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ABSTRACT

Precision agriculture (PA) data sources in the era of digital agriculture are diverse in
terms of the range of technology options and the types of data they generate. These include
proximal sensors, unmanned aerial vehicle (UAV), satellites, farm machinery mounted sensors
and robotics to generate static data or real time information (e.g., yield monitoring).
Government institutions, scientists and private sectors take the lion’s share in generating PA
data at innovation, validation and dissemination phases. At scale-up and wider application
phases, farmers also generate tremendous amount of data that might have privacy and
ownership concerns. There are no one-size-fits-all approach in terms of PA technology
applications, but there remains a question on better way of integrating PA data continent-wide
in Africa. The data privacy and ownership concerns have to be addressed while maintaining
the integration of PA data at continental scale. The objective of this paper is to review the
existing opportunities and challenges of data harmonization in PA in Africa and discuss the
existing technological advancements in PA data science and their applications in the other parts
of the world. Finally, we proposed a new PA data sharing and rewarding model —
‘PrecisionLink’ to rationalize data network system through establishing strong institutions and
self-sustaining business model for all of Africa. The model uses Al and blockchain technology
to track and stamp PA data using unique dataset IDs or PrecisionPrint (like a fingerprint),
valuing credit amounts using ‘pVouchers’ (eVouchers) and distribute credits between PA data
owner or ‘PrecisionProprietor’, data client or ‘PrecisionClient’” and funders or
‘PrecisionPatron’. The system we propose lays the foundation for win-win PA data sharing and
self-sustaining business models for smallholder farmers and technology solutions, while
ensuring strong partnership between farmers’ cooperatives, private sectors, scientists,
government and financial institutions, and countries at high-level. Establishing and networking
strong PA data-nodes in all of African countries is timely to ensure the future of PA big data
application in Africa.

Keywords: precision agriculture, data, Al, blockchain, ‘PrecisionLink’, ‘pVoucher’,
‘PrecisionPrint’, ‘PrecisionProprietor’, ‘PrecisionPatron’, ‘PrecisionClient’

INTRODUCTION

The sources of precision agriculture (PA) data include machine-generated, process-
mediated or human-sourced data that are known to be highly heterogeneous (Wolfert et al.,
2017). Most of the PA applications in Africa are related to improving water use efficiency
and input costs reduction such as water-efficient and climate smart deciduous and fruit farming
in South Africa, Mozambique, Tanzania and Zimbabwe (Ncube et al., 2018). In PA something
that perfectly works for a given farm might not work for adjacent farm. This implicitly indicate
that PA applications for the very fragmented pieces of lands of African smallholder farmers
that are mainly characterised by high variabilities between and within farms require more
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tailored PA solutions. The diversity of PA data in terms of volume and variety can be
considered as important driver of bigdata in the era of digital agriculture if there are high
success rate of PA technology adoption. In such scenario, shortage of data might not be the
question in the future, but sustainable way of integrating PA data from different sources
continent-wide in Africa is one of the key issues. Various research results have shown that
different data captured from variety of sources can be harmonized using data-fusion techniques
for application of PA (Bendre et al., 2015; Ji et al., 2019, 2017; Xu et al., 2019). Data-fusion
and other state-of-the-art methods address the technical layer that are very critical in the data
value chain. However, the governance layer of such a big and very diverse data that might have
privacy and ownership concerns is the elephant in the room. Data is merchantable good but
key issues related to data marketing in PA are ownership, privacy and lack of sustainable
business model (Pierce et al., 2019). Therefore, the objective of this paper is to review the
existing opportunities and major challenges of PA data harmonization in Africa in relation to
existing technological advancements in PA data science and their applications in the other parts
of the world. For future application of PA data synchronisation, we proposed a new data sharing
and rewarding model — ‘PrecisionLink’ to network several PA data-hubs for establishing self-
sustaining business model that connects different actors in the PA data landscape for all
member countries in Africa.

CHALLENGES AND OPPORTUNITIES

Looking at data as marketable good and as the new oil in the 21% century, PA data
passes through different stages before reaching the final data marketing stage. Mostly data
capture is the initial stage in the entire process of data value chain and the intermediary stages
respectively include data storage, data transfer, data transformation and data analytics (Wolfert
et al., 2017). Data governance issues, which are one of the major challenges of data sharing,
become more complicated at the later stage due to privacy and ownership concerns that are in
turn associated with lack of viable business model that motivates data holders to share their
data. The other challenges in PA are related to the technical realm, especially decisions made
at the data capture stage. Sanches et al. (2018) reported that number of samples usually
collected to spatially represent soil attributes are denser for PA than ordinary field observation
methods, however, sometimes outputs are reported similar for both approaches, e.g.,
application of apparent electrical conductivity (ECa) to formulate lime recommendation rate.
This has a direct implication on the volume of data required for certain PA solutions and the
ultimate adoption rate of the technologies.

The opportunities for PA to advance in Africa are enormous since some reports have
shown that use of Internet of things (IOT) technologies using sensors-based computer visioning
assisted PA have been tested for on-site fertilizer recommendations (OLIVEIRA-JR et al.,
2020). Some of the initiatives like Agricultural Commercialization Cluster (ACC) in Ethiopia
lay the foundation for PA applications on cluster of farms which otherwise could have been
fragmented and remain challenging for smallholder farmers. In addition, there are several
enablers that promote the PA use, which include: (1) the example of using drones and Al to
estimate what yield (2) cloud computing and freely available high resolution imageries from
google earth engine (3) handheld proximal sensors and breakthrough on automated farm inputs
management system, (4) immerging high-resolution information on biophysical and agronomic
advisories (e.g., the iISDA-Soil) and (5) use of planters in PA for weeding by fitting with tines
to improve efficiencies in Semi-Arid part of Western Africa (Aune et al., 2017).
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THE OUTLOOK

Conceptualizing PA data in an analogy to produce agricultural commodity for export
that meet certain standards such as speciality coffee could help to streamline winning business
model for data sharing. It is like treating PA data as ‘speciality data’ that fulfill traceability in
the new framework of PA data sharing and rewarding model called ‘PrecisionLink’. As
proposed by Pierce et al. (2019) data will be tagged using unique identifiers that we designated
as ‘PrecisionPrint’ (like a figure print) for the case of PA data. The origin and owner of such
data could be multiple farmers or individual farmer - ‘PrecisionProprietor’, and do not have to
be limited to a single source as Al and blockchain technology could be used to link the
‘PrecisionPrint” and ‘PrecisionProprietor’ to track and stamp the data. As shown in the PA data
sharing and rewarding model — ‘PrecisionLink’ (Figure 1), PrecisionPatron that representers
funders such as giant input manufacturing companies, bi-lateral and multilateral organizations,
philanthropists, etc. stimulates the PA that will help them to achieve their objectives in one or
another way. PrecisionPatron mainly provide funding to data client or the ‘PrecisionClient’
that could be PA hardware and software developers using their analytical tools for better
decision making. There could be cases where the PrecisionPatron channel funds to countries
or umbrella institutions within countries such as farmers coops for their PA priorities through
‘PrecisionProprietor’ to promote PA for climate-smart agriculture and the data capture process.

‘PrecisionLink’: Precision Agriculture Data Sharing and Rewarding Model

PrecisionPatron:
(Giant Input manufacturing
companies, Bilateral and
Multilateral ~ Organizations,
Philanthropists)

PrecisionProprietor

= The role of financial institutions is very A farmer or network of PA data cluster for
critical to ensure the smooth functioning of smallholder farmers.
the ‘PrecisionLink’ system, which might
include ‘Data-Banking Services’

No physical monetary transaction is
E required. The pVoucher (like eVoucher)

Valuing data at individual and cluster levels could be
made to include both sole and group proprietorships
for data. Individual farmers with their own PA
i t 1t ! tor data which
serves to make transactions for data eqUipment genersics @ Solc proprofor fa:a whlc
o N N makes the Precision_ID stamping and data valuing
sharing.  The pVouchers purchase . =
equivalent services from the easier as compared to data from farm clusters (e.g.
‘PrecisionClient’ for the value of data primary cooperatives)  that will have multiple
shared for re-use. owners.

= ; Precision data nodes: aggregated data of PA
- at different geographies in Africa.

PrecisionClient

To ensure the smooth functioning of the model, ‘PrecisionProprietor’ will have an
agreement to share PA data with ‘PrecisionClient’ that will be valued using pVoucher (like
eVoucher) and there could be no physical monitory transactions. The equivalent pVoucher of
data shared by ‘PrecisionProprietor’ to ‘PrecisionClient’ will help the data owners to get
equivalent services by the ‘PrecisionClient’. In return to the funding channelled to
‘PrecisionClient’ by ‘PrecisionPatron’ the total values of the ‘pVouchers’ could be used to
claim for fulfilment of agreement made with the ‘PrecisionPatron’.
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