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The Impact of High-Resolution Population Representation on Reducing Aggregation Errors

and Enhancing the Efficiency of Location-Allocation Model Outcomes: An Applied Study

On Riyadh City Using GIS
Dr. Ibrahim Obeid Al Shwesh
Associate Professor of Geographic Information Systems (GIS) Department of Geography, College of Languages and Hu-
manities, Qassim University, Kingdom of Saudi Arabia.
Abstract:

Location-allocation models within Geographic Information Systems (GIS) face a structural limitation stemming from their
conventional reliance on aggregated census data and geometric centroids of large administrative units, such as in Riyadh.
This reliance generates aggregation errors and induces the Modifiable Areal Unit Problem (MAUP), thereby distorting
demographic realities and yielding misleading spatial solutions. This study aims to assess the extent to which transitioning
to high-resolution population representation models (a 200-meter grid cell network) mitigates aggregation errors, and to
quantify the spatial distortions resulting from centroid-based representation to enhance the efficiency of optimal facility
location modeling and accessibility assessments. Employing spatial analysis and comparative analytical methodologies,
continuous dynamic population demand surfaces were constructed to simulate actual population distribution. The sensitivity
and responsiveness of the $p$-median location-allocation algorithm were tested against variations in the spatial resolution
of demand data. The findings demonstrate that high-resolution demand surfaces effectively disaggregate solid data blocks,
revealing realistic population dispersion and eliminating fictitious accessibility distances associated with centroid points. This
correction directed allocation algorithms toward authentic optimal locations, ensuring spatial efficiency and equity over biased
solutions. Conversely, statistical indicators revealed a consistent apparent over performance of the neighborhood centroid
model in population coverage compared to the 200-meter grid model across most scenarios. In certain scenarios, centroid
representation registered an absolute error of +358,679 persons—an overestimation reaching up to 62.7% relative to gridded
population data. The study concludes that reliance on coarse geographic aggregation levels (e.g., neighborhoods) misleads
urban and regional planning decision-makers. It recommends adopting high-resolution demand surfaces as an indispensable
methodological necessity, particularly when planning strategic and resource-constrained services such as healthcare facilities.

Keywords: Location-Allocation Models; GIS; MAUP; Dynamic Demand Surfaces; P-median.
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Given the following constraints:

1) A facility has to be allotted with a separate demand site: *ij < %;; for all (i./)

2) An open facility must be allotted a demand:

inj =1foralli (2) Vj) '&.S)\al\
JEJ

3) Only the p facilities are to be located:
;xﬁ = pforallj (3) (,3) Ualed)

4) The sum of the neighbourhoods assigned to them equals the number of facilities to be
located.

The total demand from a separate demand site is given as:

Xjj = (0.1) for all (7)) is allotted to only one facility,

where:

Z = objective function; dalxall asa

I = all the demand areas where the nodes on the network along the subscript i are an index
signifying a specific demand area; 53350 calla A ke 5 as 4080 e calhall Lla owan

J = the collection of candidate facility sites when the nodes on the network along with the
subscript j are frequently an index which signifies a particular facility site;
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a; = the number of people who are present at the demand site 7; ada) &8l se b Sl 2o

dij denotes the distance in terms of the travel cost and separates place i from candidate
faci]ity Sitej,' calaaall QJ\}A} uT\_lH\ AP O )é_..d\ 48l i (4 48l e )_mﬁ\ ‘_r“ i

but djj < distance; () Adlal)

Xjj is equal to 1 when demand at place i is allotted to a facility opened at site j, or is equal to
0 when the demand at place i is not allotted to that site; and
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