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There was a sharp increase in the level of partisan gerrymandering in the 

districting round following the 2010 Census. By our calculations, the level of partisan 

bias (measured as partisan asymmetry) tripled compared to the previous districts 

(McGann et al. 2016). We projected that the Democrats would have to win between 54% 

and 55% of the popular vote to win a majority in House of Representatives. This increase 

in bias followed the Supreme Court decision Vieth v. Jubelirer (2004), which effectively 

removed the threat of judicial action in partisan gerrymandering cases, leaving state 

governments to free to pursue maximum partisan advantage. 

While it is accepted that the current congressional districts give an advantage to 

the Republican Party, it is commonly argued that this is not necessarily the result of 

deliberate political gerrymandering. It is frequently argued that at least some of the 

advantage stems from “unintentional” gerrymandering as a result of the geographical 

concentration of Democratic voters in urban areas (Chen and Rodden 2013b; Goedert 

2014). The idea that the geographical concentration of Democratic voters (particularly 

minorities) in urban areas disadvantages the Democrats has a long history (Erikson 1972; 

Hirsch 2003).  

We have argued vigorously that the urban concentration of Democrats cannot 

explain away political gerrymandering (McGann et al. 2016). After all, partisan bias 

tripled in 2012, but this cannot be explained by Democrats suddenly moving to urban 

areas after 2002. Nevertheless, it is clear that geographical concentration does have an 

effect on districting, in that it has a role in determining what kind of districting plans are 

possible, and how easy or difficult it is to advantage one party or the other. 



We were particularly confused about the relationship between partisan bias and 

the compactness of districts. We assumed that there would be a simple relationship 

between partisan bias and compactness. When politicians engaged in gerrymandering to 

produce political advantage, they drew districts that had odd, non-compact shapes. After 

all, why else would the draw strangely shaped districts that exposed them to ridicule? 

However, we found that there was only the weakest correlation between bias and 

compactness. 

In this paper we model the relationship between partisan bias and compactness, 

taking into account the geographical concentration of Democratic voters relative to 

Republicans. We find that once we take into account geographical concentration, there is 

in fact a simple relationship between bias and compactness. Modeling this, however, 

requires us to consider both the political incentives involved in choosing a districting plan 

and the geographical constraints that determine what plans are available. 

Geography	  is	  not	  an	  alibi:	  Why	  geography	  cannot	  explain	  away	  
gerrymandering	  

As we argue in McGann et al. (2016), geographical factors can help explain the 

patterns of partisan gerrymandering we observe, but cannot explain it away. It is 

necessary to distinguish between these two senses of the word explain. 

When we talk about explaining away gerrymandering, we are talking about 

explanation in a strong sense. Here when we say that some factor (say the urban 

concentration of Democratic voters) explains partisan bias, we mean that this factor 

forces states to adopt biased districting plans, whether they want to or not. If we want to 



argue that partisan bias is not a matter of political choice, but rather the result of, say, 

demographic factors, we need an explanation in this sense. We need to argue that 

demographic factors make it impossible not to draw biased districts, given other 

constraints. That is to say, we have to argue that even if the other party had drawn the 

districts, they would have been forced to draw districts just as biased. Districting is not a 

random process where bias emerges at the end as a result of a variety of factors. Rather 

districting plans are chosen by the districting authorities (most commonly state 

legislatures with the approval of the governor). Furthermore, with modern geographical 

information systems, districting authorities will be quite aware of the partisan 

implications of their choices. Therefore if we wish to absolve districting authorities from 

responsibility for biased districts – or even argue that the bias was unintentional – we 

need to argue that the partisan bias was unavoidable, and thus that the districting 

authorities had no choice but to create biased districts. 

We can contrast this with a weaker sense of the word explanation.  Here when we 

say that urban concentration explains partisan bias, we mean that urban concentration 

was a contributing factor that made it easier for districting authorities to district in a 

biased way. That is to say, if districting authorities wish to create partisan bias, urban 

concentration may increase the opportunity for them to do this. Suppose we have a state 

where the party controlling the districting process wishes to district for partisan 

advantage in both the 2000 and 2010 districting cycles. We might explain the increase in 

partisan bias between 2000 and 2010 in terms of the growing urban concentration of 

Democrats. The reason, we might claim, that partisan bias has increased is that increasing 

urban concentration has increased the potential for drawing biased districts. This kind of 



explanation does not absolve the districting authorities from responsibility – there is a 

biased plan because the districting authorities chose to adopt it. Rather, what has 

increased is the ability of the districting authorities to get the districting outcomes it 

wants. 

Let us consider first the strong sense of explanation. There is one clear way to 

show when demographic or geographic factors cannot explain away partisan bias. We 

simply have to show that unbiased districting was, in fact, possible. Suppose we can 

show that it is relatively straightforward to produce a districting plan that is unbiased, in 

spite of geographical concentration and other constraints. Then the districting authorities 

cannot argue that they were forced by these constraints to produce a biased plan – 

unbiased plans were available, but they chose not to adopt them. In such cases adopting a 

biased plan was a choice the districting authorities made – and quite possibly a choice 

made for political motives. There are at least two ways we can show that unbiased 

districting plans were possible. We can demonstrate that there are states that manage to 

avoid partisan bias in spite of the presence of, say, large urban concentrations of 

Democratic voters. In states where biased plans were adopted, we can use alternative 

districting plans to demonstrate that unbiased districting was possible. 

Firstly, we can show that the it is possible to draw unbiased district in precisely 

those states with the largest urban concentrations – California, New York, Illinois and 

New Jersey. If partisan bias were the inevitable result of the geographic concentration of 

Democratic voters in urban centers, then we would expect to see evidence of bias in the 

state with the largest urban centers. These, as McDonald (2013) argues, are the places 

where it is simply not possible to draw maps that blend urban areas with suburban and 



rural precinct to prevent heavy (and electorally inefficient) concentrations of Democratic 

voters. The problem is when we look at the states that contain the largest metropolitan 

areas, we do not find evidence of partisan bias towards the Republicans, in spite of the 

fact that the urban areas listed account for at least 35% of the population of each state. If 

we turn to the symmetry measures from McGann et al. (2016), we find that the districting 

plans in New Jersey and New York are virtually unbiased (symmetry scores of -0.37% 

and 1.63% respectively, where positive scores are bias towards the Democrats). In 

California and Illinois, there is very minor bias towards the Democrats but this is not 

statistically significant (3.98% and 2.89% respectively). It is also notable that we find that 

the 2002 districts in California, New Jersey and New York were significantly biased in 

favor of the Democrats. Evidently large urban concentrations do not make unbiased 

districts – or even districts biased in favor of the Democrats – impossible. 

It is also possible to show that it is possible to draw unbiased (or almost unbiased) 

districting plans in other states, including those that adopted the most biased plans. The 

definitive way to show that it was possible to draw districts that were relatively unbiased 

is to produce such districting plans. Modern web-based redistricting tools make it 

possible for ordinary citizens to draw their own districts (Bradlee 2014; The Public 

Mapping Project et al. 2014; Altman, MacDonald, and McDonald 2005). McGann et al. 

(2016) summarize various redistricting exercises. Altman and McDonald (2013, 2014, 

2015) have done this for three states with considerable partisan bias (Virginia, Ohio and 

Florida). There is also an alternative districting plan for Pennsylvania that produces an 

approximately unbiased results result (Perkins 2014). Chen and Rodden’s (2013a) expert 

testimony in Romo v Detzner (2014) shows that computer generated districting in Florida 



often produce unbiased districts. Wolf (2012) has also produced alternative, relatively 

unbiased districting plans for every state. In those cases where some bias appears 

unavoidable (Missouri, Virginia), it is possible to draw districts where the bias only 

results in a one seat difference. Furthermore, in the case of several southern states in the 

2000 districting round, Democratic controlled state legislatures drew plans that were 

notably biased towards the Democrats (North Carolina, Tennessee, Texas).1 

Thus it is clear that geographical considerations such as the urban concentration 

of Democrats cannot “explain away” partisan gerrymandering. There is strong evidence 

that it is indeed possible to draw unbiased (or almost unbiased) districting plans, even in 

states with large urban concentrations of Democratic voters. Given modern GIS 

technology, state governments are well aware of the partisan effects of districting plans. 

If they choose to adopt a biased plan when an unbiased plan is possible, then they have 

made a political choice. However, this is not to say that geographical constraints are not 

important in understanding the districting process. While districting is a political choice, 

geographical considerations determine the set of plans that state governments can choose 

from. It is to this that we turn in the next section. 

Districting	  as	  political	  choice:	  what	  geography	  can	  explain	  about	  
gerrymandering	  

We have argued that geography cannot explain away partisan bias and political 

gerrymandering. Nevertheless geography clearly does have an effect on what districting 

plans are possible. We would expect that the geographical concentration of party support 

                                                
1 Texas redistricted in 2003, replacing a plan that was strongly biased towards the 
Democrats with a plan more favorable to the Republicans. 



would make it harder or easier for state governments to draw districts that favor one party 

or another. 

We can think of the process of districting in two stages. Firstly geographical and 

demographic factors define what kinds of districting plans it is possible to draw. Then 

state governments choose what districting plan to enact from this choice set. 

Here it is helpful to consider the compactness of congressional districts. 

Compactness is useful for a number of reasons. First, it is intuitively appealing. 

Discussion of gerrymandering in the press often point to oddly shaped districts as 

evidence of wrongdoing (consider Ingraham 2014). When people see a district map that 

looks like an exercise in abstract art, it is easy to imagine that something is amiss. 

However, there is no logical link between compactness and partisan bias. There is 

no reason why districts that are biased should not be compact, and vice versa. It is quite 

possible to create partisan bias in compact districts. As we have seen, the way you create 

partisan bias is to “pack” your opponents’ supporters in a few districts, allowing you to 

win the rest. Ideally, you would like your opponents to win districts with 80% of the vote 

or more. If there are large areas where you opponent is very strong, it may be able to 

achieve this goal without needing to draw oddly shaped, non-compact districts. (We 

would resist calling these “naturally occurring gerrymanders”, because congressional 

districts are intrinsically man-made, and the claim to “naturalness” to easily becomes a 

defense.) Conversely, it is possible to have very odd-shaped, non-compact districts 

without partisan bias. Indeed this has frequently occurred when state legislatures have 



drawn districts to create “incumbent protection” gerrymanders. Here there are violations 

of compactness, but not partisan bias. 

Furthermore, there is no legal reason, either constitutional or statutory, why 

Congressional districts should be compact. There was a requirement from the 

Apportionment Act of 1841 that House districts needed to be contiguous and compact. 

However, the Supreme Court in Wood v. Broom (1932) found that Congress had repealed 

this in 1929 when the new Apportionment Act failed to explicitly renew it. Since then 

district compactness has not been a legal requirement. However, compactness has at 

times been used as an indicator or as evidence of gerrymandering. For example, Justice 

Stevens in his concurring opinion on Karcher v. Daggett (1983, 755, 758) argued that 

“substantial divergences from a mathematical standard of compactness may be symptoms 

of illegitimate gerrymandering”; and that “drastic departures from compactness are a 

signal that something may be amiss” (1983, 755, 758). 

However, the concept of compactness is useful to us as a measure of stress. It 

serves to show how hard those drawing congressional districts are trying to achieve a 

certain aim. It is straightforward to draw compact districts. Drawing highly irregular 

districts takes are great deal of effort. It seems reasonable to ask for what this effort was 

expended. 

We would expect there to be a trade-off between compactness and partisan bias. 

This trade-off will depend on the relative concentration of the support of the two parties. 

Suppose that the support of the two parties was concentrated about equally. Then we 

would expect that drawing compact districts would lead to a districting plan that was 



unbiased between the two parties. If we wished to advantage one party over the other, 

then we would have to draw odd shaped districts. The way we advantage one party over 

another is by concentrating a great deal of one party’s supporters into a few districts. The 

party then wastes votes winning those districts by a far larger margin than necessary, 

leaving the other party to win more districts by narrower (but still sufficient) margins. If 

neither parties supporters is geographically more concentrated than others, artificially 

concentrating the supporters of one party will require drawing some very specific district 

lines, which will often violate compactness. Thus we would expect the following 

relationship between compactness and bias. 

   Bias   
 Strong 

Republican 
Weak 
Republican 

Unbiased Weak 
Democratic 

Strong 
Democratic 

Compactness Non-
compact 

Less 
compact 

Compact Less 
compact 

Non-
compact 

 

However, the relationship will be very different if one party’s support is 

geographically far more concentrated than the other. Suppose that Democratic voters are 

concentrated in a few urban areas. It is now possible to draw compact districts that 

advantage the Republicans. You simply have to draw a district line around the areas of 

Democratic concentration. The resulting districts will be compact, but will lead to the 

Democrats winning a few districts by inefficiently large margins. By drawing irregularly 

shaped districts, it might be possible to advantage the Republicans even more. However, 

in order to draw districts that do not disadvantage the Democrats, you will need to violate 

compactness. You may need to draw districts that snake into the areas of Democratic 

concentration and then blend into the surrounding areas, in order to break up the 

Democratic concentration and use this support to win a larger number of geographically 



dispersed districts. Furthermore, it is likely to be impossible to draw districts that 

positively advantage the Democrats – you need to draw highly irregular districts just to 

break even. Thus the relationship between compactness and bias will look like the 

following, when the Democrats are more geographically concentrated than the 

Republicans. 

   Bias   
 Strong 

Republican 
Weak 
Republican 

Unbiased Weak 
Democratic 

Strong 
Democratic 

Compactness Less /  non-
compact 

Compact Less / non-
compact 

Impossible Impossible 

 

This, of course, in no way detracts from the fact that state legislatures or other 

authorities choose congressional districting plans. Indeed we would still expect partisans 

to choose the districting plans that most advantage their party. The effect of geographical 

concentration is simply to change the set of plans that are feasible for politicians to 

choose between. 

Measuring	  compactness,	  concentration	  and	  bias	  

We now turn to how we can partisan bias, district compactness and the 

disproportionate concentration of the Democratic vote. For the most part we use the 

measures from McGann et al. (2016), which gives a detailed discussion of methodology. 

However, we summarize the measurements here. 

We measure partisan bias using the concept of partisan symmetry from Gelman 

and King (1994). This is the principle that if Party A gets 60% of the seats by winning 

55% of the vote, then Party B should also get 60% of the seats if it wins 55% of the vote. 

Note that this does not require proportionality, but only that the disproportionality be the 



same for both parties. It is fine by this standard to give all the seats to Party A if it gets 

60% of the vote, provided that Party B would also get all the seats if it were to win 60% 

of the vote. The measure of symmetry at a certain level of vote is defined as the 

difference between the seat share Party A gets for that level of vote (say 55%) and the 

seats share Party B would get if it were to win that level (again 55% in our example) of 

the vote. Following Gelman and King (1994), we take the average of this symmetry 

measure at all levels of vote between 45% and 55%. The symmetry measure has the 

advantage of measuring the degree to which the parties are treated equally over a wide 

range of vote totals. 

We implement the symmetry measure in the following way. We follow the 

approach of (Gelman and King 1994). However, we do not use the JudgeIt software later 

developed by those authors, but rather do the estimation ourselves using R software. Full 

details of the estimation is given in (McGann et al. 2016). To summarize, we generate a 

seats/votes function for each state – how many seats would a party get if it won a certain 

percentage of the vote. We can calculate this from the actual election results in each 

district using the assumption that the swing in support between the parties is 

approximately evenly spread across the districts.2 Of course, we realize that in reality that 

there are many local and idiosyncratic factors at work in addition to changes in the 

aggregate level of party support. For this reason we run a thousand simulations where the 

party’s support in each individual district is changed by a random amount. (Empirical 

evidence suggests that these local effects are large, averaging five percentage points.) 

                                                
2 We used the two-party vote share in each district. In districts where both parties did not 
run, we used the Presidential vote apportioned over the Congressional district as an 
instrument to estimate the relative support of the two parties. 



From these seats/votes functions we calculate symmetry scores for each state. These 

measure the degree to which the Democrats and Republicans receive the same number of 

seats for the same seat share – a score of 0 indicates symmetry, while 100% means the 

Democrats get all the seats if their vote share is between 45% and 55% and -100% means 

that the Republicans get all the seats under the same conditions. 

We illustrate this measure with a couple of real world examples. Massachusetts in 

Figure 1 is an unbiased winner-take-all plan. It is approximate unbiased, as can be seen 

from the symmetry of the graph. (There is actually a small bias towards the Republicans, 

but this is not statistically significant, and makes no difference given that the Democrats 

typically win 65-70% of the vote).  It is extremely responsive between 40% and 60% of 

the vote – 1% more in vote share means 3.6% more in seat share. This responsiveness is, 

of course, advantageous to the Democrats. They are able to win all ten Massachusetts 

seats. However, the plan is not biased. If the Republicans were to win 65-70% of the vote 

in Massachusetts, they would also win all ten seats. 
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Figure x – Seats/votes function for Massachusetts 

Figure 2 gives the seats/votes function for Pennsylvania in 2012, which is a highly 

biased districting plan. As is apparent, it is far from symmetric. In fact the graph misses 

the 50% votes/50% seats point by 20 percentage points! The symmetry score is actually 

36% in favor of the Republicans. It is moderately responsive between 45% and 55% of 

the vote – its score is 1.4.  At 50% of the vote, the Democrats expect to win about 30% of 

the seats. The slope of the curve does increase sharply a bit past 50%. However, the 

Democrats would need to win between 57 and 58% of the vote to win half the seats. 

 

Figure x – Seats/votes function for Pennsylvania 

There are a variety of different ways to measure the compactness of congressional 

districts. In this paper we calculate a compactness measure based on the ratio of district 

area over the convex hull (minimum bounding polygon) of the district. The shape of the 

convex hull conforms to the particular boundaries of a district (like a rubber band), 
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reflecting the extent to which a district bypasses some geographic areas for others. As a 

result, a skinny “I” shaped district may reflect high compactness, while “C” or “S” 

shaped districts will receive much lower scores as a result of their concave shapes. Figure 

15 demonstrates these measures using two districts in Pennsylvania. For each state, we 

then take the average of the convex hull compactness measure of all its congressional 

districts. 

 
 

Measure Pennsylvania 
5th District 

Pennsylvania 
17th District 

   
Ratio of district area/convex hull area: .73 .46 

 
Figure x – Measuring Compactness3 

                                                
3 Source: Shapefiles provided by the US Census: http://www.census.gov/geo/maps-
data/data/cbf/cbf_cds.html. 

 



 

We measure the disproportionate concentration of Democratic voters using 

county and precinct level data for the 2012 presidential election. The measure we use is 

Pearson’s moment coefficient of skewness. This allows us to assess whether Democrats 

are concentrated in counties or precincts where the Democratic vote is more extreme with 

regards to the mean than the Republicans. The definition of Pearson’s coefficient of 

skewness is: 

 

where vi is the Democratic share of the two party vote in county i, µvi is the mean of the 

Democratic vote share, and σvi is the standard deviation of the Democratic vote share. If 

we weight this by the total votes per county we get: 

 

where pi is the total number of votes cast in county i. A skewness score of zero indicates 

a symmetric distribution where the Democratic concentrations and Republican 
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We have shown that it is quite possible to draw districting plans that are unbiased or 

almost unbiased, even in states where there are very large concentrations of urban Democratic 

voters. Therefore we conclude that the urban concentration of Democrats cannot explain partisan 

bias in the strong sense – state governments were not forced to draw biased plans whether they 

wanted to or not. However, it is also clear that demographic concentration can constrain what 

kinds of districts a state can draw. In this section we will consider whether the urban 

concentration of Democratic voters can serve as an explanation of partisan bias in the second, 

weaker sense – does it make drawing biased districts easier or make it possible to create more 

bias? In particular, can the increase in partisan bias we observe between 2002 and 2012 be 

explained in terms of an increase in the urban concentration of Democrats? Has demographic 

change made it easier to district against the Democrats? 

We can measure the disproportionate concentration of Democratic voters using county 

level data for the 2012 presidential election. The measure we use is Pearson’s moment 

coefficient of skewness. This allows us to assess whether Democrats are concentrated in counties 

that are more extreme with regards to the mean than the Republicans. The definition of Pearson’s 

coefficient of skewness is: 

!"#$%#&& ! ! !!! ! !!"!!!!
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where vi is the Democratic share of the two party vote in county i, µvi is the mean of the 

Democratic vote share, and !vi is the standard deviation of the Democratic vote share. If we 

weight this by the total votes per county we get: 
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where pi is the total number of votes cast in county i. A skewness score of zero indicates a 

symmetric distribution where the Democratic concentrations and Republican concentrations of 

voters mirror each other. A positive skewness score indicates a situation where Democratic 

voters are more concentrated in extremely Democratic counties, while the Republican voters are 

more spread out in more balanced counties. A negative score indicates that the statewide 

distribution is skewed towards the Republicans – that is, Republicans are more concentrated in 

extreme counties. 

We can now ask whether the states with biased boundaries are those where the 

Democratic voters are disproportionately concentrated compared to Republican voters. Table 2 

gives the skewness of the distribution of country level support and the level of partisan bias for 

the 38 states with more than two House districts. As expected the majority (25 out of 38) states 

have a distribution of counties skewed towards the Democrats – it is indeed the case that 

Democratic support is generally more concentrated in fewer counties than that of the Republican 

Party. There are, nevertheless, thirteen states where this relationship is reversed. 

In terms of the relationship between skewness and partisan bias, we do not find a clear 

pattern. It is true that many of the states that have the most partisan bias also have a 

disproportionate concentration of Democratic voters. For example, Pennsylvania has one of the 



concentrations of voters mirror each other. A positive skewness score indicates a 

situation where Democratic voters are more concentrated in extremely Democratic 

counties or precincts, while the Republican voters are more spread out in more balanced 

counties/precincts. A negative score indicates that the statewide distribution is skewed 

towards the Republicans – that is, Republicans are more concentrated in extreme counties 

or precincts. 

These are admittedly extremely rudimentary measures of concentration. We 

calculate the skewness by precinct using the data collected by the Precinct-level Election 

Result project (Ansolabehere, Palmer, and Lee 2014), as well as data we have collated 

from state governments. The problem with precinct level skewness is that precincts are 

extremely small compared to congressional districts. Admittedly, if you want to create a 

“packed” congressional district where the Democrats win 80% of the vote, you are going 

to need a lot of precincts where the Democrats are at least that concentrated. However, 

the existence of many 80% Democrat districts does not mean that congressional districts 

need to be packed. If the pockets of extreme Democratic concentration are relatively 

small, they can easily be blended with less concentrated precincts. For this reason, 

skewness at the county level is probably more relevant. If there are whole counties where 

the Democrats win more than 80% of the vote, these are harder to blend away. The 

problem with county level skewness is that county size varies greatly. Extremely large 

counties with populations of millions (for example, Los Angeles County, CA; Cook 

County, IL; Maricopa County, AZ) are particularly problematic, in that they can disguise 



area of extreme concentration.4 In future we hope to calculate more sophisticated 

measures of relative concentration using the geo-coded data collected by the Precinct-

level Election Results project (Ansolabehere and Rodden 2011). 

Table x gives the results for the measures of partisan bias, compactness and 

relative concentration of the Democratic vote for the various states (states with less than 

three districts are excluded, as by definition there cannot be partisan asymmetry in 

districting). 

                                                
4 For example, the Democratic presidential vote share in Cook County, IL in 2012 was 
around 75%. However, the Democratic vote share in Chicago was 85%. Given we had 
disaggregated data, we recalculated the county level skewness for Illinois with Chicago 
and the rest of Cook County treated as separate counties. 



State Bias Skew by 
county 

Skew by 
precinct 

Compact
ness 

Districts Control 

Alabama -43.1 0.43 1.03 0.692 7 Republican 
Arizona 6.3 0.48 -0.19 0.748 9 Commission 
Arkansas 0.045 0.7 0.51 0.685 4 Democratic 
California 3.98 -0.03 -0.04 0.724 53 Commission 
Colorado -7.67 0.14 0.25 0.698 7 Court 
Connecticut 11.6 -0.89 0.9 0.718 5 Court 
Florida -16.8 -0.42 0.68 0.69 27 Republican 
Georgia -27.6 0.28 0.65 0.755 14 Republican 
Illinois 2.89 1.16 0.49 0.637 18 Democratic 
Indiana -17.3 0.36  0.818 9 Republican 
Iowa -0.527 -1.36 -0.02 0.78 4 Commission 
Kansas 3.19 0.53 0.88 0.83 4 Court 
Kentucky -24 0.06 1.31 0.687 6 Bipartisan 
Louisiana -35.7 0.94 0.79 0.569 6 Republican 
Maryland 25.3 0.21 0.2 0.477 8 Democratic 
Massachusetts -5.8 1.08 0.69 0.624 10 Democratic 
Michigan -20.1 0.36 0.94 0.691 14 Republican 
Minnesota -0.864 -0.11 0.62 0.769 8 Court 
Mississippi -41.2 0.6 0.55 0.769 4 Court 
Missouri -41.2 0.8 1.11 0.753 8 Republican 
Nebraska -19.6 -0.47 0.82 0.837 3 Republican 
Nevada 1.89 -2.44 0.23 0.892 4 Court 
New Jersey -0.37 0.07 0.72 0.629 12 Commission 
New Mexico 16.7 -0.17 -0.09 0.784 3 Court 
New York 1.63 0.64 0.25 0.707 27 Court 
North Carolina -36.3 0.03 0.65 0.594 13 Republican 
Ohio -35.5 -0.13 0.82 0.635 16 Republican 
Oklahoma 7.35 -0.52 1.7 0.686 5 Republican 
Oregon 16.1 0.17 0.34 0.753 5 Bipartisan 
Pennsylvania -36.4 0.86 0.8 0.622 18 Republican 
South Carolina -30.3 0.77 0.73 0.729 7 Republican 
Tennessee -27.8 0.67 1.44 0.703 9 Republican 
Texas -14.8 0.02 0.71 0.669 36 Court 
Utah -15.3 0.04 0.78 0.692 4 Republican 
Virginia -30.7 0.01 0.47 0.625 11 Republican 
Washington -0.887 -0.29 0.05 0.699 10 Commission 
West Virginia -12.7 -0.34  0.548 3 Democratic 
Wisconsin -18 -0.09 0.5 0.756 8 Republican 

Table x – Partisan bias, compactness and concentration of Democrats in various 

states. 

 



Results:	  Political	  Choice	  under	  demographic	  constraint	  

We have argued that the relative concentration of Democratic voters compared to 

Republicans determines what kind of plans state governments have to choose between. 

We expect there to be a trade-off between compactness and partisan bias. If the relative 

concentration of Democratic and Republican voters is approximately equal, then we 

would expect it to be straightforward to draw unbiased districting plans. As a result, we 

would expect states with unbiased districting plans to have comparative compact districts. 

However, if a state wishes to create bias in favor of one party or the other, it will have 

draw odd-shaped non-compact districts. It may need to do this to pack its opponents into 

inefficiently lop-sided districts. If both parties have highly concentrated electorates, it 

will need to draw odd-shaped districts to break up the inefficiently large concentration of 

its own voters (while leaving its opponent’s concentrations intact). 

However, if the supporters of one party are geographically far more concentrated 

than the other, this picture changes. Suppose Democratic voters are far more concentrated 

than Republicans. Then it will be possible to produce bias towards the Republicans 

without having to draw non-compact districts. It will be possible to create packed 

Democratic districts simply by drawing a line around the areas of high democratic 

concentration. In fact, it will require drawing non-compact districts to avoid bias against 

the Democrats. It will be necessary to draw odd-shaped districts in order to blend the 

areas of high Democratic concentration into the surrounding areas. Of course, if we 

wanted to maximize bias towards the Republicans, it might still be to our advantage to 

draw some odd-shaped districts. However, we could achieve a substantial amount of bias 

while retaining compactness. 



In order to test these expectations, we first divide the states between those where 

the distribution of support is skewed towards the Democrats (where the Democrats are 

more geographically concentrated than the Republicans) and where the relative 

concentration is roughly equal. We do this according to whether the skewness of the vote 

distribution by county is greater than 0.25. That is to say, the states classified as having 

the Democratic vote more concentrated than the Republican vote are those with a 

skewness coefficient by county of greater than 0.25.5 

Figure x shows the trade-off between partisan bias and district compactness in the 

states where the relative geographic concentration of the two parties’ supporters are 

approximately equal. The pattern we observe is what we would expect from the theory. 

The most compact districting plans are those associated with a lack of partisan bias. We 

see this in states such as California, Minnesota and Arizona. In order to create biased 

districts, it is necessary to draw non-compact districts. North Carolina, Virginia, Ohio and 

Louisiana are non-compact and biased towards the Republicans, while Maryland is 

biased towards the Democrats. In the case of North Carolina, it is necessary to draw odd 

shaped districts to gather geographically dispersed concentrations of Democratic support 

into packed districts. In the case of Maryland, it is necessary to break up Democratic 

concentrations in Baltimore and the Washington suburbs so that they can contribute to 

                                                
5 As noted above, this measure is problematic in states with very large counties. For 
example, we do not know whether the low skewness scores California and Arizona is the 
result of the relative concentrations of supporters of both parties being approximately 
equal, or whether it is the result of masking by a single very large county in each state. 
Fortunately, in the case of both California and Arizona, there is no evidence of a skewed 
distribution even at the precinct level. In the case of Illinois, we recalculate the skewness 
coefficient treating Chicago as a separate county to the rest of Cook County. 



Democratic victories in as many districts as possible. In both cases the results are 

extremely non-compact, with many of the most bizarrely shaped districts in the country. 

 
Figure x – The trade-off between bias and compactness in the low skewness states 

(relative concentration of both parties approximately equal) 

 

The relationship between compactness and bias appears curvilinear. We fitted a 

trend curve using a quadratic term. This model fits the data extremely well, as can be 

seen from Figure x and the results below. 
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Dependent variable: Compactness (convex hull) 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)  7.076e-01  1.520e-02  46.542 7.58e-16 *** 
bias        -3.411e-03  8.984e-04  -3.797  0.00222 **  
bias^2      -1.856e-04  3.248e-05  -5.715 7.11e-05 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ 
’ 1  
 
Residual standard error: 0.04357 on 13 degrees of freedom 
Multiple R-squared: 0.716, Adjusted R-squared: 0.6723  
F-statistic: 16.39 on 2 and 13 DF,  p-value: 0.0002794  
 

Figure x show the relationship between bias and compactness for the states where 

Democratic support is more concentrated than Republican support. Again the pattern is 

what we would expect from theory. It is possible to draw relatively compact districts and 

still produce a substantial pro-Republican bias. Indiana is the most notable case of this. It 

is possible to produce an unbiased districting plan. However, this comes at the cost of 

having to draw non-compact districts, as in the case of Illinois, Massachusetts and to a 

lesser extent, New York. In the case of Pennsylvania a Republican state legislature chose 

to draw non-compact districts, apparently in order to maximize partisan advantage. (We 

should not that the partisan bias measure probably exaggerates the degree of bias in 

Missouri and Alabama, as these are comparatively small state. Although the percentage 

of bias is high, the effect of this is one seat in each state, out of eight and seven districts 

respectively. In the case of Pennsylvania, the effect of the bias is four or five seats out of 

18.) 



 
Figure x – The trade-off between bias and compactness in the high skewness states 

(relative concentration of Democratic voters greater than Republicans) 
 
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)  0.6714228  0.0362325  18.531 3.31e-07 *** 
bias        -0.0055435  0.0041563  -1.334    0.224     
bias^2      -0.0001200  0.0001024  -1.172    0.280     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ 
’ 1  
 
Residual standard error: 0.06398 on 7 degrees of freedom 
Multiple R-squared: 0.2126, Adjusted R-squared: -0.01243  
F-statistic: 0.9447 on 2 and 7 DF,  p-value: 0.4333  
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Indiana is an excellent example of how it is possible to create partisan bias 

without needing non-compact districts. Democratic support in Indiana is concentrated in 

Indianapolis and to a lesser extent the area around Gary and the Chicago suburbs. By 

drawing a line around these areas, it is possible to create two compact districts that 

concentrate Democratic support, while allowing Republican victories in the remaining 

districts, which are also compact. As a result, the Republicans won 7 seats out of 9 in 

2012, despite winning only 52% of the vote. Illinois demonstrates what is necessary to 

create unbiased districts in a state with a highly skewed voter distribution. Given the 

extreme concentration of Democratic voters in Chicago, it is necessary to draw extremely 

irregularly shaped districts to break up this concentration. That is to say, many districts 

have to converge on Chicago so that the Democratic support there can influence as many 

districts as possible. 

It is important to note that there is in fact a choice, even in states with extreme 

concentrations of Democratic supporters. Geography defines the choice set facing state 

legislatures, but it does not make the decisions for them. For example, in the case of 

Indiana, it would be possible to draw the districts so as to break up the Democratic 

concentration in Indianapolis into several districts. This would lead to more less bias 

against the Democrats, but at the cost of less compact districts. Similarly, it would be 

very easy to redistrict Illinois to create a large Republican advantage. All that would be 

necessary would be to district Chicago into more compact, central districts. The result 

would be a strong Republican bias, but with more compact districts. 

What districts get chosen is, of course, a political decision. In the majority of 

states, this decision is taken by the state legislature, usually requiring the approval of the 



governor. However, in a number of states an independent commission draws the districts, 

and in others Courts do so, usually as a result of political deadlock. McGann et al. (2016) 

show that the existence of statistically significant bias is nearly always associated with 

two conditions: one party controls the districting process and the state is electorally 

competitive. (If one party completely dominates a state, there is no need to draw biased 

districts – this party will win all the seats anyway.) In Figure x, we consider the 

relationship between control of districting and the choice of districting plan in states 

where one party’s support is not more geographically concentrated than the others. 



 
Figure x – Control of districting and choice of districts where parties are equally 
concentrated geographically 

The results are not at all surprising. When districts are drawn by Republican state 

legislatures, we see non-compact districts that lead to pro-Republican bias. In the one 

state in this sample that is controlled by the Democrats (Maryland) we see the mirror 

image – very oddly shaped districts leading to a Democratic advantage. In states that are 

districted by a Commission or the Courts, we find compact districts that are 
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approximately unbiased. The partition between Republican, Commission and Democratic 

states is almost perfect. 

 
Figure x –Control of districting and choice of districts where Democrats are more 
concentrated geographically 

We see a similar pattern when we consider state where the Democrats are 

geographically more concentrated. Where the Democrats control the process, they choose 

unbiased districting plans. However, in order to create such plans, they need to draw 

districts that are highly non-compact. Indeed, it may well be the case that in some of 
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these states, an unbiased plan may be the best outcome the Democrats can hope to 

achieve (see the discussion of Illinois in McGann et al. (2016)). Republican state 

legislatures choose plans that are biased towards the Republican Party. Sometimes these 

are comparatively compact, while in other cases they also draw non-compact districts to 

maximize partisan advantage. 

Conclusion	  

The question of whether partisan advantage is the result of intentional political 

gerrymandering or the geographical concentration of Democratic voters rests on a 

fundamental misunderstanding. Geography does not draw congressional districts – state 

legislatures (and less often courts and commissions) do. However geographical 

considerations do influence the choice of possible plans available. Geographical 

considerations may make it easier or harder to advantage one party or the other. 

We can reject the idea that the geographical concentration of Democratic voters 

can in any way “explain away” partisan gerrymandering. There is strong evidence that it 

is nearly always possible to draw districts that are approximately unbiased. With modern 

GIS technology there is simply no way that those who draw the districts can claim to be 

ignorant of their political effects. If a state legislature knowingly draws biased districts 

when it could have drawn unbiased districts, then it has made a political choice. The fact 

that someone can run a regression that shows that bias is more likely when the are 

geographical concentrations of the supporters of one party is utterly irrelevant to the 

question of whether there was an intentional choice. 



However, it would be ridiculous to claim that geographical constraints do not 

have an effect on what districts are adopted. Some outcomes will not happen because 

they are probably impossible. For example, in states where the Democrats are highly 

concentrated geographically, it may be impossible to draw a districting plan that creates a 

strong bias in favor of the Democrats. We find that a model where partisans choose the 

districting plans that most advantage their party, given what the geographical constraints 

make possible, fits the available data well. 
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