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Abstract
Weather variability can threaten French suckler dawns which rely on rather extensive forage

production. However, flexibility of the productiosystem can help farmer to face crop production
shocks. This study aims at assessing how crop giebatks impact on farms outcomes when adaptive
capacity is taken into account. Our objectivestardevelop a dynamic model which enables us 1) to
predict the optimal mix of production adjustmerdddce crop yield shocks, 2) to quantify how fae th
system moves from the equilibrium and how lon@lkets to return and 3) to measure impact of shocks
on economic results when adaptive capacity is takisnaccount.

An original dynamic recursive bio-economic farm rabdhtegrating detailed technical and biological
constraints and coupled with biological sub-modhels been built and calibrated to represent an ggera
farm producing charolais finished animals. Crodd/ghocks of intensities ranging between -60% and
+60% of their average values are simulated in betvayerage years.

A preference for maintaining animal sales and ahitive weight at the expense of crop
products trade balance is found. Thought, whennsities of shocks get higher, forced sales and
important variations of the area of pasture cutabserved. Essential of loss (or gain) of net prigfi
felt the year of the shock but can be remnant éeegl years. In addition, gains for good yearsob
totally compensate loss of symmetric bad ones. €@prently, farms capacity to face risk could be
weaken over time. Minimum consumption needs, pridibablistribution of shocks and successions or
combinations of shocks would have thought to benakto account to assess real capacity of farms to

maintain over time.
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1. INTRODUCTION

The 113 000 farms producing suckler cows supplym@id55% of the beef production in France
and represent more than one third of all Europeackler cows. Their relative extensive
management system helps maintaining large areasrumidssland which provide numerous
environmental amenities. However, their dependemteasture crops makes them sensitive to
weather variability [1]. Half of the French fund rfagricultural calamities is allocated to
herbivorous farms. Most of indemnities paid cormegpto damages caused by drought on forage
crops, mainly in the Massif Central area [2]. Altigb this public fund is to evolve soon, no
insurance alternative is yet available. To somemxtthis can be explained by the difficulties to
understand and to assess weather events impadigeestock systems since numerous sources of
flexibility can help farmers to cope with these skm To face supply shortage, first, animals are
able to temporary cope with underfeeding withotreenendous effect on production, under certain
conditions, thanks to body reserve [3] or to conspg¢ory growth [4]. Second, decreasing the
stocking rate can help lowering herd alimentarydsed&ventually, buying more (or selling less)
fodder or concentrate feeds than was planned llgi{a can compensate animal feed shortage.
Neglecting those farmers’ adaptive capacity card lea misevaluate shocks impacts [6]. In
addition, it is of great interest for farmers tauga “how to respond tactically and dynamically to
unfolding opportunities or threat to generate addél income or to avoid losses” [7].

This study aims at predicting how crop yield shogkpact on farm outcomes when adaptive
capacity is taken into account.

Modelling offers a comprehensive way to disentarigke complex interactions and mathematical
programming (MP) appears relevant to appraise timeenous technical alternative choices and the
many constraints existing in farm management. Sgwkler cow production cycle lasts several
years, decisions may impact not only on the curpeotiuction and profit, but also on future farm
outcomes. Our objectives are then to develop ardimenodel which enables us 1) to predict the
optimal mix of production adjustments to face cyigdd shocks, 2) to quantify how far the system
moves from the equilibrium and how long it takesdturn and 3) to measure impact of shocks on
economic results when adaptive capacity is takenancount.

The remainder of this article is organized as fetioWe expose the modelling approach and model
specification in the first two sections. In theléo¥ing section, we apply this model to a typical
suckler cow farm located in the north of the FreMdmssif Central and we simulate several crop
yield production shocks with intensity ranging fre©% to +60%. We conclude with a discussion

of our method and results.



2. MODELLING APPROACH

Farm models detailing biotechnical specificatiore doe divided into two broad categories:
simulation models and optimisation models. Wholenfanodel simulation necessitates defining
decision rules into a management sub-model [80%; However, these rules are set for a specific
context and might turn out to be irrelevant whemngdes occur. We therefore opt for a bio-
economic model (see Janssen et al, [11] for a teegiew) which tightens decision variables to a
single objective function independent of environeanditions. Static bio-economic livestock
models [12; 13; 14; 15] compare farm equilibriunmgler different conditions. However, contrary
to dynamic models which take time explicitly int@caunt, static models do not give the
opportunity to study farm responses outside annggtisteady state. Consequently, perturbation
caused by a temporary shock or the transition pmtween two equilibriums when facing
permanent shocks cannot be studied. We therefdieenf¢l6; 17; 18; 19; 20; 21; 22; 23] by
representing a sequential decision-making procesgetmit progressive adjustment when new
information becomes available. These sequentiahiiytn models proposed either a fairly small
number of variables to be adjusted or limited p#siovhere these adjustments can be made. We
want here to take into account the monthly managéroka larger number of animal categories
existing within the cattle herd, of animal live @gkt, and of conserved feed and standing grass.
Programming methods used in these models, nameth&itic Dynamic Programming (SDP) or
Discrete Stochastic Programming (DSP), are limresgpectively by the number of state variables,
that is to say the dynamic variables, or by the Ioemof stages where decisions can be readjusted
[24]. Model size indeed explodes when variablestages increase. We therefore adopt a dynamic

recursive framework which consists of a sequenaetdrministic multi-periodic models.

3. MODEL DESCRIPTION

The model is formulated to represent average Freackler cow farms. Such farms consist of beef
cattle production based on a suckler cow herd a@ndran and forage crop production. This
production system must be managed by a farmer avimite horizon of T years. Each year,
indexed by t ={1,.. T} is divided into monthly inteals indexed by month= {1,...12}. The
‘production year’ starts in April, at the beginniofthe grazing season.



3.1 The production system

a) The production system is described here distinguishing farmer herd management and farmer crop
production management.

* Herd dynamics:
Twelve annual animal classes characterized byrsale( female or castrated male), age (from new
born to adult) and by production objective (fattenor storage), are introduced to cover the range
of animal production in the studied area (table Qlasses, indexed by a, are described by two
endogenous dynamics variables: the number of asimadl their average live weight (24 state
variables in total).
Tablel: animal classes introduced in the model

Sub class stored animals Fattened animals

3
2y.0. 2y.0. Primiparous Multiparous 2 y.o 3y.0 Fat.

Class name calvegearlings y.0 ,
heifer steer cow cow bull heifer Cow
steer
age in min 0 2 14 14 26 >38 14 26 26 >38
months max 2 14 26 26 38 >38 20 32 32 >38
Live weight Min 45 93 354 445 499 618 445 662499 618
in kg Max 79 466 542 716 629 683 711 801689 757

Herd management consists in controlling those dycerthanks to the 1) monthly control of
animal sales, 2) monthly choice of animal diet cosifoon and diet energy content, 3) part of cows

for reproduction each year, and 4) annual fattgoinjectives.

The number of animals in each class is initialigegdhe first period of the planning horizon. Then
intra year dynamics are defined by the motion fiamct. This function draws the balance between

past number of anima(dlB), sales decision@A\S),and mortality(mort) (1).

NB = fa,t,month—l(')

a,t,month| _

- NBa,t,month—l x (1_ morta,month—l) - ASa,t,month—l (1)

At the beginning of each year (in April), animalsaoge from a class to another because of: 1/
natural ageing process (the number of 1 year oiférfseat the end of a year becomes the initial
number of 2 year old heifers the following yearcatves number depends of the cows number)
modelled by a transition matri¢rans), 2/ fattening(SFAT) since the model can choose for

instance to convert part of the number of two yadrheifers into fat heifers (2) and the remaining



part into primiparous cows (3) and 3/ reproductmbjectives (Rrate) since limitation of the

percentage of reproductive females for mating ealnce the number of calvings in February (4).

NBaist,t,'april' = Z ltransa,a751 X fa,tflmonml(') X (1_ SFAE[ )J (2)
a
NBa_ fat,t,'april’ = Z [transa,a_ fat X fa,t—:L'marcH () X SFA-I;t] (3)
a
NBaicaIf )t febr’ = z [transa,aicalf X NBa,tfl,'march' X Rratet] (4)

Where a_st, a_fat and calf are animal sub classessponding respectively to stored animals, fattones and calves.

Some additional constraints are added to make thaeelhhmore realistic. Multiparous cows do not
undergo an ageing process in our model; consegueatiminimum cull rate is introduced.
Moreover, the number of mature cows must be higiugh to suckle young animals until weaning
in October and no sale of calves is allowed bether fifth month which corresponds to early
weaning. As few market opportunities exist for 2wyeld stored steers, we assume they cannot be
sold.

Animal live weight dynamicg¢LW) are expressed in the same way: initialisation eflive weight

for the first period, intra-annual dynamics desedilby a motion function which depends on the
average daily weight gai(ADG) realised during each ddglay) of the month considered (5), and
inter year dynamics defined by a transition matrix.

LW LW, ; montrt + d@Yimonia X ADG

a,t,month = a a,t,month-1 (5)

This dynamic variable is bounded between +/-5%heftheoretical live weight (estimated in a sub
model described below) which gives the model sofagidility without, according to expert
knowledge, threatening reproduction performance amcdal health. At the same time the ADG
can vary from +/-10% of the theoretical gain in @rdo allow some compensatory growth. For
mature cow, we set gain interval at [-0.5; +0.4]gay day. The ADG value is a function of the
daily net energy baland®EB). NEB is the difference between on the one handcnetgy intake
which depends on quantity of feed ingested by @aamal and on their energy content, and, on the
other hand, net energy requirement that comprisgsenergy for production (lactation and
pregnancy) and net energy to maintaE(1) live weight constant. A correction term is applted
take into account the differential between theoadtlive weights and simulated ones (an animal
that weighs more will have higher maintenance neddiets are not only characterized by their
energy content but also by their fill value (measuby the maximum quantity of this feed a
reference animal can ingest) which cannot exceedntiake capacity of the animal. When animals

are fed indoors, we consider that fill value oftdgiproposed by the model have to be close to the



intake capacity of animals in order to satiate th@nsmall percentage can be covered by straw
intake).

The animal sub model calculates theoretical liveghteand animal requirement of the animal at
each period according to INRA (2007) and Garcia Agdbriel (2008) equations. This sub model
simulates animal growth assuming a calving occardsi February thanks to Gompertz functions.
The theoretical putting on weight of females (coavsl three year old heifers) at fattening is
calculated as the difference between cumulated giace beginning of fattening and maximum
live weight. Reproduction and maintenance requirdsas well as intake capacity are set monthly
according to theoretical live weight. Maintenaneeds at pasture are increased by 20 % at pasture

to account for higher activity.

* Crop production management:

We consider the five most widespread products enféinming systems studied: grazed grass, hay,
maize silage, grain and straw which can be made flfour crop productions: permanent and
temporary pastures, two cereal crops (to enabléngpeereal crops two years in a row) and maize
crop (table 3). These products are described banpaters of qualities (fill value and energy
content) and by dynamic variables related to thentjty stored by the farmer.

Crop management consists in controlling those dycmrthanks to the 1) monthly sales and
purchases of crop products, 2) monthly choice ghtaking, and 3) annual allocation of area to the

different crops

Two different kinds of dynamics are defined for gmoroducts stock. First, stocks of conserved
(STv_ng,.,.)produce are classically defined as the balancedsst inputs (productiovVH and
purchase/B) and withdrawals (herd consumptiv/© and sale/B) plus the remaining stock of the
previous period (6). It is assumed that maize silean not be traded and that stock quantity can not
exceed farm storage capacity for each product. rf@eauantity of standing grass available in one
period ST, 4.,.) corresponds to the remaining (after abscissior) bakance between previous
biomass stock, grass produdgB, quantity of grass cut for haymaki@T and herd consumption
(7). The coefficient of abscission takes into actdosses due to average ageing process and to

environmental conditions when grass use is del&yéle following month.

S-l;_ng,t,month = S-l;_ng,t,month—l + VHv_ng,t,month—l + Va/_ng,t,month—l _ch_ng,t,month—l _VS/_ng,t,month—l
(6)
S-l;_g,t,momh = ‘[S-l;_g,t,month—l + GR,month - CUTt,month—l _VCv_g,t,month—l] X abs“nomh—l (7)



Crop product quantities harvested depend on cropage decisiongX) and on crop Yields.
Harvested hay quantity corresponds to the quanfityrass cut penalised by a coefficient of loss
(20%) because of transport, haymaking etc. The medéen free to decide the quantity cut per
month within the limit of the grass availability. &ansition matrix(rot) defines the possible
successions between crops (8), hence reflectingnagric constraints (for instance, maize can not
be sown two years in a row). In addition, permargagture acreage is assumed to remain fixed
whereas temporary pasture is implanted for at lBastyears. Only one fifth of the temporary
pasture area can then enter the crop rotation geah Eventually, the quantity of feed product
consumed by the herd is proportional to monthlymetiintakes and to animal number. Straw

which is considered as litter is proportional te trerd size.

Xt,c < z I"Otc,c2 X Xt—:LcZ
Cc2 (8)

The quantity and quality of standing biomass predueach month per hectare is calculated thanks
to a sub model of herbage growth [27]. One cutrpenth at 3 cm above ground level (the length
of standing grass beef cattle can graze) is simdilag approach monthly production quantity and
guality. The abscission parameter is estimatedibigidg for each month the amount of biomass
harvested for the current month when there wasutdhe month before, by the sum of biomass
harvested if there were a cut in the previous amdeat months. To simplify our model, grass
quality of the sward is averaged according to threpprtion of the different structural

compartments 3 cm above ground level, and haytgualsupposed fixed.

3.2 Structural constraints

Decisions are restricted by structural constramegarding land, labour and building. Total
acreage allocated to the different crops must healetp farm usable agricultural area and the
acreage of permanent pasture must remain stabldoNMye Veysset et al [12] to represent labour
and building constraints. First, we limit the numbé livestock units and crop growing activities
“based on the principle that one livestock ungggiivalent to two hectares of cereal crops in labou
terms”. Second, we consider that the main buildingstraint is linked to the number of calves

since they are born indoor.

3.3 Profit and costs

We assess farm earnings by computing their nettphoifs calculated as the difference between
yearly products (sales ‘SALE’ and Common AgricudiiuPolicy payments ‘TOTPREM’) and total
costs (variable and fixed costs). Receipts froormahsales take into account the number of animals
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sold, their live weight at this period and theircpr(priA). These prices are defined per year and per
month, which enables us to introduce price modutaticcording to theoretical live weight (price
per kg usually decreases with live weight for stomeimals and increases for finished ones) and to
temporary or permanent shocks on prices. Farmeentgy from crop product sales is the

combination of quantities of crop produ¢tS)and their pricépriV) (9).

Z (Asa,t,month X LWa,t,month X priAa,t,month)
SALE =|*" _ ©)
+ Z (VS/,t,month X pnvv,t,month)

v,p
It is important to introduce CAP payments sinceytlstrongly influence production decisions in seckl

cow farms [12]. The CAP premium specification igxible enough to take into account the
different kinds of direct payments belonging to fivet pillar (production support) which were
effective between 1998 and 2008 (10). These payramtompass Arable Area Payme#aP),
Product Specific PaymentBSP)and Single Farm Paymef{8FP).Firstly, under the AAP scheme;
different premiums are given according to the abacated to each crop activity (except fodder
cropy. PSPcomprise special premiums for suckler cows, maéenum, slaughtered animals and
extensification payment. Under the SFP scheme, Saare allotted payment entitlements
considered as constant. Direct payments are reduacptbportion to the modulation ratenod).

However, 5 000€ per farm remain free of modulation.

PREMTOT = 2000
[AAR + PSP+ sfp ~5000x (1- mod) .
Variable costs can be divided into crop productad animal production costs. Crop
production costs include costs assignable to tlea af each crop activity, haymaking costs
corresponding to the quantity of grass cut, insceaand fuel costs proportional to the total area of
land farmed. Animal production costs comprise gadtipurchased feeds and diverse costs such as
veterinary or feed complementation (vitamins, materetc.) proportional to the number of

livestock units.

3.4 The decisions problem of the farmer

* The objective function
In accordance with classical economic theories hauiti-periodic optimisation model assumes that
farmers take their decisions to maximise their eigxb utility of profitU over a 5 five years
planning horizorT (11). Farmers have then to formulate preferenogsrofit (/7) distribution over
years. Inter temporal choices involve tradeoffs agnbenefits occurring at different points in time.
They typically include a discount factor on futwtdity, called Rate of Time Preference (RTP), to

10
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take into account farmer’s time value of moneyiomatience’, and an elasticity of inter-temporal
substitution (EIS) which quantifies a ‘decision raaklesire to smooth out the stream of utility over
time so one unit of discounted utility in each pdris better than two units of discounted utility i

a single period' [28] In the present case, we ss@pben that the wealthier the farmer is, the less
averse to inter temporal variations he will be amdspecify a power functional form for the utility

function that corresponds to a Constant Relatigik Riversion utility function [29].

t-1 1-a T ia
U:i[lj T +(1)xvs
= \1+r 1-a 1+r 1-a (11)

Wherer is the discount rate factot/a=EIS, andVS residual value of stocks at the end of the

planning horizon

» Sequential decisions:
Farmers are supposed to make their decisions angotad the current state of their production
system and to their current expectation of futureeemes over the planning horizénWhen new
information becomes known, farmers adjust theireekgitions and then their decisions. We follow
[30] and [19] in modelling this double ability cirimers to forecast and to adjust their plan by the
mean of a recursive sequence of dynamic optimissitibet’s ben {1,...N}a year of the period of
simulation and {ti...T} a year of the planning horizon the farmer is sgggoto anticipate anla
set of state variables characterizing farm at ¢gwl. Results corresponding to the optimisation n
are then §n+ti., .., Sn+t,.. Sn+l Sn+(ti+1) becomes then the initial resources of the optitiasa
n+1. Updated forage production information is idtroed at this stage. The process is repeated N
times. Hence what we would observe from the farim&rategies along the period simulated is
{S1+ti, .., Sn+ti, .. ,SN+ti}.

4. CASE STUDY

We apply the model to typical farms located in tlwethern area of the Massif Central, a well
known area for its suckler cow charolais breed petidn.

A sample of 25 farms that produce mainly charolgmsng bulls has been extracted from the
‘charolais farms’ database [31] over the period ®Q006. Calibration of this model consists in
setting parameters to simulate a farming systenh vgitructural, economic and biological
characteristics close to those of observed farnéVloutputs are then evaluated against technical

and economic variables of this dataset.

11
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4.1 Parameterization and calibration
e Animal production:

Parameters used in the animal sub model referetahibrolais breed ones [25; 26]. Cull rate (0.24),
number of calves born per reproductive female (0.96x ratio (0.5) and annual mortality rates
(9% for calves, 1% for the others) correspond &rage annual records of the ‘charolais’ database.

* Crop production:

Herbage growth sub model parameters are calibtatétregional average annual production data
(R2=0.13) and weather data are collected from Newvaeteorological station (Meteo France
58160001) (appendix1). Cereal crop yields are pettcharolais’ database records (appendix2).
Fill value and energy content of maize, grain aag are set according to INRA (2007) (CC0010,
FV1770, FF0500).

e Cost and profit:

Input costs, and output prices are assessed doaie of the panel dataset over the period 2000-
2006. We assume that a crop product price is 20giteh if the farm buys it (compare to sell it).
Animal prices have been regressed on observedmerght per year and per animal (appendix3).
Available data regarding harvest cost is exprepseda whereas haymaking cost is formulated in
€ per ton in our model. As a consequence, costopeis estimated as the ratio between haymaking
cost per ha and average abundance of grass ped.peri

» Obijective function:
We set RTP value at 96% per year and EIS at 7.tdrding to estimation based on aggregate
annual farm data using consumption and asset reflnS farms [32].

» Structural characteristics:
Farm characteristics are averaged upon the 25estdidims oriented toward the production of
young bulls (table 2). However, storage capacityoisfilled in the database; values are set

therefore in order to be not too restrictive.

Table 2: Application parameters

Storage capacity (in tons of dry matter)

Area of Fixed

Total _ _
perm. Labour Housing costin  Maize _

area , grain hay straw
pasture 1000€  silage

230 95
150 ha 81 ha _ , 78 160 225 810 180
units * calving

*1 unit per Livestock unit and 2 per ha of cereals

12
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4.2 Evaluation of model outputs against a panel dataset

The main features of the simulated system meetemuirement since the average level of
outputs (table 3) lie within an interval which aesponds to the observed mean plus or minus one
standard deviation (except for the percentage aftupa area cut which is underestimated).
Coefficients of determination and of correlatioriviieen simulated and observed variables for the
period 2000-2006 show that simulated net profieflvseceipts, CAP payments and concentrate feed
per livestock unit can explain the observed vasietiand direction of changes. Coefficients for the

other variables are more or less accurate.

Table 3 : Evaluation of model outputs over the @@2000-2006 against a panel dataset

Average simulation| Average range observed* R2**

Crop production % pasture 72 [71; 93] /
area % of cereals 20 [6; 24] /

% of maize 8 [0; 8] /
% of pasture cut 31 [35; 54] 3%
Stocking rate 1.33 [1.10; 1.49] 32%
kg of animal sold 409 [276 ; 442] 33%
% of young animals fattened 66 [45; 93] 60%

3 y.o. heifer 689 [657; 768] /
Live weight at Young bull 711 [600; 776] /
sales Fat cow 757 [727; 813] /
Concentrate feed consumed in kg /LU 476 [430; 1048] 67%

GM 768 [555; 801] 72%

animal product 720 [498 ; 773] 80%
Economic results variable costs- cered|
_ 324 [172; 367] 30%
in €/ha product

CAP 319 [243; 382] 91%

*Average observation plus or minus one average éetvarms standard deviation

**evolutions of simulated variables over the per@D0-2006 are regressed on average observed ones

Although our model outputs look globally consistemd accurate, some discrepancies must be
recognised:
-1/ the simulated animal live weights at sale remai the maximum level allowed over time

whereas observed ones vary between years and {yaitheaease. Precise adjustments of animal

13
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diets can be costly for farmers in terms of timefed analysis. These can partly explain why
observed live weights are more variable and quastibf grain observed in animal diets are
globally high in commercial farms [33]. In additiocavailability of feed resources on the market is
unlimited in our model whereas in reality it coltd problematic some years to buy feed and above
all hay. Regarding the observed rising trend, it ba due to genetic improvement that is not taken
into account in our model and considered beyonddtge of this study.

-2/ the crop production model reveals some wealasesshe area of pasture cut is indeed
underestimated and its evolution differs greathnfrobservations (table 1). The pasture growth sub
model was validated [10] on pasture at higherualgt A proper evaluation of this model for the
studied area would be necessary to determine iedmas comes from the sub model calibration or
from weather data. In addition, pasture managemeotr model is probably better than what can
be achieved in reality since pasture productidknwn for the whole month and can be allocated
to the different end-use (grazing, stock, or haymgkwithout wastage. Moreover, risk is not
anticipated and consequently no security stockuieb crop production variations is simulated.
Relations between pasture production and feed abiliiy are therefore more closely associated
than in reality.

-3/ Abrupt change in production activities is siated (cease of finished heifers with CAP 2006)
but not observed. This problem is due to the opt@ton method that chooses most profitable
activities. In reality, if two kinds of productiohave close gross margins, and if the relative
advantage of one of them varies over time, farnweosild not profoundly reorganise their
production and their commercialisation systems shat term basis because change can be costly

in terms of time, skills or risks.

5. MODEL APPLICATION : SIMULATION OF CROP YIELD SHOCKS

5.1 Method:

In order to assess beef price or crop yieldkt@nd shock/farm response relationships, shocks
of intensities ranging from -60% to +60% of thereeage values are introduced into the simulated
time span, i.e. the year referred to“a8” between average years. We consider that therelitfe
animal types or crop production yields are affedtethe same proportion. Potential interactions of

these shocks with other parameters are not takeraatount.

14
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5.2 Results:

* Production adjustments:
Five aggregated indicators of production managemaeatcalculated to appraise adjustments of
production management in yaa8 when beef pric€a) or crop yield(b) shocks occurrefigure 1).
They correspond to the rate of variation (differ@nbetween production decision values in ye2r

and in yean3 divided by their values in yeaR) of the following aggregated variables:

‘animals sold’ which takes into account the numbeanimals sold and their live weight

at sale (and indirectly their age)

- ‘grain in animal diet’ which gives insight into dieomposition,

- ‘weight gain’ which is the animal live weight gaaccumulated over the year by the
different animal classes (class size is not indjide

- ‘pasture cut’ which is equal to the number of heetacut multiplied by number of cuts,

- ‘crop trade balance’ which corresponds to the qgtianf crop produce sold minus the

quantity bought, and provides information aboutiatipent of feed supply,

A preference for maintaining animal sales is fotmdshocks of intensities ranging between -30%
and +30%. Grains partly compensate the variatidiorage products in animal diet. Consequently,
the trade in crop products is modified. As expectemles are greater in good years whereas
purchases increase in bad years. The areas ofr@astis are positively correlated with crop yield
shocks. When the intensity of shocks increasesydhation in animals sold increases too in order
to decrease variable costs. Animal weight gaind terincrease for favourable shocks and decrease

for adverse years. However these variations are netry significant.

15
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Figure 1: Rate of variation of production managememicators between year of shock occurrence (n3)

and equilibrium level according to shock inten$dybeef price shock, b: crop yield shock,)
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» Evolution of productions:

Consequences of these adjustments on animal prodwse actually very slight for shocks
of moderate intensities (figure 2) since adjustmertsales and weight gains are minor. Important
negative shocks have more profound impacts andaeyears are necessary to rebuild the herd. In
all cases, these adjustments generate a negativié ammulated differential of animal production
over the time span simulated. However, our modehat increase animal sales more than its
equilibrium level because of structural and biotagboundaries.

Figure 2: Impacts of crop vield shocks on beef ptithn dynamics.
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Grey bars are differential of beef production f@ar n3, striped bars correspond to cumulatedediffitial of beef

production and triangles represent the number afry@ecessary to come back to equilibrium.
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* Evolution of net profit:

Impact of shocks on net profit, when taking tadtecisions into account, increases with shock
intensity. The essential of the loss is felt in ylear of the shock but the effects can continueeto

felt for several years (figures 3). When cumulatgdr a long period, gains and losses compared to
the average situation are not symmetrical: prafipkis for good years cannot entirely compensate

for profit losses (figure 4).

Figure 3: Evolution of net profit per year according to th@eansity of crop vield shocks that

occurred in year n3 (only half the shocks egpresented in order to keep figure readable)
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Figure 4: Cumulated differential of net profit following aaik, where interlinked circles are
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6. DISCUSSION

Objective of the model is to assess relationshigtsvéen shocks, optimal adjustments and farm
outcomes. This section aims at discussing 1/ wheathe modelling choices to provide flexibility
that reflects the range of possibilities farmeryenato adapt to weather conditions, and the
relevancy of model results that depends on 2/ tbentribution to make clearer relationships
between shocks and farm adjustments and 3/ thghiissgiven to uncover farm capacity to cope
with shocks

6.1 Model flexibility

Flexibility is the ability to adapt quickly to défent circumstances. It depends then on the rainge o

activities available, on adjustment possibilitiesl @n farm constraints that may limit changes.

* Range of production activities proposed:

Our model provides a wide range of animal productossibilities. Females can be sold at 49
different periods, males at 24 periods and at eddhese period animals can be sold at more or
less 5% of their theoretical live weight. A montlalgfined price takes into account depreciation or
appreciation of animals when getting older and tineavier. This makes it possible to favour some
periods of sales without forbidding others. Somakmesses come from the fact that calving day is
fixed and does not give as many possibilities athéreal situation, namely calving from autumn
to spring. In addition, it is sometimes advisedinait risk of feed produce shortage to have two
calving periods [5]. In our model, modifying theldag day would necessitate adjusting some
model parameters. However, it does not seem rebloma introduce two periods of calving:
variables related to animal production would be tipliéd by two and given the already high
number of activities, model size would considerahlyrease. Few crop activities are proposed. In
addition, marginal or innovative production teclogés are not proposed; neither are
diversification activities. The purpose of this nrebes to study main stream suckler cow farms and
it cannot be used for a farm specialised in cecegb production. It focuses instead on detailing
intra-year animal, pasture and conserved feed nesmneigt adjustments to seasonal conditions.

* Production adjustments available:

Short term adjustments (i.e. monthly decisions)ratated to number and live weight of animals
sold, animal diet composition and energy contentclpase and sales of crop products, and the

guantity of grass harvested. These decisions cametised each month if more information
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becomes available. These sources of adjustmentsdpr@ wide range of possibilities for the

model to dynamically adapt to shocks. However, samae argue that as we do not offer the
possibility to buy animals as did for instance [3dhe time simulated for recovery after a shock
may be overestimated. Our decision is motivatediviny aspects. Firstly, our model does not
include possibilities such as saving or borrowiadihance investments. Secondly, most farmers
prefer to raise animals coming from their own fatonreduce health problems due to foreign
animals. Deciding sequentially the end use —graifoage for instance- of some multi-purpose
crop productions such as wheat [17] or maize [8ftvwithstanding, these practices may be efficient
and innovative, but they are not currently wideagreithin the studied area. In this version of the
model, we have concentrated on detailing the ssuafeadjustments most commonly used in

France.

* Limitation of adjustments by model constraints:

Adjustments are limited by different constraingdated to farm structure or animal biology. At
equilibrium, some constraints are at the upper deuRor instance, the simulated farm can hardly
adapt to favourable conditions by producing moreneavier animals, or by decreasing pasture
production. This limitation could have been palyialffset by introducing possibilities for labour
hiring and investments. However, those who did, inadt of the time to add additional constraints
to limit enlargement [35]. We therefore face themeaproblem. Moreover, dual values of
constraints displayed in GAMS outputs gives valaaibisights to appreciate the propensity for
enlargement according to the different scenariogdistl. Our models can though adapt to shocks by

producing less or by producing differently, modifgifor instance diet or herd composition.

6.2 Adjustment of farm production management following shocks
To assess which farm decisions might be the mogalde to face price or weather

condition shocks, a high number of parameters andnaplex system of interactions have to be
taken into account. A better understanding of thesgactions is at stake. Some farm models have
simulated impacts of price and weather conditiomati@ns on farm dynamics [36; 37; 38; 39; 40].
When tactical decisions are taken into accountliegimns focus most of the time on one or two
kinds of tactical decisions such as pasture managef8; 10], multi purpose crop production [8;
17], adaptable crop acreage [16], cattle sales32]);animal sales and supplementary feeding [18;
23] or test different kinds of adjustments sucoesgi[41; 42]. These applications endeavour
chiefly either to assess benefits of a tacticaustijent relative to an inflexible strategy or to

understand why farmers do not intensify their patidun system more. The main interest of our

19



20

model application is to understand how the optimia of adjustments —animal sales, crop product
trade, animal feeding, and haymaking- can be coeabingether to face shocks. The application
brings to light the progressive mobilisation of th&#erent kinds of adjustments according to shock
intensity with a preference for maintaining aninpmbduction at the expense of crop product
balance. However, economic and political contex@snvell as farm characteristics are likely to

modify this optimal mix: an increase in cereal prisuch as in 2007 would for instance limit

adjustment of grain in animal diet, or more decedgCAP payments would favour adjustments of
animal sales. Further investigations would be neéefewell to assess how shock frequency and

simultaneous shocks can modify optimal mix of piithin adjustments.

6.3 Capacity of farms to cope with shocks

It is of interest to assess if farmers would ble &b maintain their activity over time in spite
of disturbances. One condition is to avoid bankeyptBy estimating impacts of crop yield and
beef price shocks on farmers’ earnings, this appba can contribute to a vulnerability assessment
or at least to aninimum potential vulnerabilitybne [43], , i.e. an assessment of farm sensittoity
shocks when adaptive capacity is taken into accbunherability is a composite of exposure to
shocks and ability to manage these shocks). Thalaied beef production system is found to be
very resilient as it can handle very important @rand crop production shocks and bounce back to
equilibrium. However, we should take into accoung¢ tminimum consumption needs of the
household, possibilities of loans to smooth outscomption over time, and fixed costs such as
interest rates on loans or taxes and cash sawnigate a more realistic view of the capacity of
farmers to cope with shocks [44]. This study alsdlarlines that positive shocks do not totally
compensate negative ones. This can result in argssige weakening of the farm’s capacity to

cope with risks.

7. CONCLUSION

The model was designed to characterise the evalatidarm outputs when challenged by market
and crop production shocks. The application pravidere helps to understand how the different
sources of adjustments —animal sales, crop prodat#s and purchases, animal diet, and
haymaking- can be combined to face temporary ciefd yand beef price shocks, and above all
how the optimal mix is modified according to shawctensity. It can contribute as well to assessing
the farm’s capacity to handle shocks. Howevabjlity to manage shocks or hazards is a complex
function of existing behaviour that themselves espnt long term or structural adaptation to

predictable shocks, crisis behaviour and by exteraaponses (policy) to a predicted and actual
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crisis [45]. The next step will be to introduce risk eipation in the decision sub model in order to

study jointly shock anticipation decisions and $hadjustment decisions.
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APPENDICES

Appendix 1: Parameters related to forage production

April May June July Aug. Sept. Nov.
Cost to harvest hay [n
€/100kg 15.5 5.6 3.3 4.1 4.8 5.0 /
Abscission (‘abs’) 0.96 0.79 0.59 0.60 0.72 0.81 840.

Appendix2: Crop production parameters
Grain (1st cereal) straw maize

Average yield 56 35 90

Average price at sale 11 5 /

Appendix 3: Average animal prices over the perio@@®2006:

Apr. may  Jun. Jul Aug. Sept. Nov. Dec. Jan. FebMar.
cow 159 159 159 159 1.59 1.59 1.59 159 159591. 1.59
fcow 159 159 159 159 1.59 1.58 1.61 1.63 164641 1.64
fheif3 152 157 162 165 1.67 1.70

fmal2 176 177 178 179 1.80 1.81

fsteer2 179 181 182 183 184 1.85 1.86 1.86 61.8.86 1.86
heifl 227 224 221 219 216 213 210 2.08 2.08.04 202
heif2 155 163 170 177 184 192 1.91 190 1.89.88 1.87
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mall 2.51
prim 1.59

2.48
1.59

2.44
1.59

2.40
1.59

2.36
1.59

2.32
1.59

2.28
1.59

2.24
1.59

221182 2.15
1.59.591 1.59

Note : prices take into account theoretical aniimal weight at each month

23

23



