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EXPERT REPORT OF JOWEI CHEN. Ph.D.
June 1, 2018

I am an Associate Professor in the Department of Political Science at the University of
Michigan, Ann Arbor. I am also a Faculty Associate at the Center for Political Studies of the
Institute for Social Research at the University of Michigan as well as a Research Associate at the
Spatial Social Science Laboratory at Stanford University. In 2007, I received a M.S. in Statistics
from Stanford University, and in 2009, I received a Ph.D. in political science from Stanford
University. I have published academic papers on legislative districting and political geography in
several political science journals, including The American Journal of Political Science and The
American Political Science Review, and Election Law Journal. My academic areas of expertise
include legislative elections, spatial statistics, geographic informatienr systems (GIS) data,
redistricting, racial politics, legislatures, and political geography. T have unique expertise in the
use of computer simulations of legislative districting and te-study questions related to political
geography and redistricting.

I have provided expert reports in the following redistricting court cases: Missouri
National Association for the Advancement of Colored People v. Ferguson-Florissant School
District and St. Louis County Board of Eleciion Commissioners (E.D. Mo. 2014); Rene Romo et
al. v. Ken Detzner et al. (Fla. 2d Judicial Cir. Leon Cnty. 2013); The League of Women Voters
of Florida et al. v. Ken Detzner et al. (Fla. 2d Judicial Cir. Leon Cnty. 2012); Raleigh Wake
Citizens Association et al. v.Wake County Board of Elections (E.D.N.C. 2015); Corrine Brown
et al. v. Ken Detzner et al. (N.D. Fla. 2015); City of Greensboro et al. v. Guilford County Board
of Elections, (M.D.N.C. 2015); Common Cause et al. v. Robert A. Rucho et al. (M.D.N.C.
2016); League of Women Voters of Pennsylvania et al. v. Commonwealth of Pennsylvania et al.
(No. 261 M.D. 2017); Georgia State Conference of the NAACP et al v. The State of Georgia et
al. (N.D. Ga. 2017). I have testified at trial in the following cases: Raleigh Wake Citizens
Association et al. v. Wake County Board of Elections (E.D.N.C. 2015); City of Greensboro et al.
v. Guilford County Board of Elections (M.D.N.C. 2015); Common Cause et al. v. Robert A.
Rucho et al. (M.D.N.C. 2016); League of Women Voters of Pennsylvania et al. v.
Commonwealth of Pennsylvania et al. (No. 261 M.D. 2017). I am being compensated $500 per

hour for my work in this case.
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Research Questions and Summary of Findings:

The attorneys for the Plaintiffs in this case have asked me to analyze Michigan’s current
House, Senate, and Congressional districting plans, as created by Public Act 128 of 2011 and
Public Act 129 of 2011. Specifically, I was asked to analyze whether each of these three enacted
districting plans has the effect of producing an extreme partisan outcome that diverges from
possible alternative maps.'

In conducting my academic research on legislative districting, partisan and racial
gerrymandering, and electoral bias, | have developed various computer simulation programming
techniques that allow me to produce a large number of non-partisan districting plans that adhere
to traditional districting criteria using US Census geographies as building blocks. This simulation
process is non-partisan in the sense that the computer ignores all partisan and racial
considerations when drawing districts. Instead, the computer simuiations are programmed to
optimize districts with respect to various traditional districting goals, such as equalizing
population, maximizing geographic compactness, and preserving county, municipal, and ward
boundaries. By generating a large number of randomly drawn districting plans that closely
follow and optimize on these traditional districting criteria, I am able to assess any enacted plan
drawn by a state legislature and determine whether the enacted plan produces a partisan outcome
that deviates from computer-simulated plans that follow traditional, partisan-neutral districting
criteria.

More specifically, byhslding constant the application of non-partisan, traditional
districting criteria through the simulations, I am able to determine whether the enacted plans
were partisan outliers.

I used this simulation approach to analyze Michigan’s enacted House, Senate, and
Congressional districting plans in several ways. First, I conducted 3,000 independent
simulations, instructing the computer to generate 1,000 House, 1,000 Senate, and 1,000
Congressional districting plans for Michigan that strictly follow the non-partisan districting
outlined in Act 463 of 1996 and Act 221 of 1999 and are reasonably geographically compact. I

found that all 1,000 computer-simulated plans contain fewer county breaks and fewer municipal

"I reviewed Michigan’s statutory redistricting guidelines in MCL § 3.63 et seq and MCL § 4.261 et seq and applied
the criteria mandated in these statutes to produce a set of alternative maps for Michigan’s Congressional, Senate, and
House districting plans.
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breaks than are contained in Michigan’s enacted plan. The enacted plans’ districts are also
significantly more geographically non-compact than every single one of the 1,000 computer-
simulated districting plans created for Michigan’s House, Senate, and Congressional delegation.
Most importantly, I found that each of the enacted plans was a partisan outlier when
compared to the computer-simulated plans. Each of the three enacted plans creates more
Republican districts than every single one of the 1,000 computer-simulated districting plans
created for Michigan’s House, Senate, and Congressional delegation. Using common
quantitative measures of political bias, including the Efficiency Gap and the Median-Mean
Difference, every one of the computer-simulated plans is more politically neutral than

Michigan’s enacted Congressional, Senate, and House plans.

Michigan’s Statutory Redistricting Guidelines
And the Computer-Simulated Districting Algorithm

Michigan has two redistricting statutes - MCL §-4.261 et seq (Act 463 of 1996) and MCL
§ 3.63 et seq (Act 221 of 1999) — that describe in detail the criteria to be followed in the drawing
of the state's Congressional, Senate, and House districts. The statutes describe five criteria to be
followed in producing each districting plan::!) Contiguity; 2) Equal population thresholds; 3)
Minimizing county breaks; 4) Minimizing municipal breaks; and (as to some districts) 5)
Geographic compactness. These five criteria are also traditional districting principles in the
drawing of Congressional andstate legislative districting plans.

Furthermore, both statutes state that the list of districting guidelines detailed in each
statute is exhaustive. MCL § 4.261 mandates that House and Senate plans “shall be enacted
using only the following guidelines,” while MCL § 3.63 similarly requires that the drawing of
congressional plans must follow “only these guidelines in the following order of priority.”
Hence, it is clear that both statutes not only specify the five districting criteria and their order of
priority, but they also prohibit any other considerations, such as the partisan composition of
districts or the protection of incumbents.

Appendix A of this report describes the details of the computer-simulated districting
algorithm and how these five redistricting criteria are implemented by the computer algorithm in

producing Congressional, Senate, and House plans.
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Preserving Majority-Minority Districts in Computer-Simulated Plans

When I programmed the computer simulation algorithm, plaintiffs’ counsel instructed me
to ensure that all simulated maps contained certain majority-minority districts covering Detroit,
Southfield, and Flint.

In producing simulated congressional plans, the algorithm freezes the enacted plan’s
boundaries for congressional Districts 13 and 14, which cover all of Detroit and some
surrounding municipalities. In describing the 1,000 computer-simulated congressional plans
throughout the remainder of this report, I always include the enacted plan’s Districts 13 and 14,
even though the boundaries of these two districts are obviously identical in every simulated plan.

In producing simulated Senate plans, the algorithm freezes the enacted plan’s boundaries
for Senate Districts 1 through 7, which collectively cover all of Wayne County. Wayne County is
apportioned seven Senate districts, and in the enacted plan, Senate Districts 1 through 5 are the
majority African-American districts covering Detroit. However, once Districts 1 through 5 are
frozen into place, the remaining western half of Wayne County must be divided into exactly two
Senate districts in order to avoid an unnecessary county break. The only way to draw these two
remaining districts while following the MCL §:4.261 redistricting guidelines requires using the
same boundaries as the enacted plan’s Senate Districts 6 and 7. Therefore I simply instructed the
computer to freeze the enacted plan’s Senate Districts 1 through 7 in every simulated plan. In
describing the 1,000 computer-simalated Senate plans throughout the remainder of this report, I
always include the enacted plaii’s Senate Districts 1 through 7, even though the boundaries of
these seven districts are obviously identical in every simulated plan.

In producing simulated House plans, the algorithm freezes the enacted plan’s boundaries
for House Districts 1 through 10, which collectively cover all of Detroit City, House District 15
(Dearborn), and House District 35 (Southfield). Additionally, the algorithm only permits plans
that place the City of Flint into a district with a 55% or higher Black Voting Age Population
(“BVAP”). As before, I freeze all majority-African-American districts covering Detroit, which
include House Districts 1 through 10. House District 9, however, also includes a small northern
fragment of the City of Dearborn. In order to avoid any further breaks of Dearborn, House
District 15, consisting of the remainder of Dearborn, must also be frozen exactly as it appears in
the enacted plan. Next, as noted earlier, a Southfield-area district with House District 35’s racial

composition can only be achieved by freezing the precise boundaries of House District 35.
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Finally, as noted earlier, the simulation algorithm frequently produced a House district covering
the City of Flint that approximates or exceeds the 58% BV AP of House District 34. Therefore, I
programmed the algorithm to simply discard any plan failing to create a Flint-area district of at
least 55% BVAP.

Thus, in describing the 1,000 computer-simulated congressional plans throughout the
remainder of this report, I always include the enacted plan’s House Districts 1 through 10, 15,
and 35, even though the boundaries of these 12 districts are obviously identical in every

simulated plan.

Measuring the Partisanship of Districting Plans

Map drawers and scholars of redistricting most commonly use past election results to
assess and compare the partisan composition of any given district, whether in an enacted
congressional, Senate, or House plan or in a hypothetical plan. Overlaying these past election
results onto a districting plan enables one to estimate the partisanship of each district within each
plan. These past election results allow me to then directly compare the partisanship composition
of the enacted plan to the partisan composition of the computer-simulated plans. In this section, I
explain the set of past elections I use to analyze each district in the enacted plans and the
computer-simulated plans, and then I ¢xplain the various methods I use in this report to measure
the overall partisanship of each disiricting plan.

Election Results (200%-2016) Used to Measure Districts’ Partisanship: 1 use actual
election results from recent, statewide election races in Michigan to assess and compare the
partisan performance of each district within the computer-simulated and the enacted
congressional, Senate, and House districting plans analyzed in this report. Past voting history in
federal and statewide elections is a strong predictor of future voting behavior. Mapmakers thus
can and do use past voting history to identify the class of voters, at a precinct-by-precinct level,
who are likely to vote for Democratic (or Republican) candidates for Congress. Indeed, that is
the entire reason why mapmakers are able to intentionally draw maps so effectively to produce
biased political outcomes.

In general, the most reliable method of comparing the partisanship of different legislative
districts within a state is to consider whether the districts—and more specifically, the census

blocks that comprise each district—have tended to favor Republican or Democratic candidates in
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recent, competitive statewide elections, such as the Presidential, Gubernatorial, and US Senate
elections. Recent statewide elections provide the most reliable bases for comparisons of different
precincts’ partisan tendencies because in any statewide election, the anomalous candidate-
specific effects that shape the election outcome are equally present in all districts across the state.
Statewide elections are thus a better basis for comparison than the results of legislative elections
(such as U.S. House and state legislative elections) because the particular outcome of any
legislative election may deviate from the long-term partisan voting trends of a constituency, due
to factors idiosyncratic to the legislative district as currently constructed. Such factors can
include the presence or absence of a quality challenger, anomalous difference between the
candidates in campaign efforts or campaign finances, incumbency advantage, candidate scandals,
and coattail effects.” Because these idiosyncratic factors would change if the legislative district
were drawn differently, it is particularly unsuitable to use electicn results from legislative district
when comparing the partisanship of an existing district to a Simulated district that would have
different boundaries.

Indeed, based on my experience studying redistricting practices in multiple states, it is
common for legislative map-drawers to assess the partisanship of a districting plan using the
election results of past statewide races, rather than legislative district races. In recent years, for
example, legislative map-drawers used and analyzed such statewide election data when
producing districting plans in Nozth Carolina, Pennsylvania, and Wisconsin. Map-drawers
recognize that legislative district election results are highly sensitive to the district-specific
factors listed above, while the results of statewide races are directly comparable across different
districts within the state.

To measure the partisanship of each district within Michigan’s enacted congressional,
Senate, and House plans and each computer-simulated plan, I first obtained from plaintiffs’
counsel electronic files reporting block-level election results for all of Michigan’s 40 statewide
elections held during 2006-2016. I then overlaid these block-level election vote counts onto the
district boundaries in each plan, thereby allowing me to calculate the vote totals across these

statewide elections within every district in each enacted plan, as well as in each of my computer-

? E.g., Alan Abramowitz, Brad Alexander, and Matthew Gunning. “Incumbency, Redistricting, and the Decline of
Competition in U.S. House Elections.” The Journal of Politics. Vol. 68, No. 1 (February 2006): 75-88.
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simulated plans. These calculations allow me to determine whether each district in each
simulated plan (and each enacted plan) favors Republican or Democratic candidates.

In analyzing the partisanship of each district in Michigan’s enacted plans, as well as all of
the computer-simulated plans in this report, I aggregated together the results of Michigan’s
statewide elections held during 2006-2010 and during 2012-2016. These statewide elections
include the US Presidential (2008, 2012, 2016), US Senator (2006, 2008, 2012, 2014),
Gubernatorial (2006, 2010, 2014), Secretary of State (2006, 2010, 2014), and Attorney General
(2006, 2010, 2014) elections. Also included among these statewide contests are the elections for
the State Board of Education, the University of Michigan Board of Regents, the Michigan State
University Board of Trustees, and the Wayne State University Board of Governors, all of which
are held every two years (2006, 2008, 2010, 2012, 2014, 2016). All 40 of these statewide
elections were contested by both parties, and most were reasonably close; thus, the combined
partisan vote totals from these statewide elections provides-an accurate reflection of voters’
underlying partisan tendencies across different districts thiroughout Michigan.

When evaluating the partisanship of Michigan legislative districting plans, I analyze these
40 statewide election contests over two separate time periods: First, I sum the total Republican
votes and total Democratic votes cast over ail statewide elections during 2006-2010 (a total of 21
election contests), and I determine wheiher each legislative district had more total Republican or
Democratic votes cast during all of"these 21 election contests. Second, I sum the total Republican
votes and total Democratic votes cast over all statewide elections during 2012-2016 (a total of 19
election contests), and I determine the proportion of votes across these elections in each district
that favored each party.

I analyze the 2006-2010 election results and the 2012-2016 election results separately.
First,
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have occurred under the state’s 2011 enacted plans. All 19 of these statewide elections were
contested by both parties. Thus, the combined partisan vote totals from these statewide elections
provides an accurate reflection of voters’ underlying partisan tendencies across different districts
throughout Michigan.

As an example, Table 1 illustrates how I assess the partisan composition of Congressional
Districts 1 and 2 from Michigan’s current enacted congressional plan using the results of the 19
statewide elections during 2012-2016. As illustrated in the first two columns, voters in
Congressional District 1 cast a total of 210,845 votes for the Republican Donald Trump and
133,251 votes for Democrat Hillary Clinton. When summed across all 19 of the statewide
elections during 2012-2016, District 1 voters cast a combined total of 4,408,972 votes in favor of
the various Republican candidates in these races and 3,434,286 votes in favor of the Democratic
candidates; in other words, 56.21% of the two-party votes cast auring these elections were in
favor of a Republican candidate. The final two columns in this Table perform the same
calculations for Congressional District 2, showing that 60.77% of votes cast in the district were
in favor of a Republican candidate. Together, these calculations allow us to conclude that both
districts generally favor Republican candidates;’but Congressional District 2 is slightly more
Republican-leaning than Congressional Disirict 1.

Finally, as two additional measures of partisanship, I calculate each district’s partisanship
by measuring Republican candidates’ share of the two-party votes in the 2006-2010 education
and university board elections, and I also calculate Republicans’ share of the two-party votes in
the 2012-2016 education and university board elections. These elections include all races for the
State Board of Education, the University of Michigan Board of Regents, the Michigan State
University Board of Trustees, and the Wayne State University Board of Governors. These
education and university board election results lead to substantially the same partisan estimates
as using all statewide elections during these time periods. Nevertheless, I present these two
additional measures because it has been common practice in Michigan to measure the
partisanship of legislative districts using the aggregated outcomes of recent education and

university board elections.
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Table 1:
Calculating the Partisan Composition of Districts Using Past Statewide Election Results

Congressional District 1 Congressional District 2
(2011 Enacted Plan) (2011 Enacted Plan)
Republican Democratic Republican Democratic

Election Contest Votes: Votes: Votes: Votes:
2016 US President 210,845 133,251 193,209 132,454
2016 Board of Education 334,645 204,472 355,630 203,302
2016 Univ of Michigan Regents 330,565 214,574 353,649 208,767
2016 Michigan State Trustees 325,786 218,958 348,269 212,403
2016 Wayne State Governors 314,602 209,715 340,127 205,248
2014 Governor 136,045 109,144 135,681 75,452
2014 Secretary of State 141,340 93,644 136,784 67,324
2014 Attorney General 144,581 91,375 134,022 68,253
2014 US Senator 123,453 116,481 116,302 88,910
2014 Board of Education 221,422 180,911 227,377 136,682
2014 Univ of Michigan Regents 218,700 177,295 228,424 133,213
2014 Michigan State Trustees 219,534 170,300 226,461 130,383
2014 Wayne State Governors 206,791 175,778 217,096 132,830
2012 US President 189,420 160,210 184,762 142,079
2012 US Senator 154,868 182,554 170,798 146,329
2012 Board of Education 292,357 247,273 319,459 222,504
2012 Univ of Michigan Regents 283,190 250,296 310,567 228,690
2012 Michigan State Trustees 289,739 244,387 317,064 218,466
2012 Wayne State Governors 271,089 253,168 300,809 226,611
Total Votes in all 2012-2016 4,408,972 3,434,286 4,616,490 2,979,900
Statewide Elections: (56.21%) (43.79%) (60.77%) (39.23%)

After measuring each district’s partisanship by aggregating together all statewide
elections during 2006-2010 and 2012-2016, as well as just the subset of education and university
board elections, I then proceed to measure the overall partisanship of each entire districting plan
using the following three different measurements:

The Number of Republican and Democratic Districts: The most basic and commonly-
used method of measuring the partisanship of an entire districting plan is to simply count up the
number of Republican and Democratic-favoring districts within the plan. This basic quantity
allows me to directly compare the partisan distribution of an enacted plan to the partisanship of
computer-simulated districting plans. Using this measure, I am also able to precisely quantify the

difference in partisanship between the enacted plan and any simulated plan.
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To illustrate an example, Michigan’s enacted congressional plan contains a total of nine
districts (Districts 1, 2, 3,4, 6, 7, 8, 10, 11) in which Republican candidates received more total
votes than Democratic candidates over the course of the 19 statewide elections during 2012-
2016. In the remaining five Congressional Districts in the enacted plan (Districts 5, 9, 12, 13, and
14), Democratic candidates received more combined votes than Republican candidates over the
course of these 19 statewide elections.

I find that overall, using recent past statewide elections has been an extremely accurate
predictor of actual legislative election outcomes in the enacted plans’ districts. For example, in 9
of the 14 districts in the enacted congressional plan, the total number of Republican votes cast
outnumbered the total Democratic votes cast during the 2006-2010 statewide elections. These
same 9 districts also had more Republican than Democratic votes cagt during the 2012-2016
statewide elections. These 9 enacted districts have all elected Republican congressional
representatives during each congressional election held undet the enacted plan (2012, 2014, and
2016). The remaining 5 districts in the enacted congressional plan had more Democratic than
Republican votes cast during the 2006-2010 statewids elections, as well as during the 2012-2016
statewide elections. These 5 enacted congressional districts have all elected Democratic
congressional representatives during each congressional election held under the enacted plan
(2012, 2014, and 2016). Hence, the us¢ of 2006-2010 and 2012-2016 statewide elections has
been a perfectly accurate predictor ¢f actual congressional election outcomes in every election
held under the enacted plan.

The 2006-2010 and 2012-2016 statewide elections have been similarly accurate in
predicting state legislative election outcomes. In the enacted House plan, 61 out of the 110
House districts contained more Republican than Democratic votes cast during the 2006-2010
statewide elections, as well as during the 2012-2016 statewide elections. These 61 Republican-
leaning districts correspond closely to the actual partisan outcomes of the 2012, 2014, and 2016
State House elections, which have produced 59, 63, and 63 Republican victories, respectively, or
an average of 61.7 Republican victories. Finally, in the enacted Senate plan, 23 of the 38 Senate
districts contained more Republican than Democratic votes cast during the 2006-2010 statewide
elections, and 24 of the 38 districts had more Republican than Democratic votes cast during the
2012-2016 statewide elections. Only one set of Senate elections has been held under the enacted

Senate plan: Republicans won 27 seats in the November 2014 general election.
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By comparing the number of Republican districts in an enacted plan to the number in
each of the computer-simulated plans, I am able to evaluate whether or not the particular number
of Republican-favoring districts in an enacted plan was a partisan outlier.

The Median-Mean Difference: The Median-Mean Difference is another accepted
method that redistricting scholars commonly use for comparing the relative partisan bias of
different districting plans.” For any districting plan, the mean is simply calculated as average of
the Republican vote shares across all districts, and the median is the Republican vote share in the
district where Republicans performed the middle-best; if there are an even number of districts
across the entire plan, then the median is calculated as the average Republican vote share in the
two districts where the Republicans performed the middle-best. For example, in any
congressional districting plan in Michigan, the median would be the average vote share in the
Republicans’ seventh and eighth-best congressional districts. In-any State Senate plan, the
median would be the average vote share in the Republicans’ nineteenth and twentieth-best
Senate districts. The Median-Mean Difference is then calculated as the median district vote
share, minus the mean district vote share. Thus higher, positive values indicate that the median
district’s Republican vote share is higher than tie mean district-level Republican vote share.

For example, using the aggregated results of Michigan’s 2006-2010 statewide elections,
the 14 districts in Michigan’s enacted congressional plan have a mean Republican vote share of
46.80%, while the median district has a Republican vote share of 53.52%. Thus, the enacted
congressional plan has a Mediaii-Mean Difference of 6.72%, indicating that the median district is
skewed significantly more Republican than the plan’s average district. In other words, the
enacted plan distributes voters across districts in such a way that most districts are significantly
more Republican-leaning than the average congressional district, while Democratic voters are
more heavily concentrated in a minority of the congressional districts. This skew in the enacted
plan thus creates a significant advantage for Republicans by giving them stronger control over
the median district.

An important question, however, is whether this significant Median-Mean Difference

arises naturally from applying the statutory redistricting guidelines to Michigan’s census

3 Robin E. Best and Michael D. McDonald, “Unfair Partisan Gerrymanders in Politics and Law: A Diagnostic
Applied to Six Cases.” 14 Election Law Journal Vol. 14, No. 4 (2015). Samuel Wang, “Three Practical Tests for
Gerrymandering: Application to Maryland and Wisconsin.” 15 Election Law Journal Vol. 15, No. 4 (2016).
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boundaries, given the state’s unique voter geography. Or rather, is the skew in the enacted plan’s
Median-Mean Difference explainable only as the product of an intentional partisan effort to
favor one party over another in the drawing of the districts? By comparing the Median-Mean
Difference of an enacted plan to that of the computer-simulated plans, I am able to evaluate
whether or not such an extreme Republican-favoring skew in the Median-Mean Difference was a
necessary result of a districting process.

The Efficiency Gap: A third commonly-used measure of a districting plan’s partisan bias
is the efficiency gap.* To calculate the efficiency gap of any enacted or computer-simulated plan,
I first determine the partisan leaning of each simulated district and each individual district, as
measured by any given set of election results, such as the 2012-2016 statewide elections. Using
the 2012-2016 statewide elections as a simple measure of district partisanship, I then calculate
each districting plan’s efficiency gap using the method outlined in Partisan Gerrymandering and
the Efficiency Gap’. Districts are classified as Democratic victories if, across these statewide
elections, the sum total of Democratic votes in the district during these elections exceeds the sum
total of Republican votes; otherwise, the district is c¢iassified as Republican. For each party, I
then calculate the total sum of surplus votes in districts the party won and lost votes in districts
where the party lost. Specifically, in a district lost by a given party, all of the party’s votes are
considered lost votes; in a district won'by a party, only the party’s votes exceeding the 50%
threshold necessary for victory are considered surplus votes. A party’s total wasted votes for an
entire districting plan is the swmy of its surplus votes in districts won by the party and its lost
votes in districts lost by the party. The efficiency gap is then calculated as total wasted
Republican votes minus total wasted Democratic votes, divided by the total number of two-party
votes cast statewide across all seven elections.

Thus, the theoretical importance of the efficiency gap is that it tells us the degree to
which more Democratic or Republican votes are wasted across an entire districting plan. A
significantly positive efficiency gap indicates far more Republican wasted votes, while a

significantly negative efficiency gap indicates far more Democratic wasted votes.

* Eric McGhee, “Measuring Partisan Bias in Single-Member District Electoral Systems.” Legislative Studies
Quarterly Vol. 39, No. 1: 55-85 (2014).

> Nicholas O. Stephanopoulos & Eric M. McGhee, Partisan Gerrymandering and the Efficiency Gap, 82 University
of Chicago Law Review 831 (2015).
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In addition to calculating the efficiency gap using each district’s votes from the 2012-
2016 statewide elections, as described above, I also separately calculate the efficiency gap using
the combined results from the 2006-2010 statewide elections. As before, I sum up the total
Democratic votes and total Republican votes from across these statewide elections and calculate
a single efficiency gap for each simulated and enacted districting plan using these combined
partisan vote counts.

An important question, however, is whether an enacted plan’s Efficiency Gap arises
naturally from applying the statutory redistricting guidelines to Michigan’s census boundaries,
given the state’s unique voter geography. Or rather, is the skew in the enacted plan’s Efficiency
Gap explainable only as the product of an intentional partisan effort to favor one party over
another in the drawing of the districts? By comparing the Efficiency {ap of an enacted plan to
that of the computer-simulated plans, I am able to evaluate whether or not such an extreme

Republican-favoring skew in the Efficiency Gap was a necessary result of a districting process.

Comparison of Simulated Congressional Plans to the Enacted Congressional Plan

To evaluate the enacted Congressional Pian, I produced and analyzed a set of 1,000
simulated congressional plans using the computer simulation algorithm. As described earlier, the
algorithm strictly follows the five non-partisan redistricting guidelines detailed in MCL § 3.63:
Contiguity, perfect equalization of district populations, minimizing county breaks, minimizing
municipal breaks, and geogragitic compactness. Table 2 compares how the enacted congressional
plan and the 1,000 computer-simulated plans perform with respect to these various districting
criteria.

Figure 1 compares the partisanship of the simulated plans to the partisanship of the
enacted congressional plan. Specifically, Figure 1 uses all statewide elections during 2006-2010
(upper histogram) and during 2012-2016 (lower histogram) to measure the number of
Republican-leaning districts created by the 1,000 simulated plans. As measured by these election
results, the simulated plans all create from 6 to 8 Republican districts out of 14 total districts.
Using the 2006-2010 statewide elections as a baseline, most of the simulated plans contain 7
Republican districts; using the 2012-2016 statewide elections as a baseline, the vast majority of

simulated plans contain 7 Republican districts.
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By contrast, the enacted congressional plans contains 9 Republican districts, using either
set of statewide elections. In each histogram, the red dashed line indicates the number of
Republican districts created by the enacted congressional plan. The finding that none of the
1,000 computer-simulated plans ever reaches the enacted plan’s creation of 9 Republican
districts demonstrates, with over 99.9% certainty, that the enacted plan created a pro-Republican
partisan outcome that is a partisan outlier.

Figure 2 confirms this pro-Republican partisan bias in the enacted plan by analyzing
districts using the education and university board elections held during 2006-2010 (upper
histogram) and during 2012-2016 (lower histogram) to measure the number of Republican-
leaning districts in each plan. As measured by these election results, the simulated plans all
create from 5 to 8 Republican districts out of 14 total districts. Using the 2006-2010 statewide
elections, most of the simulated plans contain 6 Republican distiicts; using the 2012-2016
statewide elections, the vast majority of simulated plans contain 7 Republican districts. By
contrast, the enacted congressional plans contains 9 Republican districts, using either set of
statewide elections. This is an outcome never observed in any of the 1,000 computer simulated
plans, thus confirming that the enacted plan is a‘partisan outlier.

Why did the enacted congressionalpian fail to produce geographically compact districts?
As Figures 1 — 4 collectively illustrate; the enacted congressional plan is entirely outside the
range of all 1,000 simulated maps with respect to both geographic compactness and the partisan
distribution of seats

Collectively, these findings suggest that the enacted congressional plan was drawn under
a process in which a partisan goal — the creation of 9 Republican districts — predominated. I am
thus able to conclude, with over 99.9% statistical certainty, that the enacted congressional plan
created districts less compact than what would have reasonably emerged from a districting

process not driven by partisan intent.
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Table 2:
Comparison of the Enacted Congressional Plan (Act 128 of 2011) to Computer-Simulated Congressional Plans

Number of County Breaks, as defined by MCL 3.54(b)
(Including Wayne County):

Number of Counties Divided into Multiple Districts
(Including Wayne County):

Number of Municipal Breaks, as defined by MCL 3.63(c)
(Excluding Detroit):

Number of Municipalities Divided into Multiple Districts
(Excluding Detroit):

Compactness as Defined by MCL 3.63(c)(vii)
Total Land Area Within Districts’ Circumscribing
Circles but Outside of their Respective Districts
(Lower Area Indicates Greater Compactness):

Compactness as Defined by MCL 3.€3{c)(vii)
Average Ratio of Each District’s Land Area t9 the Land
Area Inside the District’s Circumscribing Circle
(Higher Ratio Indicates Greater Compactness):

Compactness, Measured Using Average Reock Score
(Higher Score Indicates Greater Compactness):

Districts with More Republican than Democratic Votes
(All 2006-2010 statewide elections):

Districts with More Republican than Democratic Votes
(All 2012-2016 statewide elections):

Districts with More Republican than Democratic Votes
(Al 2006-2010 Education and University Board
elections):

Districts with More Republican than Democratic Votes
(All 2012-2016 Education and University Board
elections):

Enacted
Congressional Plan 1,000 Computer-Simulated
(Public Act 128 of Congressional Maps:
2011)
11 10 (1,000 simulated maps)
11 9 (22 simulated maps)

10 (978 simulated maps)
12 9 (18 simulated maps)

10 (982 simulated maps)
12 9 (18 simulated maps)

120,210 Sq. Km.

0.463

0.389
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10 (982 simulated maps)

95,171 to 114,898 Sq. Km.

0.471 to 0.509

0.433 t0 0.474

6 (227 simulated maps)
7 (453 simulated maps)
8 (320 simulated maps)

6 (5 simulated maps)
7 (875 simulated maps)
8 (120 simulated maps)

5 (10 simulated maps)
6 (772 simulated maps)
7 (208 simulated maps)
8 (10 simulated maps)

6 (4 simulated maps)
7 (865 simulated maps)
8 (131 simulated maps)
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Frequency Among Simulated Districting Plans

Frequency Among Simulated Districting Plans

(1,000 Total Simulated Plans)

(1,000 Total Simulated Plans)
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Versus 1,000 Computer—Simulated Congressional Plans

Enacted

Congressjonal Plan

77.I2% 20.I8% -

4 5

6 7

8

9
Districts with More Repukiican Than Democratic Votes

10

(All 2006-2010 Educatien and University Board Elections)

Partisan Distribution cf Districts in Enacted Congressional Plan

Versus 1,000 Cemputer—Simulated Congressional Plans

Enacted
Congressjonal Plan

O.Lll%

86.I5%

13.|1%

5 6

Districts with More Republican Than Democratic Votes

7

8

9

10

(All 2012-2016 Education and University Board Elections)

Def. App. 016a

INd €T:LT:0T TTOT/6/C DS £4q AIATADTY



Frequency Among Simulated Districting Plans
(1,000 Total Simulated Plans)

Frequency Among Simulated Districting Plans
(1,000 Total Simulated Plans)

Figure 2:

Partisan Distribution of Districts in Enacted Congressional Plan
Versus 1,000 Computer—Simulated Congressional Plans
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Robustness Checks Using Alternative Measures of Partisan Bias: Comparing the
number of Republican-favoring districts, as measured by recent past statewide elections, is the
most comprehensive and statistically valid method of measuring the partisan bias of the enacted
congressional plan, as compared to the computer-simulated plans. Counting the number of
Republican and Democratic-favoring districts in a plan, as measured using recent statewide
elections, is a broad, durable and sufficient measurement of districting plan partisanship,
particularly since it is common practice in Michigan to assess the partisanship of districts by
aggregating together the results of recent statewide education and university board elections.

What follows in the remainder of this section, then, is a completely separate set of
analyses in which I examine the simulated plans and the enacted congressional plan using two
alternative measures of partisanship and electoral bias: The Median-Mean Difference and the
Efficiency Gap. These two alternative measures are presented as‘robustness checks, and the
conclusions reached in the previous sections do not depend on these robustness checks. I
introduce these alternative measures of districting-plan partisanship in order to illustrate the
findings of my simulation analysis in more relatable ways and to demonstrate the robustness of
these findings.

I first measure the Median-Mean Diiierence of the enacted congressional plan and then
compare it to the Mean-Median Differences of the 1,000 computer-simulated congressional
plans. As described earlier in this veport, using the aggregated results of Michigan’s 2006-2010
statewide elections, the 14 disiricts in Michigan’s enacted congressional plan have a Median-
Mean Difference of 6.72%. The enacted plan’s districts have a mean Republican vote share of
46.80%, while the median district has a Republican vote share of 53.52%. Thus, the enacted
congressional plan has a Median-Mean Difference of 6.72%, indicating that the median district is
skewed significantly more Republican than the plan’s average district. Similarly, using the
results of Michigan’s 2012-2016 statewide elections, the Median-Mean Difference of the enacted
congressional plan is 7.55%, confirming that the median district is skewed significantly more
Republican than the enacted plan’s average district. In other words, the enacted plan distributes
voters across districts in such a way that most districts are significantly more Republican-leaning
than the average congressional district, while Democratic voters are more heavily concentrated

in a minority of the congressional districts. This skew in the enacted plan thus creates a
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significant advantage for Republicans by giving them stronger control over the median district in

the enacted congressional plan.

Figure 3:

Comparison of 1,000 Computer—Simulated Congressional Plans
to the Enacted Congressional Plan on Geographic Compactness
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Mean Reock Score of Districting Plan
(Higher Reock Score Indicates Greater Compactness)

Figure 4:

Comparison of 1,000 Computer—Simulated Congressional Plans
to the Enacted Congressional Plan on Geographic Compactness
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How does this Median-Mean Difference of the enacted plan compare to that of the 1,000
computer-simulated plans? Figure 5 presents comparisons of the enacted congressional plan to
the 1,000 computer-simulated plans on their Median-Mean Differences. The left side of this
Figure calculates the Median-Mean Difference using the aggregated results of Michigan’s 2006-
2010 statewide elections, while the right side of the Figure uses the aggregated results of the
2012-2016 statewide elections. In both diagrams, the horizontal axis depicts the Median-Mean
Difference of each plan, while the vertical axis depicts the Reock score of each plan, measuring
the plan’s geographic compactness. In each diagram, the red star represents the enacted
congressional plan, while the gray circles represent the 1,000 computer-simulated plans.

Using either set of elections, it is very clear that the enacted congressional plan is
significantly more skewed in favor of Republicans than every singie one of the 1,000 computer-
simulated plans. Almost all of the computer-simulated plans kave a Median-Mean Difference
between 2% to 3.8%, using the 2006-2010 statewide elections, and between 2% to 3.6%, using
the 2012-2016 statewide elections. Not a single simuiated plan comes even close to the enacted
plan’s extreme Median-Mean Difference of 6.72%, using the 2006-2010 statewide elections, and
7.55%, using the 2012-2016 statewide elections. I thus conclude, with extremely strong
statistical certainty, that the enacted plan’s extreme Median-Mean Difference is clearly not the
result of Michigan’s natural political geography, combined with the application of Michigan’s

statutory redistricting guidelines. It is the result of partisan intent.
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Mean Reock Score of Districting Plan
(Higher Reock Score Indicates Greater Compactness)

Figure 5:
Comparison of 1,000 Computer—Simulated Congressional Plans
to the Enacted Congressional Plan on Median—-Mean Difference
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The fact that the 1,000 simulated plans in Figure 5 all produce a small but positive
Median-Mean Difference results, at least in part, from the fact that, as noted earlier, the
simulation algorithm simply freezes Congressional Districts 13 and 14 (covering Detroit City)
from the enacted plan, without attempting to draw these two districts’ boundaries in a partisan-
neutral manner. The small Median-Mean Differences in the computer-simulated plans may also
partially reflect a modest skew in Michigan’s voter geography that slightly benefits the
Republicans in districting. This modest skew in the simulated districting plans may result
naturally from Democratic voters’ tendency to cluster in urban areas of Michigan, as I have
explained in my previous academic research.® But more importantly, even when combined with
the skew from freezing majority-minority districts, the range of this natural skew, as shown in
Figure 5, is always much smaller than the extreme 6.72% Median-Mean Difference observed in
the enacted congressional plan. Hence, these results confirm the main finding that the enacted
plan creates an extreme partisan outcome that cannot be explained by Michigan’s voter
geography or by the application of the MCL § 3.63 redistricting guidelines. Instead, the
extremity of the enacted plan’s Median-Mean Différence can only be explained by a districting
process that pursued a partisan goal.

Next, [ compare the enacted congressional plan to the 1,000 computer-simulated
congressional plans using the efficiency gap. Figure 6 illustrates these efficiency gap
calculations: The vertical axis depicts each plan’s efficiency gap using the 2006-2010 statewide
elections, while the horizontal'axis depicts each plan’s efficiency gap using the 2012-2016
statewide elections. The 1,000 gray circles in this Figure represent the computer-simulated

districting plan, while the red star represents the enacted congressional plan.

% Jowei Chen and Jonathan Rodden, 2013. “Unintentional Gerrymandering: Political Geography and Electoral Bias
in Legislatures” Quarterly Journal of Political Science, 8(3): 239-269; Jowei Chen and David Cottrell, 2016.
“Evaluating Partisan Gains from Congressional Gerrymandering: Using Computer Simulations to Estimate the
Effect of Gerrymandering in the U.S. House.” Electoral Studies, Vol. 44, No. 4: 329-430.
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Figure 6:

Comparison of 1,000 Computer-Simulated Congressional Plans
to the Enacted Congressional Plan on Efficiency Gap

0.25—

o
T

0.15—

o
i

0.05—

|
o©
il

-0.15—

I
o
T

—0.25

1,000 Computer—Simulated Congressional Districting Maps
% Enacted Congressional Plan (2011)

Legend:

3
Enacted Plas

Efficiency Gap Calculated Using All 2006—-2010 Statewide Elections
(Negative Efficiency Gaps Indicates More Wasted Demcoratic Votes)
o
|

(2011)
[ [

-0.25 -0.2 -0.15
Efficiency Gap Calculated Using All 2012-2016 Statewide Elections

I I I I I I I I
-0.1 -0.05 0 005 01 015 02 0.25

(Negative Efficiency Gaps Indicates More Wasted Demcoratic Votes)

Def. App. 024a

INd €T:LT:0T TTOT/6/C DS £4q AIATADTY



First, this Figure reveals that most of the 1,000 simulated districting plans are reasonably
neutral with respect to electoral bias, as measured by the efficiency gap. Using either set of
elections, over half of the simulated plans exhibit an efficiency gap within 5% of zero, indicating
minimal electoral bias in favor of either party. In fact, 22.5% of the simulations produce an
efficiency gap between -1.0% and +1.0%, using the 2006-2010 statewide elections. These
simulated plans with nearly zero efficiency gap are all plans that contain exactly six Republican
and eight Democratic-favoring districts, as measured by the 2006-2010 statewide election
results. These patterns illustrate that a non-partisan districting process very commonly produces
a neutral congressional plan in Michigan with minimal electoral bias, as measured by efficiency
gap.

Second, it is also important to note that the computer simulations produce plans with
both slightly positive and negative efficiency gaps. But the broader, more striking finding in
this analysis is that over one-half of the simulated plans preduced by the partisan-neutral
simulation algorithm strictly following traditional districting criteria are within 5% of a zero
efficiency gap. Hence, it is clearly not difficult to create a map that is relatively unbiased
according to the efficiency gap measure and foilows the MCL § 3.63 redistricting guidelines.
To produce a map with significant electorai bias deviating by over 15% from a zero efficiency
gap would require extraordinary and deliberate partisan map-drawing efforts.

Third, Michigan’s enacted congressional plan, denoted in Figure 6 as a red star,
produces an efficiency gap thai“is extremely inconsistent with and outside of the entire range of
the 1,000 computer-simulated plans. The enacted plan creates an efficiency gap of -20.7%
using the 2006-2010 statewide elections and -19.8% using the 2012-2016 statewide elections,
indicating that the plan consistently results in significantly more wasted Democratic votes than
wasted Republican votes. Thus, the level of electoral bias in the enacted congressional plan is
not only entirely outside of the range produced by the simulated plans, the enacted plan’s
efficiency gap is far more biased than even most biased of the 1,000 simulated plans. The
improbable nature of the enacted plan’s efficiency gap allows us to conclude with
overwhelmingly high statistical certainty that the enacted congressional plan is a partisan

outlier.
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Comparison of Simulated Senate Plans to the Enacted Senate Plan

To evaluate Michigan’s enacted Senate Plan, I produced and analyzed a set of 1,000
simulated Senate plans using the computer simulation algorithm. As described earlier, the
algorithm strictly follows the five non-partisan redistricting guidelines detailed in MCL § 4.261:
Contiguity, equalization of district populations within the thresholds mandated by MCL § 4.261,
minimizing county breaks, minimizing municipal breaks, and geographic compactness. Table 3
compares how the enacted Senate plan and the 1,000 computer-simulated plans perform with
respect to these various districting criteria.

Figure 7 compares the partisanship of the simulated plans to the partisanship of the
enacted Senate plan. Specifically, Figure 7 uses all statewide elections during 2006-2010 (upper
histogram) and during 2012-2016 (lower histogram) to measure the sumber of Republican-
leaning distri