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Motivations
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Workflow - GIS
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Workflow - GIS

Philadelphia Boundary

Water Features

Generate 500m Grid

Dissolve

Intersection

Public Parking

Police & Fire Station

Building Power Usage

Existing EV supply equipment

K Nearest
Neighbor

2 step
floating
catchment

ACS 5-year Census of 2020

—

area
—_—

Spatial
Join

Registered Electric Vehicle

Zoning

Intersection

I
Remove Grids in Water ]
Centroid
ProOCe =Je 0 Scale Features / Inverse Scale ]

Step2&3
Preprocess the criteria and aggregate data
into standard geographic unit.



Workflow - GIS
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Workflow - MCDA
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Workflow - MCDA
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MCDA Methods - WSM

Assign weights to each criteria and score the alternative by summing the products of
their weight and value.
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MCDA Methods - TOPSIS

Identifies solutions from a set of alternatives based on their euclidean distance from
an ideal solution.
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MCDA Method - PROMETHEE

Compares alternatives pairwise for each criteria and use preference function to
evaluate one alternative over another.
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1. Compute difference in values for each criterion

Alternatives with the
between all pairs of alternatives.

highest net flow value is
consider the best.
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MCDA Method - AHP
E—

Compares criteria pairwise and re-assign weights based on their relative importance.

BTN T - T
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2. Calculate the weights by normalizing the matrix and
calculate the average of each row



Ranking Results
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Compare - Ranking Results

1000

500

o

-500

-1000

Distribution of Difference in Rank Between Different Methods

PROMETHEE vs. TOPSIS

o..'
°

St

[ 4
e
°
13
.

.’
A e

o%e

WSM vs. TOPSIS

WSM vs. PROMETHEE

AHP and Directly
Assign Weights

Using AHP to prioritize 0
weights increase the
rank for several grids.

The difference in rank
between WSM and
PROMETHEE method is
the smallest.

TOPSIS method is
leading to rank reversal
issue for some parts of
Philadelphia.
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Compare - Ranking Results

Rank Differences between TOPSIS and Other Approaches
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Closer examination of
these grids reveals that
they are located in
industrial areas that use
a lot of electricity.

The presence of extreme
values can significantly
influence the ideal and
negative-ideal
solutions.

TOPSIS significantly over-ranked

TOPSIS significantly under-ranked +



Comparison - MCDA Methods
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Potentials n&',

Easy to understand and implement

Easy to understand, implement,
and more comprehensive

PROMETHEE

AHP

Most robust statistical model

Break complex decisions into
smaller segments

Limitations @

Assume independence between criteria
Ranking highly dependent on weights

Assume independence between criteria
Sensitive to extreme values (rank reversal)

Need to decide positive and negative ideal
scenarios

Require careful selection of preference function,
preference threshold, and indifference threshold

Pairwise comparison is time consuming
Hard to maintain consistency




Average Rank
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Applications
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Public private partnership Financial analyses for cost Phased implementation
between local grocery store and revenue breakdown. timeline and maintenance plan
(ACME) and the City of 4
Philadelphia.
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Summary

GIS-MCDA is a robust criteria-based methodology that support multiple
criteria and statistical models at once.

Challenges of agreeing on the input criteria, weighting schemes, various
other inputs required for MCDA models, and parameterizing any
qualitative criteria

Methods that are more comprehensive and robust mathematically 1)
requires more decision inputs and introduces more subjectivity, 2) could
be more computationally intensive, 3) are less intuitive to non-experts.

Recurrent challenges in geospatial model for decision-making: MAUP,
spatial interpolations, and ecological fallacy.
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