IN THE UNITED STATES DISTRICT COURT
FOR THE MIDDLE DISTRICT OF NORTH CAROLINA
NO. 1:15-cv-00399
SANDRA LITTLE COVINGTON, et al.,
Plaintiffs,
v.

DECLARATION OF
DR. GREGORY HERSCHLAG

THE STATE OF NORTH CAROLINA, et al.,
Defendants.

1.
My name is Gregory Herschlag. I received a Ph.D. in Applied
Mathematics from the University of North Carolina at Chapel Hill in 2013. I am
currently a Visiting Assistant Professor in Mathematics and Biomedical Engineering at
Duke University.
2.

My curriculum vitae is attached as Exhibit 1.

3.
Counsel for Plaintiffs requested that I provide a report with my initial
analysis of the 2017 NC House and Senate districts in Wake, Mecklenburg, Cumberland
and Guilford Counties. This report is part of an ongoing research program that analyzes
political districts by comparing the partisan outcome of elections in a given district map
to the partisan outcome of simulated elections using an ensemble of maps. The ensemble
is generated with established mathematical and methodological principles [1,2]. The
counsel specifically requested that I provide an analysis of the racial makeup of these
districts in addition to their partisan composition.
4.
I will be compensated for my work at the rate of $200 per hour. My
colleague, Dr. Jonathan Mattingly, Chair of the Math Department at Duke has worked
with me on this project. Professor Mattingly has reported on corresponding work in
Common Cause v Rucho and Whitford v Gill. All of these reports summarize aspects of
the larger, ongoing, research program mentioned above.
5.
My work on the 2017 NC districts began soon after the districts were
enacted on August 31, 2017. In the two-week period since then, I have completed an
initial analysis of Senate districts in Wake, Mecklenburg and Cumberland Counties but
have not had time to undertake any analysis of the Senate districts in Guilford or any
analysis of House districts.

6.
The traditional redistricting criteria I use to generate simulated districts are
equal population (plus or minus 5%), compactness (as measured by the isoperimetric
ratio), preservation of precincts, and contiguity. I use 2010 census data to determine
equal population for, and racial composition of, simulated districts. To determine the
partisan performance of the simulated and enacted districts, I use the NC Senate election
results in 2012 and 2014, corrected for unopposed races. 2016 Senate and 2016 US
House of Representative election results are not used because these results were reported
without partisan information on the NC State Board of Elections website [3], and I have
not had time to process these files. To ensure the robustness of the partisan results, I also
consider all Presidential, US Senate, and NC Governor election results occurring in 2012,
2014, and 2016, along with US House of Representatives election results occurring in
2012 and 2014.
7.
To date we have generated an ensemble of 7,606 simulated district plans in
Wake, 6,044 district plans in Mecklenburg, and 78,485 district plans in Cumberland. The
methods used to produce this ensemble have been shown to accurately sample the
distribution on possible redistricting plans respecting the above redistricting criteria [1,2].
8.
The racial composition of the 2017 districts in Cumberland County is
highly atypical. One of the two enacted 2017 districts in Cumberland contains a
significantly higher percentage of the population that is African American (46.5%) than
any district in the 78,485 simulated districting plans for the county (see Figure 1; right).
In Cumberland, the average percentage of the population that is African American over
all simulated districts is 36.3%.
9.
In Mecklenburg County, the racial composition of the 2017 districts is also
highly atypical. The 2017 enacted districts and the 6,044 simulated districts each contain
5 districts in Mecklenburg. The 5 districts are ordered from least to most in terms of the
percentage of the population that is African American in the 2017 enacted districts and in
each district map of the ensemble. I find that the middle ordered district of the 2017
enacted plan has a significantly higher minority population than is expected; only 3 of the
6,044 simulated districting plans have a higher percentage of African Americans. In the
2017 enacted plan, the population of the middle ordered district is 39.6% African
American – higher than the 30.2% average of the simulated plans (see Figure 1; middle).
10.
In contrast, the 2017 enacted Senate districts in Wake County are within the
expected racial composition range (see Figure 1; left)
11.

For a presentation of racial statistics see Figure 1 below.

12.
To compare the partisan composition of the 2017 Senate districts with the
ensemble, we simulate elections in all three counties by using the actual votes cast in the

races for the NC Senate, President, US Senate, US House of Representatives, and NC
Governor in elections between 2012 and 2016; as described above, all elections but the
2016 NC Senate and 2016 US House elections are omitted. I plot histograms of elected
Democrats for the ensemble in each simulated election with respect to the overall fraction
of the Democratic vote (see Figure 2). I compare the histograms results to the simulated
elections in the 2017 enacted Senate districts (see Figure 2). Only the votes cast in the
2012 NC Governor election produce an expected partisan composition for the 2017
enacted districts when compared with the ensemble. In using the votes cast in the 2012
and 2016 Presidential elections, the 2014 and 2016 US Senate elections, the 2012 and
2014 US House of Representatives elections, and the 2016 Governor election, the
partisan compositions based on the 2017 districts occur in less than 0.1% of the
ensemble. In the 2012 and 2014 NC Senate simulated elections, the partisan outcomes
based on the 2017 districts occur in 7.14% and 3.50% of the ensemble, respectively.
With the exception of the simulated election based on the 2012 race for the NC Governor,
the number of Democrats elected with the enacted 2017 maps is consistently smaller than
median number of Democrats elected in the ensemble by 1 to 3 seats.
In nearly every examined simulated election, the partisan outcome is both unlikely and
favors the Republican party.
13.
For a presentation of the partisan composition of the three combined county
districts, see Figure 2.
Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury that the foregoing
is true and accurate.
Executed on September 14, 2017.
___________________________________
Gregory Herschlag
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Figure 1. Districts in each county are ordered from least to most percentage of the
population that is African American. Marginal distributions of the ensemble are
presented with a standard violin plot (green) – thicker horizontal regions are more
likely to occur in the ensemble. The 2011 and 2017 NC Senate districts are also
ordered from least to most percentage of the population that is African American
and compared with the marginal distributions. In Cumberland, not a single
generated districting plan packs as many African Americans into a single district
as the 2011 and 2017 NC Senate districts. In Mecklenburg, African Americans
are over represented in the district with the third highest percentage of African
Americans in the 2017 NC Senate districts.
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Figure 2. I present histograms of the simulated election results over the ensemble
of districting plans and plot them with respect to the fraction of the vote that went
to Democrats. I compare the histograms with simulated elections using the 2011
and 2017 enacted Senate districts. I present simulated elections based on the 2016
Presidential (PRE16), 2014 NC State Senate (NCSS14), 2014 US Senate (USS14),
2012 Presidential (PRE12), 2014 US House of Representatives (USH14) and 2012
NC Governor (GOV12) elections. Other reported elections are omitted for clarity
but provide qualitatively identical results.

References
1. S. Bangia, C. V. Graves, G. Herschlag, H.S. Kang, J. Luo, J. Mattingly, and R.
Ravier. ``Redistricting: Drawing the Line." https://arxiv.org/abs/1704.03360

2. G. Herschlag, R. Ravier, J. Mattingly. ``Evaluating Partisan Gerrymandering in
Wisconsin." https://arxiv.org/abs/1709.01596
3. http://dl.ncsbe.gov/index.html. Last visited 8/12.

