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Abstract
A wave election is commonly defined as an election in which one party makes 

major gains. However, there is little consensus on what constitutes such gains. 
A wave election could also be thought of as an election in which the electorate 
voted in a fundamentally different way than preceding elections. In this study, 
we create a quantitative definition using ideas found in time-series analysis. We 
apply segmentation algorithms to election data to find the moments when these 
fundamental shifts in the electoral mood occur and build an objective definition 
of a wave election by comparing these results with past accepted wave election 
occurrences.

Introduction
What is a wave election? This question is what our study seeks to answer. 

The term “Wave Election” has risen to popularity [1] in recent years. The term also 
increases in use around the time of elections. Figure 1 shows the Google Trends 
report for the term “Wave Election.” Not only does its usage spike around the time 
of the election, but these spikes have also been increasing [1] in magnitude in 
recent years. This increased usage drives a need for a consistent definition to avoid 
misunderstanding and misuse of the term.

According to Oldham and Smith [2], people use wave elections as a measure 
of political change. This is because they often correspond with dissatisfaction [3] 
among the general populous for a party. Thus, a wave can be considered a sign of a 
fundamental change in the mood of the voting populous.

1  James is a McNair Scholar and a member of the Honors College.

Figure 1: Google Trends[1] report for the search term ``Wave election`` 2004 to present.
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Studies have used a variety of methods [4,5] to forecast election results, 
particularly regarding wave elections. Abramowitz [5,6,7] uses a model that places its 
foundations in the generic ballot, a poll question asking people what party they plan 
on voting for. His model uses the information gained from the generic ballot and 
combines it with factors like approval ratings to estimate the number of seats that 
will change hands during the election.

Studies [4,5,6,7,8,9,10,11] also look at what factors cause a wave election, and 
one of these factors is the public opinion of the president. Their findings show that, 
in general, elections go against the president’s party but that this can be mitigated or 
exacerbated by the president’s approval rating and a variety of other factors.

However, the importance people place on the idea of a wave election has 
issues as it lacks [12] a widely accepted definition. This lack of a cohesive definition 
leaves room for politicians to claim a wave where one does not exist [12], which 
allows them to claim political capital. For example, consider an election during 
a contentious period. During periods like these, there may be an argument as to 
whether or not an election is a wave. One party might claim a wave happened to 
build public support for their policies, but another party may claim a wave did not 
happen to limit the apparent scope of the swing of people’s support. An objective and 
widely accepted definition would prevent either side from applying a political spin 
and allow an objective line to be drawn on whether an election is a wave.

Oldham and Smith [2] examine this problem by defining wave elections to be 
the top 20% of elections regarding seats lost by the president’s party in the House of 
Representatives, in the Senate, in gubernatorial elections, and in state legislatures. They 
also look at what they call a “Tsunami Election” which is when waves happen in three or 
more election groups. These occurred in the following years: 1920, 1922, 1930, 1932, 
1938, 1966, and 2010. However, their definition has issues as their choice of percentage 
has no basis in the data and instead arbitrarily [2] mirrors stock market analysis.

Other groups [3,12,13] look at what a wave is and which elections are waves, 
and each has referenced a definition by Stuart Rothenberg, which is the most 
commonly used definition we have found. His definition [14] is that any election that 
sees a swing of 20 or more seats in the House is a wave. The definition suffers the 
problem that if every such election is a wave, then 26 waves happened between the 
years of 1918 and 2016, which means that roughly half of the elections according 
to this definition [2] are waves. This leads to questions such as: If they are that 
common, are they even a significant occurrence? Can a supposedly fundamental 
change happen so frequently? In this article, we assume that such a fundamental 
change cannot happen in more than half of elections.

In addition to these more academic investigations of wave elections, several 
news and information distribution organizations like the Washington Examiner and 
the National Journal [3,12,13,15] have interesting work on examining the idea of a 
wave election. These groups make interesting points on the rarity (or lack thereof) 
and the increasing prevalence of the wave election as a political concept. Zito [15] 
brings up a good point on the frequency with which they were claimed to have 
happened in the period from 2006 to 2014. Zito also brings up the fact that not 
every election that flips control in the House is necessarily a wave, it may instead 
establish an equilibrium.
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In this paper, we create a rigorous new definition of a wave election. We use 
ideas from time-series analysis and find an objective definition made free from bias 
that does not over-establish the frequency of wave elections.

Methodology
This study uses a mixture of election data, focusing on the percentage of the 

total vote counts in the popular vote for the Republican party in the elections for 
the House of Representatives and the Senate. We chose the vote for the Republican 
party because it is often used in political science. We are using the popular vote to 
minimize [2] the influence of redistricting, gerrymandering, and Senate election 
cycles on the results. For example, consider two election years in which the vote was 
identical but there was redistricting between them. If because of this one seat flips in 
20 states, according to the Rothenberg definition this would be a wave, but the mood 
of the electorate has not changed. In addition, voting percentages are a more direct 
representation of the voting public’s mood. Also, we are using the percentage of the 
popular vote to account for the fact that the number of people voting changes every 
election. For simplicity, we ignore special elections and other odd-year elections. The 
exact data sets used are the percentage of the popular vote won by the Republican 
Party in the House and Senate elections since 1914. We chose this year because it 
is the election after the 17th amendment was passed [16], and thus the first time the 
entire Senate was popularly elected.

Since the data is chronologically ordered, time-series analysis is a natural 
choice for this analysis. A time-series is a collection of chronologically ordered data 
points. A segmentation algorithm [17] is a systematic breakdown of a time-series 
into discrete, contiguous, and fundamentally different pieces called segments. The 
majority of segmentation algorithms are in one of three categories [17]: Sliding 
Windows, Top-Down, and Bottom-Up. In this case, our data is the percentage of the 
popular vote won by the Republican party. A segment is a collection of one or more 
of these data points. These segments can be viewed as a form of status quo or as a 
representation of the mood of the voting populous.

The first of the potential algorithms is the Bottom-Up algorithm. Our 
explanation of this algorithm and other algorithms follows [17] from the work 
seen in Keogh. This algorithm begins by treating each election as a segment. The 
algorithm then takes all of the adjacent segments and looks at which pair, if merged 
into a single segment, would have the lowest RMS (root mean squared) deviation. 
This measure is used because it is a standard way to compare error and deviation 
and will be used by all of the algorithms we discuss. Root mean squared deviation 
is calculated by taking the difference between the average voting percentage of the 
segment and each election year during said segment. We then take the average of 
these values for all years within the segment. Then, to make sure that our deviation 
is still using the same units as our data, we take the square root of our average. This 
new value is our RMS deviation. If this deviation is below some predefined threshold, 
then that merge is performed. This process is then repeated until none of the possible 
mergers are below the deviation threshold. After this process is complete, we have 
a segmented time-series. This algorithm has the advantage of prioritizing what to 
merge based purely on how close the data points are. One of the problems with 
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this algorithm is its complexity and slow speed compared to the Sliding Windows 
algorithm.

Another potential algorithm is the Sliding Windows [17] algorithm. This 
algorithm starts by treating each data point as a segment. It starts with the first 
segment chronologically and performs a hypothetical merge with the next segment 
chronologically. If the hypothetical segment’s RMS deviation is below some specified 
threshold, then it performs the merge. This is continued until such a merge would 
cause the segment to go above the specified deviation threshold. If it is above the 
deviation threshold, we repeat the process starting with the next segment. One of 
the problems with this approach is that it merges the first valid pair of segments 
chronologically instead of merging the pair of adjacent segments that is cheapest 
to merge when looking at minimizing RMS deviation. Another issue comes from 
an idea purposed by Zito [15], which is that the public tends to vote in ways that 
create a balance in power. Specifically, significant waves in recent memory have been 
followed by elections that according to this model and less strict definitions, would 
be considered waves [15] rather than be seen as part of the process of finding a new 
equilibrium.

The third algorithm is the Top-Down [17] algorithm. This algorithm starts 
by having all of the data points in one segment. It then looks at the RMS deviation 
of that segment and sees if it is above some predefined threshold. If it is, it looks to 
see at which point it could split the segment into two segments that decrease the 
deviation by the most. It then splits it at that point and runs the algorithm on the 
new segments. This is repeated until every segment is below the error threshold. The 
main problem with this algorithm simply stems from the fact that it begins with all 
elections as a single segment. This algorithm was not chosen because of its starting 
point; we assume that it is better to start individual elections as segments combined 
with similar elections than to assume that all elections are similar and splitting the 
segment if they are sufficiently different.

In this study, we will use the Bottom-Up algorithm because of its few 
drawbacks for our purpose. For small data sets like ours, the loss in performance is 
unimportant.

There is an inverse relationship between the number of segments and the 
chosen threshold. This is because as we increase the threshold, it becomes easier 
to merge segments, and as we decrease the threshold, it becomes more difficult. 
This is important as we want our definition to include all of the consensus waves. 
However, we do not want every election to be considered a wave. So, we want to 
minimize the total number of waves found by our definition. To do this, we will find 
the lowest threshold that causes the list of waves found by the algorithm to include 
all the consensus waves. Among our sources, there were three waves [2,3,13,14] that 
were consistently mentioned. These three elections were 1966, 1994, & 2010. These 
are our consensus waves. Their historic significance is that they occurred during the 
Vietnam war, were the start of Newt Gingrich’s “Contract with America,” and were 
the start of the Tea Party movement, respectively.

In summary, we are therefore tasked with finding a deviation threshold that 
balances having too many wave elections with finding all of our consensus waves. So, 
any threshold that we accept for our definition must find these three years to be wave 
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elections but can consider no more than half of the elections during the time period 
to be waves.

Results
The precise relationship between threshold and segments for our data is 

demonstrated in Figures 2 & 3. These charts show that, given similar thresholds, the 
Senate will have more waves than the House. Stated another way, that means that 
the Senate data tend to deviate more. This is likely due to just how few senators are 
up for election every 2 years combined with the fact that the senators up for election 
may be heavily skewed for one party or another.

Now we plug in thresholds until we narrow in on which one finds the largest 

threshold that finds all of our consensus waves. First, we will look at the House data, 
and then we will look at the Senate. We found that a threshold of 1.7% met our 
criteria when applied to the House data and provided us with Figure 4. This threshold 
has 17 segments which means that according to our model, there have been 16 waves 
since 1914 (the 1914 segment is not considered a wave because it is the start of the 
data set and thus always starts a segment). Interestingly, this picks out 2018 as a wave.

Figure 2: The number of segments at various thresholds in the House.

Figure 3: The number of segments at various thresholds in the Senate.
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This is the largest threshold that would find all of our consensus waves. For 
example, if it was set to 2%, we would succeed in reducing the number of waves to 
13 (14 segments). However, it excludes the 1966 election as its segment, and others 
are merged into the segment started by the 1948 election. This hypothetical scenario 
is pictured in Figure 5.

When this same threshold was applied to the Senate data, we ran into a 

problem. The threshold caused the Senate data to have 32 segments, pictured in 
Figure 6. This leads to considering more than half of the elections during the period 
waves, which runs up against the assumption stated earlier - that wave elections 
should be a rare and significant occurrence. Thus, we will not be able to use the same 
definition for the House and Senate.

Figure 4: The election data for the House after the Bottom-Up algorithm is used with a threshold of 
1.7%.

Figure 5: The election data for the House after the Bottom-Up algorithm is used with a threshold of 2%.
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We then applied the methodology used to find a threshold for the House on 
the data from the Senate. This resulted in a threshold of 2%, pictured in Figure 7. 
When applied to this data set, that threshold gives us 31 segments which, like the 
above threshold, runs into the same problems as the Rothenberg definition, which 
had a requirement that 20 seats must be gained in the House for an election to be 
a wave. Thus, like the above threshold, this implies that waves are less significant 
than this study assumes and is not a usable threshold for a definition given our 
assumptions. Thus, we will not be able to make a definition that includes the Senate. 
However, further examining the data does provide interesting results.

We then sought to instead find a threshold that matches the 16 waves found 
by the threshold that met our criteria for the House. We found that a threshold 
of 2.5% gives a matching number of waves when used on the Senate data. This is 
pictured in Figure 8. Some interesting things to note are the period of stability from 
1984 to 2014 and the fact that 2016 is the most recent wave in memory according to 
this threshold.

When we compare our method’s results to Ballotpedia’s [2], we catch every 
election that they consider a Tsunami election. We also catch every election that 

Figure 6: The election data for the Senate after the Bottom-Up algorithm is used with a threshold of 
1.7%.

Figure 7: The election data for the Senate after the Bottom-Up algorithm is used with a threshold of 2%.
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they consider a wave in the House, though we consider several other elections waves 
as they were notable for their time. For example, we consider 2006 as a wave, while 
they do not. This is because 2006 had a low seat loss compared to other waves but 
had a notable swing in the percentage of the vote that they had. In addition, it came 
after a period of relative stability; therefore, our methodology deemed it notable 
enough to be a wave.

Conclusion and Current/Future Work
Our definition of a wave election is any election that creates a new segment 

when using a threshold of 1.7% on the House data, other than the first: 1918, 1920, 
1922, 1924, 1930, 1932, 1938, 1946, 1948, 1958, 1966, 1974, 1994, 2006, 2010, & 
2018.

Due to our desire to create a standardized and objective definition of a wave 
election, we cannot create a threshold using this method which meets our desired 
requirements. In the future, we will begin looking at contacting those with more 
experience in history and political science to work on a methodology for finding a 
threshold that would work better for the Senate data.

In the future, we will examine something that this study had limited time 
to examine - singleton segments and how they relate to the surrounding data. A 
singleton segment is any segment that consists of only a single election. These are 
represented in Figures 4-8 by red dots rather than lines. For this purpose, we have a 
pair of algorithms in the works that are to be run after the Bottom-Up algorithm that 
will look at all the singleton segments and perform a hypothetical merge with the 
two adjacent segments. If the resulting segment is valid, then the merge is performed, 
and this process is repeated. The goal of this is to remove those segments that are 
singletons only because they could not merge into either adjacent segment on their 
own.

We are also applying this methodology to seat counts over the same period 
to see how that conflicts or agrees with our popular-vote-based model. This would 
still be using percentages as the total number of seats in both the House and Senate 
changed during the period we are examining. Other than the change in the data set, 
there would not need to be any changes to the methodology.

Figure 8: The election data for the Senate after the Bottom-Up algorithm is used with a threshold of 2.5%.
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