
CONFRONTING GERRYMANDERING:
BUILDING THE FOUNDATION OF A RESEARCH PROGRAM FOR AUTOMATING FAIR POLITICAL DISTRICTING.

Amy Moore
Mentors: Todd Lee & Crista Arangala

Elon University, Department of Mathematics and Statistics

CONFRONTING GERRYMANDERING:
BUILDING THE FOUNDATION OF A RESEARCH PROGRAM FOR AUTOMATING FAIR POLITICAL DISTRICTING.

Amy Moore
Mentors: Todd Lee & Crista Arangala

Elon University, Department of Mathematics and Statistics

Introduction to Redistricting

• Redistricting is the process of splitting up voters into groups to elect repre-
sentatives. In North Carolina, this includes:

– US House of Representatives – 13 groups (soon to be 14)

– NC State Senators – 50 groups

– NC State House of Representatives – 120 groups

• In NC, redistricting is done by the current state legislature every 10 years
following the results of the latest U.S. Census.

• Districts are legally required to have approximately equal populations
(within 0.1% of each other), to be contiguous (all geographic area is con-
nected, single points do not count), and to prioritize existing county lines.

• Gerrymandering occurs when districts are designed to specifically benefit
one political party over another.

• The most notorious strategy for this process is via "cracking and packing"
which places as many voters from one party as possible into a single dis-
trict (packing) allowing for many surrounding districts to have ineffective
minorities supporting that same party (cracking).

• Since the 2010 census, NC’s congressional maps have been brought to
court five times for gerrymandered districts.

Fig. 1: North Carolina Congressional Districts that were used in 2012 and 2014 elections (Based on 2010 Census Data).

These districts are a classic example of cracking and packing and were declared gerrymandered by the courts and

redrawn before the 2016 election.

Data Management

For processing the census data and building the set of block adjacencies,
Quantum Geographic Information System (QGIS) was used. QGIS is an open-
source version of the industry standard, ArcGIS. The managed dataset was
then manipulated in Mathematica to compute an adjacency matrix describing
the neighboring blocks of each of the nearly 300,000 census blocks in NC. This
process was repeated at the county level, weighting the adjacency matrix to
include the distance of shared boundary in meters between any two adjacent
counties as the matrix entry.
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Fig. 2: Left: An example of 6 census blocks with adjacencies drawn in. Right: An adjacency matrix representation of the

neighboring census blocks.

Random Partition Method

This method uses only a greedy method, adding blocks randomly into districts
based on population alone. The resulting districts are not contiguous but they
do uphold the approximately equal populations requirement of legal districts.
This method was a simplistic first attempt at partitioning the census blocks into
13 equally sized groups.

Fig. 3: An example districting using the random partition districting method.

Crystal Method

This method for creating districts focuses on adding blocks one at a time to
districts based on block adjacencies reported in the adjacency matrix begin-
ning with a single seed block. The resulting district grows like a crystal from
the seed, as each block added into the district will add its neighbors to the list
of blocks to be added next. This method of creating districts, although very
precise, is quite time-consuming which makes it a non-ideal method for mak-
ing districtings. This method’s biggest flaw is that North Carolina is connected
through census blocks containing 0 people, creating a network of tendrils ex-
panding outward from the first crystalline district.

Fig. 4: Left: A single crystalline district. Right: Network of Census Blocks with 0 population.

Disk Method

This method prioritizes the compactness of districts by adding blocks to a
district based on the geographic distance between the centroids of each cen-
sus block and the centroid of an initial seed block. A disk with a population
within the tolerance level of the equal population requirement of legal districts
is created from a base case of the entire state followed by using the bisec-
tion method to find a radius that meets the condition. Disks are created in a
sweeping motion across the state to prevent the remaining blocks from being
separated into discrete clusters that cannot form contiguous districts with ap-
proximately equal populations.

Fig. 5: An example districting using the disk districting method.

County First Disk Method

This method builds on the disk method but begins focused on counties rather
than census blocks. First, the disk method is applied at the county level, then
once no additional county can be added without exceeding the ideal district
population, the disk method is applied again but this time at the block level to
the county that would be selected next. This results in a significant decrease
in computational time to create a set of hypothetical districts.

Fig. 6: An example districting using the county first disk districting method.

Conclusions and Future Work

• The resulting automated districts can be greatly impacted by small
changes to the computational algorithm.

• Next steps for the project include:

– Process census data from 2020 to apply these techniques to the
newest data and switch from 13 to 14 federal congressional districts.

– Explore more methods to create automated districting to further re-
duce computational time.

– Investigate past voting trends at the precinct level to assign predictive
political opinion indicators at the block level to determine hypothetical
election results on automated districtings.
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