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Jakob peered at the screen on his smartpboHe adjusted the controls and zoomed
on a small area in the nortbastern corner of his field known &andmolle The mill had
been closed down lorggo but the name stayed as a reminder of the technology of
past. How this contrasted with the sdlite image he was looking at today.

He inspected the history and the variations map coming from his Fieldsense app.
it had to be snails again. Last year they had invaded the field next door which belg
to his neighbour. This year they had demidto move south rather than north. Hi
neighbour, Sandi, had talked about it only last week at the loca@psvative meeting.
She had reported that she did not have the problem this year so far. It was the c4
they had come in his direction

He looled again at the screen which showed the variation¥@amdmolle The images
coming from the satellite Sentinel 2 showed that the outbreak was still quite small
he questioned whether it would be better to spread the pesticide pellets now or wal
seehow the outbreak developed. The weather forecast was for a continued dry
which would slow their advance, plus he could see on the field history that they
treated the same area for thistles just 2 weeks ago which meant that the snails wou
have that as added fodder.

He looked back at the last 4 years history. The snails had last invaded 3 years ag
time they had not treated with pesticide and had lost a significant area of crop as a r
But then it had been wetter and the snails m@ggressive.

On balance he decided to wait a few more days and see. A new satellite image shd
available in 2 days time and since the forecast was fine, cloud cover should nof
LINPOEfSYDP {LINF@Ay3d GKS 2yS KSOius hdke which
could usefully be spent elsewhere on the farm. He reflected that without the image
would not even know that the problem was there; Given his neighbours report and
weather conditions it could be a few weeks before he may have noticeceven then it
would not be certain that he would scout that area of the farm.

If the attack continued he would lose much more. A hectare of wheat was forecast t
at around 1000Euro and if he lost 50% of that it would greatly outweigh the co
treatment. The Fieldsense service was extremely efficient in helping him take
decisions. He returned to the screen and moved to another fidsifelt were there any
problems here? Would it be a good time to apply a weedkiller? His digital farm
working better than ever!
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Poul Jakob, a thirdeneration farmer in Jutland, welcomes us into his farm office; his dog had
welcomed us to the faryard a few minutes edier. The magnificent farmhouse, over 500 years
old, is situated right next to the golf course for which Pous lesed some 100ha of his land. Poul
owns 550ha but leases out the galburse and farms around 80ha for another owner so is farming
530ha. H8 primary crop is wheabut he also grows barley.

Poul is a typical user of the Fieldsense service
which provides digital information to around
100 farmers in DenmarkFiedsense, the
supplier ofthe servicgis a small Danish start
up situated in Aarhsi Unlike many other
platforms which provide a full management
system for record keeping, action tracking etc,
Fieldsense has a really strong focus on
information to aid decision making for cereal
farmers. Satellite data the key data source to
provide their service.

Figurel-1: Onsite visit- guided by the farndog. Data coming from imagery gathered by the

Sentinel 2 satellites is processed into stress
maps which are overlaidnto the farm field boundaries. If the cregtress reaches a certain leyel
then an alert is sent to the farmer. The alert allothe farmer to investigate further the cause of
the stress and hence to react.

This provides value to farmers using the service by salvarg time on inspections (crop scouting),
reducing the use of chemicals and increasing yield by enabling earlieridatett problem. It also
KSfLlAa FTFENYSNB 3IFAY F GRAIAGEE LIAOGIINBE 2F (GKSAI

Benefits today are modest, but the potential is high. Fieldsense is serving around 3% of the farming
landin Denmarldevoted to ceeals. It is also early on the technolaggpabilitycurve meaning that

much more significant benefits are expected in the future as improved algoritomgled with
machine learning and artificial intelligenedow higher reliabilityto determinethe caug of the
stresswithout farmers scouting (or visual inspections)

Benefits accrue to the farmer through reduced castE€hemicals and time save@hese benefits

are very much focused on the farmer although in time some of the benefit lmaghared with
others in the valuehain The valuechain may change with time as players who are suppliers to
the farmers look to expand their role.

The reduced use of chemicaso hasa beneficialenvironmenal impact. Pesticides entering the
food chain and drinking wer is a problem for countries where farming is intensive as is the case
in Denmark. There is even greater potential to reduce the environmental impact where the
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information service is used to manage fergli applicationg which is not the case today for
Fieldsense.

In the case, we have interviewed players at the core of the value chain in order to develop a close
understanding of the use of Sentinel data and the impact on farming in Denmark. Fieldsense is just
one service in this market and it could beeresting in the future to contrast what is done in
Denmark with other countries. The information service forms part of a market sector referred to as
precision farming (or increasingly smart farming) which is dedicated more to the farmers
themselves. Otlr information services are more suited to governments, food producers and other
parts of the overall food valuehain. These should form the subject of future studies to identify the
complementarity between information types.

We wish to thank the followig persons for their time spent talking with us to develop the case
particular, John Smedegaard froRieldsensevho guided us through the agriculture sector and
introduced us to a number of the expemsge have consulted.

John Smedegaay€EO & Foundelf &ieldsense

Poul Jakob, Farmer

Jens Christian, GeoTeam A/s, consultant agronomist
Stefan ShereiICEO & funder of Geocledian

Peter AhrendtDanish Technical Institute.

Rita Horfarter, EGES

Casper Rolighed, Farmer

Gorm Petersen, Ministry of Education arae®ce,
Adam Mollerup, Head of Danish Paying Agency, Ministry of Agriculture
Jakob Dragsbek, Danish Paying Agency

Peter Eigaard, Danish Paying Agency

Johan Scheller, Danish Paying Agency

Henrik Zeltner, Ministry of Agriculture

= =4 4 -4 -4 a8 -4 8 a8 _a _9a -2 -2
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Farmings going through its own digital revolution driven by economies of scale (as farms get larger)
and environmental pressures (to reduce the impact of farming on the environment). Even if
Denmark is one of the world leaders in reducing the use of chemfoallser reduction can only

have a beneficial impactprovided crop yields are maintained.arger farmseing runwith no
increase in farm employegdemand greater efficiency which digital technology can delivethis
chapter, we shall look at the masenvironment of farming in Denmark against which the
Fieldsense service is being offered.

2.1 Overview

CIFNX¥YSNDa 32 f Zretb WaXidugeRrodudiéh whilgt MihiRising cost and at the same
time to abide by ever, morstrict environmental reguladn. As globaldemand for food is
skyrocketing there isa continuouspush formore efficient and coseffective operationsfurther
challenged by changing climatic conditioRr®r Denmarkwhich hasa strong and highly efficient
agriculture industry this is actually good newsleading to competitive advantage on the global
market However, i also putsconstantpressureon farmersto improve;forcing themto produce
more with less and in a more sustainable w&gcordingly, theyseekto further mechanze
production, allowing them tananage larger areas of cropsid more animalswith the same
numbers of farm workers.

This being saidafming is a highly complex business with many decisions to be taken each and
every day. When and what to sow, when and howcmgrowth retardant to applywhen and how
much pesticide/fungicide/fertier should be applied?pplications of herbicides, fungicides,
pesticides and most particularly fertiirs are all determined by thigrpe of crop, thewveather, the
spread of pestand diseases and the local soil conditioBs. top of that,the interaction between
these aspectss difficult to predct.

Accordingly, farming igcreasingly(becoming) a highly knowledgetensive sector, in constant
search ofmonitoring data $tom the fieldQputting them in context with othesources of impact

(like meteorological soil, ground water levedata etc.) anddata on human interventiorsuch as
localzing tractors and sprayers in the field or for adapting the chemicals being applied to the local
conditions.

Satellite datais playing a significant ralgVhilst satellite navigation satellites (GPS and Galileo) are
enabling better positioning of farm machinery (tractors, sprayers et@arth observation satellites
can monitor field data in unprecedesd ways and volume®enmarkis a pioneering natiowhich

can leverage on a welleveloped(informational)infrastructureas well as an evencreasing pool

of well-educated and technology savvy farmers.

This is where he Fieldsense servioeomes in providing farmers in Denmark with up-date
information on the state of their crops. It igrimarily used to programme the spraying or
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distribution of chemicalandknowing the location and cause of crgpressto optimize quantities
appliedwhich can save fanersboth time and moneyAssessinghese benefits deriving from the
availability of satellite data is the core of this castady.

2.2 The Agriculture Industry in Denmark

Agriculture remains a key sector for Denmark even ifnfgortance as measured by itentribution

to GDP has been falling steadily. In 1985, it represented 4.9% of total GDP whilst in 2015 this had
fallen to 1.3% The agriculture industry in Denmark provides enough food to feed 15m people
compared to the Danish population of 5.7andexports of the surplugepresent 25%of the total

value of Danish goods exported of which food directly makes up 17%.

Biobased

\_Agro-technology

- . 2%
Remaining commodity

export
75%

Figure2-1: Agriculturesector contribution toexports.

The total value of exports ohe fooR a4 SOG2NJ A& 5YYMpPo OeHNnPcoUL AY
products make up almost 30% of the total $&gure2-2.

TKS YFAY F3NROdMZ ( dzNB & LINE Paz@aiesot thelcaddal prlogfudiénis O ( § |
used for animal feed. Whereas farms were quite integrated 30 years ago, this has changed with

much morespecializatiorin either animals or in cereal$hetotal area ofDanish agriculturdbnd

is around2.6 million ha whichcorrespond to approximately2/3 of the Danish territoryCereals

covers around 1.5m ha or 57% of this area with grassland accounting for a further 238igsee

2-3.

1 Danish Statistical Yearbook 2017.
2 Danish Agriculture: Facts and Figures 2017.
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Danish food cluster exports by commodity, 2015, percent

Pigmeat 18pct.

Others 35 pct.-
Fur skin 7 pct.
Cheese 6 pctl.

Agro-technology 6 pct. _1

Fodder &bct Fish and shellfish 14 pct.

er 4 pc —[
Enzymes S pct. - . . Other dairy products 5 pct.

Source: Statistics Denmark.

Figure2-2: Danish foodxports by Type

Per cent
100

Pulses and root crops
80

Grass and green fodder
60

40

Cereals

20

0
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Figure2-3: Cereals and grassland are over 80% of arable farming in Denmark.

The size of farms has been increasing steadily such that today, the average farm size is 71.9ha up
from 30.7hain 1985. As farm size has grown, e humber of farms hasteadilydecreased. In
1985 Denmark had around @0 farms. Over a period of 30 years this number has been reduced
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by more than 50 per cent so that Danish agriculture now consists of arouf@®@farms only. Of
these 21 per cent have a size of at least 100 hectarexein 1984 only 3 per cent had this size.

Thousand farms

90
80
70
60
50
40
30 30,0 - 74,9 hectares
20 7
10 0-30,0 hectares

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

Figure2-4: Number of farms is shrinking as they grow larger

Even if 79% of the farmseasmaller than 100ha, this trend and concentration means that over 1.8m
ha or 68% of the Danish farmland is part of farms of 100ha or meeeFigure2-5. Thus 7,855
(21%) of Danish farms account for 68% oftibtal farmland. Fieldsenseonsiders that its market
todayis for farms of 100ha or more buhis couldextend down tofarms of50hain the futureas

the technology becomes even more performant

Agricultural area, 1.000 ha. Number of holdings

2000 2013 2014 2015 2000 2013 2014 2015
Without cropland 800 1.668 1.531 1.868
Less than 5 ha. 4 3 1 3 946 764 483 419
5-10 ha. 60 56 56 56 8.457 7.803 7.835 7.506
10-20 ha. 164 99 100 99 11.188 6.928 6.942 6.490
20-30 ha. 161 98 93 98 6.531 3.973 3.799 3.535
30-50 ha. 353 170 166 170 9.017 4.392 4.264 4.018
50-100 ha. 763 389 375 389 10.891 5.400 5.216 4.945
100-200 ha. 715 657 657 657 5.351 4.616 4.567 4.408
More than 200 ha. 421 1.157 1.204 1.157 1.360 3.285 3.315 3.447
Total 2.647 2.628 2.652 2.628 54541  38.829 37952 36.636
Average size of holding, ha 48.5 67.7 69.9 71.9

Source Statistics Denmark

Figure2-5: Growing size of farms in Denmark
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Even if the farms are growing, the number of workers on each one is notnantanizatiorhas
driven greater efficiency. This now becomes coupled with digital technology and smart farming has
become the mantra.

2.3 Farm Maragement Practiceand Challengesh Denmark

Farming in Denmark, as in other EU member states is mainly controlled under EU regulation. This
includes many of the environmental considerations that impact strongly the way that farmers work.

The production ofood and agricultural products is highly regulated. Most of the
regulation is based on EU regulation, and often these rules are interpreted and
implemented strictly in Denmark, leading to even higher standards. The areas of
regulation include hygiene, anal welfare, the use of medicine, pesticides and
fertilizers etc®

Hence farmers are driven by two pressures:

1 To maximge production whilst minindng costs
I To satisfy regulatory requirements including those for the environment.

Productivity is key in # Danish food and agricultural cluster. From farm to fork, all processes are
optimized,and resources used efficiently. Continuous innovation in many areas puts Denmark in
the lead of productivityadvances in agrtechnologyto improve fertilzer and chemcalsuselead

to greaterefficiency in the fields.

The Danish food and agricultural cluster works hard to entwue production issustainable and
hasshownthat economic growth is possible while at the same time reducing resource use. From
1990 to 2014the value of agricultural production increased by 22%. In the same period, nitrogen
loss was cut by 43%, the phosphorus excess went down 83% and greenhouse gas emission
decreased by 16%.

Farmers are faced with many daily decisions which are conpyftesa without right answerg!) and
whichdepend on the type of crop being growfor examplethe growth pattern and management

of potatoes is very different to that of wheahe former put on leaf very rapidly and hence have a
steep change in vegetatidndexcompared to wheasto thatfertlizer, growthandirrigation needs

are very different. Crop information services like Fieldsense need to adapt to these differences to
be fully useful to the farmeand this is reflected in the evaluation made of the econopanefit.

Diseases, such as scab, stripe rust, Septoria tritici blotch, Septoria nodorum blotch and various root
rots, cause some losses each year. Spraying with fungicides is common practise to control these
disease$ Boscalicand Triazok are the two nost commonly used fungicideRates to apply depend

3 Source: Danish Agriculture and Food Council; Facts and Figures.
4Wheat in the World; B.C Curtis. http://www.fao.org/docrep/006/y4011e/y4011e04.htm
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on many factors but early and precise application is the gaidked by the information coming from
Fieldsense.

Pests, such as birds, mites and snails all cause crop damage and should be dealt fiéreirt di
ways. Treatments are sometimes liquid requiring sprays, or pellets requiring scattering. The
effective area to be treated is limited by the equipmei@ the length of booms dictates the
minimum area to be covered whilst the separation of spray headlistributor influenceshe
precision of application

Planning of the planting is a key factor. Crop rotation has long been a primary question for farmers
to address and is no less true today. Winter wheat can be planted after a spring crop. Harvesting
takes place in July and August and new planting should take place soon afterwards. Availability of
labour and maybe farm machinery will affect the dates. If the new crop is planted gehyoften

a growth inhibitor will be applied to ensure that the pta put on growth in their root system
avoiding too much top development before the winter which is vulnerable to adverse wedther.
also provokes stronger and sometimes shorter, stems hence increasing the resistance of the plants
to adverse weather contions’.

Growth inhibitor may also increase the yield by a small amount, but the cost can be high and
outweigh the gains. Hence, such decisions are-badinced andsince precise meteorological
conditions are unknowyalso agamble if not aisk. The ultmate use of the crop may also determine

the practices adopted. If wheat is used for animal feadn a high protein level is sought to attract

a higher priceThis requires a specific pattern of growth

And, last but not leastall of these decisions arafluenced by the weather!

2.4 TheSocieenvironmental Context

Regulation othemical uselays avery strong role in farming practiceé pesticide is a chemical
substance used in agriculture to kill or limit organisms which are considered 'pests' becayise the
might endanger agricultural crop output; pesticides can be subdivided into categories e.g.:
fungicides (against fungi), herbicides (against plants considered to be 'weeds'), and insecticides
(against insect8) The use of pesticides plays an importanterdn agricultural production by
ensuring less weed and pest damage to crops and a consistent yield. However, their use can have
negative environmental impacts on water quality, terrestrial and aquatic biodiversity (persistence
and toxic effects on notarget species, etc.), and pesticide residues in food may also pose a risk for
human health.

5 Plant Gravth Regulators for Wheat. TopCrop Manager September 2015.
https://www.topcropmanager.com/cereals/plant -growth-regulators-for-wheat-17806
6 Eurostat: http://ec.europa.eu/eurostat/statisticsexplained/index.php/Glossary:Pesticide

7 Agrienvironmental indicato- pesticide risk, Eurostat, http://ec.europa.eu/eurostat/statistics
explained/index.php/Agrenvironmental_indicator-_pesticide_risk
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The environmental riskof pesticide use vary considerably from one pesticide to another,
depending on the intrinsic characteristics of their active substancesiftpxpersistence, etc.) and

use patterns (applied volumes, application period and method, crop and soil type, etc.). Measuring
the real use of pesticides would allow a better estimate of risks by crop and region for different
compartments of environmendnd for human healtA. At the moment, harmonized statistical data

on use of pesticides are not available on a European scale: under regulation (EC No 1185/2009
concerning pesticide statisti®)s data deliverieson the agricultural use by crop each five years
started in 2015, but the data remains fragmentedevertheless, Member States annually monitor
pesticide residues relative to European maximum residue limitd §y1&nd in 2014 over 97% of the
around 83 000 samples analyzed fell within the legal limitsQdlkes exceeding thisbserved

during the annual monitoring activitieare more often found in foods imported from outside the

EU (6.5 % of the samples frohirtd country in 2014 contained residues tletcededhe permitted
concentrations), but some residue problems can also be assigned to European agriculture (1.6 % of
the samples in 2014)

As a result of their gtential toxicity, often even at very low levels, the application of pesticides in
EU is strictly controlled by Community legislation since 1991 (by national legislation prior t& 1991)
Policy control measures in the EU are driven by the objectives tdqinog human health and the
environment (consmers, operatosafety, protection of water quality and biodiversityyhe2009
EUDirective on the Sustainable Use of Pesticides aims to reduce impacts on haatdnand the
environment®. To this end, Member States established National Action Plans including quantitative
objectives, targets, measures and timetables. These plans should promefeekiigideinput pest
management and noghemical methods, includirgpth integrated pest management and organic
farming.

The contamination of surface waters with pesticides is managed under@®® EUWater
Framework Directivé.

Denmarkis amongEU Member Statesrhich n addition to controls on impactée.g.the 1998
Drinking Water DirectivE) haveintroduced pesticideaxesg a specific measure to restrithe use

of pesticide& The relative amount of pesticides sold in DenmEkigure2-6, is only about 0.5% of

the total EU quantity (where Spain, France, and Italy together account for about 55% of EU total)

8 Regulation (EC) No 1185/206Bthe European Parliament and of the Council of 25 November 2009
concerning statistics on pesticides

9 Pesticide sales statistics, Eurostat, http://ec.europa.eu/eurostat/statistics
explained/index.php/Pesticide_sales_statistics

10 Directive 2009/128/E@f the European Parliament and of the Council of 21 October 2009 establishing a
framework for Community action to achieve the sustainable use of pesticides

11 Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a

framework for Community action in the field of water policy
12 Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human
consumption
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destructors/moss killers (75%g¢cording to data for the year 2014n terms of psticide sales by

O 2 dzy i N2dagriculiziiah drela (UAA), Denmagkamong the EU countries with the lowest

values (belowl kg/ha of UAA, seeFigure2-7 which is substantially lower thank®/ha of UAA

(and more) of the largest consumers (Spain, France, and Italy), whereas intensive use of pesticides

in Malta and Cyprus is abovek§/ha of UAA

Whilst overall sales of pesticides have remained fairly constant at just under 400,000 tonnes per
annum, thepesticide saleis Denmark decreased from 2011 to 2034 new tax on pesticides was
introduced in Denmark in 2013 whitlas encouraged the reduction but also may have encouraged
farmers to stockpile in 2012 so exaggerating the reduction.
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Portugal |eeme———
Netherlands |———
Romania |ee—
Hungary |
Belgium |me——
Czech Republic s
Greece |mmem
Finland jmmm
Austria |
Ireland jowm
Lithuania jwss
Sweden |
Slovakia [

<___Denmark b

Latvia pmm
Cyprus |m
Slovenia |m
Bulgaria fm
Estonia o
Luxembourg (*)
Mala
Norway |m=
Switzerland [
0 10 000 20 000 30 000 40 000 50 000 60 000 70 000 80 000
m Fungicides and bactericides = Herbicides, haulm destructors and moss killers
m|nsecticides and acaricides Molluscicides

Plant growth regulators m Other plant protection products

(") Confidential data have been removed from the sums of pesticides sales.
(*) 'Fungicides and bactericides” 2012 data , other data: 2013.

Figure2-6: Comparison of pesticide sales in 2014, (Eurostat)

In Denmark, he most commonly utilized herbicide isglyphosate (rounelip) and the mostly used
fungicides arévoscalidand triazog'.

13 Agrienvironmental indicator, consumption of pesticides, Eurostat,
http://ec.europa.eu/eurostat/statisticsexplained/index.php/Agrenvironmental_indicator-_
_consumption_of_pesticides

14 Working communication on the SeBS Project with Geoff Sa®Bg8S Project Managddecember 2017.
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Note: Confidential data have been removed from the sums of pesticides sales. Data on total UAA from 2013,
(") ‘Fungicides and bactericides” 2012 data , other data: 2013.
(*) Urea is used only in forestry and is excluded from the total pesticide sales.

Figure2-7: Use of pesticides (Kg per ha) in 2014, Eurostat

While the tiemical safety information does not list health #ects of longterm or repeated
exposureto glyphosate effects of shortterm exposureincludesevere irritaton of eyesand mild
irritation of skin Moreover, arrier solvents used in commercial formulations may change physical
and toxicological propertié8. The substance is toxic to aquatic organisersl despite itloes enter

the environment under normal usereat careshould be takerto avoid any additional rele&s

Triazok is a whole family of fungicides and is not covarettis document. As it concernsécalid

it is practically nontoxic to terrestrial animals moderately toxic to aquatic animals on an acute
exposure basijsand according to théJnited States Environmental Protection AgerfthS EPA)
estimate, thepotential ecological risks are IdfvBoscalid is persisterndhas low mobility in sail
however, it may move to surface water through spralyift and runoff of soil and suspended
sediment$®. Boscalidis classifid by US EPAs suggestive evidence of carcinogenicity, but not
sufficient to assess human carcinogenic potetfial

15 |nternational Program on Chemical SgfeChemical Safety Information from Intergovernmental
Organizations, http://www.inchem.org/documents/icsc/icsc/eics0160.htm
16 Boscalid, Pesticide Fact Sheet, Office of Prevention, Pesticides and Toxic Substances, United States

Environmental Protection Agey, July 2003,
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Figure2-8: Changes in sales ofgiecides in EU Member Statésnnes of active ingredients)

In summary, even though the current situation with pesticides use in Denmark is fully compliant

with legislative requirements and the values of residues are well below prescribed thresholds, a

furl KSNJ LIGSYdGAlf NBRdAdzOGA2Yy 2F LIS&aGAOARSaQ dzas
environment and human health especially when seen from the perspective of risk avoidance. Even
though this positive impact is hardly quantifiable, it should not be regte

2.5 OrganicFoods

Since we are looking at a service whiitipacts on the use of pesticides and other chemicals, it is
worth a quick word on the place of organic farming in Denmark. Not strictly relevant for the case
since organics avoids the use of arhemicals relying on natural methods to control pests and
weeds, it is still an important trend in Denmark which shows the sensitivity of the issue to the
general public.

Organic does not mean no use of fertilisers, pesticides or herbicides but that ahlyally
occurring forms should be used. Support to early detection ie by using the Fieldsense service, is just
as, if not more, important for an organic farmer as it is for fooganic ones.

In 2017, approximately 99%ercent of Danish farmland is cultieal organically,and Danish
consumers buy more organic food than any other Europe@raportionally, the organic market in
Denmark is the biggest in the world, with organic food making up 9.6 percent of the total retail food
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market in 2016’ With the growng demand, Denmark imports significant quantities of organic
produce and, to counter this, there is an increase of hectares being devoted to organic farming.

17 Danish Agriculture and Food Council: http://agricultureandfood.dk/dawaighcultureand-food/organic
farming
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3 ¢KSAS{RFSEEAGS RIFGE
3.1 Summary

Fieldsenseés aservice supplied by stattp companyto farmersand agronomists in Denmarkhe
serviceincludescrop monitoring to help farmers get a clear view of their crop performance and to
detect and manage crop threats and prescription maps to optimise the application of chemicals.
The information is supplieda a webplatform to subscribing farmers and consultants.

The system allows farmers not only to see changes in their fields indicating the condition of the
crop but also to assemble and compare with historical data. Alerts are made when certain changes
are detected so that the farmer can investigate further. Machine learning is being introduced which
will guide the farmer as to the problem which has been detected whether it is due to disease, pests
or other causes ie drainage or pipersts.

Sentinel 2 imgery is used to map the vegetation and especially how it is changing withEewxé.

pass over Denmark is processed to provide an easily assimilated vegetation map which lies at the
heart of the system. Other data is being added coming frofield sensos which provide the local
conditions (rainfall, air and soil temperatures, winds, humidity etc).

3.2 The Service Fieldsense

Information from Fieldsense is used to support key decision making by farmers and especially the
quantity and timing for the applicain of chemicalsThe farmer enters his fields of interest in the
portal and Fieldsense offers them an activity map of each field which is a measure of the crop
growth. It can provide a variable rate m&palso called a prescription mape control the
digtribution of chemicals or fertilizer by the farm machin@sday, around 50,000ha of crop land is
being managed with the aid of the Fieldsense service. This is growing quite quickly as a major sales
drive is engaged.

Satellites capture images of the farndie FA St Ra aASOSNIf GAYSa | Y2y
wavelengths of light, FieldSense analyzes the photosynthetic performance and provides detailed
insights into the cellular activity of the crops, giving a new perspective on their growth.

When crops e under stress, their growth activity decreases. FieldSense detenall variations in
activity by automatically running analyseach time newimagery is available. Once an issue has
been detectedsubscriberseceive a notification tellinghem exactlywhere action is needed.

18 A Variable Rate Map (VRM) shows the prescribed or planned application of fertilizer or chemicals to a
field based on the locain in that field.
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acrviy @D PROBLEMS COVERAGE

Figure3-1: Screenshot of th®ashboard oFieldsense service

Figure3-1 shows the typical screen used by farmers to assess his fididsfield highlighted is
showing the biomass activity where strong green indicates good vegetation growth. The imagery is
taken from the selection available which can be scrolled throaghthe pageand shows the
evolving conditions for the field as shown the occasion of eactatellite overpass. A histonaot

of measurementss shown at the bottom of the screeasffering both mean and variation for the
measured vegetation indeX hree key indicators are shown in the box to the left and plots of each
of these to the right. These allow a farmer to see the evolution of his crop with time.

Historic data isiow available to the farmer for the last 4 years. This allows problems to be identified
and forms the basis for the alert systenAs the database developand more yearQdata are
acquired, so the precision of the analysis will improvéhie future.Ultimately, the expectation is
that a highly reliable indicator can be given to identify the cause of the crop stress.

Fieldsensaow provides an alert to thefarmer when a variation is considered to present an issue.
The history of the activity is used to characterize the issue and to recommend a remedy to the
farmer. Issues can be due to pest attack ie snails, weed growth ie thistles, disease ie leaf blight or
may be due to watering (over or under watering) or simply meteorological ie storm damage.
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Figure3-2: Example of crop stress (snail attack) over 2 years

The example ifrigure3-2 shows two similar areas of crop stress caused by a snail attack. The snails
live in the hedges and in 2015 emerged on one side into the crop and in 2016 they emerged on the
other side. Such a picture is characteristic of snails and ity @asognizable by an expefthe goal

of Fieldsenseés that this becomes recognizable automatically such that there is a high degree of
confidence and treatment can be planned without even a field visit. One this goal has been achieved
for most of the possibleauses of stress, then the full potential of Fieldsense will be realized.

Early detection of an issue can avoid bigger problems later. Without Fieldsense, the farmer would
be relying on scoutingwhere a farmer is walking the fields to assess crop cantitio detect the
problem However, only a small fraction of the area of large farms can be monitored in this way. A
farmer such a®oulis spending around 3 hours per week on crop scouting throughout the growing
season.
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