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Suitability Mapping
Many of the problems we are facing today are complicated, with a lot of conflicting
interests and solutions. However, groups need to be able to work together and
compromise to find a solution that is the most feasible. There is often a spatial or
geographic nature to these problems, and thus, by using GIS with different frameworks or
analyses, can aid the decision making process.
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Criteria are classified as good (1) or bad (0)

Determined by multiplying the three individual binary preference map, so values 0 x 0 x
0 the same as 0 x 1 x 1 (AND)

Adding can show areas on a scale that fit some of the criteria (OR)

Weighted Overlays

Criteria are not black and white, and can be on a gradient.

Each input can be weighted according to its importance or its percent influence. The
weight is a relative percentage, and the sum of the percent influence weights must equal
100%. 

grey = suitable areas
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Multi-Criteria Decision Analysis (MCDA)
Multi-criteria decision making is one approach used to facilitate the consideration of
multiple criteria by decision makers. MCDA is used to logically evaluate and compare
multiple criteria that are often conflicting to make the best possible decision. Particularly
useful when you have a wide range of stakeholders with conflicting interests, values and
goals. 
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A MCDA can be used in any field to look at a wide range of problems where there may be
multiple favourable solutions. This has been used in looking at health care such as
disease treatments or prioritisation, choosing a new car, tourism activities, processing
options, transportation, energy use, risk assessment, land use and site selection.

GIS-MCDA

Lots of the problems people have are of a geographic nature and hence coupling GIS with
MCDA is impactful. Spatial problems typically involve a large set of feasible alternatives
and multiple, conflicting and incommensurate evaluation criteria. Using a GIS-MCDA can
is a process that transforms and combines geographical data and value judgments to
solve spatial problems. To do this it considers geographical data models, the spatial
dimension of the evaluation criteria and decision alternatives in evaluating the criteria.

Some examples of GIS-MCDA applications include vehicle routing, site selection, scenario
evaluation, land suitability, transportation scheduling, impact assessment, location-
allocation to a variety of sectors.

GIS-MCDA steps

1. Define you problem, goal or objective. Try to understand and define the problem as 
comprehensively as possible.
2. Determine the criteria and the constraints. Using a combination of experts' 
opinions and information from various sources. This could be acquired from discussions 
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with experts of relevant fields, surveying of literature and analysis of historical data.
3. Transform the values  onto a relative scale. This allows for comparison between each 
of the criteria, and for us to represent the judgments and expert knowledge with 
meaningful numbers.
4. Weight the importance of each criteria in regards to the objective, and in respect to 
each other.
5. Combine, synthesise and aggregate the layers/criteria together.
6. Analyse and then validate your results

Analytical Hierarchy Process (AHP)

Created by Thomas Saaty in 1980, AHP is a pairwise comparison method to be used on
the criteria in regards to the objective. These pairwise comparisons are carried out for all
relevant factors within an analysis- usually no more than 7.

Multi-Criteria Decision Analysis and GIS



29/3/2020 Multi-Criteria Decision Analysis and GIS

https://storymaps.arcgis.com/stories/b60b7399f6944bca86d1be6616c178cf 6/14

Once the criteria have been consolidated and classified within the MCDA, the AHP is used
to calculate relative weights, importance, or value, of each factor. which are relevant to
the problem in question. Once the relative weights are assigned, we then calculate a
priority vector, giving us the overall relevance modifier value for each factor, to be used
in the GIS calculations.

A Consistency Ratio (CR) is then found, in order to measure how consistent the
judgements have been relative to large samples of purely random judgements. If the CR is
over 0.1, then the judgements should be considered untrustworthy.

Benefits and advantages of using AHP
• A more structured approach to measuring suitability by breaking the problem down
into hierarchical criteria.
• A more systematic and in-depth analysis of the factors, which may be better
understood when looking specifically at their lower and more specific forms or
indicators.
• AHP allows for the participation of both experts and stakeholders in providing input.
Such framework allows the incorporation and accommodation of both qualitative and
quantitative criteria and the input of expert knowledge.

Fuzzy Logic
Decisions makers face numerous and increasingly complex situations, and are often
uncertain when it comes to assigning evaluation scores as crisp value. Therefore,
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designing a MCDA incorporating fuzzy set theory can allow for this uncertainty. A fuzzy
AHP (FAHP) is the incorporation of a fuzzy logic nuances into AHP criteria assessment.

There are various types of fuzzy numbers and the nomenclature for each is associated
with its format: sine numbers, bell shape, polygonal, triangular, trapezoids etc.

We are able to fuzzify two parts of the GIS-MCDA process:

1. We can transform the values of each criteria.
2. Make the weightings or relative importance of the criteria fuzzy.
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GIS methods
To be able to carry out a GIS-MCDA in ArcGIS Pro there are a few steps to go through.
Once you have defined your goal and determined your criteria and constraints you can
then carry out an analysis.
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1) Decide on your method: vector or raster based. Convert any layers into the 
appropriate format.

2) Reclassify your criteria so that they are all on the same scale such as 1 to 10. Any
constraints should have rating of 0.

3) Using the raster method; a raster calculator is then used to apply your AHP matrix
weightings and aggregate the layers.

4) Sensitivity analysis: alter some of the weightings or criteria to check how the results
differ to judge how reliable your results are.
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Geoprocessing and Fuzzy Logic

The Fuzzy Membership tool can be used in ArcGIS to apply fuzzy weightings to the
selected criteria. Certain settings for Membership types use various parameter to
determine how rapidly the fuzzy membership values decrease from 1 to 0. The default
values change depending on the membership you select.

• Gaussian—Assigns a membership value of 1 at the midpoint. The membership decreases
to 0 for values that deviate from the midpoint according to a normal curve. Similar to a
normal distribution. 

• Small—Used to indicate that small values of the input raster are more important.

• Large—Used to indicate that large values of the input raster have high membership in
the fuzzy set. 

• Near—Calculates memberships for values near some intermediate value. Same curve as
a gaussian, just steeper

• MS Large and MS Small—Similar to Large and Small however the transformation is
defined by a specified mean and standard deviation. Often used when number are
particularly small or large.

After weightings have been applied a Fuzzy Overlay can be used to fuzzify the
aggregation of the criteria. However, this process in ArcGIS does not allow for the
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inclusion of the values calculated in our AHP matrix. The combination methods include
AND, OR, SUM, PRODUCT and GAMMA. Each uses different parts of the fuzzy
memberships in the overlay to produce its results.

Summary
• a GIS-MCDA is a alternative to a typical binary or 'coincidence' analysis, providing a
more robust criteria based methodology. It can therefore support multiple values of
multiple criteria at once. This allows for more in-depth decision making.
• Additional statistical models such as AHP and FAHP can be integrated into a GIS-
MCDA, which typically increasing the reliability and overall significance of an analysis.
• Stakeholders/decision makers are a crucial component of making an analysis feasible
and applicable. They are a valuable part of determining the weighting criteria, however
have the potential to be biased.
• Exert opinion/applicable literature are necessary for producing an informed MCDA
and can counter inconsistencies/bias from stakeholders
• A GIS-MCDA is a relatively recent methodology, and has been applied to an array of
fields and spatial issues.

Discussion Questions
• For Green et al., What were some of the limitations addressed in using a MCDA
approach to both spatial and non-spatial decision making? For example, are relative
decision-maker derived values and weightings suitable? Or do they allow for human
error?
• Where the criteria that each paper used appropriate?
• Critique the methodology used in the papers. Compare and contrast?
• What were some of approaches the studies have used? How and why they did this?
• For what other situations could we apply these methods? What other contexts would
they be useful?
• Further, for conservation initiatives, should GIS-MCDA be used to aid just one species
at a time (as seen in the literature), or perhaps groupings?

Lab tutorial
Now that we understand the methodology of a GIS-MCDA, it’s real-world applications, and
the concept of incorporating either an AHP or FAHP, we shall perform our own analysis
within ArcGIS Pro. 
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In this lab, we will apply GIS-MCDA to a significant conversation issue in New Zealand;
the species translocation of the endemic manbearpig to a suitable habitat within its
historic range. By using a GIS-MCDA, we will determine which areas of North Island New
Zealand are suitable for recommending to the Department of Conservation. To do this, as
a group we shall logically designate weightings to the criteria of several spatial factors.
Each of these factors has been predetermined and sourced from Expert/Al Gore’s -
opinions. Our analysis shall include a AHP pairwise-matrix, which will improve our
overall reliability and validity of our recommendations
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