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Keywords: Integrating different land uses within a geographic area is essential to urban planning and development. Accu-
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indices: the Entropy Index and the Herfindahl-Hirschman Index (HHI). The landusemix package provides
tools for GIS researchers and urban planners to measure the diversity and concentration of land use. Detailed
descriptions of the methodologies employed and examples of practical usage are provided. Researchers can
use this package to calculate LUM quickly and in bulk, and its results can be easily incorporated into further

analysis.
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1. Motivation and significance

Urban planning and development play critical roles in shaping the
sustainability and livability of cities. One significant aspect of urban
planning is integrating diverse land uses within a geographic area.
A well-balanced land use mix (LUM) can enhance urban diversity,
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improve service accessibility, reduce transportation needs, and fos-
ter social interaction [1]. Consequently, accurately measuring LUM is
essential for evaluating urban diversity and sustainability.

Urban areas are characterized by various land uses, including resi-
dential, commercial, industrial, and recreational areas. The integration
and distribution of these different land uses significantly impact urban
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sustainability, quality of life, and overall urban functionality. Measur-
ing LUM provides valuable insights into urban diversity and informs
urban planning and policy-making [2]. Traditional methods of cal-
culating LUM often involve manual processes or lack flexibility and
scalability, presenting a need for more advanced tools.

The concept of LUM has been explored extensively in the literature,
with several indices proposed to quantify it [3,4]. The Entropy Index
and the Herfindahl-Hirschman Index (HHI) are the most commonly
used [5]. They provide alternative methods to calculate LUM, cap-
turing different aspects of land use concentration. The Entropy Index
measures diversity by indicating how evenly land uses are distributed,
while the HHI focuses on concentration, highlighting dominance or
lack thereof. These indices are widely recognized and frequently used
in land use studies, offering both complementary and comprehensive
analysis. Previous studies have utilized these indices to address various
urban planning challenges, such as evaluating land use diversity [6,71],
monitoring the balance of commercial and residential areas [5,8], and
assessing the impacts of urban development policies [9,10].

In recent years, integrating geospatial technologies with Python
programming has significantly advanced the field, offering powerful
tools for land use classification, suitability analysis, and change mod-
eling. Previous tools and methods for calculating these indices have
limitations in terms of usability and scalability. For instance, some
GIS software includes functions for land use analysis, but these often
require extensive manual input and are not explicitly tailored for LUM
calculations. Additionally, the 1andscapemetrics is a R package
offers comprehensive landscape metrics for spatial analysis [11]. Sim-
ilarly, pylandstats provides various diversity indices for ecological
studies [12]. However, the 1landusemix Python package focuses on
LUM identification and gathers indices that help in this specific analy-
sis. By integrating LUM identification indices, landusemix simplifies
the calculation of LUM metrics, making it an essential tool for urban
planners and GIS researchers seeking practical and targeted solutions.

To address this gap, we introduce 1andusemix, a Python package
specifically designed to calculate LUM using the Entropy Index and
the HHI. Offering both indices in the 1landusemix package allows
researchers to choose the measure that best fits their specific analysis
needs. This tool aims to provide GIS researchers, urban planners, and
policymakers with a researcher-friendly, efficient, and flexible means
for measuring the diversity and concentration of land use. It pro-
vides easy-to-understand documentation and integrates with familiar li-
braries like pandas [13,14], geopandas [15], and rasterio [16].
By leveraging these libraries, the package is designed to efficiently
handle large datasets and perform bulk calculations without requiring
heavy GIS applications, which are often less flexible for large-scale or
repetitive LUM analysis. Additionally, it supports multiple data formats
(CSV, Shapefiles, GeoJSON, raster) and offers a modular design for
customization. The package streamlines the calculation of LUM indices,
reducing the need for advanced GIS tools and enabling large-scale
or repetitive analysis with less manual intervention, making it ideal
for integration into broader research workflows. Accurately measuring
LUM is critical for evaluating urban diversity, which influences various
socio-economic and environmental factors [17]. The package facilitates
the systematic analysis of land use patterns, providing precise and re-
producible metrics that can be incorporated into broader urban studies.
The package is designed to be installed and used straightforwardly,
supporting input in land use area data and returning calculated indices
for further analysis or visualization.

Researchers and developers can easily integrate 1andusemix into
their existing workflows. An example usage scenario involves loading
land use data, instantiating the LandUseMixIndices class with this data,
and then calling the methods to calculate the Entropy Index and HHI.
Detailed documentation and examples are provided to help users get
started quickly.

The remainder of this article is structured as follows: Section 2
provides a detailed software description of the landusemix package,
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including its architecture and functionalities. Section 3 discusses the
omissions and limitations. Section 4 presents illustrative examples to
demonstrate the practical usage of the package. Section 5 discusses the
impact of the package on urban planning and GIS research. Finally,
Section 6 concludes with a summary of findings and proposes future
research directions.

2. Software description
2.1. Overview

landusemix is a Python package designed to calculate LUM using
the Entropy Index and the HHI. This package provides GIS researchers,
urban planners, and policymakers tools to efficiently measure and
analyze land use diversity and concentration. By leveraging Python’s
powerful data processing libraries, landusemix provides a practical
and researcher-friendly solution for LUM calculations, allowing for
efficient and scalable analysis without requiring extensive manual setup
common in traditional GIS software.

2.2. Architecture

The landusemix package is organized into several key compo-
nents. Fig. 1 below is an image illustrating the software architecture:
Each component is designed to perform specific functions related to
LUM calculations:

Core Module (indices): This module contains the main class
and functions for calculating the Entropy Index and HHI.
Utilities Module (utils): Provides additional utility functions
for data handling and preprocessing.

Data Module (data): Includes sample land use data for testing
and experimentation.

Tests Module (tests): A suite of unit tests to ensure the cor-
rectness and reliability of the package.

2.3. Key features and functionalities

The 1andusemix package offers the following key features:

» Entropy Index Calculation: Computes the Entropy Index, a mea-
sure of land use diversity [18], using the formula:

k

=k, A (p)]
In(k)

where P, represents the proportion of the total area occupied
by the ith land use type, and k is the total number of different
land use types. The Entropy Index ranges from 0 (no diversity)
to 1 (maximum diversity), indicating the diversity of land use
types [19].
HHI Calculation: Computes the HHI, a measure of land use
concentration, using the formula:

ENT = —

k
HHI= Y (100 x P,)’

i=1
where P, represents the proportion of the total area occupied
by the ith land use type. The HHI ranges from 0 (many small
equally-sized areas) to 10,000 (one single area), indicating the
concentration of land use types [5].
Utility Functions: Includes functions for data preprocessing, such
as loading of different types of data formats such as CSV, Shape-
files, GeoJSON, and raster data.
Documentation and Examples: Provides detailed documenta-
tion and practical usage examples to assist users in getting started
quickly.
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landusemix package
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. # import the package
from landusemix import LandUseMix

# Create an instance of the LandUseMixIndices class
mix_indices = LandUseMixIndices(land_use_areas)

# Calculate the indices
entropy = mix_indices.entropy_index() Index (HHI)
. hhi = mix_indices.herfindahl_hirschman_index()

Fig. 1. Architecture of the landusemix Python package.

3. Omissions and limitations

While the 1andusemix package offers robust methods for calculat-
ing LUM using the Entropy Index and HHI, there are several limitations
to consider:

» Index Scope: The package is limited to two indices (Entropy
Index and HHI). Although these indices are widely used, other
indices, such as the Dissimilarity Index [20], the Gini Coefficient,
the Atkinson Index [21], or the Clustering Index [22], could
provide additional insights into the LUM. These indices often
require specific assumptions about spatial arrangement and social
factors, which may not apply universally to all study areas or
contexts. Therefore, they have been omitted from this package
to maintain a broader applicability.

Spatial Context: The current version of the package does not
consider the spatial arrangement of land use types. The indices
are based solely on the proportion of the land use areas without
considering their spatial distribution. Considering the spatial dis-
tribution could provide valuable information for urban planning
contexts. However, some other indices, such as the Atkinson
Index, Clustering Index, and Dissimilarity Index, do consider the
spatial context. Still, they have been omitted in this version to
keep it generic enough for researchers.

Visualization Tools: While the package provides accurate cal-
culations, it lacks built-in visualization tools for presenting LUM
results. Users need to rely on external libraries or software to
visualize their findings.

Future versions of landusemix could incorporate several en-
hancements to address the current limitations by including additional
indices and integrated visualizations.

4. Illustrative examples
4.1. Installation

You can use pip to install the landusemix package. The follow-
ing command installs the package and its dependencies:

pip install landusemix

4.2. Example usage

Here, we provide an example of using the 1andusemix package to
calculate the Entropy Index and HHI for a given set of land use areas.

4.2.1. Importing the package
First, we import the necessary modules from the package:

from landusemix import LandUseMixIndices
from landusemix.utils import *



Mehmet Ali Akyol et al.

10 ® commercial
® industrial
® residential

8 -
6 -
4 -
2 -
0 -

Fig. 2. Spatial representation of three different land use types (commercial, industrial,
and residential) within a sample shapefile. The colors indicate different land use
categories: commercial (blue), industrial (brown), and residential (cyan), showing how
these areas are distributed and divided within the region.

4.2.2. Loading data

We can load the land use data from a dictionary or other compatible
format. For this example, we define a dictionary representing different
land use areas in square meters:

land_use_areas = {
’residential’: 5000,
’commercial’: 3000,
’industrial’: 2000,
}

You can also load data via the package’s Utils functions. Fig. 2
shows the distribution of three different land use types — commercial,
industrial, and residential — within a sample shapefile.

We can load the shapefile and calculate areas as such:

shp_gdf = load_shapefile(’landusemix/data/shapefiles/multiple.shp’)
shp_gdf [’area’] = shp_gdf.geometry.area

land_use_areas = shp_gdf.groupby(’use’) [’area’].sum().to_dict()
print (land_use_areas)

# {’commercial’: 21.46, ’industrial’: 58.67, ’residential’: 20.0}

4.2.3. Calculating indices
Next, we create an instance of the LandUseMixIndices class and
use its methods to calculate the Entropy Index and HHI:

# Create an instance of the LandUseMixIndices class
mix_indices = LandUseMixIndices(land_use_areas)

# Calculate the Entropy Index
entropy = mix_indices.entropy_index()
print (f'"Entropy Index: {entropy}") # Entropy Index: 0.88
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# Calculate the HHI

hhi = mix_indices.herfindahl_hirschman_index()
print (f'Herfindahl-Hirschman Index: {hhi}")

# Herfindahl-Hirschman Index: 4291.41

4.3. Results interpretation

The output of the above code provides the calculated Entropy Index
and HHI for the given land use areas. The higher the Entropy Index,
the more diverse the LUM; conversely, a higher HHI indicates a higher
concentration of specific land use types.

The calculated values for the Entropy Index and HHI provide mean-
ingful insights into land use diversity and concentration regarding LUM.
For instance, an Entropy Index of 0.88 indicates a high diversity of land
use types, suggesting an even distribution. Conversely, an HHI value
of 500 indicates moderate concentration, with some land use types
potentially dominating the area. Values closer to O for either index
indicate lower diversity or higher concentration, respectively.

5. Impact

The landusemix package advances the tools available for urban
planning and GIS research. This package facilitates a deeper under-
standing of urban diversity and its implications for sustainability and
livability by providing a researcher-friendly and efficient means to
calculate LUM indices.

5.1. Contributions to urban planning

Accurate and efficient measurement of LUM is essential for several
reasons in urban planning:

+ Informing Policy Decisions: The insights gained from analyzing
the LUM can guide policy decisions to promote balanced ur-
ban development and enhance accessibility to essential services.
These indices can be applied within specific boundaries or zones,
using additional data, such as shapefiles or GeoJSON files, to
generate localized insights. This approach has proven effective in
real-world applications, as demonstrated in our recent work on
identifying land use mix within fishnet grids using point-based
geospatial data [23]. The HHI can identify areas with a significant
concentration of specific land uses, which may indicate potential
issues with service accessibility. For instance, high HHI values in
residential areas might highlight a lack of nearby commercial or
recreational facilities. Researchers can use these insights to make
data-driven recommendations for zoning changes or new service
allocations to improve accessibility.

Evaluating Urban Diversity: By quantifying the diversity and
concentration of land use, planners can identify areas requiring
interventions to improve functionality and livability. The Entropy
Index can help assess urban diversity by indicating how evenly
different land uses are distributed within a geographic area. High
entropy values suggest diverse land use, which is often associated
with sustainable urban environments. Planners can use these
insights to promote mixed-use development, enhancing overall
urban sustainability.

Supporting Sustainable Development: Understanding land use
patterns and their impact on urban sprawl, transportation needs,
and resource allocation helps promote sustainable urban growth.
Both indices can provide insights into land use patterns that
foster or hinder social interactions. Urban planners can design
strategies to encourage community well-being by analyzing areas
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with diverse or concentrated land uses. For instance, lower HHI
and higher entropy values could support the creation of public
spaces that facilitate social interactions and community cohesion.

The landusemix package empowers urban planners with reliable
metrics that can be easily integrated into various planning processes,
from initial assessments to long-term strategic planning.

5.2. Contributions to GIS research

The role of GIS in urban studies is critical, as it allows for the spatial
analysis and visualization of land use patterns. The landusemix
package enhances GIS research in the following ways:

» Enhanced Data Analysis: The package provides practical tools
for the quantitative analysis of land use data, enabling large-scale
and flexible analysis that can be easily integrated into further data
mining and machine learning methods, offering advantages over
traditional GIS tools.

» Reproducible Research: The package promotes reproducible re-
search by offering standardized methods for calculating LUM,
ensuring consistency and accuracy in urban studies.

GIS researchers can leverage the capabilities of 1landusemix to
perform advanced analysis of land use diversity, contributing to a
broader understanding of urban dynamics.

6. Conclusions

In this paper, we introduced landusemix, a Python package
developed to calculate LUM using the Entropy Index and the HHI. Ac-
curate measurement of LUM is essential for evaluating urban diversity
and sustainability, and the 1andusemix package provides a reliable,
researcher-friendly, and efficient tool for this purpose.

We discussed the motivation and significance of the package, high-
lighting its importance in urban planning and GIS research. By simpli-
fying the calculation of key LUM indices, landusemix reduces the
potential for human error and lessens the dependence on heavy GIS
applications such as ArcGIS and QGIS. The package is designed to
streamline and scale analysis, making it possible to efficiently handle
larger datasets and perform repetitive calculations more easily, thanks
to its integration with efficient libraries such as pandas, geopandas,
and rasterio and allowing the integration the results for further
analysis within the Python ecosystem.

We also discussed the broader impact of the package on urban
planning and GIS research, emphasizing its contributions to policy
decision-making, sustainable development, and comprehensive urban
studies.

While 1andusemix offers robust features, there are still areas for
improvement, such as incorporating additional indices, accounting for
spatial context, and integrating visualization tools. These enhancements
could provide a more comprehensive assessment of the LUM and cater
to more advanced user needs.

In conclusion, the 1landusemix package is a valuable resource
for researchers and practitioners in urban planning and GIS, providing
essential tools for analyzing and understanding land use diversity and
its implications.
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