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SENSING AND ANALYTICS IN AGRICULTURE: TURNING AN ART INTO A SCIENCE WHITE PAPER

EXECUTIVE SUMMARY
It is well publicised that farming will need to become smarter to meet 

global food demand, protect the environment and to combat commercial 

pressures on farmers. Advanced sensing technologies and data analytics 

present an opportunity to make farms more efficient, which will help 

minimise food shortages, limit damage to the environment and improve 

farm profitability. However, early solutions have so far been mainly focused 

around specific trials and there is a lack of information on wide-scale, real-

world applications.

We have developed a business modelling tool, to cost the 
deployment of an advanced sensing network and calculate 
the operational improvement for a variety of farm types, 
using published efficiency metrics as the basis for our inputs. 
Almost all farm types, regardless of size or crop type, display 
a strong positive business case if a solution were deployed 
today; the average farm for each crop type is large enough 
such that the fixed costs of deployment are relatively small 
against the benefits realised. 

Of these average farms, the greatest absolute value is possible 
for the average fruit farm. However, when compared against 
the value of the crop, corn displays the highest percentage 
improvement. All crops show a significant potential to lower 
resources and greatly increase profitability. Wheat and corn 
‘megafarms’ show particularly strong business cases because 
of their large footprints and associated economies of scale, 
where the impact of fixed costs becomes minimal and the 
benefits scale with farm size.
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WHY DO WE NEED ADVANCED SENSING IN 
AGRICULTURE?

The birth and spread of agriculture was pivotal in human history, 
signalling a shift away from our hunter-gatherer lifestyles 
towards a civilisation comprising of permanent settlements 
and a more reliable supply of food. We have undoubtedly 
improved agricultural approaches and technologies over time, 
but it has largely been a ‘dark art’ using specific knowledge 
passed down through generations. Developments through 
mechanisation, fertiliser, pesticides and specialist tools have 
so far generally meant a plentiful supply of feed (i.e. crops, 
both for human and animal consumption), but this approach 
is not bound to meet future challenges. The use of advanced 
sensing – the collection of detailed data over time with near 
real-time action – is well placed to help deal with these as 
they arise.

CURRENT MEANS OF INCREASING FEED PRODUCTION 
CANNOT KEEP PACE WITH DEMAND 

The world’s population growth has largely been matched by 
an increase in agricultural productivity. In other words, whilst 
global population has increased by a factor of approximately 
three1 in the last 60 years, so has agricultural productivity2. 
The challenge comes with the greater demand for food per 
person, driven by ever-increasing levels of development and 
urbanisation. Higher-income diets tend to consist of a greater 
number of calories and of fewer staple foods, replaced by 
more land-intensive food groups. 

The result is a much steeper increase in worldwide feed 
demand3 than population increase alone would suggest. 
Observers have commented that we must produce more 
food in the next 40 years than we’ve done since the dawn of 
agriculture, some 8,000 years ago4 So far, this ‘additional’ 
demand (i.e. demand which cannot be met by efficiency 
increases alone) has been overcome by increasing the amount 
of cultivated land5, but this is not sustainable in the longer 
term.

CULTIVATING MORE LAND WILL NOT ALWAYS BE ABLE TO 
MEET INCREASING DEMAND FOR FOOD

Although the world does theoretically have enough land 
to meet increasing demand in the medium term by simply 
continuing to expand the amount of cultivated land, there are 
specific and significant problems with doing so. The amount 
of available arable land is in decline, principally due to erosion 
and pollution. It is estimated that as much as a third of arable 

land has been lost in the last 40 years6. Aside from this, many 
areas which would be most suitable for agricultural expansion 
lie in South America and Africa, and lack the suitable 
surrounding infrastructure to enable large-scale agriculture 
and distribution, at least in the near-term. In any case, there 
will always remain a degree of locality to crop food production 
and so those areas with less room to expand cannot directly be 
supplemented by land thousands of miles away. 

ENVIRONMENTAL AND COMMERCIAL CONCERNS DRIVE A 
NEED FOR A CHANGE IN APPROACH

Conversion to cultivated land puts pressure on complex 
ecosystems which could lead to serious consequences. It is 
estimated that most new farmland is created by deforestation7, 
which destroys natural habitats, increases carbon emissions 
and drives global warming. Increased emissions and global 
temperatures lead to more adverse weather patterns and 
therefore in turn create a harsher general climate in which to 
grow crops. The changing nature of our environment places 
a strong need to reduce resources, particularly in specific 
geographies such as California and Israel.

Food and Agriculture Organization of the United Nations 
(FAO) predicts that by 2050, the amount of cultivated land 
can only be increased by about 5%8.The rise of biofuels, 
in an effort to combat climate change, also provides direct 
resource competition and so drives further pressure on this 
land. 

The agriculture industry is also experiencing increased 
commercial pressure. Both grain9 and corn prices10 have 
shown a sharp decline, particularly in the last 5 years. At the 
same time, the costs of running a farm have steadily increased. 
Margins have become squeezed, even when government 
subsidies are taken into account. In the United States, this 
has led to there being fewer than 2 million farms for the first 
time in more than a century.

AGRICULTURE NEEDS TO BECOME SMARTER

The combination of increased food demand, environmental 
pressures and a challenging commercial landscape mean the 
world will need to learn to farm ‘smarter’ than it has before – it 
will need to produce more food from roughly the same amount 
of land without drastically increasing costs, or potentially 
suffer the consequences of worldwide feed shortages. Not 
only will it need to farm more efficiently than ever before but it 
will need to increase the rate of these efficiency improvements 
to compensate for the lack of new farmland. To do this needs 
a new approach.
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Figure 1 – The gap between future feed demand and future output 
in the absence of action will need to be addressed through a new 
approach to agriculture

A well-trodden path in other industries to further increase 
efficiencies is the use of advanced sensing and analytics. 
Collecting detailed and context-specific information and 
acting upon it has proven effective for a variety of use cases 
including, for example, on modern jet engines which can 
contain up to 5,000 sensors11. In agriculture, collecting 
data on, for example, NPK levels, temperature, soil moisture 
content and light intensity and responding accordingly offers 
the potential for the industry to tackle the issues of food 
demand, resource constraints and an increasingly challenging 
commercial environment by turning what has so far been more 
of an art into a science. 

CURRENT SOLUTIONS HAVE YET TO PROVE WIDESPREAD, 
SCALABLE BUSINESS CASES

The idea of applying sensing and analytics in agriculture is 
not entirely new. Early examples at the end of the last century 
focused on the manual collection of data over significant 
periods of time, in order to build a picture of the conditions 
specific to a particular farm. More recently, real-time data has 
been collected remotely via wireless sensing, enabling a greater 
level of insight than was previously possible and therefore 
more tailored responses. There is a great deal of enthusiasm 
in the industry today, as there is widespread recognition of the 
need to realise greater yields from our existing arable land. 

Statista forecasts that the number of Low Power Wide Area 
(LPWA) connections used specifically for land agriculture will 
grow to almost 120 million in 202412, up from just 160,000 
in 2015. Early trials have shown productivity gains on crops 
including grain13, tobacco14 and grapes15, resulting in interest 
from a mixture of large, well established technology companies 
and innovative start-ups.

Current solutions are often bespoke and do not generally offer 
easy-to-gather, granular data. They also tend to have focused 
on relatively small trial cases, usually in examples where 
deployment is fairly straightforward. Much of the material 
regarding these deployments states only at a high level 
what yield increases might be achieved, under near-perfect 
conditions. For the average prospective user, there is little 
information available on how applicable sensing and analytics 
might be for them. 

There have been a variety of technological solutions used 
across deployments so far. Give that the average farm covers 
several hundred acres16, it is clear that wireless connectivity 
is important to any implementation. Establishing connectivity 
can provide a real challenge in many farming locations due to 
characteristics such as uneven topography, lower population 
densities and the low quality of existing infrastructure. 

As a result, the majority of arable land is not adequately 
covered by traditional mobile connectivity, and without the 
economic or regulatory incentives for operators to do so, this 
is unlikely to change. This is the case even in more developed 
countries – for example the National Farmers’ Union in the 
UK recently found more than 85% of farmers had unreliable 
mobile signal across their land17. Cellular-based connectivity 
solutions are therefore unlikely to be viable in most cases 
purely due to the lack of availability, even before considering 
that doing so also cedes control of the network and incurs 
incremental service costs. 

CUSTOM CONNECTIVITY SOLUTIONS FILL THE GAP

Because connectivity does not exist in many rural locations 
for the reasons outlined above, custom connectivity solutions 
offer a viable, and often necessary, alternative. In these 
situations, a specific network is deployed which serves only 
that farm, with a bespoke solution which maintains control. 
Current focus within the industry has largely been on the ‘star’ 
network topology consisting of a central base station which 
communicates with all the satellite sensors individually. Whilst 
acknowledging the suitability of this approach, we also note 
that mesh networks may be equally valid, especially on farms 
with complex topography.  

If sensing is to reach wide-scale use, and therefore realise 
its full potential, more work needs to be done to make it 
clear when and where they are most appropriate. This paper 
therefore seeks to understand the current economics of 
deployment, with a particular focus on which farm types are 
best placed to immediately take advantage of sensing and 
analytics.

1950 TODAY FUTURE

Current level of output =
current level of demand

Previous gap met by
increasing cultivated land

Future gap will require
new approach

FEED DEMAND

FUTURE OUTPUT1

POPULATION INCREASE =
AGRICULTURAL EFFICIENCY
IMPROVEMENTS

1 Assuming efficiency 
 improvements continuing
 at the same rate, but no
 growth in cultivated land
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OUR USE CASE ANALYSIS

It is likely that the use of sensing and analytics to realise benefits 
in the agricultural sector lends itself better to certain farm types 
(e.g. crop type, size or farm etc.) than others. There has so far 
been little detailed discussion of the business case for deploying 
agricultural sensing, or where these deployments might be best 
targeted in the near future. Many papers to date instead focus 
on specific trial cases carried out in isolation, lacking the link 
between these and wide-scale, real-world applications. 

To address this gap, we have carried out an analysis to model 
the use of sensors on various farm types to understand the 
relationship between the costs incurred in installing and running 
the system and the benefits it might bring. We recognise that 
this analysis should not be considered in isolation from the other 
market drivers (food demand, environment) 
for smarter farming, whereby in the longer 
term these factors may well alter the financial 
balance currently seen. Our analysis has 
instead helped us to understand the relative 
merits of various scenarios to determine 
which currently have the strongest case for 
deploying advanced sensing, as a first step 
to delivering wide-scale value.

INTRODUCTION TO OUR ANALYSIS

Our analysis aims to determine the most 
compelling use cases for sensing in 
agriculture. Our approach has therefore 
been to model the use of sensors on various 
farm types to understand the relationship 
between the costs incurred in installing 
and running the system and the benefits it 
brings. In doing so, it is hoped that this may demonstrate the 
current validity of these solutions to drive further adoption in 
the industry as the benefit becomes clearer. 

Our analysis mainly focuses on the commercial implications 
of using advanced sensing and analytics solutions, but it 
is useful to note that we have also sought to understand 
much of the underlying technical network aspects related to 
successful implementation, both to inform the commercial 
modelling and ensure that a technically valid solution is being 
considered. The star network topology consisting of multiple 
sensors connecting to a single, central base station is the 
most common today in early deployments. We have therefore 
focused our modelling on this topology as a known quantity 
to ensure a consistent comparison between farm types and 
scenarios but recognise that in many cases, a mesh network 
could equally be deployed.

ANALYSIS APPROACH AND METHODOLOGY

Our analysis takes a number of inputs which inform both the 
technical validity of a solution, and can be changed between 
cases to mirror specific farm types (in terms of crop and size). 
The commercial modelling considers the cost benefits any 
solution may bring, against the capex and opex incurred, using 
a series of inputs to drive the total value of each of these. 

The total net value of the entire implementation is produced by 
summing the net value (the benefits minus discounted capex 
and opex) in each individual year over a ten-year period. In 
parallel, a number of non-variable inputs are used to ensure 
technical validation of the chosen solution, which can be 
challenging for particularly large farms or high sensor densities. 
The overall flow of our approach is outlined in Figure 2 below.

Figure 2 – Modelling approach

MODELLING INPUTS

We have used a number of inputs, which can be broadly 
categorised as technical, agricultural parameter, benefit 
and cost inputs. All of these are based on publicly-available 
information and industry knowledge, with reasonable estimates 
made where necessary.

The technical approach has been to assume the use 
of LoRaWAN in a star network topology, with technical 
parameters taken directly from Semtech (the developers of 
the LoRa specifications). The primary purpose of conducting 
technical modelling has been to validate the deployment 
alongside the commercial output, but this does not form the 
main focus of our study.

TECHNICAL VALIDATION
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The agricultural parameters in the model are input estimates 
which have been informed by publicly-available information. 
Sensor density is fixed at 0.1 sensors per hectare (0.057 
per acre), or effectively a sensor grid spacing of a little over 
250 metres. This is based on the current resolution used in 
early deployments, and is estimated to be a good compromise 
between increasingly accurate or granular data and practical 
and cost limitations. A whole number of sensors (rounded up) 
are always considered, which is particularly relevant to smaller 
farms. 

Other agricultural parameters are specific to each crop type 
considered in our modelling; Fruit, Nuts, Wheat and Corn. 
These crops have been selected to cover a range of crop types, 
and to represent the majority of farms in operation today. The 
inputs for these are included below in Table 1, and represent 
yearly figures.

The benefits of an advanced sensing and analytics solution 
are twofold; an increase in crop yield and a reduction in 
resource usage. We have estimated a reasonable value for 
yield increase, water usage decrease and fertiliser usage 
decrease based on results made available from existing trial 
deployments. The values we have used are considered to be 
relatively conservative against some headline figures quoted 
in trials, but are realistic for the level of information available 
from the sensor density included in the model. These benefits 
are included below in Table 2 and are considered to be realised 
in the first year of deployment and remain constant thereafter.

We have also captured all capex and opex items relevant to 
the deployment of an advanced sensing analytics solution in 
our modelling approach. These include civil costs of installing 
sensors and a base station, power costs (both grid and batteries), 
software licences and maintenance costs throughout the year. 

Other ongoing farm costs such as labour and equipment are 
excluded from the modelling – it is assumed for the purposes of 
our modelling that the addition of detailed information from the 
sensors allows these to be deployed with greater effectiveness 
but not at a reduced number, though in the longer term some 
further savings may be possible. 

It is clear that certain costs associated with a deployment of an 
advanced sensing solution are fixed, with others variable. These 
fixed and variable costs do not change between crop types, as 
they are a function of the equipment deployed. It is useful to 
understand how large these costs are, because it is ultimately 
these that must be overcome to product a positive business 
case overall. 

The main upfront expense is a base station structure – although 
this may be reduced significantly if an existing structure can 
be modified to support the required antennas. In most cases, 
a suitably-located and constructed structure is unlikely to be 
available, so a new 30 metre tower is considered to be required at 
a little over USD20,000 for a full deployment. Whilst this helps 
to inform the overall business case, it is held constant between 
cases and so does not affect the relative merits of cases. 

CROP TYPE
TYPICAL YIELD  
(TONNES PER 

HECTARE)

WHOLESALE PRICE  
(USD PER TONNE)

WATER USAGE  
(GALLONS PER ACRE)

CURRENT FERTILISER 
USAGE (KG PER ACRE)

FRUIT/NUT 20 500 1,000,000 150

WHEAT 3 170 435,000 150

CORN 3 138 600,000 150

CROP TYPE YIELD INCREASE WATER USAGE DECREASE FERTILISER USAGE DECREASE

FRUIT/NUT 18% 50% 30%

WHEAT 7% 10% 40%

CORN 8% 10% 40%

Table 1 – Main agricultural parameters for each crop type

Table 2 – Main benefit inputs for each crop type
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Our modelling annualises capex items such as the structure, 
and also uses a number of other fixed (i.e. independent of the 
size of the farm or the crop type) annual costs. These include 
software licencing, base station electronics and power, 
and base station maintenance opex. Collectively, the fixed 
annualised capex and opex items account for approximately 
USD4,000 per year. 

Similarly, some costs vary with the number of sensors 
deployed. These costs are directly linked to the size of the 
farm, and are independent of the crop type chosen for any 
specific scenario. As with the fixed costs, our model considers 
both annualised capex items and opex. The largest variable 
cost input is sensor power capex, assumed in the modelled 
network to be a solar unit and battery backup with a cost 
of approximately USD130 and a lifetime of 3 years. Other 
variable costs include annualised sensor capex, maintenance 
and sensor removal (necessary for harvesting) costs.  Together, 
these account for approximately USD60 per sensor per year.

The combination of fixed and variable, per-sensor costs dictate 
the overall cost for a given size of farm, and must be overcome 
by the benefits in order to present a positive business case. 

OUTPUTS

We have considered a variety of use cases covering a variety 
of crop types and farm sizes. At a high level, our modelling 
compares the costs associated with a deployment against the 
benefits from crop yield increases as well as decreases in the 
use of both water and fertiliser. These annualised costs and 
benefits are compared on a yearly basis and collated over a 
ten-year period to give a total net value for each scenario. This 

period covers the lifetime of most of the key capital items 
and is used to ensure a representative timescale, common 
between cases to enable proper comparison.

Alongside this commercial value, the model considers the 
technical validity of any given scenario. We have constructed 
a detailed link budget calculation to ensure that the solution 
is able to form a connection between the base station and 
the most distant sensor (and that the total throughput during 
the day between all sensors and the base station can be 
accommodated).

The total net value that is produced determines the relative 
strength of the business case for a given scenario. Clearly, 
a negative value suggests that in the absence of external 
drivers, a deployment of that type is not financially viable, 
although our modelling focuses more on the relative merits of 
each scenario rather than outright value. It is also useful to 
represent this net value as a proportion of the total crop yield 
value for a particular farm.

The net value would in reality be shared across the value chain, 
with developers of successful analytics platforms needing to 
realise a return on their algorithm investment as well as the 
farm seeing an improved commercial case.

RESULTS

The overall net value over a ten-year period for each of the 
typical farm types are shown below in Table 3.

This shows that all typical farm types return a positive business 
case, but that corn ‘megafarms’ (i.e. very large corn farms 

CROP TYPE FARM SIZE (ACRES) APPROXIMATE 10-YEAR  
NET VALUE (USDM)

NET VALUE AS PROPORTION  
OF CROP YIELD VALUE

AVERAGE FRUIT FARM 200 1.6 19%

AVERAGE NUT FARM 60 0.44 18%

AVERAGE WHEAT FARM 900 0.28 14%

AVERAGE CORN FARM 600 0.17 17%

WHEAT ‘MEGAFARM’ 30,000 10.6 16%

CORN ‘MEGAFARM’ 30,000 10.8 21%

Table 3 – Results for typical farm scenarios
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typically located in Russia or Ukraine) produce the biggest 
relative improvement versus the total crop value. The highest 
absolute return is also possible from the corn megafarm due 
to its higher water usage reduction and greater yield increase 
when compared to the wheat equivalent megafarm.

Of the average farm sizes, the greatest absolute return comes 
from a typical fruit farm, mainly due to the significantly higher 
value of the crop relative to wheat and corn, and the larger 
typical farm size in comparison to nuts.

The relative merits of each crop type are best understood 
by considering the relationship between farm size and the 
net value delivered as a proportion of total crop value. It is 
this metric which effectively determines the increase in 
profitability per crop planted. These relationships are shown 
below in Figure 3. 

Figure 3 – Relationship between farm size and net value as a 
proportion of total yield value

This shows that for fruit and nut farms, provided they are more 
than 50 acres in size, the return is approximately proportional 
to the size of the farm. The same is broadly true for both 
wheat and corn farms above approximately 400 acres. The 
value at which these curves level out is effectively the net 
benefit produced by 1 sensor on its corresponding section 
of land – a function of yield increase and water and fertiliser 
usage decrease less the per sensor costs. As farms get larger, 
the overall value tends to this value as the fixed yearly costs 
(USD4,000) become less significant as a proportion.

At lower farm sizes, the fixed costs have a larger impact, and 
so increasing farm size gives a significant benefit. However, in 
larger farms, the return becomes roughly proportional to size. 

This proportion can be thought of as a net benefit per acre. 
There are 4 main drivers to this per-acre value; crop value, 
yield increase value, water reduction and fertiliser reduction. 
In absolute terms, this value is highest for fruit and nut crops, 
but when compared to the crop value, the benefit is highest 
for corn. A representation of each of the benefit areas as a 
proportion of crop value is shown below in Figure 4.

Figure 4 – Benefits for each crop type as a proportion of crop 
value  

This shows that the resource reduction as a proportion of crop 
value is greatest for corn and is far more significant than yield 
increase. When we consider high value crops such as fruits or 
nuts, the improvement in yield becomes the most significant 
factor. 
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CONCLUSIONS
Farming will need to become smarter to meet global food 
demand, protect the environment and to combat commercial 
pressures on farmers. Advanced sensing and analytics present 
an opportunity to make farms more efficient, which will help 
overcome food shortages, limit damage to the environment 
and make farms more profitable. However, early solutions are 
mainly focused around specific trials and there is a lack of 
information on wide-scale, real-world applications.

Given the location of most farms, custom connectivity solutions 
are likely to be required. We have shown a solution based on 
a star topology and LoRa technology to be technically and 
commercially viable.

Almost all farm types (crops and sizes) except for particularly 
small examples display a strong positive business case if a 
solution were deployed today. The average farm for each crop 
type is large enough such that the fixed costs of deployment 
are relatively small against the benefits realised. 

Of these average farms, the greatest absolute value is possible 
for fruit crops. However, when compared against the value of 
the crop, corn displays the highest percentage improvement. 
All crops show a significant potential to lower resources and 
greatly increase profitability. Wheat and corn ‘megafarms’ 
show particularly strong business cases because of their 
large footprints and associated economies of scale, since the 
impact of fixed costs is minimal.
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