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16th November 2021 – Report prepared by Eamonn Baldwin and Rachel Opitz
Roundtable focus: geophysical methods in Precision Agriculture and Archaeological Prospection

This workshop aimed to assess:
• How changing agricultural practices, particularly precision agriculture, enable and
constrain archaeological prospection.
• How changes in agricultural practices might influence the character and legibility of
archaeologically relevant proxies.
• How archaeological survey might adapt practices in response to significant changes in
rural land management, new and emergent agricultural practices, technological
advances, and increasing emphasis on providing public benefits and taking action to
address challenges around environment, climate and sustainability of rural communities.
• What opportunities are presented by changing policies and attitudes around agriculture,
natural conservation, and rural communities to develop mutually advantageous
connections between archaeological and agricultural communities, based on shared
interests in the past and contemporary character of farmed landscapes.

Precision agriculture and archaeological use similar methods and instruments for soil mapping
(Image: Dualem Inc.)
Panel members: Guillaume Blanchy (ILVO, BE); Michel Dabas (CNRS, FR); David Depraetere (VLM,
BE); Rachel Opitz (University of Glasgow, UK); Frederic Nguyen (University of Liege, BE); Isabelle
Janssens (OE, BE); Philippe De Smedt and Jeroen Verhegge (University of Gent, BE)
Workshop activities included presentations from several participants which introduced their work,
followed by full group discussions concerning connections between the use of geophysical techniques
in Precision Agriculture and Archaeological Prospection

Survey timings – acquiring measurements under the optimal conditions can be a challenge of
the agricultural cycle and project time pressures (Images: Author)

We asked – In applying geophysics to study soils: What are the key
methodological and technical challenges and complexities faced in agricultural
geophysics?
Participant responses:
•

•

Timing is a key issue when working in dynamic environments such as on arable land. Gaining
field access under optimal survey / soil conditions for any given geophysical technique is
often crucial for successful measurements, and care must be taken not to damage the crop
during its development.
o Depending on instrument and array configuration, certain geophysical techniques
can survey between crop rows during development, where others can only be
undertaken when the crop is off, reducing field availability and offering less
favourable survey conditions.
o Drone-based geophysical survey, still in development, has the potential to facilitate
increased field access and improve survey timings, if the signal-to-noise ratio of the
measurement is good and the depth of investigation sufficient.
Another key issue is understanding the pedophysical relationship between the geophysical
measurement and the soil property, or combination of soil properties under investigation.
For example, apparent conductivity is often equated with the clay, moisture or salinity
content of soil.
o However, this relationship can be quite site-specific, and even when it is calibrated
at a certain point through soil sampling, it remains challenging to extrapolate at
whole-field scale or management zone level.

Understanding the relationship between soil properties and measurment – what exactly is
being measured? (Images: Creative commons – SERC; Serrano et al. 2014)

Do these challenges overlap with methodological challenges in archaeo-geophysics?
Participant responses:
•

•

Similar challenges are faced in archaeo-geophysics, where survey also needs to adapt to the
dynamics of the agricultural year.
o Timing is a major factor, and although post-harvest surveys are suited to some
geophysical techniques (e.g. magnetics), it is not the optimal time for other
geophysical techniques which are reliant on increased moisture contrast such as
electrical conductivity surveys.
o Survey timings should, in theory, always be undertaken at times most suitable for
the chosen geophysical technique, regardless of circumstance. However, in practice,
this is seldom the case.
Again, as in agricultural geophysics, the relationship between measurements and the
physical / chemical parameters of the soil under investigation needs to be identified and
their spatial variation understood.
o Inconsistencies introduced during measurement due to other factors should be
identified. These include instrument effects, calibration routines, operator effects,
changes in air temperature, or even agricultural practices which may impact on the
physical and chemical make-up of the subsoil, such as the application of fertilizers or
herbicides (as evidenced in recent studies: (Blanchy et al., 2020; Kaufmann et al.,
2020; Weihermueller et al., 2017).

How can we address these challenges to better investigate complex situations?
'It would be a dream – if managing the subsurface resource would be elevated to a higher level and
more general scale [outside of development-led projects]; but who will fund such a grand scheme?
And who will take the initiative?'
David Depraetere

Systematic soil mapping at a national scale – Blue sky thinking? (Images: Lark et al. 2019; Wiki
Commons)
Participant responses:
•

Instigating a shift towards managing the subsoil as a large-scale resource at a regional or
even national level could bypass constraints imposed by costs within commercial geophysics.
This shift would promote:
o Pre-emptive and systematic mapping of subsoil at high spatial resolution (less than
50cm level), in a similar vein to national lidar mapping programmes.
o Surveys undertaken at the optimal measurement times for any given technique.

•

•

•

This programme of mapping would provide benefits including:
o Support of ‘blue skies research’ on soils or research requiring extensive soils data
o More complete and consistent information on a set of core soil properties for use in
land management.
Challenges to establishing this kind of programme include:
o The large-scale funding necessary to support the work.
o Co-ordinating an approach, between various agencies, landowners and farmers,
which treats soil as a cross-community resource.
Smaller achievable goals, such as identifying mutually beneficial overlap points between
domains might provide concrete first steps in this direction. For example:
o Working directly with farmers and land managers on issues like the impact of
fertilizer on geophysical survey results (as discussed above), would be one way to
improve archaeological interpretations and demonstrate incentives to pursue a
coordinated approach – as agreed by RO/MD.
▪ Benefits of a coordinated approach have been demonstrated previously. For
example, archaeologists and farmers came to agreement about the impact
of deep ploughing on buried remains in the 1960s.
o At the policy level, identifying incentives for relevant agencies to be involved is a
priority. The UK has established stewardship schemes (currently being updated
through incoming environmental land management schemes) which involve
environment and heritage agencies together with agricultural and land management
agencies. Not all countries have similar arrangements. For example, Flanders lacks a
closely parallel arrangement. Establishing policies which better coordinate work
between heritage, environmental and land management could be of great value to
heritage managers. Better integrating heritage into agricultural land management
policies could rebalance incentives for maximising food production and incentives
for optimising management of the [historic] environment – as agreed by DD/RO.

Building bridges between domains – understanding the impact of farming practice on geophysical
measurements by sharing information (Images: Creative commons – CCAFS.CGIAR and Wiki
Commons)

What synergies between the two fields of application can be leveraged to improve
our practices?
Participant responses:

•

A fundamental question is: Can we improve soil mapping by better understanding what
specific kinds of information different domains need about soils, while also reducing costs?
o One approach could be to combine higher resolution data from archaeo-geophysical
surveys with the results of routine soil sampling analysis (both in the field and
laboratory) undertaken through agricultural practices.
▪ This data integration could improve our understanding of the spatial
variation of soil over larger areas – as agreed by FN/GB/MD.
o Automated data collection (including robotics and IoT) and real-time applications
such as variable rate applications of fertiliser and irrigation based on sensor inputs
are increasing in precision agriculture (see recent reviews - Zhang et al., 2021;
Khanal et al., 2020):
▪ Archaeological applications are now emerging (Verdonck, 2021) and could
potentially play an important role in the collection of geophysical datasets.
▪ Automated task management is promoting the development of machine
learning applications in agriculture and heritage management. While still in
its infancy in both domains, machine learning could have a major role to
play not only in improving data collection, but also in how to best aggregate
data from many different fields and sources (e.g. weather, calibration
routines, etc.) for processing, analysis and interpretation.
▪ Costs, especially in the commercial sector, currently remain a limiting factor
in developing or adopting these new technologies.

Can future advances in automation and machine learning play a role in creating synergies
around the broader use of geophysical data (Images: Wiki commons)

We asked: How might changing agricultural practices (particularly PA) help or
hinder archaeological prospection
Participant responses:
o

While the data created through PA is potentially useful in archaeological prospection
workflows, its spatial resolution is very different from data currently required for
archaeological prospection and heritage management routines. Agricultural data is typically
coarser by at least a factor of ten.
o Reasons behind this are two-fold: associated costs, and practicalities related to the
size of agricultural machinery and tramlines.
o Identifying archaeological remains at this courser agricultural scale is challenging.
o However, course-grain data can:
▪ Provide important contextual information relating to geomorphology and
palaeo-topography which could be useful incorporated into heritage
management workflows.
▪ Highlight areas of interest for more detailed targeted archaeological survey.

o

o

High resolution survey is practiced in agriculture to address specific problems. For
example, high resolution data is collected to document variability within the soil
caused by biological activities.
Looking to the future, the expectation is that as agri-environment schemes develop,
incentives for farmers and land managers will change and collecting higher
resolution data will become viable.

We asked – in land and heritage management: how could we adapt
archaeological survey practices?
Participant responses:
•

•

Tasks of regional and local authority archaeologists vary across the UK and Europe.
o In Flanders, for example, some regional agencies have the mandate to actively
contribute to the development process in cities and rural environments, including
commissioning geophysical surveys. Their work, however, is essentially developerled and project-specific.
o In the UK, local authority archaeologists are generally required to advise and make
recommendations on a various development and countryside schemes. This does
not include actively conducting geophysical fieldwork.
▪ Funding to actively monitor and research scheduled monuments is provided
by public bodies such as Historic Environment Scotland (HSE) and Historic
England (HE), who regulate the heritage resource at a national level. This
extends to where archaeological features are at risk of physical damage and
active intervention, including geophysical survey, is required to assess
conditions and plan further monitoring or mitigation measures.
Agriculture is currently changing its practices, in part due to pressures on farmers and land
managers to deal with the environmental and sustainability aspects of land management.
o How archaeological prospection can position itself within this process, still needs
deliberation.
▪ The heritage sector is currently exploring ways of aligning itself to cultural
ecosystem services which sees soil as a natural resource (for overviews see
Hølleland et al., 2017; Moore et al. 2020).
o There may be an opportunity for archaeological prospection to work within this
package of soil and land management strategies. This would be especially impactful
in European regions such as Flanders, where this is currently beyond the remit of
cultural heritage management agencies and equally outside ecosystem servicesbased frameworks.

Where can archaeological prospection position itself within changing land management reforms
(Images: NAO; Institute for European Environmental Policy)

How are survey results integrated into management practices?
Participant responses:
•

•
•

In precision agriculture, the end-product given to the client is a file or set of files, typically in
geo-referenced shapefile format, to be uploaded directly into the tractor control unit.
Generally, these files contain:
o field or management zones boundaries.
o a set of decisions/recommendations for a given application, for example, the
variable dosage rate for an application of fertilizer.
Raw data (now superfluous) are not given to the client. However, these data may be stored
at the discretion of the survey provider.
Considerable stores of raw data held by commercial service providers form an untapped
resource. However, significant work would be required to standardise and organise these
data into a usable data collection.

‘After the farmers receive the recommendations, the raw data are stored by the company – it's
literally 100s of 1000s of hectares – from an archaeological viewpoint, we could really do something
interesting with this’ Michel Dabas

Repurposing stores of raw geophysical datasets could provide an additional soil resource
(Images: Wiki commons; clipart; author)
•

There is already a move within some European research institutes (ILVO, BMBF) to optimize
the reuse of soil data in standardized open data repositories (e.g. BonaRes) which could link

•

•

•

•

directly to into [precision] agriculture by supporting / improving soil management decisionmaking.
Archaeological heritage managers typically make recommendations and decisions based on
information contained in the geophysical reports and images, which are provided to clients
on conclusion of investigations, usually in PDF format.
o It is a condition of the planning process that commercially produced reports are
deposited with various stakeholders and data repositories (e.g. HER, ADS, OASIS).
o The deposition of raw or processed geophysical data is not always required.
o When geophysical data are deposited, it often leads to issues with storage and
accessibility due to large file sizes or a lack of specialist software and training.
Considering the variable nature of the data which heritage managers work with,
consultation between agencies concerning diverse data needs at management level might
be beneficial.
o A more centralized, aggregated approach to raw data as discussed above may be
suitable.
o Barriers to the creation of shared repositories include unclear agreements around
data ownership when it is collected commercially, large file sizes leading to relatively
high costs for archives, and a lack of incentives to provide adequate metadata.
The current lack of standardization apparent in data formats, platform and technical training
across agencies and sectors could also be a major stumbling block to the implementation
and monitoring of government schemes geared towards environmental sustainability (e.g.
ELMs in the UK).
Agreeing data standards is difficult, especially if the communities involved lack policy or
commercial incentives which would motivate the work, or if available funding is limited.

‘We don’t sadly get shapefiles of the geophysical interpretation – I would love that! – it would make
my work a lot easier’ Ruth Beckley

We asked – what are both domains mapping in the subsoil?
Are we using similar principles and toolkits?
Participant responses:
•

•

The major differences are scale (extensiveness of data) and resolution (detail of data). When
employing the same geophysical instruments, precision agriculture samples at a coarser
resolution in comparison to archaeology.
Another major difference is the type of analysis applied:
o Archaeology tends to undertake once-off surveys to map subsoil remains.
o In contrast, precision agriculture frequently utilizes time-lapse monitoring at varying
intervals to monitor temporal changes in the subsoil and / or gauge the success of
management decisions.
o Agriculture also favours intrusive soil sampling surveys to compliment geophysical
soil surveys as a calibration and validation aid.
▪ These calibration surveys include borehole surveys which tend to be
geotechnical. However, geochemical and geophysical downhole
measurements are becoming more common.

•

Current developments in the wider near-surface geophysics community such as passive
seismic tomography (PST) and full-waveform inversion (FWI) might offer (within the higher
frequency range) future potential for archaeological investigations.

The question of scale in working practices – low resolution sampling in agriculture and high
resolution sampling in archaeology (Images: Wiki Commons; Uni Glasgow)

Is there a big difference in the properties being targeted?
Participant responses:
•

•

Precision agriculture tends to target the properties most pertinent to plant growth.
o For example, mapping moisture or salinity by measuring the natural variability in the
conductivity and / or resistivity of the subsoil is a common exercise.
These properties are equally relevant in archaeological geophysics. However, archaeological
geophysics frequently focuses on documenting soil properties related to anthropogenic
construction and occupation activities, such as soil magnetism variations caused by activities
such as heating and burning.
o This is one reason why magnetometer survey is favoured in archaeology.
o Properties of archaeological interest may not yet be relevant in agriculture for
maximising crop growth but could become more relevant within developing agrienvironment schemes (as mentioned above).

Are magnetic surveys and soil sampling surveys under-used methods in either domain?
(Images: Clipart; Author; Wiki Commons)

Are magnetic properties overlooked in Agriculture?
Participant responses:

•

•

The relationship between magnetic properties and plant growth are not clear.
o Some relationships are well established. For example, the connection between iron /
zinc content and plant growth is recognised. However, in general the impact of these
minerals on plant growth is considered less important than that of water content.
In very specific environments, especially where electrical properties are less informative,
there could well be a role for magnetic surveys. For example:
o in highly conductive environments where apparent conductively measurements can
be masked.
o in sandy soils with high iron content, iron minerals can become very relevant in
nutrient balance. In very acidic soils where acidity dominates the nutrient balance,
magnetic properties could be useful in investigating phosphate levels.
o Magnetometer type becomes relevant in such instances, as gradiometric
configurations do not seem to register the subtler measurements needed for
agricultural management zones. Total field magnetometers show greater potential
in this respect.
o There are some examples of experimental application for magnetic susceptibility
surveys, for example:
• mapping soil copper content in viticulture.
• attempting to map soil organic content, demonstrating at least
further potential value.

• There is definite potential for magnetic to play a role in the detection of unexploded
ordnance (UXO), which is still a great concern for many continental farmers.

We asked – What shared interests and goals are there between Archaeology
and precision agriculture?
Are there opportunities to develop mutually advantageous connections between
domains?
‘Repurposing the raw data is a resource in itself – by standardizing the storage of underlying raw
data, we are essentially creating an additional resource – to sit alongside the primary deliverables'
Guillaume Blanchy
Participant responses:
•

•

•

•

Interest from the farming side in preserving archaeological remains is variable. Economic
considerations remain central when considering investing in managing heritage more
actively.
Outreach and awareness programmes are often successful with the public, including with
rural communities, but any impact in the farmer sector is usually limited by economic
imperatives.
In the past, money to incentivise farmers has been provided through EU schemes, although
often such compensation (for adapting tillage practices, or reverting to grasslands) schemes
have been viewed as not generous enough.
As policies are revised to manage environmental and climate concerns, the position of the
historic environment needs to be re-evaluated. In the UK, for example, current reviews of
environmental policy and legislature are suggesting a separation of the natural and historic
environments in valuations, which is potentially unproductive.

o

•

•

Collaborating with farmers working to fulfil their growing responsibilities as land
managers might provide opportunities to develop strategies for coordinated natural
environment and cultural heritage management..
Adapting archaeological practice (i.e. geophysical prospection) to produce datasets more
relevant to agricultural and environmental research and management might provide an
approach to highlighting shared interests and establishing connections between domains.
o Collaborations could be centred on the study of soil and its interactions with plants
and water.
Any proposals to share datasets between domains would raise major questions concerning:
o What data are most useful?
o What properties need to be mapped and how to best collect them?
o What data standards, formats and platforms are needed to make these data openly
accessible?
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