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Abstract

This paper describes the chaining of several existing components to measure geographic accessibility to
services into a single automated framework called the “AccessMod framework”. It then explains how this
framework is exposed on the Internet thanks to the use of a virtual laboratory that transforms it into an
integrated and transparent service.

To demonstrate the capabilities of this service, a use case allowing to model geographic accessibility to
green spaces in specific cities has been implemented in a virtual laboratory using Docker images. An
execution of this geographic accessibility modeling to green spaces is done for the city of Yerevan,
Armenia. Three ways of running the model are demonstrated: (1) in command line; (2) through the virtual
laboratory interface and (3) through the GEOSS portal.

The outputs are described, and the advantages, issues, limitations and perspectives are discussed. The
possibility to reduce the technical complexity of geographic accessibility modeling thanks to its exposition
on a web browser represents an undeniable step towards a wider adoption of this accessibility parameter
for various thematics. This paper raises the importance of the availability of global renown datasets (e.g.
OpenStreetMap, Worldpop, Copernicus land cover, etc.) for automated workflows, but also highlights the
limitations of global models, that need to be customized (e.g. for the travel scenarios that are different
among cities).

Several perspectives are finally proposed to improve the automatic modelling of geographic accessibility
through this framework.

Highlights

¢ Chaining of separate components into a single framework to compute geographic accessibility
e Framework’s exposition on the Internet through a virtual laboratory to lower usability barriers

» Use case for accessibility to green spaces in urban environments, using the city of Yerevan, Armenia,
as an example

e Advantages of simplified access to geographic accessibility modelling through a single framework
over the Internet

1. Introduction

Our societies are increasingly shaped around the concept of efficiency at all levels, which is the case for
accessibility to services. Although the concept of accessibility can be approached from several angles (e.g.
financial, social, geographical) [1], we focus in this paper on the geographic aspect of accessibility, that
allows to measure the share of a target population covered by a given service (e.g. healthcare, education,
recreational areas, etc.). Being able to measure geographic accessibility to a service is important in terms
of planning, be it for population well-being [2, 3] or for more critical health emergencies where accessibility
time is of vital importance [4-7].
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Various approaches exist for measuring spatial accessibility. [8] describes the six following ones:

» Provider-to-population ratio, that calculates accessibility as a ratio between some relevant variables
(number of beds, of doctors, of health facilities, etc.) and the population of a given area;

» Euclidian distance, that measures accessibility as a distance in straight-line from a residence to the
health facility;

» Gravity models that combine availability and accessibility of facilities;
» Kernel density, that defines a sphere of influence around a health service provider by interpolation;

» Network analysis, that calculate optimized travel time or distance to the nearest service provider by
considering the roads and transportation network;

» Cost distance analyses, that computes a “cost surface” based on input data layers (roads, elevation,
land cover, etc.) for a given area, that is combined in turn with a layer of health facilities to obtain a
least-cost path layer from any part of the surface to the facilities.

Among these different approaches, the cost distance has several advantages: by considering travel time
rather than distance, it is more representative of the reality; it allows to consider travel not only in a network
but on any type of land cover over the studied surface, which is often the case in sub-saharan Africa; using
regularly updated input datasets (e.g. roads, facilities) allows to regularly re-assess geographical
accessibility of the studied area.

Several tools exist to support the calculation of geographic accessibility to a given service. As a non-
exhaustive list, we can distinguish in a first category the leading Geographic Information System (GIS)
Software such as ArcGIS and QGIS, that give access to specific tools or plugins such as ArcGIS Network
Analyst, ArcGIS Urban, TravelTime, QNEAT3. We can mention as a second category some specialized tools
(generally desktop) for accessibility analysis such as AccessMod[1] and NetworkX. Finally, a third category
consists in Application Programming Interfaces (APIs) such as Google Maps API, OpenRouteService, HERE
API, that provide online accessibility analyses services.

Among these various tools allowing to analyze accessibility, AccessMod' has the following advantages: (1)
it is an official WHO tool, (2) it can be run on all operating systems as a standalone application, (3) itis a
free and open source software with a user manual and tutorial?, (4) it uses a travel-time cost-distance
approach. Moreover, it has already been successfully applied in several health domains such as maternal
health [5, 6], immunization [9], and snakebite vulnerability [10], but also in other areas such as accessibility
to schools [11], drinking water [12], accessibility pressure due to natural hazards [13], or accessibility to
green spaces [3, 14].

Geographic accessibility modeling tools are a key support to decision-making, but several sequential steps
are typically required to obtain the results: data pre-processing; data upload into the tool; accessibility;
visualization and export of the results. In certain cases, it is often necessary to compute geographic
accessibility regularly over the same area or across various countries for global assessments. This is for
example the case for calculating the target4 indicator of the “Ending Preventable Maternal Mortality” [15],
where the threshold of two hours travel time to the nearest health facility has become an international
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standard to be calculated for each country. For the computation of such repetitive steps, an automated
workflow would simplify the procedure and reduce the necessary time and resources needed for
calculating geographical accessibility. Furthermore, quality relevant input data can increase the accuracy of
the analysis. The selected datasets will have a direct impact on the analysis results (see for example [16]
for population), meaning that the input datasets choice should therefore be carefully assessed.

In a first effort towards automation, a dedicated R package called “inAccessMod” [17] has been developed
to simplify AccessMod input data selection and pre-processing. To further simplify and automatize the use
of AccessMod, the “AMRemote” tool® has been developed to implement the AccessMod “Replay” function,
that allows to use AccessMod in command line with an AccessMod project file as input. Such command
line analyses can be run on local machines, regular servers or cluster servers, making it possible for
AccessMod to compute large datasets and to run many analyses by changing parameter values.

Through the elements described so far in link with AccessMod, we have different blocks existing for
performing geographic accessibility analyses: (1) the inAccessMod R package for data preparation and
homogenization; (2) the AccessMod tool for performing accessibility analysis (and several other types of
analyses out of scope here); (3) the AccessMod replay function implemented through the AMRemote tool
for command line use of AccessMod.

The combination of these different blocks into a single easy-to-use interface would

allow to take advantage of all the automation efforts done in the inAccessMod package and the
AccessMod replay function, opening up the geographic accessibility computation to a larger public.

The objective of this paper is to describe the workflow that assembles these different pieces to provide a
unique entry point for automatizing the calculation of geographic accessibility to a given service. We call it
the AccessMod framework in the sense of an “integrated collection of components that collaborate to
produce a reusable architecture for a family of related applications” [18] since the framework chains
independent components of AccessMod, each having their own technical specificities and libraries, to form
a new integrated product beyond a simple workflow. This paper also proposes a use case to show the
benefit of this workflow for other users. To support this objective and to reach the widest audience
possible, an entire data value chain from data to knowledge is implemented through the Global Earth
Observation System of Systems (GEOSS) [19]. GEOSS is a global coordinated network of EO data providers,
designed to provide comprehensive, timely, and reliable information about the Earth with the aim to
improve decision-making across various. Through the Virtual Laboratory (VLab)[20], it allows: (1) a
harmonized discovery and access to heterogenous EO data sources; (2) publishing the AccessMod model
and related scientific workflow connecting data and model; (3) executing the implemented workflow; and
finally (4) publishing the workflow results using different interfaces (e.g., static download; webservices). To
ensure that the implemented approach is replicable and re-usable, all the Knowledge resources (e.g., data,
model, documentation, computing resources results ...) are freely and openly shared, curated and organized
into a Knowledge package discoverable and accessible from the GEO Knowledge Hub [21] (GKH -

https://gkhub.earthobservations.org), an open-source digital repository of open
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authoritative and reproducible knowledge created and operated by the Group on Earth
Observations (GEO).

The concept of geographic accessibility plays an important role in the achievement of some Sustainable
Development Goals (SDG) targets. It is for example the case for SDG targets 3.8 (accessibility to health
services), 4.1 (accessibility to schools), 6.1 (accessibility to clean drinking water), 9.1 (accessibility
necessary for efficient infrastructures), 11.2 (accessibility to public transportation in urban areas), and 11.7
(accessibility to green and public spaces) where geographic accessibility plays a key role. The theme of
accessibility to urban green spaces for some selected cities has been chosen to demonstrate the feasibility
of an automatic workflow allowing to calculate accessibility by simply selecting a city. We will first describe
the methodology used by: (1) detailing the separate elements that were existing before our intervention; (2)
explaining the elements developed during our intervention, to chain the various separate elements; (3)
indicate the issues faced during this development and mention the choices made. We will then present the
outputs obtained and discuss the advantages, issues, limitations and perspectives opened by the
implemented workflow.

2. Methods

The AccessMod framework is made of existing but separate elements that have been assembled into a
single framework. This framework is then exposed on the Internet thanks to the use of a virtual laboratory
that transforms it into an integrated and transparent service.

2.1 Software components available separately

The following tools exist separately:

1.The inAccessMod R package® [17] supports automatic data download and pre-processing for use in

AccessMod, through R commands. R functions® enable automatic download of several geospatial data
sets for a user-defined area (country, region): administrative boundaries (source: geoBoundaries[22]),
Digital Elevation Model (source: srtm [23]), population distribution (source: Worldpop[24]), landcover
(source: Copernicus Global Land Service®), roads network (source: OpenStreetMap’), rivers (source:
OpenStreetMap?), water bodies (source: OpenStreetMap®) and other potential barriers to movement. It also
resamples raster data, aligns rasters, and reprojects all data sets to a common projection.

In case the user prefers other data sources not available in the proposed sources, the input can be
manually downloaded and subsequently transferred to the project’s corresponding directory using a
dedicated function from the package prior to processing.

inAccessMod outputs are made of a consistent set of ready-to-use input layers for AccessMod, with same
projections and same resolution for rasters.

For this use case demonstration, a private fork of the inAccessMod repository has been created and
modified allowing analyses to focus specifically on urban areas rather than entire countries. We used the
ESRI World Urban Areas dataset [25] as a vector dataset containing city footprints and names. To our
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knowledge, it is the only publicly available dataset of this type. When focusing on a specific city, a city
extent shapefile is generated by applying an approximate 5 km buffer to the city's boundary. This buffered
extent serves as the reference for the project extent, accommodating potential movements outside official
city limits, which is pertinent in cases of irregular or extended boundaries. The city shapefile remains
applicable for computing population statistics.

2. AccessMod'? [1] is distributed through three bundles: AccessMod Desktop, AccessMod VirtualBox, and
AccessMod Docker. It provides both a graphical user interface and a command-line tool for modeling
geographic accessibility. Its core component is a Docker image based on Alpine Linux, which integrates all
required dependencies.

3. AccessMod comprises five main analysis modules: (1) Geographic accessibility; (2) Geographic
coverage; (3) Referral analysis; (4) Zonal statistics; (5) Scaling-up. In addition to its main analysis modules,
AccessMod includes a set of essential tools for preparing and managing data inputs. The landcover merge
tool combines land cover, roads, and natural barriers such as rivers and lakes into a single raster layer,
while the population alignment tool ensures spatial consistency across demographic and geographic
datasets. Other built-in utilities include dataset management, import/export functions, and an interactive
facility relocation tool.

4. The analytical workflow begins with the merged landcover layer, which forms the basis for calculating
accessibility to or from selected service locations. These calculations rely on one or more travel scenarios
that assign transport modes and speeds to each road type or land cover category. The model is
implemented through a multi-modal extension of GRASS GIS’s r.walk module (r.walk.accessmod). For non-
motorized travel modes, slope effects are incorporated using correction functions: Tobler’s hiking function
for walking [1, 26], and a cycling function derived from BikeCalculator.com [27].

The output of the geographic accessibility module is a raster surface in which each pixel represents travel
time to the nearest service location (e.g., a health facility, school, or other point of interest). Based on this
“travel time” layer, further analyses can be conducted, such as zonal statistics, which overlay the population
distribution to estimate the proportion of people able to reach a service within a specified time threshold.
AccessMod also provides a “replay” function, which enables analyses to be executed from the command
line once all datasets have been loaded into a project. This function relies on two files: the project archive
(.am5p), and the config.json, a parameter file that is updated after each analysis to ensure reproducibility.
The configuration file can also be edited programmatically to fine-tune analyses or enable batch execution.
Both files can be extracted from a previous analysis through the graphical interface. A companion tool,

AMRemote'?, further streamlines use of the replay function by allowing users to easily call and run
analyses.

In order to share scientific models over the Internet towards open knowledge, the concept of virtual
laboratories that allow to run workflows of scientific models, offer several advantages such as efficiency,
reproducibility and collaboration[28]. Among the existing virtual laboratories, the Virtual Earth Laboratory

(VLab)'? was developed [20] [29] in the framework of several European projects. The VLab “provides
functionalities for 13:

e Harmonized discovery of and access to heterogeneous resources from multiple systems
e Publication of scientific workflows developed on heterogenous programming environments
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¢ Run of scientific workflows developed on heterogenous programming environments

¢ Publication of workflow results

5. The Group on Earth Observations (GEO), coordinating the global effort of Earth Observations of co-
producing user-driven Earth Intelligence solutions, has been working for a long time on developing a unique
access point to environmental data (the GEOSS platform) and more recently to environmental knowledge
through the GEO Knowledge Hub'“. It is then legitimate to contribute to this global coordinate effort by
using the GEO Knowledge Hub [21] as the unique entry point for running models linked to accessibility.

2.2 Integration of the software components into a framework

The various existing elements described in the previous section have been merged into a single framework
called “AccessMod framework” for chaining the operations described here above, which results in a much
easier interaction needed from the end user. This also required additional developments that are described
in this section.

2.2.1 Creation of the AccessMod'® framework from existing
separate software components

The elements encompassed in the new framework follow a logical order:

1. 01_get_data: The inAccessMod R package is being used to first get the required data'® and process it
automatically into suitable input data (projection, resolution) for AccessMod analysis. The roads, rivers

and lakes are downloaded from OpenStreetMap by default'’.

2. 02_build_merged_landcover: the “landcover merged” layer, essential for further analyses using
AccessMod, is automatically created. The source files necessary for the creation of the merged
landcover layer are the landcover, the roads, and any barrier to movement (e.g., water bodies).

A new unique identifier is applied to OpenStreetMap roads categories, all layers are rasterized at the
same resolution (100 meters by default). The input layers are then merged into one in the following
sequence from top to bottom: roads, water lines, water polygons, landcover.

3. 03_create_start_points: as the thematic for this pilot is the accessibility to green spaces in cities, it is
necessary to obtain the features corresponding to green areas of a given area (city selected), to which
accessibility will be analyzed. The request'® consists in extracting from OpenStreetMap the polygons
corresponding to parks, natural reserves, grasslands, woods and forests. To comply with AccessMod
current limitation to calculate accessibility to points only, each polygon is then represented by a single
point corresponding to its centroid. This centroid is calculated by using the k-means algorithm [30] on
the cluster of points forming the polygons.
It should be noted that such an automatic function for extracting the start points did not exist so far in

AccessMod, as a point shapefile needs to be manually uploaded into AccessMod.
4. 04_travel_time: once the input data is available (previous steps 01 and 03) and the merged landcover
is produced (step 02), the next step consists in creating an AccessMod project'® and to perform the
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travel time to nearest point analysis?® using the available data. This is automatically done for a given

city in this step, and various outputs are created, that illustrate accessibility.

2.2.2 AccessMod framework API

In addition to the new AccessMod framework Docker image, an AccessMod API has also been developed
for using this application. It means that the AccessMod framework can not only be launched through the
shell script, but can also be used through the API either by:

¢ Using curl commands that allow to directly interact with the API

e Orusing a Docker curl wrapper that provides a convenient way to interact with the API, especially for
environments where curl might not be readily available, or if a consistent behavior across different
systems is needed.

The innovative aspects of AccessMod framework vs the existing AccessMod separate elements are then
the following:

* The standalone elements (inAccessMod, AccessMod, AMRemote and isolated scripts) have been
combined into a single AccessMod framework, allowing to perform geographic accessibility analysis
through a single tool

e An AccessMod API has been developed, that allows to interact with the AccessMod API using curl
commands or a Docker wrapper

e An automated polygon types extraction from OpenStreetMap and transformation to points has been
implemented

2.2.3 Porting of AccessMod on the Virtual Laboratory

The Virtual Earth Laboratory (VLab) [20, 29] is a software framework developed to facilitate scientific
workflows implementation for supporting knowledge generation and evidence-based decision-making. The
main functionalities of VLab include: (i) harmonized discovery of and access to heterogeneous resources
from multiple systems, (ii) publication and sharing of scientific models developed on heterogenous
programming environments, (iii) execution of scientific workflows developed on heterogenous execution
environments (e.qg. different cloud platforms, different software libraries, etc.), and (iv) publication and
sharing of execution results. VLab functionalities are all available through Web Application Programming
Interfaces (APIs), making it possible for the end-users to develop their own applications. When a model is
published on VLab, the framework can trigger its execution on a variety of cloud platforms, allowing to
seamlessly move the code to the cloud platform where the required input data is hosted. Several tests were
executed on different cloud platforms including the European Open Science Cloud (EOSC), the commercial
Amazon Web Services (AWS) cloud and most Copernicus DIAS platforms (Creodias, ONDA, Sobloo).

VLab was utilized to share the AccessMod framework so that it can ultimately be utilized through VLab
Web APIs and run from the GEO Knowledge Hub as a knowledge package. A procedure is described?’ that
explains the different steps. As the necessary data and tools are wrapped in a Docker machine, all
necessary elements become available in the virtual laboratory for performing the accessibility analysis.
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The AccessMod model is available in two different Docker modes:

1. Two different Docker images (one for data ingestion and one for model execution) can be utilized to
run the entire workflow of the AccessMod model.

2. A wrapper Docker image which acts as a bridge towards a remote server where the AccessMod
workflow is executed.

Currently, VLab requires one single docker image to be utilized as the computational environment for a
model. Unfortunately, the two Docker images (mode 1) are incompatible and it was not possible to build a
single Docker image, therefore this modality was discarded and AccessMod was published on VLab
utilizing the wrapper Docker image.

It is worth noting that this way of sharing the model does not fully exploit VLab functionalities, i.e., the
model is not actually executed on different cloud platforms, only the wrapper is. However, this still allowed
AccessMod to be executable via VLab Web APIs, facilitating the development of the web application
described in [20], and the re-use of the existing GEO Web Portal framework which utilizes VLab Web APlIs
for model execution. Besides, once the two Docker images (mode 1) will be merged solving their
incompatibilities, it will be possible to update the VLab version of AccessMod (with the new single Docker
image) and fully exploit VLab functionalities without the need of any other changes/developments of the
other system components.

3. Results

3.1 AccessMod framework github

b22

The AccesssMod framework application is available on GitHub““ and can be run:

* |ocally in command line through the bash shell by the users if Docker is installed and running on their
computer

* 0N aremote server

e on a cluster

After installing the Accessmod framework image (by cloning the repository from github), the user can run
the “start.sh” script. When running the script, the user is asked three main questions: (1) the city for which
accessibility to green spaces should be run; (2) if the script should be run in development mode or not; (3)
the part of the analysis that should be run, in a logical order. The illustrations shown below use as an
example the city of Yerevan in Armenia.

Once the various parts have been run, the outputs become available in the “output” folder corresponding to
the city selected, contained in the “data/location” folder of the “accessmod_gpp” folder that has been
created when installing the accessmod_gpp image.

The following outputs are created:
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1. a travel time raster, available in several formats (.tif, .img, .png), where each cell contains the time (in
minutes) to the nearest point in terms of travel time.

2. the population coverage in a given travel time (minutes), both as a table (pop_vs_traveltime.csv) and
as a graph (pop_vs_traveltime.pdf)

3. araster (raster_cost_allocation_pr.img) that contains for each cell the unique ID of the point that is the
closest in terms of travel time. This allows to allocate for each point feature (centroid of each green
space in our use case) the area it covers. When crossing this information with population, it allows for
example to understand which population is served by each green space, which might be useful for city
green spaces planning.

4. araster (raster_speed_pr.img) that contains the road or landuse category for each pixel

5. a compressed .json file (travel_time_output.json)
3.2 VLab interface

Instead of launching the accessibility analysis in command line, it is also possible to launch it through the
Virtual Earth Laboratory (VLab) [20], which has the advantage of only using a familiar internet browser
interface. This interface requires to be logged in, either through a google account or through a specific
login to the VLab. The analysis is performed on the VLab central cluster. This is the cluster, deployed on
AWS cloud platform, which hosts the latest version of the VLab framework. Taking advantage of the
underlying cloud platform, the cluster is configured to allow executions of models with varying
requirements in terms of CPU/RAM (as defined by the modelers when publishing a model on VLab).

The “Workflows”?% menu exposes the various models available through the VLab, and the one called “SDG
11.7 Urban Green Spaces” allows to run accessibility analysis.

Once the analysis is finalized, the various outputs can directly be downloaded by clicking on the blue
hyperlink buttons. Additionally, the model can be shared via email directly through the interface.

3.3 Integration into the GEO infrastructure

Once the AccessMod model published into the VLab, it becomes available through its Application
Programming Interface (API) allowing any other client application to interact with the model. Therefore, it
facilitates its integration with the GEOSS portal?* enabling users to search for any analytical services
available in the VLab (figure 9).

Once discovered, then users can inspect the model and the necessary data inputs directly within the portal,
searching for relevant data sources as input for the service and selecting the cloud platform of preference
to execute the model (figure 11). In this experimental setup, the cloud costs associated with cloud
utilization (where present) are covered by VLab operators for demonstration purposes. Therefore,
computational availability might not always be present.
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Once a workflow is run, a message indicates it is saved in the “saved runs” section, where its status can be
checked. Once the run is finished, outputs are available for download (statistics as CSV file, maps as
geotiff) or could be visualized using the Web Map Service (WMS) interface enabling an interoperable
access to the outputs. In addition, it is possible to create a dashboard to share the results in a simple and
effective way with text, graphs and maps.

To facilitate the replicability and re-use of the proposed approach all resources are made available as a
Knowledge package in the GEO Knowledge Hub (GKH:
https://gkhub.earthobservations.org/packages/xx3rj-6zp63). The record (Figure 12) provides essential
information like the title, description, keywords, and contributors. Each resource includes detailed
metadata, such as the resource type, description, license, and publication date. Once the package is
complete, it can be published or submitted for review, making it accessible to the global Earth observation
community.

4. Discussion
4.1. General advantages

The AccessMod software offers the possibility to perform accessibility analysis but requires some pre-
processing and processing steps that might represent a barrier for non-GIS experts who would have an
interest in performing such analyses. The innovative AccessMod framework, by hiding the complexity in the
back end, considerably lowers the entry barriers to perform accessibility analyses, in this case to green
spaces in urban environments. Such integrated approach could widen the use of accessibility analyses for
the benefit of evidence-based decisions in various domains where accessibility plays a significant role.

Although the execution of the AccessMod framework through bash command line might still represent an
obstacle for some people, the availability of the AccessMod framework in a virtual laboratory represents an
additional advantage. It means that third party applications such as the GEOSS Platform Plus can directly
call the workflow and ask the user a single information (i.e. the city for which accessibility needs to be
computed) and wait for the result that will become available when ready in a personalized workspace
(accessible when logged in). This reduces the complexity of accessibility analysis for the user at its
maximum and allows non-experts to obtain scientifically relevant data.

Moreover, the availability of the AccessMod framework workflow among other environmentally relevant
workflows in the same environment (the GEOSS portal) with global visibility is an advantage for the user.
The user can indeed easily access various scientific workflows in the same interface without needing to
take care of the input data availability that is automatically downloaded and processed. As an example,
combining the results of geographic accessibility to green spaces in a city with urban heat islands analysis
in a same user interface might be relevant in the context of climate change adaptation.

4.2. Data issues
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Input data play a crucial role in accessibility modeling, [16] and it is necessary to make informed
comparisons and choices before making any new analysis. The AccessMod framework uses by default
well known global authoritative data sources that have been proven suitable for accessibility modeling:
Shuttle Radar Topography Mission (SRTM)[23] for Digital Elevation Model; Copernicus Global Land
Cover[31] for land cover; Worldpop[24] for population distribution; OpenStreetMap (0SM)[32] for rivers,
lakes, roads and green spaces; ESRI urban areas [25] for cities delineation. As the travel scenario needs to

25

attribute a specific speed on each road and landcover category, a default scenario” is used for any town

and corresponds to OSM roads categories.

Although these are well-known and trustful datasets, other datasets might be added in the future, for
example to use alternative population distribution layer or urban areas.

This workflow shows not only the benefits of open data used here, but also the importance of citizen
science projects such as OSM that provide the grounds towards urban assessment and planning (in this
case accessibility to urban green spaces). The chaining of such open data, its combination with citizen
science and global exposition through open workflows available on a Global Earth Observations platform is
a step towards more open and replicable/reusable science for public benefits.

4.3. Limitations

Several limitations need to be taken into consideration in the current version of the AccessMod framework:

e AccessMod is a raster-based tool that has been developed in contexts where the population travels
mostly off roads. In urban contexts, a vector approach (e.g. network analyst) would be more
appropriate but raises other challenges such as a network perfectly connected. The AccessMod
framework approach presented here simplifies the travel network but allows travel off-roads, which is
relevant for analyzing the geographical accessibility to urban green spaces.

 The analysis is currently restricted to a limited number of cities worldwide?®. This is mainly due to the
lack of computational resources required if the workflow should be run on-the-fly further to users'
demand.

e Currently, the user cannot change many parameters, and it might be useful in certain cases to modify
either some input data (e.g. the population layer used) or the travel scenario. The possibility to work
with several scenarios might be of particular importance for cities subject to specific climate
conditions such as rainy season, where accessibility can be totally different from dry season.

e The least-cost path algorithm presumes that an individual will systematically reach the nearest green

space from his/her location. This might not necessarily be the reality as one might prefer a big park
with recreational features to a small not welcoming green space.

4.4 Perspectives

Inclusion of the AccessMod framework in the GEOSS Platform Plus is a first attempt to chain several
independent components into a user interface simplified to the extreme for the user. This pilot
demonstrates that the concept is feasible, although many improvements can be foreseen.
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First, a bigger number of cities should become available for accessibility analysis in the AccessMod
framework analysis.

Although this pilot focused on accessibility to green spaces in urban environments, the same concept can
be extended to many other service points that would greatly benefit from easy modeling of accessibility in
a given country/region, such as: accessibility to water points in a given country/region; accessibility to
schools; accessibility to health services, etc. If most of the input data will be identical when using
AccessMod (DEM, landcover, population distribution, rivers, lakes, roads), only the target service
distribution layer (e.g. schools, water points, health services instead of green spaces) and travel
scenario(s) should be differentiated, but the workflow remains identical.

The inclusion of vector analysis possibilities into the AccessMod framework would be an added-value to
keep the advantages of the off-roads travel consideration currently available in AccessMod, while adding
more precision for travel in urban environments. This would however represent an additional challenge in
terms of input data quality necessary for network analysis, which is a bottleneck in many countries.

Finally, having the flexibility to modify some parameters (e.g. running the analysis with other travel
scenarios, choosing alternative input layers) would allow us to better consider the reality of the ground.
This flexibility could also enhance the workflow’s usefulness for policy-making, for example by simulating
accessibility improvements under different development scenarios, such as adding new green spaces,
modifying transport networks, or adjusting travel modes. Such “what-if” analyses would provide decision-
makers with evidence-based insights on how specific interventions could improve accessibility, while
maintaining the advantages of pre-processed input data and automated computation. Implementing these
capabilities, however, requires on-demand processing infrastructure, as it is not feasible to pre-process all
possible scenarios for every thematic or geography.

5. Conclusions

This paper describes a first innovative attempt to have a complete workflow to quantify accessibility to
given features (in this example to urban green spaces in urban environments) using an extremely simple
interface. Despite limitations, this approach opens the way to a wider use of such tools by non-expert
people for evidence-based decisions such as urban planning. This same approach can be used for many
other thematics (e.g. geographic accessibility to health services in a given country).

However, this highlights the importance of the availability of widely recognized datasets (e.qg.
OpenStreetMap, WorldPop, Copernicus land cover, etc.) for automated workflows, but also highlights the
limitations of global models, that need to be customized (e.g. for the travel scenarios that are different
among cities or countries regions).

This successful use case is an encouragement to overcome the barriers mentioned and to further improve
the workflow by adding additional interaction possibilities, possibly through other thematics and
geographies to confront the diversity of realities as much as possible.
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AccessMod framework

Customized InAccessMod

InAccessMod =>01_get_data

Standalone script for creating
a landcover merged layer

Customized landcover merged script
=>02_build_merged_landcover

New script generating
starting points (parks, ...)
=>03_create_start_points

New AccessMod Docker image
(AccessMod API)
=> 04_travel_time

AccessMod

Automated script based on
AM Replay function performing
the analyses and generating the

AccessMod Replay function

Figure 1

outputs

summary of the assemblage of existing software components into a single framework

Centroid-Based Sampling of Green Spaces
for AccessMod Analysis

® Feature Boundary Point

@ Centroid calculated using k-means clustering
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Figure 2

features' centroids creation for use as accessibility starting points

Enter the city name (default is Geneva): Yerevan
Do you want to develop? (y/N): n
[ City Yerevan ]

[ Dev mode false 1]

Select the part to load:

1) 01_get_data

2) 02_build_merged_landcover

3) 03 _create_start_points

4) @4 travel time

5) Exit

Enter your choice [1-5]: [

Figure 3

basic screen of the ./start.sh script of the AccessMod frameworkapplication
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b)

. . %
raster_travel_time_primg 3 .~

a)

d)
travel time.png

Figure 4

Various formats of the resulting travel time raster: a) and b) showing respectively .img and .tif black and
white versions of the travel time (minutes) from each cell to the nearest point; c), d) and e) showing the
same information in colored version but in .png format (d) or in .tif format non-projected (c) or projected (e)
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Population Access to Green Areas by Travel Time

Travel Time Zone

the population coverage having access to green areas in a given city by travel time (minutes). In the table,
the “zone” column corresponds to the number of minutes; the “sum” column corresponds to the population
number covered in the given time (zone); the “cumSum” column shows the addition of population covered
for each time (zone) threshold. The graph is a visual representation of this same information.

Page 21/28



raster cost allocation pr.im

Figure 6

the raster cost allocation layer
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Figure 7

the raster showing the roads categories
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Accessibility analysis launch window in the Vlab
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Accessibility analysis result window in the VLab
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The GEOSS portal interface allowing to search for the term “green” and resulting with a service “SDG11.7
Urban Green Spaces”
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Figure 11

the workflow analysis launch
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Figure 12

Dashboard showing the accessibility analysis result in the GEOSS platform
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Description

Public space has an essential role to play in making cities liveable and is interlinked with various other development issues such as Geographic Locations
environment and climate change, economic development, urban poverty, security, community cohesion, social interaction, civic identity,

entertainment, gender and social equality and quality of life. Even if public space can be difficult to define (e.g., different

features/elements, different geographical and cultural contexts), one key element towards the sustainability of cities is when there is a +

good balance between private and public spaces. Public spaces can be regarded as symbols of equality because they are usually N
accessible, safe, open, inclusive (e.g., sex, age and disability) and available to everyone . However, according to United Nations (UN)-

Habitat, public spaces in cities have gradually diminished in recent years. Such privatisation of public space increases exclusion and -

marginalisation, underlining the need for policies and strategies that ensure appropriate planning, design and management of public

spaces.

Figure 13

AccessMod framework available as a knowledge package in the GEO Knowledge Hub
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