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Acronyms

API Application Programming Interface

AWS Amazon Web Services

DIAS Data and Information Access Services

GCP Google Cloud Platform

GEE Google Earth Engine

GEO Group on Earth Observations

GEOSS Global Earth Observation System of Systems

IAC Infrastructure as Code

JSON Java Script Object Notation

LDN Land Degradation Neutrality

NASA National Aeronautics and Space Administration

OGC Open Geospatial Consortium

PDCA Plan, Do, Check, Act

PRAIS Performance Review and Implementation System

QA Quality Assurance

SAS Shared Access Signature

SDG Sustainable Development Goal

STAC Spatio-Temporal Asset Catalogue

UK United Kingdom

UN United Nations

UNCCD United Nations Convention to Combat Desertification

US United States

WOCAT World Overview of Conservation Approaches and Technologies

WPS Web Processing Service
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Scope of document
This document presents three different components: a short discussion on OGC APIs and how

the Processes API could be worked into some of the software projects related to LDN; a short

discussion on linking software to major computational platforms; and an explanation surrounding

interoperability standards.

Section 1: Wrapping existing software into OGC API

Processes

OGC APIs

The Open Geospatial Consortium (OGC) is an organisation that has taken on the management

and oversight of standards for open geospatial data and software. In reality it acts more like a

community hub, bringing together other organisations to discuss and implement a series of

standards to ensure efficient and effective communication between software and systems. In an

ever more complex online world, the need for the OGC and its services is becoming more

important. In line with its focus on openness, the OGC standards are themselves open and

implementable by all.

To aid the way in which “geospatial/location information is shared, accessed, integrated, and

analysed”1 the OGC have undertaken to modernise the OCG Web Service Standards by creating

a series of APIs which, it is envisioned, will become the building blocks for developing location

based and aware applications. These standards are still in active development, although some

are more complete than others. An indication of the types of APIs available include:

● Features API: an update of the Web Feature Service, used for sending vector data

between systems

● Tiles API: specifically designed to serve tiles of data (raster or vector) to their API

components

● Coverage API: formed to allow access to complex spatial raster datasets such as data

cubes

● Processes API: an update of the Web Processing Service that standardised processing

requirements between systems

● Maps API: an update of the Web Map Service to provide rapid access to preformed maps

and raster layers

1 https://ogcapi.ogc.org (accessed 17 Nov 2023)

https://ogcapi.ogc.org
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● Records API: an update of the Web Catalogue Service, used for serving metadata

Of relevance here, the OGC Processes API2 standard has been developed to enable and support

the wrapping of analytical workflows into processes that can be called by any application over

the web to a processing server. To do this the processing API uses a RESTful protocol with

embedded JSON encoding. The idea of such an API is that the user (through a software

application) would submit a series of required inputs by creating a complex API call, and expect

in return an output that would typically be a new dataset or something similar. The processing

algorithm itself would need to be created and accessed on the processing server, which is a

non-trivial piece of related development work.

OGC Processes API

Note: It is understood that the UNCCD PRAIS reporting system3 is already, or plans to soon be,

OGC compliant. There are also substantial efforts through the GEO-LDN standardisation working

group to apply standards to LDN work. It is also understood that although both look to

implement OGC standards, the work for GEO-LDN and PRAIS is not the same and will be

substantially different in the way it is eventually applied. Additionally, GEO has some experience

of the Processes API precursor, WPS, through its accessibility via the GEOSS platform.

OGC API - Processes builds on the following core concepts first implemented in WPS: input,

process, and output. Similarly, both can process data in synchronous and asynchronous modes

depending on the information provided to the server (this means that a process will not

necessarily have to block the next process in the queue). As stated on the OCG Processes API

documentation page, the API “supports the wrapping of computational tasks into executable

processes that can be offered by a server through a Web API and be invoked by a client

application … to provide implementations of geospatial algorithms that process data. The

benefit of this is that the processing of geospatial data, including data from sensors, can be

distributed thereby allowing for more capacity to process larger amounts of data”4. Table A1,

amended from the same documentation, presents some of the API access points for different

functionality. The implementation of such a standard into components of the GEO-LDN toolbox

would be beneficial in the following ways:

● Large processing tasks could be distributed (depending on server set-up)

● Relatively simple to create

● Safer and easier to maintain

● Can be an efficient solution

4 http://opengeospatial.github.io/e-learning/ogcapi-processes/text/basic-main.html (accessed 20 Nov
2023)

3 https://prais.unccd.int (accessed 20 Nov 2023)
2 https://github.com/opengeospatial/ogcapi-processes (accessed 20 Nov 2023)

http://opengeospatial.github.io/e-learning/ogcapi-processes/text/basic-main.html
https://prais.unccd.int
https://github.com/opengeospatial/ogcapi-processes
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Table A1: Some key Processes API functions (note that the entry point is accessed at root, /)

API function Location Description

Process list /processes
Process identifiers, links to process
descriptions

Process description /processes/{processID} Retrieves a process description

Process execution
/processes/{processID}/
execution

Creates and executes a job

Job status info /jobs/{jobID} Job status information

Job results /jobs/{jobID}/results Retrieves the result(s) of a job

It is possible to test an implementation of the API using the pygeoapi software package5. This

can be installed on a local machine that has Python (and package installation components)

already installed. Technically, pygeoapi is a Python server implementation using OpenAPI of the

OGC API suite which allows the testing of various endpoints and is released under an open

licence. Box A shows how pygeoapi can be installed, although it is also available as a Docker

container (docker pull geopython/pygeoapi:latest) which may be easier to use. Windows users

can access a walk-through tutorial6 provided by GeoE3; a further tutorial is available on Medium7.

A default installation of pygeoapi makes two simple vector datasets, a STAC collection and a

sample process available to the user

Box A: How to install pygeoapi for testing (see documentation for full explanation)

# create and activate a virtual environment
python3 -m venv pygeoapi
cd pygeoapi
. bin/activate

# clone the GitHub repository
git clone https://github.com/geopython/pygeoapi.git

# install and configure pygeoapi
cd pygeoapi
pip3 install -r requirements.txt
python3 setup.py install

7 https://medium.com/geobeyond/how-to-get-started-with-pygeoapi-79f77a894249 (accessed 24 Nov
2023)

6 https://www.youtube.com/watch?v=piNgi8HWAUY (accessed 16 Nov 2023)
5 https://pygeoapi.io (accessed 20 Nov 2023)

https://medium.com/geobeyond/how-to-get-started-with-pygeoapi-79f77a894249
https://www.youtube.com/watch?v=piNgi8HWAUY
https://pygeoapi.io
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cp pygeoapi-config.yml example-config.yml
nano example-config.yml # edit as required
export PYGEOAPI_CONFIG=example-config.yml
export PYGEOAPI_OPENAPI=example-openapi.yml
pygeoapi openapi generate $PYGEOAPI_CONFIG --output-file $PYGEOAPI_OPENAPI
pygeoapi serve

# in another terminal or open in a web browser
curl http://localhost:5000

Wrapping software into APIs

It may be possible to standardise the software entries in the GEO-LDN Toolbox by wrapping the

existing processing tools in the Processes API. A wrapper in this context relates to a framework

used to mask or wrap another item with the purpose of helping to convert data into a compatible

format and abstracting the complexity out to a relatively small number of endpoints. API design

is highly important for creating an efficient processing workflow, especially when using large

datasets such as those common in geospatial applications.

An interesting series of blog posts explain a student’s progress through a Google Summer of

Code project to create a Python and terminal wrapper for the OGC Maps API8. Although a

different OGC API standard, this could be used as a first point for GEO-LDN Toolbox projects to

understand how to begin to wrap their software in the Processes API. Specific details about the

Processes API standards can be found at https://docs.ogc.org/is/18-062r2/18-062r2.html#toc19.

A first consideration when looking to create a methodology to call processing jobs through the

OGC API is to deconstruct the existing software workflow: understand the specific inputs,

processing steps and desired outputs. From this, design decisions can be made for both the

frontend and backend, including how the server is to handle the process jobs

(asynchronous/synchronous etc.). Understanding which processing jobs require user interaction

and which can be fully automated will also help modify the software workflow. The ultimate

requirement for seeking to wrap a software tool in an API is to take advantage of distributed

processing on a server and this should be the driver for assessing the suitability of undertaking

such work.

8 https://blog.52north.org/2022/09/23/python-client-for-ogc-maps-api-final-blog-post/ (accessed 20 Nov
2023)

https://docs.ogc.org/is/18-062r2/18-062r2.html#toc19
https://blog.52north.org/2022/09/23/python-client-for-ogc-maps-api-final-blog-post/
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Section 2: Guidance for linking GEO-LDN Toolbox

components to major computational platforms

The ‘Big 3’ Computational Platforms

There are three major providers of pay-as-you-go computational platforms: Amazon, Google and

Microsoft providing AWS, GCP and Azure respectively. In 2023 AWS has about 32% of the

market share, with Azure following at 23% and Google Cloud making up about 10%9. The

remaining proportion of market share is made up of a myriad of organisations with more

bespoke offerings, such as those from Oracle and IBM. The major cloud providers are not

inherently geospatial in their nature although all three offer world leading geospatial services.

AWS, through its “Earth on AWS” initiative makes a number of large geospatial datasets

available under open licences and terms. The Azure platform hosts Microsoft’s Planetary

Computer that also hosts geospatial datasets alongside the option to easily create compute

resources linked to JupyterHub notebooks. Most likely the most widely known and heavily used

geospatial compute platform is Google Earth Engine, a complete coding and data processing

environment that is easy to use, and although originally only available for research is now open

to commercial and non-commercial users alike. There are other smaller platforms that offer

similar spatial data services, such as the DIAS platforms and the various online services from

ESRI, SentinelHub and NASA’s Earth System Observatory. It is worth noting that many of the

smaller geospatial data provision and processing platforms are undergoing a process of

rationalisation and acquisition and so this sector is incredibly dynamic at the moment. In

comparison, the three main providers are stable in their offer. For the current reporting, only the

main three providers (and their geospatial offerings) will be considered. In part this is to

compare like with like, and due to their aforementioned stability. Although other offerings may

have merit, their inclusion in this review would expand the remit too far.

The main differentiators between the systems are related to the needs of the user base. AWS

has been available the longest,and as such has a large number of mature and stable

cloud-optimised services. It is a trusted platform and has a legacy that attracts new users. Azure

targets and integrates well with business systems. It is much more than this, and most of the

resources run on the platform are Linux based, but the ease with which Windows users are

serviced makes for an attractive commercial business platform. Google Cloud has specialised in

data related services such as BigQuery and TensorFlow, and has an intuitive and clean user

interface.

9 https://www.crn.com/news/cloud/aws-microsoft-google-s-cloud-market-share-q1-2023/1 (accessed 15
Nov 2023)

https://www.crn.com/news/cloud/aws-microsoft-google-s-cloud-market-share-q1-2023/1
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Communication with Platforms

The major computing platforms, and their geospatial sub-platforms, generally rely on detailed

documentation and online tutorials for onboarding users to new services. Direct communication

with specialists is minimal. The following steps (Table A2) are suggested as a suitable template

for interacting with the computational platforms when considering their use for data processing.

Table A2: A template for interacting with computational platforms.

Step 1: Choose the platform to use. This will be decided on a number of factors such as cost,
ease of integration, prior knowledge of the platform, data accessibility and more.

Step 2: Read the documentation related to interacting with the platform, especially their APIs

Step 3: Decide on methods of interaction to be implemented, including which data to access,
which APIs to integrate and more

Step 4: Undertake any required development on the client and server side. Follow the
guidance and standards included in the platform documentation.

Step 5: Test and optimise the API and code interactions, ensuring that costs are minimised
and outputs as expected

Additional notes

Pricing

The following table (A3) compares 2023 prices between the three major providers for core

infrastructure services. These systems are not geospatial specifically, just computing

environments that can be used for a myriad of purposes. It is important to note that these price

comparisons are only indicative: the prices for all three providers change regularly and by region,

and the prices shown here are a fraction of the total number of cost combinations that can be

generated for each provider. Online cost calculators exist for all three of these cloud providers to

help users estimate what they will be charged.
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Table A3: Comparison of prices between providers. Values taken from similar regions: AWS US

East (Northern Virginia), Azure East US, and GCP Northern Virginia (us-east4). Note: values are

indicative10 and regularly change - always check the latest prices on the provider websites.

AWS Azure GCP

Owner Amazon Microsoft Google

Storage (per GB/month) $0.023 $0.021 $0.023

Compute (general
purpose, 4 vCPU, 16GB
RAM) (per hour,
on-demand)

$0.134 $0.166 $0.151

Compute (general
purpose, 4 vCPU, 16GB
RAM) (per hour, 1-year
commitment)

$0.084
(41% discount)

$0.112
(32% discount)

$0.095
(37% discount)

Compute (general
purpose, 4 vCPU, 16GB
RAM) (per hour, spot
prices)

$0.044
(68% discount)

$0.064
(67% discount)

$0.045
(70% discount)

As well as the standard compute and infrastructure services, these providers also make available

geospatial-specific data and supporting services.

Earth on AWS invites users to “build planetary-scale applications in the cloud with open

geospatial data”11. Effectively the platform enables access to a large catalogue of geospatial data

and encourages users to implement application code using AWS services such as Sagemaker

(their machine learning solution). Much of the data is openly available, although some is

released under the AWS ‘requester pays’ model. Similarly, the services used to support

processing and analysis will be paid for at the standard AWS rates. There is a scheme for

researchers to apply for cloud credits (effectively free or reduced cost access to AWS systems)

as long as the work being proposed links to publicly available science-as-a-service applications,

proof of concepts for moving research into the cloud or to train others in the use of the cloud for

research.

Microsoft’s Planetary Computer is a dedicated “platform that lets users leverage the power of

the cloud to accelerate environmental sustainability and Earth science”12. It is freely available,

although as it remains in Preview a user must first request an account by describing the project

12 https://planetarycomputer.microsoft.com/docs/overview/about (accessed 21 Nov 2023)
11 https://aws.amazon.com/earth/ (accessed 22 Nov 2023)

10 Values taken from a pricing summary created in March 2023. The original post can be found at
https://cast.ai/blog/cloud-pricing-comparison-aws-vs-azure-vs-google-cloud-platform/ (accessed 20 Nov
2023)

https://planetarycomputer.microsoft.com/docs/overview/about
https://aws.amazon.com/earth/
https://cast.ai/blog/cloud-pricing-comparison-aws-vs-azure-vs-google-cloud-platform/
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and which geospatial datasets are to be accessed. The core components of the Planetary

Computer are a data catalogue (making petabytes of data freely available), the Hub which

provides the compute environment (via Azure), a series of pre-built web applications, and API

access to provide search functionality. Many of the tools and services in the Planetary Computer

utilise and extend open source tooling.

The geospatial offering from Google, Earth Engine is likely the most well known and widely used

of the three systems presented here. Google Earth Engine (GEE)13 has a similar multi-petabyte

catalogue of geospatial data and access to a huge cloud compute resource for data analysis. For

many years GEE was only available for non-profit, non-commercial research and academic use

but now has a commercial offer too. The commercial pricing is based around a monthly fee and

a usage fee. As with all cloud pricing, obtaining clarity around how much a given workflow may

cost is difficult and the reader is pointed to the official pricing page14. GEE has a graphical

interface and also allows scripting in Javascript and Python. Both data and scripts can be easily

shared with other users and online applications can be constructed with relative ease: GEE is a

powerful platform with a dedicated user base.

Transferability

The issue of transferability between cloud providers could be a project in its own right. Although

possible, the main cloud providers do not design systems that make it easy to move between the

different cloud infrastructures. If a project starts to integrate directly with, and rely on, cloud

services from one provider (e.g. AWS) then there is unlikely to be a simple transposition to the

services of another provider (e.g. Azure). This is a design feature of cloud providers: to optimise

the processing workflow and minimise the generated costs, the native cloud services are likely to

provide the desired results. Moving between providers would, for any reasonably sized software

project that has been cloud integrated, be a substantial undertaking. One way to ensure

transferable infrastructure is to not rely on native cloud services and install all the required

resources directly into an online server instance. All of the providers make such instances

available. It should be noted that this suggestion is neither computationally nor cost efficient.

The use of Infrastructure As Code (IAC) tools is one potential way to create reproducible

environments within such server instances, or to create cloud environments for each of the

different providers (reasonably easily). Tools such as Terraform15, Ansible16, or the individual cloud

platform IAC services can all help in this regard. It would also be possible to create reproducible

servers using an operating system such as NixOS17 (which can be configured to create an

17 https://nixos.org (accessed 19 Nov 2023)
16 https://www.ansible.com (accessed 19 Nov 2023)
15 https://www.terraform.io (accessed 19 Nov 2023)
14 https://cloud.google.com/earth-engine/pricing (accessed 22 Nov 2023)
13 https://earthengine.google.com (accessed 22 Nov 2023)

https://nixos.org
https://www.ansible.com
https://www.terraform.io
https://cloud.google.com/earth-engine/pricing
https://earthengine.google.com
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immutable, custom configurable, and reproducible system): other immutable operating systems

are available e.g. Fedora Silverblue18.

Data discovery

The geospatial data held within these platforms are STAC compliant. STAC (Spatiotemporal Aset

Catalogues)19 is a standard for machine accessible metadata designed explicitly with cloud-first

systems and huge data volumes in mind. There is a wide array of tools available to interact with

STAC compliant metadata catalogues.

The Planetary Computer provides a STAC API endpoint for searching data within that system.

The documentation for the platform explains how to interact with the endpoint and create

searches using both the Python and R languages, based on locations and timeframes. Each item

within a catalogue has a large number of assets which then link through to the actual data files,

but to access the files themselves from the Azure storage location will require a shared access

signature (SAS) token (see Planetary Computer documentation for exact details). The benefit of

using code to access datasets is that it can be integrated into a wider workflow and enables that

workflow to be automated.

The geospatial data accessed through AWS also has reference to STAC endpoints but is not

highlighted as much as in the Planetary Computer, and the support for implementing STAC

searches is much more difficult to discover. The same seems to be true of GEE. In both cases, a

simpler method of accessing the STAC catalogues on these platforms would be to use the STAC

Index website20.

Section 3: The fundamental principles and protocols

for interoperability

Defining Interoperability

In this report, and for the work included in this contract, interoperability is defined as “ the ability

of systems … to provide data, information … and services to, and accept the same from, other

systems … and to use the data, information … and services … to enable them to operate

effectively together”21.

21 https://aaf.dau.edu/aaf/software/architecture-and-interoperability/ (accessed 3 Nov 2023)
20 https://stacindex.org/catalogs#/ (accessed 24 Nov 2023)
19 https://stacspec.org/en (accessed 24 Nov 2023)
18 https://fedoraproject.org/silverblue/ (accessed 19 Nov 2023)

https://aaf.dau.edu/aaf/software/architecture-and-interoperability/
https://stacindex.org/catalogs#/
https://stacspec.org/en
https://fedoraproject.org/silverblue/
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Stating that interoperability standards “enable the operational processes underlying exchange

and sharing of information between different systems” and help “digital research outputs …[to

be]... Findable, Accessible, Interoperable and Reusable” the Wellcome Trust suggests that such

standards should become ‘digital objects’ in their own right22. The same report highlights the

growing importance of standards around content/data, metadata and interoperability.

Principles for Interoperability

As always, comprehensive testing and evaluation is a very important step in the development

process (in this case linked specifically to software interoperability). Ideally this would be

automated and cover the full suite of interoperable systems. The result of such testing will help

understand when the systemInteroperability is a design decision whereby systems share

information to enable them to operate together. To be fully effective23, interoperability should

consider a range of topics such as data mapping, distributed objects, interface definition

languages, documentation etc. Ideally, systems designed to be interoperable would be evaluated

at an early stage and then monitored throughout a system’s life cycle. In most modern systems,

software should not be considered as program centric, but should rather be designed and

developed with integration in mind.

Operationally, a system should identify a users’ needs and how those needs link to other

systems: from that a detailed design and implementation around what the software must

interface with, what information is to be exchanged, and how user interfaces enable this sharing

should be constructed. Technically, the system architecture should define how and where a

software tool links into a broader platform or system of softwares and/or data. To do this,

common standards, interfaces, and protocols are required. When developing for interoperability,

the team designing a new tool should ideally engage and interact with the team linked to the

systems to be integrated. This is to agree on interoperability standards, timelines, and

expectations.

As always, comprehensive testing and evaluation is a very important step in the development

process (in this case linked specifically to software interoperability). Ideally this would be

automated and cover the full suite of interoperable systems. The result of such testing will help

understand when the system or software tool is ready for deployment. Interoperability testing

often follows the Plan, Do, Check, Act (PDCA) methodology which implements the following

steps:

● Identify every linked component to be tested

● Identify what each component does or is supposed to do

● Identify all of the expected inputs and outputs in the system

23 https://www.computer.org/publications/tech-news/trends/importance-of-interoperability (accessed 3 Nov
2023)

22 https://wellcome.org/sites/default/files/interoperability-standards-oct16.pdf (accessed 6 Nov 2023)

https://www.computer.org/publications/tech-news/trends/importance-of-interoperability
https://wellcome.org/sites/default/files/interoperability-standards-oct16.pdf
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● Identify information that needs to be shared or moved

● Identify the expected behaviour for all components

● Document the testing procedure

GEO-LDN and Interoperability

The UN SDGs have created a guide for interoperability24. The concepts outlined in the guide fall

largely within the area of data standards for information interoperability, as well as ideas

surrounding metadata and common language frameworks.

The GEO-LDN requirement for interoperability broadens out further to ideas around software and

other tools, with a need to be as inclusive as possible (e.g. incorporating in-situ as well as

remote-sensing related data and tools of various sources and scales) whilst maintaining a quality

requirement. Overall, any interoperability standards that are ultimately accepted by GEO-LDN

should look to address as many of the following points as possible:

● They should nudge rather than beat

● They should be flexible whilst creating conformity

● They should allow all comers with suitable tools

● They should be forward looking rather than relying on old methods

● They should also be robust enough to deliver on LDN requirements

GEO-LDN Toolbox Standards

As stated on the UK Government website, “Open Standards Principles for software

interoperability, data and document formats open standards … can be used to help:

● avoid vendor lock-in to a specific piece of technology, or supplier

● software interoperability

● reuse of software components built by others

● the sharing of data between services and systems

● reduce the overall cost of your digital service or technology programme”25

As already stated, interoperability refers to the ability of different systems to work and

communicate in tandem, and to do this involves implementing common standards, protocols,

and interfaces. Open standards are part of the overall requirements (technical or otherwise) that

25

https://www.gov.uk/government/publications/open-standards-principles/open-standards-principles#why-yo
u-should-use-open-standards (accessed 3 Nov 2023)

24 https://unstats.un.org/wiki/display/InteropGuide/Introduction (accessed 6 Nov 2023)

https://www.gov.uk/government/publications/open-standards-principles/open-standards-principles#why-you-should-use-open-standards
https://www.gov.uk/government/publications/open-standards-principles/open-standards-principles#why-you-should-use-open-standards
https://unstats.un.org/wiki/display/InteropGuide/Introduction
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help this occur with minimal redesign of existing processes. Open standards are designed to be

accessible, transparent, and derived via consensus from a wide range of stakeholders. Indeed,

there is often an overlap between interoperability and open standards.

The remit of this work is to develop a series of minimum technical standards that can apply to

projects looking to submit tools to the GEO-LDN toolbox. These should address issues of

interoperability and their competency in providing support when investigating LDN.

To create a set of minimum standards, it is beneficial to build upon a wider framework so that

there is transparency in how the standards combine and so that future changes and additions

can be made. For this work, the OSGeo framework for assessing new projects looking to join

their mentorship programme was used as the basis for creating a series of minimum technical

standards (see Figure A1). The consideration behind this is:

● OSGeo have worked hard to define a framework for assessing software projects

● The framework covers more than just technical aspects of a project

● OSGeo is a respected organisation with a focus on openness and standards

Figure A1: Factors OSGeo considers when assessing software projects26

26 Figure taken from https://www.osgeo.org/about/committees/incubation/ (accessed 3 Nov 2023)

https://www.osgeo.org/about/committees/incubation/
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The OSGeo framework breaks down into three overarching components relating to technical

factors, fairness and social aspects. Each of these then has a series of topics below it, as

demonstrated in the figure. For the GEO-LDN minimum standards a fourth overarching

component was added: a General category that aims to capture the reasoning for the tool that

wishes to gain access to the GEO-LDN Toolbox. Where possible and appropriate the OSGeo

topics were used in this work, but some were changed.

Proposed standards

The following section lists the proposed minimum and preferred standards. It is acknowledged

that due to time constraints there has been a lack of a consensus process around the standards.

Ideally these will remain proposed standards until such a time that a wider group of interested

and informed parties can evaluate their suitability. Additionally, the proposed minimum technical

standards make assumptions about the tool being submitted for assessment: that it is likely to

be a software tool, when the Toolbox currently also holds tools that are not software based.

The process created an initial set of minimum standards which were then shared with a small

number of existing GEO-LDN Toolbox projects for their initial feedback: MapX, WOCAT Apps,

Trends.Earth and LUP4LDN. These projects were extremely helpful in pointing out how some of

the language around the proposed standards can be altered to develop more inclusive

standards.

The presentation of the proposed minimum standards in the following subsections attempts to

capture the initial suggestion in Version 1 of the tool (seen by the reviewers and on which

feedback was presented) as well as the alteration made for Version 2.

Overview

Purpose: As proposed in Version 1

Purpose
Minimum

standard

The purpose of the software, a

component of the software, or algorithm

being assessed is to successfully answer

SDG 15.3.1

The tools under assessment adhere to

methods outlined in the Good Practice

Guidance document

Purpose: As proposed in Version 2

Purpose
Minimum

standard

The purpose of the tool, the software, a

component of the software, or algorithm

being assessed is to address LDN issues

The tools under assessment adhere to

methods outlined in the Good Practice

Guidance document
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Purpose
Minimum

standard

The tool can demonstrate it has a user

base

The tool under assessment is able to

point to existing users or a use case

where it was successfully trialled

Technical

Documentation: As proposed in Version 1

Document

ation

Minimum

standard

Complete user documentation is

accessible or online

User documentation should be easy to

find and access, and should ideally

contain examples of how the software

is to be used

Document

ation

Minimum

standard

The written language of the

documentation should be in one or more

of the six official languages of the UN

See

https://en.wikipedia.org/wiki/Official_la

nguages_of_the_United_Nations for

guidance

Document

ation

Preferred

standard

The documentation should have an

obvious instruction on how to translate it

into one of the other official UN

languages

Document

ation

Preferred

standard

Contain a complete how-to walk through

for the user to follow, or (recorded) online

workshops explaining how to use the tool

A How-To guide should be available for

a user to quickly get started. This could

be written or as a screencast

Document

ation

Preferred

standard

Documentation contains one or more of

the following: a lexicon guide, technical

guidance, an assumptions log, a detailed

description of the software/model

specification, an architecture diagram, a

changelog of development

Documentation: As proposed in Version 2

Document

ation

Minimum

standard

User documentation is accessible or

online

User documentation should be easy to

find and access, and should ideally

contain examples of how the software

is to be used
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Data: As proposed in Version 1

Data

Minimum

standard

The software actively, explicitly and

clearly references the requirement to

implement the minimum data standards

for 15.3.1

See Working Group 2 tab at

https://geo-ldn.org/working-groups/ for

guidance

Data

Preferred

standard

The software provides access to default

datasets that adhere to the minimum

data standards for 15.3.1

Data

Preferred

standard

The software outputs are provided in

formats adhering to open data transfer

standards

For example tabular data is exported

as json or csv format, which can be

moved between subsequent software

packages with ease for reporting and

analysis

Data: As proposed in Version 2

Data

Minimum

standard

The tool acknowledges or implements the

minimum data standards presented on

the GEO-LDN website

See Working Group 2 tab at

https://geo-ldn.org/working-groups/ for

guidance

Data

Preferred

standard

The tool provides access to default

datasets that adhere to the minimum

data standards

This could be from within the tool or as

links from the documentation

Code: As proposed in Version 1

Code

Minimum

standard

Code is commented or self-documenting

to a sufficient degree that it is

understandable to those with reasonable

technical skills

Release plan: As proposed in Version 1

Release

plan

Preferred

standard

A development pathway is published with

the tool

Either with the codebase, or in the

associated documentation, a roadmap

for future development or a statement

that development has halted is

provided to the user
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Metadata: As proposed in Version 1

Metadata

Minimum

standard

The tool is supplied or linked to

accessible and easily readable metadata

This should relate to the datasets

used/generated, and/or the software

components/algorithms used in the

core part of the tool

Metadata

Preferred

standard

The metadata supplied or linked to

adheres to a known standard

An example for geospatial data could

be STAC, INSPIRE, FGDC or other

recognised standards

Security: As proposed in Version 1

Security

Minimum

standard

Have a personal data policy and delete

such data as soon as it isn't required

A personal data policy (even if it only

states that such data is not collected)

should be included in the

documentation and all personal data

should be deleted when no longer

required for the tool's functionality

Security

Preferred

standard

Delete personal data as soon as it isn't

required

All personal data should be deleted

when no longer required for the tool's

functionality

Security

Preferred

standard
Don't require personal data

If possible, tools in the GEO-LDN

Toolbox should not collect personal

data

Security: As proposed in Version 2

Security

Minimum

standard
Don't require personal data

If possible, tools in the GEO-LDN

Toolbox should not collect personal

data

Security

Preferred

standard

Delete personal data as soon as it isn't

required

All personal data should be deleted

when no longer required for the tool's

functionality

Security

Preferred

standard

Have a personal data policy and delete

such data as soon as it isn't required

A personal data policy (even if it only

states that such data is not collected)

should be included in the

documentation and all personal data

should be deleted when no longer

required for the tool's functionality
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Fair

Code: As proposed in Version 1

Code

Minimum

standard

Source code is accessible and held in a

public online repository

The source code and licence should be

easily accessible, and ideally held in an

online version control system

Methods: As proposed in Version 2

Methods

Minimum

standard

Source code or methods document is

accessible and held in a public online

repository

The source code and licence should be

easily accessible, and ideally held in an

online version control system. If not a

software tool then a detailed methods

document should be available.

Software Sustainability: As proposed in Version 1

Software

sustainabi

lity

Preferred

standard

The software tool should be written in a

well known and well supported language

Ideally the tool code will be written in a

programming language that is

sufficiently well known that new

developers can be rapidly onboarded

to the project if required

Software

sustainabi

lity

Preferred

standard

The core development team should

include a sufficient number of developers

For good software sustainability a core

team of developers should be involved

in tool creation in sufficient numbers

that if any become unavailable the

project will not suffer. Ideally this

should be 3 or more developers

Participatory: As proposed in Version 1

Participat

ory

Preferred

standard
Encourage feedback on the tool

Within the documentation and/or tool

create a simple way for users and

developers to feedback to the core

development team
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Participat

ory

Preferred

standard

Encourage development of the tool from

outside the core initial development team

Alongside the codebase or in the

documentation, encourage new users

and developers to interact with the

development of any updates and new

phases of tool creation

Developer guide: As proposed in Version 1

Developer

guide

Preferred

standard

A guide as to how new tool developers

can get involved is included in the public

release

Create a guide either with the code or

in online documentation to help

onboard new developers who would

like to contribute and grow the tool.

Good examples of 'starter issue' tickets

should be available. This assumes that

the tool needs refinement and

development

Social

Licence: As proposed in Version 1

Licence

Minimum

standard

The code licence of the tool is an open

licence

Ideally this would be a recognised

licence with (at least) permissive terms

or better. See https://www.tldrlegal.com

for guidance

Licence

Preferred

standard
The licence is a copyleft licence

The best case would be to have a code

licence that means that any updates or

additions to the code are shared back

into the codebase for the benefit of all

users

Licence: As proposed in Version 2

Licence

Minimum

standard
The licence of the tool is an open licence

Ideally this would be a recognised

licence with (at least) permissive terms

or better. See https://www.tldrlegal.com

for guidance
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Community: As proposed in Version 1

Community

Minimum

standard

The tool or documentation includes a

method of contact whereby a user or

developer can ask for help

This could be an email address,

contact details for a specific person or

a web form, amongst other options

Community

Preferred

standard

Create an online discussion forum for

users to self support with input from

the development team

This could be something such as a

Gitter or Slack site, or a forum hosted

by the tool development team. The

idea is that users can ask each other

questions, minimising the amount of

support required from the development

team.

Community: As proposed in Version 2

Community

Preferred

standard

The project presents the opportunity

for users to self support with input from

the development team

This could be something such as a

Gitter or Slack site, or a forum hosted

by the tool development team. The

idea is that users can ask each other

questions, minimising the amount of

support required from the development

team.

Recommendations

Following the creation of the proposed minimum technical standards and obtaining feedback on

them, the following recommendations are suggested:

● Definition of a tool

○ Some work is recommended for GEO-LDN to explicitly define a) what a tool for

the GEO-LDN Toolbox would encompass and b) how the Toolbox might be

classified. There is currently a mix of software and non-software tools and it is not

always clear as to what the tools do, why they are included and how they should

be assessed by a user. The same may hold for future proposed entrants to the

Toolbox and clarity on definitions would be helpful to all.

● Evidence of tool use
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○ One piece of feedback was that there should be documented evidence that a tool

is being used or has at least one use case example. This has now been

implemented into Version 2 of the QA demonstrator as a minimum standard.

● Add in evidence of attaining standards

○ Another feedback point is that it would be useful to record evidence of meeting a

given standard. This has also now been added to the QA demonstrator (Version 2)

● How the tool is used

○ Some thought on how best to use the standards and assessment method is

required, as well as who should be the custodian of them at GEO-LDN. Ideally the

QA demonstrator would be completed whilst on a call between a project member

submitting a tool for assessment, and a GEO-LDN representative. Then, for any

standards that are not met, a discussion can be had on how to proceed to

develop the submitted tool to meet the standard.

● Process to revise tools already in the toolbox

○ Given that many tools already exist in the Toolbox, some or all should be

assessed using the standards and QA methodology. Trends.Earth, Sepal, MapX,

WOCAT Apps and LUP4LDN have all been submitted to the assessment

demonstrator and attained A ratings in terms of meeting the technical standards.


