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Abstract - Weather-related risks can substantially affect tle
crop volume depending on time and intensity of agcultural
operations performed by the farmer. However, decisins under
uncertainty are in some way also liable to anotherisk — that of
excessively optimistic or pessimistic estimation ofhe decision
maker. The paper presents results of optimistic angbessimistic
farmer’s agricultural operations efficiency based @ the analysis
of the developed discrete-event stochastic simulati model. The
aim of the model is to obtain quantitative estimatin of optimistic
and pessimistic farmer’s choice of agricultural opeation strategy
efficiency under fluctuation of weather conditions.
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I. INTRODUCTION

Under the present global crisis media often uspsessions
like ‘investors are pessimistic’ or ‘pessimistiThe game of
roulette where the number of red and black secidigh
brings (in an unbiased situation) to an equal podiba of
scoring either colour, there are always some ‘ogtshdue to
some reason believing that one of the colours appe®re
frequent. A classical example illustrating the eliéfince in an
optimist’'s and a pessimist’s perceptions is thé-tull glass of
water paradigm; an optimist would describe the gks being
half-full whereas a pessimist would consider thasgl half-
empty. Taking into consideration dynamics of thegess, in
the eyes of a pessimist a glass is becoming empgreas
from the point of view of an optimist it is becorgifull. Thus
becomes obvious the difference in subjective esiimaf the
scope of probabilities of a certain event. Therofs tends to
allocate a higher probability of favourable evelislieving in
stroke of good luck, unlike the pessimist who is reno
interested in securing his position rather than kisge
additional gain.

Optimism and pessimism are important features of
person’s attitude towards uncertainty. The decisi@ight of
an event, measured by the willingness to bet os ¢vent,
differs usually from the probability of the evefiversky and
Wakker [12] study the relationship between decisiaights
and attitudes towards risk and characterize thsipitisy and
certainty effects.
pessimism in terms of decision weights. That atmbntains
also a brief survey of the relevant experimenttdrditure.
Kilka and Weber [4] demonstrate how decision weighind
subjective probabilistic beliefs can be distingeigh in
experiments.
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Within the scope of the present paper, the vanatiof
distribution of subjective probabilities of optirtics and
pessimistic farming strategies will be assessedigushe
weight functions. Using weight functions allows @afitative
analysis of influence of the degree of pessimisnopmimism
on the choice of an optimal strategy under the srigi
weather.

It may be considered that a pessimistic farmergassi
higher importance (weights) to values of the exgeatrop
value lying below someFk value, which shall be defined as
the crop sensitivity threshold both for a pessimistnd an
optimistic farmer.

Let the degree of attitude (pessimism vs optimidie)
defined as a relation of weights of the weight fimt beyond
the cFk threshold, whereas the weights will remain cortstan
over the interval of [O¢Fk] as well as constant in the range of
[cFk, 1].

Two-dimensional  histograms present a graphical
representation of the frequency distribution of #elected
variable of the crop in which the columns are drawer the
class intervals and the heights of the columnspesportional
to the class frequencies (see Fig. 1).
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Fig. 1. Optimism and pessimism probability functon

The influence of farmers attitude in terms of pessiic or
optimistic expectation of the crop formally repnetsethat the

Wakker [13] defines optimism andnitial distribution of possible crop values H(Qs) multiplied

with the weight functions of attitude (degree osgienism or
optimism) W(Cr). These weight functions are normedi so
that the weights total one.

The function to consider is the step weight functiefined
by two parameters: theFk (crop sensitivity threshold, in this
study assumedFk=0.5=const) and the value of the increment
K (“degree of optimism”).
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Fig. 1 portrays the probability functions obtaingdough
integration of the respective weight functionstha graph, the
X-axis scale represents crop level expressed ativel units
ranging from O to 1. The Y-axis defines subjectivebability
of obtaining respective crop level estimated by'@atimist’
and a ‘pessimist’ farmer with differeit values (‘magnitude
of optimism’) with cFk (‘crop sensitivity threshold’) being
constant atFk=0.5

An ‘optimist’ farmer assigns smaller weights to Emwcrop
values whereas the relative importance of the higleéghts is
higher for him, so the respective probability fuanot lies
below the 45-degree line. On the contrary, a ‘pesti does
not expect a high crop volume rather hoping foomewhat
average crop level, therefore his expectation cliegeabove
the 45-degree straight line meaning high importafice
relatively low crop values. The break point is ndm-k
whereas the ratio of the tangents of the approximaine left
of break point to the tangent right of the breakpds referred
to asK.

From here on we can describe the degree of optimigin
two parameters. The first parameter is the locatibrthe
optimism point on the scale of crop value, we migdfer to
this as the “crop sensitivity threshold”. If thisnameter lies
around zero, it means that any crop value is takih the
same degree of optimism, whereas the closer thiznpeter
lies to one, the farmer is optimistic only to theaximum crop.
The second parameter of the degree of optimismhés
“magnitude of optimism”, which is defined by thé value;

the greater theK value, the more powerful is farmer’s

Following this approach any deviation in weather
conditions affecting the crop will be reflectedthre space of
parameters of agricultural function. This space las
essentially smaller number of variables, such aptrameters
defining the function shape. The aggregate farreixgerience
for various crops allows defining the typical agitaral
function shape along a time scale, which is a traijgke of
unequal lateral sides and slightly oblique top \whie mostly
considered constant; this is the maximum efficieaoya the
farmer would be willing to achieve. It should betethat the
change of weather conditions might drastically etffduration
of the highest efficiency area and its start tife [

Thus, in the considered aggregated approach, thietyaf
randomly variable parameters of weather conditides
reflected as alteration of small nhumber of esskftiaction
parameters. Such an approach allows quantitatitimatson
of influence of random fluctuations in functions’adic
parameters both on the average crop, and the histogf
crop distribution which gives essentially more mmfation for
decision-making when deciding for the best stra{@g].

Therefore the present paper concentrates on tHgsanaf
farmer’s decision-making when choosing the bestgpeting
strategy under conditions of weather uncertainty.

The structure of the model for simulation runs afnfier
strategy efficiency (meaning total harvest valuehef area) is
illustrated in Fig. 2.

Il. BRIEFMODEL DESCRIPTION
The structure of the model graphically presenteéig. 2

reaction. ObviouslyK=1 is the point of neutrality; there is ;cjudes the following general sub-models and ock

neither pessimism nor optimism present. Kofl range of
values, the magnitude of optimism is proportionatehe K

(the higher theK, the higher the optimism level). On the

contrary, forK<1 range of values, the lower is tKevalue,
the higher is the magnitude of pessimism.

The paper presents the results of optimistic arssipgstic
decision makers’ agricultural operations efficierfzysed on
the application and analysis of the developed diseevent
stochastic simulation model. The aim of the modebiobtain
guantitative estimation of farmer's choice of agliaral
operation strategy efficiency under unanticipatkeattfiation
of weather conditions. According the model,
strategies are described by two main parameters:
agricultural operation start time and 2) intensit§ the
operation.

Should a crop model be realistic enough, such noetam
be used for the analysis of crop sensitivity tonges in nature
parameters, and for choosing an optimal farmingtetyy. For
the time being, however, such research has not km@nn to
the authors of the present paper.

Recently there has been presented methodical agpfoa
finding an optimal farming strategy under conditiomf
uncertainty [5, 6] which relies on the concept gfieultural
functions [6, 7]. Agricultural function in its singform stands
for the dependence of crop volume on agricultugration
time. It reflects farming experience in cultivatioha specific
crop under specific conditions [9].
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farraer’

e Sub-model of agricultural functiod\F, start time
input blockTaf, AF durationdurAF input block and
additional parameteiRa;

e Sub-model of farmer activity, operation intensity
input block durFR, and farmer’s start time input
blockTs;

e Convolution of agricultural functio®F and farmer
activity functionFR, yielding the total crops from the
given farmland plot;

e Random generatorRGu; of random valuesi, U,,
that deliver time uncertaintylTaf of agricultural
function start timeTaf-U;min<=Taf<=Taf+U;max
and randomly change duration of agricultural
function durAF over value range durAF-
U,min<=durAF<= durAF+U ,max;

e Sub-model of farmer optimism witltFk and K
parameters;

e Computation block H: calculation of values of
histogramsh; of randomly distributed crop;

e Computation block W: calculation of weight
functions W(cFk, K) weight valuesw; with the
parameters of optimisFk, K;

1
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et Ea_fa:metefs wuar A. Agricultural trapezoidal function
1| duraF ; Let us consider a trapezoid function, relatively llwe
E ! , describing most of the farming cultures. By chaggthe
1| wdAF H—3 RGu 4 duration durlAF of velocity of the front of agricultural
: ! Taf SurAFsus function, we might affect the approach of the nfagburable
I Taf time for performing a specific operation. The dimat
! H ut Tafeut dur2AF of the most favourable time span of performing the
! H : . . .
owraf ' RGur + AF ( Taf, durAF, pa, t) operquon waI be re_ferred to as the duration & #gricultural
Hpp— M function with start timelaf (see Fig. 3).
lAF(Taf+u1,durAF+u2,pa,t)
AF function - - - [ |
Farmer's operation e iR CF 1.0 4 | | - el [ |
'--Ea-l’a-mftfri---' CF = J'TS AF(t) * FR(t)dt os | du‘rZ‘AFls A:: d‘uratlon‘
' ‘ et
' ! - j Y L : e SR
! dFR : |
: durFR E FR (Ts, durFR, t) FRFRTs 1) o | i H . | i i
| I —— ————a | I |
Farmer’s optimism 0.0 — -
__parameters____ |cF 6 7 8 15 16 17 Time
| ]
cFk h; hiw;
E cFk E H X (the SZ;VQ hed ﬂ’ Fig. 3. Typical agricultural trapezoidal functionasen for researciiaf=10
: | w average crop)
! K R 95— w ' First, three cases of uncertainty (or forecast rejrof
D K agricultural operation start time for uniformly doom
Fig. 2. Overview of agricultural operation model distribution within intervals 9<¥af<=11, 8<Taf<=12 and

7<=Taf<=13 are considered. The duration of the function
e Computation block CF,: calculation of average remains unchangedF duration = 2 days.
weighted crop valueGF,,.

AF function | 9=<Taf=<11, AFduration =2days | |

/ |
// ,,,,,,,

7

Ill. FORMAL MODEL DESCRIPTION

The efficiency of agricultural operation is estiedthrough

the efficiency criteriorCrop: 061 / !
0.4 - — -~ ’:’””“\”‘\
1 I I I
jjr-§+durFRAF(Taf + U1, durAF + Uz, pa,t) * FR(durFRTs,t)d'[.( ) 0.2 4---- SRR
0.0 ¢ | | |

The following function possesses relatively larggmrte of
flexibility yet being simple enough for the purposé the Fig. 4. Area of uncertainty of agricultural functiat 9<Taf<=11
research above:

. ) The area of uncertain values of agricultural traee
égﬁ-)r/?gl?rllgg)ré(fTgfid(bjrrﬂtASFt)eE[EJ rﬁgttjg[g[ltAfa]lﬂun[[Jﬁ}te t[etr-p t function will be altered as intervals increase. Tareas of
Tal-dur2AF]) + %J]nitStegk-Taf-durZAF] "UnitStep] t-Taf- uncertainty of the agricultural functions appearfég. 4 and

)/(dur3AF)*(Taf+dur2AF+dur3AF-t) Fig. 5 as shaded regions. _
The area of the uncertainty of agricultural valuas

It should be noted thainitStep(x) represents the unit step /<=1af<=13 represents the shaded area from Fig. 4, expand

dur2AF - dur3A

function, equal to 0 for x<0 and 1 for x>=0. one day in both directions of x-axis.

Modelling farmer activity (which is assumed constan
performi'ng agricultural operations involved the Idoling Abfunction |1 iy 1 1 AFT";;altg’j_;ja‘jgys'
expression: Tl L

el A T
FR(t,Ts,durFR)=(UnitStep(t-Ts)-UnitStep(t-Ts-durFR))/durFR 06 1 ‘
0.4 + - — -} Y| Taf prrceggiidamaz _ _ _
Thus, intensity is the inverse value of the duratiorFR s
of the operation. The start tinfes of an agricultural operation '
is determined by the farmer. In simulation experitaethe O e 1> 13 14 15 16 17 Time
deviation of optimal time duratiordur2AF and agricultural

function start timeTaf varied significantly. Fig. 5. Area of uncertainty of agricultural funatiat 8<Jaf<=12.
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All of these agricultural functions have their maxim
value of 1.

IV. METHODOLOGY OF RESEARCH

Uncertainty in agricultural function start time nsodelled
through time scale shifts of 1, 2, 3, etc. numifedays. This
shift however remains unknown to the farmer, aretdfore
the state of nature is modelled in this manner.

According to the conventional terminology, risksisar
when probabilities of approach specific states afure are
known in advance. However, under circumstancesnwhe
states of nature remain unknown to the farmer, weehan
uncertainty context.

Uncertainty of agricultural duration start tim€af is
modelled as randomly distributed valué such as: @wTaf)
<= ul <=(+wTalf). The beginning of agricultural function now
is unified distributed within the flexible interva(Taf—
wTaf)<=Taf <=(Taf+wTaf). Thus, the higher value @fTaf,
the less definite is the beginning of agricultitadction Taf.

For instance, iffaf = 10 andwvTaf = +/-1 day, the real start

states of naturg=1,..., Ns are known in advance. This
information is used in order to pick the optimahstgy using
probability-weighted criteria of efficiency. On wsttainty
conditions we do not know anything on probabilifyeither
state of naturgj.

However, even on uncertainty conditions it might be
assumed that if the probability of either statenafture is very
low, such condition would not be considered as atesof
natureS. On contrary, should probabilities of other stavés
nature be high enough, these would be consideradstete of
natureS, since any analysis of hardly probable states would
not be satisfactory even for a pessimistic farmer.

Consequently, even on conditions of complete unaast
there is a probability proportion comprising vayief states of
nature S, namely, all states of nature are approximately
equally probable at a rational level, i.e.,

P(S1) ~P(S2) ~ ... ~P(§)) ~ ...
P(S)>0;j=1,...,Ns.

~P(SNs,
)

Let us form theXS matrix, where rowsXi correspond to

of AF might be equally expected at any moment of the iy, ner strategies with specific combinations of guaeters
interval Taf € [9, 11] with duration of 2 days with the averagequrFR, Ts) and columnsSj featuring states of nature with

value of Taf = 10. In case ofaf = 9 andwTaf = +/-3 days,

the start ofAF might eventually fall equally expected at any;

moment ofTaf € [6, 12] which is 6 days long.

respective combinations of parametexg &fi, wdAFi). Thus,
f possible farmer strategy is arranged in the roard
parameters of the nature arranged in columns,nifeesection

The variables of simulation experiment comprise W@ it row and jth column will contain the average ‘ealof

groups of parameters: the first group is parametdrshe
states of naturdaf, wTaf, wdAF, where the notions stand
for:

Taf agricultural function start time on the
calendar scale

wTaf - uncertainty of the date

wdAF - variability of agrifunction duration.

The second group includes farming strategy parasé
durFR also determined in the calendar time units, wtibee
notions stand for:

Ts - operation calendar start time and

durFR - duration of completing operatidkF.

V. CRITERIA AND CHOICE OF OPTIMAL STRATEGY

Decision criteria, or factors, are the specific meas that
one uses to determine which alternative is the tlesite. It is
important to identify all the relevant factors toiee at the
most efficient solution. One should be careful d@bthe
number of factors as too many factors may maked#uésion
process too cumbersome and inefficient. Howevee]avant
factors have a way of exposing themselves prettly &athe
process. They may not be truly measurable, orrtfeeration
required may not be available [10].

Thus, the influence of farming strategi€s (Tsi, durFRi)
parameters on the average crop voluM@&F calculated for
weighted crop histograms (Fig. 2) with diverse carabons
of parametersTafi, wTafi, wdAFi) states of natur&j has
been researched.

The higher the average vallMCFij = MCF(X i,5) the
more efficientXi strategy at the given state of natigje On
conditions of probability riskP(S))>0 the probabilities of

cropMCFij, obtained through the applicationidf strategy at
jth state of nature.

Modelling included farmer strategies with agricudtu
operation durationdurFR ranging 1 to 10 days with the step
value of one day. The uncertainty of the beginnioig
agricultural operation Ts was modelled using normal
probability distribution; Ts took values fron{'fo 13" day of
a month with one day increment. The states of pawere
modelled through regular distribution within theubdaries of
the parametera/Taf, wdAF for all the possible combinations
of valueswTaf=1,2,3,4,5wdAFi=0,1,2. Thus, the dimension
of the XS matrix is equal to AL5.
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Fig. 6. 2D contour graph of XS matrix

Thus, for the range of values of the “magnitude of
optimism” parameter we have a standard initial imagady
for application of some techniques of decision-mgkiheory
and the theory of operations research. A part efrésulting
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matrix is presented in a contour graph in Fig. Be Bhaded
shapes mean greater crop values. Farming strategies
plotted along the X-axis while Y-axis reflects s&bf nature.
The Z-scale corresponds to the average crop vall@€Eij,
i.e., elements aXS matrix.

As it follows from the graph, the farming strategiead to
approximately equal results with no evidence of learty
better strategy for all states of nature.

The peak efficiency shifts from one farming strateg
another even at light changes in the states of@atthoosing
an optimal strategy becomes even more challenging.

The choice of the best farming strategy basicaélpeshds
on farmer preferences which can be mathematicajyessed
by means of a suitable optimality criterion.

A. Optimal choice algorithm: Laplace criterion

Let us consider what kind of strategies will be sidered
optimal if the decision-maker adheres to Laplac&nugity
criterion.

The Laplace criterion applies all the availableomfiation
on the XS strategy-state of nature matrix and eitpliuses
probabilities of states of nature which are assubedg equal
P(S)) = 1Ns,j =1,...,Ns.

At the same time, the Laplace criterion assumesication
of probability theory in order to deal with uncéntg. This
implies that for each state of natgin S, the farmer as the
decision maker should assess the probabilitiP(&) that S
state will occur.

The Laplace criterion relies on tiReinciple of Insufficient
Reason which states that if no probabilities had beengassl
by the decision-maker (who is assumed to be rdtiand
capable of handling basic probability theory), atldws that
there was insufficient reason for the farmer tolest@ that

distribution of states of natur8, under this criterion it is
assumed that all the elemeMCFij of the strategy-state of
nature matrixXS have equal weights dfNs

There is a chance for improper use of the Laplaiterion
which lies in the fact that the states of nature ot equally
probable in most cases.

The weakness of the principle of insufficient reasies in
an implicit assumption that all decision makers wtaal not
assigned a probability distribution t6 had not done so
because there is no reason to assume states oé mafually
probable. However, in the real world human evetjual
deviate from the idealised decision maker: in actical real
world situation they will be unable to quantitativestimate
probabilities. Fig. 8 illustrates the change of gmaeters of
optimal farming strategies as per the Laplace rioite with
growing values of ‘magnitude of optimismK from
Kmin=1/16 toKmax=16.

Laplase criterion

1 start day of the agrioperation

o= Start day iTf - Duration of the agrioperation - — -

—{fi— Duration durFR 0 __ Kopt
T 0 T |
0.01 0.1 1 10 100
Pessimism Realism Optimism

Fig. 8a. Nine best-performing strategies with ‘miagfe of optimism’
ranging fromKmin =1/16 tokKmax=16 considered optimal in accordance with

any stateSj was more or less likely to occur than any othethe Laplace criterion.

state.
So, it is considered that a rational farmer woudchpable
of assigning probability distributior®(S)). Since it is not the

case, all the states of natuBg must be considered equally values

probable. Therefore, the probabiliB(Sj) for eachS] must
equal 1Ns, whereNs is the number of states of natureSin

It is a fairly straightforward logic which tries tfmpensate
for the lack of empirical knowledge on real disttion of
probabilities through the principle of insufficierason.

Thus, the Laplace criterion does not rely on angitazhal
information on distribution of probabilities of &¢a of nature,
but it integrates this information through ‘"ratitha
assumptions basing on the principle of the insigfitreason.

The optimisation algorithm might be formalised alofws:

1) Assign the constant probabili§(S)=1/Ns for each
state of natur&j in S, forj=1,...,Ns.
For eachth row of matrixMCFij , it is necessary to
calculate the efficiency measure of ith strategyaib
states of naturg(Xi)=XjP(S)*MCFij.

2)

3)
choose strategXopt, for whichmaxiE(Xi).

As it might be inferred from the Fig. 8b, farmer’'s
pessimism results in a blurred and prolonged afébeohigh
of the criterion (upper contour pane at
K=1/16=0.0625). FoK=0.0625 the contour area at 5% error
level (of criterion’s maximum value) embraces térategies.
This area also includes the maximum value of tlitergon at
K=0.25 which is marked by a circle in the middlentaur
graph. The higher the ‘magnitude of optimism’ valube
more concentrated becomes the area of efficientieok (at
K=16). Therefore, an ‘extreme’ optimist has less ning
strategies than a ‘moderate’ optimist.

In accordance with the criterion, we might concltldat at
5% error level a pessimist's choice problem is aremo
complicated one than that of an optimist, which eied
resembles real-life setting.

As the level of pessimism increases, the Lapladerimm
tends to result in decreasing operation start temel its
duration. Thus, for a pessimistic decision-maker ¢hiterion

Choose an action yielding the maximum E (Xi), i.e.proposes operation start on théh]dkay whereas the realistic

scenario requires start to occur on thd @i@y. This implies

It would be worthwhile to consider strengths andhat a pessimistic farmer is suggested a 4-dayydatad

weaknesses of the Laplace criterion. By assuminfpum

31

stretching of operation time to 8 days compared hotthe
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(K= 00625, izFl=, 5, MAX MAX citorion => Mas atrx]

realistic and the optimistic decision-makers whe suggested
not to spend more than one day on carrying oubgieation.

K=0.0625 |

K=0.0625 |*

E=r=uf

—
1.
MK

Fig. 8b. The Laplace criterion contour graphs foreé values of the Fig. 9b. Themaximax criterion contour graphs for three values of ‘miagie

‘magnitude of optimismK. The maximum values are marked with circles.

of optimism’K. The maximum criterion values are marked withlesc

Due to the decision-maker's inability to assess the The maximax criterion completely ignores the subjective

probabilities, all states of nature are assumealggprobable.
Thus, absence or ignorance of the reasons is erfougsume
equal distribution of states of nature probab#itigeighted in
accordance with the chosen parameters of degreptiohism
or pessimisntFk=0.5=constant{ =variable.

Let us consider different farmers’ expectations. dverly
optimistic would be thenaximax criterion when one expects
a good situation and the obtained crop will behighest.

attitude proposing the same recommendation, nantely
delimit the duration of agricultural operation withvo days
(durFRi =< 2) and start performing it at any day Ts stayti
with the 8th till 13th day of the month. Therefotke area of
maximum criterion values at any values of ‘magnétuof
optimism’ is delimited only to farming strategi@s=8-13,
durFR=1,2 as it follows from Fig. 9a and Fig. 9b.

B. Optimal choicealgorithm: Wald criterion

The maximax rule recommends to accept such a strategy,
for which the condition maxiimax (MCFij)] holds. The Wald (or maximin) criterion, which might be
Obviously, themaximax strategyis the most efficient at two considered as a criterion of an extreme degreees$ipism
equa”y probab|e states of nature, and as the nuofbstates would be the next criterion to consider. Accordiughe Wald

grows its average efficiency drops in direct praioor to the
number of states of nature.

MaxMax criterion -~~~ — 14 - Days - Start day of the agrioperation
——————— e 0 0 0130 6 6 0 0
® 66 6 o e &6 o o
® 6 06 o1 e &6 o o
® & & 0w e &6 o o
® 6 0 0 o e &6 o o
——————— ®* 0 0 030 o6 o6 o o
,,,,,,,,,,,,,,,,,,, 7, S
® Startday itTt | g 7777777777777777777
M Curation durFR g Duration of the agrioperation

EEEECEEEEN

——————— E R R RN EEEN
0.01 0.1 1 10 100

Pessimism Realism Optimism

Fig. 9a. Best-performing strategies with ‘magnituafeoptimism’ ranging
from Kmin =1/16 toKmax=16 considered optimal according to theximax
criterion.
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criterion, the least risky strategy is chosen.

Technically, this means that the farmer cannot @mdn a
situation worse than the one chosen as per the Waédion.
This fundamental property of the criterion makeatttactive
for cautious decision makers and is applied in asituns
allowing zero riskiness. However, in practical attans
excessive pessimism of the criterion might appear
unprofitable.

The step sequence for the Wald criterion-basedmigdtion
would be as follows:

1) For each strategy (rows istrategy-state of nature
XS matrix) determine the minimum possible crop
value. This represents the worst possible outcame f
the given strategy. Should this strategy be pursued
no worse result at any state of nature would be
possible.

2) The crop volume for the given strategy will not lie
below the minimum possible. The highest crop has to
be chosen from among low-yield outcomes for each
of the farming strategies. In order to arrive attsa
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solution one additional column is needed, the baé t increases, the criterion reverts to the pessimistution,
would contain the minimum values across rows. Theuggesting decreasing the estimates by one day afor
maximum element in this column would represent thpessimistic farmer. Basing on the optimist's prefees it is

required solution.

The maximin/Wald criterion cannot be consideredtanal
approach for many cases as it ignores most ofrttoermation
available in thestrategy-state of naturematrix. The solution
is searched only among cells X6 matrix that have extreme
values. Information contained in other cellsX$ matrix is
absolutely ignored.

MaxMin criterion

Days

_ Start day of the agrioperation

=g Start day iTf
—fii— Duration durFR

100
Optimism

0.01 0.1
Pessimism Realism

Fig. 10a. Ten best-performing strategigth ‘magnitude of optimism’

ranging fromkmin=1/16 toKmax=16 considered optimal in accordance
with the Wald criterion.

The Wald criterion shows somewhat odd results. Atgi
degree of pessimism KE<0.1) the criterion suggests
undertaking a long agricultural operation of eigtiys’

duration furFR =8) with a delayed start of Ts (i.e. delay of

four days compared to the initial function).

(oo |

K=16

e e -,

Fig. 10b. Wald criterion contour graphs for thredues of ‘magnitude of
optimism’ K. The maximum criterion values are marked with cscle

Assumed no specific preferences (ike=1), the maximin
criterion yields lower estimates: the beginning tfe
operations should be shifted T=12" day and decrease its
duration todurFR=4 days. As the ‘magnitude of optimism’
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recommended to start the operation off #iay, i.e. one day
later than for an ‘extreme’ pessimist. It is alsmgested that
the duration of agricultural operations is decrdasae day
compared to the ‘extreme’ pessimist’s case.

From the contour graphs on Fig. 10b it can be nttatthe
maximum values of the criterion lie along the ceheped
areas. Variations in ‘magnitude of optimism’ leadsshifts of
local extreme located on the diagonal cone-sizedsain Fig.
10b. Such behaviour of the criterion surface catisesffect
of non-monotonous sensitivity to the maximum valuss
criterion towards variations in the ‘magnitude ptimism’.

Fig. 10a and Fig. 10b reflect the specific reactioh
criterion towards realism with minimal reaction tand the
decision-maker’s optimism or pessimism.

C. Optimal choicealgorithm: Hurwicz criterion

The Hurwicz criterion is trying to arrive at a i@ial
compromise between the two above mentioned critefia
extreme optimism and pessimism. Instead of takiitgee
side, the Hurwicz criterion assigns certain weight the
optimism/pessimism expectations. The calculableresgion
reads as follows:

Hr (Xi) =a* (maximum of “i" row) +
+ (1 - a) * (minimum of “i” row).

®)

Introducing the weight of a in this context meahatta
complete maximax optimism of maximax (a=1) is repthby
an altered optimism level decreased through thémign
coefficient a, with a belonging to the interval@fa<l. Thus,
for a=1, there is complete optimism prevailing ifing to
maximax), whereasa=0 would result in a risk-averse
maximin. Under these notions, risk-averseness @egfehe
decision-maker would be expressed as (B)—Now, the
weighted average oH for each strategyXi might be
calculated. A critical analysis of the Hurwicz eribn reveals
that the choice o& has no sufficient logic argument. Besides
that, the optimal strategy is searched only acmsseme
elements of th&XS matrix, and information contained in other
cells of theXS matrix is not considered.

Hurw itcz05 criterion Days — — — — — — — — — —
7777777777777777 o o o o
——————— -0 -0 - 06100 -0 -0 -0 -0 -
,,,,,,,,,,,,,,,,,, — — — — Start day of the agrioperation,

wH=0.5
e® startday iTf |- - - - 71
W Duration durFR
Duration of the aarioperation
H E E BN

——————— ‘HEEE o

0.01 100
Pessimism

10

Realism Optimism

Fig. 1la. Fifteen strategies with ‘magnitude of imggm’ ranging from
Kmin=1/16 to Kmax=16 considered optimal according to the Hurwicz
criterion (a=0.5).
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Therefore, here we will present calculation resatta=0.5, assessingregret. Nevertheless, the Savage criterion
whereas other a values could be of interest angesept area considered to be a better criterion compared to immx
for future research. maximin or, probably, Hurwicz since the Savage eciin
Both for pessimistic and optimistic decision-makerselies on more information among available on thebfem.
Hurwicz criterion (a=0.5) recommends one singlatsgyy of However, the Savage criterion is not able to takeaatage of
one day’s duration starting on"1@ay. all the available information and it does not pdevithe
However, for optimists such a criterion adds oneremo ultimate solution to the problem of choosing thethfarming

optimal strategy with the parameters ©§=11, durFR=2 strategy.

whereas the pessimist has the choice of only argegl of At K=16 the surface of the criterion is very similarthe
Ts=10, durFR=1. one of the maximax criterion. As the ‘magnitudeopfimism’
. . P - diminishes, the area of maximum values increasesgaows

D. Optimal d10|cealtlgo.r|thm. .Savagecrlterlon ~_in the direction of the increasing values of asgtinml
The Savage criterion yields results such as to m#® ,peration duratiordurFR. For a pessimist with=1/16 the
possible regrets arising from making a non-optighetision.  criterion allows a choice of strategies of operatiarations of
Strictly speaking, aegret is a subjective emotional condition, gyen 8 days and its start Ts from day 12 to day Sikh
whose proper estimation is a rather problematiaeis0].  criterion results allow additional strategies fbe tpessimists,

Nevertheless, it is possible to assume that regmeeasurable \yhich are, however, inefficient from the point 6éw of the
for all the elements of the strategy-state of rataatrix.

‘realists’.
K=0.0625 P
> Savage criterion 15 ; Days Start day of the agrioperation
- [ et - 0 0 01 - -® -
® &6 0 o3 e & o o
® & 0 o012 e & o6 o
e 6 o o1 e & o o
® 6 & 0 e 6 o o
e 6 & o e & o o
H HEEBE:¢ ¢ ¢ 0 o
6
,,,,,,, H B B B Duration of the agrioperation
4
,,,,,,,,,,,,,, I
fffffff ITNRENN T I
0.01 0.1 1 10 100
Pessimism Realism Optimism

Fig. 12a. Fifteen strategiasith ‘magnitude of optimism’ ranging

Savage criterion.

Fig. 11b. Hurwicz criterion contour graph (a=0.®ntour graphs for three
values of ‘magnitude of optimisnK. The maximum criterion values are
marked with circles.

The regretRij is defined as a possible loss of a part of ; g
crop whenXi strategy is chosen at §j state of nature. = :
Possible loss is a deviation between the highest attainable %
in a state of natur&j and the actual result following from . B e S e
choosing theXi strategy. ' of :

This can be formalised as followsR; = MCFij -
(maximum j-th column ofXS matrix), whereR;; - regret for
rowi and columrj of regrets matribxR = {Rij}.

It should be noted that losses of opportunitiesdafened as
negative numbers. The best outcome would be zdrse(me
of regrets), and the higher the absolute valug;ofthe higher
is total regret.

A closer look at the Savage criterion reveals tlegfret

linearly quends on the magnitude of the .possilmles,l Fig. 12b. Savage criterion contour graphs for thralees of ‘magnitude of
whereas it is not the only one and not always aipessway of  optimism’K. The maximum criterion values are marked with cgcle
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from Kmin=1/16 toKmax=16 considered optimal in accordance with the
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E. Optimal choice algorithm: Hodges-Lehmann criterion In Fig. 14a and 14b we consider only results rfor0.5,

Under uncertainty, the Hodges-Lehmann criteriomimty =~ Whereas application of other values of the parameter
represents a combination of Laplace and Wald’s maxivith ~ fepresents potential for future research.
the weighted h parameter. At h=0 the Hodges-Lehmann
criterion results in the solution according to Waldile and at
h = 1 the criterion switches to the Laplace’s ralg]] ,

There will be presented results only fox0.5, however
other combinations might present interest for fertresearch.
The maximum value of the Hodges-Lehmann criteriol
corresponds to the farming strategies considerdamap as
per the given criterion.

H(Xi) = h*ZMCFij / Ns+ (1-h)* minj MCFij, @)

where MCFij stands for the crop obtained through the
application ofith strategy ajth state of nature.

Hodges criterion -~~~ 5 Days -

=== Start day iTf
: 2
—fii— Duration durFR 1 Kopt
" T o T ,
0.01 0.1 1 10 100
Pessimism Realism Optimism

Fig. 13b. Hodges-Lehmann contour graphs for thedaes of ‘magnitude of

Fig. 13a. Fifteen strategies of ‘magnitude of opmi (Kmin=1/16, optimism’ K. The maximum criterion values are marked with cscle

Kmax=16) considered optimal according to the Hodgesataaim criterion.

Suggestions of the Hodges-Lehmann criterion resembl @™ erteign o o1l ”
those of the Laplace criterion. For a pessimistioner the e ee S f‘w\’;‘{a{ of the agrioperation - - —
recommendations basing on either criterion are tidain 114 g @

T L R e R

whereas for the more optimistic farmer the Hodgebtharn.. - -~ G- e m e
criterion recommends higher values of the operatior L L = A I
parameters than the Laplace criterion. R ’5§< ””””””””””

Thus, Hodges-Lehmann recommends duration of the =g romm— %1 buaton of the agrioperation
operation of three days whereas the Laplace aitednder -~ B -- Duration durFR 2\_—/ A Koot
the same conditions supposes duration of one day. ‘ - L L

The optimal start of the optimists’ strategy thedges- %% 01 1 10 100

Pessimism Realism Optimism

Lehmann defines on the @iday of the month whereas the

. . . h .
Laplace considers optimal starting on thé Izy (see Fig. Fig. 14a. Fifteen strategies with ‘magnitude of imggm’ ranging from
13a and 13b)- Kmin=1/16 to Kmax=16 considered optimal in accordance with the

F. Optimal choice algorithm: maximed criterion maximed criterion.

According to themaximed criterion the values of the  The maximed criterion results resemble the results

median of each strategy for the states of natueewaighted generated under the Laplace and Hodges-Lehmareriarit
with the coefficientm whereas the values of the deviation Oi:or the pessimist’ the recommended Operation §[ar't

the median are weighted with the coefficient(dfm). The qurFRi falls on the 18-14" day, i.e. the agricultural
strategies with the maximum values of this composilterion  gperation is delayed 3-4 days compared to the stesli
are considered optimal: estimation. The recommended duration of the op®rati
extends to 8 days. The contour graphs in Fig. 1dpict

decreasing solution stability when shifting fromsgienism to

realism (depicted by white areas).

maximedKi) = m*median(MCFij) + (5)
+ (1-m)* medianDeviatiofMCFij)
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K=0.0625 |"

Fig. 14b. Maximed criterion contour graphs for theee values of ‘magnitude
of optimism’.

VI.

The paper presents a simulation-based methodoldgy
guantitative estimation and choice of optimal faxgnstrategy
on conditions of nature uncertainty. Uncertainty rafture
states is modelled as alterations in values of ewtde
parameters of the trapezoid agricultural functidn. the
context of the research, a farming strategy isnaefiby two
major parameters, namely, the time to start perfogm
agricultural operation and its duration. In thereut paper, the
average crop values are presented in the form fafraing
strategies-state of nature matrix which had undezgo
application of several methods of decision-makhmpty.

DiscussION ANDCONCLUSIONS

Some sets of optimdhrming strategies have been assesseé

using various optimality criteria. The resultingssef optimal
farming strategies based on theaximax, Laplace, Wald,
Hurwicz, Savage, Hodges-Lehmann, amaiximed criteria are
compared in the present paper.

Influence of pessimism on the choice of strategyaisous
for different criteria. Relying on the examples @aboone may
also discuss the results of the criteria considarsidg the

‘realists’ and ‘optimists’. Among the criteria cadsred it is
the Hurwicz criterion which has the best indicata$
indifference toward farmers’ preferences and asttha most
objective and specific criterion in the researche Dptimistic
and realistic decision-makers for the majority dfiet
considered criteria choose the same strategies amy
Hurwicz criterion portrays a difference between
‘optimist’s’ and ‘realist’s’ choice.

Unfortunately, the results of the research aretéichby the
specificity of the model and the form of the agltaral
functions as well as modelling uncertainty natuneotigh
random distribution of parameters.

Measuring the pessimism or optimism degree of the
decision maker can also be approximated by an Besha
probability function or linear approximation by arpllel line
to the straight line featured in Fig. 1 [8, 9]. tite time of
writing this work no research on decision-makertbjsctive
attitude influencing crop estimation was knownhe authors.
The present work aims at filling this gap. Let wdenthat the
methodology illustrated above could possibly be liagpin
economic research for estimation of middle-term &omh-
term investment projects [12].

The present work illustrated the sensitivity ofteria to
specific disturbance of the initial data. Interptain of such
disturbance as ‘magnitude’ of optimism of the decis
makers is conditioned by the specific crop modelliEr, an
analysis attempt of criteria sensitivity was undken in [13].

Concerning limitations of the present work, it mag
&qued if a farmer can numerically evaluate and pare a
tremendous amount of histograms necessary for gleben
crop analysis. The methodology presented aboveldHoel
perceived as a conceptual approach to such typeobiems.
Should the optimism degree of the decision-makenaia
unchanged while evaluating each histogram, it afgpea
worthwhile to model such behaviour for a larger sdt
statistical data.
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Jurijs Merkurjevs, Vladimirs Barda ¢enko, Andrejs Solomenikovs. Pesimisma ietekmes uauksaimniedbas strategijas izveli imit acijas modeESana
nenoteiktibas apsiklos

Dabas riski var #itiski ieteknet raZzas apjomu atke#nid no agéras opeficijas veikSanas laika un interiés. T&u lemuma pieem3ana nenoteikias apgiklos
atradis \el viena riska ietekna, proti, frmerigi optimistiskis vai pesimistisis sagaidmas razas &rteSanasdmuma imemSanas ai. Dotais raksts pieda
agroopeicijas efektiviites anakes rezulitus @c daziem g¢mumu pimemsSanas teodj izmantojamiem optimalites kri€rijiem, pamatojoties uz autoru
izveidoti diskieta stohastisk imitacijas modéa izmantoSanu. Mod veidoSanas @&rkis ir kvantitatvs agroopeicijas efektivitites noertégjums atkaiba no
veicgja optimisma vai pesimisma pales,nemot \era laika apsiklu swarstibas. Analizjot lauksaimnieka pigemto Emumu optimalidti, tiek lietoti Valda,
Hurvica, Laplasa, maksimaksa, maksimeda, SevidZzHad¥esa-Emana kritriji. Ka liecina veikto skaitlisko eksperimentu reatilt Laplasa, maksimeda un
HodZesa-Emana kritriji ir visvairak jutigi pret lauksaimnieka raksturu. Tiem seko ValdaSavidZa krigriji. Savulart, Hurvica un maksimaksa Igiji ir
vismazk jutigi pret lauksaimnieka raksturu. Pie tam tieSi Heenkritrijs Safi gadjuma izskatis ka objekivaks optimalitites kri€rijs.

KOpuii Mepkypses, Baagumup Bapaadenko, Anapeii ConoMeHHHKoB. IMUTALMOHHOE MOJeIMPOBaHMe BJIMSIHMSI NeccuMu3Ma ¢epmepa Ha BbIOOp
CTPaTeru B yCJIOBHSIX HeONpeAeIeHHOCTH

Pucky moropl MOryT OKa3bIBaTh CYIIECTBEHHOE BIMSHHE Ha ypo)kai B 3aBHCHMOCTH OT BPEMEHH M MHTCHCHUBHOCTH TIPOBEICHUsS (hepMepoM HEOOXOAMMBIX
arpoornepanuii. OHaKo, MPUHATHE PELICHUH B YCIOBHAX HEONPEACICHHOCTH TaK WIIM MHAYE MOJBEPIKECHO CIlE OAHOMY PHCKY - PUCKY YPE3MEPHOTO ONTHMHU3MA
WM neccuMu3Ma (epMepa, NPUHHUMAIONIEro pemeHue. JlaHHas CTaTbs NPEACTaBISIET Pe3ynbTaThl aHanmu3a d(P(EKTHBHOCTH IPOBEICHHS arpooIepaluy
(epMepoM ¢ HOMOIIBIO psia WCIONB3YEMBIX B TCOPUM HPUHATHS PELICHUH KPUTEPUEB ONTHMAIBHOCTH, OCHOBBIBASCH IPH 3TOM HAa MCIIOIb30BaHHHU
pa3paboTaHHOI aBTOpaMU JMCKPETHOIH CTOXaCTUYECKOH MMHTALMOHHOW Mogend. Llenbio co3maHWs MOJENM SBISETCS IONYYEHHE KOJNMYECTBEHHOW OLCHKH
9 }EKTUBHOCTH TPOBEACHUS] arpoolepanuii ONTUMUCTHYHBIM M IECCUMUCTHYHBIM (epMepoM IpH KoleOaHMSIX IOTOAHBIX YycioBuil. B kauectBe
paccMaTpuBaeMBIX KPUTEPHEB ONTHMAIbHOCTH NPHHUMACGMBIX PEHICHUH HCIONB3YIOTCS KpuTepuu Bampna, I'ypsuma, Jlammaca, makcmmakca, MakCHMena,
CeBmpka u Xomkeca-Jlemana. Kak mokasany pesynbTaThl HPOBEACHHBIX YHMCIEHHBIX SKCIICPUMEHTOB, HanOoliee 4yBCTBHTENBHBIMH K XapakTepy depmepa
SIBISAIOTCS KpuTepuu Jlammaca, makcuMena u Xomkeca-JlemaHa, 3a KOTOpBIMHU clefyloT kputepuu Bambma um CeBumka, a HauMeHee TyBCTBUTEIBHBIMU —
kputepun I'ypBuna u MakcuMaxca. IIpu 9ToM MMeHHO KpuTepuil ['ypBuIia mpecTaBiseTcs B JaHHOM CIydae B KauecTBe HanOolee 0ObEKTUBHOTO KPUTEpPHS
ONTHMAJIBLHOCTH.
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