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hen faced with important decisions, we tend to base
Wour decision-making on a rational framework, which

often includes multiple decision criteria. Spatial deci-
sion problems have been characterized as a set of geographically
defined decision alternatives (locations) with associated criterion
values (e.g., Malczewski 1999). Within Geographic Information
Systems (GIS), multi-criteria decision analyses (MCDA) tools have
been used for decision support in environmental, transportation,
and urban/regional planning, in waste management, as well as
in hydrology, agriculture, and forestry, to name but a few areas
of application (Malczewski 2006). Often, MCDA tools are only
loosely coupled with GIS software (e.g., calculations completed in
a spreadsheet) or take the form of custom implementations in a
GIS scripting/programming environment. Few GIS vendors have
integrated generic MCDA functionality in their products, with the
notable exceptions of Idrisi’s Multi-Criteria Evaluation module and
ArcGlIS’ Overlay Toolset. Both of these operate on raster data lay-
ers using map algebra operations to combine cell values into an
evaluation score for each candidate location (raster cell).

In this technical note, we present “MCDA4ArcMap”, an open-
source tool for MCDA and geovisualization of vector data in Arc-
Map. The analytical functionality of the tool includes three MCDA
methods: weighted linear combination (WLC), ordered weighted
averaging (OWA), and a local variant of WLC (LWLC). WLC corre-
sponds to the weighted overlay tool that readers may know from
ArcGIS. As an extension of the criterion importance weighting in
WLC, the OWA method allows the decision-maker to specify a de-
gree of risk in their approach to decision-making. OWA has been
implemented previously in Idrisi (Jiang & Eastman 2000). The re-
cently proposed LWLC (Malczewski 201 I) adjusts criterion impor-
tance weights with regards to the local range of criterion values.
Criterion weights are increased in a neighbourhood, if their local
range is large relative to their global range in the study area, or
decreased if the local range is relatively small. This approach ad-
heres to the range-sensitivity principle that stipulates that criterion

weights should depend on the ranges of criterion values occurring
in a specific decision problem.

Given the many parameters that influence MCDA outcomes, pre-
vious research has argued for using interactive graphical tools,
including thematic maps, to explore the impact of input param-
eter settings on MCDA results. Jankowski et al. (2001) integrated
cutting-edge interactive thematic mapping in CommonGIS (then
called “Descartes”) with MCDA and data mining techniques. They
recommended a map-centred exploratory approach to MCDA
that uses maps as “visual thinking” tools according to the modern
cartography literature (DiBiase 1990, MacEachren & Kraak 1997).
Subsequently, Rinner & Taranu (2006, p.647) noted that “an in-
teractive mapping tool is worth a thousand numbers” referring
to the use of “multiple cartographic representations for changing
decision-making preferences”. Further, with reference to the then-
new field of visual analytics, Rinner (2007) suggested that geovisu-
alization should not be limited to exploring massive datasets but be
applied to the possibly massive output of analytical processes that
results from varying input parameters.

Along these lines of research, the MCDA4ArcMap tool combines
advanced MCDA methods with interactive thematic maps. Of the
two mapping techniques implemented so far, the unclassed cho-
ropleth map is the more exciting. It may be known to readers
from the CommonGiIS software (e.g., Andrienko et al. 2002) but
is rather uncommon in commercial GIS. As seen in the screen-
shot, this implementation allows the user to specify two colours
for the minimum and maximum end of the value range of an at-
tribute (here the MCDA score resulting from the analyst’s current
parameter settings) as well as a neutral colour and a breakpoint for
the diverging colour scheme. With reference to discussion and ex-
perimentation by academic cartographers in the 1970s and 1980s,
Slocum et al. (2009) note that the unclassed choropleth map accu-
rately portrays numerical data relationships, yet is suitable for the
acquisition of general information on spatial patterns (rather than
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location-specific information), and may be most useful within an
exploratory mapping environment.

MCDA4ArcMap is an ArcGIS add-in released as free software un-
der the Apache License 2.0 and available for download at http://
mcda4arcmap.codeplex.com/. It is written in the C# program-
ming language within the .NET environment, and integrates with
the event handling, editing workflows, and data access procedures
within ArcGIS. The “Model View ViewModel” architecture pat-
tern separates the program logic from the user interface. Phase
| of the development was completed in January 2013. Anyone in
the CCA community is invited to try MCDA4 ArcMap for their
own research and practice. If you have ideas for extensions and
applications, or encounter issues installing and running it, feel free
to contact the authors, or go ahead to improve and use it. As an
open-source project, MCDA4ArcMap is only going to be success-
ful if it turns out to be of use to a core group of contributors.
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