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In recent years, the amount of environmental data that is

measured, collected and analysed has risen in staggering

amounts. The reason for this is largely the desire and need

of both science and politics to better understand the rea-

sons, effects and possible consequences of climate change.

This includes topics as diverse as the behaviour of

groundwater regimes in arid regions, the migration of

animal species, or the wide range of ecosystem services. In

addition, this trend is reinforced by observation methods

getting more and more refined: satellites can measure data

in the sub-metre range, eddy covariance systems analyse

high-frequency atmospheric data such as wind, heat or gas

fluxes and weather surveillance radar creates high-resolu-

tion data of precipitation parameters every few minutes, to

name just a few examples.

Vital insight is gained from correlating such data or

simulating certain processes based on the collected infor-

mation. Examples range from devising water management

schemes for arid and humid regions, feasible plans for the

transition from fossil to renewable energy sources, finding

adequate storage sites for nuclear waste, or the effects of

chemicals discharged into the atmosphere by industry or

into the water in the form of agricultural fertilisers.

Developing effective visualisation techniques is the key

to improving the understanding of complex data sets and

communicate findings to the public in general and

stakeholders in particular. This process requires collabo-

ration of researchers from environmental sciences (geol-

ogy, meteorology, hydrology, etc.) and computer

scientists with experience in handling and visualising

large amounts of heterogenous data. While this has pre-

viously worked well in other domains, e.g. for the visu-

alisation of complex medical data (Preim and Botha 2013;

Deserno 2011), in environmental sciences visualisation is

often viewed as an addendum. Once the field work and

simulations are done, results are visualised to show the

results to other interested parties. The possibilities for

visualisation in assisting scientists in their research for

verification, integration and analysis of the data are often

neglected outside of the established domains of time-

series analysis or cartographic data in geographic infor-

mation systems. In addition, visualisation is an excellent

means of communication between researchers from dif-

ferent disciplines and facilitating support for basic

workflows such as model creation.

This thematic issue includes expanded and new articles

based on presentations of the workshop ‘‘Visualisation in

Environmental Sciences’’, which took place as a co-located

event of EuroVis 2013, the EuroGraphics conference on

visualisation. Contributions included applications from the

domains of biodiversity (Slingsby and van Loon 2013),

migration ecology (Kölzsch et al. 2013), ecosystem resto-

ration (Eligehausen et al. 2013), flood analysis (Schlegel

et al. 2013), 3D geological modelling (Lidal et al. 2013)

and urban climate simulation (Röber et al. 2013). The

intent is to give readers a notion about the multitude of

possibilities for visualisation in the scope of environmental

sciences.
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George et al. (2014) propose a framework for the ana-

lysis of sea level rise due to climate change. An interactive

2D visualisation of the multiple aspects of the data allows

the exploration of simulated scenarios and setting of tran-

sects to assess information about hydrodynamic flux. The

focus of their study was a fast and intuitive visualisation of

the data to support the analysis of hydro- and morphody-

namics of estuaries in the scope of flood management

research. The usability of the framework was tested in

close collaboration with oceanography experts to ensure its

usability in future studies.

The article by Helbig et al. (2014) is also concerned with

climate change. The authors propose a number of 3D

visualisation techniques to understand and validate the

results of complex climate simulations. By assigning cer-

tain types of representations to various phenomena, the

information from a dense multi-parameter data set becomes

intuitively understandable. With parameter variation and

interaction, regions of interest can be assessed and evalu-

ated. To determine the quality of simulation results,

observed and simulated data can be compared and differ-

ences highlighted. Using the framework in a virtual reality

environment provides a basis for interdisciplinary

discussions.

Häb et al. (2014) present framework for the feature

extraction from multi-temporal thermograph imagery of

certain construction elements or surfaces. In combination

with other data, this information supports data analysis in

the scope of urban micro-climate research. The proposed

software first employs a skilful combination of established

image processing techniques to detect and register features

from image sequences. Identified candidates are then

extracted using explicit active contours. Using interpola-

tion schemes, animations of features over time can be

visualised. Also, the temporal behaviour of such features

can be analysed using directed graphs in which nodes

encode properties of the detected features. Extraction is

then successfully demonstrated based on low-resolution

image sequences acquired using a hand-held scanner.

Naumov et al. (2014) approach the problem of visual-

isation of complex geometries in fluid dynamic simula-

tions. Based on pore space examples, they propose a

technique for data exploration, especially in virtual reality

environments, that allows the assessment of simulation

data while still retaining a concept of the underlying

geometry. A detailed analysis on the use of specific shaders

and rendering algorithms presents an in-depth view on the

use of custom-made computer graphics techniques in

hydrodynamic process simulation.

Using visualisation in an entirely different context,

Pham et al. (2014) employ information visualisation tech-

niques for diversity analysis. The authors focus on the

development of a framework using common characteristics

and goals for multivariate object analysis. Adequate rep-

resentation techniques for assessing certain types of data

are suggested and the importance of visualisation as a

communication tool between researchers from different

disciplines is emphasised.

The second half of the contributions in this thematic

issue discusses ways in which visualisation can support 3D

geological modelling to solve different kinds of challenges.

Walther et al. (2014) discuss the remediation potential

of a salinised coastal aquifer in the Middle East. Starting

with a comparison of numerical models with laboratory

experiments, potential problems are identified and con-

clusions are applied to a regional scale model. Visualisa-

tion techniques are also able to reveal potential ways for

improving a model based on scarce data. Based on dif-

ferent parameterisations, the complex flow processes

within the model region are then explored in an interactive

3D scene using a number of filters to highlight interesting

aspects within the data.

Ling and Chen (2014) employ the Environmental

Visualisation System for data interpretation and exploration

of hydrogeological processes. Large amounts of environ-

mental information within test sites are synthesised and

analysed, focussing on contaminant distribution and

remediation. Similar to the previous paper, visualisation is

not only used for understanding and interpretation of the

data but also to facilitate remedial and/or monitoring

designs.

Liu et al. (2014) make use of 3D visualisation for an in-

depth analysis of a large test field in the Three Gorges

Reservoir Region in China that is prone to substantial

landslides. Their model is to further the knowledge of

landslide research in general based on this particular

example. The data for this model are derived from an

extensive database including not only GIS data but also

statistical and physical parameters that can be incorporated

into the 3D visualisation along with artificial tunnels for an

inside view of the model.

Rink et al. (2014) propose an open-source framework

for data exploration, integration and model setup to simu-

late hydrological phenomena. A number of common

problem classes are discussed regarding the handling of

missing or conflicting information. In addition, general

techniques are suggested to present complex data collec-

tions from case studies to an outside audience.

Schimpf and Gossel (2014) propose a modular open-

source framework to explore geological data. By support-

ing a large number of national and international standards

for geological information as well as many established file

formats, existing information is easily integrated and can

be examined in 2D or 3D in combination with relevant

parameters. In addition, it is possible to create virtual

boreholes and cross sections from existing 3D models.
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Finally, a technical paper by Bilke et al. (2014) illus-

trates the workflow and logistics for presenting data from a

wide range of environmental case studies in an immersive

virtual reality environment. It touches on the technical

requirements, advances in recent years (such as the rise of

head-mounted displays) and highlights the need for inter-

disciplinary cooperation for the creation of environmental

studies.

The articles presented here highlight a number of ben-

efits of visualisation for the exploration and analysis of

complex environmental data and models. They also

underscore how much interdisciplinary collaboration

improves the understanding of the data itself as well as the

processes and techniques necessary for an adequate pre-

sentation. We hope that this small selection of examples

provides an incentive to other researchers to make use of

visualisation techniques in their field of work for better

insight into their data and processes as well as a tool for

communication with others.
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