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Abstract:

The dynamic single farm model FARMDYN documented in h@esents a framework
which allows simulatingn farm management and investmeamiderchanges irboundary
conditions such as prices or policy instrumerits a wide range of different faing
systemdound in Germany and beyon@iven the complex interplay of managemant
investment decisionssuch as adjustments of herd sjzerop shares and yieldedng
practise fertilizer management anghanure treatmerit FARMDYN is implemented as a

fully dynamic biceconomic simulation model template building on Mixateger
Programming. It is complemented by a Graphical User Interface to steer simulations and to
exploit results.

The framework is the outcome of several research activities. Its first version (named
DAIRYDYN) was developed in the context of a research project financed by the German
Science Foundation focusing in marginal abatement costs of dairg farmhat project
contributed the overall concept and the highly detailed description of dairy farming and
GHG accounting, while it had only a rudimentary module for arable cropping. That version
of the model was used IARBERT (2013) as the starting puito develop a version for pig
farms, however with far less detail with regard to feeding options compared to cattle.
GARBERT also developed a first phosphate accounting module. Activities in spring 2013
for a scientific paperREMBLE et al. 2013) contrilted a first version with arable crops
differentiated by intensity level and tillage type, along with more detailed machinery
module which also considered plot size and mechanisation level effect on costs and labour
needs. Based on nitrogen response fonsti nitrogen loss factors were differentiated for
the different intensity and related yield levels. After these extensions the model was
renamed to FARMDYN (farm dynamic). David Schafer, then a master student, developed
in 2014 a biegas module for the nael which reflects the German renewable energy
legislation. In 2016, an extension allowing for stochastic programming was added.
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Summary of FARMDYN

The dynamic single farm model FARMDYN is the outcome of several, partiallyoorg
research activitieslt provides amodular and extendable template model to simulate
economically optimal production and investment decisions in detail at single farm scale.
FARMDYN depicts various farm branches (arable cropping, pig fattening, piglet
production, dairy, beef fattening, b@g plants). Its default layout maximizes the
deterministic net present value over a longer simulation horizon; alternativelyrsmort
comparativestatic or stochastic layouts are available. In the latter case, all variables are
state contingent and défent types of risk behaviour can be modelled. Integer variables
depict indivisibilities in labour use and investment decisions. Constraints reflect in rich
detail (1) the inventory of and requirements for machines, stables and other structures, (2)
demogaphic relations between different herds, (3) labour and feed requirements and
nutrient flows as well as (4) the financial sphere of the farm, with a temporal resolution
between two weeks and a year. The constraints can depict various environmentalsstandard
linked to detailed environmental accounting for nitrogen, phosphate and gases relevant for
global warming. A statef-theart software implementation based on GAMS in
combination withMIP industry solves and a graphical user interface allows for effitie
analysis FARMDYN consistf several interacting modules (figure 1).

Behavioral modulemaximize overall net present value
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_Farm endowment: labor, land, financial assets, equipment and buil L
Figure 1. Overview of template model

Remark:— represents mass transfers from one module to another
represents monetary transfers
— represents environmentaldirelated transfers.
Source: Own illustration

The herd module captures the intreemporal demographic relations between different
herds (number of animals born, replacement rates, raising periods etc.), at a maximal intra
yearly resolution of single months. The temporal Ik#gmn can be increased by
aggregation on demand to reduce model siza.specific cattle modulepw herds can be
distinguished by genetic potential, including endogenous breeding towards higher milk
yield. Furthermore, &rds can be differentiated byiamal types- such as cow, heifer, calf
breeds, intensity levels (milk yield, daily weight gain) and feeding regifiee pig
module distinguishes between fatteriagd piglet production systems. Fattening pigs are

\Y
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subdivided into different phases tocaant for different feeding requirements and
excretion values. The piglet production system differentiates between sows, young piglets
and piglets, which are separated from their mother after two weeks.

The feed moduledistinguishes between pig and cafieding requirements. For a dairy

herd, it captures a cost minimal feed mix from own produced fodder and different types of
concentrates at given requirements per head andye#ma feeding periods (energy,
protein, dry matter) for each cattle herd. Fagspit determines a cost minimal feed mix

from own produced and purchased fodder and concentrates such as soybean meal and soy
oil. For both branches, different feeding phases for reduced nitrogen and phosphorus
output can be used.

The cropping module optimizes the cropping pattern subject to land availability,
reflecting yields, prices, machinery and fertilizing needs and other variable costs for a
selectable longer list of arable cropsielcrops can bdifferentiated by production system
(plough, minimaltillage, no tillage, organic) and intensity level (normal and reduced
fertilization in 20% steps). Machinery use is linked to field working days requirements
depicted with a bweekly resolution during the relevant months. Crop rotational
constraints carbe either depicted by introducing crop rotations or by simple maximal
shares. The model can capture plots which are differentiated hysigeihnd landtype

(gras, arable)

The labourmodule (not shown in figurel) optimizeswork use on and off farm witha

monthly resolution, depicting in detail lalmoneeds for different farm operations, herds

and stables as well as management requirements for each farm branch and the farm as a
whole. Off farm work distinguishes between half and full time work (binar&®)

working flexibly for a low wage rate.

The investment moduledepicts investment decisions in machinery, stables and structures
(silos, biogas plants, storage) as binary variables with a yearly resolution. Physical
depreciation can be based on lifetioreuse. Machinery use can be alternatively depicted
as continuous ravestment rendering investment costs variable, based on a Euro per ha
threshold. Investment can be financed out of (accumulated) cash flow or by credits of
different length and relatechterest rates. For stables and biogas plants, maintenance
investment is reflected as well.

Manure excretion from animals is calculated the manure module based on fixed
factors, differentiated by animal type, yield level and feeding practoe. biogas
production, the composition of different feed stock is taken into account. Meanrbe
stored subfloor in stables and dhfferent types ofsilos. Application of manure has to
follow legal obligations and interacts with plant nutrient neechftbe cropping module.
Different N losses are accounted for in stablefage and during application.

The environmental accounting moduleallows quantifyinggas emissions aAmmonia

(NH3), nitrous oxide (MO), nitrogen oxides (NOxpand elemental nitroger(N,). For
nitrogen (N) and phosphate (P), soil surface balances are calculated indicating potential
nitrate leaching and phosphate losses. Environmental impacts are related to relevant
farming operation.

Thebiogas moduledefines the economic and technatag relations betweenomponents

of a biogas plant with a monthly resolutjoas well as links to the farnThereby, it
includes the statutory payment structure and their respective restrictions according to the
GermanRenewable Energy Acts (EEGs) from020up to 2014. The biogas module

\Y
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differentiates between threkfferentsizesof biogas plarg and accounts for three different
lifespans of investmestconnected to the biogas plant. Data for the technological and
economic parameters used in the modeldamved from KTBL (2014) and FNR (2013).
The equations within the template modelated to the biogas modudee presentedn the

following section.



INTRODUCTION

1 Introduction

The dynamic single farm model documenitetiereis the outcome of severgartially or
going research activities. dtfirst version (hamed DAIRYDYN) was developed in the
context ofa research project financed by the German Science Foundation, (REG
HO3780/21) focusingon marginal abatement costs diiy farms in comparison across
different indicators for Green House GasBelating material and information on the
project are available on the project related Jwabge: http://www.ilr.uni-
bonn.de/agpo/rsrch/dighgabat/dfgabat_e.htmThat project contributed the overall
concept and the highly detaileéscriptionof dairy farming and GHG@ccounting while it
comprisesonly a rudimentary module for arable cropping. It waahile improvements
were going oni used for several peer reviewed papelsef{GERS and BRiTz 2012,
LENGERS et al. 2013a, 2013blLENGERS et al. 2014 and conference contributions
(LENGERsandBRITz 2011,LENGERSet al. 2013k

That version of the model was used ®YRBERT (2013 in her PhD thesiss the starting

point to develop dirst modulefor pig farnming, however with less detail with regard to
feeding options compared to catit®ARBERT also developed a first phosphate aatting
module.Activities in spring2013 for a scientific pap€REMBLE et al. 2013 cortributed a

first version with arable crops differentiated by intensity level and tillage type. Along with
that came a more detailed machinery module which also coedidaot size and
mechanisation level effect on costs and labour needs. Based on nitrogen response
functions, nitrogen loss factors were differentiated for the differgensity and related

yield levels.Activities in summer 2013 thecontributeda soil pool approach for nutrient
accounts, differentiated by month and stepthlayer while also introducing different soil
types and three states of weather. In parallel, further information from farm planning books
was integrated (e.g. available field worgidays depending on soil type and climate zone)
and more crops and thus machinery was added Graphical User Interface5Ul) and
reporting parts were also enhanceds the model now incorporatebeside dairy
production also other agricultural productiactivities, the model was renamed to
FARMDYN (farm dynamic).

David Schaferthena master student, developed in 2014 adais module for the model
which reflects the Gernmarenewable energy legislatioBince 2014, sensitivity analysis

with regard to fam endowment and prices was used to generate observations sets to
estimate dual profit function which were then used in the Agent Based Model ABMSIM
(http://www.ilr.unirbonn.de/agpo/rsrch/abmsim/abmsim_e)ht@iround the same time,

Till Kuhn improved substaially the nutrient flow and fertilizer management handling in
the model.A project financed by the DFGhitp://www.ilr.unibonn.de/agpo/rsrch/dfg
dairystruct/dfgdairystruct_e.hjnwith a focus on Agent Based Modelling supports since
2015 that line of wdkt. Since summer 2016, a project financed by the State of Nordrhine
Westfalia sponsors the combined application of -@uawth models, FARMDYN and
ABMSIM, focusing on nutrient flows efarm and between farm# 2016, a stochastic
programming extension wittlecision tress where all variables are stage contingent was
developed. That extension can capture different type of risk behaviours and uses Mean
Reverting Processes for the logs of prices in conjunction with a tree reduction algorithm.

That documentatioms organized as follows. Following the introduction, we will discuss
the core methodologywith regard tothe overall concept of the toahd the layoubf the
template mode with detail on the different modules, such as the herd, cropping,
fertilization or investment modul€The third section discusstge dynamic examination of
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the modelling approacgHhollowedin section fourby a discussion of the stochastic version
and how different types of risk behaviour can be integraédedtion five describes the
different GHG indicators and the calculationMérginal Abatement Curved#AC). The
following sectiongresentthe coefficient generator, the technical implementation and the
graphical user interface (GUI) which help the user to define experiments aadiagsor
analyze the resultdzor more information oaccess to unpublished technical papers of
Britz and Lengers please feel free to contact:

Wolfgang Britz, Dr., Institute ofFood and Resource Economics, University of Bonn,
wolfgang.britz@ilr.unibonn.ck

1.1 Basic methodologyand tool concept

The core of the simulation framewortonsists of a detailed fully dynamic mixed integer
optimization(MIP) modelfor one farm which can be extended to stochastic programming
framework The linear progranmaximizesutility T Net Present Value (NPV) of future
farm profits, expected NPV or depicting different types of risk behaviounder
constraintsvhich describg1) the production feasibility set of the farwith detailed bie
physical interactiong2) maximal willingress to work of the family membeia working
onand offfarms, (3)liquidity constraints, and (4gnvironmental restrictions.

Using MIP allows depicting the nedfivisibility of investment and labour use decisions.
An overview onmixed integer programming models and their theoretical conpeptsle

for instanceNEMHAUSER andWOLSEY (1999)or PocHET andWOLSEY (2006) Non-linear
relations such as yieldutrient responses of crops are depicted by pigse linearization

The fully dynamic charactesptimizes farm management and investment decisions over a
planning horizonHowever, he model caralsobe simplified to a comparativ&atic one

by assuming continuous-mevestments, see secti@nl, or extended to a stochastic fully
dynamic one, in combination with different type of risk behaviour, see sektion

FARMDYN presentsa modular and extendableamework which allowssimulatingin
detail changesof farm management and investment decisionder different boundary
conditionssuch asprices orpolicy instruments e.g. relating GHG abatement sucas
tradable permits or an emission téar a wide range of different farm systems found in
Germany and beyondit depicts the complex interplay offarm managementnd
investment decisionssuch as e.g. adjustments of herd sipailk yields, feeding pratise,
crop shares and intensity of crop production, manure treatimard highly detailedully
dynamic bieeconomic simulation moddbuilding on MixedInteger Programming.

In its default version, the modehssumes a fully rational and fully informedriner

optimizing the net present valuef the farm operation plus earnsifom working off

farm. A rich set ofconstraintsdescr i be t he relations bet we
variables in financial and physical terms and his production possibilityiseigee.g. from

the firmés initial e n dsewonstraintalso tovepdifferema r v f ¢
relevantenvironmental externalitiedts dynamic approach over several yehes clearly
advantage in policy analysis as the adjustment path includireg)investments can be

depicted as it reflectsunk costs and other path dependencies.

The application of a mixed integer programming approatbws consideng non
divisibility of labour use and investment decisioN&glecting that aspect has at le@agb
serious disadvantages. Firstly, economies of scale are typically not correctly depicted as
e.g. fractions of largecale machinery or stables will be bougha standard LPThat will

tend to underestimate production camtsl overestimate the fldlity in changing capital

2
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stock Secondly, using fractions increases the production feasibility set which again will
tend to increase profits and decrease costs.

Sensitivity analysis using Design of Experiments can be useatktive the simulation
respoise under, for instance, changes in farm endowment or input and output prices.
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2 The Template Model

An economic template modekesa declarative approaakihich depictsin rathergeneric

terms the physical and financial relations in the systenan@lyse It describes their
relations based on a set of decision variables, exogenous parameters and equations
describing their relations. Template models in that sense have -atlonjng tradition in
economics. In macrapplications, template based computableegal equilibrium mods|

such as GTAPHERTEL 1997) or the IFPRICGE_template L(OFGREN et al. 2002) are

quite common. For regional and farm type applications, programming model templates are
underlying e.g. the regional or farm type model in CAFBHI(z & WITZKE 2008) or the
bio-economic typical farm type models in FFSIMoUHICHI et al. 2010). The aim of a
template model is to differentiate between structural elements which are common to any
instance of the systeanalysedand attributes of a specifiastance. A specific instance of

a farm would capture those attributes which are spetifie.g. location, firm and time

point or periodanalysed including attributes of the farmear{d itsfamily) such as his
management abilities and preferences.

A temgdate model can be coded and documented independently from a specific instance. It
also features clearly defined inputs and outputs so that generic interfaces to other modules
can be developed. These modules could e.g. deliver the necessary inputs tte genera

i nstances or to use t he ,é¢qiopeparting punpposeseod 6 s r
systematic analysis.

For our purposes, a suitable template must be able to generate instances representing farms
characteristic®y differing initial conditions ad further attributesspecific to the firm and

farmer Initial conditions arefor examplethe existing herdsavailable family labour,

capital stock such as stabl@sachineryor storage facilitiesnd its age, land owned and

rented by the farm ohisequ t vy . Further attributes <coul d
environment such as input and output prices, yield potentialisehold expenditurethe

willingness of the farmer and family members to work-fafin and the potential farm

branches

Farming is characterized by long lastirapdrelatively expensive stationary capital stpck
especially in form of stables and related equipment. High sunk costs related to past
investmens can lead to sticky farm programs, as key management possibilities such as
redwing the herd size lead to modest saving of variable costs compared ds itoss
revenuesConsequentlystrategies of farmas a response to changes in market and policy
environment such as GHG emission cetiage path dependent on investment decisions

the pastWhereas all farms can implement certain short term adjustments regarding herd
feed or fertilize-management, investment based strategies are notlikety to be
adjustedfor farms which invested recently in new buildings expensive madhery.
These characteristiegsiply individual farmsandthe industry as a whokkatoptimal short

and long term strategies might differ considerably.

Accordingly, a frameworks needed whicltoves a longer planning period to capture
(re)investment decisions and their impact on the farm prograrraexternalities such as
nutrient surpluses d6HG emissionsFigure 2depicts the basic structure of the template
model with different module interactions.

! International Food Policy Research Institute
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Behavioral modulemaximize overall net present value
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Figure 2. Overview of template model

Remark.— represents mass transfers from one module to another
represents monetary transfers
— represents environmentaldirelated transfers.
Source: Own illustration

In the following the GAMS codeis directly usedto document thesquations in the
different modulesto avoid a second layer of mnemonicBhe following naming
conventions are useith the GAMS code and also ithe documentatianAll decision
variables of the farmers start withva They are endogenous to the simultaneous solution
of all equations when maximizing the objective function and hence depend oatkeach
Exogenous parametessart with ap_. They @n typically be changed in an experiment.
Sets, i.e. collection of index elemends not carry a specific prefix.

The model equations are definednmodeltempl.gmsdeclarations of parameters and sets
also used outside of the model equations can be founddeltempl_decl.gms

2.1 Herd Module

Animals are dealt with in three parts of the modkeé general herd moduldghe cattle
module andhe pig module. Thegeneralherd module depicts the herd demograpimle
the latter twoadd aspects specific tattle and pigs

2.1.1 General Herd Module

The herd module captures the inteanporal demographic relations between diffel
herds (number of animals born, replacement ratasing periods etc.), at a maxim
intra-yearly resolution of single months. The temporal resolution can be increas
aggregation on demand to reduce model size.

The general herd modutkepicts relations between herds of differaniimal typeon farm.
Specifically, herds are differentiated by age, gender, brggasluction objectivesmonth
in each yearFemale cowof milk breeds can beptionally differentiatedby their genetic
potential regarding the milk yield.
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The model uses two differemariables to describe hexd/ _herdStardescribes thaumber
of animalsby typewhich enter the production process at a certain time, whiterdSize
describe the number of animals by type at the farm at a specific tihoee preciselythe
standing herdy_herdSize can be described as animaich joint the herd since the
beginning of the production process,herdStart minus slaughterednes as can be seen
in the following equationThe parametep_mDistin the equation describelset difference
in months between two time points defined by yg#t, and monthm,m1 p_prodLength
depicts the length of the production process in months.

-- definition of standing herds
herdsize_(herds,breeds,feedregime, tcur (t),ncur,m) $ (actHerds(herds,breeds,feedregime,t,m)
$ sum{ (ti,m1) $ ( ( (abs(p_mDist(t,m,tl,ml)) le (p_prodiLength(herds,breeds) -1 § (p_prodLength(herds,breeds) eq 1)))
or (abs(p_mpist(t,m,tl,ml)-12) le (p_prodLength(herds,breeds) -1 § (p_prodLength(herds,breeds) eq 1)))
§ p_compstatHerd)
$ (p_mbpist(t,m,t1,ml) Te 0} or (p_mDist(t,m,tl,ml)-12 le 0) § p_compsStatHerd ),
actHerds (herds, breeds,feedregime,tl,ml)

§ (balherds(herds) or remonte(herds) or sameas('remonte”, herds))
g tjg(t,ncur)

v_herdsize(herds,breeds,feedregime,t,ncur,m)

-- herds which started in the months before the production length, in case for piglets a separate construct is used

+ sum( {t_n(tl,ncurl),ml) $ (( (abs(p_mpist(t,m,tl,m1)) le (p_prodLength(herds,breeds) -1 § (p_prodiength(herds,breeds) eq 1)))
or (abs(p_mpist(t,m,t1,m)-12) Te (p_prodLength(herds,breeds) -1 § (p_prodLength(herds,breeds) eq 1)))
$ p_compStatHerd)
$ ( (p_mbist(t,m,t1l,ml) le 0) or (p_mbist{t,m,tl,ml})-12 le 0) $ p_compsStatHerd )
3 actHerds(herds breeds ,feedRegime,t1,ml) $ 1sNodeBefore(nCur ncurl)
$iftheni.sows "%farmBranchsowss" ==
$(not sameas(herds ‘piglets™)
Sendif.sows

Ja
v_herdstart(herds,breeds,feedRegﬁme,tl,ncurl,ml))

Siftheni.d %dairyherd¥==true
-- minus, in case of cows, slaughtered before reaching the final age

-sum( (actHerds(s1gtCows,breeds,feedregime,t,m),cows) § ( cows(herds) § (slgtCows.pos eq cows.pos)),
Sendif.d v_| herdstart(s?gtcuws breeds feedReg1me T,ncur,m))
endif.

-- Herd size dynamic for piglets separately to depict a correct transfer from year t to year Tl as well as account for
temporal resolution adjustments

Sifrheni.sows "%farmeranchsows%" == "o
+ sum{ (t_n(tl,ncurl),ml) $ ( (abs(p mD1st(t m,t1,ml)) le (p_prodLengthe(herds,breeds) -1 § (p_prodLengthe(herds,breeds) eq 1)))
(p_mpist(r,m,tl,m) le O) § isnodeBefore(ncur,ncurl)
$ actHerds(herds breeds feedRegwme t1,ml)
$ (not sameas(herds ‘sows"))
${ ( sameas(t,t1) § (not sameas(m - p_prodLen the({herds ,breeds),ml)))
or {{not sameas(t t1)) $ (sameas("3Jan",m))$% %sameas( m+ 11, mi)))}),

v_herdstart(herds,""”,feedRegime,tl,nCurl,m))
Sendif.sows

The definition of the number of animals being added to the kehrdStartis described

in the equationherdBal.. In the simplest case, where a 1:1 relation between a delivery and
a use process exists, the number of new animals enterindiffeeent use process
balherdsis equal to the number of new animals of the delivery prdoests This relation

is depicted by theerds_from_herdset.

One possible extension is that animals entering the herd can be alternatively bought from
the market, defined by the séibught to_herds The symmetric case is when the
raised/fattened animals arddsavhich is described by treold_from_herdset.

For the case where several delivering processes are available, for example heifers of a
different process lengtreplacing cowsthe seherds_from_herddescribes a 1:n relation.

A similar case exists ibne type of animal, say a raised female calve, can be used for
different processesuch as replacement or slaughtrch that the expression turns into a

n:1 relation. This case is captured by second additive expression in the equation.

In comparativestaic modep_compStatHerdall lags are removed such that a stesidye
herd model is described.



THE TEMPLATE MODEL

# --- general balance definition

her‘dsBa'I_(ba'\Her‘ds,breeds,feedRegime,t,m(ur,m) § ( actherds(balHerds,breeds,feedregime,t,m) § tcur(r)
$ (p_vear(t) le p_year("#lastyear®))
§ (sum{ (herds_from_herds(balHerds,herds,feedregime),tl,ml)
§ ( (-p_moist(t,m,tl,ml) eq round%p pmdLengthB(herds breeds)/(12/card(herdm)))* (12/card(herdm)) )
actHerds(herds breeds, feedReg‘\me ti,ml)),1)
$$iftheni. compstat "#dynamics%” == cu\rparatw‘e -stati
or (sum( (herds_from_herds(balHerds,herds feedRegw\e) hal
$ ( (-p mD‘\st(t m,tl m1)+12 eq ruund(p prmdLen thB(herds breeds)/(12/(ard(herdM)))* (12/card(herdw))
N and not (-p_r mpist kt m,tl,ml) eg round (p_prodLen t1E’herds ,breeds)/(12/cardCherdv)))* (12/ card"herdM)) )
g actHerds(herds breeds eedregime,tl,ml) 1))
$3endif. compstat
or sum(bought_to_herds(herds,balherds) § actherds(herds,breeds,feedregime,t,m),1))
it_n(t,n(ur? ..

# --- herd starting at current time point

v_herdstart(balHerds,breeds,feedregime,t,nCur,m) /p_herdyvearscaler (balHerds,breeds)

= --- plus herd starting at current time point which compete for the same input herds

+

sum( herds_from_herds(herdsl,herds,feedregime) $ (herds_from_herds(balHerds, herds,feedregime)
§ (not sameas(balHerds,herdsl))
§ actherds(herdsl,breeds,feedregime,t,m)),
v_herdstart(herdsl,breeds,feedrRegime,t,ncur ,m)/p_herdyearscaler (herdsl,breeds))

# --- sold animals from the process (e.g. female calv one year old)

+

sum( sold_from_herds(herds,balherds) $§ actherds(herds,breeds,feedRegime,t,m), v_herdstart(herds,breeds,feedRegime,t,nCur,m))

—e=

# --- equal to the starting herd of the process wich generates these
* these herds

+

sum{ (herds_from_herds(balHerds,herds,feedregime),t_n(tl,ncurl),ml
(-p_i mD1st(t m,tl,ml) eq ruund(p prudLengthB(herds breeds)/(12/card(herdv)))* (12/cardCherdv)) )
§$iftheni. compstat mdyna\r'\csm‘ == "comparative-stati
or (-p_mDist(t,m,Ttl,ml)+12 eg ruund(p_prUdLengthB(herds,breeds)/(lz/card(herdm)))* (12/card(herdv)) )
$$endif. compstat
g actHerds(herds,breeds,feedReg'\‘me,tl,ml) § isnodeBefore(ncur,ncurl)),
v_herdstart(herds,breeds,feedregime,tl,nCurl,mi))

= --- bought to herd (e.g. heifers bought from market)

+

sum(bought_to_herds(herds ,balherds}$ actherds(herds,breeds,feedregime,t,m), v_herdstart(herds,breeds,feedregime,t,nCur,m));
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2.1.2 Cattle Module

Cow herds can be distinguished by genetic potential, including endogenous b
towards higher milk yield. Herds can be differentiatedabymal types- such as cow
heifer, calf-, breeds, intensity levels (milk yield, daily weight gain) and feeding regim

The cattle module isclosely related tothe general herd moduldt describes the
demographiaelatiors between cattle types (dairy cowspther cows, male and female
calves, heifersyoung bull$ on the farmNew-born calves can be sold immediately or after
one year or being raised to a heifer or young bulls, respectiValy. heifer process,
starting witha female calf raised for one year is available in three intensity levels, leading
to different process lengths (12, 21, 27 month) and thus first calving ages (12, 33 and 40
months) for the remontdn Figure 3the general concept of the cattle module and its
decision points are illustrated.

o b e
: Femalecalvesi Heifers Cow
Cow  [—* Malecalves | Bull
| IR A T e i |
| [ cow  Jleiiiiid SHEE |
| J e e | |
| v P v P |
i Slaughtered/Sold i
Figure 3. Cattle herd module management decisions

Remark:— represents reproduction processes
represents animal life development
— being slaughtered or sold
Source:Own illustration

The number of new calveg _herd$art aredifferentiated by gender and breéd,a yeart,

and specific montim, anddepend on théerd sizeof cowsof eachbreedanda specific
calving coefficientsActHerdsis a flag set to define which herds might enter the solution
for a specific year.
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# --- definition of calves born
newcalves_(calvs,breeds,t,ncur,m) ${ sum(feedregime, actHerds(calvs,breeds,feedregime,t,m)} § (p_vear(t) le p_year ("%lastvearx”)) § t_n(t,ncur)) ..

--- new born calves (for females by genetic potential for milk yield) are born
from the current herd of cows

sun(feedkeg‘\ me,

erdstart( fcalvs” ,hr’eeds feedﬂegw me,T,nCur,m) § sameas("fcalvs”,calvs)
+ v_herdstart('fcalvssold”,breeds eedRegwme t ncur ,m) § sameas('fcalvs",calvs)
+ v_herdstart{"mcalvssold"” breeds ,feedregime,t,ncur ,m) § sameas("'mcalvs",calvs)
+ v_herdstart("mcalvsrais’ ,breeds feedregime,t,nCur,m) § sameas("mcalvs",calvs)
+ v_herdstart("mCalvsraisH" ,breeds,feedkegwme,t,ncur,m) § sameas("'mcalvs",calvs)

=e= sum(actHerds(cows,breeds,feedregime,t,
v_| herdswze(cuws breeds feedRegwme t,nCur,m) * p_calvCoeff(cows,breeds,calvs,m));

The calving coefficients take into account different breed specific parameters (see
coeffgefini_herds.gmg:

# --- KTBL "Betriebsplanung 2014/2015" p.566 ,p.647

table p_calvattr(allgreeds,*)

birthPerLact 7livingCalvesperBirth calvLosses daysBetweenBirths
HF 0.98 1.04 0.05 417
Simmental 0.98 1.06 0.04 395

mc 0.98 1.02 0.05 365

parameter p_livingCalvespPeryear(allgreeds);

p_livingCalvesPeryear (curBreeds) = p_calvattr(curbreeds, "birthrerLact”)
* p_calvattr(curBreeds, "Tiv w‘r‘gca'\ v
* (1. - p_calvattr(curBreeds,

* 365 / p_calvattr(curBreeds,"d

# -—- calving coefficients for females

p_calvCoeff{cows,curBreeds, "fcalvs",m) § sum( (feedRegime,t,herdm), actHerds(cows,curBreeds,feedregime,t,herdm))
= p_livingcalvesPeryear (curBreeds) * 0.495 * p_birthDist{(m);

# --- calving coefficients for males

p_calvCoeff(cows, curBreeds, "'mcalvs”,m) $ sum( (feedRegime,t,herdm}, actHerds(cows,curBreeds,feedRegime,t, herdm))
= p_livingcalvespPeryear (curBreeds) * 0.505 * p_birthDist{m);

In order to allow for an increase of the gengteld potential of herd, two mechanisms are
available. If the farmer is allowed to buy heifers from the marketbtlughtheifers can
have a higher milk yield than the replacatkes the price for heifers depeisan their milk
yield potential The secondmechanism is to systematically breed towards higher milk
yields.Breeding prgressis restrictedo about 200 kg per yeand cow whichcan be seen
from the followingequation

# --— maximum ammount of remonte of specific genetic potential
remonteMax_(remonte,breeds,feedregime,t,ncur,m) § (actHerds(remonte,breeds,feedregime,t,m) § (not p_compstatHerd) § tcur(t-2) § t_n(t,ncur))
= --- heifers entering the herd
sum{actHerds (remonte,breeds,feedrRegime,t,m), v_herdstart(remonte,breeds,feedregime,t,ncur,m))
# --- plus heifers sold to market
+ sum(actHerds (heifssold,breeds,feedRegime,t,m) § (heifssold.pos eq remonte.pos), v_herdsize(heifssold,breeds,feedregime,t,ncur,m))
1=

sum{actHerds (cows,breeds,feedregime,t-. 2 ml) § (cows.pos eq remor’lte pos), v_| her‘dswze(cows breeds,feedregime, t,ncur ,m1)
p_calvCoeff (cows,breeds, "fcalvs™,mL) * 66)

+ sum(actHerds (cows,breeds,feedregime,t- 2 ml) § (cows.pos+l eq remonte. pos), v_| herdsue(cuws breeds,feedregime, t,nCur ,ml)
* p_calvCoeff(cows,breeds, " fcalvs",m1) * 13)

= --- plus heifers bought from market

+ sum(actHerds (heifsBought,breeds,feedregime,t,m) § (heifsBought.pos eq remonte.pos), v_herdsizeCheifseought,breeds,feedregime,t,ncur,m));

Most equations- such asthose relating to stable placeeds- differentiateby genetic
potential. Thereforein the following equationthe individual herds are aggregated to
summary herdsvhich are partly used in other equations where differentiation by genetic
potential is not needed\dditionally, this provide a bette overview o model resultsn

the equation listing.

--- definition of summary herds (cows, heifs, female calves)
which enter e.g. labour need equations

sumHerds_(sumHerds ,breeds,feedrRegime,t,nCur,m) § (t_n(t,nCur) $§ sum(sum_herds(sumHerds,possHerds) $ actHerds(possHerds,breeds,feedRegime,t,m),1}) ..

v_herdsize(sumHerds,breeds,fesdRegime,t,nCur,m)
=e= surr(sum_herds(sumHerds pussHerds) g a(tHerds(pmssHerds breeds,feedregime,t,m), v_herdsize(possHerds,breeds,feedregime,t,ncur,m));

2 Remark:mcare mother cows, sales prices for animals are assumed to be equal to the Simmental breed.
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2.1.3 Pig Module

The pig module distinguishes between fattensgd piglet production systems. Fatten
pigs are subdivided into different phases to account for different feeding requireme
excretionvalues. The piglet production system differentiates between sows, young
and piglets, which are separated from their mother after two weeks.

The pig module, similar to the cattle module, is closely linked with the general herd
module. It distinguishes between a fattening branch and a piglet production branch with
sows. The herd dynamics of the pig module are showigure 4

TR R G R e
el 1T T e
: 11| piglet |i: ¥ | : H ¥ H
i "l pigets || pigiess|| ||| Eaty |1 mia [Hl Late |ii|Finished
| I S S o1 I 11 I | H || fattenerg | fattenerd | fattenerg | | fattenery!
i i| Young [} ¥ il ¥ { 1 i
; | piglet, | ¥ Lo i ¥ 1 i
: H ¥ H AN ¥ H H i
i ] 1 ([[soa ]i I'1 [ Bought]:! i HIEZH]

________________________________________________________________________________________________

Figure 4. Pig module management decisions
Remark:— represents reproduction processes
represents animal life development
— beingboughtor sold
Source:Own illustration

The piglet production process starts with thedpiction of young pigletdorn to sows,
shown in the following equation.

--- piglets born: herd size of sows times piglets per sow and year

newpiglets_(feedregime,tCur (t),nCur herdm) $ (actHerds("sows","",feedregime,t,herdm) $ t_n(t,nCurl)) ..
v_herdstart("youngriglets”,"",feedrRegime,t,ncur ,herdm)
=e= v_herdsize("sows","",feedregime,t,nCur ,herdm) * p_oCoeff("sows", "youngpiglet”,t)/card(herdm);

Each sow produces on average 26.7 young pigkatyeain the default parameterization

After one month young piglets become piglets and remain 2 months within the herd before
they are solar transferred to the fattener brantlabor and feed requirements are chosen
according to a growing period of 41 days and a weight gain from 8 to.3lhkgeeding

stable and labor requirements of the piglet production branch are steered $gvwtheand
pigletsherd size

The fattener farm branch distinguishes between four different stages of fatteners to account
for different feeding and excretioralues during the production proces®eding levels

and excretion values are connected via thefestregime That allowsto adapt feeding
patterns for instanceto adjust nutrient outpuh response to legislatively given fertilizer
restrictionsFor amore thorough explanation of the feedmygions please refer to the pig

feeds modulein section2.2.2 The piglets bought in a month are immediately transferred
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into early fatteners and are af'emonth transferred to the next fattening stage until they
become fatteners and are sold as fattened pigs. EacHagtggorone monthThe weight
development durinthe fattening process assumedrom 28 to 18kg live weight.

As mentioned in the general herd module, ¢qeations such as herd balamsdsBal
and herdsize,herdSize are used for th@erddynamic in the pig modulélhe following
model codeshows the elements of the herd used in the farm branclovcs.

$$iftheni.sows “%farmBranchSows%" == "on"
herds_from_herds ("piglets", "youngPiglets", feedRegime) = YES;
bought_to_herds ("youngSows ", "sows") = YES;
actHerds("piglets”,"",feedRegime,t,m) = yes;
actHerds ("sows","",feedRegime,t,m) = yes;
actHerds ("youngPiglets","",feedRegime,t,m) = yes;
actHerds ("youngsows" ,"" ,feedRegime,t,m) = YES;

option kill = sold_from_herds;
$$endif.sows

Thestatements below shailve elements of the herd used in the farm branch for fatteners.

$iftheni.pigHerd %pigHerd¥% == true

$$iftheni.fattners "%farmBranchFattners%" == "on"
actHerds ("Fattners","",feedRegime,t,m) = yes;
actHerds ("earlyFattners"”,"" feedRegime,t,m) = yes;
actHerds ("midrFattners”,"",feedRegime,t,m) = yes;
actHerds ("lateFattners”,"", feedRegime,t,m) = yes;
actHerds ("pigletsBought™,"", feedRegime,t,m) = YES;
bought_to_herds ("pigletsBought"”, "earlyFattners™) = YES;

herds_from_herds ("midfattners”, "earlyfattners"”,feedRegime) = YES;
herds_from_herds ("lateFattners"”,"midFattners"”,feedRegime) = YES;
herds_from_herds ("Fattners","lateFattners",feedRegime) = YES;

option kill=sold_from_herds;
§%endif.fattners
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2.2 Feeding module

The feed module distinguishes between pig and cattle feeding requirements. For
herd, it captures a cost minimal feed mix from qwoduced fodder and different types
concentrates at given requirements per head andye#afeeding periods (energ
protein, dry matter) for each cattle herd. For pigs it determines a cost minimal feg
from own produced and purchased fodder emacentrates such as soybean meal ang
oil. For both branches, different feeding phases for reduced nitrogen and phog
output can be used.

2.2.1 Cattle Feed Module

The feeding modul®r cattleconsists of two major elements:

1. Requirement functions and elated constraints in the model template

2. Feeding activities which ensure that requiremsmatre covered and link the animal

to the cropping sect@s well as tgurchases of concentrates

The requirements are defined aoeffgefrequ.gms Requirements for alry cows are
differentiated by annual milk yield and by lactation period. The model differentiates 5
lactations periodvith different lengtls (307 707 1007 1057 60 days, where the last 60
days are the dry peripdThe periods are labelled accordingheir last day, e.d.C200is

the period fronday 101 to day 200.C305is the period from the 26to the 308 day and

dry denotes the last 60 days of lactation.

12
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Computation of Output Coefficients for each Lactation Phase Excurse

This excurseadescribes the derivation of thautput coefficient for each lactatiq
phase hencehow much of yearly milk yield is produced by each cow on one d

40
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day of lactation
Figure 5. L actation curves of different yearly milk yield potentials and average

milk yield in different lactation phases (3670-100-105-60)
Remark: Calculation based étuth (1995:pp.22426)

Source: own illustration

Using the above shown lactation functions, the daily fraction of the yearly milk yie
each lactation phase can be derivBde mearover the four milk yield potentialsf the
coefficients are shown itablel.

Figure 6. Daily fraction of whole lactation milk yield in different lactation
phases
LC30 LC100 LC200 LC3005 Dry
Daily fraction | 0.00356 0.0043 0.00333 0.00233 0

Remark Own calculation based on Huth (1995:pp.2226)

Following these outputs, e.g. on each of the first 30 days of lactation, the cow pr
0.356% of the yearly milk yield (e.g. 28 per day for &ow which produce8000kg per
yeal. In a next stephese codicients are used to calculate the sum of milk output in ¢
lactation phase téurther calculate feed requirements stemming from the herds in
phase.
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The daily milk yield in each period is basedtbefollowing statementsvhich definemilk
yield in ton/year, stored onthe general output coefficient parametpr OCoeff The
coefficient is scaled to match total yearly milk yield.

p_mlkPerDay(cows ,breeds,"LC30")
p_mlkPerDay(cows ,breeds,"LC100™)

p_mlkPerDay(cows ,breeds,"LC200")
p_mlkPerDay(cows ,breeds,"LC305")

0.003555556 * sum(t § (t.pos eq 1), p_OCoeff(Cows,"milk",t)*1000);
0.004333333 * sum(t $ (t.pos eq 1), p_OCoeff(Cows, 'milk"”,t)*1000);
0.003333333 * sum(t $ (t.pos eq 1), p_OCoeff(Cows,"milk",t)*1000);
0.002333333 * sum(t $ (t.pos eq 1), p_OCoeff(Cows,"milk",t)*1000);

The model differentiates for each herd betweequirements forenergy in NEL, raw
protein and maximum dry matte®o far, for heifers and calvesnly onefeeding phaseés
depicted such that dailgquirementsluring the production procease identical.

The distribution of the requirements for cows in specific lactation pepodsgsPhase
over the montham, depends orthe monthly distribution of birthg_birthDist as can be
seen irthe followingequation.

-- cows:
p_regsMonthly(cows,breeds,phase,m,reqsall) = 0;

-- last 2 months - 60 days

p_regsMonthly(cows,breeds, ,m,regsall) = p_regsPhase(cows,breeds, ,reqsall) = (p_birthpist(m++1)*0. 5+p_birthDist(m++2)*0.5);
-- last 5.5 months (= 165 days / 30 ) - 105 days
p_regsMonthly(cows,breeds, ,m,reqsAll) = p_regsPhase(cows,breeds, ,reqsall)

* ( p_birthpist(m++3)/2.5

+ p:b'irthD'ist(m++5)/3:5
+ p_birthoist(m++6) * 0.5/3.5);

-- last 8.83 months (= 265 days / 30 ) - 100 days

p_regsmMonthly(cows,breeds, ,m,reqsall) = p_reqgsPhase(cows,breeds, ,reqsall)
# ( p_birthpist(m++6) * 30/100 * 0.5
+ p_birthpist(m++7) * 30/100
+ p_birthpist(m++8) * 30/100
+ p_birthpist(m++9) * 25/100);

-- last 11.167 months (= 335 days / 30 )
p_regsMonthly(cows,breeds, ,m,reqsAll) = p_reqsPhase(cows,breeds, ,reqsall)
* ( p_birthoist(m++9) * 5/70
+ p_birthpist(m++10) * 30/70
+ p_birthpist(m++11) * 30/70);
-- last months (= 365 days / 30 )
p_regsmonthly(cows,breeds, ,m,reqsall) = p_regsphase(cows,breeds, ,reqsall) = p_birthoist(m++12);

-- scale requirements per month to it roral

p_regsvMonthly(cows,breeds,phase,m,reqsall) § ﬁ;_requhase(cows,breeds,phase,r’eqsﬂ'\)
= p_r_‘equonth]K(cows,breeds,phase,m,r’equ 1)

* p_regsPhase(cows,breeds,phase,regsall) /sum(ml,p_reqgsMonthly(cows,breeds,phase,ml,reqsall));

In order to test different model configuratsoand to reduce the number of equations and
variablesin the model, the monthly requiremenps Monthly are aggregéed toan intra-
annual planning perigdntrYPer, for which a different feed mix can be used for each type
of herd seethe following equation

p_reqs (herds,breeds,phase,intryPer,reqsAll) = sum( intrYPer_m(intrYPer,m), p_reqsMonthly(herds,breeds,phase,m,reqsall));

The requirements per planning peri@d reqs enter the equation structure of the model.
The equations are differentiated by herd, year, planning period anebftetture, and
ensure theequirementsare covered by a appropriatefeed mix made out of different
feeding stuff. The composition of théeed mix is determined endogenousdly.generala
herd consists otows of different milk yield potentials, heifers and different typef
calves.Total feed requirements for a farm in the different hyarly planning periods
depend on the distributis of calving dates in the cow herd, therefore, cows of the same
milk yield potential can be in different lactation phases during the yaanequirements

of tons of feed, v_feeding are differentiated byherd, breedplanning period (lactation
phase ofcow), stateof-nature andyear, if the requirement phases are not defined for
specific time spans after the herd start

% Grass and maize silage and grass from pasture, which are own produced, and three type of concentrates
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requirement constraints (per herd, year and SON)
$ ((not p_ requhaseLength(possHer‘ds breeds,phase))
‘DRMX")

reqs_(possHerds ,breeds , feedrRegime,reqs,phase,intryPer,t,nCur,s) $ sum( m_to_herdm(m,herdm)
$ p_reqs(possHerds,breeds,phase,intryPer,
§ intryPer_m(intryPer,m)),
actHerds (possHerds, breeds feedRegime,t,herdm) § tCur(t) $ t_n(t,nCur)) ..
herd size times requirements per head, minus year and SON specific reduction in milk yield
sum((m_to_herdm(m,herdm)) $ (intryPer_m(intrYPer,m) § actHerds(possHerds,breeds,feedRegime,t,herdm)),
v_herdsize(possHerds ,breeds , feedRegime, t ,nCur ,herdm)* p_reqs (possHerds ,breeds ,phase.,intryPer,reqs))
/sum((m_to_herdm(m,herdm)) $ (1nt|YPe| m(1n('YPev m) ﬁ actHerds (possHerds, bleeds feedRegime,t, heldm)) 1),
- v_redMlk(possHerds,breeds,,phase,intryPer,t,nCur,s)*p_reqsRed(reqs) $ cows(possHerds)
stuff

--- must be covered by feeding times the content of the feed

=L= sum(feeds, v_feeding(possHerds, breeds,phase,intryPer,feeds,t,nCur,s) * p_cont(feeds,reqs));

Alternatively, requirements can be linked to the start point of an animal process to break
down the total requirement during the lém@f the production processes in phasdse
equation is only switadd on if the parametgy_reqsPhaselLengil nonzera

--- reguirement constraints (per herd, year and SON)

regsPhase_(possHerds,breeds,reqs,phase,intryper,t,ncur,s) § sum(m(rvper m(i
egsPhase(
sum(feedRe

tryper,m) § (p.
possHerds., brechs
gime, actHer‘ds(possHer‘ds breeds,feedregime,t,m))$ tCur(t)

r“EasPhaseLeng(h(pussHer‘ds breeds,phase)
§ t_n(t,ncur)) ..

-—- herds which started in the months before the production length, in case for piglets a separate construct is usea

+ sum( (feedregime,m,tl,nCurl,mi) § 'mtr'vper' m(intryper,m) § tcur(t
C (al bs(p mmst(( m,tl,ml))-p_| reqsphasestart(pu

or (abs(p_mpist(t,m,tl, ml) 12)-p_regsphasestart

1) § t_n(tl,ncurl) § isNodeBefore(ncur,ncurl)
5sHerds,breeds,phase) Tt requhaseLength(pussHerds breeds,phase))
(pussHerds breeds phase) 1t p_regsphaseLength(possHerds,breeds,phase}} § p_compstatHerd

3 ( (p_mbist(t,m,tl,ml)+p_regsPhasestart(posste
r (p_mpist(t,m,tl,ml)+p_ r‘equhasestar‘t(pﬂsSHe

sac(Herds(pussHerds bréeds,feedregime, t1,

s

ds,breeds,phase) Te
ds,breeds,phase)-12 le 0) § p_compstatHerd

)

-~ number of months that herd in tha requirement phase durin

19 that period
multiplied with monthly requirements

v_herdstart(possHerds,breeds,feedregime,tl,ncurl,ml) * p_regsphase(possHerds,breeds,phase,regs))

--- minus, in case of cows, slaughtered before reaching the final a
-sum( (actHerds(s'\gtCuws breeds,feedRegime,t,m),cows) § ( cuwsfpu

ssHerds) § (slgtCows.pos eq cows.
herdstart(slgtcws breeds Feedkeqwe t,nCur,m) * p_regs

Phase(possHerds,breeds, phase,regs

ggs)),

- v_redwlk(possHerds,breeds,phase,intrvper,t,ncur,s)*p_reqsRed(reqs) $ cows|(possHerds)

--- must be covered by feeding times the content of the feed stuff

=L= sum(feeds, v_feeding(possHerds,breeds,phase,intrvprer,feeds,t,ncur,5) * p_cont(feeds,regs));

This extension of the feeding module is used for the raising calves pro&ssa.
representative examplie raising alves processor femaks calves fCalvsRais, from
birth to the 12th monthThreerequirement phasesre defined0 2 3 7and8_12 the
labels indicate the start and end month of each phase:

set phase "lactation phase / dry / general / months in year" / LC30,LC100,LC200,LC305,dry,GEN,0_2,3_7,8_12 /;

The requirements are defined for each phase separasalgpresentativeexamples the
first two phases are illustratedtime following

first 7 weeks - 49 days (weaning period):

--- milking powder in increasing quant.

ERA

p_reqgsphase( ,breeds, N ) $ (not meatBreeds(breeds)) = 11.79 * (2.42.+5.46.+7.+8.48.)/7 * 61 * 0.3;
p_reqsPhase( ,breeds, ) § (not meatBreeds(breeds)) = 0.5 % (2.+2.+5.+6.+7.+8.+8.)/7 * &1 * 0.3;
p_reqsPhase( ,breeds, ) § (not meatBreeds(breeds)) = 0.93 % (2.+42.+5.+6.+7.+8.48.)/7 * 61 * 0.3;
p_reqsrhase( ,breeds, N ) = -p_regsrhase( ,breeds, N )*1.2;
p_reqgsrhaseLength( Jbreeds, ) = 2;
“ (see KTBL, page 547)
* --- next 163 days: 80 -> 173kg
p_avLivewgt( ,breeds) = ( 90 + 173.) / 2. ;
p_fattngpays( Jbrieds) = 152.
p_dailywincr ,breeds’ b) (1 3. 90. )/p_fattngbays ( ,breeds);
p_regsPhaseLength( ,breeds, ) = 5;
p_reqsPhasestart( ,breeds, ) =2;

--- calcularion of wNet energy for growth accor
p_reqgsrhase( ,breeds, )

4 22.02 % (p_ avuv

= (p

--- net energy for maintepance (in IPCC:

NEm=CTT*(Weight)**0.75,

ding to IPCC 2006 (Eq. 10.6)

ewg C

,breeds) / (ol
dailywIncr( b d

,breeds,

IPCC 2006)

3)FE0.

8 * S: femwgt 2233

p fattngDays( ,breeds);

p_reqgsPhase( Jbreeds, ) = ( p_aviivewgt( Jbreeds)*#0.75 * 0.322) * p_fattngpays( Jbreeds);
* --- ner enerqgy for acrivity (in IPCC: Nea, ca: stall/pasture, shares from NZ2O |, vanagement Miterra, IPCC 2006)
® Hilre der zeit sin cilber auf der weide
p_reqgsphase( ,breeds, N ) = ( p_avLivewgt( hreeds)“’n 75 * 0.322) * 0.17 *
0.5 ¥ p_fattngbays| ,breeds);
p_reqsphase( ,breeds, . )
+ ( 0.00039 * p_avLivewgt( .breeds) + 0.000628 * p_dailyWwIncr( ,breeds, ) * 1000. + 0.0193 ) * p_fattngpays
p_reqgsrhase( ,breeds, =
+ ( 0.0271 * p_avLivewgt( ,breeds) - 0.433 ) * p_fattngpays( ,breeds) * 0.9;
p_reqsphase( ,breeds, ) = -p_regsphase( ,breeds, );
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The link between theariable v_herdStartand per phaseequirements when using the
regsl_equation is shown in the listing below. The requirements for the first two months
0_2 are only entering the first intngear feeding period (which covers the mandlanuary

to April). The requirements for the next 5 montBs7, are distributed witla weighting of
2:2:1 over the first three intngear periodst(vo months in the periodf January to April
JAN_APR, twomonthsin the period of May to Jun®AY_JUN, and one irthe period of
July to August JUL_AUG). Similaty, the periods for the last five monfH& 12 enter

with a weighting ofl:2:2 overthe last three feeding periods ofttlyaar.

v_herdStart{fCalvsRais ,HF ,2811,JANH)

1171.2523 F@gsd_(fCalvsRais,HF ,ENNE,D_2,JAN_APR,2011,51)
1182.5245 reqsi_(fCalusRais,HF ,ENNE,3 7,JAN_APR,2011,51)
1103.5245 reqs1_(fCalusRais,HF ,ENNE,3_7,MAY_JUN,2011,51)
551.7622 reqs1_(fCalvsRais HF ,ENNE,3_7,JUL_AUG,2011,51)
923.3353 reqs1_(fCalvsRais,HF,ENNE,8 12,JUL_AUG,2611,51)
1846.6787 reqsi_(fCalusRais,HF ,ENME,8 12,SEP_0CT,2011,51)
1846.6787 reqsi_(fCalusRais,HF ,ENNE,8 12 ,HDU_DEC,2011,51)

If the herd start®ne month later in Februaryséethe following listing, the weights are
shifted accordingly and one fifth of the requirements for the last five m@th2 occurs
in the first feeding period of the next year 2012

v_herdStart(ftalvsRais,HF,2611,FEB)
(.L0, .L, .UP, .M = @, 8, 114.285714285714, 8)

1171.2523 reqsi_(fCalusRais,HF ,ENNE,D_2,JAN_APR,2811,51)
551.7622 reqs1_(fCalusRais,HF,ENNE,3_7,JAN_APR,2811,51)
1103.5285 reqs1_(fCalusRais,HF ,ENNE,3_7,MAY_JUN,2611,51)
1103.5245 reqs1_(fCalusRais,HF ,ENNE,3_7,JUL_AUG,2611,51)
923.3353 reqs1_(fCalusRais,HF,ENNE,8 12,JAN_APR,2012,51)
1846.6707 reqs1_(fCalusRais,HF ,ENNE,8 12,SEP_OCT,2011,51)
1846.6707 reqsi_(fCalusRais,HF ,ENNE,8 12 ,HOU_DEC,2011,51)

The model allows to not fullyexploit the genetic potential of cows, based on the
endogenous variable redMIk Lower utilizationreduces requirements for a specific cow
herd, in a specific lactation period, year and planning period by the amount of andrgy
protein requirement for a specific amount of milk and reduces milk production of the farm
accordingly.

In a next step feeding amounts are aggregated to total feed use, v_feeduse, per each
product and for each year, feed and planning period.

-—— definition of feeduse from feeding coefficients, yearly
feeduse_(feedsYy,t,nCur,s) $§ (tCur(t) $ t_n(t,nCur)) ..
v_feeduse(feedsY,t,nCur,s)
=e= sum( CpgssHerds,breeds,phase,intrYPer)

(p_reqs (possHerds ,breeds ,phase,intryPer, "DRVMX") $ sum((feedRegime,m),actHerds(possHerds, breeds,feedRegime,t.m))),
v_feeding(possHerds,breeds,phase,intryPer, feedsy, t,nCur,s));

For avn produced feed whicls not storable andhows a variable availabilitgver the
year such as grass from pasture, an aggregation to thgeatr@eriodss done.

V_IEEUINYGLPUSSHENUS , DIEEUS , PIdSE, INILEYFED, | BEUS Y, L, IILUr, 5} )

--- definition of feeduse from feeding coefficients, intra-year feeding period
feeduseM_(feedsM,intryper,t,nCur,s) § (tCur(t) § t_n(t,nCur)) ..
v_feedUseM(feedsM, intryPer,t,nCur,s)

=e= sum( (possHerds,breeds,phase) i i i
$ (p_reqgs(possHerds,breeds,phase,intryPer, "DRMX") § sum((feedRegime,m),actHerds(possHerds,breeds,feedRegime,t,m))),
v_feeding(possHerds ,breeds ,phase,intryPer, feedsM, t,nCur,s));

2.2.2 PigsFeed Module
The feeding requirements ftre piglet production brandtifferentiatebetween sows with

the attached young piglets and the piglets after separation from the sows. Requirements are
set for energy, crude protein, lysin, phosphorus feeddanchatter Further, minimum and
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maximum requirements are set for certain feeds in otdereflect realistic feeding
patterns. For example, a minimum requirement for oil in the feed intake is assumed to
assure a correct viscosity.

The fattening branch distinguishes between four fattening stages to provide the option of
nitrogen and phosphos reduced feeding (N/P). It includes the stagedyFattners
midFattners, lateFattners, Fattner3hree feeding regimes are applicable, which are:
normal feed,reduced N/P feed and highly reduced N/P feed. The primary differences
between the feeding schemes are the adjustments of daily nutrient requirements depending
on the stage a fattening pig is currently in. ifstance with the normal feed there are only

to two different feeding requirements; a daily requirement for the weight range frd 28

kg which is in the early fattening phase and a daily requirement frefl&&g which
assumes daily feed requirements in the mid, late and finishing fattening Istagetrast

the N/P reduced feeding phase differentiates between daily nutrient requirements for the
weight ranges 280kg, 4070kg and 7@118kg. Thus, all stages require different daily
nutrient requirements. In accordance with the piglet productioncbyatme fattening
branch also imposes maximal and minimal values for certain products to account for
digestibility, correct feeding textures and mineral provision.

The following equatios andtable showa part of thefeeding requirementdefinition as
well as minimum and maximum amounts of certain feeding products.

* -~ Norm feed requirements

p_feedreqrig( , ,feedattr) = (p_dajlynutrientRegrhaseFeed( I ) ,feedattr) * p_daysInMassPhase( )
+ p_dailynutrientreqphasereed( B ,feedattr)® (30- p_daysinmassPhase( I H
p_feedreqrig( . sfeedattr) = p_dailynutrientregrhasereed( f ,feedattr) * 30
p_feedreqrig( s ,feedattr) = p_dailynutrientreqrhasereed( s ,feedattr) *
p_feedreqrig( B ,feedattr) = p_dailynutrientreqrphasereed( ,feedattr)
_ * ( sum(massPhases, p_ dayslnMassPhaSe(massPhases) § massPhases _feedregime(massPhases, ) - 90 );
Table p_feedvinPig(herds,feedspig,feedRegime) "feedmix requirements accounting for minerals, feed texture, digestability"
soybeanMeal .normFeed soybean0il.normFeed minFu.normFeed
earlyFattners 0.20 0.001 0.015
midFattners 0.18 0.001 0.015
lateFattners 0.16 0.001 0.015
fattners 0.12 0.001 0.015
sows 0.01 0.001 0.01
piglets 0.19 0.001 0.01

# ——— Maximum of feed requirements
p_feedvaxpig(herds, cereFeedP'l? ,feedregime)
p_feedvaxPig(herds, soybeanm feedRegme)

p_feedvaxPig(herds,"minfu", feed Re%nme

0.85;
0.03;
0.04;
p_feedvaxPig(herds,’ soybeanr\ea'\ eedRegime)= 0.3

The requirements are used to determine the optimal feeding mix shown in the equation
reqPigs_. Hence, it can be seen which feeding products are used by which herd &ype at
certain time.The equationfeedSourcePigdetermines the source of feed, iether it is
purchased or produced on farm.

-- feeding requirements for energy, crude protein, lysin, phosphatefeed and mass
reqPigs_(possHerds,feedAttr,feedRegime, tCur(t) ,nCur,m) $( sum(actHerds(herds,"",feedrRegime,t,m),1) $§ t_n(t,nCur)
(not sameas(possherds,"pigletsBought™)) $ (not sameas(possherds,"youngSows"))
$ (not sameas(possherds,"youngPiglets"))) ..

i i v_herdS‘ize(EussHerds feedkegme t,nCur,m) * p_feedReqPig(possHerds,feedrRegime, feedAttr)
$iftheni "%farmBranchSows%" ==
* 12/cardCherdw)

$endif
=L=
sum(feedspig , v_feedingPig(possherds,feedsPig,feedRegime,t,nCur,m) * p_feedAttrPig(feedsPig,feedAttr));

-- Either purchased or own produced product
feedsourcePig_(feedspig,tCur(t),.ncur) § ( sum(actHerds(herds,"",feedRegime,t,m),1) § t_n(t,nCur))
(v_feedownpPig(feedspig.t,nCur) $ (sum(sameas(curProds,feedspig).1))) + v_feedPurchPig(feedspig,t,nCur)
ZE-

sum((l;o;sherds,feedke ime,m) $ ((not sameas(possherds p'l letsBought™)) $ (not sameas(possherds, "youngSows"))
%not sameas (possherds, younnggWets g
v _feedingPig(possherds, feedsPig, feedRegime,t,nCur,m));

The upper and lower bound for the feeding mix are then determinefidulfiot ,
feedmax_, feedMin(not additionally shown hereyhich allows certainflexibility in the
feeding mix.
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2.3 Cropping, Land andLand Use

The cropping module optimizes the cropping pattern subject to land availability, refl
yields, prices, machinery and fertilizing needs and other variable costs for a sel
longer list of arable crops.hE crops can bdifferentiated by production system (ploug
minimal tillage, no tillage, organic) and intensity level (normal and reduced fertilizat
20% steps). Machinery use is linked to field working days requirendepisted with a
bi-weekly resolution during the relevant months. Crop rotational constraints can be
depicted by introducing crop rotations or by simple maximal shares. The mod
capture plots which are differentiated by soil and land (graklegriype and size

Crop activities are differentiated by crogops soil types,soil, management intensity,
intens and tillage typetill. Use of different management intensities and tillage types is
optional. Management intensities impact yield lev@ee bapter2.11.1.). Necessary

field operations and thus variable costs, machinery and labour needs reflect intensity and
tillage type as well.

2.3.1 Cropping Activities in the Model

Crop activities are defined with a yearly resolution and can be adjusted to the state of
nature in the partially stochastic version. The farmer is assumed to be able to adjust on a
yearly basis its land use to a specific state ¢dingaas long as the labour, machinery and
further restrictions allow for it. Land is differentiated between arable and permanent grass
land, landType the latter is not suitable for arable cropping. Land use decisions can be
restricted by maximal rotatiohahares for the individual crops. The pétt differentiates

the land with regard to plot size, soil type and climate zone. The attributes of plots, as well
as the number of plots from 1 to 20, is defined in the GUI.

The total land endowment is calculdtan the equatiortotPlotLand_as the sum of the
initial endowmentp_plotSize(plot) and land purchased, buyLand in the past or current
year.

--- land endowment definition per plot (initial size plus bought adjacent plots)
totPlotLand_(plot,tcur(t),ncur) $ (p_plotsize(plot) $ t_n(t,ncur)) ..
v_totPlotLand(plot,t,ncur)
=L=
-- initialize of plots
p_plotsize(plot)
-- plus bought adjacent plots (= merged)

§if1 %landBuy® == true + sum(t_n(tl,nCurl) § (tcur(tl) % isNodeBefore(nCur,nCurl) § Cord(tl) Tle ord(t))), v_buyPlot(plot,tl,nCurl))

Total cropped land is defined by the land occupied by the different aropgHa. The
c_s_t iset defineghe active possible combinations of crops, soil type, tillage type and
management intensity.

-- total cropped land in each year and SON
croppedLand_(landType,soil, tCur(t),nCur,s) $ t_n(t,nCur) ..
v_croppedLand(landType,soil,t,nCur,s)

=L= sum( ((urCropsC(rops),p10t_1t_5011(p1ot,1andType,sui1),t111,1nten5)
$ c_s_t_i(crops,plot,till,intens), v_cropHa(crops,plot,till,intens,t,nCur,s));
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The total landv_totPlotLand can be either used for cropping (including permanent
grassland)y_croppedLangdor rented out, wentOutLand on a yearly basis. Bhoption to
rent out land can be activated in the GUI:

--- land constraint: crop levels plus renting out cannot exceed available land per plot
in each year and SON

plotland_(plot,tCur(t) ,ncur,s) $ (p_plotsize(plot) % t_n(t,nCur)) ..
v_croppedpPlotLand(plot,t,nCur,s)
$ifi %landLease¥ == true + v_rentoutPlot(plot,t,ncur)

=L= v_totPlotLand(plot,t,nCur);

Maximum rotational shareg_maxRotShareenter cropRot, which is only active if no
crop rotations are usd€dee chapte?.3.2.

--- crop rotation constraints: each crop can occupy a max. share on cropped land
cropRot_(landType, curCrops (crops),plot,tCur(t) ,nCur,s)
$ ( sum(c_s_t_i(crops,plot, ti11,intens)
(v cropHa up(crops,plot,till,intens,t,nCur,s) ne 0),1)
$ (sum(plot_ so11(p1ot s0il), maxRotShare(Crops 5011)) ne 1)
$ crops_t_land Type(crops 1andType)
§ t_n(t,nCur) )

sum( c_s_t_i(crops,q1ot,ti11,1ntens), v_cropHa(crops,plot,till,intens,t,nCur,s))
=1= v_croppedPlotLand(plot,t,nCur,s) = sum(plot_soil(plot,soil),p_maxRotShare(crops,soil));

That a farm stays within maximum stocking rate ceiling, expressed in livestock units per
ha, is ensured by the following equation. The maximal allowed stocking rate can be
adjusted inle GUI:

--- Maximum stocking rate allowed
(ensures that a certain ammount of Tand is present)

TuLand_C{tcur (t) ,nCur) $ t_n{t,ncur)
sum({ plot, v_totPlotLand(plot,t,nCur)
$ifi %landLease¥% == true -v_rentoutPlot(plot,t,ncur) * p_plotsize(plot)
3 * p_maxStockRate =G=
sum(actHerds (possHerds,breeds ,feedregime,t,m), wv_ herdsize(possHerds,breeds,feedRegﬁme,t,ncur,m)
$$iftheni. branchF not "%farmeranchFattners®’ ==
#* 1/min(12,p_prodLength{possHerds,breeds)) * 12 card’herdM)
$$endif. branchF

% p_lu(possHerds));

2.3.2 Optional Crop Rotational Module

Alternatively to the use of maximum rotational sharsse previous sectionthe model
offers an option of a three year crop rotation syst&€he rotation names (shown the
following list, seemodeltempl_decl.grs), setrot, show the order of the crops in the
rotations.Each linedepict a sequence tiree cropypes(do not have to be differenit) a
rotation with only the order being differentlylhis avoids unnecessary rigidities in the
model.

ser rot / WC_WC_PO, uC PO_WC ,PO_WC_WC
WC_ uC sC C uC uC
U_wWC,s5U
T_WC ,0T_WC_ uC
D_WC_WC

uC uC ID E
WC_5C_PO,5C_PO_WC ,PO_WC_5C

_5C_ Y U_WC_5C
WC_5C_OT,5C_O0T_WC,0T_WC_5C

WC_S5C_ _ID_ D_WC_5C

Remark:WC: winter cereals, SC: summer cereals, PO: potatoes, SU: sugailbeietisng land, OT: other
Therotationsare linked to groupof crops in the first, second and third year of the rotation
ascan be seen ithe following equatior{only crossset defirtions rot_cropTypedor the

first rotationare shown)
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set rot_cropTypes (rot,cropTypes,cropTypes,cropTypes) "Rotation, first / second / third year crop type"
WC_WC_PO.winterCere.winterCere.potatoes

WC_PO_WC.winterCere, potatoes.winterCere
PO_WC_WC. potatoes.winterCere.winterCere

The link between individual crops and crop types used in the rotation definitions is as
follows:
set cropTypes_crops(cropTypes,crops) / winterCere.winterCere X

summerCere. (summerCere,maizCorn,maizCCM,WheatGPs)

other. (winterrape,summerBeans ,summerPeas

potatoes.potatoes

gu?arbeet.sugarbeet
dle.idle

In order to use the crop rotations in the model equations, three cross sets are generated
which ddine the crop type in the first, second and third year for each rotation:

set cropTypeO_rot(cropTypes,rot);cropTypeO_rot(cropTypes,rot) $ sum(rot_cropTypes(rot,cropTypes,cropTypesl,cropTypes2),1) = YES;
set cropTypel_rot(cropTypes,rot);cropTypel_rot(cropTypes,rot) $ sum(rot_cropTypes(rot,cropTypesl,cropTypes,cropTypes2),1) = YES;
set cropType2_rot(cropTypes,rot);cropType2_rot(cropTypes,rot) $ sum(rot_cropTypes(rot,cropTypesl,cropTypes2,cropTypes),1) = YES;

For each simulatigrcrops can be seled that are cultivated on far therefore, it can be
the case that not all rotations are operatioAatordingly, incoeffgeficoeffgen.gmsthe
set of available crop rotations is defined:

cropTypel_rot(cropTypes,rot)
cropTypeO_rot{cropTypes,rot)
cropTypeO_rot(cropTypes,rot)

(not sum( (cropTypeO_rot(cropTypesl,rot),curcrops)
(not sum( (cropTypel _rot(cropTypesl,rot),curcrops)
(not sum( (cropType2_rot{cropTypesl,rot),curcrops)

cropTypes_crops(cropTypesl,curCrops),
cropTypes_crops(cropTypesl,curcrops),
cropTypes_crops(cropTypesl,curcrops),

$ 5 1))
$ 5 1))
$ 3 1))
cropTypel_rot(cropTypes,rot) § (not sum( {(cropTypel_rot(cropTypesl,rot),curcrops) § cropTypes_crops(cropTypesl,curCrops),1))
cropTypel_rot(cropTypes,rot) $ (not sum( {(cropTypeO_rot(cropTypesl,rot),curcrops) § cropTypes_crops(cropTypesl,curCrops),1))
cropTypel_rot(cropTypes,rot) $ (not sum( {(cropType2_rot(cropTypesl,rot),curCrops) § cropTypes_crops(cropTypesl,curCrops),1))
$ 3 1))
$ 5 1))
$ 5 1))

cropType2_rot(cropTypes,rot)
cropType2_rot(cropTypes,rot)
cropType2_rot(cropTypes,rot)

(not sum( (cropType2_rot{cropTypesl,rot),curcrops)
(not sum( (cropTypeO_rot{cropTypesl,rot),curcrops)
(not sum( (cropTypel_rot(cropTypesl,rot),curcrops)

cropTypes_crops(cropTypesl,curcrops),
cropTypes_crops(cropTypesl,curcrops),
cropTypes_crops(cropTypesl,curcrops),

833 333 233

The rotations enter the model \fareeconstraints fee mod&empl.gms Theright hand

side sums up the crop hectares of a certain crop type in the curreninyedir four
constraints while theleft hand sideexhausts these hectares in the current, next and after
next year based on the rotations grown in these years.

--- rotation crops in first year of rotation
rotHaO_(cropTypes ,plot, tCur (t),nCur,s) § ( (not sum(plot_lt_soil(plet,"gras”,seil),1) § t_n(t,nCur))
$ (sum(cropTypeU rot{cropTypes,curRot{rot)),1)
$ sum( (cropTypes_: crmps(crmpTypes crops),c_s_t_i(crops,plot,till 1ntens))
$ (v_cropHa.up(crops, p]ot t111 intens,t,nCur,s) ne 0),1)))
sum( (cropTypes_crops(cropTypes,crops),c_s_t_i(crops,plot,till,intens)), v_cropHa(crops,plot,till,intens,t,nCur,s))
=E= sum(cropTypel_rot(cropTypes,curRot(rot)), v_rotHa(rot,plot,t,nCur,s))
-—- rotation crops in second year of rotation
rotHal_(cropTypes,plot, tCur(t),nCur,s) $§ ((not sum(plot_Tt_soil(plot,"gras”,soil),1) )
$ [sum(cropTypel rot(cropTypes,curRot(rot)),1)
$ sum( (cropTypes_: crmps(crmpTypes crops),c_s_t_i(crops,plot,till,intens))
$ (v_cropHa. up(crups p]ot ti11,intens, t.nCur,s) ne 0.1)
§ tCur(t+1)) § tn(t, nCur) J ..
sum{ (cropTypes_crops(cropTypes,crops),c_s_t_i(crops,plot,till,intens)), v_cropHa(crops,plot,till,intens,t,nCur,s))
=E= sum((cropTypel_rot(cropTypes,curRot(rot)),t_n(t+1l,nCurl)), v_rotHa(rot,plot,t+1,nCurl,s))
-—- rotation crops in third year of rotation
rotHa2_(cropTypes,plot, tCur(t),nCur,s) $ ((not sum(plet_Tt_soil(plot,"gras",soil),1))
5 (sum((rinypeZ rot(cropTypes,curRot(rot)),1)
§ sum( (crupTypes crups(crupTypes crops),c_s_t_i(crops,plot,till,intens))
$ (v_cropHa. up(crops p]ot t111 intens,t,nCur,s) ne 0),1)
§ tCur(t+2)) § t_n(t, nCur) )
sum( (cropTypes_crops(cropTypes,crops),c_s_t_i(crops,plot,till,intens)), v_cropHa(crops,plot,till,intens,t,nCur,s))

=E= sum((cropType2_rot(cropTypes,curRot(rot)),t_n(t+2,nCurl)), v_rotHa(rot,plot,t+2,nCurl,s))

The rotations restrict the combination of crops and eimtter the optional soil pool
balancing approach
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2.4 Labour

The labour module optimizeswork use on and off farm with a monthly resolutiot
depicting in detail labar needs for different farm operations, herds and stables as w
management requirements for each farm branch and the farm as a whole. Off far
distinguises between half and full time work (binaries) and working flexibly for a
wage rate.

2.4.1 General Concept

The template differentiates between thngee oflabouron farm

1. General management and further activities for the whole farm,
p_labManagi f ar mo ,, which are rteeded as long as the farm is not given up
,v_hasFarnme 1, binary variable and not depending on the level of individual farm
activities.

2. Management activities and further activities depending on the size of farm
branches such asarable cropping, dairying, pig fattening, sows. The necessary
working hours are broken down into a base needstwhich is linked to having
the farm branchv_hasBranchinteger, and a linear term depending on its size
slope

3. Labour needs for certain fam operations (aggregated to_totLah.

The sum of total labour needs cannot exceed total yearly available labour (see following
equation. As discussed below, there are further restrictions with regard to monthly labour
and available field working days.

= ---- yearly labour restriction

LabTot_(tCur(t),nCur,s) § t_n(t,nCur) ..
sum(m, v_labTot(t,nCur,m,s)) =L= p_yearlyLabH(t);

The maximal yearly working hourg,_yearlyLabH are defined in thestatement shown
below. The maximal labour hours for the first, second and further labour units can be
entered via the GUI.

--— Akh per year: 52 weeks times 40 hours a week

p_yearlyLabH(t) = %AkhFirst¥ = min(1l,%Aks%)
+ %Akhsecond® * min(1,%Aks%-1) $ (%Aks% = 1)
+ %AkhFurther¥% * min(1,%Aks%-2) § (%Aks% > 2);

The maximalwork hours per montlis defined in the following sttement represented by
the parametgo_monthlyLabH

-- akh per month: much more then yearly sum to allow covering work_peaks .
(e.g. at harvest time, up 12 days for each normal work days monday-friday)

p_monthlylLabH{t,m) = max(p_yearlylLabH(t) / 365 * p_daysPerMonth(m)=*1.2, %Aks% * 12 * p_daysPerMonth(m) * 5/7);

The template considers sum of labour needs for each mondmd each SONs. Farm

labour needs are related to certain farm activities on field and in stable. The labour need for
work on farm andlexibly off farm is defined by the following equation. The variables that
enter in the equation are explained in the next section of the labour section.
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——— labour use for crops and herds and off-farm, per month,

TlabTotsM_(tCur(t),nCur,m,s) § t_n(t,nCur)

-—- sum of work in hours in current meonth
v_LabTot(t,nCur,m,s) =e=
——— labour use for crops and herds

v_labCropsM(t,nCur,s,m)

$ifi %herd%==true + v_labHerdM(t,nCur,m)
—-- Management
+ v_labManag(t,nCur)/card(m)

--- off farm labour - per month: p_workTime are weekly hours,

p_commTime is the commuting time in weekly hours, assumpt]on of
46 weeks work in each year (binary variables)

+ v_laboffFixed(t,nCur)/card(m)
-—— small scale work on a hourly basis (continous)

+ v_laboffHourly(t,nCur,s)

-—— labour use for biogas plant

$ifi %biogas¥%== true + sum((curBhkw(bhkw)}, v_labBioGas(bhkw,t,nCur,m))

2.4.2 Labour Need for Farm Branches

Farmdyn comprisesurrentlyfive different farm branchesropping,cétle, fatteners, sows

and biogasThe (management) labour needs for the biogas branch is accounted for in the
biogas moduleFor the other branches, their sizebranchSizeis endogenouslylefined

from activity levels mapped to it:

--- definition of branch size in ha or number of animals
branchsize_(branches,tCur(t),ncur) $ (sum(branches_to_acts(branches,acts) ,1) § t_n(t,nCur)) ..
v_branchsize(branches,t,nCur) =E= sum((branches_to_acts(branches,curCrops(crops)),plot,till,intens,s)
c_s_t_i(crops,plot,till,intens),
v_cropHa(crops,plot,till,intens,t,nCur,s) * p_prob(s))
$iftheni %herd% == true
+ sum( (branches_to_acts(branches,possHerds),breeds,feedRegime,m) $ actHerds(possHerds, breeds,feedRegime,t,m),
v_herdsize(possHerds, breeds feedkegnﬂe t, nCur m)
* 1/min(12,p_j prodLength(possHerds breeds))
$8iftheni.fat not "%farmBranchFattners%" ==

$8endif.fat)

"on™
* 12/card(herdv)
$endif

Where the crosset,branches_to_acislefines which activities count to a certain branch:

set branches_to_acts (branches acts) /

$ifi "®%farmBranchArable%"” mn cashCrops. (winterCere,winterBarley,summerCere,winterRape,summerBeans ,summerPeas,
3ifi ?’farmEranchArab]e?’ =" MaizCorn,potatoes,sugarBeet, wheatGps ,Maizccm)
$iftheni.dairy "%farmBranchbai ry? == "on"
dairy.cows
3ife %nMotherCows%>0 motherCows . motherCow
sendif.dairy
§ifi "%farmBranchsows%" == "on" sowPig.sows
3ifi "%farmBranchFattners%" == "on" fa}Pig.fattners

The binary variable _hasBranctwhich relates to the general management need for branch
is triggered as follows:

--- trigger for having branches (steers management labour need)

hasBranch_(branches,tCur(t),nCur) _$ (sum(branches_to_acts(branches,acts) ,1) $ t_n(t,nCur))
v_branchsize(branches,t,nCur) =1= v_hasBranch(branches,t,nCur) * 10000;

ThehasFarmtrigger depends on the trigger for the individual brasche

--- trigger for having farm (steer general management Tabour need)
hasFarm_(branches ,tCur(t),nCur) $ ({not sameas(branches,"farm")) $ t_n(t,nCur)) ..

v_hasBranch(branches,t,nCur) =1= v_hasFarm(t,nCur);
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The hours are needed fgrearly farm managemeitre definedfrom a constant and the
branchspecific values

---- definition of on farm work
labManag_(tCur(t),nCur) $ t_n(t,nCur) ..
v_labManag(t,nCur) =e=
-- two hundredth hours independent from number of branches or farm size
+ v_hasFarm(t,nCur) * p_labmanag("rFarm","const")
+ sum{branches $ sum(branches_to_acts(branches,acts), 1),

v_hasBranch(branches,t,nCur) * p_labManag(branches,"const")
+ v_branchsize(branches,t,nCur) * p_labManag(branches,"sTope™));

2.4.3 Labour Need for Herd, Cropping, Operations and OffFarm Work

Herd Activitiesand Cropping

The labour need for animals;,_herdLabM is defined by an animal type specific
requirement parametep_herdLab in hours per animal and month (see in the next
equation working hours per animal and month) and in addition by the time requirement
per stable place, which is differentiated by statype. This formulation allows labour
saving scale effects related to the stable size:

--- labour need of herds, per month
labHerdv_(tCur(t),nCur,m) $ t_n(t,nCur) ..
- labour for animal activities, expressed per animal and month
v_labHerdv(t,nCur,m) =e= sum(actHerds(sumHerds,breeds,feedregime,t,ml) $ m_to_herdm(m,ml),
v_herdSize(sumHerds ,breeds, feedRegime, t,nCur,ml)
* p_herdLab(sumHerds,m))

--- fixed amount of hours for stables (maintenance, cleansing),
captures also labour saving effects of large stables

R

+ sum{stables $ v_stableInv.up(stables,"long",t,nCur),
v_stahleshareCost(stabhles,t,nCur) * p_stableLab(stables,m) );

A similar equation exists for crops, however, crop labour need is differenhatedby

state of naturan the partial stochastic versioffhe parametep_croplLab defines the
labour hours per hectare and month for each crop. In addition, the parameters
p_manDistLakandp_syntDistLalmultiplied by theN typeapplied to each crop are added

to the overall crop labour demand for the application of synthetic and manure:

-- Tabour need of crops, per state of nature of month
TabCropsM_(tCur(t) ,nCur,s,m) $ t_n(t,nCur) ..
v_labCropsM(t,nCur,s,m) =e=

-- Tlabour need for crops, expressed per ha of land
(will probably change to specific acticities later)

EREIEa

sum( c_s_t_i(curCrops(crops),plot,till,intens),
v_cropHa(crops,plot,till,intens,t,nCur,s) * p_cropLab(crops,till,intens,m))
* -- Tlabour need for application of N (fertilizer and manure N)
$iftheni Zherd% == true .
+ sum((c_s_t_i(curCrops(crops), 10t,t111=1ntens),manA?p11cType,manType)
( v_manDist.up(crops,plot,till,intens,ManApplicType,manType,t,nCur,s,m) ne 0),
sendi v_manDist(crops,plot,till,intens ,ManApplicType,manType,t,nCur,s,m) * p_manDistLab(ManApplicType))
endi

+ sum((c_s_t_i(crops,plot,till,intens),syntFertilizer), A X
v_syntDist(crops,plot,till,intens,syntFertilizer,t,nCur,s,m) * p_syntDistLab(syntFertilizer));

Farm Operations

Field working days define the number of days available in a labour period of half a month,
labPeriod during which soil conditions allow specific types of operatitaisReqLevl
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-- available field working days per half month, depending on soil type,
derived from tractor hours

IR

fieldworkHours_(plot, labRegLev], labPeriodSummed tCur(t) nCur ,5)
$ (py p'IotS1ze(p'Iot) $ plot_ 'IandType(p'Imt "arab" ) $ t_n(t,nCur) ) .

v_fieldworkHours (plot, labReqLev],LabPeriodSummed, t,nCur,s)
=e=
sum(labPeriodsummed_ori (labPeriodsummed,LabPeriod),

-- operations requiring a tractor, with the exemption top of
fertilizer dsitribution

IR

sum( c_s_t_i(curCrops(crops),plot,till,intens),
V. cropHa(crmps plot, ti11,intens, t.ncur,s)
p_ ﬁe]qurkHuurNeed(crops tﬂ] 1ntens labPeriod, 1abregLev])

-- distribution of synthetic fertilizer

+ sum{ (syntFertilizer,labPeriod_to_month(labPeriod,m)),
v_syntDist(crops,plot,till,intens,syntFertilizer,t,nCur,s,m)
#= p_machNeed(syntFertilizer,"plough”,"normal”, "tractor","hour") ) * sameas(labReqLevl,"rf3")

));

The number of field work hours cannot exceed a limit wigctefined by the available
field working daysp_fieldWorkingDaysField working daysiepend on climate zone, soil
type (ight, middle, heavyand distribution of available tractors to the soil typdracDist

It is assumed that farm staff will lvélling to work up to 15 hours a day, still with the total
work load per month being restricted:

= -- assume that farm Tlabor is allowed for up to 15 hours a day
tracRestrFieldworkHours_(plot,labRegLevl, 1abPer1odSummed ,tCur(t),nCur s)
$ (p_plotsize(plot) § plot_ 1andType(|ﬂUt ‘arab™) § t n(t nCur)) .

v_fieldworkHours(plot, TabReqgLev],LabPeriodSummed, t,nCur,s)

sum(labPeriodsummed_ori(labPeriodsummed,LabPeriod),
sum(plot_soil(plot,soi
sum{curcli mateZone p_fieldworkingDays(1abReqLev1,labPeriod, curClimateZone,soil)) * 12)
* y_tracDi st (plot, 1abPeriodsummed, t,nCur,s))

Furthermore, the distribution of tractors is determined endogenously:

--- tractor use distribution (in_number of tractors)
in each labor period per soi

I

tracDistribution_(labPeriodSummed, tCur(t) ,nCur,s) § t_n{t,nCur) ..

sum(plot § p_plotsize(plot), v_tracDist(plot,labPeriodsummed,t,nCur,s)) =L= ceil(%Aks%);

It implicitly assumes that farm family members are willing to spend hours for on farm
work even if working off farm, e.g. by taking days off.

Off-Farm Work

Farm family members can optionally work half or full timeworkoff or on an hourly
basis off farmy_workHourly Half and full time work are realized as integer variables. In

the nomal setting the wage per hour for working half time exceeds the wage of short time

hourly work. Moreoverthe per hour wage of full time work is higher thahworking half
time one. For half and full time work commuting time can be considered:

-- off farm work binary in yearly hours
offFarmHoursPeryearFixed_(tCur(t),nCur) $ (t_n{t,nCur) $ sum(workopps(workType), v_laboff.up(t,nCur,workType)))
v_TlaboffFixed(t,nCur) =e=
-- off farm labour - per month: does not fit with the actual hours worked,

ut assumes the actual willingness to work on farm
is reduced (typically farm more compared to what is worked!)

EEE

+ sum( workopps (workType), .
v_laboff(t,nCur,workType) * p_workTimeLost(workType));

The setworkTypelists the possible combinations:

-- construct a sequence of half, full, half+full, 2 full, 2 full + half, 3 full ...

p_workTime{workType) = (p_workT(' Ha'\f J+p_workT("Full1")*floor (workType.pos/2)) $ ( mod(workType.pos,2) eq 1)
+ poworkT("Full")*(workType.pos/2 ) $ ( mod(workType.pos,2) eq 0);
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It is assumed that decisions about how much to work flexibly on an hourly basis are taken
on a yearly basis (i.e. the same amount of hours are inputted in each month) and can be
adjusted to the state of nature.

The total number of hours worked d&rm is defined as:

--- total off farm work (binary and flexigle)
offFarmWorkTot_(tCur(t),nCur) $ t_n(t,nCur) ..
v_TlaboffTot(t,nCur) =e=
sum(s, v_laboffHourly(t,nCur,s) * p_prob(s)) * card(m)
+ v_laboffFixed(t,nCur) $ sum(workOpps(workType), v_labOff.up(t,nCur,workType));

2.5 Stables

The template applies a vintage based model for different stableitypeéslition toother
buildingsand selected machinemmd a physicalise basedepreciatiorfor the majority of
themachinerypark Under the vintagbasedmodel $ables otherbuildings and machinery
become unusable after a fixed number of yehlrsthe case ofphysical depreciation
machinery becomes inoperativéhenits maximum number of operating hownsanother
measurement of use (e.g. the amount handigdached. Investments in stalbeiildings

and machinery are implemented as binary variables. In order to keep the possible
branching trees at an acceptable size, theuwestment points can be restricted tocsfie

years. For longer planning horizon covering several decades, investment could e.g. only be
allowed every fourth or fifth year.

The stable inventory_stablelnyfor each type of stablstablesis defined agan be seen

in stablelnv. p_iniStablesis the initial endowment of stables by the construction year,
p_lifeTimeSis the maximal physical life time of the stables anthuyStablesre newly
constructed stables.

--- inventory of stable according to age (initial and new investments)
stableInv_(stables,t)
v_stableInv(stables,t) =E=
--- old stables according to building date and lifetime
sum(told § ( ((p_year(told) + p_lifeTimeS(stables)) ge p_year(t))
and ( p_year(told) le p_year(t))),
p_inistables(stables,told))

-—- plus (o1d) investments

+ sum(tl  § ( ((p_year(tl) + p_lifeTimeS(stables) ) ge p_year(t))
and ( p_year(tl) Te p_year(t))),
v_guystables(stab1es.tl));

For cow stables a differentiation is introduced between the initial investmenthiaito
building, assumed to last for 30 years, and certain equipment for which maintenance
investments are necessary after 10 or 15 years, as defined by the investment horizon set
hor:

set hor "Investment horizons"/

short  "10 years lifetime"
middle "15 years lifetime"
Tlong "30 years lifetime"

A stable can only be used gsifiort and middle term maintenariogestent isdone.

The model distinguishes betweeaveralstable typedor cattle shown in the following
list). They differ incapacity, cattle type, investment cost and labour need per stable place.
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set set_ cowstabTes /

i1k30
m11k45
milk60
milk75
milk9o
milk105
milki20
milk135
milk150
milkl65
milk180
milk195
milk210
milk225
milk240

set set_youngstables
/ youngCattlels
youngcattle30
youngcattleds
youngcattlesl
youngcattlers
youngcattled0
youngcattlel20
youngcattlel50
y youngcattlelso

set set_calvstables
J calvesls
calves30
calves4s
calves60
calves75
calves90
calveslz20
/ calvesls0

$$endif. dh

For pigs the followingstablesizes are available:

$$iftheni.pg %pigHerd®% — true
= --- pig fattening

fat400
fat500
fatg8o0
fatl000
fat1200
fatl1s500
fatrl800
fat2000

= --- sows and piglets

50Ws120
sows200
sows250
s0ws300
s0ws400
sows500
piglets500
piglet7s0
piglet1000
pigletls00
piglet2000
itendif.pg

The used part of thetable inventorya fractional variablejnust cover the stable place
needs for the herd:

-—- stable places

stab]es (stableTypes, tFull(t) ,nCur,m)
(sum(actHerds(sumHerds breeds ,feedrRegime, t,m)
: v_| h%rd51ze ug(sumHerds ,breeds feedReg1me t,nCur,m), p_stableNeed(sumHerds,breeds,stableTypes))
t_n(t,nCur)

--- herd sizes times their request for specific stable "types" (cow, calves, young cattle)
sum(actHerds[sumHerds breeds,feedRegime,t,m), v_herdSize(sumHerds,breeds,feedRegime,t,nCur,m)
p_ stableNeed(sumHerds , breeds stah1eTypes
-1 =

--- must be covered by current stable inventory (not fully depreciated building),
mutiplied with the stable places they o

s

sum(stables § ( sum(  (t_ n(tl nCurl),hor) § isNodeBefore(nCur,nCurl), v_buyStables.up(stables,hor,tl,nCurl))
or sum( (told ur) p_ inistables(stables,hor,told))),
v_stableUsed(stables,t, nCur) p_stableSize(stables, 5tab1eTypes))

The used partannot exceed the current invent@aybinary variablg
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