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Structure

* Role of modelling
= Opportunities in the future
= Dangers associated with modelling projects




Dynamic modelling can have many roles

= To test If our understanding of complex systems Is
adequate



Test our understanding

Capture the essence of our understanding of a
complex process or system

Compare this understanding with empirical
observations

ldentify what the model can and cannot represent

Response:
= More empirical studies — improved understanding
= |mproved description (better use of existing knalgie)
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Dynamic modelling can have many roles

= To test If our understanding of complex systems is
adequate

= To transfer knowledge to others



Knowledge transfer

= Enable others (e.g. farmers, advisors) to use the
knowledge more easily

= Focus on usability and reliability
= Reduce demand for input data to a minimum
= Retrieve data automatically

= User Iinterface
= Data input
= Presentation of results
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Farste fund af kartoffelskimmel | Danmark er sket pa Samse og | Mordjylland & Juni

Fundet pa Samsa er gjort | en mark med anstrenat ssdskifte men uden nogen form
for plast- eller finerdeskke. | Mordjylland er fundene sket | form af sma primesr smittege
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[dlig forekomst af jordsmitte eller fra spisekartofler, som har veeret fremspiret unde
ast eller fiberdeskke, | Mordjylland optreeder smitten som primaer smitte, som
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Dynamic modelling can have many roles

= To synthesis our understanding of complex
systems

= To transfer knowledge to others

= To link knowledge from different disciplines —
systems modelling

= Greater need on livestock farms than arable farms
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Linking disciplines:
N cycling on Danish pig farm
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Pig farm
kg N ha! yr-!
Fertiliger 47
Seed 3
Atmosphere 15
Ammal feed 275
Total imported 339
Crop products exported 91
Ammal growth 104
Total exported 195
N surplus 144
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Pig farm

kg N ha-! yr!
Fertiliser 47
Seed 3
Atmogphere 15
Ammal feed 273
Total imported 339
Crop products exported 91
Ammal growth 104
Total exported 195
N surplus 144
NH: housing 27
NHz: manure storage 4
NH- field - mineral 1
NH- field - manure 25
Ng ‘|‘N20 s01l 7
NOsz leaching 76
Change 1n so1l 3




Pig farm | Pig abated

kg N ha! yr!
Fertiliger 47 47
Seed 3 3
Atmosphere 15 15
Ammal feed 275 275
Total imported 339 339
Crop products exported 91 103
Anmimal growth 104 104
Total exported 195 209
N surplus 144 131
NH: housing 27 14
NHz manure storage 4 3
NH: field - mineral 1 1
NH- field - manure 25 8
Ng +NEO s01l £ 9
NOs3 leaching 76 86
Change 1n so1l 3 8
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Pig farm | Pig abated | Pig abated N
& adjusted s
kg N ha-!yr!
Fertiliser 47 47 37
Seed 3 3 3
Atmosphere 15 15 15
Ammal feed 275 275 275
Total imported 339 339 329
Crop products exported 91 105 7
Ammal growth 104 104 104
Total exported 195 209 202
N surplus 144 131 127
NH: housing 27 14 14
NHz manure storage 4 3 3
NH: field - mineral | 1 1
NH- field - manure 25 8 8
N> +N>0 soil 7 9 9
NO:z leaching 76 86 83
Change 1n o1l 3 8 8




Linking disciplines

= Benefits:

= Gain a holistic understanding of system function

= Account for interactions between components ofsiesy
= Costs:

= Often requires adaptation/simplification of models
= Requires exchange of information between models



Simulating lactation — complex model

Mammary Model
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Figure 4. Block diagram for a model of cow mammary gland metabolism. Codes and abbreviations: blood glucose
(BGLUCOSE), glucose-6-phosphate (G6P), ribulose-5-phosphate (RuSP), fructose-6-phosphate (F6P), fructose-1,6-
bisphophate (F16BP), glyceraldehyde-3-phosphate plus dihydroxyacetone-phosphate (G3P), pyruvate (PYR), blood lactate
(BLAC), acetyl-CoA (Ac-CoA), citrate (CIT), a-ketoglutarate (KG), malate (MAL) oxaloacetate (OAA), fatty acyl-CoA
(FA-CoA), blood acctate (BACET), glycerol (GLY), a-glycerol phosphate (GP), triacylglycerol (TAG), a-glycerol-P
(AGP), mitochondnial acetyl-CoA (mAcs), citrate (Ct), methionine (Met), phenylalanine plus tyrosine (TP), threonine (Thr),
lysine (Lys), lactose (LACT), and milk fat {Tm).
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Wood'’s function: dY/dt = a.tP.exp(-ct)
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Alternative solution
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Emmans, G.C., Fisher, C., 1986. Problems in nutridinal theory. In: Fisher, C., Boorman,

K.N. (Eds.), Nutrient Requirements of Poultry and Nitritional Research, Butterworths,
London, pp. 9-39. A



Alternative solution

= More complex than Wood’s equation
= Additional parameter

= More work to parameterise for a single lactation

= Less work to parameterise for multiple lactations
= G, andb are constants across lactations

= Greater biological meaning



Cost of linking models

= Objective: to investigate the effect of structural
change In agriculture on losses of nitrogen to the
environment
= Structural change = changing farm size and ty@erggion

= Agent-based economic model (AgriPolis)
= Farm nitrogen budget model (Farm-N)



Inongts to Agpipohs
* Farn strochare (rmanbe, sime, distrbadon
* Tiepionial dala (laed wee, @il Ly ped)
* Indmdual fanm data (poduction, capital hbour, land assets’
* Oither data (mterwst rmtes, transport oosts, =tc)

* Polior letrvrnennertal regalation,. sdhsidies, etel

L

Inpts to Farn-1

* Fertilision norrws for each cvop and so1l trpe

* Fodder 2lans oy cach hivmsto ol catepar

* Information on avanlable fertihisatar. teclmologies

* Yield lemels for each cmop md so1l bype

* Other ddta(lorestock category weizgts, soll fertilhy eto )

L]

AgriPelis

* Sinmlates regional
strarharal chaige

* Link fann scale with

* Dyvnarie, agernt-based

* Bottortrup

Chutpnt &enPolis

Struriural mdicaings
* Mummber of fanns

* Fanm size

* Fammtypes

& Tyadactinn shachire
* [ypreshnent fmuchie
*1 a1d ase

Economiic e ainrs
* Profit

* Fent al prices

* O farm mecine

* Depreciahon
*Trats

* [neoaie appoxt
L ]

Initialisa ion AgriFolis

* Create farm agats
* A4s517n vabies to vanables
Inttiahse w=zom
Distribate fanms corer
IEgEln

[ratiahsation Fam -H

' A s517n vahies to varables

* Initialis= fields, mamre
stores and Ipresock house

1 Allocate soul types, aops
and Inrestonk

Intermediate models

17 Livescock honasine aid

HLATITE ManaZerret

2] (xop type cormrersiil

31 Soiltype and fertaldy
classification

41 Fegiomal rmamire
balance and dishibubon

Farm -I¥

* Sirroalates aromaal flonar
of'H

* Farmosezle
* H mmports ard e xports

* Statx

Chutpd Farr-H

Envimonmwendal
- Head

*Farm b-anphis
* A nmmoena losses

* Dentnbied nirozen
*Mitrateleachms

& Soal-H climize

L

eITIN
o 0,

0-507
%b\“ /) e

5

2
Ysis. 1o

£ S
SITas AR




Opportunities In the future

= All three roles for modelling will remain
Important
= Two examples:

= |nformation and communication technology (ICT)
= Policy support



Example 1: Information and
communications technology (ICT)

More, improved and cheaper data from sensors
Computing power doubles ~ 2 years

GPS (cheap, accurate)

3G mobile phone (4G in 2011-2013)

Increased global mobile phone coverage

Increased mobile phone use in developing
countries
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Laser crop sensor
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Laser crop sensor
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Models and ICT

Dynamic models are data-demanding

Sensor technology + fast, mobile communications
can increasingly provide these data

Data for testing models

More extensive use of modelling
= To Interpret measurements
= To predict consequences of management options



Example 2: Policy support

= The policy and regulatory environment Is
becoming more complex

= Multiple policies impact on the same agricultural
areas

= e.g. Water Framework Directive, Habitats Directive,
Common Agricultural Policy, Kyoto Agreement

= Food production, climate change and greenhouse
gas emissions are major Issues

= Policymakers need to gain an overview of the
conseguences of policy/regulatory measures



European nitrogen flows
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Important policy areas

= Food production

= Greenhouse gas emissions

= Nutrient losses to the environment

= Diversity and abundance of wild flora and fauna

= Soclo-economic consequences
= For farmers
= For the wider society

= Modelling can help identify negative and positive
Interactions between policy areas



Dangers Iin modelling projects

= Extracts from the most important scientific
journal never published
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Project results are not used efficiently 2*

= The technical documentation Is not written

= Model code Is not freely accessible
= Personal, institutional or commercial protectionism

= Raw data are not retained

= Data are retained but not freely accessible
= Protectionism
= Non-standard format when one iIs available

= No standard format available (e.g. livestock fegdin
manure management)



What can modellers do?

= Improve planning and management of modelling
projects
= Choose software tools carefully
= Excel, Modelmaker, MathCad may be adequate

= Take a longer-term view

= Scientific publications are necessary output btit no
sufficient alone

= Support/develop/improve standards
= Model documentation
= Data archiving
= Software for linking models



Conclusions

Models have a number of valid roles

Increasingly used by scientists, farmers/advisors
and policymakers

Results of modelling are often used inefficiently
Greater focus on documentation and openness

More collaboration and coordination, less
competition and duplication






