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Summary   Virtual globes are 3D representations of 
the Earth. In contrast to conventional globes or maps, 
virtual globes have the advantage of being able to 
represent several views on the Earth at once. One of 
which can be the distribution of weed species. In this 
study we demonstrate a concept for global weed map-
ping using the  Keyhole Markup Language (KML) and 
the online virtual globe GoogleEarth™.
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INTRODUCTION
The 3D representation of the Earth with virtual globes 
offers a wide range of applications for science. Recent 
examples include healthcare (Boulos 2005), meteorol-
ogy (Smith and Lakshmanan 2006) and geology (Lisle 
2006) among others (Biever 2005). In this study we 
will present a concept for one potential application of 
virtual globes in weed science. The main idea was to 
offer a global platform for weed expert groups and 
interested users to visualise the habitats of species 
and their spread (e.g. invasive plant species) all over 
the world. Using a standard web browser, the freely 
available virtual globe GoogleEarth™ and the open 
exchange format KML, it is possible to participate in 
this system. The initial provision of datasets describing 
the appearance of weed species that are required for 
this concept and the maintenance of this data has to be 
limited to a specified group of weed/plant protection 
experts in each part of the world.

MATERIALS AND METHODS
In order to realise the concept demonstrated in this 
study we applied a standard web browser, JAVA-servlet 
technology, GoogleEarth and KML. 

Data input using a standard web browser   The data 
input in our concept is realised by a limited expert 
group of reliable weed scientists or plant protection 
experts/authorities. Access to a website will be given 
to this particular user group. Applying a standard 
web browser the information shown in Table 1 will be 
mandatory for each communication of a (new) place 
of finding of a weed species.

Once the data is completed in the web browser the 
data will be submitted. Using a custom JAVA-servlet 

(see http://java.sun.com/products/servlet/) this infor-
mation will be transferred into an Oracle™ database. 
Subsequently, another tool implemented in JAVA will 
transform the data into well-formed KML.

Keyhole Markup Language (KML)   KML is an 
XML-based language for managing (3D) data from 
 geographical information systems (GIS) in GoogleE-
arth software.

The KML dataset is able to specify different 
features such as for instance places of weed findings 
for GoogleEarth. It contains the key description of 
this place as entered in the web browser interface 
(see Figure 1).
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Table 1.   Mandatory information for communicating 
a weed discovery.

Name Format

Coordinates (lat/lon) Decimal degrees (WGS84) 
according to the KML format

Species found In EPPOA code or equivalent

Time stamp Day, time

Photo of the plant in 
the (new) habitat

Web browser conforming file 
format e.g. .jpg (to be announced)

Responsible 
person for the 
communication

Name, email address

Additional comments Free text
A The EPPO (European and Mediterranean Plant Protection 
Organization) Code System is an updated version of the 
former Bayer Code System.

Figure 1.   Structure of a basic KML file containing 
the specifications of a point feature.

<?xml version="1.0" encoding="UTF-8"?>
 <kml xmlns="http://earth.google.com/kml/2.0">
 <Placemark>
   <description>Galium aparine L.</description>
   <name>Galium</name>
   <Point>

<coordinates>138.594637,
-34.920867,0</coordinates>

   </Point>
 </Placemark> 
</kml>
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GoogleEarth   The virtual globe GoogleEarth was 
used in this study. The basic version is freely available 
on the Internet (http://earth.google.com/). The free 
basic version comes with a dense coverage of remotely 
sensed images of the Earth and a digital elevation 
model collected by NASA. Unfortunately, Google 
does not publish details regarding the spatial resolu-
tion of this particular model. However it is possible to 
integrate user-defined data using KML.

Using the above mentioned KML, any kind of 
spatial structure can be represented. In this study, lo-
cations of weeds are represented using point features 
and polygons (see Figures 2 and 3). The necessary 

KML-files for different weed species or groups of 
species will be provided in the future on a website. 
Hence, interested users can visualise the distribution 
of a certain weed species at a selected time segment 
in different ways, either as point or polygon features.

RESULTS
From the above components of the concept it will be 
possible to gather very detailed information about 
the spread of weed species and their habitats. Figure 
2 shows a possible representation of weed locations. 
Each point feature represents a single weed location, 
providing the user with various pieces of information. 

Figure 2.   Potential representation of point features in GoogleEarth using KML. Each circle represents a spe-
cific number of weeds from one species. 

Figure 3.   Potential representation of polygon features in GoogleEarth using KML. Each polygon represents a 
specific country with, for example, the mean (or absolute) number of weeds from one certain species.
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The details of the information will be displayed after 
clicking the specified symbol (e.g. a circle, see Figure 
4). A large scale copy of the photo submitted will be 
stored on the web server for downloading.

Besides this representation as point features, a 
global map of a selected time segment can be dis-
played as well (Figure 3). The colour scale used in this 
example represents the density of weeds found inside 
the specified polygon. This particular representation 
will be extended in future by a 3D visualisation that 
depicts weed densities through height. 

DISCUSSION
In this study we demonstrated a new concept for world 
wide weed mapping. From our point of view this will 
be an essential part of a global monitoring system for 
invasive species. The structure of this system and its 
main components are free of charge, hence global use 
should be practicable. This precondition is ideal for the 
implementation of this concept as part of a world-wide 
early warning system for invasive plants and as an 
analysis tool for farmers to plan the purchase of agro-
chemicals and producers for strategic marketing.

GoogleEarth was used as 3D virtual globe instead 
of other packages (e.g. NASAs WorldWind) because 
a simple representation of the required features in an 
easy to use markup language (KML) is not yet avail-
able in any other freely available virtual globes. KML 
is the main reason why GoogleEarth is not limited 
in coverage. It is possible to integrate user-defined 
datasets of any spatial resolution and precision. The 
approach presented in this study focuses on point fea-
tures (vector datasets), which are independent of the 
spatial resolution of an aerial image and the drawbacks 
of interpolated maps (Backes and Plümer 2004). The 
system as demonstrated in this study is in the initial 
stage of development and not yet fully operational. 
It is vital to convince the weed/invasive plants com-
munity of this concept in order to have access to the 
required datasets. 
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Figure 4.   Additional information as submitted by the 
expert users can be displayed. Further details can be 
potentially obtained through the internet.




