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Can Precision Farming Help Mitigate Climate Change? 
 

Dr David Cutress: IBERS, Aberystwyth University.  
 

• Agriculture 4.0 or Precision farming is the current farming trend which uses 
technologies, to monitor and act, on individual farm assets in a targeted way 

• Precision farming has the potential to reduce labour, free up farmers time, 
improve profits and benefit the environment if applied correctly 

• Precision technologies positively benefit the environment in studies, however, 
benefits are often inferences only. In future, more specific research is required 

What is precision farming?  
Precision farming (PF) is a term used for the next big trend in the agriculture industry, 
often referred to as ‘Agriculture 4.0’. This trend follows on from the ‘Green 
Revolution’/’Third Agricultural Revolution’ which occurred in the 1950s/60s. The 
‘Green Revolution’ involved the intensification of farming systems through high 
yielding crops and animals (via increased genetic understanding), and the increased 
use and availability of large-scale mechanisation and irrigation. This advancement 
facilitated food production for a global population which had more than doubled, whilst 
only increasing land area cultivated by 30%. ‘Agriculture 4.0’, on the other hand, 
returns towards highly targeted individual asset level farming, in a less labour-intensive 
more efficient manner, through the integration of modern technologies. This targeted 
approach should allow individual animals and plants to be monitored constantly, 
improving productivity and reducing inputs over an entire farm system. Essentially PF 
facilitates doing the right thing, in the right place and at the right time. 
  

 

https://www.pnas.org/content/109/31/12302#ref-1
https://www.pnas.org/content/109/31/12302#ref-1
https://openknowledge.worldbank.org/handle/10986/9122
https://www.mmc.com/content/dam/mmc-web/insights/publications/2018/november/agriculture-4-0/Oliver-Wyman-Agriculture-4.0.pdf


 
 

 
 

Definitions within PF, are constantly evolving alongside the technologies it seeks to 
utilise, however, there are two main sub-groups, these are precision agriculture (PA) 
and precision livestock farming (PLF). PA, despite its broad name, specifically focuses 
on the arable and horticultural crop aspects of farming and has seen far higher 
investment and research than its counterpart (Figure 1). PLF is specifically focused on 
livestock technologies, towards improving productivity, welfare and management 
practices. In recent years due to increased technological advancements, with regards 
cost-effectiveness, as well as financial incentives, PF technologies are increasingly 
abundant, with an estimated 75 million devices predicted to be collecting precision 
data worldwide by 2020. 
 

 
Figure 1. Publications over the last 10 years (Webofknowledge.com)  

    
Broadly speaking there are 3 main components to PF technology applications, these 
are (1) Hardware and sensors (which are involved in acting upon or collecting data) 
(2) Data analysis and decision support systems (the software and/or cloud systems 
and machine learning algorithms which take data and process it into something 
meaningful) (3) Commodity and whole-farm focus (the process whereby decision 
support systems and models are made commercially and utilised across whole farms, 
and not just individual fields).  
 
Alongside the economic benefits of PF, there is also increasing discussion with 
regards to their vital role in a sustainable agricultural future. Several studies note that 
PF enables equivalent or increased productivity/yields with a reduction in overall inputs 
(including fuel, feed, nutrients or water etc). As such, a reduction in greenhouse gas 
(GHG) emissions either directly or indirectly should be occurring. Whilst there is some 
direct evidence of emission reductions, limited direct GHG mitigation studies have 
been performed with regards to PF technologies to date.    
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https://www.annualreviews.org/doi/abs/10.1146/annurev-resource-100516-053654
https://link.springer.com/article/10.1007/s11119-005-0681-8
https://www.mdpi.com/2071-1050/9/8/1339/htm#B12-sustainability-09-01339
https://www.sciencedirect.com/science/article/pii/S0167880903001397
https://www.sciencedirect.com/science/article/pii/S0167880903001397


 
 

 
 

Precision agriculture technologies and climate mitigation  
PA technologies are related to crop growth and management, with several key 
technologies already in common use within this sector. Whilst, much discussion 
surrounding climate mitigation in agriculture is focused on animal-related methane 
emissions, recent reports from the UK government suggest that improved nutrient 
management in crops has a far higher potential for emission mitigation than livestock-
related practices (Figure 2). This may be due to the main crop-related emission being 
nitrous oxide (N2O) which has almost 10 times more impact on climate change per 
molecule than methane. Another area in which PA could play a mitigating role is 
through reducing future land conversion requirements by improving yields achieved 
within lands. One key technology which can be utilised to achieve these goals is 
variable rate application technologies (VRT). 
 

 
Figure 2. GHG reductions based on the uptake of key on-farm mitigation methods (GOV.UK) 

 

Variable-rate technologies (VRT)  
Variable-rate application involves applying inputs, including; seeds, slurry, pesticides, 
fertiliser and any other chemicals onto pastures/crops in precise and informed ways, 
rather than uniformly. Early research demonstrated that highly productive areas were 
influenced little by changes in nutrients applied, however, huge reductions in nitrogen 
application could be achieved on lower production areas whilst achieving similar yields 
and producing up to 34% less N2O. VRT involves either map-based GPS systems 
and/or sensor-based systems. Both systems utilise field data to modulate inputs as 
required for the crop, and systems provide the most information for improved 
management when combined. VRTs have demonstrated high economic potential 
examples include;  

• 8% increases in wheat yields for 10% reduced nitrogen utilised  

https://link.springer.com/article/10.1007/s10584-011-0206-6
https://link.springer.com/article/10.1007/s10584-011-0206-6
https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_1.pdf
https://www.sciencedirect.com/science/article/pii/S0167880903001397#BIB1
https://vtechworks.lib.vt.edu/bitstream/handle/10919/47448/442-505_PDF.pdf
https://www.usda.gov/oce/climate_change/mitigation_technologies/GHG_Mitigation_Options.pdf


 
 

 
 

• >2.5 times increase in €/ha over three years of VRT nitrogen application in corn 

• Savings of 42 €/ha, 32 €/ha, 27 €/ha and 20 €/ha for maize, winter wheat, winter 
barley and sugar beet via variable herbicide application 

• Yield increases of 6.45% over 4 years in winter wheat through variable-rate 
seeding 

• 7% increase of net income on fields utilising variable rate seeding and data 
influenced management zones (this involves identifying low-performance fields 
and applying fewer seeds for example)  

 
Alongside yield and profit gains one study suggested between a 5 – 10% GHG 
reductions via VRT. Data from 2018 as part of the UK ‘Farm Practices Survey’ 
demonstrated that uptake of VRT was only 21%. Based on the potential benefits of 
VRT, it is likely that improving uptake in the UK could lead to substantial reductions in 
direct and indirect GHG emissions. Further developments include the use of drones 
for VRT, whilst currently, this is against policies in the UK, drone spray-application 
could reduce fossil fuel consumption and have less negative effects on soil compaction 
than current machinery.  
 
Machine guidance/autosteering 
Machine guidance utilises global positioning systems (GPS) and global navigation 
satellite positioning systems (GNSS) to assist, or directly navigate vehicles. In row 
crop systems, machine guidance combines accurate field maps along with sensors 
(laser sensors and machine learning) to accurately navigate around crops. The main 
benefit of assisted steering (other than improved straight-line accuracy and efficient 
pathing) and full autonomy, is improved pass-to-pass efficiency, reducing overlap or 
gaps when performing tasks including applying fertiliser or tilling. Efficiency increases 
directly relate to savings in both fuel consumption and input applications. Due to the 
nature of these savings, machine guidance pairs synergistically with VRT. Studies of 
machine guidance have reported; 

• Approximately $1,500 fuel savings per farm in the upper midwest US  

• Up to 7.2% energy savings through the implementation of optimised field 
pathing patterns via GNNS systems. 

 
Another system which benefits from machine guidance is controlled traffic farming. 
These systems involve optimised spacing of crops between permanent wheel pathing 
lanes, limiting compaction to these regions. Implementing this system is known to 
reduce fuel consumption by up to 70% and reduce run over of soil surface by over 
60% when combined with GPS guidance. Reduced overlap and improved pathing 
efficiency reduce soil damage and compaction. Compaction can further increase costs 

https://acsess.onlinelibrary.wiley.com/doi/full/10.2134/agronj2003.9580
https://link.springer.com/article/10.1023/A:1024988022674
http://www.ipf-af.com/precision-farming/media/enews-oct14.pdf
https://link.springer.com/article/10.1007/s11119-013-9308-7
https://www.osti.gov/etdeweb/biblio/21280079
https://www.osti.gov/etdeweb/biblio/21280079
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/835753/ghgindicator-2mitigation-02oct19.pdf
https://www.researchgate.net/publication/332670523_Unmanned_Aerial_Vehicle_For_Pesticides_Spraying
https://www.researchgate.net/publication/332670523_Unmanned_Aerial_Vehicle_For_Pesticides_Spraying
https://link.springer.com/article/10.1186/2192-0567-2-22?utm_source=mendeley&utm_medium=getftr&utm_campaign=getftr_pilot
https://www.mdpi.com/2071-1050/9/11/1956/htm
http://actfa.net/wp-content/uploads/2014/02/CTF-and-Global-Warming.pdf
http://tf.llu.lv/conference/proceedings2013/Papers/001_Masek_J.pdf
http://tf.llu.lv/conference/proceedings2013/Papers/001_Masek_J.pdf
https://link.springer.com/article/10.1007/s13593-011-0071-8


 
 

 
 

due to increased fertilizer inputs and greater tillage requirements, with up to 30% of 
tractor energy being wasted via increased pulling forces required. Whilst machine 
guidance systems have clear benefits, improvements are proportionally higher on 
larger farms, particularly when factoring in significant costs related to initial purchasing. 
 
Other precision technologies  
Whilst less of an issue in temperate countries with high rainfall like the UK, irrigation 
is another area where precision technologies are developed. Variable-rate irrigation 
utilises data, and feedback sensors, to apply irrigation more precisely (via drip, trickle 
or micro-spraying), utilising lower pumping power, therefore, achieving water and 
energy savings.  
 
Agbots, though largely still in experimental development, offer huge potentials if 
implemented well. These autonomous systems can monitor and map crops as well as 
perform precise activities such as seeding, weeding and nutrient application. Most 
agbots run on electricity (or hybrid power sources), therefore, reducing direct fossil 
fuel-related emissions, they also tend to be lighter causing less compaction related 
damages and could free up farm labour for other tasks. One tractor-based design 
demonstrated a 50% reduction in GHG emissions in weed and pest control. 
 

 
 
Furthermore, several sensors, which alone have no direct effect on GHG emissions, 
can be incorporated into crop management strategies. These can improve productivity 
and reduce inputs, including fertilisers and chemicals. Sensors include; precision 
imagery (drone or satellite imagery cameras which can determine crop/soil health), 
soil sensors (live and historical analysis of specific farm soils) and climate sensors 
(weather stations provide locational, live, and historic weather data on farms) to name 
just a few. Geographic information systems (GIS) are also inherently utilised in almost 
all precision systems integrating data with spatial/geographical data for mapping.  
 

https://www.sciencedirect.com/science/article/pii/S0021863485710116
https://www.sciencedirect.com/science/article/pii/S0021863485710116
https://link.springer.com/article/10.1007/s11119-009-9110-8
https://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=3466&docType=pdf
https://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.dspPage&n_proj_id=3466&docType=pdf
https://www.sciencedirect.com/science/article/pii/S0168169918312869
https://www.sciencedirect.com/science/article/pii/S153751101530177X
https://www.sciencedirect.com/science/article/pii/S0168169911000706
https://www.sciencedirect.com/science/article/pii/S0168169911000706
https://link.springer.com/article/10.1007/s11707-011-0175-0
https://ieeexplore.ieee.org/abstract/document/7370449/


 
 

 
 

Livestock technologies and climate mitigation 
Whilst some PLF technologies are currently available on the market, this area, in 
general, is somewhat underdeveloped (with most focus on cattle), as such, little direct 
GHG emission mitigation information is available. A paper published in 2019, found 
that literature published lacked any PLF technology with the specific goal of reducing 
environmental impacts. This article, however, found a single technology involving a 
collar/halter/mask system for cattle which, allegedly, reduced methane global warming 
potential (GWP) by 85 times, though no primary literature found confirmed this. 
However, inferences can be made as to how certain technologies could have 
beneficial mitigation effects. Any technology which improves livestock health and 
reduces morbidity and mortality reduces CH4 produced enterically and N2O entering 
manure on a per animal basis for example. 
 
Precision ventilation is an important area when considering indoor housing of animals 
as this is linked with high ammonia (NH3) emissions. Research into automated 
precision ventilation found that NH3 emissions could be reduced by 60 - 65%. Such 
systems also allow more accurate monitoring and benchmarking towards determining 
effective reduction strategies.  
 
Precision feeding is a key methodology in improving individual animal productivity, 
health and reducing emissions. This utilises data from sensors such as automated 
weighing scales and automated feeders to optimise feed to body weight conversion, 
reducing inputs and reducing detrimental outputs (nitrogen in manure etc). Integration 
of near infra-red technologies such as NIR-4-Farm could improve tailoring of feed 
mixes, minimising wasted inputs further. There are also links between feed quality and 
rumination, towards the reduction of CH4 emissions, with several technologies giving 
farmers the ability to monitor rumination 24/7 and adapt feed instantaneously. 
 
PLF systems in dairy settings have demonstrated reductions of carbon dioxide 
equivalent emissions, with 69% reductions across the whole food chain demonstrated 
using the AfiMilk MCS milking parlour system. Automated milking systems allow the 
detection of mastitis early in lactation, helping farmers avoid reduced feed intake to 
milk conversion, which otherwise leads to increased GHG production per litre of milk. 
Previous studies suggested reductions of 2.5% to 5.8% (GWP) by decreasing clinical 
and sub-clinical mastitis cases.  Equally, maintaining maximal rates of fertility in cattle 
has the potential to reduce GHG emissions by >20% per herd. PLF technologies look 
to improve reproductive efficiency via management of fertility and detecting heat in 
various ways. Often these technologies capture data which can link to animal health, 
including warnings of lameness. Cattle lameness has been shown to increase a farm's 

https://www.sciencedirect.com/science/article/pii/S0048969718338919#bb0050
https://www.zelp.co/technology/
http://www.fao.org/3/i3288e/i3288e.pdf
http://www.fao.org/3/i3288e/i3288e.pdf
https://www.forskningsdatabasen.dk/en/catalog/2389263502
https://lirias.kuleuven.be/1717244?limo=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-84949604027&origin=inward&txGid=d9132b32bb1bff89aea26cab2f8d6130
https://hal.archives-ouvertes.fr/hal-02282320/
https://www.cambridge.org/core/journals/animal/article/precision-feeding-can-significantly-reduce-lysine-intake-and-nitrogen-excretion-without-compromising-the-performance-of-growing-pigs/8A698A88085D9D9DB79A28702D3E3DC6
https://www.abvista.com/Products/GB/NIR-4-Farm.aspx
https://www.publish.csiro.au/AN/AN16514
https://www.mdpi.com/2077-0472/7/10/79
https://www.ncbi.nlm.nih.gov/pubmed/29454684
https://www.sciencedirect.com/science/article/pii/S0048969704007119
https://www.magonlinelibrary.com/doi/abs/10.12968/live.2017.22.3.140?journalCode=live
https://moocall.com/products/moocall-heat-1?variant=31594448224321


 
 

 
 

environmental impacts by 7 – 9%, therefore, these or bespoke lameness detection 
systems (3D gait analysis, floor pressure plate systems or accelerometers) would 
provide significant benefits. Smart bolus technologies can also play a role in detecting 
both disease and fertility. 
 
Finally, drones could monitor livestock as well as crops, this could reduce fossil fuel 
use compared to vehicle-based observations. Interestingly, drones mounted with 
sensors can detect methane leaks in gas pipelines, there could be potential to adapt 
these technologies to assess and benchmark agricultural emissions on farms.  
 

Barriers to adoption  
PF technologies offer potential benefits, however, there are barriers present which 
may limit uptake. A collation of several interviews and surveys, with regards to PF 
technology uptake, has demonstrated that “non-adopters” noted a lack of skills and 
competences blocking their application of these tools usefully, along with a lack of 
financial resources. The key focus on improving uptake highlighted “Ease of Use” and 
“Usefulness” of the technologies, with farmers highly appreciative of in-field 
demonstrations, support services and free trials being offered. Educational initiatives 
have also been noted to assist in the uptake of PF tools, whilst concurrently farm size 
and type, as well as, specific government policies, evidence of profitability and land 
tenure have all been shown to positively or negatively impact their adoption. 
 

Summary 
It is clear that despite several PF reviews stating a role for these technologies in 
improving sustainability and reducing environmental impacts, there is, as yet, only 
minimal amounts of direct research available. However, inferences, and minimal direct 
data, all suggest positive environmental benefits, across several technologies, and 
also parallel economic benefits across farming systems. Whilst much more evidence 
of reduced inputs (associated with GHG emissions) have been observed with regards 
to PA, there is an increasing role for similar applications within PLF. Moving forwards 
more specific trials must be performed, not only on demonstrating the exact 
environmental impacts of these technologies but also in providing farmers with 
incentives for their use via evidence of potential financial gains. With the new UK 
agriculture bill noting the availability of financial assistance in regards to mitigating 
climate change and reducing environmental impacts of farming, PF technology 
adoption may well be more readily available for a larger variety of farmers. 
 
Date (April 2020) 
 

https://www.sciencedirect.com/science/article/pii/S0301479716300718
https://www.ncbi.nlm.nih.gov/pubmed/28111836
http://www.bcogris.ca/sites/default/files/hs-2018-01-uav-fugitive-gas-emission-final-tannant-ubco.pdf
https://www.sciencedirect.com/science/article/pii/S2212017313000728
https://link.springer.com/article/10.1007/s11119-012-9273-6
https://services.parliament.uk/bills/2019-21/agriculture.html
https://services.parliament.uk/bills/2019-21/agriculture.html


 
 

 
 

Note to editors:  
For further information contact Dr David Cutress on 01970 823137 or email: djc14@aber.ac.uk 

Alternatively visit www.gov.wales /farmingconnect 
  
Background information:  
This project has received funding through the Welsh Government Rural Communities - Rural 

Development Programme 2014-2020, which is funded by the European Agricultural Fund for 

Rural Development and the Welsh Government. 

The Farming Connect Knowledge Transfer Programme and Advisory Service is delivered by 

Menter a Busnes on behalf of Welsh Government.  Lantra Wales leads on the delivery of the 

Farming Connect Lifelong Learning and Development Programme.  
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