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Motivation

Food Desert:

An area where residents do not have easy access to healthy, fresh, and/or affordable food. In
an urban area, this is defined as being more than 1 mile away from the closest grocery store.

Traditionally, food insecurity has disproportionately affected minority groups, with food deserts
occurring more regularly in city neighborhoods historically home to minority communities.

Fig. 1: Graph depicting food inescurity by race from 2001-2018.

Current intervention strategies, such as minimizing population weighted distance to grocery stores,
further ignore those at the tail end of the distribution, which only exacerbates the problem.

Goal

To address the food deserts, and existing inequities, we developed an approach that not only
minimizes population weighted distance, but also takes into account inequality.

Fig. 2: Graph depicting the difference in distances traveled for residents using a traditional population weighted distance(Manhattan) and

the Kolm-Pollak EDE

We demonstrate how the Kolm-Pollak EDE [1, 2] can be used as the objective function in a
facility location optimization formulation to minimize the average distance to an amenity while
also considering the overall inequality in the distribution.

Kolm Pollak EDE:
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zr : the distance residential arear has to travel to the nearest grocery store

pr : population of residential arear

κ : inequality aversion parameter

Methods

Piecewise-linear Under-estimator

• Useful for approaching non-linearities

• Constructed using segments of tangent lines at specific points on a curve to approximate.

• Can optimize the placement of of points to minimize the area between the approximation
and the curve
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Constructing the piecewise-linear under-estimator:

• We place tangent lines at the he lower (l) and upper (u) bounds, which are fixed.

• We begin by optimizing the placement of one point δ

• Knowing how to place one point, we can extend to multiple points heuristically

Comparison of Computation Times

A large goal of this project is to demonstrate how the Kolm-Pollak EDE can be used practically
within an optimization formulation. This means the program must run efficiently so it can be
utilized on real world data.

Fig. 3: Computation times for a 10x10 grid of simulated data with 2 stores added

We can see from the above scatter plot that the approximation of the Kolm-Pollak EDE using
the piecewise-linear under-estimator runs significantly faster than the non-linear Kolm-Pollak
function.

Remarks

Traditionally, intervention strategies for location amenities focus on minimizing the average dis-
tance. We propose the Kolm-Pollak EDE as an alternative approach that should be used in any
problem where we care about equity.

Illustrative Application

We illustrate how the model works by completing a case study using data from New Orleans.
Our data consists of 7376 origins, which are centroids of the New Orleans census blocks and 579
destinations, which are potential locations for grocery stores.

Fig. 4: An optimal distribution of supermarkets with 4 additional stores, found using the traditional method of minimizing population

weighted distance

Fig. 5: An optimal distribution of supermarkets with 4 additional stores, found using our approximation of the Kolm-Pollak EDE

• red ‘x’ represents locations of new supermarkets

• blue dot represents current supermarket locations.
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