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Abstract

Relative to its overall statewide support, the Republican Party has been over-
represented in Congressional delegations and state legislatures over the last decade
in a number of U.S. states. A challenge is to determine the extent to which this can
be explained by intentional gerrymandering as opposed to an underlying inefficient
distribution of Democrats in cities. We explain the “spatial inefficiency” of support for
Democrats, and demonstrate that it varies substantially both across states and also
across legislative chambers within states. We introduce a simple method for measuring
this inefficiency by assessing the partisanship of the nearest neighbors of each voter in
each U.S. state. Our measure of spatial efficiency helps explain cross-state patterns in
legislative representation, and allows us to verify that political geography contributes
substantially to inequalities in political representation. At the same time, however,
we also show that even after controlling for spatial efficiency, partisan control of the
redistricting process has had a substantial impact on the parties’ seat shares.
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1 Introduction

From 2000 to 2016, summing over all statewide elections for the United States Senate and all

presidential contests, Republican candidates have received less than 48 percent of all votes

cast. Yet during that same time period, they have received more than 52 percent of all seats

contested in U.S. Congressional elections, 55 percent of all state lower chamber seats, and

56 percent of all seats in state upper chambers.

There are two related explanations for this underrepresentation of Democrats in legisla-

tures. The first is partisan gerrymandering — the construction of electoral district boundaries

to advantage one party over the other. These strategies are successful because when a party

wins a district by more than 50% + 1 votes, the votes of other supporters in the district are

effectively wasted. The party wins the seat whether it has 51% of the vote or 99% of the

vote. Thus by “packing” supporters of the opposition party into districts where they win by

very large margins, and spreading one’s own supporters out so one never wins by more than

a small but comfortable margin, party leaders can maximize the number of seats they win

by minimizing the number of their supporters’ votes that are wasted.1 There is clear evi-

dence of Republican efforts to draw legislative boundaries to their advantage (McGann et al.

2016), and in states where Republicans have controlled the redistricting process, the result-

ing districts strongly favor Republican representation (Royden and Li 2017; Stephanopoulos

Forthcoming; Stephanopoulos and McGhee 2015).

The second explanation for why Democrats often do not win as many seats as one

1Consider a state with 50 Democratic voters, 50 Republican voters, and 4 districts, each of which must
contain the same number of voters. Given the overall distribution of voters, one might expect 2 seats to go
to Democrats and 2 to go to Republicans. But one can also create a districting plan where one district has
25 Democrats, two districts have 17 Republicans and 8 Democrats, and one district has 16 Republicans and
9 Democrats. In that configuration, Republicans get 3 seats, and Democrats get 1.
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might expect given their overall support is less nefarious: Democratic and Republican vot-

ers are spatially distributed in very different ways, and in many states, this difference puts

Democrats at a disadvantage under a system in which representation is based on spatially

contiguous, geometrically compact electoral districts, even if these are drawn without parti-

san intent. In particular, Democrats tend to be spatially clustered in politically homogeneous

cities, while Republicans are spread out in more heterogeneous suburbs and rural areas. As

a result, a districting plan that creates relatively compact districts will end up creating ur-

ban districts that have far more Democratic voters than the minimum 50% + 1 required to

win the district, resulting in many “wasted” Democratic votes. Republicans, by contrast,

tend to live in areas that are more heterogeneous, leading to the creation of districts where

Republicans win districts by narrower margins, thus wasting fewer Republican votes.

In order to set aside the potentially partisan interests of those drawing redistricting

plans and examine the role of political geography, scholars have used computer simulations

to draw relatively compact, contiguous districts without regard for partisanship in individual

states, often with the explicit goal of contrasting a sample of such districting plans with those

actually implemented by state legislatures (Chen 2017; Chen and Rodden 2015; Cho and Liu

2016; Magleby and Mosesson 2018; Pegden N.d.). Chen and Rodden (2013) and Chen and

Cottrell (2016) conduct such analysis for a large number of states, and find that Democrats

are often, but not always, at a disadvantage in hypothetical districts drawn via simulations.

There is broad agreement that this bias has something to do with the clustering of

Democrats in cities, but beyond that, little is known about the nature or prevalence of this

phenomenon or its variation within or across states. At one extreme, attorneys for the defense

in several recent partisan gerrymandering lawsuits have made the blanket argument that be-
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cause Democrats are clustered in cities, Republican map-drawers cannot be held responsible

for large asymmetries in the transformation of votes to seats in states like Wisconsin, Florida,

and Pennsylvania.2 Without evidence, they claim that political geography can fully explain

the under-representation of Democrats in legislatures. At the opposite extreme, McGann

et al. (2016) claim that the over-representation of Republicans can be explained exclusively

by partisan gerrymandering, and has nothing to do with political geography. Somewhere

between these extremes, Stephanopoulos (Forthcoming) indicates that Democrats tend to

waste slightly more votes in states with higher urbanization rates, and Chen and Rodden

(2013) observe cross-state heterogeneity related to long-term trends in city growth.

To date, the nature of the Democrats’ spatial inefficiency across states has not yet

been fully understood or measured. This paper provides a conceptual framework for un-

derstanding the conditions under which political geography works against the representation

of Democrats, a strategy for measuring this phenomenon, and a simple way to assess whether

partisan control of the redistricting process has enhanced or assuaged it.

First, we point out that spatial concentration of voters for one of the parties in cities is

not a sufficient condition for under-representation in a system of winner-take-all districts.

Spatial inefficiency emerges in the presence of urban-rural partisan polarization only when

cities are either too large or too small relative to the size of districts. Where cities are

very large relative to the scale of electoral districts, at least some districts will necessarily

encompass predominantly Democratic areas, leading to an inefficient distribution of voters.

By contrast, where cities are very small relative to the scale of districts, there will actually be

2See, for instance, the “Defendants’ Brief in Support of the Motion to Dismiss” in the original Wisconsin
gerrymandering case, Whitford v. Nichol
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too few Democrats to form winning majorities. Thus the nature of the Democrats’ spatial

inefficiency can change substantially even within states as one moves between the spatial

scale of state lower chambers, upper chambers, and the scale of the U.S. Congress.

The key contribution of this paper is to measure the relative spatial efficiency of the

parties for each legislative chamber in 49 U.S. states without relying on districts drawn by

politicians or computer algorithms. To achieve this, we borrow from spatial point pattern

analysis that was developed in the field of plant ecology. To model the spatial distribu-

tion of voters, we transform precinct-level data from the 2008 presidential election into a

series of geo-located points representing voters, and calculate various quantities of interest

for the nearest neighbors of each individual voter, where the size of the relevant neighbor-

hood corresponds to the size of state legislative and Congressional districts. This gives rise

to a simple, transparent measure of spatial efficiency that is not dependent on technical

assumptions (like a definition of geometric compactness, which has been the subject of in-

tense debate in simulation-based analyses of gerrymandering), or strategic assumptions (like

whether politicians maximizes party seat shares, or re-election probabilities).

In general, we find that at any given level of statewide partisanship, Republicans tend to

live in more “efficient” neighborhoods than Democrats. That is, the average Republican is

more likely to live in a mixed neighborhood, while the average Democrat is more likely to live

in an overwhelmingly Democratic neighborhood. Looking more closely, however, we also find

substantial variation in the efficiency of democrats across states. More importantly, though,

we show that because a party’s spatial inefficiency depends on the size of the electoral

districts being drawn, we also show that the efficiency of the same voters varies across

legislative chambers in the same state. What may be an inefficient distribution at the level
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of a state legislature may actually be highly efficient at the level of US congressional districts.

Moreover, we demonstrate that any approach to the efficiency of partisanship across

neighborhoods or districts must take into account the overall partisanship of the state. The

Republicans benefit from a superior spatial distribution of support than the Democrats in

a wide cross-section of states, but this is especially true in Democratic states and in hotly

contested swing states. In many such states, large shares of Republicans live in heterogeneous

neighborhoods that can plausibly wind up in Republican districts, while large shares of

Democrats live in overwhelmingly Democratic neighborhoods.

Next, we demonstrate that the spatial efficiency of partisanship is very consequential: it

helps explain observed patterns of political representation in the U.S. Congress and state

legislatures. We cast doubt on the claim that Republican over-representation in the most

recent redistricting cycle is purely a function of partisan gerrymandering. In fact, Republi-

cans have done extremely well in the transformation of votes to seats in a number of states

where districts were not drawn by Republicans. At the same time, after having measured

and controlled for the underlying spatial efficiency of the parties’ support, we are able to

estimate the advantage obtained through partisan control of the redistricting process. We

can firmly reject the claim that gerrymandering is unimportant. In states where Republicans

have drawn the districts, Republican seat shares are substantially higher than what would

be expected given the spatial efficiency of support, and when Democrats have drawn the

districts, we see the opposite pattern.
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2 Cities and the Spatial Inefficiency of the Left

One of the most striking features of American political geography is the concentration of

Democrats in the urban core and inner-ring suburbs of dense cities. For example, in Pennsyl-

vania, Democrats are concentrated not only in large cities like Philadelphia and Pittsburgh,

but also in smaller industrial cities like Allentown, Lancaster, and Reading, and college towns

like State College. Republicans are dispersed in outer-ring suburbs, exurbs, and rural areas.

This pattern can be found in every U.S. state.

However, the size, urban form, and geographic distribution of cities varies tremendously

across and even within U.S. states. For instance, states like Iowa, West Virginia, and Con-

necticut lack large cities that approach the scale of U.S. Congressional districts. In states

like Missouri and Tennessee, Democrats are concentrated in larger cities that reach or sur-

pass that threshold of 700,000 people. The same is true in Western Pennsylvania, where

Democrats are concentrated in Pittsburgh. However, in Eastern Pennsylvania, Democrats

are concentrated not only in Philadelphia and its educated suburbs, but also in a series of

small, geographically proximate post-industrial cities and towns along the dense 19th cen-

tury rail network. The same pattern is found in Northern Ohio and the Fox River area in

Wisconsin.

Thus the potential under-representation of Democrats associated with urban concentra-

tion can vary a great deal from one state or region to another. It can also vary from one

spatial scale to another. For instance, the concentration of Democrats in Reading, Pennsyl-

vania — a small city located in the otherwise rural and Republican-leaning Berks County

— might lead to under-representation of Democrats in the Pennsylvania House of Represen-
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tatives, but at the scale of U.S. Congressional districts, Reading may find itself in a district

with other neighboring Democratic post-industrial towns to form a Democratic district.

In short, the representational disadvantage associated with the Democrats’ urban con-

centration depends on the size and arrangement of cities combined with the scale at which

districts must be drawn. Some such arrangements do no harm to either party.

To see this, let us draw on the insights from the classic work of Gudgin and Taylor

(1979). Guided by Great Britain, they imagine a society in which cities are segregated by

class and partisanship, and where each city is divided into several electoral districts, where

the size of the districts is larger than the homogeneous “working class” and “professional”

clusters. They show how the imposition of random equal-population partitions to create

winner-take-all districts in this context can lead to a distribution of partisanship across

districts that approximates a symmetric, normal distribution, which generates a votes-to-

seats relationship something like the familiar “cube law” identified by Kendall and Stuart

(1950).

Their logic can be applied to the contemporary U.S. setting in which Republican voting

is a positive function of distance from the city center. The analogous scenario is one in

which urban core areas are uniformly small relative to the size of legislative districts. For

ease of exposition, let us examine a stylized example of a polity whose voters are distributed

along a single geographic dimension. Figure 1 plots the geographic distribution of voters in

this polity, which contains 48 voters, 24 of whom are predisposed toward Democrats and

24 of whom typically prefer the Republicans. Consistent with US patterns, in the example

polity, voters living close to one another (in imagined cities) typically vote for the Democrats,

suburbs are evenly split, and those living further from one another in rural areas typically
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vote for the Republicans. There are 3 Democrats in each city, and 3 Republicans in each

surrounding rural periphery.
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Figure 1: Hypothetical polity with small cities (Example 1)

Let us imagine that this polity must be apportioned into six districts of equal size, the

boundaries of which are portrayed with vertical bars. Each district contains 8 voters, and is

hence larger than the scale of the Democratic and Republican clusters. The two parties are

evenly matched in four of the resulting districts, which inevitably contain urban, suburban,

and rural areas, while the Democrats can expect a majority in one district that ends up

slightly more urban, and the Republicans can anticipate a majority in one district that ends

up slightly more rural. Thus the distribution of expected partisanship across districts is

symmetric with a large peak in the middle.

Figures 1 indicate that the concentration of voters in cities does not necessarily present

a problem for the Democrats. In this example, cities are smaller than the size of districts,

but not so small that the Democrats are consistently overwhelmed. Cities are also similar

in size and spaced with a uniform distance between them.

Unfortunately for the Democrats, while this hypothetical polity is a useful benchmark

8



for thinking about partisan symmetry, it does not resemble the vast majority of U.S. states.

Next, let us examine a political geography that more closely resembles U.S. states with large

cities, where instead of being clustered in a series of small agglomerations that do not reach

the size of districts, there is at least one cluster that reaches or surpasses that size, along

with other smaller agglomerations that do not. For instance, the urban core of New York

City is larger than the size of a Congressional district, while those of Rochester and Buffalo

fall well short. Likewise, urban Memphis approaches the size of a Congressional district,

while Knoxville and Chattanooga do not. At the scale of state legislative districts, Reading,

Pennsylvania is larger than the size of a state lower-chamber district, but the surrounding

Democratic railroad towns like Birdsboro are not.

Such a polity is portrayed in Figure 2, which has one large city that votes overwhelmingly

for the Democrats, surrounded by heterogeneous suburbs and a rural periphery that vote for

the Republicans. It also contains a medium-sized city and a small town, both surrounded

by Republican-leaning suburbs and rural periphery.
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Figure 2: Hypothetical polity with cities of different sizes (Example 2)

Again, let us examine what happens when this evenly divided polity is partitioned into
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six districts of equal size. Because Democrats are inefficiently packed into the large city,

the cross-district distribution of Republican vote shares has a pronounced left skew, and

Democrats win only 42 percent of the seats in spite of winning half the votes. This is an

example of the classic case of electoral bias owing to an inefficient geographic clustering

described by Brookes (1960), Johnston (1977), and Gudgin and Taylor (1979).

Next, in order to get a broader sense of the transformation of votes to seats in this polity,

let us consider scenarios in which one of the parties suffers from a scandal or benefits from a

strong economy and the election is no longer tied. To do so, we simulate 10,000 elections in

which one voter is randomly selected to switch from D to R, then do the same for two voters,

three voters, and so on until the R party wins all of the votes. We conduct the same exercise

in the opposite direction. For each scenario, we calculate the average seat share across all

simulations that would be produced by the districting scheme displayed in Figures 1 and 2.

The resulting vote-seat curves are displayed in Figure 3.
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Figure 3: Vote-seat curves for two hypothetical polities

The dashed line in Figure 3 shows simulated seat shares from Example 1. As the figure

shows, simulations generate a standard majoritarian vote-seat curve for the polity, which

also closely approximates the cube law. For comparison, the dotted line represents propor-

tionality.

The bold line in Figure 3 shows the simulated vote-seat curve for our polity in Example

2. Several features of this curve are noteworthy. First, the curve is flatter and closer to

proportionality than the dashed curve from Example 1. Because of the greater relative

clustering of the Democrats, it is able to win more seats when it performs badly (on the

right side of the graph) than would have been the case with a more even distribution of

support across cities. This is because it is able to win seats in its urban core support area
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even when it performs very badly overall.

Because the support for the Democrats is so concentrated in cities, the Republicans

are able to string together suburban and rural voters in districts that they win with slim

majorities, and relative to the more even distribution of cities portrayed by the dashed line,

they are able to win a seat bonus when they are in the minority, and in the case of a tied

election. Of course, the latter case carries considerable normative importance in democratic

theory.

The bold curve (Example 2) displays an asymmetry that is not present in the dashed

curve (Example 1). In general, the Republican party can expect a larger seat “bonus” than

the Democrats – while for some vote shares Democrats get more seats than Republicans in

Example 2 than Example 1, on the whole these differences favor Republicans. Most notably,

the Republicans can expect a majority of seats with only 45 percent of the votes. Likewise,

they can achieve proportional representation with 40 percent of the votes, while the the

Democrats can only expect 30 percent of the seats with a similar vote share.

3 Measuring Spatial Efficiency

Example 1 captures a scenario in which, even though the Democrats reside in cities, the

spatial efficiency of both parties is identical. Example 2 captures a situation in which urban

concentration causes the Democrats’ support to be relatively inefficient. The next task

is to devise a measure of the parties’ relative support efficiency in a way that facilitates

comparisons within states at different spatial scales, and across states with very different

levels of support for Democrats and Republicans. Our ultimate goal is to explore how these
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differences in spatial efficiency translate into representation.

Returning to the two simple examples above, we needn’t have actually drawn districts to

have understood the superiority of the second geographic pattern for the R party. We could

also examine each individual voter, and count the number of co-partisans among his or her

eight nearest neighbors. In the first example with small, evenly spaced cities, every voter

lives in a competitive neighborhood with somewhere between 3 and 5 co-partisans. There

are no “landslide” neighborhoods that could give rise to a landslide district. However, in the

example with a large city, 75 percent of the Republicans live in competitive neighborhoods,

but only 38 percent of Democrats do. The large majority of Democrats live in “landslide”

neighborhoods with Democratic super-majorities.

We can take this same simple neighborhood-based approach to the U.S. states. We

calculate the partisanship of the k nearest neighbors of each voter in each state, where k

corresponds to the size of a district in either the state’s lower chamber, upper chamber,

or its Congressional delegation. Estimation of the partisan composition of each voter’s

neighborhood is accomplished through a three-step process. First, precinct-level election

returns from the 2008 Presidential election are used to estimate the spatial distribution

of voters in each state.3 This is done by creating a number of representative voter points

within each precinct, where points are positioned uniformly at random within each precinct’s

catchment area, and the number of points in each precinct’s catchment area is proportional

3Before calculating these intervals, we apply a uniform swing to account for McCain / Obama vote
shares in our 2008 Presidential two-party vote share data. In particular, as McCain’s two-party vote share
was 46.31%, we apply a 3.69 percentage point uniform swing to all data, so that a Republican voter whose
voter neighborhood is 46.31% co-partisan would be said to be in a perfect 50% co-partisan neighborhood. In
Congressional races, Democratic victories have been quite rare in districts where McCain’s 2008 vote share
was higher than 46.31 percent, and Republican victories have been quite rare in districts where Obama’s
vote share was higher than 53.69 percent.
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to the number of votes cast for each party.4

Estimation of the partisan composition of the neighborhood around each of these representative-

voter points is then calculated. In the nearest neighbor analysis, for each representative-voter

point v of a given party p ∈ {D,R}, the partisanship of the neighborhood around vp is equal

to the share of the Nstate,chamber nearest points who are also from party p. The number of

nearest neighbors considered – Nstate,chamber – is set to ensure the included points represent

the number of voters in the average district in state for chamber chamber. 5 This estimate

is analogous to asking “if a circular electoral district of average district population were

centered on this voter, what share of people in that district would be co-partisans?” This

analysis generates an estimate for each representative-voter point of the share of neighbors

who are co-partisans. These point-level estimates can then be aggregated by calculating the

share of Democratic and Republican voters who reside in efficient neighborhoods.

To see how such statistics can be illuminating, let us examine a case study of Pennsylvania—

one of the most competitive states in presidential and statewide elections in recent years.

Figure 4 displays the partisanship of nearest neighbors of Pennsylvania voters at each rele-

vant scale. Voters whose nearest neighbors are extremely Democratic or Republican (over

65 percent) are displayed in dark blue and red. Highly competitive neighborhoods (in the

band between 45 and 55) are displayed in gray.

4In particular, the number of points in each precinct for each party is determined by a draw from a
binomial distribution, where n is the number of voters for each party in the precinct. The binomial probability
prob varies by state-chamber, but is always equal to prob = numberofdistricts

numberofvotersinstate ∗ 1000, a probability that
generates 1000 voters per district in expectation.

5To illustrate, consider a state-chamber with 3 districts and 300,000 voters. The average district is home
to 100,000 voters, and so the number of points considered in the nearest neighbor analysis should represent
100,000 voters. Note that because of how prob is constructed, this will always amount to examining the
share of the 1,000 points around each person who are co-partisans.
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Figure 4 shows that that many urban Pennsylvanians live in landslide Democratic neigh-

borhoods, and many rural dwellers live in landslide Republican neighborhoods. But note

the extent to which partisan neighborhoods change from one spatial scale to another. Penn-

sylvania’s lower-chamber districts are among the smallest in the United States, such that

cities like Reading, Allentown, Lancaster, and even York are large relative to the size of

districts. As a result, Democrats live in overwhelmingly Democratic neighborhoods in both

small and large cities at the scale of the lower chamber. However, at the scale of upper-

chamber districts and especially Congressional districts, many of these same voters are in

neighborhoods that are either competitive or lean Republican. Overall, the share of voters

living in competitive neighborhoods increases with spatial scale.

At each spatial scale, the number of red dots is substantially smaller than the number

of blue dots. That is, more people live in landslide urban Democratic neighborhoods than

in landslide rural Republican neighborhoods. And as in the stylized example above, Repub-

licans are more likely to reside in competitive neighborhoods. Specifically, at the scale of

lower chamber districts, 58 percent of Republicans live in neighborhoods that are between

40 and 60 percent co-partisan, but only 50 percent of Democrats live in such mixed neigh-

borhoods. At the scale of Congressional districts, 71 percent of Republicans live in mixed

neighborhoods, but only 58 percent of Democrats.
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Figure 5: The distributions of partisanship of nearest neighbors of Democrats and Republi-
cans

The first panel of Figure 5 provides a way to visualize the relative spatial efficiency of

the Pennsylvania Republicans at the scale of the state senate. The blue kernel density is

the distribution of the Democratic vote share in the neighborhoods of Democrats; the red

density is the distribution of Republican vote shares in the neighborhoods of Republicans.

We can see that the Republicans have an excellent geographic support distribution. A large

share of their voters—68 percent— are in the competitive zone between 40 and 60 percent

Republican, and they have an especially large density of voters living in neighborhoods that

are between 50 and 60 percent Republican. Democrats, in contrast, have a larger share
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of their voters living in neighborhoods that are extremely Democratic, and a smaller share

living in competitive neighborhoods (only 59%).

Pennsylvania is an example of a highly competitive state. It is useful to also examine

the geographic distribution of partisanship in states that are less competitive. New York

is around 60 percent Democratic, and Tennessee is around 60 percent Republican. And

in both states, Democrats are highly clustered in cities that are larger than the scale of

state legislative districts. In the second panel of Figure 5, we see that the Republicans

have an enviable distribution of support in New York as well. John McCain’s (adjusted)

statewide vote was only 40 percent, but 70 percent of those voters were in competitive

neighborhoods between the vertical black lines. These neighborhoods are in competitive

suburbs and in upstate areas where Democratic industrial towns are small relative to the

scale of state senate districts. It is not surprising to find that a large share of Democrats

live in neighborhoods where Democrats receive more than the statewide vote share of 60

percent. What is striking about the distribution in New York, however, is that so few

Democrats live in neighborhoods where their co-partisans are in the 60 to 70 percent range.

This is because many Democrats live in urban neighborhoods where their co-partisans make

up over 70 percent of the electorate and a large share of Democrats also live in competitive

neighborhoods where they are in danger of losing.

The contrast with Tennessee is striking. The Republicans win the same adjusted statewide

vote share as the New York Democrats–60 percent–but none of their voters live in neigh-

borhoods with more than 80 percent co-partisans. Consequently, from 2008 to 2016, New

York Democrats held only half of upper legislature seats on average, while Tennessee Re-

publicans held over 70%. Part of the reason why, as these figures show, is that none of the
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Tennessee Republicans live in neighborhoods with more than 80 percent co-partisans. In

other words, rural Tennessee Republican strongholds are more heterogeneous than are New

York City Democratic strongholds. Yet very few Tennessee Republicans live in competitive

neighborhoods that are in danger of producing Democratic victories. While around 43 per-

cent of New York Democrats live in competitive neighborhoods, only around 16 percent

of Tennessee Republicans live in such neighborhoods. And for their part, the vast majority

of Tennessee Democrats—around 80 percent—live either in exurban and rural areas where

they constitute less than 40 percent of their neighborhood, or in urban core areas where they

constitute well over 60 percent of their neighborhood.

Let us move beyond these case studies and see whether this logic holds up across states.

For each state and each legislative scale, we have calculated the share of Democratic voters

living in competitive neighborhoods, and the share of Republican voters living in competitive

neighborhoods. As in the kernel density graphs above, we characterize competitive neigh-

borhoods as those with an adjusted Obama vote share between 40 and 60 percent, though

results are similar with alternate specifications.6

In Figure 6, we plot this value against the statewide vote share for each party at each

legislative scale in each state, using a local polynomial smoother with 95 percent confidence

intervals. Each state enters the data set six times, once for each party at each of three

legislative scales. We drop the Congressional observation for states with fewer than 4 Con-

gressional seats. The graphs look quite similar if we examine one legislative chamber at a

time, or if we adopt different ways of characterizing competitive neighborhoods.

6As discussed in Section 4 below, in addition to comporting with intuition, the share of co-partisans in
the 40-60 percent band appears to predict seat shares as well or better than any other band. With that said,
results are robust to a number of different center-points and bandwidths, as discussed in Appendix A.
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Figure 6: Share of k nearest neighbors in competitive neighborhoods

If voters were roughly uniformly distributed, we would expect the graph to have an

inverted U shape. In such a world, when a party receives 50 percent of the vote, we would

expect it to have all voters in competitive, 40%-60% neighborhoods. As a party’s vote share

rises, however, the share of their voters in 40%-60% neighborhoods will tend to decline. This

is something like what we see in the actual data plotted in Figure 6, but with an interesting

asymmetry. As in the New York example above, on the left side of the graph, in states that

the Republicans lose, they have very large shares of voters in competitive neighborhoods.

When Republicans gain a statewide vote share of 40 percent, almost 70 percent of their

voters are typically in competitive districts. In states where Democrats lose by the same
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margin, only around 40 percent of their voters are in competitive districts.

Moving to the right on the graph, a significant gap remains even when we cross the

50 percent marker. In other words, Pennsylvania is fairly typical of politically competitive

U.S. states in that larger shares of Republicans live in competitive neighborhoods than do

Democrats.

Finally, there is a substantial difference between the red and blue lines on the right side

of the graph as well. Ideally, a party with 60 percent of the vote would like to have its

voters spread evenly across neighborhoods, putting it in a position to win all of the seats

by a comfortable margin. But if some of its voters are highly concentrated in space, that

leaves the rest of its voters in more competitive neighborhoods, providing opportunities for

the opponent to pick up seats. The Republicans are fortunate: there is a steep decline in

the share of their voters living in competitive neighborhoods as their statewide vote share

increases. When Republicans receive 60 percent of the statewide vote, only around 30

percent of their voters live in competitive neighborhoods. When the Democrats win by the

same margin, over half of their voters are typically in competitive neighborhoods, and hence

exposed to the possibility of finding themselves in losing districts.

This analysis suggests that when Democrats are clustered in cities that are larger than

the scale at which districts are drawn, the nature of their spatial inefficiency changes with

their vote share. In states where they are perennial losers (< 45% state-wide vote share),

as well as in highly competitive states (45− 55% state-wide vote share), not enough of their

voters live in competitive neighborhoods. However, in states where they have a comfortable

overall vote-share, too many of their voters live in competitive neighborhoods they may

potentially lose.
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In short, Figure 6 is a good guide to the nature of the Democrats’ geography problem.

Because of their concentration in larger cities, they allow the Republicans an advantage in

winning competitive seats. That is, Republicans are positioned to over-perform relative to

their vote share. This is true not only in purple states, but especially in “blue” states where

Democrats win large majorities. In “red” states, again because of their concentration in

cities, Democrats are poorly positioned to over-perform.

4 Spatial Efficiency and Representation

Does the relative spatial efficiency of Republicans have a payoff in seats? To test the role of

the spatial efficiency of voters in determining the conversion of total votes to actual legislative

seats, we regress the average long-term Republican seat share in the state on the long-term

Republican state vote share and voter spatial efficiency. More specifically, we estimate the

following OLS model for chamber c in state s:

RepublicanSeatSharec,s = αc,s + β1RepublicanVoteShares (1)

+ β1(RepublicanEfficiencyc,s ∗ RepublicanVoteSharec,s)

+ β2(DemocraticEfficiencyc,s ∗ RepublicanVoteSharec,s)

+ ψ1RepublicanEfficiencyc,s +ψ2DemocraticEfficiencyc,s

+ γZs + εc,s

Where RepublicanSeatSharec,s is the share of seats in chamber c of state s controlled by
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Republicans, RepublicanVoteShares is the average Republican state-wide Presidential vote

share in state s from 2008 and 2016, RepublicanEfficiencyc,s is the share of Republican voters

whose local neighborhood is between 40% and 60% co-partisan, and DemocraticEfficiencyc,s

is the share of Democratic voters whose local neighborhood is between 40% and 60% co-

partisan.7 Xc are a set of dummies for legislative chamber (state lower chamber, state lower

chamber, and US House of Representatives), and Z are a set of state dummies. We estimate

this model on our pooled sample — nearly all states and chambers,8 with and without state

fixed effects, and with standard errors clustered at the state level — as well as separately

for each chamber.

We term voters in neighborhoods that are 40% - 60% “efficient” because they are neither

clustered enough they are likely to end up in landslide districts, but also well enough clustered

to potentially for a competitive district. Moreover, in addition to having this intuitive

rationale, as shown in Appendix A this choice seems to best predict seat shares.9

If having voters concentrated in efficient neighborhoods improves a party’s ability to

convert their support into seats, then we should see that increasing the share of Republican

7While it may seem intuitive to see Republican Efficiency and Democratic Efficiency as mechanically
related, this is not the case. To illustrate, consider a single, square state that is uniformly Democratic on
the left and uniformly Republican on the right. Assume the state is large enough with respect to districts
that Democrats on the left edge are in 100% Democratic neighborhoods and Republicans on the right edge
are in 100% Republican neighborhoods. Now double the number of Democrats on the left edge of the state
– this will drive down the share of Democrats in 40-60% neighborhoods (as the number of Democrats in
the middle of the state near Republicans is unchanged, while the number of Democrats in 100% Democratic
districts has increased), while leaving the share of Republicans in 40-60% districts unchanged.

8Due to coarseness of seat shares, US House of Representatives observations are not included states with
3 or fewer seats in the US House — AK, DE, HI, ID, ME, MT, ND, NH, RI, NE, NM, SD,VT, WY, and WV.
Oregon is also excluded from all analyses as all-mail-in elections preclude estimating the spatial distribution
of voters using precinct-level returns. Note finally that Nebraska has no lower legislative chamber.

9It is worth noting that for extreme vote shares, having voters in the “efficient” window for 40%-60%
is actually potentially inefficient. At a vote share of 80%, for example, an ideal distribution would for all
voters to be in 80% neighborhoods, resulting in districts that all have 80% vote shares and thus all have 30%
margins against swings in support. In reality, however, given our focus on states between 35% and 65% vote
shares and the fact that even in the extremes of that range voters are nowhere near optimal limits means
that these considerations do not come into play empirically.
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voters in efficient neighborhoods should increase Republican seat shares (at a given Repub-

lican vote share), and increasing the share of Democratic voters in efficient neighborhoods

should decrease Republican seat shares (at a given Republican vote share).

The inclusion of an interaction of voter efficiency with overall vote share reflects the fact

that voter efficiency is an influence-multiplier, not a direct input into representation. To

illustrate, consider a legislature with 10 seats in a state with 100 voters (10 voters per seat).

If the Republican vote share is 40%, then a perfectly efficient distribution of Republicans

results in Republicans winning six seats.10 A perfectly inefficient distribution, by contrast,

would leave them with only two seats.11 Consequently, with a 40% vote share, their potential

gain from spatial efficiency is four additional seats.

However, if we increase the Republican vote share from 40% to 50%, then a perfectly

efficient distribution of Republicans would result in Republicans winning eight seats,12, while

a perfectly inefficient distribution would result in winning only three seats.13 Thus the

“efficiency bonus” at a 50% vote share would be would be five seats, an increase of 25% over

their “efficiency bonus” of four seats at a 40% vote share, an increase proportionate to the

increase in overall vote share in this example.

While these examples illustrate the intuition that spatial efficiency will generally increase

the representational return for each of a party’s voters, it is important not to press this

logic too far. Our measure of spatial efficiency is abstract and divorced from strategic

considerations. The fact that a voter is in a neighborhood that is 50% Democratic does

not mean that voter will end up in a district that is 50% Democratic for two reasons.

10Six Republicans in each of six districts, four in a seventh, and zero in the remaining districts.
11Ten in one district, six in a second, and three in all remaining districts.
12Six Republicans in each of eight districts, two and zero in the remaining districts.
13Ten, ten and nine in three districts, three in all others.
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First, while our measure can be interpreted as estimating the partisan composition of a

voter’s district if that district were circular and centered on the voter, most districts are

not circular, and most voters are not at the center of their district. Consequently, it is

important not to think of a voters spatial neighborhood composition and potential district

composition as interchangeable. And second, our analysis abstracts away from strategic

considerations entirely. That is, we do consider the spatial distribution of partisanship

in light of possible efforts at incumbency protection, or the extent to which clusters of

Democrats and Republicans are ripe for strategic packing and cracking.

This may seem like a limitation of this analysis, but we see it as a strength; it ensures

that our analysis is not reliant on assumptions about the strategic motivations of politicians

(do partisans maximize partisan vote share or re-election probabilities, and with what level

of risk aversion?) or technical assumptions (like the specific definition of compactness used

in simulation analyses). Yet despite its simplicity, our measure of spatial efficiency is nev-

ertheless able to explain a substantial portion of variation in representational inequalities,

making clear the central role of spatial clustering in shaping representational inequalities in

United States legislatures.

To ensure reliable estimates of the interaction terms β1 and β2, we restrict our analysis

to values of Republican vote share for which there is substantial common support for voter

efficiency (Hainmueller, Mummolo and Xu 2018). Given the distribution of voter efficiencies

(shown in Appendix B), this amounts to limiting our attention to states with long-run

Republican vote shares between 34% and 63%.14 However, as shown in Appendix C the

14The lack of common support for highly Republican and highly Democratic states is unsurprising – in
a state that is almost entirely Republicans, for example, most Republicans will necessarily live in neighbor-
hoods that are largely Republican, and thus inefficient. As a result, there are almost no “high efficiency”
observations in the tails of the Republican vote share distribution.
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results that follow are robust to not including this restriction.

Results of this estimation are presented in Table 1. For ease of interpretation, the table

include both raw coefficient estimates and our calculated quantity of interest: the estimated

marginal partial correlation of voter efficiency and Republican seat share at a 50%/50%

overall vote share (β1 ∗ 0.5 + ψ1 for Republicans and β2 ∗ 0.5 + ψ2 for Democrats).

Across specifications, the results show precisely the relationship between spatial efficiency

and seats in the legislature predicted by theory. In all five specifications presented, the partial

correlation between Republican seat share and the share of Republican voters in efficient

neighborhoods in a 50/50 state is positive, and in all five specifications the correlation for

Democratic voters is negative. Moreover, in all but one specification, inclusion of measures

of spatial efficiency are jointly significant. Most impressively, while the coefficients are not

individually significant when state-fixed effects are included, they remain jointly significant,

and the point estimates with state fixed effects are stable and in the theoretically predicted

direction. As shown in Appendix A, results look similar when we use either a wider or a

narrower bandwidths to define an “efficient” neighborhood, and Appendix C shows results

without the common support restriction.

5 What is the role of gerrymandering?

The preceding analysis makes clear that the spatial distribution of voters plays a role in shap-

ing the transformation of votes into seats. However, the preceding analysis does not imply

that all inequalities in the transformation of voters into seats are due to voter geography.

In this section, we examine the possibility that deliberate political gerrymandering may
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Table 1: Spatial Efficiency and Republican Seat Shares

(1) (2) (3) (4) (5)
Pooled Pooled State Lower State Upper US House

R Average Pres Vote Share 08-16 1.64∗∗∗ 0 0.36 1.87 4.06∗∗∗

(0.53) (.) (0.65) (1.14) (1.15)
R Vote Share * R Share Efficient 5.13∗∗ -2.29 8.27∗∗∗ 5.18∗ 0.0074

(2.02) (9.76) (1.87) (3.03) (3.26)
R Vote Share * D Share Efficient -2.61 4.31 -4.47∗∗ -4.38 0.54

(2.47) (8.75) (2.04) (3.25) (2.66)
R Share Efficient, 50% +/- 10 -1.67 1.88 -3.36∗∗∗ -1.86 1.21

(1.07) (4.82) (0.86) (1.50) (1.63)
D Share Efficient, 50% +/- 10 0.66 -2.56 1.62 1.52 -0.99

(1.27) (4.38) (0.98) (1.54) (1.28)

∂R Seat Share/∂R Efficiency 0.898∗∗ 0.736 0.776∗∗ 0.729 1.214∗∗∗

at 50% Vote Share (0.346) (0.728) (0.374) (0.492) (0.383)
∂R Seat Share/∂D Efficiency -0.645∗∗ -0.404 -0.611∗ -0.663 -0.722∗

at 50% Vote Share (-0.285) (-0.675) (-0.358) (-0.466) (-0.353)
Joint Sig. P-Values for Efficiency Vars 0.001 0.076 0.000 0.312 0.009
Adj. R-Squared 0.634 0.830 0.720 0.478 0.784
SE Cluster State State
State FE X
No. Obs. 115 115 41 42 32
Standard errors in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

generate inequalities in representation above and beyond those caused by voter geography.

In particular, we examine whether control of the districting process appears to give par-

ties additional advantages in legislative representation even after controlling for the spatial

efficiency of voters.

To test for this possibility, we estimate the same simple models as above, focusing only

on elections since the last round of redistricting, and we add dummy variables capturing

the partisanship of the entities responsible for drawing district boundaries. One indicator

variable takes on the value 1 if Democrats had unified control over the redistricting process for

the chamber in question after the 2010 census, and zero otherwise. Another indicator variable

takes on the value 1 if Republicans had unified control, and zero otherwise. Both of these

variables take on the value zero in instances of divided control, independent commissions, or

court-drawn plans.15

15Source: http://redistricting.lls.edu/who.php
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We also include an indicator variable that takes on the value 1 if the state was, at the

time of redistricting, required by Section 5 of the Voting Rights Act (VRA) to seek approval

from the Department of Justice for any modifications to its electoral laws. Section 5 of the

VRA gave the Department of Justice the responsibility to block redistricting proposals that

had potential to dilute the ability of minority voters to elect candidates of their choice, and

thus constrained the choices of state legislatures.16

The results of these models are displayed in Table 2. Even after controlling for the

overall partisanship of the state and the spatial efficiency of partisanship, the results show

that partisan control of districting is associated with improvements in representation for

the controlling party. Republican control over the redistricting process is associated with

a 12.4 percentage point increase in the Republican seat share among upper chambers, an

5.4 percentage point increase among lower chambers, and an 7.8 percentage point increase

among Congressional delegations. The coefficients for Democratic control are negative and

of similar magnitudes — -7.5 , -20.1 , -4.5 percentage point for State Lower, State Upper,

and Congressional districts respectively. The coefficients for the VRA variable suggest that

controlling for partisan control of the redistricting process and the spatial efficiency of par-

tisanship, states subjected to Section Five oversight had marginally higher Democratic seat

shares, though not significantly so.

16States covered by Section Five included Alabama, Arizona, Georgia, Louisiana, Mississippi, South
Carolina, Texas, and Virginia.
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Table 2: Partisan Control and 2012-2016 Republican Seat Shares

(1) (2) (3) (4)
Pooled State Lower State Upper US House

R Average Pres Vote Share 12-16 1.39∗∗∗ 0.42 1.49∗∗ 3.66∗∗∗

(0.43) (0.49) (0.65) (1.22)
R Vote Share * R Share Efficient 2.24 5.94∗∗∗ 0.30 -2.17

(1.62) (1.70) (2.07) (4.61)
R Vote Share * D Share Efficient -0.067 -2.07 0.20 2.13

(1.92) (1.86) (2.23) (3.55)
R Share Efficient, 50% +/- 10 -0.45 -2.12∗∗ 0.36 1.83

(0.77) (0.78) (1.03) (2.08)
D Share Efficient, 50% +/- 10 -0.44 0.37 -0.68 -1.38

(0.96) (0.90) (1.07) (1.56)
D Districting Control -0.11∗ -0.075∗∗ -0.20∗∗∗ -0.045

(0.056) (0.034) (0.042) (0.072)
R Districting Control 0.081∗∗∗ 0.054∗∗ 0.12∗∗∗ 0.078

(0.025) (0.023) (0.028) (0.071)
Covered by VRA -0.0020 0.024 -0.072∗ 0.019

(0.034) (0.033) (0.040) (0.084)

Joint Partisan P-Value 0.004 0.006 0.000 0.358
SE Cluster State
No. Obs. 115 41 42 32
Standard errors in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

5.1 State-Level Analysis

In this section, we examine outliers in order to draw further inferences about the 2012 round

of redistricting. We first re-run the pooled regression specification (Equation 1) to estimate,

on average, how vote shares and spatial efficiency translate into vote shares, using only data

from 2012 to 2016 (full regression results can be found in Appendix D).

From this model, we then extract each observation’s residual — the portion of seat share

that is not explained by variation in voter geography and overall partisan vote share —

and plot these values against overall vote share. We interpret this residual variation as a

measure of the degree to which parties over (or under) perform their geography, relative

to other states. Positive values indicate that Republicans have won more seats than would

be predicted based on spatial efficiency and overall support alone, while negative values

indicate Democratic over-performance. For those states with partisan redistricting, actual
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seat shares obtained by the parties since the 2010 round of redistricting are indicated with

red (Republican) and blue (Democratic) data markers according to the party that drew

the districts. Results are plotted here with efficiency defined as 40%-60% neighborhoods;

analogous plots for tighter and looser bandwidths can be found in the Appendix E.

Note that our model is estimated using a set of states that includes those whose districts

were drawn under unified partisan control as well as by non-partisan actors and divided

governments. It would be preferable to estimate the model based only on the non-partisan

states in order to have a non-partisan baseline, but, unfortunately, the number of such states

in the most recent round of redistricting was simply too small. As a result, estimates will be

biased in the direction of overall average gerrymanders. Given that Republicans controlled

redistricting in far more states than Democrats in 2010, this suggests the results will tend to

understate Republican gerrymanders. Consequently, these graphs should not be interpreted

as constituting a “test” for gerrymandering. Rather, they allow for the identification of

outliers relative to a baseline that is itself likely shaped by efforts at gerrymandering.

30



DEIL

MA

MD

RI
AL

FL
GA

IN
LA

ME
MI

MS

NC
NDNH

OH SC

SD

TN
TX

WI

AZ
CA

CO

CT
IA

KS

KY

MN
MO

MT

NJ
NM

NV

NY
PA

VA

WA

-.4

-.2

0

.2

De
via

tio
ns

 fr
om

 P
re

di
ct

ed
 R

 S
ea

t S
ha

re

.35 .4 .45 .5 .55 .6
R Avg Pres Vote Share 2012-2016

D Drew Districts
R Drew Districts
Independent Districting

95% Confidence Intervals

State Lower Chamber
Gerrymandering

DE

IL

MA

MDRI AL
FL

GA

IN
LA

ME
MI

MS
NC

ND

NE

NH

OH

SC
SD

TN

TX

WI

AZ

CA

CO

CT

IA
KS

KY
MN

MO

MT

NJ

NM NV

NY

PA

VA

WA

-.2

0

.2

.4

De
via

tio
ns

 fr
om

 P
re

di
ct

ed
 R

 S
ea

t S
ha

re

.35 .4 .45 .5 .55 .6
R Avg Pres Vote Share 2012-2016

D Drew Districts
R Drew Districts
Independent Districting

95% Confidence Intervals

State Upper Chamber
Gerrymandering

COIL

MA

MD

ALFL

GA

IN

LA
MI

MONC

OHPA SC

TNTX

VA
WI

AZ

CA

CT

IA
KS

KY

MN

MS
NJ

NV

NY

WA

-.4

-.2

0

.2

De
via

tio
ns

 fr
om

 P
re

di
ct

ed
 R

 S
ea

t S
ha

re

.35 .4 .45 .5 .55 .6
R Avg Pres Vote Share 2012-2016

D Drew Districts
R Drew Districts
Independent Districting

95% Confidence Intervals

US House of Representatives
Gerrymandering

Figure 7: Difference between actual Republican seat share and Republican seat share based
only on total vote share and the spatial efficiency of voters modeled in Equation 1.
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Consistent with the results in Table 2, the results in Figure 7 clearly show that in states

where Republicans control the districting process (red diamonds), they tend to outperform

our basic model, and in states where Democrats control the process (blue circles), Republi-

cans under-perform. These graphs make it very clear that the large Republican advantage in

many states—especially those in the middle of the distribution and in Congressional districts

(e.g. Ohio, Wisconsin, Michigan) — cannot be explained by the superior spatial efficiency of

support for Republicans alone. Moreover, many of the states where Republican’s controlled

the districting process but failed to improve on the predictions of the spatial efficiency model

were those whose districting plans were required under Section Five of the Voting Rights Act

to be approved by the Department of Justice (e.g. Georgia, South Carolina, Mississippi).

And in the U.S. Congress model, some of these VRA states ended up with higher levels of

Democratic representation than the baseline, which is consistent with the finding of Chen

and Cottrell (2016) that Congressional delegations of some VRA pre-clearance states are

somewhat more Democratic than a series of simulated districting plans that are blind to

party and race.

It is especially worthwhile to examine the cases where plaintiffs have filed lawsuits related

to partisan gerrymandering. For example, the Wisconsin lower chamber at issue in Gill

v. Whitford is a significant outlier in the first plot in Figure 7. This is consistent with

the assertion by litigants (supported by simulations) that much of the disproportionate

representation of Republicans is explained by efforts to “pack” and “crack” Democrats, and

not by an especially inefficient distribution of Democrats.

The third plot in Figure 7 also shows that, as argued in Benisek v. Lamone, the

Democratic-drawn redistricting plan in Maryland results in Democrats performing substan-
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tially better than would be suggested by the state’s voter geography. It is worth noting,

however, that while this shows that the Democratic party in Maryland has drawn districts

that improve on what we might expect given voter geography, that does not necessarily mean

that these districts are normatively inappropriate. Republicans have a highly efficient distri-

bution throughout suburban Maryland and Democrats are highly concentrated in immediate

Washington suburbs and Baltimore, as a result of which the spatial efficiency model predicts

a seat share for the Republicans that goes well beyond the cube rule. By drawing a district-

ing plan that produces 7 Democrats out of 8 seats, the Democrats have clearly improved

upon what simple voter geography would predict, but in doing so they have only brought

their representation in line with the expectation of the cube rule. In recent years, Maryland

is a 64 percent Democratic state. There is little question that Democratic map-drawers

attempted to maximize Democratic representation. By doing so, they have brought their

partisan representation in line with Republican seat shares obtained in Southern states that

are 64 percent Republican. In other words, these results show descriptively that Democrats

have essentially negated the disadvantage generated by the spatial distribution of their vot-

ers; whether this is normatively desirable or not is a distinct question, and one whose answer

depends on what one feels is the normative purpose of geographic representation.

In order to differentiate intentional gerrymandering from underlying spatial inefficiency,

courts have relied upon testimony that compares enacted redistricting plans with ensembles

of simulated redistricting plans. While our analysis does not provide a formal test of gerry-

mandering — our measure of spatial clustering lacks the sophistication necessary to capture

exactly how the distribution of voters “should” map onto seat allocations at a level of relia-

bility appropriate for evaluating the maps of individual states on its own — this analysis of
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partisan neighborhoods is a potentially useful complement to simulations. It requires only

a few lines of transparent code, and does not require the researcher to defend a particular

approach to the simulation of alternative districting plans or to pick which simulated results

constitute reasonable baselines. Moreover, the cross-state, cross-chamber approach used here

allows us to more directly identify why certain maps tend to advantage one party over the

other.

6 Conclusion

As indicated in the simple examples above, there is no one-size-fits all indicator of partisan

spatial efficiency in a U.S. state. The interaction of district size and city size are such that an

arrangement of partisanship that is efficient for the urban party at one scale, e.g. that of the

state legislative chambers, might be inefficient at another scale like Congress. For instance,

small Democratic cities like Fargo are too small and isolated to yield a Congressional victory,

but the scale of state legislative districts is such that Democrats can expect to win several

Fargo seats in the North Dakota state legislature. Moreover, even Democratic cities that are

quite small can generate Democratic victories at the scale of Congressional districts if they

are sufficiently close together, as with New England mill towns, or strings of old industrial

towns like Appleton, Neenah, Oshkosh, and Green Bay, Wisconsin. Much also depends on

the size and structure of suburbs, and the increasingly poly-centric form of some U.S. cities.

The Democrats have become an overwhelmingly urban political party. Their geographic

concentration has increased with each election since the New Deal (Rodden 2019), and this

phenomenon perhaps reached its apotheosis in the general election of 2016. Something
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similar is happening in other countries, where parties of the left have come to dominate in

poor post-industrial neighborhoods and dense city centers that are connected to the global

economy, while parties of the right are more successful in rural and exurban areas.

Thus in the United States and beyond, due to an inefficient geographic distribution of

support, parties that represent cities can be systematically under-represented when single-

member districts are drawn, even if those districts are drawn without the intention to produce

unequal representation. However, it is also the case that in the United States, districts are

often drawn by incumbents bent on providing an advantage for their political party. As

a result of these two forces, the under-representation of the Democratic Party in Congress

and state legislatures relative to its overall support has been a striking feature of contem-

porary American politics. Even after the “blue wave” election of 2018, Democrats failed to

take control of several state legislatures and Congressional delegations in spite of winning

comfortable majorities of votes.

Opponents of partisan gerrymandering have attempted to convince the courts that the

practice runs afoul of state and federal constitutions and statutes. The most obvious defense

for supporters of partisan redistricting is to claim that since Democrats are inefficiently

distributed in cities, large asymmetries in the transformation of votes to seats are to be

expected in all states. This paper has shown that the Democrats indeed suffers from a

relatively inefficient distribution of support in many states, and this has implications for

representation. However, the problem is not universal. With the right distribution of city

sizes and locations and a fortuitous spatial scale for districting, a party with concentrated

urban support can sometimes avoid an inefficient spatial distribution, and suffer no bias in

the transformation of votes to seats.
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Nor does the spacial inefficiency of Democrats fully explain their under-representation.

We have quantified this relative spatial inefficiency at various spatial scales, and demon-

strated that when Republican legislators are able to control the process of redistricting, they

can increase their party’s representation well beyond that which would be predicted purely

from their superior spatial distribution, or create an advantage that would otherwise not

exist. On the other hand, when the Democrats control the redistricting process, they often

endeavor to craft districts that assuage their spatial inefficiency.
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A Bandwidth Rationale

We choose this approach because it is intuitive and simple, but a variety of other approaches

are also sensible. We operationalize efficiency by saying a voter resides in an efficient neigh-

borhood if their individual neighborhood is between 40% and 60% co-partisan. This reflects

our intuition that an efficient neighborhood in one in which voters are neither so concen-

trated that they will necessarily give rise to districts that are substantially more than 50%

one party, nor so disbursed that they could never form a district in which they are a majority.

To understand the rational for extending this range below 50%, it is important to note

the distinction between the share of a district that is co-partisan and the share of voter’s

neighborhoods that are co-partisan. To illustrate this distinction, consider the example of

a spatial distribution of voters shown in Figure 8. In this Figure, the red box encloses a

perfectly efficient district — it is composed of 50% + 1 Republican voters. Note, however,

that only the neighborhood centered on the center-most voter is more than 50% co-partisan

— in all other cases, voter’s neighborhoods are less than 50% co-partisan. This is, of course,

an extreme example. In most cases, voters are not surrounded by non-co-partisans. But this

figure does illustrate that a 50% + 1 district will not generally be composed of voters whose

neighborhoods are also precisely 50% + 1 co-partisan, leading to our use of a 40% to 60%

interval to define efficient neighborhoods.

Substantiating this assumption, Figure 9 plots the explanatory power of spatial efficiency

measured using different bandwidths and center points when estimating Equation 1. As the

figure shows, the explanatory power of spatial efficiency is similar across many parameters,

but generally highest with a center-point of 50%.
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Figure 8: Example Efficient District

Results are also similar for different bandwidths. Tables 3 and 4 present results analogous

to those in Section 4 with varying bandwidths.
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Figure 9: Joint significance of spatial efficiency variables when calculated using different
center points and bandwidths. Significance estimates come from estimating Equation 1, in
which Republican seat shares are regressed on Republican vote shares and spatial efficiency
variables.
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Table 3: Spatial Efficiency and Seat Shares, 50% +/− 5%

(1) (2) (3) (4) (5)
Pooled Pooled State Lower State Upper US House

R Average Pres Vote Share 08-16 1.57∗∗∗ 0 0.59 1.49∗∗ 3.35∗∗∗

(0.38) (.) (0.46) (0.72) (0.67)
R Vote Share * R Share Efficient 6.95∗∗ -4.63 13.0∗∗∗ 8.25∗ 0.83

(3.09) (9.97) (3.15) (4.12) (3.49)
R Vote Share * D Share Efficient -2.41 4.23 -5.74 -1.93 -0.59

(3.08) (9.44) (3.45) (4.75) (3.55)
R Share Efficient, 50% +/- 5 -2.31 2.76 -5.08∗∗∗ -2.25 0.50

(1.44) (4.93) (1.27) (1.87) (1.69)
D Share Efficient, 50% +/- 5 0.57 -2.15 1.90 -0.50 -0.073

(1.52) (4.84) (1.76) (2.51) (1.89)

∂R Seat Share/∂R Efficiency 1.163∗∗∗ 0.439 1.438∗∗ 1.874∗∗ 0.919
at 50% Vote Share (0.403) (0.786) (0.663) (0.788) (0.556)

∂R Seat Share/∂D Efficiency -0.631∗ -0.033 -0.969 -1.463∗ -0.368
at 50% Vote Share (-0.321) (-0.735) (-0.636) (-0.755) (-0.465)

Joint Sig. P-Values for Efficiency Vars 0.000 0.131 0.000 0.067 0.027
Adj. R-Squared 0.635 0.828 0.712 0.531 0.763
SE Cluster State State
State FE X
No. Obs. 115 115 41 42 32
Standard errors in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 4: Spatial Efficiency and Seat Shares, 50% +/− 15%

(1) (2) (3) (4) (5)
Pooled Pooled State Lower State Upper US House

R Average Pres Vote Share 08-16 1.38 0 0.33 2.29 3.30
(0.89) (.) (1.05) (1.63) (2.67)

R Vote Share * R Share Efficient 4.65∗∗ -5.14 7.73∗∗∗ 3.04 2.32
(2.01) (6.97) (1.91) (3.11) (4.77)

R Vote Share * D Share Efficient -3.02 9.21 -5.62∗∗∗ -3.31 -1.69
(2.18) (6.77) (1.94) (2.96) (3.28)

R Share Efficient, 50% +/- 15 -1.65 3.00 -3.34∗∗∗ -0.97 -0.093
(1.09) (3.69) (0.96) (1.62) (2.55)

D Share Efficient, 50% +/- 15 0.97 -4.75 2.25∗∗ 1.18 0.098
(1.08) (3.45) (0.87) (1.36) (1.51)

∂R Seat Share/∂R Efficiency 0.676∗∗ 0.429 0.527∗ 0.552 1.068∗∗

at 50% Vote Share (0.295) (0.606) (0.293) (0.393) (0.485)
∂R Seat Share/∂D Efficiency -0.535∗∗ -0.148 -0.555∗ -0.478 -0.746∗

at 50% Vote Share (-0.252) (-0.501) (-0.288) (-0.379) (-0.421)
Joint Sig. P-Values for Efficiency Vars 0.003 0.002 0.001 0.450 0.108
Adj. R-Squared 0.621 0.871 0.679 0.462 0.731
SE Cluster State State
State FE X
No. Obs. 115 115 41 42 32
Standard errors in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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B Common Support

Figure 10: Distribution of Voter Efficiency by Vote Share
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C Results without Common Support Restriction

Table 5: Spatial Efficiency and Republican Seat Shares without Restriction to States with
Common Support

(1) (2) (3) (4) (5)
Pooled Pooled State Lower State Upper US House

R Average Pres Vote Share 08-16 1.62∗∗∗ 0 0.86∗ 1.79∗∗∗ 3.26∗∗∗

(0.43) (.) (0.45) (0.57) (0.74)
R Vote Share * R Share Efficient 4.19∗∗∗ 3.19 3.77∗∗ 4.01∗ 3.93∗

(1.10) (7.94) (1.68) (2.31) (2.09)
R Vote Share * D Share Efficient -2.08 -1.42 -0.94 -3.25 -2.38

(1.47) (6.75) (1.98) (2.68) (1.72)
R Share Efficient, 50% +/- 10 -1.37∗∗ -0.50 -1.38∗ -1.41 -0.73

(0.52) (4.07) (0.74) (1.08) (1.04)
D Share Efficient, 50% +/- 10 0.49 -0.027 0.12 1.07 0.34

(0.82) (3.55) (0.99) (1.30) (0.91)

∂R Seat Share/∂R Efficiency 0.721∗∗ 1.097 0.504 0.596 1.231∗∗∗

at 50% Vote Share (0.330) (0.724) (0.370) (0.402) (0.378)
∂R Seat Share/∂D Efficiency -0.549∗ -0.736 -0.345 -0.554 -0.848∗∗

at 50% Vote Share (-0.278) (-0.668) (-0.374) (-0.405) (-0.332)
Joint Sig. P-Values for Efficiency Vars 0.003 0.141 0.017 0.345 0.006
Adj. R-Squared 0.671 0.844 0.695 0.579 0.791
SE Cluster State State
State FE X
No. Obs. 127 127 46 47 34
Standard errors in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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D Gerrymandering Baseline Model

Table 6: Spatial Efficiency and 2012-2016 Republican Seat Shares, Gerrymandering Baseline
Model

(1)
Pooled

R Average Pres Vote Share 12-16 1.68∗∗∗

(0.54)
R Vote Share * R Share Efficient 3.77∗∗

(1.86)
R Vote Share * D Share Efficient -0.57

(1.93)
R Share Efficient, 50% +/- 10 -1.01

(0.90)
D Share Efficient, 50% +/- 10 -0.26

(0.98)

Observations 110
Standard errors in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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E Gerrymandering Plots with Alternate Bandwidths

Figure 11: Difference between actual Republican seat share and Republican seat share based
only on total vote share and the spatial efficiency of voters modeled in Equation 1, Efficiency
= 45 - 55%.
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Figure 12: Difference between actual Republican seat share and Republican seat share based
only on total vote share and the spatial efficiency of voters modeled in Equation 1, Efficiency
= 35 - 65%.
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