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Figure 1: The GeoAnimation system consists of two main views. Editing View (A) provides declarative syntax editing and rich
interactive functions. Visual View (B) provides view functionality. Each time the json syntax is updated in View A, it will be updated

synchronously in View B.

ABSTRACT

In recent years, animated geographical visualization has arisen as
an intuitive narrative medium for presenting and disseminating geo-
graphic information, with extensive applications across various do-
mains. However, existing approaches to creating geographic ani-
mations often face trade-offs among learning curve, ease of use, the
complexity of output videos and other limitations. To further lower
the barrier for producing geographic animations, we first conducted
a survey of 50 geographic data animations and synthesized a design
space that outlines the key elements in geographic animation pre-
sentation. Based on this, we designed a declarative grammar tar-
geted at geographic animations. Then we developed an interactive
tool called GeoAnimation to enable animators to create geographic
animations efficiently and effectively. Finally, we verified the use-
fulness of our tool through two use cases and expert interviews con-
ducted with two experts. The results indicate that GeoAnimation
enables animators to quickly and conveniently create satisfactory
geographic animations, effectively reducing the barriers, tedium,
and inconvenience associated with creating such animations.
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1 INTRODUCTION

Geographic animation is a media form that dynamically visualizes
geospatial information and data [30, 27]. As a crucial compo-
nent of narrative visualization [23, 47, 41], it seamlessly integrates
geographic information, visualization techniques, and storytelling
skills [30, 41, 47]. This integration has led to its extensive applica-
tion across diverse fields, including weather forecasting, traffic sim-
ulation, and urban planning. Characterized by vividness, intuitive-
ness, and accessibility, these animations have emerged as a highly
effective medium for expressing and disseminating geographic in-
formation. They are now commonly featured on major social media
platforms and professional websites, such as YouTube.

However, creating geographic animations is not an easy task.
Existing tools such as Canis [16] and CAST [15] have achieved
significant advancements in the field of animation. Canis provides
a declarative language to standardize data-driven chart animations,
while CAST further builds upon this foundation by offering an in-
teractive tool that enables non-programming users to easily cre-
ate chart animations. Meanwhile, Animated Vega-Lite [50] ad-
vances the integration of animation with interactive graphics by
unifying animations with an interactive graphics grammar.These
contributions have laid important foundations for animation tech-
niques. Nevertheless, when it comes to geographic animations,
these general-purpose tools exhibit certain limitations. For exam-
ple, they are not specifically designed for geographic visualization
and often fail to fully support particular geographic elements. This
limitation restricts the richness and expressiveness of geographic



animation creation. Thus, animators often use video production
software such as Adobe After Effects [22] to manually process
videos of geographic visualizations. Although video production
software offers a high level of flexibility and intuitiveness during
the animation creation process, it lacks specialized capabilities for
analyzing geographic data. Users are required to manually inte-
grate and animate geographic elements. This manual approach is
not only time - consuming and labor - intensive but also increases
the likelihood of errors and inconsistencies.

The limitations above have motivated us to explore an interactive
approach that enables animators to create desired geographic ani-
mations more efficiently and conveniently. In this study, our aim is
to design a grammar specifically for geographic animations, which
can assist animators in creating geographic animations more conve-
niently and effectively. Nevertheless, achieving this goal faces the
following two challenges.

Classification of Geographic Visualizations. A large number
of geographic animations involve a variety of visualizations, which
necessitates a systematic survey and summary. However, the de-
tails of these visualizations are distributed across videos, requiring
scientific methods and significant time and effort to capture, record,
and organize, which is a challenging task. Additionally, The diverse
types of visualizations further complicate this process.

Lack of Intuitive and Effective Tools. Designing an effective
tool for geographic animation grammar poses another challenge.
Such a tool must provide an intuitive grammar-editing environment
to help users iteratively write grammar rules, and generate and ob-
serve geographic visualization effects. The design must simultane-
ously consider the structure of the grammar and the goal of creating
geographic animations, ensuring it truly facilitates users in produc-
ing animations efficiently.

To address the first challenge, we conducted an in-depth anal-
ysis of 50 geographic data animations, extracted key design ele-
ments and technologies, and then constructed a design space for ge-
ographic data animations, providing rich visualization options and
narrative strategies for animation creation. Based on it, we designed
a declarative grammar targeted at geographic animations. Then, in
order to address the second challenge, we developed an interactive
tool, which can quickly animate geographic data by configulating
some specialized categorical elements of geography and using time
series as the core. At the same time, it supports real-time preview
and adjustment functions to ensure that the final animation effect
can accurately meet the user’s expectations. We named the gram-
mar and tool we designed GeoAnimation.

In order to validate the usefulness of GeoAnimation, we pre-
sented two use cases and conducted expert interviews with two pro-
fessionals in the field. Two use cases show that GeoAnimation sup-
ports users to easily create various forms of ideal geographic anima-
tions. Expert interviews confirmed the rationality of the grammar
we designed and the usability and practicality of GeoAnimation.

The main contributions of this study are as follows:

* A design space that outlines the key elements of geographic

animation display.

* A declarative grammar and an interactive tool we designed

that simplifies the process of making geographic animations.

* Evaluation including use cases and expert interviews that

demonstrates the usefulness of GeoAnimation.

2 RELATED WORK

In this section, we review the recent studies that are relevant to our
work, including geographic visualization and storytelling as well as
visualization animation grammar.

2.1 Geographic Visualization and Storytelling

Geographic visualization and storytelling are key methods for con-
veying geographic information and promoting knowledge discov-

ery, especially when dealing with complex geographic datasets [41,
19, 12, 31, 31]. Effective geographic visualization not only needs
to present spatial data precisely, but also tell the stories behind the
data in an engaging way, thereby stimulating the interest and under-
standing of the audience [8, 41].

Initially, geographic visualization primarily concentrated on
static map design and optimization, including map symbol selec-
tion, color coordination, and information layering [45, 46, 43, 4].
Subsequently, with the progress in computer technology, interactive
geographic visualization [6] emerged as a new paradigm. The de-
sign priority of interactive geographic visualization systems centers
on creating user-friendly interfaces and interaction models, aim-
ing to empower users to explore geographic data more efficiently
and uncover the underlying patterns and relationships within the
data [11, 42, 17, 48]. For instance, enabling interactive functional-
ities such as zooming, filtering, and selection allows users to inde-
pendently investigate geospatial information based on their individ-
ual interests and requirements [7].

In recent years, the role of storytelling in geographic visual-
ization has received increasing attention [9, 14]. Studies show
that through carefully designed narrative structures, visualization
can convey information more effectively and evoke users’ reso-
nance [36]. Research on data-driven videos further bridges cin-
ematic techniques with visualization, such as analyzing narrative
structures through cinematography lenses [2] and studying tran-
sition design in data stories [39]. Some researchers have begun
to explore how to integrate animation into geographic visualiza-
tion to enhance its narrative ability. For instance, Thony et al. [41]
explored the methods of storytelling in interactive 3D geographic
visualization systems. There are also studies focusing on the appli-
cation of animation in narrative visualization [47, 40].

Camera movement plays an important role in story narration.
By analyzing geographic data videos, the design space of cam-
era movement can be summarized, thereby making better use of
camera movement to tell stories [49, 29]. For example, GeoCam-
era [25] achieves exploratory analysis of geospatial data through
camera path animation. The existing research on geographic vi-
sualization and story-telling has laid a solid foundation for the ef-
fective utilization of geographic data for information transmission.
Beyond camera techniques, recent tools like DataClips [3] automate
data video authoring by binding visual assets to data queries, while
AutoClips [35] generates videos directly from data facts, demon-
strating the trend toward lowering production barriers. However,
how to lower the threshold for creating geographic animations and
enable more users to easily create high-quality geographic anima-
tions remains an unsolved problem [41, 19].

The goal of GeoAnimation is to lower the threshold for creating
geographic animation, enabling more people to use geographic an-
imation for data visualization and storytelling. GeoAnimation aims
to provide a flexible and user-friendly interactive approach for ge-
ographic animation, enhancing the capabilities of geographic data
visualization and narrative.

2.2 Visualization Animation Grammar

Grammar is a series of rules used to define the structure of the for-
mal language [1, 28]. It stipulates which sequences of symbols are
the legal expressions of the language. Grammar usually includes a
vocabulary or a set of symbols and a set of production rules, which
describe how to combine these symbols into larger structures, such
as statements or programs [44]. It plays a central role in formal
languages and provides the basis for syntax and semantics [26].
Grammar focuses on the structure and form of language, while se-
mantics focuses on the meaning of language. A well-defined gram-
mar can ensure that the syntactic structure of a language is clear,
thereby contributing to an accurate understanding of its semantic
content [32, 33].



Animation serves as a foundational technique in data visualiza-
tion, enabling the dynamic representation of temporal and spatial
patterns while offering unique opportunities for storytelling, though
it also presents challenges such as cognitive overload and imple-
mentation complexity [13]. Building on this foundation, Animation
Grammar is a formal language used to describe and generate ani-
mations [21, 5, 34]. It decomposes animations into a series of ba-
sic elements and operations, and creates complex animation effects
by combining these elements and operations [37]. A good anima-
tion grammar should be able to express complex animation logic
concisely and clearly, while providing sufficient flexibility and cus-
tomizability [24, 10]. Recent advancements in this field include
tools like Datamator, which facilitates the creation of datamations
through data query decomposition, further lowering the barrier for
animation authoring [18].

Early studies on animation grammar mainly focused on general-
purpose animation descriptions, such as KeyFrame [38] and ani-
mated transitions in statistical graphics [20]. With the continuous
development of the visualization field, researchers have begun to
explore animation syntax for specific types of data. For example,
regarding the animation of statistical graphs, researchers proposed
the Gemini grammar [24]. The Gemini syntax describes the ani-
mated transitions between statistical graphs by defining transition
steps and provides a recommendation system to help users select
the appropriate animation effects. Animated Vega-Lite [50] regards
animations as time-varying data queries and unifies them with the
static and interactive visual abstractions of Vega-Lite.

Different from the above works, GeoAnimation has designed
a declarative syntax specifically for geographic animation. This
grammar centers on time and geographical transformation, support-
ing rich geographical elements and animation effects. The grammar
design of GeoAnimation fully considers the characteristics of geo-
graphic data and the requirements of geographic animation, aiming
to provide users with a flexible and easy-to-use way to create geo-
graphic animation.

3 DESIGN SPACE

This section details the process of identifying animation design pat-
terns in geographic animation. Section 3.1 elaborates on the process
of our data collection and data analysis, and Section 3.2 elaborates
on the design space we have summarized.

3.1 Data Collection

To gain a deeper understanding of the design patterns and best prac-
tices of geographic animation, we conducted diverse investigations
and collected and analyzed geographic animations, aiming to pro-
vide guidance for the declarative grammar development of geo-
graphic animation. Our methodology encompasses the following
steps: First, we gather a high quality corpus of geographic anima-
tions from online sources; Second, we split the video into key clips;
Third, we analyze these clips to formulate an design space.

Corpus Construction. To ensure the relevance and quality of
the content, we started with a well-known YouTube channel fa-
mous for its high-quality geographical animation videos. We se-
lected videos with a minimum of 100 views. From this channel, we
analyzed 50 geographic data animations. Then, we expanded our
collection based on relevant recommendations and also included
web animations. These cases cover multiple themes such as cli-
mate change and urban development, fully integrating dynamic
map technology with animation design elements, and achieving the
visual expression of geographical animation through graphical nar-
rative means.

Video Segmentation. During the processing of video content,
we sorted out and processed the original materials, focusing on the
identification of key features of geographic visualization content
and the precise extraction of effective segments. The video is edited

into short clips of no more than 10 seconds. Each valid segment
contains at least one geographic information element to ensure the
value of geographic data representation. Repeated animations of
the same type of elements are also segmented and processed.

Statistics and Analysis. After completing the segmentation and
extraction of video clips, we further carried out statistical analy-
sis on these geographical animation clips. The statistical results
reveal that in geographical animation, attributes such as location,
size, color and transparency are the most common dimensions of
change. The changes of these visual attributes constitute the main
visual representations of geographical animation. In addition, we
have conducted a systematic classification and statistics of the an-
imation effects. Based on the geometric features of geographical
elements, the effects are divided into different categories such as
points, lines, and regions. The detailed information of these classi-
fications will be elaborated in depth in Section 3.2.

3.2 Result

Here we present a detailed description of the design space we have
summarized. The design space is composed of two core dimen-
sions: geospatial targets and visual animation effects. These two di-
mensions interact with each other and jointly determine how anima-
tion effectively conveys geographical information. The animation
effect formed by the combination of the two dimensions is shown
in Figure 2.

3.2.1 Geospatial targets

The geospatial target serves as the core of geographic anima-
tion, specifying the geographic entity or phenomenon to be de-
picted. Based on the geometric characteristics and data represen-
tation needs of geographic entities, we categorize geospatial targets
into three fundamental types: point, line, and region targets. Point
targets are represented as discrete points on a map, symbolizing
specific geographical locations or event occurrence points. They
are the smallest visual units but often carry crucial information,
such as city locations, monitoring point coordinates, or emergency
sites. Due to their simplicity, point targets can quickly draw the
audience’s attention and become focal points for information de-
livery in animations. Line targets are depicted as linear geometric
shapes on a map and typically indicate connections or paths be-
tween geographical entities. They play a role in connecting and
guiding in geographic data animations. Examples include trans-
portation routes, river flow directions, population migration paths,
or data transmission lines. The animation effects of line targets
can effectively showcase the dynamic changes and trends of geo-
graphical phenomena, such as traffic flow increases or decreases,
river water level variations, or the direction and speed of popula-
tion migration. Region targets, represented as regional geometric
shapes on a map, cover broader geographical regions than point tar-
gets. They represent geographical regions with specific attributes or
characteristics, such as administrative divisions, ecological zones,
urban boundaries, or climate regions. The animation effects of re-
gion targets can reveal data distribution within the region, changing
trends, and interrelationships among regions.

3.2.2 Visual animation effect

In geographic animations, the effect of visual elements is a key
means of expression, and the expressiveness and appeal of geo-
graphic information are enhanced by adjusting visual attributes.
From the perspective of visual perception, we have summarized the
types of point, line and region targets affected by different visual at-
tributes. These effects can be adjusted through parameters to meet
the requirements of different geospatial targets and animations.
Position-related effect. For point targets, tailing can simulate
the motion trajectory of an object, such as the direction of popula-
tion movement in a city over a period of time; Path Tracking records
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Figure 2: Our design space for the animation effects related to the basic attributes of point, line and region elements in geographic animation.

the changing paths of point targets over time and is suitable for pre-
senting the data trends of monitoring points. The Point Diffusion
effect presents the diffusion of phenomena through point diffusion,
such as the process of infectious disease transmission. Line tar-
gets have the effect of Line Growth and can be gradually drawn to
display the progress of transportation line construction or the for-
mation process of rivers. End Diffusion begins to diffuse from the
end of the line, highlighting the extension direction of the line and
the importance of the end. The Flow effect simulates the flow of
line data, such as the flow velocity of a river or the current intensity
of a power line. In terms of the region target, the Dynamic Border
effect highlights the regional scope through the dynamic changes
of the border and can be used to emphasize the boundaries of ad-
ministrative divisions or ecological regions. The Geographic Wall
effect builds a virtual wall to isolate and highlight specific regions,
which is suitable for showcasing protected regions or restricting the
boundaries of development zones.

Size-related effect. The Jumping effect of the point target makes
the size of the point change rhythmically, which can attract the audi-
ence’s attention to a specific point, such as flashing warning lights;
The Pulse effect shows data fluctuations by periodically magnify-
ing and shrinking points, such as the rise and fall of the stock mar-
ket. It can also be used for region targets. Periodically magnifying
and shrinking regions emphasize data changes, such as showing the
trend of urban population density changes.

Color-related effect. The Blink effect can be applied to point,
line and region targets, rapidly changing colors to attract the au-
dience’s attention, and is used to prompt important information or
warning signals. The Gradient effect shows the trend of data change
through smooth color transitions, such as temperature distribution
maps or pollution concentration maps; The Color Fill effect clearly
defines the regional attributes or categories of region targets, such
as distinguishing different land use types or political regions.

Transparency-related effect. Point, line and region targets can
all adopt the Fade effect. By changing the transparency, visual ele-
ments can fade in and out, making the animation more natural and
continuous when the scene transitions or data changes. For exam-
ple, when presenting geographic data at different time periods, a

smooth transition can be achieved through the fade effect to avoid
confusion among the audience due to sudden changes.

Visual animation effects are of vital importance in geographic
animation. They can not only enhance the expressiveness of geo-
graphic information but also attract the audience’s attention through
dynamic changes, making complex geographic data more intuitive
and understandable. Reasonable selection and combination of these
effects can effectively present the geospatial target, meet the vari-
ous demands of geographic data animation in terms of information
transmission, trend display, visual appeal, etc., and bring the audi-
ence a vivid and intuitive geographic data visualization experience.

To ensure the relevance and quality of the content, we started
with a well-known YouTube channel famous for its high-quality ge-
ographical animation videos. We selected videos with a minimum
of 100 views. From this channel, we analyzed 50 geographic data
animations. Then, we expanded our collection based on relevant
recommendations and also included web animations. These cases
cover multiple themes such as climate change and urban develop-
ment, fully integrating dynamic map technology with animation de-
sign elements, and achieving the visual expression of geographical
animation through graphical narrative means. Through systematic
analysis, we have summarized a design space that outlines the key
elements of geographic animation display, providing a solid foun-
dation for the subsequent development of our declarative grammar.

4 GEOANIMATION

Based on the design space we constructed and relevant literature re-
view, we have meticulously designed a declarative grammar specif-
ically for geographic animations, enabling both animators and or-
dinary users to create animations efficiently and conveniently; this
grammar incorporates key elements from our design space to pro-
vide an intuitive framework for structured animation definition,
while our developed interactive tool demonstrates its practical ca-
pabilities.

4.1 Declarative Grammar

To design a user-friendly and effective declarative grammar, we first
established the following two design goals.



G1: Utilize time series to enhance the narrative of geo-
graphic data visualization. Time is a crucial element in geograph-
ical animation. It enables the animation to dynamically display the
changes of geographical phenomena over time, thereby revealing
patterns that may not be obvious in static visualization. By em-
phasizing the time dimension, users can create more narrative ge-
ographical animations to guide the audience in understanding the
evolution process of geographical data. For example, users can set
the total duration of the animation and precisely control the appear-
ance, behavior and disappearance of each geographical element on
the timeline. This behavior coincides with the keyframe concept in
design software, which can ensure that different geographical ele-
ments are coordinated in time, thereby maintaining the coherence
of the visual narrative.

G2: Provide concise and easy-to-use grammar. Considering
that many users may not have professional geographic informa-
tion systems or programming skills, we have designed a JSON-
based declarative syntax to enable users to define geographic ani-
mations in a structured and intuitive way. This grammar is not only
easy to understand, but also enables users to focus on the content
and behavior of the animation without having to deal with com-
plex programming details. The animation definition in JSON for-
mat enables users to intuitively control the temporal and visual at-
tributes of each geographical element, thereby effectively express-
ing geospatial goals and dynamic effects.

Based on the above goals, the grammar design focuses on the
intuitive correspondence of time and space attributes, and the most
important part is shown in the Figure 3. The most crucial design
among them is the introduction of the keyframe mechanism - users
only need to mark the occurrence, change and disappearance time
points of elements in the JSON structure, which can replace com-
plex time programming. This approach significantly lowers the
threshold for time arrangement, enabling non-professional users to
define dynamic logic through a simple structure as well.

Time control is divided into two levels to achieve collaborative
management. First, unify the animation duration through the global
“duration” field to ensure the synchronous advancement of multi-
element animations; Secondly, set the “time” field within each ele-
ment to support time control accurate to the millisecond. For exam-
ple, a fixed-point element can be set to start moving at 300ms, while
a line element can start drawing after a delay of 500ms. Through
time misalignment, an ordered visual effect can be formed.

Declarative syntax adopts a hierarchical JSON structure design:
the top layer defines the overall parameters, and the bottom layer
“elements” array accommodates specific geographical elements.
Each geographical object (point/line/region) has an independent
timeline and spatial attributes. This structure not only adapts to
the characteristics of different geographical elements, but also can
achieve complex animations through the combination of simple
configurations. For example, if an animation sequence of appearing
at Oms, flashing for 500ms, and then moving for 1000ms is set for
a point element, a composite animation effect can be automatically
generated.

The design of directly associating time parameters with visual
attributes simplifies the dynamic expression. The region fill color
can be bound to time and automatically gradually change color to
represent temperature changes over time. The line width parameter
can be associated with time to achieve line growth animation. Users
do not need to write time calculation code. They can build data-
driven dynamic narratives merely through attribute configuration.

This design refers to the timeline concept of professional ani-
mation software, providing precise control while maintaining the
simplicity of grammar. Through keyframe arrangement, users can
plan the appearance rhythm of geographical elements just like edit-
ing a video timeline. When the timelines of multiple elements in-
teract in the global coordinate system, the originally abstract time

Time "duration": 0
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"zoom": 0,
MapStyle "pitch 0,
"bearing": O,
"style": ""
Element . "position”: [,
i time™: [], "size": []
- point “attributes": {} Tl [']
- line "effects": [] JSoor n
= region opacity": []

Figure 3: The design framework of the system grammar, time, map-
style, and element, are three parallel major items. The last two have
sub-elements, as shown on the right.

pattern is transformed into an intuitive visual rthythm. This design
strikes a balance between geographical narrative coherence (G1)
and grammatical ease of use (G2), enabling users without program-
ming experience to create professional-level geographical anima-
tions through visual thinking. Ultimately, through the natural map-
ping of spatio-temporal attributes, the complex geographical spatio-
temporal processes are transformed into editable and disseminable
dynamic stories.

4.2 System

The system adopts a dual-view layout. On the left is the JSON edit-
ing view, and on the right is the map display view, as shown in Fig-
ure 1. This design provides an intuitive interactive user experience,
enabling users to easily create and perfect geographic animations.

In the left view, users can directly input and modify the JSON
code that defines the animation. The system also includes a veri-
fication function, which can check errors in the JSON code in real
time and promptly feed back to the user. This helps users quickly
identify and correct any problems, ensuring the smooth creation of
the animation. To facilitate users’ creation of json, the system also
supports the insertion of colors, location coordinates, and images.
For instance, location coordinates can be interacted with by click-
ing, and can be linked with the map view on the right to obtain
geographical longitude and latitude.

The view on the right is a dynamic map display, which shows
geographical animations. It allows users to interact with the map,
such as panning, zooming and rotating, to explore different angles
of the animation. The map view also supports multiple visualization
layers, enabling users to cover different geographical elements and
enhance the richness of the animation.

The synchronization between the two views is a key feature of
this system. When the user changes the JSON code in the left view,
the system will immediately process the update and reflect it in the
map display on the right. This real-time synchronization enables
users to immediately see the effects of their modifications and pro-
vides immediate visual feedback. This interaction process can help
users better understand the relationship between JSON code and
the generated animations, thereby making it easier to achieve the
expected visual effects.

To enhance usability, the system also includes a set of default
templates and examples that users can load and modify. These tem-



plates cover common geographic animation scenes, such as point
movement, line drawing and region highlighting. Users can start
with these templates and customize them according to their specific
needs, thereby reducing the learning curve and creating complex
animations more quickly.

Overall, the dual-view design of the GeoAnimation system,
combined with its intuitive JSON editing function and real-time
synchronization of visualization tools, creates a comprehensive en-
vironment for users to design and improve geographic animations.
By abstracting potential complexities and providing a user-friendly
interface, this system enables ordinary users to create engaging and
information-rich geographic animations without the need for exper-
tise in geographic information systems or advanced programming
skills.

5 [EVALUATION

Within this section, to showcase how GeoAnimation can realize ge-
ographic animation via our grammar, we’ve developed two sample
cases. Through sample cases, we confirmed GeoAnimation’s ca-
pability in achieving visual effects. Additionally, we conducted an
expert interview to assess the usefulness of GeoAnimation.

5.1 Use Cases

To verify the universality of the geographical animation design
space, we select two types of typical geographical data visualiza-
tion scenarios as practical cases. The first case focuses on the
multi-scale data presentation in a 2D environment, combining the
dynamic interaction between points and facial targets. The second
case explores the interrelated expression of complex geographical
elements in the 3D space and strengthens the data narrative logic
through innovative animation effects.

5.1.1 Case |: Geographical visualization of the China-India
air route

In this case, the user attempts to create a video using GeoAnima-
tion to showcase the geographical relationship between China and
India, as well as their transportation challenges. This case repro-
duces partial clips of a video! from YouTube.

At the beginning of the video, the user gradually carry out the
creation of exclusive videos in accordance with the templates pro-
vided by the system. In the initial stage, to ingeniously introduce
the theme, the user created two new points, marking the locations
of China and India on the map respectively, and precisely deter-
mined their geographical coordinates with the help of the system to
ensure that these two points accurately correspond to the locations
of the countries. Subsequently, the user creates a new line, firmly
connecting the two points of China and India, forming an intuitive
geographical connection and initially establishing the basic frame-
work of the two countries on the map. Immediately after that, to
create suspense and a transitional effect, the user reduced the opac-
ity of the aforementioned point and line, making the picture appear
blurred, thereby introducing the latest issue focus - Mount Everest
at the border between China and India.

To vividly present this geographical challenge in the video, the
user carefully inserted a dot picture and precisely placed it at the po-
sition corresponding to Mount Everest on the map. By adjusting the
size parameter of the picture, it can be gradually enlarged to attract
the audience’s attention. Meanwhile, gradually showing numbers
are placed beside the picture to quantify the height of the mountain
peak, vividly expressing the grandeur of Mount Everest and the
great difficulty of crossing it. The dynamic border effect endows
this region with agility and a sense of focus, as if constantly remind-
ing the audience of the importance and controversy of this region.
The color filling clearly demarcates China’s territorial sovereignty
over this part, strengthening the sense of boundaries.

! Available at https://www.youtube.com/watch?v=KuWAdY15icY

After completing the presentation of geographical barriers, the
user shifted their focus to the in-depth presentation of flight route is-
sues. First, mark out the three key regions of New Delhi in India, as
well as Shanghai and Hong Kong in China respectively. Build three
new lines to connect them with each other and construct potential
flight routes. To enhance the visual expressiveness and dynamic
sense, the user added growth effects to these lines, as if the ship-
ping routes were gradually spreading and extending on the map.

Finally, the user focused on the relatively reasonable transfer
route from New Delhi to Hong Kong and then to Shanghai, care-
fully adding the image effect of the aircraft to make this route ap-
pear more intuitive and feasible in the video.

Through the four-step progressive visualization presentation of
GeoAnimation, the progressive steps are shown in the figure 4. The
user has created a geographical animation behind the China-India
flight route, highlighting the helpless situation where direct flights
between China and India are blocked, and fully demonstrating the
complex situation of flight problems between China and India.

5.1.2 Case ll: The dynamic interconnection of transporta-
tion networks among cities in China

In this case, the user uses GeoAnimation to illustrate China’s busy
transportation network, with a focus on the connectivity of three
major cities: Beijing, Shanghai and Guangzhou. This video is a
dynamic display of domestic tourism and logistics.

At the beginning, the user produced video introductions using
the system’s templates. They located three points representing Bei-
jing, Shanghai and Guangzhou on the map. By leveraging the coor-
dinate assistance of the system, these points are precisely placed to
ensure geographical accuracy. To immediately attract the audience,
these points have been added with a blink effect, symbolizing their
importance as major transportation hubs.

Subsequently, the user established the connections between each
pair of cities by drawing lines between them: Beijing - Shanghai,
Beijing - Guangzhou and Shanghai - Guangzhou. Incorporate the
route growth effect to simulate the gradual development and expan-
sion of transportation routes. The flow effect further enhances the
visual representation of continuous movement along these routes.

To enhance dynamics and realism, the user had introduced mo-
bile elements such as freight and passenger trains. These elements
cross the route with tails, visually representing the continuous flow
of goods and people between cities, as shown in Figure5 (A).

The story develops as the surrounding regions of each city are
introduced. The effects of dynamic border and color fill are applied
to these regions, emphasizing their influence and the vitality of their
traffic networks.

With the development of videos, the user had expanded their
transportation networks beyond the original three cities. The new
railway line starts from Beijing, Shanghai and Guangzhou and ex-
tends to other regions such as Heilongjiang, Xinjiang and Yunnan.
These routes are accompanied by the end diffusion effect, as shown
in Figure5 (C), symbolizing the expansion scope and influence of
China’s transportation infrastructure.

Throughout the video, the user adopted a multi-stage visualiza-
tion strategy. Starting from a single city, expanding to intercity con-
nections, and finally presenting the national network, the animation
effectively conveys the complexity and efficiency of the domestic
transportation system in China. The use of different colors, widths
and dynamic effects not only enhances the visual appeal, but also
distinguishes different routes and regions, providing a comprehen-
sive overview of China’s traffic landscape.

5.2 Expert Interview

To comprehensively evaluate the effectiveness and usefulness of
the GeoAnimation tool, we conducted expert interviews. Below,
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we first introduce the participants and procedures of the interviews,
then summarize the expert feedback.

5.2.1 Participants and Procedure

We invited two experts in the field of data visualization to partici-
pate in interviews. Both experts possess profound knowledge and
understanding of geographic data and geographic visualization, as
well as hands-on experience in geographic animation production.

During the interview process, we first provided the experts with
a brief introduction to the research background and methodology.
We then demonstrated two use cases before inviting them to per-
sonally use the GeoAnimation tool to complete a series of specified
geographic animation tasks. These tasks included creating anima-
tions for point, line, and polygon features, as well as implementing
dynamic displays of time-series data. Finally, we conducted semi-
structured interviews to engage in in-depth discussions on aspects
such as the tool’s usability experience, functional evaluation, and
improvement suggestions.

5.2.2 Feedback

We have collected the feedback and evaluations from the experts
and summarized them as follows.

Ease of learning and use. The experts unanimously praised
the learnability and ease of use of GeoAnimation. They stated that
they could master the basic operations of GeoAnimation in a short
period and successfully create expressive geographic animations.
Furthermore, GeoAnimation’s declarative grammar and intuitive
user interface significantly reduced the threshold for creating ge-
ographic animations, making it a tool suitable for both beginners
and professionals. Specifically, experts point out that the JSON ed-
itor and real-time preview function of GeoAnimation make the an-
imation production process simple and straightforward. Even non-
professional users can quickly get started through the templates and
verification functions provided by the system.

Effectiveness. Experts provided positive and constructive eval-
uations of GeoAnimation’s effectiveness. First, they spoke highly

of the implementation effects of the two cases. For instance, the
first case demonstrated a high degree of reproducibility. The ex-
perts noted that the video production outcomes were quite impres-
sive, illustrating that GeoAnimation can generate geographic videos
with a certain level of complexity and sophistication, which are
sufficient to meet most common video production needs in daily
life. Additionally, the experts highlighted that the system supports
a rich array of geographic elements and animation effects, capa-
ble of satisfying the production requirements for geographic ani-
mations across different scenarios. Notably, the time-channel and
geographic transformation functions offer abundant possibilities for
dynamic expression in animations. The experts believe that these
advantages are closely tied to the comprehensiveness of our design
space and the rationality of the grammar structure, which together
provide an important and solid foundation for the effectiveness of
our system in producing geographic animations.

Suggestions. Experts have also provided suggestions for im-
provement. First, experts note that our designed grammar has
scalability and could expand its support to include advanced vi-
sualization forms such as heat maps, flow maps, and 3D maps.
This expansion would enhance the system’s versatility and util-
ity. Besides, when handling large-scale data, the system’s render-
ing performance could be further improved for smoother opera-
tion. In addition, some experts suggested integrating Al technol-
ogy into GeoAnimation to automatically generate and recommend
geographical stories, thereby improving creation efficiency and of-
fering users innovative experiences.

6 DISCUSSION
This section discusses the implications, lessons learned, limitations,
and future work of our study.

6.1 Implications

Our work carries the following implications. First, GeoAnimation
lowers the barrier to geographic animation creation. Traditional
approaches either have a steep learning curve or involve cumber-
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some and complex production workflows. The design space we
have summarized and the declarative grammar we have designed
are specifically tailored for geographic animations, thereby stream-
lining the animation creation process. This enables even non-expert
users to quickly master the tool and generate satisfying geographic
animations. This has the potential to democratize geographic ani-
mation creation, allowing a broader range of people to participate
in geographic data visualization and storytelling. Second, the de-
sign space we proposed offers a systematic framework and essential
guidance for creating geographic animations. This design space de-
composes and analyzes common geographic animation effects from
existing animations, providing structured perspectives and method-
ologies for geographic animation production. It also aids animation
creators in developing a deeper understanding of various visual ef-
fects and narrative strategies—moving beyond superficial anima-
tion design to a more intentional, analytical approach.

6.2 Lessons Learned

In this study, we derived several key lessons. First, during the con-
struction of the design space, the lengthy nature of some videos
and the subtlety of certain effects made it easy for us to over-
look or confuse similar effects. Through practical experience, we
found that slowing down playback or viewing key video segments
frame-by-frame helped us avoid such omissions or mix-ups. Sec-
ond, our initial grammar design adopted a configuration-style ap-
proach, where data and effects were scattered across different el-
ements—this meant that adding or modifying requirements neces-
sitated separate adjustments to each component. In contrast, the
current grammar aligns better with users’ narrative logic, offering
greater flexibility and convenience. These experiences underscore
that grammar design is rarely a one-time endeavor; it requires itera-
tive refinement and reflection from the user’s perspective to achieve
excellence. Third, through this entire study, we realized that sys-
tem design is not necessarily better when it is more complex or
feature-rich. Our interactive tool has a simple interface and rela-
tively straightforward functions, yet it effectively assists animators
in creating animations with ease. This experience reinforces our be-
lief in the principle of “simplicity is ultimate sophistication”—that
even modest, user-centric designs can deliver meaningful value
when they align with practical needs. We have come to appreci-
ate the beauty of simplicity and the importance of focusing on core
functionalities that truly matter to users.

6.3 Limitations and Future Work

Our work also has several limitations. First, GeoAnimation may
struggle with more complex geographic data types, such as 3D ge-
ographic data, spatio-temporal network data, and hierarchical geo-
graphic data. Future work could further expand GeoAnimation’s
declarative grammar to support more geographic data types and
visualization forms. Second, while GeoAnimation provides users
with flexible tools for creating geographic animations, it lacks in-
telligent features like automatic geographic story generation and
recommendation. Users still need to manually design and adjust
animation content and timelines. In the future, we could lever-
age large language models to enable automatic generation of geo-
graphic stories based on data characteristics and user needs, further
enhancing animation production efficiency. Third, when processing
large-scale geographic data, GeoAnimation may face performance
challenges such as slow rendering speeds and interaction delays, af-
fecting animation smoothness and real-time responsiveness. Going
forward, we can optimize GeoAnimation’s rendering performance
through techniques like data compression, level-of-detail (LOD)
rendering, and parallel computing. Beyond these, in the future, we
could also implement the grammar as a cross-platform JavaScript
library to support web, mobile, and desktop applications.

7 CONCLUSION

In this work, we present GeoAnimation, a declarative grammar and
interactive tool aimed at simplifying geographic animation creation.
We analyze 50 geographic data animations to establish a design
space and develop a specialized grammar. GeoAnimation enables
users to define animations via a JSON format, offering flexibil-
ity and ease of use. Our tool supports real-time preview and ad-
justment, empowering non-professionals to create geographic ani-
mations efficiently. Through use cases and expert interviews, we
demonstrate its effectiveness in producing expressive geographic
animations. This work enhances geographic data visualization and
storytelling, lowers creation barriers, and paves the way for future
advancements in geographic animation creation.
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