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Abstract
Accessible data visualizations are crucial to reaching a wide audience and supporting the decision making pro-
cesses. With increasing support of WebGL and the new HTML5 standard, the Internet becomes an interesting
platform for visualization and data analysis. In contrast to standalone applications, WebGL-based visualizations
are easily accessible, cross-platform compatible, and do not require additional software installation. In this work,
we propose a WebGL-based visualization that combines various web technologies to interactively explore, ana-
lyze, and communicate environmental geodata. As an application case study, we chose an energy consumption
dataset for Maricopa County, Arizona, USA. Our study highlights the power of web visualizations and how they
can support decision making in collaborative environments.

Categories and Subject Descriptors (according to ACM CCS): H.2.8 [Information Systems]: Database
Applications—Spatial databases and GIS H.3.5 [Information Systems]: Online Information Services—Web-based
services I.6.6 [Computing Methodologies]: Simulation and Modeling—Simulation Output Analysis

1. Introduction

Visualization tools for data exploration and information ex-
traction greatly enhance the understanding of complex is-
sues and support decision making. To disseminate findings
to a wider audience, easy access to visualizations is crucial
and often cannot be achieved through standalone applica-
tions due to the lack of cross-platform compatibility, com-
plications with distribution, and requirements of installing
additional software. In recent years, researchers have rec-
ognized these problems and supported a trend towards web
based visualizations [SB10] [CLKD09] [WIM∗14].
Web applications using the Web Graphics Library (WebGL)
have many advantages compared to standalone applications.
These applications are easily accessible, as they are Internet
based. The resulting visualizations can be retrieved instan-
taneously without installing additional software, greatly ac-
celerating group development and communication. Further-
more, WebGL-based applications are cross-platform com-
patible, i.e., the resulting applications are able to run on
desktops, notebooks, mobile phones, and tablets. More-
over, the projects asm.js and Emscripten enable develop-
ers to compile their C/C++ code directly to JavaScript to
a limited extent. WebGL was standardized by the Khronos

Group [Khr10] and in recent years has gained increasing
web browser support. Although OpenGL is more powerful
than WebGL with regard to its performance and shader sup-
port, it is likely that WebGL will be improved with missing
geometry and tessellation shaders becoming available in fu-
ture releases. In addition, a wide variety of existing frame-
works and communities will enhance web visualization de-
velopment even further over time.
Application areas such as urban planning, advertisement,
and other fields of public interest can benefit from the use of
WebGL. Current examples of application include museums
presenting photorealistic replicas on the web [SRWK11] and
the automotive industry offering interactive car configura-
tions online [MO12]. Researchers can also easily share re-
sults with their peers, collaborators, and stakeholders using
this technology.
In this application case study, we developed a WebGL-based
geovisualization to interactively and dynamically display en-
vironmental data. Georeferenced discrete data are rendered
on top of a map using 3D color-coded bars, bezier curves,
and particles (Figure 1). As a sample dataset, we used en-
ergy data from an ongoing research project that investigates
the relationship between urban form and energy use.
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Figure 1: Screenshot of the WebGL geovisualization case study. The application consists of two main windows: the 3D render-
ing (left) and the table visualization (right).

2. Related Work

The benefits of WebGL-applications have already been rec-
ognized by many research groups who utilize WebGL for
their visualization tasks. Schwartz et al. [SRWK11] used
WebGL to make photorealistic visualizations of museum ex-
hibits available to a wider audience. Another example is the
work of Resch et al. [RWW14] who visualized 4D marine
geodata with WebGL. The potential of WebGL for data vi-
sualization is also showcased on the “Chrome-Experiments”
[Goo14c] website where Google researchers publish, share,
and collect remarkable WebGL-applications. Notable exam-
ples are the WebGL Globe [Tea14], which displays global
geodata, the Zygote Body demo [Zyg10], an interactive hu-
man anatomy visualization, and the ocean wave simulation
developed by David Li [Li13].
Given the above, we decided to use the Internet as our target
platform and explored 3D geovisualization frameworks. At
first we reviewed already existing work based on features
of Google Maps [Goo14b], Google Earth [Goo14a], and
Cesium [Ana14]. Shrestha et al. [SB10] show that Google
Maps can easily be used to visualize geodata and has ad-
vantages over commercial Geographic Information Systems
(GIS). However, Google Maps currently only supports 3D
visualizations via the Flash and Android API. Flash is an
outdated technology, and the Android API is limited to mo-
bile target platforms. Isenburg and Shewchuk [IS09] used
Google Earth to visualize big LIDAR data sets in 3D, and
Chen et al. [CLKD09] propose and illustrate general solu-

tions to visualizing Earth science data via Google Earth. The
same authors also utilized Google Earth to display NASA
campaign mission vertical profiles datasets [CLK09]. For
our study, Google Earth was excluded, since it requires an
additional plug-in. Cesium [Ana14], a JavaScript library for
creating 3D globes and 2D maps that uses WebGL, is a
powerful geovisualization platform due to its geocoding and
multi-level tile mapping capabilities. Cesium also supports
custom geometries, time, and animation. However, Cesium
is not flexible enough for our purposes, although it is a pow-
erful framework for global geodata applications. Our visual-
ization would not benefit from the main feature of Cesium,
the multi-level tile mapping capability, since our geodata
are of limited spatial extent, e.g., city-blocks, counties, or
states. Moreover, in order to be in more control of the ren-
dering and create a specific visual style with Cesium, numer-
ous modifications would be necessary. For example, to show
an area of interest with Cesium, the camera position has to
be checked in every rendering loop and adjustments have to
be performed accordingly. Therefore, we decided to develop
our own visualization framework in WebGL.

3. Case Study: EnergyVis

To introduce our visualization framework and demonstrate
its application, we chose an energy data set from an ongoing
urban planning research project. The energy budget of a city,
and therefore, the amount of greenhouse gas emissions, is
significantly influenced by a city’s land use and urban form,
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i.e., the arrangement and type of built structures. Our visu-
alization facilitates the analysis of the relationship between
urban form and energy intensity of a city.

3.1. Energy Data

The geographic extent of our data set is Maricopa County in
the state of Arizona, USA. Energy data are associated with
travel analysis zones (TAZ), which are small geographic ar-
eas roughly corresponding to U.S. Census tract polygons.
The energy budget for each TAZ is provided in Joules or
CO2 equivalent in metric tons and can be split into an op-
erational and embedded component. The operational energy
refers to energy that is consumed during the in-use phase of
the urban environment, e.g., energy used for travel or air-
conditioning. Embedded energy refers to the amount of en-
ergy that is consumed throughout the whole life-cycle of an
urban structure. It includes energy for construction, mainte-
nance, and end-of-life disposal. The data set can further be
divided into energy related to built structures and energy re-
lated to transportation. The built environment includes single
family homes, multi-family homes, commercial structures,
and road infrastructure. Transportation energy refers to en-
ergy consumed for home-based auto trips for shopping or
work. Both the life cycle energy embedded in the built en-
vironment and the operational energy use are annualized to
provide a basis for comparison.

3.2. Web Interface

Application

3D Visualization Table Visualization

THREE.JS DataTables

WebGL

 (2D Graphs)
D3

(Animation) (Tile Provider
& Geocoding)

TweenJS MapQuest

Database Server

(Table Engine)(3D Framework)

Figure 2: Overview of the software architecture

The visualization framework proposed in this work com-
bines various web technologies, such as D3 [BOH11],
DataTables [Jar14], and THREE.JS [Cab14] to interactively
display geodata on a map using a web browser. An overview
of the implemented technologies is given in Figure 2. The
user interface consists of two windows, i.e., the 3D ren-
dering and the table visualization (Figure 1). Inside the
3D rendering, all WebGL functionality is encapsulated in
the THREE.JS library. THREE.JS is a powerful framework
that enables developers to create and visualize complex 3D

scenes without limitation to a specific context. The geome-
tries, materials, rendering, and element selections inside the
3D scene are implemented using THREE.JS classes.
In our case study, the geovisualization consists of map tiles
for spatial context, bars that represent operational and em-
bedded energy of built structures, and a particle system to
visualize travel energy data. The height and color of the
bars represent user-selected cumulative energy data for each
TAZ. Travel data from each TAZ to any other TAZ are
visualized using bezier curves and particles traversing the
curves. Here, the curve height and number of particles en-
code the amount of energy consumed for transportation.
The map tiles are data from OpenStreetMap [Coa14], and
after retrieving the tiles from a MapQuest server [DC14],
the images are processed by a costume THREE.JS shader,
which converts them into grayscale images. MapQuest is
also used for geocoding, enabling users of our energy visu-
alization to search for data at specific latitude/longitude co-
ordinates or addresses. For animation, we used the TweenJS
library [Mam14], which facilitates transitions between nu-
merical values of elements inside the THREE.JS scene. We
used TweenJS explicitly to animate the bar-height transition,
camera movement, and color blending.
If the user selects elements inside the 3D scene, detailed in-
formation about those elements is displayed in the table visu-
alization. The table lists various energy categories (columns)
and energy values associated with selected TAZs (rows).
Each table row features a donut chart that illustrates the com-
position of cumulative energy values for the corresponding
TAZ. The donut charts are created using D3, a library pro-
viding data visualizations via HTML, SVG, and CSS. The
complete table functionality, such as sorting and row expan-
sion, is controlled by the DataTables library. This library en-
hances and augments interactive controls of the HTML table
element.

3.3. Energy Visualization in the Decision Theater

The Decision Theater at Arizona State University is a 740 m2

visualization facility that was designed for collaborative
and interactive decision-making support. A 260 degrees 7-
screen panoramic setup, called “the drum”, serves as the
data display to visualize solutions to complex sustainabil-
ity problems. The Decision Theater actively engages re-
searchers, government agencies, community planners, and
policy-makers. To bring our visualization into the Decision
Theater (Figure 3), we adapted the GUI layout to the reso-
lution of the drum projectors by editing the style sheets of
our website. We also optimized the visualization to match
the resolution of dual-monitor systems and tablets. Our vi-
sualization framework enables stakeholders at the Decision
Theater to analyze and discuss the energy intensity of var-
ious urban areas in Maricopa County in a collaborative
setting. While interacting with the geovisualization on the
panoramic screens, participants can also access the visual-
ization on their own tablets and laptops. By extending our
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Figure 3: Demo of our energy visualization in the Decision
Theater at Arizona State University

application to process input from these devices, it is possi-
ble to visualize user input on the main screen, thus enabling
multi-user interaction.

4. Conclusion and Future Work

Our visualization framework demonstrates how the combi-
nation of various web-technologies results in powerful vi-
sualizations that can be used to disseminate information to
a wide audience. We also highlighted the benefits of cross-
platform compatibility and portability of those applications.
Through an application case study using energy data from
urban planning research, we showed the potential of WebGL
for the creation of interactive geovisualizations that can in-
form decision making processes.
Future work includes conducting a user study in the Deci-
sion Theater to assess the usability of our application and
evaluate our visualization. We will also explore how multi-
user interaction can be integrated into our approach. Due to
the successful outcomes of this work, WebGL will be our
primary target platform for further projects. We anticipate
that WebGL will become more powerful and WebGL-based
websites will be the future of scientific visualization.
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