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Abstract

Ridgeline plots are frequently employed to visualize the evolution or
distributions of multiple series with a pile of overlapping line, area,
or bar charts, highlighting the peak patterns. While traditionally
viewed as small multiple visualizations, their ridge-like patterns
have increasingly attracted graphic designers to create appealing
customized ridgeline plots. However, many tools only support cre-
ating basic ridgeline plots and overlook their diverse layouts and
styles. This paper introduces a comprehensive design space for
ridgeline plots, focusing on their varied layouts and expressive
styles. We present RidgeBuilder, an intuitive tool for creating ex-
pressive ridgeline plots with customizable layouts and styles. In
particular, we summarize three goals for refining the layout of ridge-
line plots and propose an optimization method. We assess Ridge-
Builder’s usability and usefulness through a reproduction study and
evaluate the layout optimization algorithm through anonymized
questionnaires. The effectiveness is demonstrated with a gallery of
ridgeline plots created by RidgeBuilder.
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1 Introduction

Ridgeline plots are a type of data visualization that comprises a pile
of line, area, or bar charts stacked closely on top of each other to
form a distinctive pattern similar to mountain ridges. Initially cre-
ated in the 1970s to display pulsar radio signals[13], such graphics
have achieved broad cultural resonance as their stacked waveform-
like patterns formed pulses that communicate strong emotions [12].
Despite having emerged for quite a long time, ridgeline plots were
only widely recognized as a data visualization form. They became
popular in the visualization community in 2017 after Henrik Lind-
berg shared his famous artwork [28], and Claus O. Wilke created
an R package called ggridges [67]. The plot was initially named
“joyplot” in April 2017 [8] but later renamed to ridgeline plots due
to inappropriate connotations [66].

Nowadays, ridgeline plots have gained widespread popularity
and serve both scientific and artistic purposes. The ggridges package
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Figure 1: Six ridgeline plots recreated with RidgeBuilder. These six cases demonstrate RidgeBuilder's expressiveness in adjusting
layout, styles, data mappings, and embellishments to create informative and visually appealing ridgeline plots. (A) displays
Washington, D.C. station bicycle ows during the summer months with a cyclic layout revealing the peaks of rush hours. (B)
visualizes the distribution of the U.S. population with a line-based multi-layer ridgeline plots (adapted from [ 11]). (C) shows
Google Trend of bird migration in Canada with diverse embellishments (using data from [ 56]). (D) visualizes a person's music
listening trend over a year (adapted from [ 37]). (E) employs RidgeBuilder's recommended layout and uses color hue mapping
to display a timeline of media fear of infectious diseases (adapted from [  32]). (F) visualizes the trendiest female baby names
with an unaligned x-axis (adapted from [69]).

emerges as the most popular visualization library for creating ridge-
line plots, which has been downloaded over 60,000 times in August
2024 and cited in hundreds of scienti ¢ publications. The aesthetics
of the ridgeline plots also attract many designers to extend the plots
and create appealing visualization artwork$] 28 32 58 69 as
shown in Fig. 2. These artworks showcase the expressive power of
ridgeline plots as a scalable visualization form for presenting the
evolution or distributions of multiple variables and are well-liked
by the community.

However, authoring a compelling ridgeline plot remains a chal-
lenging task. The layout of a ridgeline plot, such as the degree
of overlap and the order of ridges, has a strong in uence on its
e ectiveness. For example, if the scale parameter, which dictates
the extent of overlap, is not nely tuned to the represented data, Figure 2: This gure displays ve visualization artworks
key patterns, such as temporally consecutive peaks, may become based on ridgeline plots, reproduced from existing art-
obscured, leading to potential misinterpretation of the data. Fur- Works [ 11,28, 32,58, 69], using the datasets [ 10, 22, 50, 57, 61]
thermore, creating diverse artistic e ects in the ridgeline plots, such ~ Many visual channels encode diverse information. The color,
as interleaved colors and progressively indented axes as shown in Position, order, mark type, labels, and backgrounds expres-
Fig. 2, requires labor-intensive e orts and a solid pro ciency with ~ Sively convey visual patterns like geological distributions,
graphic design software like Adobe lllustrator [2]. trends, and pulses.

The existing approaches that support the authoring of ridgeline
plots can be divided into two categories: code-based and interac-
tive approaches. The code-based approaches include ggriéges[ learning curve and necessitate a certain level of programming ex-
Vega-Lite g, D3.js [], and Observable Plo#f]. While these ap- pertise for e ective customization. The interactive approaches like

proaches o er considerable exibility, they come with a signi cant ~ PowerViz #2 and Tableau #§ simplify the creation of traditional
ridgeline plots by o ering user-friendly interfaces; however, they

are limited in terms of the complexity of layout and the variety of
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embellishment options they provide. Consequently, designers often
engage in meticulous e orts to customize the layout and style of
ridgeline plots in other sophisticated design software. For example,
a user may need to adjust the order of ridges one by one to achieve
a desired shifting-peak pattern (Fig. 2A).

The limitations of the current approaches motivate us to develop
RidgeBuilder, an interactive authoring tool that facilitates the easy
creation and customization of diverse and expressive ridgeline plots.
Based on a comprehensive survey of the existing ridgeline plots
from diverse sources, we rst delineate a design space for ridgeline
plots that comprises ve dimensions: element, layout, style, embel-
lishment, and composition. Subsequently, we distilled four design
goals through a series of interviews, which have been instrumental
in shaping RidgeBuilder. The proposed tool o ers not only an intu-
itive approach to diverse layout creation but also a suite of style
customization options and templates, empowering users to craft
sophisticated ridgeline plots tailored to their needs e ortlessly.

The e ectiveness of RidgeBuilder is evaluated through a re-
creation study, where the participants were asked to recreate two
ridgeline plot designs with RidgeBuilder, and an algorithm evalua-
tion study, where the performance of RidgeBuilder's layout opti-
mization algorithm was benchmarked against that of established
baselines through the use of anonymized questionnaires. A gallery
of the expressive ridgeline plots created by RidgeBuilder is also
curated and featured in Fig. 1 and on the project phggo our
knowledge, this study is one of the rst e orts to thoroughly inves-
tigate the design space and authoring aspects of diverse ridgeline
plots. Our objective is to spark greater interest within the informa-
tion visualization community regarding this visualization form and
to encourage visualization practitioners to delve into its expansive
potential applications.

2 Related Work

This section reviews research on ridgeline plots from the perspec-
tives of design aesthetics and authoring approaches.

2.1 Ridgeline Plot Visualization

We discuss ridgeline plots in the visualization community to out-
line the development of the design aesthetics. To fairly investigate
the development of ridgeline plots in the visualization academic
community, we conduct a systematic survey. We list keywords,
including ridgeline plot/chartridge plot/chartjoy plot/chart stacked
area chart/platandstacked line chart/plothen, we perform a strict
search in prominent visualization journals and conference proceed-
ings, such asEEE TVCECGFE JoV, Paci cVis andSIGCHIEXxisting
studies on ridgeline plots can be divided into two categories: appli-
cation and theory.

In terms of application, some visual analytics systems employ
ridgeline plots and ridgeline-like visualization. CriPA2@] and
Facetto 3 are the only two application studies in the decade that
explicitly mentioned the ridgeline plot or joy plot. Many other stud-
ies mainly use ridgeline-like plots, including faceted area charts
(e.g. Screenit]q, PlanningVis p1]) and faceted bar charts (e.g.
ECoalVis P9, LiveRetro Bg). These applications avoid the prob-
lem of overlapping neighbor ridges to ensure no visual occlusion,
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but it comes at the expense of scalability and the loss of distinc-
tive ridgeline features. Additionally, the horizon chart is a type
of plot that may be mistaken for a ridgeline plot due to its similar
appearancel§. However, the horizon chart has xed bands with
no overlap between them, whereas ridgeline plots feature overlaps
between di erent ridges.

In terms of theory, there is a scarcity of studies that delve into
the design space, weigh the advantages and disadvantages, or con-
sider the design considerations of ridgeline plots. Only Moritz et
al. [34 discussed the limitation of the ridgeline plot when visualiz-
ing hundreds of time series. Besides, Lekschas eR§].rpgarded
the ridgeline plot as small multiples and generally surveyed the
scope and considerations. Furthermore, several general-purpose
tools have explored common layouts and styles for visualization
charts, including Charticulator's44 examination of layout and
Data lllustrator's discussion on partition and repeat®]]. Nonethe-
less, these broad explorations have yet to provide a comprehensive
de nition of the design space and the application of diverse styles
within the context of ridgeline plots.

In conclusion, despite the active usage of ridgeline plots in the

elds of infographic design and other non-visualization domains,

the visualization academic community has paid little attention to
this type of plot. Thus, this paper comprehensively explores the
design space and supports authoring expressive ridgeline plots.

2.2 Visualization Authoring Approaches

In this section, we explore a range of visualization authoring tools,
encompassing both general-purpose tools and specialized tools
crafted for speci ¢ authoring purposes.

For thegeneral-purpose visualization authoring tools , we
extend the categories introduced in prior survey&l[ 33 and di-
vide these tools into ve typescodercon guration- demonstration-
example-andNatural-Language-Instruction (NLbgsed approaches.

Code-basedpproaches that support the creation of ridgeline
plots mainly include ggridgesd?], D3.js [6], and Vega-Lite 48 59.
Additionally, some studies use ridgeline plots as a basic distribution
visualization chart to explore the syntax of conditional probability
visualization #3. However, these tools rely on a speci ¢ program-
ming language and have a particular syntax, resulting in a higher
learning curve compared to no-code methods. Moreover, creating
expressive ridgeline plots using code-based methods requires a high
level of user expertise.

Con guration-basedools allow users to map data onto di er-
ent visual channels through shelf con gurations. In the decade,
many con guration-based methods have emerged, such as Data
Illustrator [31], Charticulator [44], and Lyra 47. These methods
are widely popular due to their no-code approach. Among these
methods, Tableawd, PowerViz 42, and EnrichVisBox ¢4 sup-
port creating ridgeline plots, but users still need to polish their
work using other creative design tools (e.g. Adobe Illustrata}) if
they desire a customized layout instead of a basic template one.

To further reduce the mental and interaction burden on users,
many new visualization creation interactions have been proposed in
recent yearsDemonstration-basedethods (e.g. Lyra2 [72]) allow
users to drag data onto visualization channels, enabling them to see
what they get during the creation procesExample-based methods
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(e.g. Falx§2) allow users to provide a pair of input data and out-
put visualizations to generate the target visualization automatically.
With the rise of large language models, NLI-based methods (e.g.
ChartGPT b4, Data Formulator $3) further reduce the burden of
creating visualizations. However, these emerging intuitive visual-
ization creation interaction tools only consider simple and common
visualizations regarding feasibility and generality so visualizations
with complex layouts like ridgeline plots are ignored.

Speci ¢ visualization authoring studies can be divided into
three aspects according to the creative intent of visualizatiercti-
venesse ciency-, andexpressiveness-oriented

E ectiveness-oriented studfesus on how to create unbiased vi-
sualization. These works discuss how to create the correct visualiza-
tion chart from multiple aspects such as aesthetics, visualization the-
ory, and cognitive science. For example, for the storyline, Tanashi
et al [57. proposed three principles for optimizing the layout. Ge-
oLinter [24 helps create correct map chart& ciency-oriented
studiesfocus on how to help users create speci ¢ visualizations
more quickly, mainly through improving the optimizing algorithms
(e.g. Story ow [30]). Expressiveness-oriented stuftiess on creat-
ing interesting and expressive visualizations. Many methods (e.g.
Plotthread B3, iStoryline [54]) are designed for a speci c visualiza-
tion form - storyline. Some are designed for speci c types of data,
like time-varying data §1, 49 and high-dimensional dataq0 71].

Through extensive research, we are inspired by existing works.
We learn the di culties and opportunities of ridgeline plot author-
ing in terms of expressiveness, e ectiveness, and e ciency. As this
visualization technique is relatively unexplored in the academic
community, we have chosen to focus on its expressiveness in this
paper. Our goal is to not only contribute to the understanding of
ridgeline plots but also to generate interest and encourage more
research on this intriguing chart.

3 Ridgeline Plot Design

In this section, we aim to summarize a design space for ridgeline
plots that facilitates expressive creation by conducting a content
survey of existing ridgeline plots collected from diverse sources.

3.1 Survey Process

The survey of ridgeline plots included two stages: the collecting
stage and the labeling stage. Three co-authors, with more than two
years of work experience in visualization design and implementa-
tion, were involved in the survey process.

In the collecting stage, the three co-authors used search engines

(e.g. Google Search, Google Scholar, and Google Image) to collect

diverse existing ridgeline plots. The search constraints include
the time range (2017-2024) and strictly match keywondddeline
plot/chart ridge plot/chartor joy plot/char). This list is di erent
from the one we list in section 2 because we found the keywords
stacked area chart/plaind stacked line chart/plane ective and
removed them. Few studies with the two keywords are relevant
to ridgeline plots. We delegated the task to three co-authors re-
sponsible for collecting ridgeline plots from a speci ¢ time range:

Liu etal.

2017-2019, 2020-2021, and 2022-2024, respectively. After the col-
lection, three co-authors collaboratively merged and deleted dupli-
cated ridgeline plots, as two duplicated ridgeline plots may be from

di erent sources but look the same.

In the labeling stage, as the three co-authors gained some in-
sights during the collecting stage, we constructed a basic category
through brainstorming and divided it roughly into three dimen-
sions:elements (axes, ridgdayouts (overlap, ordegndstyles (color,
opacity) The merged collection of ridgeline plots is divided equally
into three groups. Each co-author was responsible for two groups
to decrease ambiguity and bias via cross-validation. Finally, the
three co-authors discussed the exceptional cases and extended the
space. We also discussed the divergent cases to reach an agreement.

3.2 Design Space

We collected a dataset of 182 ridgeline plots (273 in total, removed
91 duplicated records). We summarized a design space based on the
dataset. The design space consists of ve dimensions: elenigiyg,
axis, optional elemenytdayout transform, layer, order, overlpptyle
(color, opacity, bordgrembellishmentgnnotation, background, dec-
oratior), and composition. The overview of the design space is
shown in Fig. 3. Complete details and the dataset can be found on
our homepag@ and the folder design scope in the supplementary
materials. In this section, we detail the design space dimensions, in-
dicating the type of each dimension and the corresponding number
of instances. e.g. area (170) signi es that there are 170 ridgeline
plots in the dataset utilizing area as the ridge.

3.2.1 ElemenElements refer to the visual components that
make up the ridgeline plot. A ridgeline plot typically includes three
basic visual elements: ridge, axis, and optional elements.

Ridge. This is the main visual elements of ridgeline plots.

The ridge refers to the basic shape that reveals value

changes for each variable. Its basic shapes come in four
types: area (170), bar (3), line (8), and step (1). Line- and step-based
ridges have better scalability than area- or bar-based ones because
they require less space. Still, the area and bar ridges are more ex-
pressive because the lled color can reveal more information.

Axis . A ridgeline plot includes x-, y-, and z-axes. The x-

axis is always laid out horizontally and is shared by all

ridges, typically encoding time (30), ratio (136), longitude
(5), level (1), age (3), and score (7). The y-axis usually encodes
discrete data, whether ordinal (16) or nominal (166). Finally, the
z-axis typically encodes continuous ratio value (166) and discrete
count value (16).

Optional elements . This includes the mode line and the
reference line. The mode line is a vertical line that marks
a special value of each ridge. It usually marks the median
value and the extreme peak value, revealing a summary statistic
to compare the relative positions of di erent ridges. The reference
line, on the other hand, is a vertical line that usually represents a
threshold for all ridges.

3.2.2 LayoutWe discusd.ayouts of the ridgeline plot from a
macro level (the entire plot) to a micro level (an individual ridge).

2https://ridgebuilder.github.io/RidgeBuilder/
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Figure 3: This gure displays the design space of ridgeline plots. The design space consists of ve dimensions: element, layout,
style, embellishment, and composition. We discuss categories of each dimension and extensively summarize its contents. This

gure also includes several examples.

Transform . The transformation of the ridgeline plot de-

scribes the overall shape of the plot. Most plots follow

the left-to-right regular layout (182), aligning the ridges
so that they are evenly spaced. The regular layout is suitable for

Order. Di erent orders of ridges convey di erent visual

patterns. Typical sort methods include three types. The

statistic-based (30) sorts ridges of speci c statistical value,
such as the maximum and the mean value. The statistic value can

most cases and is used to compare the distribution of data across reveal the distribution of peaks. For example, if a peak appears

di erent variables. We extensively add the circular layout inspired
by silhouette graphs3]. The circular layout is used when the data
being plotted exhibits a periodic pattern, such as when the x-axis
represents a periodical timeline.

Layer. Aridgeline plot can consist of multiple layers, each

of which contains a group of ridges. For example, one

layer represents a controlled group, while the other layer
represents an experimental group. Five main layer layouts can be
used in a ridgeline plot. Overlay (17): This layout is used when
di erent groups record similar semantic values, and the layers
share the same X, y, and z-axis. The overlay layout is typically
used when the goal is to compare the distribution of data across
di erent groups. Stacked (0): This is used when layers share the
same x and y-axis but are stacked on the z-axis. We add this layout
because itis useful when the goal is to show the total distribution of
data across di erent groups while also highlighting the di erences
between them. Alternated (2): This is used when di erent groups
record di erent semantic values, and the layers share the same x

early, then the mean value of that ridge will be small. Thus, this
method is usually used to highlight a peak-shifting pattern. The
meta-based (51) method requires that the y-axis must be ordered.
For example, the y-axis maps to twelve months. This method can
convey the pattern varying along with the y-axis. The peak-based
method (9) is usually adopted when the domain ranges of di erent
ridges vary signi cantly. If all ridges have the same scale on the
z-axis, the ridge with a larger domain range will require more space.
Thus, the ridge with a larger domain range is laid at the top to avoid
hiding other ridges. The order of ridges can also be optimized to
highlight ridgeline pattern. The ridgeline pattern, characterized
by several continuous, shifting peaks, e ectively reveals the evolu-
tion of each ridge (see Fig. 2A). To pinpoint key factors in uencing
the pattern, we analyzed our collected ridgeline plots, particularly
those with salient ridgelines. We de ne salient ridgelines as lines
with discernible trends, identi able through Gestalt theor6§,

0 ering users analytical insights such as evolution. In the dataset,
72 ridgeline plots meet the criteria. We summarized their common

and y-axis. Juxtaposed (9): This is used when layers only share the characteristics from diverse aspects, including relations, shapes, and

same y-axis. Itis similar to the alternate layout but is typically used
when there are few similar ridge-like patterns between two layers
to avoid pattern hidden. Separated (8): This is used when layers
record di erent semantic values and only share the x-axis.

layouts of the ridges, and nally identi ed three main design goals.
These goals are illustrated in Fig. 3-layer-order with examples.

G1. Neighboring ridges should have similar peak pa erns.
Examples with this characteristic constitu&> 72 We nd
that placing similar peaks nearby can form a continuous
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ridgeline and reduce visual disruptions, which aids in identi-
fying patterns and trends in the data.

There should be fewer wiggles in ridgelines. Examples
with this characteristic constitute4672 We nd that a
straight ridgeline more accurately represents how peaks
shift than a ridgeline with many wiggles, which can obscure
important details.

The layout should avoid hiding peaks. Examples with
this characteristic constitut®6 72 In ridgeline plots, peaks
reveal the main distribution of the data, and we nd that
hiding peaks can lead to a loss of important information
about the distribution.

G2.

G3.

Overlap. The overlap degree of a ridgeline plot is deter-

mined by two parameters: the scale of each ridge and the

o0 set between each pair of neighbor ridges. If the ridge
scale is xed, decreasing the ridge o set increases overlap and vice
versa. A smaller overlap between ridges indicates that there are
fewer ridges and less hidden data, but the ridgeline is less obvious,
while dense ridges being hidden more have an obvious ridgeline.

3.2.3 StylesStyles of visual elements are diverse. There are
many stylish channels, including but not limited to color, stroke,
opacity, and shadow. We mainly discuss styles that have speci c
usage in ridgeline plots.

Color . Ridges can be assigned di erent color hues based
on various schemes. Sometimes, the color hues of ridges
encode data (89). The encoding principle follows existing
studies Bg. Additionally, lling ridges with di erent color hues
can also di erentiate them (59). For instance, using alternating color
hues can help distinguish between neighboring ridges.

Opacity. The opacity of ridges is often used to reduce

overlap and to help distinguish neighboring ridges (69). It

can also be an e ective visual tool for encoding ordinal
data (5) in certain situations. For example, suppose the y-axis repre-

sents the progress of a project (10%, 20%, ..., 100%). In cases Wher%re eorts (e.g.

user wants to emphasize the accumulation pattern along the y-axis,
opacity can be used to encode the percentage of completion.

Border. Stroke (158) is commonly used in area- and bar-

based ridgeline plots but is seldom used in line- and step-

based ones. We add the shadow e ect as it also seems like
a border and can help di erentiate neighboring ridges.

3.2.4 Embellishmeng&xpressive ridgeline plots always include
diverseEmbellishments . Typical embellishments can be cat-
egorized into three types based on di erent intents: annotation,
background, and decoration.

Annotation. Annotations vary greatly depending on the

context of the visualization. It includes elements for over-

all visualization and local patterns. By using annotations
e ectively, designers can enhance the viewer's understanding of
ridgeline plots.

Background. The background of ridgeline plots can be

designed to match the subject matter in a speci ¢ thematic

style, such as the classic black and white style used in Joy
Division album style (see Fig. 2D). Additionally, the background
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using a map to represent a geographic location (see Fig. 2B). Users
employ pure-colored backgrounds or image backgrounds based on
their design intents.

Decoration. Some cases include decorations that serve
an aesthetic purpose. These decorations convey speci ¢
semantic information, further highlighting the theme.

3.2.,5 CompositiorDuring the survey, we found several cases that
compose the ridgeline plot with other types of visualizations, par-
ticularly in scienti ¢ publications where the discrete sample values
are marked as dots or stripes and placed on the plots. Since this
study mainly focuses on the ridgeline plot itself, a comprehensive
analysis of this particular aspect of the design space will be left for
future research endeavors.

3.3 Re ections on Design Space

This section discusses our re ections on the design space of ridge-
line plots. Although the design space of ridgeline plots overall
follows the existing visualization framework, we made some exten-
sion attempts focusing on ridgeline plots' speci ¢ characteristics
and also gained insights from the user's point of view.

In Elements  scopeyidgeline plots are used to be treated as
faceted x-y area plots, but we clarify that it would be better to
describe the ridgeline plot using three axes: X, y, and z (ridge). On
the one hand, three axes can better align with users' cognition. We
found even authoring a basic ridgeline plot using general visualiza-
tion grammars is challenging because users must learn advanced
layout functions and align them with the faceted way of ridgeline
plots, for example, users must know bounds in Vegd(] and
know nested layout in Charticulator 4. On the other hand,
three axes can preserve the exibility layouts of ridgeline plots.
We found that if a grammar only supports two axes, it will fail to
create ridgeline plots with alternate layers, such as Vega-Lite [48].
Although in some grammars (e.g., Observable PRfj] facet chan-
nels can also be used as encoding channels, users still must exert
redefine the scalers and domains) because facet
options are typically designed for non-overlapping plots. This is
also not directly mapped with users' cognition.

In Layouts  scopethe proposed design space o ers a more
direct approach to describing expressive ridgeline plots. Within
this space, new types of ridgeline plots can be generated, such as
cyclic ridgeline plots and layer-stacked ridgeline plots. Furthermore,
this space enables users to highlight di erent ridgeline visual pat-
terns. For instance, setting the optimized G2-straight in the order
dimension to 0 yields a zig-zag ridgeline, while setting it to 1
produces a straight ridgeline. By leveraging the options within
this design space, users can easily specify intricate layouts and
associated visual patterns.

In Styles  scopewe highlight several distinctive styles asso-
ciated with ridgeline plots. As ridgeline plots aggregate patterns
of ridge overlap, they have evolved various style combinations to
mitigate the adverse e ects of overlap. For instance, techniques
such as alternating colors and cumulative opacity can be employed.
These style combinations also indicate the visual patterns inherent
in ridgeline plots.

Overall, this design space enables users to describe expressive

can also be used to convey a speci ¢ semantic meaning, such as ridgeline plots more explicitly than existing ones. Users can create
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