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ABSTRACT

In this study, two goals are pursued. The first| & addressed the relationship between game thand linear
programming and then, the application of game tlggerchecked for crops Khorasan Razavi provincaudly,
this is a theory that is related to decide when twaonore than two competitors compete in a ratiofalthis study,
game theory model is used for the province's mejops include irrigated wheat, rain fed wheat, gaited barley,
rain fed barley, irrigated sugar beet and irrigatedtton. The data included time series of grossipeb values of
the investigated crops for the period 2000-2009this study, in game theory have been used thed'Vkdcision-
making criterion to determine the highest incoméarrthe worst conditions. The pattern results Shwigated
sugar beet cultivation is risky product for the iper studied. Irrigated sugar beet is included i thptimization
program since it will be the highest expected ineamthe worst conditions. On the other hand, i tize highest
coefficient of variation compared to the other sop\s a result, the game theory model is a goodctamar for
selecting alternative management strategies fanés.
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INTRODUCTION

Achieving the objectives of agricultural developminonly possible on the condition that the defeated policies
and formulated appropriate programs in the agticaltsector, this situation largely depends onavareness level
of planner farmers' reaction. Since the agricultpregrams results are signified in the future aherd is no
assurance what happens in the future, so agrialiltystems programs are always accompanied witkrtaicty

and risk. In addition, if farmers want to have tbleance to earn profits, they must accept the h@cause the
profitable management strategy is not without riskrmers should balance between losses caused &thexe
conditions and the potential benefits of managemstmategies. In this construction, farm managenfiads more

importance over the past years. There are riskgglind uncertainty in marketing, production, inuestt, level of

technology, political events and weather conditi@specially in agriculture which uncertainty ablmutg-term plan

is very high [2]. According to The ruling forces agriculture, it demands that the technology arel ébonomy
should be compatible with these features. Therefowasideration of different methods in planninghsas game
theory seems substantial in this study.

In game theory, players want their outcome, whighexisting limitations influence on the amounitgfreach the
optimal level. In a zero-sum game with two playeisen both players choose the best strategies, itteedt
acquired outcome of a player is equal to the loweisising outcome of the opponent play&d][ Therefore, to
maximize the exchange value of the outcome is 8xaquivalent to minimize consequences of opponent.

Although the game methods application on agricaltissues may be useful to help farmers, game yhems been
used less in agricultural economics research. Thases have been reported using game theory tesissu
agriculture, is negligible. Thus, reported casemgigame theory in agricultural issues, are nelglégi Initial
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researches on game theory have been carried ouamhgham (1963), Mclnerney (1967), Agrawal and Heady
(1968), Mclnerney (1969), Hazell (1970), and Kawagwand Maruyama (1972) and Hazell (2001).

The concept of game theory has led to agricultecainomists reevaluate their views about managedemisions
and strategies that will be followed by farmersyBi¢heless, there are a number of agriculturaleisgbat can be
solved with the application of game theory. Ganmeotli has been implemented in the production andketiag
issues, the relationship between land owners aslef land in rented farms, too.

So far, Iran has had a less interest in farm manageand planning. In general, the linear programgnmethod has
been used in agricultural planning. Linear progranghwill determine the most profit based on givaformation
and does not consider risk-taking and uncertaintgamputing. For this reason, this study is impurt@r two
reasons: First, the first research on the study @ee Khorasan Razavi province) is the applicatibgame theory in
farm planning. Second, game theory has been usacttaunt for risk-taking and uncertainty in fieldgramming.
The first objective of this study is to demonstrtte relationship between game theory and lineagnamming.
The second goal is determination of the higheseetga income of expected outcome earned from stymieducts
in the worst conditionsTo achieve this goal, game theory has been testethé most important products of
Khorasan Razavi province, including irrigated wheain fed wheat, irrigated barley, rain fed barlesigated sugar
beet and irrigated cotton.

Ozkan and Akcao#001) in his article as game theory and its userfops in Antalya province utilizetthe "Wald"
decision-making criteriobetween 1980 and 1999. They concluded that peawutatton are the riskiest crops for
the evaluated area and have the highest expectedue under the worst conditions And enter thenagiticrop
plan.

Goodarzi and Homayoun Far (1385) in their reseaxthhe application of game theory on crops growkars
province utilized théWald" decision-making criteriom the game theory to determine the highest leskiscome
in the worst condition. The results showed thatafmotand paddy-paddy field were the riskiest yidlid-ars
province for the period 1383-1363 and this prodhzat the highest expected revenue in the worst tiondj hence,
they are included in the optimization program.

Karbasi, Rostamian andaghoubi(1390) showed in a research as the applicatiogaaie theory on the legumes
cultivation of Kohgiluyeh Boyer Ahmad province betn 1361 to 1387 that white beans have not sugbestny
cropping pattern of 26 implemented field programd & contrast, most cultivation is by red beans.

MATERIALSAND METHODS

In this study, gross product value data, includinge and yield of major products such as: Irrigatdeat, rain fed
wheat, irrigated barley, rain fed barley, irrigagdjar beet and irrigated cotton for 1388 - 137&wlkvere prepared
from Agriculture Organization of Khorasan Razawyince. It considered that effects of climate, psiand other
factors that was about last year, would be validstdosequent years, in this model [16]. Gross ol value was
calculated by multiplying crop yield and pricese®ed by farmers. To estimate the optimal cropgatiern of the
products using game theory, we implemented QM forddws software.

Games generally are classified according to twtega: 1) the number of participants in the gamé anthe net
outcome of the game. The first criterion is the bemof participants with conflicting interests. Téecond criterion
makes it possible to distinguish between the zam-games and non-zero sum games. A zero-sum gaamgaisie

in which the algebraic sum outcomes for all pgptcits and for all possible combinations of stratagy equal to
zero. Farmers are working in a situation combinéth visk and uncertainty. Uncertainty of futureqaiand crops
yield will cause uncertainty in farmer's incomeughthe entering of risk in agricultural plannisgeissential. So all
the risks and uncertainty facing a farmer can lersarized in the form of a combination of naturaredients and
Farmer in front of nature are considered as adciorivo-person zero-sum game that largely nature ioay
ineffective Decision of a farmer in selected hinfdinancial programs randomly [10]. In this sitioat, there are
different decision-making criterions to help selecfarm program. Four classic criteria in this regacluded:

Wald's criterion (maximin), Laplace's criterion, idiz's criterion and Savage's regret criteriontHis study, we
implemented Wald's criterion (maximin) in game ttyemodel. Criteria, which based on it the farmezlest the

best (highest) income under the worst (lowestestdnature [10].

Game theory rests on postulate the behavior ofgg@ahts and may make possible to achieve balamdbase
conditions.The first actor is afraid of the second player wéltognize his chosen strategy; accordingly, ptieatic
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of his behavior for his rival would be easy. If thiest player has m strategy and second playernhsisategy, the
possible outcomes of game can be shown by theAfmlgpbenefit matrix.

all alz e aln
az 1 a22 e a2 . .
; P ik Profit matrix
An1 Am2 e Amn

In this matrix, @ is the first actor's profit, when he uses his stifategy and the second actor uses his j-th girate
the first player chooses the i-th strategy, minimhis benefit (ie maximum rival's profit) is determad with the
smallest element in row i of the benefit matrin;a;;. Also, the first player wishes to maximized atsleais
expected profits, therefore the first player chsostrategy i andmin;a;; is the highest for his, as a result
max;min;ay; is his desired outcome. He cannot achieve lessfiteand may even take more profits. The second
player is afraid of the first player to be awarehif information and behavior. If the second playses his j-th
strategy, his fear is that the first player chocsteategy that be related to column j's greatesneht of the profit
matrix (i.e.max;a;;). So, he chooses j strategy, andx;a;; is smallest for his and his expected profit isado

—minjmax;a;;. Two players' decisions are in the balance, when:

maximlnjaij = mm]-maxiaij

In the most games, a player will choose strategyithnot predicted by the rival players. Obviougtythese games
there are no players who want to accurately hiscehioe predicted by rival player. Therefore, head®s a strategy
with p probability. Such strategies called a misg@tegy. The strategy that is made with one pritibaim a choice
is called "pure strategy". If R is a set of punatgtgies available to player A, the set of mixedtsgies for player A
is the set of all available probability distribui® in the R domain. "Probabilities are calculatedda on The
number of observed frequency."

Probability of playing strategy r in R for playeris.equal to P Also, probability of playing strategy c by play@r
will be equal to B For solve this game, we should find a set of whizs&rategies (FP) which are somewhat in
balance.

Suppose that each player has a probability subgedbelief (subjective probabilities) about the riactor's
strategies and each player will choose strategyddma maximize his expected outcome. For examplgpase that
player A and B play r and c respectively. Therefengected outcome of the player A is equal.toc). Suppose
that actor A has a subjective probability distribnton player B's choices and is shownIhy I1. is subjective
probability of player A on the C choice that play@rwill play it. Also, player B has subjective piatility

distribution on the player A's choices and is shawith I, [20].

Since player A makes his choice without knowingleyer B's choice, the possibility player A in thecurred pure
outcome (r,c) is equal tal.. This probability equals the probability that ptayA will play the strategy r multiplied
by the player A's subjective probability about @a plays the strategy c. Hence, the aim of pldy&r select the
probability distribution (B is to maximize the following function.

Expected revenue from playerAY.. >  B.II.L.(r,c) = E
From one side, the player B is willing to minimizis expected losses.
Expected loss from playerBY.. Y. P.II,1.(r,c) < E

If both players use their optimal probabilitiese #xpected outcome for both players would be ideh&ind equal to
the game value. If A player uses his optimal prdbgp his expected revenue cannot be less regssdighat
strategy player B select than the value of E garfike.player A's expected income would be greaten th when
player B uses of non-optimal probabilities. In thiady, we are using game theory and measure od"SVeiterion

(with a zero-sum game) can obtain the highest imcamthe worst natural conditions for farmers. Thald's

criterion, E is the expected income of expectedcaue. X to X, are production activities,;a(technical

coefficients) is the gross product value of prodhrs per hectare.
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E: Expected income

X1, Xo, ,Xp Rate of production activities
A1, 1y .5 S

Q2 21 ..., Gn2 Gross product values per

.................. hectare of crops
Qin, & ... Gmn

An optimal solution

One game can be stated by converting to a linezgramming problem [7]. Linear programming problemgst
have three elements: physical functioning, limitat and non-negative conditions. These three elisnaea as well
as in a two-person game where it's total scoreiie.ZSo between game theory and linear programntirege are
common elements (Linear objective function, line@e constraints, the non-negative conditions amugd/ dual
relationship) so a two-person zero-sum game caroheerted into an equivalent linear programmingbpem. In a
two-person zero-sum game, each player's goal msaximize the amount of his acquired points, whetbasrival
player tries to minimize his lost points. In otheords, the players’ aim in game theory is to mazamiheir
consequences or minimize the outcome of the oppgneeximum for themselves and minimum for compelito
Bierman and others (1973) have made a linear pnogiag of the game problem. It is supposed thagtmae has
two players, A and B. Player A has mixed and parategies (8 &, ..., @) and player B has strategies,(b,, ...,
bn). The player A's expected outcome when use syaieand player B use strategy Is equal to a The payment
function A, ie mathematical expectancy A, is defires follows:

m n
E(X, Y) = XAY = ZZ xial-]-y]-

i=1 j=1
Where, X = (X, X, ..., %y @and Y = (Y, Yz, ..., ) are strategies for A and B respectively. Replg tgame is a pair of
mixed strategies,

)_( = (fllle"' ,fm)

Y'=0wny2 Y0

And E is a real number such that:
EX, ) j=12,..,n for pure strategies
E(i,Y) i=12,....,m for pure strategies

HereX andY is called optimal strategies and the E numbealied game value.
For example, if player B choosesstrategy, strategy of player A should be such that:

a1 X tapXotagXat.. . +an X =>E
The same way, if player B applies strategydiayer A must act in order to ensure to obtaghlue E:

A 2X1+8oX o+ 8o X3t . HamX m=>E
The situation would be similar for each adoptedtstyy by actor B. Thus, the problem of linear pangming for
actor A would be as follows:

MAX: E

a1 X1+ Xot8g Xst.. . +an X —E =>0
A oX1+8pX ot 8goX st ...+ Xn— E=>0
X 1+appXotagnXst... tanXm— E=>0
X1+X2+X3+. . .+Xm =1

Xl =>0

X2 =>0

X3 =>0

X => 0
Relationship X + X, + X3 + ... + X, = 1 ensures that the total probability would beado one. The problem's

solution puts is a weighted combination of thetstyges available to player A (ie ; XX5, X, ..., Xy); In addition, it
gives him the E game value.
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In this study, game theory model has become tleatiprogramming that is given in Table 1.

Tablel. Linear Programming Equivalent Game Theory Model

Max: V
2473899.06 X+ 445701.271 X+ 2192438.392 X+ 371015.079 X+ 6945613.602 ¥+ 5772839.701 ¥~V >=0
4229494.039 X+ 886557.39 X+ 2914724.518 X+ 633024.997 X+ 9500317.863 X+ 7465700.613 & V >=0
5302691.523 X+ 1403244.8 X+ 3735724.474 ¥+ 897625.5 X+ 11710118.88 X+ 10249026.24 -V >=0
5892848.184 X+ 1421803.966 X+ 4586959.709 X+ 1049907.156 X+ 12045087.14 X+ 9303064.169 ¥~V >=0
6480237.022 X+ 1155086.9 X+ 51924865.86 X+ 901617.442 X+ 13713374.01 X+ 10000493.95 -V >=0
6177453.732 X+ 978226.507 X+ 5220717.888 ¥+ 853862.711 X+ 15293390.64 X+ 12203014.45 ¥V >=0
7807339.428 X+ 1288617.046 X+ 7665851.213 X+ 1090882.01 X+ 16.378882.61 x+ 15341900.57 X- V>=0
6946471.314 X+ 953413.947 X+ 6173728.171 X+ 1301077.862 X+ 17036925.35 X+ 14037833.15 -V >=0
11228398.79 X+ 1904516.881 X+ 8553860.33 X+ 1616382.399 X+ 19965602.4 X+ 14200551.34 ¢V >=0
X1+ Xo+ X3+ X4+ Xs+ Xg =100
6282092.565 X+ 1159685.412 X+ 5137387.92 X+ 968377.24 X+ 13621034.72 ¥+ 10952713.8 ¥X= 65206070
Xy: irrigated wheat X rain fed wheat X irrigated barley
X,4: rain fed barley X irrigated sugar beet ¢Xirrigated cotton
Source: The result of research

RESULTSAND DISCUSSION

In this study, Wald's criterion (maximin) was uséacording to the maximin criterion the farmer &ito choose
“the best of the worst". This means that the farssects the combination of activities which wilbximize his
minimum income. This strategy gives the farmer mmxhn security. Life of farmer may be dependent ®farm's
income such that, if he loses all his farm incoheecan't prepare Essential goods. If the farmesyas the maximin
strategy he can be regarded a pessimist or ascaltedul [3]. In result, the farmers that theielilependent to their
farm incomes, prefer strategies which have lessnmc and with more secure, to risky strategies wwidgor
incomes. Given the level of Expected income andi#fgree of risk, farmers can choose their desiredrams. The
results of game theory are given in Table 2. Basethe gross product value of the investigated srdf different
farm plans were inducted into model In order tced®ine the appropriate pattern. The results ofgdme theory
model showed that if expected income is higher &@621040 rial/ha or less than 968377.3 rial/halation is not
feasible. When the expected income is approximdt8621040 rial/ha the optimum solution is founglain 1. As
the expected income increases after this levehtlsgage lowest income decreases. If expected inclateases
after the optimum solution (plan 1), the lowesioime decreases also.

Table 2. Game Theory Results

Crop Patterns (%)

Farm - Expected Income  Lowest Income Irrigated Rain fed Irrigated Rain fed Irrigated Sugar Irrigated

Plan (rial/ha) (rial/ha) Wheat Wheat Barley Barley beet Cotton

1 13621040 6945613 0 0 0 0 100 0

2 13304720 6806588 0 0 0 0 881455 118545
3 12988410 6667562 0 0 0 0 762911 237089
4 12672090 6528536 0 0 0 0 644366 356634
5 12355770 6389509 0 0 0 0 525821 474179
6 12039460 6250483 0 0 0 0 407276 5902724
7 11723140 6111457 0 0 0 0 288732 711268
8 11406820 5972430 0 0 0 0 170186 820814
9 11090510 5833404 0 0 0 0 51642 948358
10 10952710 5772840 0 0 0 0 0 100
11 10774190 5676256 0 0 0 17880 0 982120
12 10457870 5505119 0 0 0 49561 0 950439
13 10141560 5333982 0 0 0 81243 0 918757
14 9825241 5162845 0 0 0 112924 0 887076
15 9508925 4991709 0 0 0 144605 0 856395
16 9192608 4820572 0 0 0 176286 0 828714
17 8876291 4649435 0 0 0 207968 0 792032
18 8559975 4478298 0 0 0 230649 0 760351
19 8243658 4307161 0 0 0 271330 0 728670
20 7927342 4136025 0 0 0 308012 0 696988
21 7611025 3964888 0 0 0 334693 0 666307
22 7294708 3793751 0 0 0 366374 0 633626
23 6978392 3622614 0 0 0 398055 0 601945
24 6662076 3451477 0 0 0 420737 0 570263
25 6029443 3109204 0 0 0 498099 0 506901
26 5713126 2938067 0 0 0 524781 0 476219
27 5396809 2766930 0 0 0 556462 0 448538
28 5080493 2595793 0 0 0 588143 0 411857
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29 4764176 2424657 0 0 0 610824 0 380176
30 4447860 2253520 0 0 0 651506 0 348494
31 4131543 2082383 0 0 0 683187 0 316813
32 3815227 1911246 0 0 0 714868 0 286132
33 3498910 1740109 0 0 0 746550 0 258450
34 3182593 1568973 0 0 0 778231 0 221769
35 2866277 1397836 0 0 0 809912 0 190088
36 2549960 1226699 0 0 0 841594 0 158406
37 2233644 1055562 0 0 0 878275 0 126725
38 1917327 8844295 0 0 0 904956 0 96044

39 1601010 7132886 0 0 0 936637 0 68363

40 1284694 5421519 0 0 0 968319 0 31681

41 9683773 3710151 0 0 0 100 0 0

Source: The result of research

It is seen from Table 2 that while expected incdmé3621040 rial/ha, the average lowest income945613
rial/ha. In plan irrigated sugar beet is (100%])t pérthe plan (plan 1). When the expected incomevisl 13304720
rial/ha, irrigated cotton is included in the farrdamp (plan 2). In this plan, irrigated sugar beebwh(88%) and
irrigated cotton about (12%) are used. If the etgebincome level is 10952710 rial/ha, the averagesbt income is
approximately 5772840 rial/lha and Irrigated cottenncluded all of (100%) plan (plan 10). When tagected
income is level 10774190 rial/ha, rain fed barldlf also be included in the farm plan (plan 11).this plan, rain
fed barley about (2%) and Irrigated cotton abo8e49 are used. In this case the average lowestriade 5676256
rial/ha. If the expected income level is 44478&W &, the average lowest income is approximat2§3320 rial/ha
and Irrigated cotton about (35%) and rain fed lyasleout (65%) are used (plan 30). The average loiwesme is
approximately 371015.1 rial/ha, if the expectecome level be 968377.3 rial/ha. In this plan, Irtéghcotton is
removed from the plan and rain fed barley is onbfuded in the farm plan (plan 41).

With the game theory model, when expected incona the highest level for the examined regiongated sugar
beet is only included in the farm plan. As the extpd income decreases, the share of the irrigaigdrsbeet
decrease, and irrigated cotton and rain fed baateyrespectively included in the farm plans. Thenplith the
lowest expected income level, only rain fed barielyich is less risky crops, is in the farm plan.

CONCLUSION

In this study, the results indicate that Irrigasedjar beet was the most risky crops and rain feldyowas less risky
crops. If expected income is more than 1362104thaizor less than 968377.3 rial/ha, a solutionas feasible.
When the average lowest income is at highest lgmakimin), just Irrigated sugar beet is in the fgslan and this
case expected income level is 13621040 rial/ha{pla
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