.4.2 Business Analyst’s Territory Design Toolbox

This option would be available for readers who have licenses for both ArcGIS Pro and Business Analyst. Again, this
option is not being promoted by Esri for redistricting, and the authors of this document have not tried this tool
themselves, but the Business Analyst Territory Design Toolbox purports to provide relevant functionality. The tool
allows for automated territory (read: district) creation based on user-defined balancing criteria (like population),
and also allows for interactive manual “fine-tuning” of the districts as well.
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S.1.5 Auto-Redistrict (by Kevin Baas)

Auto-Redistrict is a free and open source application built as a labor of love by Milwaukee-based developer Kevin
Baas. Unlike the other offerings discussed so far, it does not include or connect to a conventional GIS. It offers a
fully algorithmic approach to drawing districtcs—no manual modification options are provided. Users can specify
not only their criteria, but also the weight that should be given to those criteria (see sliders in image).
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Image source: http.//autoredistrict.org/documentation.php

A few other distinguishing features of Auto-Redistrict:

+ The Java-based application is platform-agnostic.

+ Among the criteria offered are several measures intended to address fairness.
+ The program can be configured to accommodate multi-member districts.

+ Generated plans can be exported for use within other applications.
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S.1.6 QGIS redistricting plugin (by Statto Software)

Readers hopefully have already heard of QGIS, a robust, widely-used cross-platform free and open source GIS.
Statto Consulting, a small company with a globe-trotting leader, recently developed the free QGIS Redistricting
Plugin, identified in the official QGIS plugin repository as the Statto Redistricter QGISv3. Intended for GIS power
users, the plugin provides an array of features specific to redistricting, but expects that the user will be able to fall
back on existing GIS skills for other tasks. For example, there’s not a “Generate Split Municipalities Report” button,
but you can use a QGIS Intersection tool to obtain the same information, or if the municipality status is populated
as an attribute for your census blocks, the plugin provides a convenient crosstab feature.
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Image source: Blake, 2020

A few other distinguishing features of the QGIS Redistricting Plugin;

« Though it doesn't include the option of working with nested hierarchical selectable component layers (such
as blocks within tracts within counties) the way some other packages do, it includes a “select by geography”
button that makes it very easy to select all the blocks in a county, for example.

+ Do you like working with GeoPackages? You can use any editable vector format supported by QGIS for your
base layer(s).

« Itis not designed to readily show how new districts would have performed in multiple past elections, in order
to discourage partisan gerrymandering. It also accommodates international use and has been used in Austra-
lia.

« It can be used in conjunction with other free plugins, like DataPlotly (pictured), to provide highly customizable
dynamic data visualizations of changing district attributes.
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S.1.7 RedAppl (Texas Legislature)

In the past, some states have opted to develop their own redistricting application “in-house.” We are only cur-
rently aware of one such state, Texas, with a desktop client for this 2021 cycle. The Windows-based application is
called RedAppl, a name said to be a shortening of Redistricting Application. As of this writing, it appears that ac-
cess to the tool, previously made available to the public through workstations in the Capitol, is still “under consid-
eration” due to the pandemic and uncertainties about the timing of the release of census data. Readers, therefore,
may have limited opportunities to use the program, but may be interested to know that:

« It offers a ribbon-based interface.
« Their website specifies that the public can use other tools and submit their plans as a block equivalency file.

« The State does offer a web-based tool for reviewing designated district plans.
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S.1.8 iRedistrict® (Zillioninfo)

ZillionInfo is a small company with offices in Columbia, South Carolina. Its redistricting offering, iRedistrict, does
not include or integrate with a conventional GIS. Like Auto-Redistrict, the application is cross-platform and is
designed to generate plans algorithmically based on user-specified criteria—including political criteria. iRedistrict,
however, is a paid product with a number of features beyond what Auto-Redistrict offers.

Current plans. aro provided by USCC

Image source: http://www.zillioninfo.com/product/iRedistrict/ 2020

A few other distinguishing features of iRedistrict:

« By default, the tool generates a suite of plans, then lets the user evaluate how they compare to each other
based on criteria such as compactness and population equality (see XY scatterplot on image).

+ Though the primary means of creating plans is automated, districts can be manually edited.

« Communities of interest can also be manually specified on the map within the interface.

+ The software is optimized for smaller geographic entities, such as local governments or states with fewer base
units. ZillionInfo staff confirm that many of iRedistrict's users are local governments, and that the tool is also
used for automated creation of non-electoral districts such as school attendance districts and police patrol
districts.

+ A web-based version is also available for purchase, which allows for sharing of proposed plans with the public.

S.2 Web applications for making redistricting plans

Browser-based mapping has evolved rapidly since 2011, and redistricting tools largely have kept pace. All of the
offerings listed here have been either newly created, wholly redesigned, or substantially upgraded in recent years,
and newly added features are still being announced. These are also listed alphabetically by provider.

Please note that the options listed here either exist only on the web or are significantly different from the desk-
top-based product the vendor offers. ZillionInfo's browser-based version of iRedistrict (profiled in the previous
section) mostly offers the same functionality as the desktop client.
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S.2.1 DistrictBuilder (by Azavea)

Philadelphia-based Azavea created the first implementation of their open source DistrictBuilder web app for the
2011 redistricting cycle in conjunction with the Public Mapping Project. That version was implemented in a num-
ber of states and communities, providing freely available redistricting tools with a goal of promoting transparen-
cy, expanding citizen participation, and allowing mapmaking competitions. The app’s current version, released

in 2020, adopted a completely new architecture and aims to provide mapping functionality for all 50 states. It's
available at no cost to individuals, but to obtain a customized interface for an organization—for example, hosting
a coordinated competition using the tool—Azavea would charge for setup.
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A few other distinguishing features of DistrictBuilder:

« DistrictBuilder was the first free web tool to allow drilling down and making choices at the census block lev-
el—even for statewide plans.

« Compactness scores (at least by one measure) and contiguity issues for districts are visible instantly in the
main interface.

+ A hover-style tool tip graphic (pictured) visually shows simplified demographic stats for the unit or units under
consideration right next to the cursor while the user is navigating in the map. A similar mini-bar chart shows
demographic composition of districts.

« Unlike other free tools that use the painting metaphor, DistrictBuilder by default allows you to see the effects
on district statistics of a potential modification before accepting that change. This behavior applies wheth-
er one is selecting by clicking multiple units, painting, or using the rectangle selection. One can even easily
choose to add the selected units to a different district.

« As of this writing, DistrictBuilder does not include partisan data or metrics of any kind.
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S.2.2 Maptitude Online Redistricting (by Caliper)

Caliper Corporation, the maker of one of the most widely recognized desktop redistricting software packages,
Maptitude for Redistricting, also offers Maptitude Online Redistricting, sometimes referred to as MORe. In most
cases, Caliper would make the online tool available (at a cost) for government entities or consultants using the
desktop software, as a complementary offering that will allow for public engagement or for less expert users to
work with plans.

Image source: Blake, 2021

A few other distinguishing features of Maptitude Online Redistricting:

+ As aclose relative to the fully-featured Maptitude for Redistricting, the software offers a similar user interface,
and many (though not all) of the features.

+ Caliper offers the Online tool in a Legislator Edition, allowing for interested lawmakers or their staffs to
interact with plans, but without all the administrative options (and complexities) that working in the desktop
provides.

+ The online edition can export plan files in Caliper's proprietary format for plans, enabling the desktop tool
to recognize plan metadata, for example—something that wouldn't be as straightforward if exporting a plan
from another web-based tool.

+  While other web-based tools use more familiar modern web mapping platforms from Mapbox and Esri, Map-
titude uses a platform (perhaps proprietary?) not familiar to this author.
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S.2.3 Dave’s Redistricting App, aka DRA 2020, (by Dave Bradlee and friends)

In 2011, former Microsoft engineer Dave Bradlee, acting purely on a volunteer basis, released a web tool called
Dave's Redistricting App. The app allowed users to freely create plans for all 50 states, included a range of fea-
tures, and attracted a loyal following. For the new, totally rewritten iteration, now branded DRA 2020, Bradlee has
enlisted a team of developers. The resulting app, while retaining elements of the original user interface, offers
multiple areas of functionality beyond what its predecessor did. As of this writing, DRA 2020 has the most exten-
sive list of features of the freely available web apps, with many options for custom configuration.
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A few other distinguishing features of DRA 2020:

« The app allows for multiple users to be collaboratively editing the same plan simultaneously, as people have
gotten used to with web apps like Google Docs.

+ The “Custom Overlays” feature allows users to bring their own features into the map, either as Shapefiles or
GeoJSON files.

« For any plan, users can view basic statistics, as well as an analytics page rating the plan on a suite of five crite-
ria, and an advanced analytics page that provides interactive charts focusing mostly on partisan metrics.

« Even without an account, people can review a gallery of plans for states and see which plans rank highest for
which criteria.

+ Itappears to be the only app of its kind offering the new “Know It When You See It,” or KIWYSI, compactness
metric.
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S.2.4 Esri (Online) Redistricting Solution

Starting with the 2010 redistricting cycle, Esri, the multinational GIS juggernaut, chose a different path from the
other vendors providing software at a cost. Their primary application for redistricting, called Esri Redistricting, is a
web-based product. Instances can be deployed on customers' own servers, but the more typical setup would be
for the application to be hosted on Esri's cloud infrastructure. The actual plan creation part of the application inte-
grates with other public-facing plan management, sharing, and comparison tools, leading the company to label its
offering as “a modern enterprise approach.”
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A few other distinguishing features of the Esri Redistricting Solution:

+ As of this writing, Esri's application appears to be the most fully-featured browser-based option. Other options
from commercial vendors (such as Maptitude Online Redistricting) with a desktop counterpart omit some
features from their web-based offerings.

+ The standard offering does not include election or partisanship data, unlike free tools such as DRA 2020 or
Districtr.

+  Fans of the ribbon-style interface from ArcGIS Pro will find a familiar user experience, as well as basic map
navigation and selection functions similar to those from other Esri products.

+ Unlike most other web-based tools, the Esri application lets you select a custom base area for your plan, for
example, choosing a city or county to redistrict—even if the geography is non-contiguous.

* You can easily generate an atlas, or “map book,” with individual printable maps of all the districts in your plan.
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S.2.5 District Scenario Modeler (by FLO Analytics)

FLO Analytics, Inc., a firm with offices in four U.S. cities that also offers redistricting consulting services, has very
recently developed a tool in-house that it calls the District Scenario Modeler. The application is currently exclusively
being used by the FLO team and their redistricting clients, but it is in active development and the company hopes
to soon be able to provide a standalone version (at a cost) to other users, as well as to enable its government
clients to embed it in their websites for public participation in the map-drawing process.

District Scenario Modeler
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A few other distinguishing features of the District Scenario Modeler:

+ The app uses a Tableau front end with MapBox basemaps, as well as backend reliance on ArcGIS Online and
the Alteryx platform for modeling and analytics.

« Communities of interest (COIs) play a central role in the application, as can be seen in the image, and the
application readily provides statistics about how the COls are (or ideally aren’t!) divided as well the collective
demographic characteristics of the COls or their fragments.

+ Its design includes embedded forms (not pictured) that allow the user to provide a narrative of why they are
making a decision the way they are or to comment on aspects of the plan—and then those comments are
linked to the elements of the plan to provide context.
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S.2.6 Districtr (by MGGG Redistricting Lab)

If the District Scenario Modeler is in its infancy, then Districtr, introduced in 2019, is the new teenage kid on the
block, the only widely available web-based tool that didn't have a predecessor in the 2011 cycle. The Metric Ge-
ometry and Gerrymandering Group (or MGGG), affiliated with Tufts University, spawned a “redistricting lab” that
works on numerous projects, including Districtr. Accessibility and ease-of-use were primary design principles, but
it includes a lot of powerful features as well.
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A few other distinguishing features of Districtr:

+ Because there is no need to (or way to) create an account, there is no need to log in. New users can be draw-
ing a map literally within seconds of opening the site. If a user wants to preserve and/or share a plan, one
click generates a persistent URL that will enable its retrieval.

+ In addition to a mode for drawing districts, Districtr was the first web tool to offer a mode for simple custom
drawing of COls on the map, which can then be shared in familiar geospatial formats. This feature enables
residents to provide representations of their COls in something that can immediately be integrated by map-
makers using other systems, unlike people submitting hand-drawn paper maps.

+ The Data Layers tab offers a “Coalition Builder” tool to allow the user to look at statistics for a combination of
races and ethnicities, which may be relevant for creating districts to comply with the Voting Rights Act (VRA).

+ Demographics and partisan lean of the building block units can be shown not only with shading of the poly-
gons, but also with variably sized circle symbols.

« In addition to modules for statewide plans, Districtr offers modules for a growing number of counties and
municipalities. Some of these modules offer different features than others, meaning not all modules offer all
the same data or features—AND meaning there may be functions in modules we haven't seen and therefore
aren't aware of.
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S.2.7 Proprietary state options

As of this writing, it seems that the custom-building of web-based redistricting software for one particular state,
previously a rarity, is now fully a thing of the past. For the 2011 redistricting process, Florida’'s House of Represen-
tatives commissioned the creation of a proprietary web-based district-drawing tool called MyDistrictBuilder, which
was made available to citizens. As far as this author is aware, that tool will not be revived for the 2021 cycle.

S.3 Other utilities and sources for additional data

GIS practitioners considering active involvement in redistricting could also benefit by looking at tools and data
beyond the plan creation applications and the census data that have already been described.

S.3.1 Web-based interactive resources

The following selected resources, listed in alphabetical order, provide a range of free online geo-centric ways that
anyone can learn more about redistricting plans and about the process, as well as ways for the public to take
steps towards engagement.
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S.3.1.1 FiveThirtyEight Atlas of Redistricting

In 2018, FiveThirtyEight.com created its Atlas of Redistricting, a collection of suites of congressional district plans
for all the states that have more than one US House district. Users can compare plans, each drawn to prioritize
one of seven different criteria, and see not only their shapes but also a series of thoughtfully designed charts and
tables that respond to user selections. As a bonus, all the plans are available for download as shapefiles, too!
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Current R+11% GOP gerrymander 0 Competitive 0 Competitive 10 Majority minority T
GOP gerrymander R+23% Dem. gerrymander 0 Compact (berders) 0 Compact (algerithmic) 42 Current 7
Breaking down Missouri’s current map by race
The racial or ethnic makeup of each district and each district’s likelihood of being \d
represented by a member of a racial or ethnic minority, based on election results since 2006
WHITE AFRICAN-AMERICAN HISPANIC/LATINO ASIAN/PACIFIC ISLANDER OTHER
SHARE OF POPULATION BY RACE CHANCE OF BEING REPRESENTED BY A ..
DISTRICT MAJORITY RACE 0% 50% 100% MINCRITY MEMBER DEMOCRAT REPUBLICAN
1st * Minority coalition B4% >995% <1%
2nd White <1% 8% 92%
3rd White <1% <1% >99%
4th White <l% <1% >99%
5th White 12% 90% 10%
6th White <1% <1% >99%
7th White <1% <1% >99%
8th White <1% <1% >99%

Image source: https://projects.fivethirtyeight.com/redistricting-maps/missouri/

S.3.1.2 PlanScore

PlanScore.org, as the name suggests, is an online tool for scoring redistricting plans. Users can upload state
congressional or legislative plans in Shapefile, GeoJSON, or Geopackage format, and the utility will score the plan
on multiple partisan fairness metrics, as well as provide a table of demographic and partisan statistics for each
district.
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Score a Plan What is PlanScore?

-
{& PlanScore

Oklahoma State House Proposal (Proposed_20210420)
Oklahoma State House plan uploaded on 4/21/2021

PlanScore bases its scores on predicted precinct-level votes for each office (State House, State Senate, and
U.S. House) built from past election results and U.S. Census data. More information about the predictive
model used to score this plan.

Efficiency Gap: 12.8% Partisan Bias Mean-Median Difference
The parties’ statewide vote shares are 43.4% The parties’ statewide vote shares are 43.4%
(Democratic) and 56.6% (Republican) based on (Democratic) and 56.6% (Republican) based on
the model. Partisan bias is shown only where the model. The mean-median difference is
the parties’ statewide vote shares fall between shown only where the parties’ statewide vote
45% and 55%. Outside this range the metric's shares fall between 45% and 55%. Outside this
assumptions are not plausible. range the metric's assumptions are not

plausible.
+18%D Balanced +18% R

Votes for Republican candidates are expected to
be wasted at a rate 12.8% lower than votes for
Democratic candidates. The expected gap
favors Republicans in 99% of predicted
scenarios. Learn more »

-8

Sensitivity Testing

-0 Sensitivity testing shows us a plan’s expected
efficiency gap given a range of possible vote
-1z swings. It let us evaluate the durability of a
plan’s skew.
-14
!ﬁq !bo R‘bo Rq'o R\o ° K\Q- KWQ-X%Q-XNQ-X"Q-

Possible Vote Swing

B Democratic i +
B Republican [ 1
## Leans Dem. R o
W Leans Rep.
. Fayetteville
. Fort Smith
o Clovis
herman Paris
Lesflet | @0
us
Black Hispanic Voting-Age Chanceof Predicted 2016: President
Candidate Population Population Population Population Population Democratic Vote Clinton 2016:
District Scenario 2010 2018 2018 2018 2018 Win Shares (D) Trump (R)
1 Open Seat 39,654 39,762 9.1% 5.8% 29,347 <1% 34%D 217 10,343
/66% R
2 Open Seat 39,314 39,031 2.9% 47% 29,408 2% 37%D 2,754 9,905
/63%R
3 Open Seat 37,720 37,836 3.0% 7.5% 27,579 1% 35%D 2,540 10,159
/65%R

Image source: https.//planscore.org/plan.htm[?202104217190932.0183948747
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S.3.1.3 Redistricting & You

In 2021, a team at the Graduate Center at the City University of New York introduced Redistricting & You, an
interactive site that lets users look at current congressional and legislative plans from around the country and

see which districts are underpopulated and overpopulated—and by how much (as of this writing, based on ACS
estimates). Other statistics and information are also provided.

REDISTRICTING & YOU

ABOUT RESQUACES SHARE PRINT

L Address
= P = o v — & - #
US Cangress - J = N L - :
Diffarénce fron Average \ ' : : :

Q ;i
fen | inAlabama
e Ry M 0 Rogers (81 ey

Congressional seats In Alabama since 1964 (oucs

Alabama will continue to have 7 seats in
Congress

Bole g meaning dlricl cooubition patteril]

ALABAMA
e gt Bhis bt Bstset 37 =

Congresssng dsthcts for AL 7

0 t AL {2019 ' Mgt
o 1 L {2 i forg ;
Rrage diEtnict pop. in 100,438

ACSY

Dusirict 3 population estimate 1% i

(2010 ACSH L

Digtnct 3 above sveage by 17,481 punple

& diffecence fram awy 2.5%

1WITE Curment dixtriet poalstian = 7013 Amatican Communty
Sureny (BC5) svimasy. Avenge disirict pegalation - Saoama
2015 355 poputibon arimane (4903185 phoole] cvided 51 7
Amats Achial district deviatien wil e spdated st 2030
(e O D — 0 b

’g:a'h‘&o,' UEMOORARMICS
A humdamental gosd of recistiicting ks to create equal
popuation districts. This hefos eritute that esch persan ¥
has equal representation in Congress (1 nerson_ L rate) | W 10 o e v vy oo
Alnbom wil have the sme # of Congressionst ciatiicts
(7) after post-2020 honortignment. The table above
Indtcates that Congréssional Drstict 35 population is
above i ‘Idesl (1.0 vimage) district papulation,
metaning shart B district may med $o afwink By

17,441 pecple

B civwrtay: kP Fraraty by Trac
-

L Q.cﬁ'::wu.- {Foeen e e X

Cacit
3 Uit 8 oo eoroe £ e

Image source: https://www.redistrictingandyou.org/?districtType=congress&mapData=deviation&marker-
L=33.2159%2C-85.5673&geoid=0103#map=6.63/32.424/-86.417
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S.3.1.4 Representable

Representable, a tool that grew out of a student project at Princeton University, serves to let people, including
folks without mapping experience, map their communities of interest. Users can be independent or create orga-
nizations that other users can join. Submitted geographies can be shared via the site or also delivered in GeoJSON
format to mapmakers.

U545 representable Partngrs  Lusim More  About. My Account v .(,-..‘.‘..._. ety ) | EN'v

' Courtrght
i

@

()

= -,
‘} Arbutus Parl
— *
== NuMar F

ol Cugfer Addition @
Anmoore
i
-
e
%, Conter Branch \-
Spring Hill "
Chapel ”3 \/
: ¥ T )
‘Want differont units? < EDIT INFO SAVE >

: \f
“""'“T,':Z’.‘.“f.'.\"i’ﬂ" ]
\/B . (3 L= j‘k'z

Image source: https://www.representable.org/entry/wv/
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S.3.1.5 The ReDistricting Game

The ReDistricting Game, created at the USC Annenberg Center in advance of the 2010/2011 redistricting cycle, is

a browser-based game. The game challenges the user to draw districts (in fictional U.S. states) that not only meet
technical standards but also satisfy fictional opinionated hard-to-please elected officials. Designed to entertain as
well as educate, it provides a learning experience about the politics of redistricting that other mapping tools and
software cannot.

The original game was developed with the now-defunct Flash technology. As of this writing the game is still in the
process of being updated for this decade’s cycle.

THE ReDISTRICTING ¢

| support competition in the

market, but those undecideds

make my district a litthe too

competitive. o

POP. 642,566

UND 7%

POP. 644,258-;/ ;

UND 7%

POP. 645,845/
(1310} 18455/

Pop: 1801
DEM: 52%
REP: 42%
UND: 6%
MISSION GOAL

POP. 648,745 3/

LESTATECRADANS PARTY = =

Image source: http://www.redistrictinggame.org/
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S.3.2 Data Resources

While the Census Bureau provides most of the mission-critical foundational data for redistricting, other
geographic features must be obtained elsewhere. Precinct boundaries, which in many cases can differ from the
Census Bureau's Voting Tabulation Districts (VTDs), can be important for map-drawing and analysis of others’
maps. Representations of areas that might be useful in COls of interest could come from any number of different
sources. Representable.org (mentioned just above) offers to provide a central location where declared COls can
be accessed.

After the 2011 cycle, many observers lamented the inconsistent availability and quality of election-related GIS data
across states, and significant effort has gone into the creating the following freely available offerings. Readers
should be aware that methodologies can vary between the various data compilers—some may pay less attention
to topology, for example, or some may strive to align precincts with census block boundaries, even if that departs
slightly from the precinct's “true” shape as depicted by the local board of elections. If these distinctions matter to
you, don't hesitate to inspect the metadatal

*  MGGG Redistricting Lab
(Data from the team that also makes the Districtr web app)
*  OpenElections
(Offering tables with precinct-level election results but not shapefiles)
*  OpenPrecincts
(Aiming to provide precinct geography aligned to census data and election results)
* Redistricting Data Hub
(As the name suggests, an effort to provide a central clearinghouse for redistricting-related data—one recent
addition is incumbent residence addresses for state- and federal-level districted elected officials)
« Voting and Election Science Team, aka VEST
(Collaboration of the Harvard Dataverse, University of Florida, and Wichita State University)

S.3.3 Coding resources

For readers with programming skills who want to adapt tools beyond the open-source plan creation applications
noted above, you've got options! There are code repositories shared by researchers working with ensemble gen-
eration, analysis of racially polarized voting, alternative compactness measures, and more. The listing below is by
no means comprehensive but should provide useful starting points

*  Duke University Quantifying Gerrymandering Group (which also offers a blog)

+ “Know it when you see it” compactness (via Aaron Kaufman, one of the creators)

*  Metric Geometry and Gerrymandering Group (affiliated with Tufts and MIT)

+ Princeton Gerrymandering Project's metrics for quantifying gerrymandering

+  Simulation Methods for Legislative Redistricting (from Harvard ALARM team)
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