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Abstract

This report contains analysis for Colorado’s state legislative districts (both Senate and

House) that parallels the analysis of Colorado’s Congressional districts that was presented in

[1]. We refer the reader to that paper for background context and introductory material.

1 Introduction

In [1], we applied techniques of ensemble analysis to understand the political baseline for Congres-

sional representation in Colorado. We generated a large random sample of reasonable redistricting

plans and determined the partisan balance of each district using returns from state-wide elections

in 2018, and analyzed the 2011/2012 enacted districts in this context. In this report, we present a

parallel analysis for Colorado’s state legislative districts, both for the State Senate and the State

House. We encourage readers to consult [1] for additional background context and introductory

material, which we will not repeat here.

We will start with some brief historical context regarding the enacted state legislative districts.

Until 1974, maps for Colorado’s U.S. Congress, State House, and State Senate districts were drawn

by the state legislature. A 1974 amendment to the state constitution put the State House and State

Senate districts in the hands of an independent “reapportionment” commission (it should be noted

that despite the name, this commission was in charge of redistricting, not reapportionment). The

created commission consisted of members appointed by state legislators from both major parties,

the governor, and the chief justice of the Colorado Supreme Court. It was required that no more

than six members of the commission come from either of the two major parties, and that at least
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one commissioner come from the Western Slope. The U.S. Congressional district maps were left to

be drawn by the state legislature.

The independent commission in charge of drawing State House and Senate maps in 2011 was not

able to come to full agreement. The commission was made up of 5 Democrats, 5 Republicans, and

1 unaffiliated member. The commission initially adopted plans drawn by the unaffiliated member

to maximize competitiveness, a goal championed by Republican commission member and former

professor of political science Robert Loevy. Republican plaintiffs challenged the adopted plans,

arguing that they cut too many county lines. When their challenge was upheld and the plans

returned to the commission, the unaffiliated member voted with Democrats to approve a plan

they had drawn. To the surprise of Loevy, this Democrat-drawn plan featured a large number of

competitive districts, where the commission rated a district as competitive if both the Democratic

candidate and the Republican candidate in a recent down-ticket statewide race would have received

between 45% and 55% of the vote (the commission used the 2010 State Treasurer race). Colorado

Republicans criticized the adopted plans and called them Democratic gerrymanders, complaining

particularly that more Republican than Democratic incumbents had been forced into elections with

other incumbents by the redistricting, a process Loevy terms “decapitating gerrymandering”. For

a detailed description of how the process played out, see [6].

As in [1], the focus questions regarding the state legislative districts that we wish to address in this

report are:

1. What is the baseline? We estimate a range of outcomes that Coloradans could expect

from a redistricting plan drawn without partisan bias.

2. Is the current plan fair? We consider the enacted plan in context of the ensemble, to

determine whether there is evidence that the enacted plan benefits Democrats, as some

Republicans alleged at the time it was adopted.

3. How does the number of county splits relate to partisan election outcomes?

4. How does the number of competitive districts relate to partisan election out-

comes?

5. How does the number of competitive districts relate to the number of county

splits?

After a brief description of the methods used to generate ensembles for state legislative districts

(see Sections 2.3 and 3 of [1] for a much more detailed discussion of ensemble analysis in general and

our methods in particular), we present our data and analysis for State Senate districts in Section 3

and for State House districts in Section 4. Each of these sections is intended to be self-contained,

so some information that is pertinent to both analyses will be repeated in these sections.
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2 Brief Summary of Methods

The methods used here are essentially the same as in [1]. For each of the State Senate and State

House, we used the same precinct-based dual graph for the state and the same Markov chain

sampling procedure that was used to construct ensembles for Congressional districts in [1]. Due

to larger storage needs for plans with more districts, we constructed ensembles of 1,000,000 plans

each—one with weight 20 and one with weight 1 for each of the State Senate and State House—

after experiments with different seed plans determined that this was large enough to obtain good

convergence for all statistics that we examined.

3 Data and Analysis - State Senate

In this section, we present the data obtained from our 1,000,000 step chain for the State Senate

with weight factor 20. For each districting plan in the resulting ensemble, precinct-level voting data

was used to evaluate outcomes for that plan, and the results were aggregated to show the range of

outcomes across the ensemble.

3.1 State Senate Redistricting Baseline and Comparison to Enacted Plan

Our first goal was to establish a baseline against which to compare the enacted plan. Here we

will present results from each of the three elections we studied (Governor, Secretary of State, and

Treasurer).

Democratic seat share: Figure 1 shows histograms for the number of Democratic seats won for

each plan in the ensemble, based on voting data from each election. The Democratic seat share

for the enacted plan for each election is also shown for comparison. The enacted plan produced 22

Democratic seats for the Governor and Secretary of State elections and 21 seats for the Treasurer

election; for the Governor election this was the most common result across all plans in the ensemble,

while for the other two elections this outcome was slightly more Democratic than average.

Figure 1: Democratic seat share - State Senate
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Democratic vote share by district: Figure 2 shows a more detailed picture of the partisan

results of these elections. For each plan in the ensemble, districts are sorted by Democratic vote

percentage, from lowest to highest. The box plots show the range of Democratic vote shares in the

sorted districts (so, e.g., the second box from the left shows the range of Democratic vote shares

in the second most Republican district in each plan), with the boxes showing the middle 50% and

the whiskers extending from the 1st percentile through the 99th. Here we see in more detail how

the enacted plan compares to the ensemble: For each of these elections, there are several districts

whose Democratic vote shares fall outside the middle 50% of the ensemble, but none that are far

outside the middle 98% of the ensemble. We will discuss this further in Section 3.4.

Figure 2: State Senate districts sorted by Democratic vote share

4



County splits: The first plot in Figure 3 shows a histogram for the numbers of counties that

are split into multiple State Senate districts in each plan. The second plot shows a histogram

for a variation on this measure: For every county that is split into more than 1 district, this

measure counts 1 less than the number of districts that contain a portion of the county. (So, e.g.,

if portions of a county are contained within 3 different districts, then it counts as 1 county split

in the first plot and as 2 total splits in the second plot.) For both measures, the enacted plan has

significantly fewer splits than most plans in the ensemble; this reflects the fact that our weighting

algorithm for constraining county splits works better for plans with fewer districts (e.g., the 7-

district Congressional plan) than for plans with many districts. We will explore this issue further,

including ideas for potential improvements to the algorithm, in Section 3.3.

Figure 3: County splits, State Senate districts

Compactness: While Amendments Y and Z do not give a specific definition for district compact-

ness, Colorado has historically considered the total perimeter of all districts in a districting plan

as a measure of compactness and has sought to minimize this quantity. The first plot in Figure 4

shows a histogram for total district perimeter for each plan in the ensemble, with the enacted plan

included for comparison. As we can see from this figure, the enacted plan is more compact by this

measure than most plans in the ensemble, although it is not as extreme an outlier by this measure

as for the county split measures.

In recent years, it has been observed that geographic district perimeter has a number of problematic

issues as a measure for compactness; in particular, it does a poor job of detecting non-compact

districts in urban areas where population is densely packed and strangely shaped districts may

still have small perimeter compared to large, rural districts. In [4], Duchin and Tenner proposed a

discrete alternative called the cut score, which measures the number of pairs of physically adjacent

precincts that lie in different districts. They argue that this measure does a better job of capturing

compactness with respect to the population density than the geographic perimeter and is therefore

more appropriate to the redistricting context. The second plot in Figure 4 shows a histogram for

the cut score for each plan in the ensemble, with the enacted plan included for comparison. By
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contrast with the geographic perimeter, the enacted plan is slightly less compact than the mean

for the ensemble by this measure, although it is well within the expected range.

Figure 4: Compactness measures for State Senate districts

3.2 Competitiveness

Competitiveness of districts is widely regarded as desirable, but the notion of “competitiveness” is

not so easy to quantify. A variety of competitiveness metrics were explored in [3], and the analysis

given there shows that there may be situation-specific difficulties with creating good competitiveness

metrics, and that optimizing competitiveness metrics may produce unintended consequences.

Colorado’s Amendments Y and Z define competitiveness rather vaguely as “having a reasonable

potential for the party affiliation of the district’s representative to change at least once between

federal decennial censuses,” but they give no indication as to how one might evaluate this criterion.

For purposes of our analysis, we have defined a district to be competitive with respect to a particular

election if the Democratic vote share for that district (ignoring votes for minor parties) is between

45% and 55%. These margins are certainly somewhat arbitrary (although they agree with the

definition used by the reapportionment commission in 2011) and in light of the results of [3] and in

our report “Evaluating a Vote Band Metric for Competitiveness in Colorado Districts,” we advise

caution in the interpretation of these results. In particular, as we shall see below, a significant

change in the overall partisan outcome (for instance, a “wave year” for one party or the other) can

completely change the characterization of a district as competitive or not by this measure.

Figure 5 shows histograms for the number of competitive districts for each plan in the ensemble,

based on voting data from each race. The number of competitive districts for the enacted plan for

each race is also shown for comparison. For the enacted plan, the numbers of competitive districts

produced were 7 (Governor), 6 (Secretary of State), and 9 (Treasurer), all of which were somewhat

less than the means of the ensemble for the respective elections, but not extreme outliers.

Referring back to Figure 2, we can see exactly which districts in the enacted plan fall within the
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Figure 5: Competitive State Senate districts

competitive range, keeping in mind that the overall statewide Democratic percentages for these

races were 55.52% (Governor), 54.11% (Secretary of State), and 53.76% (Treasurer).

• For the Governor election, the competitive districts are the 10th-16th in the sorted list,

with Democratic percentages ranging from 45.97% to 54.90%. Meanwhile, the 9th and 17th

districts, just outside of this range on either side, have Democratic percentages of 43.65% and

55.89%, respectively.

• For the Secretary of State election, the competitive districts are the 11th-16th in the sorted

list, with Democratic percentages ranging from 45.94% to 53.66%. Meanwhile, the 10th and

17th districts, just outside of this range on either side, have Democratic percentages of 44.74%

and 55.22%, respectively.

• For the Treasurer election, the competitive districts are the 10th-18th in the sorted list,

with Democratic percentages ranging from 45.45% to 54.86%. Meanwhile, the 9th and 19th

districts, just outside of this range on either side, have Democratic percentages of 43.70% and

55.27%, respectively.

From these results, we can already see that the number of competitive districts is an extremely

delicate measure. For instance, a difference of 0.32% between the Governor and Secretary of State

elections results in the 17th most Democratic district being labeled competitive for the former but

not for the latter, which in turn makes the enacted plan look like more of an outlier with regard to

the Secretary of State election than with regard to the other two elections. Moreover, this measure

is extremely sensitive to the overall partisan outcome of the election; even among these elections

that were held on the same day, we see substantially different numbers of competitive districts

between the three elections. In a different election with a different partisan lean, we might expect

completely different results.

In order to explore these ideas more fully, we used the notion of “uniform partisan swing” to

normalize each of these elections to create a fictional election with 50-50 partisan split. This is

a standard construction in political science that is used for generating the “seats-votes curves”

that give rise to traditional measures of partisan symmetry; see, e.g., [2]. So, for instance, for the
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Governor election that originally had a 55.52% Democratic percentage, we subtracted 5.52% from

the Democratic vote share in each district for each plan in the ensemble. This has the effect of

shifting each of the box plots in the first graph in Figure 2 down by 5.52%.

In Figure 6, we show the box plots from Figure 2 side by side with the box plots for the hypothetical

elections with 50-50 partisan split. For reference, these graphs also show horizontal lines at 45%,

50%, and 55% so that we can easily see which districts lie in the competitive range. In Figure 7,

we plot the histograms for the numbers of competitive districts for the shifted elections, with the

enacted plan included for comparison.

Figure 6: Sorted State Senate districts, original and shifted
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Figure 7: Competitive State Senate districts, shifted elections

The most striking difference between the original and shifted elections is how the enacted plan

compares to the ensemble regarding the number of competitive districts. The ensemble means for

each election are actually fairly similar for the original and shifted elections (with a difference of

0.16 or less), although the specific districts that fall into the competitive range differ between the

two. But for all three shifted elections, the enacted plan has slightly more competitive districts

than the ensemble mean (11 for Governor, 12 for Secretary of State, and 11 for Treasurer), while

the reverse was true for the original elections.

3.3 County Splits

One important question for redistricting is how various priorities interact with each other; for

instance, how does a focus on preserving communities of interest impact partisan seat share and/or

the ability to draw competitive districts? In order to explore this question, in this section we

examine how the numbers of county splits (both number of counties split and total county splits)

are related to partisan outcomes and to the number of competitive districts.

Figure 3 above shows the distributions of county splits for our weight 20 chain. We also ran a

1,000,000 step Markov chain using the standard, unweighted (i.e., weight 1) ReCom method, and

the distributions of county splits for this chain is shown in Figure 8, with the weight 20 chain and

the enacted plan included for comparison.

We observe here that the weighting algorithm, which was introduced in [1] as a method to produce

plans that split fewer counties, is not as effective here at reducing county splits to a level similar to

that seen in human-drawn plans (as represented by the enacted plan) as it was for Congressional

districting plans. Rather, the weight 20 ensemble, with a mean of 18.62 county splits and 52.10 total

splits, lands approximately halfway between the unweighted ensemble (mean of 29.65 county splits

and 86.66 total splits) and the enacted plan (10 county splits and 25 total splits). In future work,

we hope to improve on this measure by adapting the algorithm so that it never splits small counties

that no reasonable human mapmaker would consider splitting, or to preserve county boundaries

identified by the Commission as essential. For the current analysis, we will see that the differences

between the statistics for these two chains turn out to be fairly small, and we conjecture that
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further constraining the county splits would make little difference to our observations. However,

in order to use this type of analysis in order to inform the 2021 line-drawing process, it will be

important to confirm this hypothesis with refined ensemble analysis such as that described above.

Since the primary difference between these two chains is the weighting algorithm used to reduce

the number of county splits in the weight 20 chain, it seems reasonable to hypothesize that any

significant differences between other metrics for these two chains are indicative of a relationship

between these metrics and county splits.

Figure 8: County splits (weighted and unweighted), State Senate districts

In Figure 9, we plot the histograms for Democratic seat share for each race from the weight 20 chain

side by side with the same histograms for the unweighted chain, with the enacted plan included for

comparison. From these histograms, we see that the two chains produce very similar numbers of

Democratic seats, while the enacted plan is slightly above the mean of the ensemble.

Figure 9: Democratic State Senate seat share for weight 20 and unweighted chains

More quantitatively, the mean Democratic seat shares are shown in Table 1. The two chains have

very similar means for each race, with the unweighted chain producing a fraction of a seat more

than the weight 20 chain for the Governor’s and Secretary of State’s races and the reverse holding

for the Treasurer’s race. Meanwhile, the enacted plan produces a fraction of a seat more than the

means of the ensembles for the Governor’s and Treasurer’s races race and about 1.5 seats more
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than the means of the ensembles for the Secretary of State’s race.

Race Mean Dem seat share (weight 20) Mean Dem seat share (unweighted) Enacted plan

Governor 21.77 21.87 22

Sec. of State 20.48 20.51 22

Treasurer 20.44 20.37 21

Table 1: Mean Democratic State Senate seat shares in weight 20 and unweighted chains

We also looked at the relationship between county splits/total splits and Democratic seat share

within each chain, where the range of splits is much smaller than the difference between the

weighted and unweighted chains. Perhaps not surprisingly, considering the small magnitude of

the difference in Democratic seats between the two chains, we found very little variation in the

number of Democratic seats as the number of county splits/total splits varies. For example, Figure

10 shows scatterplots for the number of Democratic seats vs. the number of county splits for the

Governor’s race in the weight 20 chain, in both the original and shifted versions. The solid blue

line tracks the mean number of Democratic seats as a function of the number of county splits,

while the dotted blue line tracks the mean number of county splits as a function of the number of

Democratic seats. The location of the enacted plan in each plot is shown as a cross.

Figure 10: Democratic State Senate seats vs. county splits for Governor’s race in weight 20 chain

We can perform a similar comparison for the numbers of competitive districts within these two

chains. In Figure 11, we plot the histograms for the number of competitive districts for each race

from the weight 20 chain side by side with the same histograms for the unweighted chain, with the

enacted plan included for comparison. The means for each race and each chain are shown in Table

2. The two chains have very similar means for each race, with the unweighted chain producing a

fraction of a competitive district more than the weight 20 chain for the Governor’s and Treasurer’s

races and the reverse holding for the Secretary of State’s race. Meanwhile, the enacted plan has
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roughly between 1 and 3 fewer competitive districts than the means of the ensembles.

Figure 11: Competitive State Senate districts for weight 20 and unweighted chains

Race Mean # competitive (weight 20) Mean # competitive (unweighted) Enacted plan

Governor 9.21 9.37 7

Sec. of State 9.36 9.33 6

Treasurer 10.20 10.33 9

Table 2: Mean number of competitive State Senate districts in weight 20 and unweighted chains

Since we have seen that the number of competitive districts can be extremely sensitive to the overall

partisan balance of the election in ways that are not always obvious, we also compare the number of

competitive districts for these two chains after performing a uniform swing on each election in each

chain to create fictional elections with 50-50 partisan split. Histograms for the shifted elections for

both the weight 20 and unweighted chains are shown in Figure 12, with the means for each race and

each chain shown in Table 3. As for the original elections, the two chains have very similar means

for each race, although now the weight 20 chain produces a very small fraction of a competitive

district more than the unweighted chain for all three elections. Meanwhile, the enacted plan has

roughly between 1 and 2.5 more competitive districts than the means of the ensembles.

Figure 12: Competitive State Senate districts for shifted weight 20 and unweighted chains

We also looked at the relationship between county splits/total splits and competitive districts within

each chain, and once again we found very little variation in the number of competitive districts
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Race Mean # competitive (weight 20) Mean # competitive (unweighted) Enacted plan

Governor 9.75 9.70 11

Sec. of State 9.62 9.53 12

Treasurer 10.00 9.96 11

Table 3: Mean number of competitive State Senate districts in shifted weight 20 and unweighted chains

as the number of county splits/total splits varies. For instance, Figure 13 shows scatterplots for

competitive districts vs. the number of county splits for the Governor’s race in the weight 20 chain,

in both the original and shifted versions. The solid blue line tracks the mean number of competitive

districts as a function of the number of county splits, while the dotted blue line tracks the mean

number of county splits as a function of the number of competitive districts. The location of the

enacted plan in each plot is shown as a cross.

Figure 13: Competitive districts vs. county splits for Governor’s race in weight 20 chain.

Finally, we looked at the relationship between the Democratic seat share and the number of

competitive districts within each chain. As an example, Figure 14 shows scatterplots for the

number of Democratic seats vs. the number of competitive districts for the Governor’s race in the

weight 20 chain, in both the original and shifted versions. The solid blue line tracks the mean

number of Democratic seats as a function of the number of competitive districts, while the dotted

blue line tracks the mean number of competitive districts as a function of the number of Democratic

seats. The location of the enacted plan in each plot is shown as a cross.

These plots show evidence of a small but interesting relationship: as we vary the number of

competitive districts–a choice that is somewhat under the control of mapmakers—the mean number

of Democratic seats changes very little. But if we consider these plots in the other direction, we see

that plots with an extreme number of Democratic seats—either significantly more or less than the
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mean—tend to have slightly more competitive districts. We will discuss this observation in more

detail in the following section.

Figure 14: Democratic seats vs. number of competitive districts for Governor’s race in weight 20 chain.

3.4 Conclusions

The data and discussion in Section 3.1 paint a picture of a likely baseline of outcomes for State

Senate districting plans in Colorado in the 2018 elections. Here, we address the other focus questions

from Section 1.

3.4.1 Do we find evidence in the 2018 elections of effective partisan manipulation in

2011 redistricting?

Before addressing this question, we should provide some context. The boxplots help us quickly

identify districts that may have unusual vote shares. However, when plans with many districts are

considered, it is actually very likely that a few districts will have a very high or very low proportion

of Democratic votes. For example, 42.5% of the plans in our ensembles for the three elections had

at least one of the 35 ranked State Senate districts with a vote share that was on the top or bottom

1% of possible vote shares for that district. So, it seems reasonable to have a threshold that is

stricter than 1% for considering a vote share to be an outlier for its district.

In our ensembles for these three elections, we found that the probability that at least one Senate

district (out of 35) has a proportion of Democratic votes that is beyond the top or bottom 0.016%

of the possible vote shares is approximately 0.01. Therefore, it seems reasonable to tag a vote

share for a specific Senate district as an outlier if it is in the top or bottom 0.016% of possible vote

shares for that district. Under this rationale, there were no unusual Democratic vote shares in any

districts for these three elections.

Additionally, the number of seats won by Democrats under the enacted plan is not an outlier for any
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of these elections—it is in fact the most common outcome for the Governor election, and slightly

above the mean but still within the main portion of the ensemble for the other two elections, as

depicted in Figures 1 and 9. We conclude that, while the enacted plan does have a slightly more

Democratic lean than the means of our ensembles, there is no compelling evidence of effective

partisan manipulation in the 2011/2012 adopted maps as of the 2018 election.

3.4.2 Do we find evidence among our generated plans that the number of county

splits in a plan is related to partisan outcomes?

Within the range of county splits in each of our ensembles (generated by weight 20 and unweighted

chains), the number of county splits is fairly independent of partisan outcome. When we compare

the weight 20 ensemble of plans to the unweighted ensemble, which tends to have many more county

splits, we find a very small effect, depending on the race, of 0.03 − 0.1 more Republican seats for

the weight 20 ensemble compared to the unweighted ensemble. (See Table 1 for details.) While

the weight 20 chain was not able to constrain county splits to a level comparable to that of the

enacted plan, the near-negligible difference between partisan outcomes for these two ensembles leads

us to predict that further constraining county splits would not make much difference to partisan

outcomes.

Some political scientists, including Colorado politics and government specialist Robert Loevy, have

advocated ignoring county boundaries in drawing lines, arguing that counties are not meaningful

communities of interest and that breaking county boundaries could allow more competitive maps

to be drawn [6]. We tentatively conclude that, at this time in Colorado, ignoring county boundaries

in map drawing would have very little partisan effect on State Senate outcomes on average.

Additionally, the range of non-outlier partisan outcomes which occur in the unweighted ensemble

is the same as that range for the weight 20 ensemble, so plans identified as extreme partisan

gerrymanders in a weighted ensemble would not appear reasonable within an unweighted ensemble,

either.

3.4.3 Do we find evidence among our generated plans that the number of competitive

districts in a plan is related to partisan outcomes?

If we sort all plans in a given ensemble by the number of competitive seats in the plan, the average

number of Democratic seats does not appear to vary significantly depending on the number of

competitive seats, either for the original or shifted voting data. When we instead sort all plans in a

given ensemble by the number of Democratic seats, we see a trend towards slightly more competitive

districts for plans with many more or many fewer Democratic seats than average. Both these trends

can be seen in Figure 14 for the Governor election.

Upon reflection, this latter trend makes sense because, based on the total number of voters of each
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party within the state, more extreme outcomes will require more close races. If a party is to win

many races in a state with relatively competitive overall vote shares, that party cannot win by a

large margin in many districts. If one were to engineer non-competitive districts, this would also

constrain the range of possible outcomes. This tendency towards spread in partisan outcomes for

plans with more competitive seats and the higher average number of competitive seats for more

extreme partisan outcomes hold for both weighted and unweighted ensembles and for shifted voting

data in both cases. Thus while we do not conclude that there is aggregate benefit to either party

in creating more competitive districts, one might look among plans with more competitive districts

if one desired a more extreme partisan outcome in either direction. This could allow unscrupulous

map-makers to justify extreme partisan outcomes by claiming that their map was engineered to be

extremely competitive.

3.4.4 Do we find evidence among our generated plans that the number of competitive

districts in a plan is related to the number of county splits in that plan?

For all three elections, we see that within each ensemble, there is no apparent relationship between

the number of competitive districts and either the number of county splits or the number of total

counties split. When we compare the weight 20 and unweighted ensembles, we see a very small effect

with mixed results, ranging from 0.16 fewer to 0.03 more competitive districts when we restrict

county splits compared to allowing free county splitting. The effect is even smaller for the shifted

data, ranging from 0.04 to 0.09 more competitive districts when we restrict county splits compared

to allowing free county splitting. (See Tables 2 and 3 for details.)

While the weight 20 chain was not able to constrain county splits to a level comparable to that of

the enacted plan, the near-negligible differences between partisan outcomes for these two ensembles

lead us to conclude that, within the range of county splits we observed for these two ensembles, it

is in fact not necessary to sacrifice competitiveness to preserve county boundaries, or to break a

large number of county boundaries to get a reasonably large number of competitive districts. We

conjecture that this will remain true for plans with more realistic numbers of splits, but this will

require further investigation to confirm.

4 Data and Analysis - State House

In this section, we present the data obtained from our 1,000,000 step chain for the State House

with weight factor 20. For each districting plan in the resulting ensemble, precinct-level voting data

was used to evaluate outcomes for that plan, and the results were aggregated to show the range of

outcomes across the ensemble.
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4.1 State House Redistricting Baseline and Comparison to Enacted Plan

Our first goal was to establish a baseline against which to compare the enacted plan. Here we

will present results from each of the three elections we studied (Governor, Secretary of State, and

Treasurer).

Democratic seat share: Figure 15 shows histograms for the number of Democratic seats won

for each plan in the ensemble, based on voting data from each election. The Democratic seat share

for the enacted plan for each election is also shown for comparison. For all three elections, the

enacted plan produced 41 Democratic seats; for the Governor election this result was slightly above

average, while for the other two elections this outcome was about 2 seats above the most common

result across all plans in the ensemble.

Figure 15: Democratic seat share - State House

Democratic vote share by district: Figure 16 shows a more detailed picture of the partisan

results of these elections. For each plan in the ensemble, districts are sorted by Democratic vote

percentage, from lowest to highest. The box plots show the range of Democratic vote shares in the

sorted districts (so, e.g., the second box from the left shows the range of Democratic vote shares

in the second most Republican district in each plan), with the boxes showing the middle 50% and

the whiskers extending from the 1st percentile through the 99th. Here we see in more detail how

the enacted plan compares to the ensemble: For the Governor election, there are several districts

whose Democratic vote shares fall outside the middle 50% of the ensemble, but none that are far

outside the middle 98% of the ensemble. For the other two elections, there are a few districts whose

Democratic vote shares fall outside this range; we will discuss this further in Section 4.4.

County splits: The first plot in Figure 17 shows a histogram for the numbers of counties that

are split into multiple State House districts in each plan. The second plot shows a histogram

for a variation on this measure: For every county that is split into more than 1 district, this

measure counts 1 less than the number of districts that contain a portion of the county. (So, e.g.,

if portions of a county are contained within 3 different districts, then it counts as 1 county split

in the first plot and as 2 total splits in the second plot.) For both measures, the enacted plan has

significantly fewer splits than most plans in the ensemble; this reflects the fact that our weighting

algorithm for constraining county splits works better for plans with fewer districts (e.g., the 7-
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Figure 16: State House districts sorted by Democratic vote share

district Congressional plan) than for plans with many districts. We will explore this issue further,

including ideas for potential improvements to the algorithm, in Section 4.3.

Compactness: While Amendments Y and Z do not give a specific definition for district compact-

ness, Colorado has historically considered the total perimeter of all districts in a districting plan

as a measure of compactness and has sought to minimize this quantity. The first plot in Figure

18 shows a histogram for total district perimeter for each plan in the ensemble, with the enacted

plan included for comparison. As we can see from this figure, the enacted plan is well within the
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Figure 17: County splits, State House districts

expected range, and slightly more compact by this measure than the mean for the ensemble.

In recent years, it has been observed that geographic district perimeter has a number of problematic

issues as a measure for compactness; in particular, it does a poor job of detecting non-compact

districts in urban areas where population is densely packed and strangely shaped districts may

still have small perimeter compared to large, rural districts. In [4], Duchin and Tenner proposed a

discrete alternative called the cut score, which measures the number of pairs of physically adjacent

precincts that lie in different districts. They argue that this measure does a better job of capturing

compactness with respect to the population density than the geographic perimeter and is therefore

more appropriate to the redistricting context. The second plot in Figure 18 shows a histogram for

the cut score for each plan in the ensemble, with the enacted plan included for comparison. By

contrast with the geographic perimeter, the enacted plan is slightly less compact than the mean

for the ensemble by this measure, although it is well within the expected range.

Figure 18: Compactness measures for State House districts
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4.2 Competitiveness

Competitiveness of districts is widely regarded as desirable, but the notion of “competitiveness” is

not so easy to quantify. A variety of competitiveness metrics were explored in [3], and the analysis

given there shows that there may be situation-specific difficulties with creating good competitiveness

metrics, and that optimizing competitiveness metrics may produce unintended consequences.

Colorado’s Amendments Y and Z define competitiveness rather vaguely as “having a reasonable

potential for the party affiliation of the district’s representative to change at least once between

federal decennial censuses,” but they give no indication as to how one might evaluate this criterion.

For purposes of our analysis, we have defined a district to be competitive with respect to a particular

election if the Democratic vote share for that district (ignoring votes for minor parties) is between

45% and 55%. These margins are certainly somewhat arbitrary (although they agree with the

definition used by the reapportionment commission in 2011) and in light of the results of [3] and in

our report “Evaluating a Vote Band Metric for Competitiveness in Colorado Districts,” we advise

caution in the interpretation of these results. In particular, as we shall see below, a significant

change in the overall partisan outcome (for instance, a “wave year” for one party or the other) can

completely change the characterization of a district as competitive or not by this measure.

Figure 19 shows histograms for the number of competitive districts for each plan in the ensemble,

based on voting data from each race. The number of competitive districts for the enacted plan

for each race is also shown for comparison. For the enacted plan, the numbers of competitive

districts produced were 10 (Governor), 12 (Secretary of State), and 9 (Treasurer), all of which were

substantially less than the means of the ensemble for the respective elections, with the result for

the Treasurer election particularly small compared to the ensemble.

Figure 19: Competitive State House districts

Referring back to Figure 16, we can see exactly which districts in the enacted plan fall within the

competitive range, keeping in mind that the overall statewide Democratic percentages for these

races were 55.52% (Governor), 54.11% (Secretary of State), and 53.76% (Treasurer).

• For the Governor election, the competitive districts are the 21st-30th in the sorted list, with

Democratic percentages ranging from 45.38% to 54.31%. Meanwhile, the 20th and 31st

20



districts, just outside of this range on either side, have Democratic percentages of 43.70% and

55.01%, respectively.

• For the Secretary of State election, the competitive districts are the 21st-32nd in the sorted

list, with Democratic percentages ranging from 45.50% to 54.78%. Meanwhile, the 20th and

33rd districts, just outside of this range on either side, have Democratic percentages of 42.73%

and 55.52%, respectively.

• For the Treasurer election, the competitive districts are the 23rd-31st in the sorted list, with

Democratic percentages ranging from 45.53% to 54.56%. Meanwhile, the 22nd and 32nd

districts, just outside of this range on either side, have Democratic percentages of 44.52% and

56.04%, respectively.

From these results, we can already see that the number of competitive districts is an extremely

delicate measure. For instance, a difference of just 0.01% keeps the 31st most Democratic district

from being labeled competitive for the Governor election, making the enacted plan look like a

more extreme outlier than it would if this district were considered competitive. Moreover, this

measure is extremely sensitive to the overall partisan outcome of the election in ways that are not

always obvious; even among these elections that were held on the same day, the Treasurer election

produced the fewest competitive districts, even though it had the overall partisan split that was

closest to 50-50. In a different election with a different partisan lean, we might expect completely

different results.

In order to explore these ideas more fully, we used the notion of “uniform partisan swing” to

normalize each of these elections to create a fictional election with 50-50 partisan split. This is

a standard construction in political science that is used for generating the “seats-votes curves”

that give rise to traditional measures of partisan symmetry; see, e.g., [2]. So, for instance, for the

Governor election that originally had a 55.52% Democratic percentage, we subtracted 5.52% from

the Democratic vote share in each district for each plan in the ensemble. This has the effect of

shifting each of the box plots in the first graph in Figure 16 down by 5.52%.

In Figure 20, we show the box plots from Figure 16 side by side with the box plots for the

hypothetical elections with 50-50 partisan split. For reference, these graphs also show horizontal

lines at 45%, 50%, and 55% so that we can easily see which districts lie in the competitive range. In

Figure 21, we plot the histograms for the numbers of competitive districts for the shifted elections,

with the enacted plan included for comparison.

The most significant difference between the original and shifted elections is how the enacted plan

compares to the ensemble regarding the number of competitive districts. The ensemble means for

each election are actually fairly similar for the original and shifted elections (with a difference of

0.50 or less), although the specific districts that fall into the competitive range differ between the
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Figure 20: Sorted State House districts, original and shifted

two. But for all three shifted elections, the enacted plan has significantly more competitive districts

than it did for the original election, and while it still has fewer than the ensemble mean (14 for

Governor, 14 for Secretary of State, and 13 for Treasurer), it appears to be much less of an extreme

outlier compared to the ensemble than it was for the original elections.
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Figure 21: Competitive State House districts, shifted elections

4.3 County Splits

One important question for redistricting is how various priorities interact with each other; for

instance, how does a focus on preserving communities of interest impact partisan seat share and/or

the ability to draw competitive districts? In order to explore this question, in this section we

examine how the numbers of county splits (both number of counties split and total county splits)

are related to partisan outcomes and to the number of competitive districts.

Figure 17 above shows the distributions of county splits for our weight 20 chain. We also ran a

1,000,000 step Markov chain using the standard, unweighted (i.e., weight 1) ReCom method, and

the distributions of county splits for this chain is shown in Figure 22, with the weight 20 chain and

the enacted plan included for comparison.

We observe here that the weighting algorithm, which was introduced in [1] as a method to produce

plans that split fewer counties, is not as effective here at reducing county splits to a level similar to

that seen in human-drawn plans (as represented by the enacted plan) as it was for Congressional

districting plans. Rather, the weight 20 ensemble, with a mean of 23.13 county splits and 88.99 total

splits, lands approximately halfway between the unweighted ensemble (mean of 33.17 county splits

and 129.11 total splits) and the enacted plan (14 county splits and 53 total splits). In future work,

we hope to improve on this measure by adapting the algorithm so that it never splits small counties

that no reasonable human mapmaker would consider splitting, or to preserve county boundaries

identified by the Commission as essential. For the current analysis, we will see that the differences

between the statistics for these two chains turn out to be fairly small, and we conjecture that

further constraining the county splits would make little difference to our observations. However,

in order to use this type of analysis in order to inform the 2021 line-drawing process, it will be

important to confirm this hypothesis with refined ensemble analysis such as that described above.

Since the primary difference between these two chains is the weighting algorithm used to reduce

the number of county splits in the weight 20 chain, it seems reasonable to hypothesize that any

significant differences between other metrics for these two chains are indicative of a relationship

between these metrics and county splits.
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Figure 22: County splits (weighted and unweighted), State House districts

In Figure 23, we plot the histograms for Democratic seat share for each race from the weight

20 chain side by side with the same histograms for the unweighted chain, with the enacted plan

included for comparison. From these histograms, we see that the two chains produce very similar

numbers of Democratic seats, while the enacted plan is somewhat above the mean of the ensemble.

Figure 23: Democratic State House seat share for weight 20 and unweighted chains

More quantitatively, the mean Democratic seat shares are shown in Table 4. The two chains have

very similar means for each race, with the unweighted chain producing a fraction of a seat more

than the weight 20 chain for the Governor’s race and the reverse holding for the other two races.

Meanwhile, the enacted plan is just a fraction of a seat above the means of the ensembles for the

Governor’s race and more than 2 seats above the means of the ensembles for the other two races.

Race Mean Dem seat share (weight 20) Mean Dem seat share (unweighted) Enacted plan

Governor 40.22 40.39 41

Sec. of State 38.62 38.48 41

Treasurer 38.77 38.51 41

Table 4: Mean Democratic State House seat shares in weight 20 and unweighted chains

We also looked at the relationship between county splits/total splits and Democratic seat share
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within each chain, where the range of splits is much smaller than the difference between the

weighted and unweighted chains. Perhaps not surprisingly, considering the small magnitude of

the difference in Democratic seats between the two chains, we found very little variation in the

number of Democratic seats as the number of county splits/total splits varies. For example, Figure

24 shows scatterplots for the number of Democratic seats vs. the number of county splits for the

Governor’s race in the weight 20 chain, in both the original and shifted versions. The solid blue

line tracks the mean number of Democratic seats as a function of the number of county splits,

while the dotted blue line tracks the mean number of county splits as a function of the number of

Democratic seats. The location of the enacted plan in each plot is shown as a cross.

Figure 24: Democratic State House seats vs. county splits for Governor’s race in weight 20 chain

We can perform a similar comparison for the numbers of competitive districts within these two

chains. In Figure 25, we plot the histograms for the number of competitive districts for each race

from the weight 20 chain side by side with the same histograms for the unweighted chain, with the

enacted plan included for comparison. The means for each race and each chain are shown in Table

5. For all three elections, the unweighted chain produces slightly more competitive districts than

the weight 20 chain, with the difference ranging between 1/3 and 1/2 of a district. Meanwhile,

the enacted plan has roughly between 5.5 and 8 fewer competitive districts than the means of the

ensembles.

Race Mean # competitive (weight 20) Mean # competitive (unweighted) Enacted plan

Governor 15.53 15.99 10

Sec. of State 16.52 16.85 12

Treasurer 16.61 17.11 9

Table 5: Mean number of competitive State House districts in weight 20 and unweighted chains

Since we have seen that the number of competitive districts can be extremely sensitive to the overall
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Figure 25: Competitive State House districts for weight 20 and unweighted chains

partisan balance of the election in ways that are not always obvious, we also compare the number of

competitive districts for these two chains after performing a uniform swing on each election in each

chain to create fictional elections with 50-50 partisan split. Histograms for the shifted elections for

both the weight 20 and unweighted chains are shown in Figure 26, with the means for each race and

each chain shown in Table 6. As for the original elections, the two chains have very similar means

for each race, although now the weight 20 chain produces a very small fraction of a competitive

district more than the unweighted chain for all three elections. Meanwhile, the enacted plan has

roughly between 2.5 and 4.5 fewer competitive districts than the means of the ensembles.

Race Mean # competitive (weight 20) Mean # competitive (unweighted) Enacted plan

Governor 16.76 16.66 14

Sec. of State 16.82 16.61 14

Treasurer 17.55 17.33 13

Table 6: Mean number of competitive State House districts in shifted weight 20 and unweighted chains

We also looked at the relationship between county splits/total splits and competitive districts within

each chain, and once again we found very little variation in the number of competitive districts

as the number of county splits/total splits varies. For instance, Figure 27 shows scatterplots for

competitive districts vs. the number of county splits for the Governor’s race in the weight 20 chain,

in both the original and shifted versions. The solid blue line tracks the mean number of competitive

districts as a function of the number of county splits, while the dotted blue line tracks the mean

number of county splits as a function of the number of competitive districts. The location of the
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Figure 26: Competitive State House districts for shifted weight 20 and unweighted chains

enacted plan in each plot is shown as a cross.

Figure 27: Competitive districts vs. county splits for Governor’s race in weight 20 chain.

Finally, we looked at the relationship between the Democratic seat share and the number of

competitive districts within each chain. As an example, Figure 28 shows scatterplots for the

number of Democratic seats vs. the number of competitive districts for the Governor’s race in the

weight 20 chain, in both the original and shifted versions. The solid blue line tracks the mean

number of Democratic seats as a function of the number of competitive districts, while the dotted

blue line tracks the mean number of competitive districts as a function of the number of Democratic

seats. The location of the enacted plan in each plot is shown as a cross.
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These plots show evidence of a small but interesting relationship: as we vary the number of

competitive districts–a choice that is somewhat under the control of mapmakers—the mean number

of Democratic seats changes very little. But if we consider these plots in the other direction, we

see that plots with an extreme number of Democratic seats—either significantly more or less than

the mean—tend to have slightly more competitive districts in the original weight 20 chain, but this

effect essentially disappears for the shifted chain. We will discuss this observation in more detail

in the following section.

Figure 28: Democratic seats vs. number of competitive districts for Governor’s race in weight 20 chain.

4.4 Conclusions

The data and discussion in Section 4.1 paint a picture of a likely baseline of outcomes for State

House districting plans in Colorado in the 2018 elections. Here, we address the other focus questions

from Section 1.

4.4.1 Do we find evidence in the 2018 elections of effective partisan manipulation in

2011 redistricting?

Before addressing this question, we should provide some context. The boxplots help us quickly

identify districts that may have unusual vote shares. However, when plans with many districts are

considered, it is actually very likely that a few districts will have a very high or very low proportion

of Democratic votes. So, it seems reasonable to have a threshold that is stricter than 1% for

considering a vote share to be an outlier for its district.

In our ensembles for these three elections, we found that the probability that at least one House

district (out of 65) has a proportion of Democratic votes that is beyond the top or bottom

0.01% of the possible vote shares is approximately 0.01. (The estimated values obtained from

the Governor, Secretary of State, and Treasurer elections are are 0.0096, 0.0096, and 0.0093,
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respectively.) Therefore, it seems reasonable to tag a vote share for a specific House district as

an outlier if it is in the top or bottom 0.01% of possible vote shares for that district. Under

this rationale, there were no unusual Democratic vote shares for the Governor election; the 35th-

ranked district had an unusually high Democratic vote share for the Secretary of State election,

and the 32nd, 33rd, 34th, and 35th-ranked districts had unusually high Democratic vote shares

for the Treasurer election. These vote shares occurred in State House Districts 17, 50, 29, and 31,

respectively. (District 31 was the 35th-ranked district for both the Secretary of State and Treasurer

elections.)

We should note that there may be valid reasons for certain districts to differ significantly from

ensemble predictions. In [1], we described how Colorado’s Congressional districts CO 4 and CO 5,

which taken together are substantially more Republican-leaning than predicted by our ensembles,

were in fact drawn this way deliberately to preserve communities of interest. Our methods cannot

take all such considerations into account, and so deviations such as those seen here, while certainly

worthy of investigation, are not always indicative of deliberate partisan manipulation.

Additionally, the number of seats won by Democrats under the enacted plan is not an outlier for

any of these elections—they are slightly above the mean, but still within the main portion of the

ensemble for all three elections, as depicted in Figures 15 and 23. We conclude that, while the

enacted plan does have a slightly more Democratic lean than the means of our ensembles—and the

effect is somewhat stronger than that seen for the State Senate—there is no compelling evidence

of effective partisan manipulation in the 2011/2012 adopted maps as of the 2018 election.

4.4.2 Do we find evidence among our generated plans that the number of county

splits in a plan is related to partisan outcomes?

Within the range of county splits in each of our ensembles (generated by weight 20 and unweighted

chains), the number of county splits is fairly independent of partisan outcome. When we compare

the weight 20 ensemble of plans to the unweighted ensemble, which tends to have many more

county splits, we find a small and mixed effect, depending on the race, ranging from 0.17 more

Republican seats to 0.26 more Democratic seats for the weight 20 ensemble compared to the

unweighted ensemble. (See Table 4 for details.) While the weight 20 chain was not able to constrain

county splits to a level comparable to that of the enacted plan, the lack of a clear difference between

partisan outcomes for these two ensembles leads us to predict that further constraining county splits

would not make much difference to partisan outcomes.

Some political scientists, including Colorado politics and government specialist Robert Loevy, have

advocated ignoring county boundaries in drawing lines, arguing that counties are not meaningful

communities of interest and that breaking county boundaries could allow more competitive maps

to be drawn [6]. We conclude that, at this time in Colorado, ignoring county boundaries in map
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drawing would have very little partisan effect on State Senate outcomes on average. Additionally,

the range of non-outlier partisan outcomes which occur in the unweighted ensemble is the same as

that range for the weight 20 ensemble, so plans identified as extreme partisan gerrymanders in a

weighted ensemble would not appear reasonable within an unweighted ensemble, either.

4.4.3 Do we find evidence among our generated plans that the number of competitive

districts in a plan is related to partisan outcomes?

If we sort all plans in a given ensemble by the number of competitive seats in the plan, the average

number of Democratic seats does not appear to vary significantly depending on the number of

competitive seats, either for the original or shifted voting data. When we instead sort all plans in a

given ensemble by the number of Democratic seats, we see a trend towards slightly more competitive

districts for plans with many more or many fewer Democratic seats than average, although this

trend essentially disappears for the shifted data. Both these trends can be seen in Figure 28 for

the Governor election.

Upon reflection, this latter trend makes sense because, based on the total number of voters of each

party within the state, more extreme outcomes will require more close races. If a party is to win

many races in a state with relatively competitive overall vote shares, that party cannot win by a

large margin in many districts. If one were to engineer non-competitive districts, this would also

constrain the range of possible outcomes. This tendency towards spread in partisan outcomes for

plans with more competitive seats and the higher average number of competitive seats for more

extreme partisan outcomes hold for both weighted and unweighted ensembles and for shifted voting

data in both cases. Thus while we do not conclude that there is aggregate benefit to either party

in creating more competitive districts, one might look among plans with more competitive districts

if one desired a more extreme partisan outcome in either direction. This could allow unscrupulous

map-makers to justify extreme partisan outcomes by claiming that their map was engineered to be

extremely competitive.

4.4.4 Do we find evidence among our generated plans that the number of competitive

districts in a plan is related to the number of county splits in that plan?

For all three elections, we see that within each ensemble, there is no apparent relationship between

the number of competitive districts and either the number of county splits or the number of total

counties split. When we compare the weight 20 and unweighted ensembles, we see a small effect,

ranging from 0.33 to 0.50 fewer competitive districts when we restrict county splits compared to

allowing free county splitting. The effect is smaller and reversed for the shifted data, ranging from

0.10 to 0.22 more competitive districts when we restrict county splits compared to allowing free

county splitting. (See Tables 5 and 6 for details.)
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While the weight 20 chain was not able to constrain county splits to a level comparable to that of

the enacted plan, the small differences between partisan outcomes for these two ensembles lead us

to conclude that, within the range of county splits we observed for these two ensembles, it is in fact

not necessary to sacrifice competitiveness to preserve county boundaries, or to break a large number

of county boundaries to get a reasonably large number of competitive districts. We conjecture that

this will remain true for plans with more realistic numbers of splits, but this will require further

investigation to confirm.
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