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ABSTRACT

During the '|970's a winter wheat variety was released which is better

suited to Hanitoba's cl imate. Winter wheat production requires special-

ized ti ì ìage and crop residue management techniques commonly refered to

as minimum tillage as well as special fertilizer and chemical considera-

tions which may differ from spring seeded crops.

The purpose of th i s study i s to devel op a framework capabl e of

assessing cropping alternatives in terms of expected income and associ-

ated income variabi I ity. This framework was appl ied to evaluate minimum

and conventional til ìage of spring and winter wheat. A l'lonte-Carlo sim-

ulation process uti I ized an agronomic framework and an economic frame-

work to evaluate the key components affecting the ìeveì and variation of

i ncome.

The agronomic framework draws

the variabìes influencing yieìds.

mo i sture stress, as i nf I uenced by

i ty and var i eta I var i ab ì es. The

simulation of annual wheat yields

events at different ìocations.

upon agrocl imatic models to establ ish

Variations in yields are explained by

temperature and precipi tation, ferti l-

statistical analysis provides for the

by utiìizing historical daiìy weather

The economi c framework i nvoìves simulati ng a farm business through a

period of ì0 years and evaluating the probabi I ity density functions for

gross margin of simuìated wheat production and net worth. Winter wheat

and sprìng wheat cropping aìternatives are compared for three different

ìocations on the basis of simuìated probabi I ity density functions for

gross margin and net worth.

r-v



The simulations indicate that winter wheat production demonstrates a

greater probabi I ity of attaining certain leveìs of yield than spring

wheat. However, I i ttìe di fference in yields is probable between conven-

'tional tillage practices and minimum til lage practices. l'1 inimum tilìage

presents an increase in operating expenses from conventional t¡ I lage yet

winter wheat production presents reduced operating expenses from spring

wheat production.

Spring wheat production under minimum ti I lage has the probabi I ity of

contributing ìess revenue than conventionaì ti ì lage. The simulation

i nd i cates that wi nter wheat product i on has the probab i I i ty of contr i but-

ing more revenue than spring wheat production and this result is linked

primari ly to the yieìd probabi 1 ity density function of each crop.

\/
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Chapter I

I NTRODUCT I ON

Accord i ng to Ruttan and Hayam ¡ ( I 97 I ) , new technology is induced by

shifts in input prices or by changes in resource endowments and income

distributions. ln the case of winter wheat and minimum ti I lage, the

impetus f or cons ider ing th is crop in l'1an i toba resuì ted f rom h igher ener-

gy and land prices. lnitial returns to the adoption of new technology

are in the form of cost savings to the innovators. Future returns occur

as cost savings to the industry and finally as price reductions to the

consumer (Binswanger, et aì., 'ì978).

The adoption of new technology is demonstrated in l,lanitoba's histori-
caì production of non-traditionaì crops. Acreages of crops other than

spring wheat, oats and barìey rose from ll percent of total field crops

in 1936 to 20 percent in 1956 before ìeveling at JO percent during the

1960's and l970rs. with the introduction of new crops, such as canola,

and better management pract i ces of other f i el d crops, Han i tobats produc-

tion of non-traditionaì crops reached an aìì t¡me high of lJ percent in

l98i . r To date, research i n new crops, var i eti es and management tech-

níques offers a greater diversification in production than has ever been

avai lable before.

Legget (1976) investigates this diversification and notes that;

r l'lanitoba Agriculture, l'lDA Yearbook, (various issues)
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Producers tend to shift production resources from one commodi-
ty to another i n response to market pr i ce and product i on
costs. 2

An objectíve of many farms is to obtain the highest revenue at the

lowest cost. Given that commodity prices are determined independant of

what the the farm prodeuces farmerts concentrate their choices on which

commodity to produce and the method of production.

t.l OBJECTIVES OF THE STUDY

One of the Iatest deveìopments in agronomy has been the introduction

of a winter wheat variety better suited to l.lanitoba's climate. Winter

wheat production requires speciaì ized ti I ìage and crop residue manage-

ment techniques' commonly refered to as minimum tiìlage, as weìl as fer-
ti ì izer and chemical considerations which may differ from spring seeded

crops.

The farmer must ask himseìf whether winter wheat is an economicaì ly

viable alternative to the traditionaì spring wheat crop and how its

attributes affect the year to year income variation. Given this problem

of choice, the need of an economic framework arises whereby alternatives

in crop production can be assessed.

The object of thi s study, therefore, i s twofold:

To develop an efficient framework capable

nomic viabiìity of cropping alternatives

i ncome and i ncome var i ab i I i ty.

assess i ng the eco-

terms of expected

of

in

H .!J. Legget ,
Agriculture",

ttCauses, Costs and Cases of
1976, pp. 30-52.CJAE Harch,

lnstabi ì ity in Canadian



2. To

t¡

apply

I ìage of

th i s framework

spr i ng wheat

3

in evaluating minimum and conventionaì

relative to winter wheat-production.

1.2 W I NTER I,JH EAT

Winter wheat grown on the Prairies is ìabelled by the Canadian Wheat

Board (CWB) as Canada Western Red Winter Wheat (CWRWW). lt is a hard

wheat variety which results in higher protein and better milìing quali-

ties than soft wheat varieties. Aìthough hard winter wheat has sl ightly

ìower protein levels than hard spring wheat, it produces a highly desir-

able bread flour (Poor, ì987).

Winter Wheat production on the Prai ries is predominantìy in south-

western A I berta and, to a ì esser extent southwestern Saskatchewan

(Grant, et al. l97o). ln these areas crop diseases are not a major

probìem and chinook winds moderate the harsh western winters (Stobbe and

Evans, 197Ð. I t was under this environment that iï. N. Grant developed

the ìatest and hardiest winter wheat cuìtivar (poor, ì987).

Past attempts of winter wheat production in Hanitoba proved less than

satisfactory under traditionaì cropping practices due to its lack of

winter hardiness and disease resistance to stem and leaf rusts.

lncreased snow cover can keep winter k¡ìl to a minimum as snow insu-

lates soi I temperature from air temperature. This cover can be main-

tained through stubble management practices such as minimum and zero

ti ì lage (Stoube and Rourke, l98l) . Al though current varieties are sti ì I

susceptibìe to plant díseases, rust probìems are now addressed with the
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use of Diathane 1445, a new anti-rust fungicide (vininsky, 1986). w¡th

these practices and the use of the hardier Norstar variety, the Hanitoba

Crop lnsurance Corporation has begun insuring winter wheat through out

southern l4anitoba in the 1986-87 crop year (Poor, ì987).

There are a number of advantages associated with winter wheat.

Yields of 15 to 20 percent over spring wheat have been demonstrated

under simi lar growing conditions (stouue and Rourke, l98l). vigorous

growth in the early spring allows for better competit¡on with weeds such

as wiìd oat and green foxtaiì (Lyster, ì984). The extent of this compe-

tit¡on is such that the need for chemical control of annual weeds occurs

for the most part, on winter kilì patches onìy (Stouue and Evans, lglg).

l{inter wheat grows for a period of about ì4! days as compared with 90

to .l00 days for spring wheat. The extended growing season aì lows for

more extensive root development and vegetative growth. This, in turn,

al lows for better use of avai lable moisture and nutrients in both the

fal I and early spring (Rourke and Stobbe, n.d.).

Earìy maturity dates make use of the dry summer for ripening while

avoiding faìl frost. Harvesting in the earìy falì reduces the risk of

the crop weathering and sprouting in the swath. These conditions

produce a better quality of grain (StoUUe and Evans, l9l9).

There are a ì so a var i ety of

wheat. I ts ear ì y spr i ng growth

late spring frost (Fowìer, .l983)

weeds is improved perennial weeds

tions required for winter wheat

d i sadvantages assoc i ated wi th wi nter

ieaves winter wheat more susceptible to

. Even though compet i t i on wi th annua I

flourish in the reduced tillage condi-

production. Although hardier than its
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predecessors' Norstar is still susceptible to stem and leaf rusts. This

can defìate any yield advantage otherwise associated with winter wheat

(Stobue and Evans, 197Ð. The variety, deveìoped for Aìberta's semiarid

regions, âlso shows problems in lodging under l'lanitobars subhumid cli-
mate (Stob¡e and Evans, 1979) .

Given the advantages and disadvantages of winter wheat production,

the University of Hanitoba's Plant Science Department has derived a set

of recommended practices (StoOOe and Rourke, l98l). These are outl ined

as fol ìows:

i. Ti I Iage: The crop should be grown under conditions of minimum or

zero ti ì Iage whereby snow trapping aì ìows for adequate winter

insuìation.

seedíng: The seed should be pìaced shaì low into moist soi I at

one to one and a half busheìs per acre before september i5. Spe-

cial zero till drills, hoe d¡-ilìs or air seeders, able to pene-

trate trash cover wi th a mi nimum of soi I di sturbance, are pre-

f er red.

3. crop rotation and trash management: The previous crop should be

early maturing to al low early faì I seeding. The stubbìe should

be cut high and the chaff spread evenìy.

4. Variety: Norstar is the only recommended variety for l,lanitoba.

Even though this variety is weak in alì areas it has better

yield, hardiness and disease, shattering and lodging resistance

than other var i et i es.

5. Ferti I izer: Adequate phosphorus and potassium are required for

winter survival and maximum yield. The phosphorus shouìd be

2.
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placed wi th the seed along wi th a smal I amount of ni trogen.

Additional nitrogen shouìd be appl ied in the spring

weed control: F ieìds relatively free of perennial weeds shouìd

be used for winter wheat. Annuaì weeds or volunteer crops, if
present, can be controì Ied with low rates of herbicide in the

faìl or spot treatment on winter kilì patches in the spring.

Tables l.l and 1.2 show Hanitoba¡s winter wheat production has stead-

i ly increased with very I ittle difference in yields when compared to

spring wheat. ln the 1984-85 crop year, t4DA estimates close to 90 per-

cent of the harvested acreage occurred in the southwest region of the

province where conditions resembìe those of southwestern Aìberta and

Saskatchewan (Poor, 1987) .

0f the wor ì d's total wheat product i on, /! percent i s wi nter wheat.

Canadian winter wheat enters this market on a smaìl scaìe through the

canadian wheat Board (cwB). under the quota del ivery system, varying

grades and prices are placed on the crop based on qual ity and protien

leveìs. Tables 1.3 and 1.4 compare the Board's del ivery quotas and pay-

ments respectively, for grade number I CWRWW and CWRSW. Farmers have

generaì ly been able to market al I of their production although prices

have been ! to l0 percent beìow spring wheat. With Canadian output of

winter wheat expanding, the CWB has made efforts to expand íts markets

(Fowler, ì983) .

6.
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Table I.1

Winter Wheat Production in Manitoba

Year
ProducËion
( tonnes )

Percent of Total
Manitoba llheaE
Production

1981- 82

1982 - 83

1983 - 84

L984-8s

1985-86

I ,000

9,000

16 ,000

28,000

138,000

0.3

0.3

0.5

0.8

2.8

Source: Manítoba Department of Agriculture
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Table T.2

llinter l^Iheat and Spring Yields in Manitoba

Average i.IinËer Average Spring
llheatr Yield I'lheat Yield
(bu/aere) (bu/acre)

Year Province SI^I Region

1-982-83

1-983 - 84

1984- 8s

31_. s

26.5

29.8

34. 0

27 .3

30. 5

33 .4

27.3

24.6

Source: ManiÈoba Department of Agriculture



Table I.3

C\,iB Delivery Quotas for CIfRini{ and CI^IRSI.I

Year
cIlRi,Ji.I
(bu/acre)

CWRSW

(bu/acre)

L977 -78

L978-79

1979 - 80

t_980- Bl

l_981- 82

1982 - 83

1983 - 84

1984- 85

1_985 - 86

t5y,h

10.0

oPen

49.6

53.5

37.3

2L.6

oPen

34.3

?5"6

8.1

20.0

75.0

52.2

4s .0

oPen

open

L24.8

Source: Canadian llheat Board Annual Reports
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Table I.4

Initial and Total Pa¡rments for No. l CI,ilRWW and No. I CLIRSI{

Year

CWRI{Í,T

($/meLric tronne)
initial toËal

' Ci{RSl¡i
($/metric tonne)
intial total

L977 /7 I
L978-79

L979 -80

l-980- 81

L982-83

1983 - 84

1984- 85

19Bs-86
.L

1986 - 87^
J

t-987-88^

104.3s

L20.37

L45.s6

18s .71

18s .71_

Ls9.2L

Lsg.2L

L4s.2L

109 .21

89.2L

LO7.L7

150.11

L79.L8

L87 .76

180. 39

178 .56

171.51

t45.2L

110.23

L28.60

156.1-6

L74.50

L74.50

170.00

170.00

160.00

130.00

1r0.00

120.30

160.53

L96.43

L99.62

L92.34

193 .98

L86.37

160.00

* includes initial pa)rment only.

Source: Canadian Wheat Board Annual Reports
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r.3 PROC E D URE OF THE STUDY

To obtain the objectives outlined, a f.lonte-Carlo simulation process

incorporated an agronomic framework and an economic framework. The

agronomic framework must accurateìy refìect annual wheat yields in rela-

tion to the agronomic system and weather conditions. Given the result-
ing yieìds, the economic framework must accurateìy refìect costs and

returns.

The agronomic and economic systems are parts of an overall crop pro-

duction system establ ished by previous scientific investigation. The

crop production system dictates the major biophysical and socioeconomic

components of crop production and their interrelationship in the deter-

mination of yields and returns. The agronornic and economic frameworks

used to represent the system are derived from a number of mathematical

models developed in previous research. A brief outl ine of each frame*

work is presented below to be fol lowed by a summary of the study's

experimentaì design.

Within the agronomic framework, an agrocl imatic model simulates dai ly

progression towards tire stages of crop development. This is based on

minimum and maximum temperatures and day ìength under Robertsonrs (1968)

Biometeorlogicalrimescale (BI"1TS) . Themodeì then adoptsBaier, É
alrs, (197Ð Versatile Soil l'loisture Budget (VS¡48) to calculate avail-
able soi ì moisture. When this is compared to the moisture required by

the crop, shortfal ì s i n soi ì moi sture are determi ned for each of the

simulated crop stages. These shortfal ìs are used as an ind¡cator of

moisture stress.
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The agronomic framework draws upon a statisticaì analysis to estab-

I ish variables influencing yields. Variations in yields are explained

by moisture stress, ferti I ity and varietaì variables. Var-iabìe parame-

ters are .estimated using the ordinary least squares technique under a

transìog function of the independant variables. By holding the level of

fertility and the variety of the wheat grown constant, annuaì wheat

yields can be simulated by uti I izing historicaì dai Iy weather events on

different ìocations. Given the historical dai ìy weather, different lev-

el s of moi sture stress occur for each year. wheat yields unique to

these conditions are estimated on the basis of annuaì simulated wheat

yields. A probability density function is derived for each location

which defines the likelihood that a given yieìd can be obtained. These

probabiìity density functions are then incorporated in the economic

framework through the use of a l'lonte Carìo simulation.

The economic methodoìogy invoìves simuìating a farm business through

a period of ì0 years and evaluating the probability density function for
gross marg i n of wheat product i on and net worth. Bes i des the var i at i on

in wheat yields developed in the agronomic analysis, the economic frame-

work aìso has a probabi ì ity density function for the price of wheat,

deì ivery quotas and i nterest rates. croppi ng al ternatives are compared

for different locations on the basis of the simulated probabiì ity densi-

ty functions for gross margin and net worth.



I .4 ORGAN I ZAT I ON OF THE STUDY

The remainder of the study is organized i

ll, the Literature Review, outl ines the s

method and discusses a number of successful

that are relevant to the objectives of this

t3

nto four chapters. Chapter

trengths of simulation as a

appl ications of simulation

s tudy .

Chapter lll, the System and l'lodels chapter, presents the real world

crop production system that the study attempts to simulate. The compo-

nents and interrelations of the agronomic and economic systems are dis-
cussed followed by a presentation of the various computer models used to

descr i be these systems.

chapter lv, the Data lnput and Resuìts chapter, outì ines the set of

management assumpt i ons and the data requ i red by the modeì s to s i mu ì ate

each scenario. The subsequent results are presented with an interpreta-

tion of their meaning and significance.

chapter v, conc I us i ons and Recommendat i ons, prov i des an overa I I

assessment of the resuìts with respect to the objectives of the study.

It aìso outìines some of the limitations of the study and presents some

recommendations for crop production and further research.
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Chapter I I

L ITERATURE REV I EW OF S I¡4ULAT I ON ¡,IETHODOLOGY

A system is defined as a col ìection of interrelated components or

elements with a purpose. According to fiartin (1977, pì6) the synthetic

representation of a system is the model. One method of experimenting

with models or systems is that of simulation. The main use of simuìa-

tions is to find out the consequences of different proposaìs over time

(Dalton' .l982). Hore specifical ly l4artin (1977, plSi) defines a simuìa-

tion as

the method by which experimental information about systems, or
models of systems is generated. I t is used in formulating,
evaluating and appìying models of systems.

lf the model depicts the reìationships within the system as identities,

the simulation is deterministic. When a high ìevel of variabì ity is

associated with specific variables of the system, the simulation becomes

stochastic.

With respect to agriculture, Anderson (1978, p.4) notes

with agricuìture being characterized as it is by its biologi-
cal and meteorologicaì dependence simulation models
presently and prospectiveìy are the most feasible, most worka-
ble and probably most potentiaì ìy usefuì types of models in
th i s category.

The primary objective of stochastic simulation

reproduce the variabi ì ity of the random variables

studied (Lee, et aì., 1986, p. 46\).

to realisticalìy

the system being

IS

tn
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When evaluating the resuì ts of a stochastic simuìation one may com-

pare the means and variances of decision variables as in means-variance

anaìysis or compare the dominant decision function over another as in

stochastic domi nance anaìysi s.

I'tean-variance analysis is based on two possible assumptions. The

first is that the decision makers utility function has a positive first
derivative and a negative second derivative. The second is that the

values or functions of uncertain variables is normal ìy distributed. lf
both of these two assumptions hold, choosing between uncertain events

based on the mean-variance anaìysis is consistant with the uti I ity max-

imization model. lf uncertain variables are not normaì ly distributed or

the uti ì ity functions are not twice differentiable, then a system of

preference order i ng or stochasti c domi nance becomes an al ternative deci -

sion criteria (Porter and Gaumnitz, 1972, p. 438).

lnterestingìy enough,

concìude that:

however, Porter and Gaumnitz (lg7Z, p. 4!5)

except for the highìy risk averse investor the choice between
the more fami I iar means-variance modeì and the theoreticaì ly
superior stochastic dominance model for seìecting efficient
portfolios is not criticaì.3

Zusman and Araid (lg0l) provide an earìy example of the strength of

simulation as a tool for farm pìanning under conditions of weather

uncertainty. Within the simuìation modeì a series of state variabìes

were related to state variabìes and farm decision variables in the pre-

vious period as wel ì as weather variables and exogenous economic vari-

3 R.B. Porter and J.F.
Portfoì io Anaìysis:
Review, Vol. 62, 1972,

Gaumn i tz, I'Stochast i c Dom i nance VS t'lean Var iance
An Empirical Evaìuation,rr American Economics
p. t+\5.
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ables. Decisions were then made based on preference relations or rank-

ing of the vaìues of the decision variables among different experiments

of the model. The study demonstrated that:

simuìation techniques are a powerful tool in solving manageri-
aì problems arising under conditions of great weather vari-
ability and uncertainty. They provide a trial and error meth-
od to overcome the complexíty of the situation, whiìe the
probabi I istic structure of the problems is approached through
sampì ing experiments. a

l'lore recent I y, Zenter , et a ì . ( 
.|978) demonstrated the many uses of a

simulation model aPart from individual farm decisions. The farm firm

system iììustrated in Figure ll.l was modelled with a dry land cropping

simulator under three basic components. These components were referred

to as the systems model, the base-data block and the control-data block.

The systems model portrayed the relationships with¡n the biologicaì and

economic processes invoìved in production. The base-data block held the

technical data, transformation coeff icients and production alternatives

for average farms in the region. The control-data block specified the

information specific to an individual experiment.

Having read al I i nput data, the modeì ran through a production plan-

ning stage, a resource aìlocation stage and a budgeting stage. Evalua-

tion of the experiments was then made on the basis of the highest vaìue

of an objective function identified as terminaì net worth.

The study highì ighted the abi ì ity of simulation

research, extension and pol icy and concìuded;

to be used tn

4 P. Zusman and B.H. Amiad,',simulation: A Tool
Conditions of Weather Uncertainty,il Journal of
\7, No. 3, August (196Ð, pp. 57tr-59\. -

for Farm P I ann i ng Under
Farm Economi cs, Voì .
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FIGURE II.1

Zentner's (1978) Schematic Representatien
of a Farm Cropping System
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2.1

2.1.ì

I n research, the systemrs modeì can ass i st i n the economi c
evaluation of results from biological and engineering experi-
ments. ln extension, the systemrs model can be used to assistin establishing farm recomendations. ln policy the systemrs
model can be used to assist in identifying and quantifying
farm level effects of alternative agriculturaì pol icies.s

RE LEVANT APPL I CAT I ONS OF S I T,lULAT I ON

Evaluation of 5oi I conservation pol icies þy systems Analysis

Dumsday (.l97i) modeì led soi I conservation wíth a complex system of

biophysicaì interactions and an external set of socioeconomic controls.

The simulation model, iìlustrasted in Figure 11.2, consisted of two sec-

tions, namely the biophysical aspects of the system and the economic

aspects of the system.

The biophysical section was divided into three phases: the soiì char-

acteristics phase, the crop output phase and the soi I loss phase. lnput

data concerning topographical factors, mechanical control practices,

soi I -pl ant relati onsh i ps, pl ant-atmosphere rel ationsh i ps, phys i ologi caì

crop stages, soil loss ratios and yield weights for each crop stage make

up the deterministic soiì characteristics phase. lnput data for the

crop output phase was simply dai ìy weather drawn from an historicaì

sequence or generated from historical distributions. The soi I ìoss

phase then accumu I ated so i I I osses for each product i on per i od.

The economic section was initiated by ferti I izer input and crop out-

put prices as wel I as mechanical control costs and crop production

costs. For each period the model produced discounted net revenues per

acre' or total crop revenue ìess varíable production and mechanical con-

s Zentner and Sonntag,
the Canadian Prairies,

"Simulation ltlodel for Dryland Crop production infr Agriculture Systems (3) 1978, p. 251.
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FIGURE II.2
Dumsday's (1971) Interrelationships

in the Soil Conservation System
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troì costs, as the decision variabìe for a range of four discount rates.

2.1.2 The Simuìatíon of Crop-l rrisation Systems

The system studied by Fl inn (197ì) was a crop-soi I relarionship

influenced by cl imate, management and genotype wíth respect to irriga-
tion. The system consisted of three major components.6

I . those factors determ i n i ng the

moi sture;

I eveì of atmospher i c demand for

2. those concerned wi th

and

the avai ìabi ì ity of moisture for the crop;

3. the interaction between the suppìy of, and demand for, water on

economic yieìd.

The factor determining the level of atmospheric demand for moisture

was potential transpi ration, (rt) . The relation of Et to free evapora-

tion, (Eo) , was dependent on cì imate, phys ioìogical stage of development

and management via some function, (f) . With¡n the system f had been

empirical ly designated by previous scientific investigation.

Those factors within the system concerned with the availability of

moisture for the crop were aìso previously empiricaì ìy determined. They

consisted of factors relating to soiì moisture, soiì type, soil tension,

root development and crop extraction of water as influenced by cì imate,

management and genotype.

6 J.C. Fl inn, "The Simulation of Crop-lrrigation Systemsrt in Systems
Analysis in Aoricultural i{anagement J.R. Anderson and J. oent, ea'l -tors, Wiìey and Sons, Sydney, (1971) p. 12j.
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The relation between demand factors and supply factors was defined by

the actua I rate of mo i sture I oss by the crop or actua I transp i rat i on,

(ra). This function, (p), was also empiricaì ly derived. Given the cri-
teria of this reìation, the degree of moisture stress on each physiolog-

ical stage of deveìopment was defined. The economic yieìd was then

determîned via the sytems reìation between moisture stress of crop stag-

es and crop yield.

Under a set of assumptions, the system's simulation moclel set out to
der i ve: ?

l. a method of estimating Ea,

2. a method of estimating soiì moisture ìevels in the root zone, and

3. a means of relating crop growth in each stage to the incidence

and severity of moisture stress in that stage,

us i ng the funct i ons f, P and those funct i ons concerned wi th the ava i I -

abi ì i ty of moi sture for the crop.

The operationaì processes of the modeì occurred as fol lows:

Actuaì rainfal I, temperature and evaporation data were entered on

a dai ly basis at the start of each period.

Dai ìy temperature data from the starting day, forward, was summed

to derive the number of days necessary for the physiologicaì

development of the crop (hence the f values over time).

The model operated in this crop growth mode, al lowing for root

extension unti I maximum root depth was reached. Dai ìy values of

soil moisture, Et and Ea were determined.

2.

3.

? l b id, p. 140.
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By weighting the ratio of actual to potentiaì growth in each

stage of crop development, the economic yieìd of the crop was

obtained as a function of irrigation inputs and weather vari-
ables.

The experiment consisted of running the model for a number of years

of weather data and for different irrigation decisions. A frequency

distribution of yields was derived under various irrigation strategies

to be used for economic analysis.

Fl inn (197ì) concìudes that if one is to attempt to predict crop

response to changing weather patterns, irrigation development or manage-

ment, the cl imate, soi ì type, and genotype sui table for the region of

study may be such that anology of anticipated crop yieìd from distant
emperical evidence is unsatisfactory. As such, he offers the notion

that under such circumstances the possibi I ity of developing a real istic
simulation model of crop response in the new environment hoìds promise.

\.
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Chapter I I I

THE SYSTEI'1 AND T,lODELS

3.1 THE CROP PRODUCTION SYSTEIl

Extremely complex relationships are encountered in any system involv-

ing the interactions within biologicaì/economic production. Due to the

immense number and complexity of these interrelationships the system

must be reduced to a workabìe number of parts, each representing a key

group of biophyisical and socioeconomic parameters. Figure lll.l por-

trays some major components of the highìy simpl ified system analyzed in

th i s study.

3.'|..l The Aqronomic System

The agronomi c modeì takes a set of determi ni st i c var i abl es from the

envíronment, crop and management aspects to establ ish crop yield. This

is achieved by a series of reìationships representing the biophysical

growth processes invoìved in crop production. Because of the compìexity

of these relationships Flinn (1971, p.221) noted that an economic study

shouìd not attempt to interpret the estabì ished biophysical growth pro-

cess but concentrate on the known reìations of input to output. As

such, when entering discussions of this nature, this study wi ì ì simpìy

refer to the appropriate scientific I iterature wíth a brief explanation

of the system¡s components ì abeì I ed i n brackets.
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FTGURE ÏTT"1

Agronomic and Economic Crop Production System
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The agronomic section reflects the interpretation of Fl inn (.¡97ì) of

findings of research scientists. Figure lll.ì ilìustrates that the

water identity' which directìy influenced pìant growth was the magnitude

of moisture stress (14, fig.l I l.l) as opposed to a direct measure of

precipitation (.I, fig.l I l.l). With this observation in mind, scientists

suggested that yield be related to moisture tension and therefore, only

indirectly reìated to water quantity, when formulating crop production

funct i ons or systems.

0ther scientists went on to deduce that the moisture stress on the

plant was the direct consequence of the transpiration process (ll,

fig.lll.ì). Scientists ìater defined a stress condition as the case

when the water content (ll, fig.lll.l) faììs below its fully turgid val-

ues (9, fig. I I l.l) under its present stage of development (4,

fig.lll.l). The case arises as a result of differences (12, fig.lll.l)

in the moisture uptake by the roots (lo. fig.l I l.l) and the rate of

moisture ìoss to the atmosphere from the crop cover (ll, fig.lll.l).

The suppìy of water to the crop therefore depends not onìy on soil

water (l+,7, fig. I I l.l) but, as pointed out by further research, on the

density and depth of root penetration (8, fig.lll.l) as well. The pat-

tern of moisture extract¡on (.l0, fig.lll.ì) follows the pattern of root

penetration (8, f ig.lll.ì) which typicaìly diminishes with depth. l4ois-

ture heìd by the soil and considered availabìe to the pìant becomes more

signif icant in the region of root development (l+,7, f ig.lll.l). Fieìd

capacity and permanent wi lting point represent the maximum and minimum

values of moisture avai ìabi I ity and are determined by the type of soi ì

(5, f ig.rl.ì).
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when a pìant is under stress, that is when AT < pr (lz, fig.l I l.ì ),
the growth processes sìow down and'become identifiable when observing

the physiological stage of development (14, fig. I I l. l) . Hence, the

yieìd (l7,t ig. l l l . l) faì ls short of its potentiaì had the crop, not

experienced stress" that is when AT = pT (lZ" fig.l I l.l).

Environmental, management and crop factors can also apply themselves

to yield variations outside of the moisture stress pathway. wind, hai I

and dust storms (1, fig.lll.l) for example, have their own environmental

impacts on yield (17, fig.l I l.ì). crop factors reflecring qual ity as

wel I as quantity influences on yieìd vary among varieties (.|3,

f ig.l I I .l) . l'lanagement practices (3, f ig.l I l. ì) which inf luence the

ferti I ity ìevels (ì5, f ig. I I l. l) of the different soi I types (5,

f ig.lll.l) add to the determination of yietds (jl , f ig.llt.l). l,lore

direct pathways of management (3, fig.llr.r) to yields (11, fig.lil.t)
are identified as in the case of weed or disease control.

ln summary, the agronomic system depicts the input/output reìation

between the crop' environment and management practices to yieìd. This

reìationship is based on the biophysicaì pathways of major components as

def ined by previous scientif ic investigation.

3.1 .2 The Economic System

The economic system also depicts an input/output reìation. As with

the agronomic system, the i nterrelationshi ps among major components can

be very compìex. Within an economic system these interrelationships are

determined by theoretical economic identities and are generalìy speci-
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fied as functions (Gould and Ferguson, .l980). This section wiìl outline

the functions involved fol ìowing a description of the connection between

the two systems.

All pathways of the agronomy system lend themselves to the determina-

tion of crop yieìd (17, fig. I I I . l) . This component becomes the ì ink to
the pathways of the economic system. However, the common denominator

which makes the two systems compatable is management (3, fig.lll.l).
l4anagement (3, fig.l I l.l), through the biophysical pathways, is an input

to yield (t7, fig. il l . t) . Hanagemenr (3, fig. l il. l) , through the

socioeconomic pathways is also an input to yieìd (17, fig.lll.l). This

integration between the two systems al lows for meaningful interpretation

of the final decision variabìes derived from alì pathways of the system.

The relation of management (3, fig.l I l.ì) as an input, to yieìd (11,

fig.lll.l) as an output, is incorporated into an economic production

function. A production function shows the output attainabìe from any

specified set of factor inputs (2i, fig. I I l.l) and is assumed to exist

for every product.

The quantity (.l9, fig. I I I . t) and price (t8, fig.3) of these facrors

of production dictates the economic cost (zl, fig. I I l. l) for that uni t
of output (17, fig.l I l.l) according to the technology of production. A

revenue function specífíes the relation of output (17, fig.lll.l) and

economic return (20, fig.lll.l) using price (16, fig.lll.l) as an exoge-

nous parameter. Net return (22, fig.l I l.l) then becomes the solution of

a profit function with economic return (20, fig.lll.l) and economic cost

(21, fiS.3) as i ts determinants (Gould and Ferguson, lg75) .



I n summary, the economi c system relates

by management, to the vaìue of the output

tem, for the determination of some decision

net wor th .

the cost of

as given by

variable,
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inputsr âs given

the agronomy sys-

namely income and

THE3.2 I'1OD E LS AND DATA REQU IRET,IENTS

The models used to simuìate the crop production sytem occur as two

major frameworks: the agronomic framework and the economic framework.

Following the attr¡butes of the system, the agronomic framework attempts

to simulate yields whi ìe the economic framework attempts to simuìate

returns. The following sections discuss the structure of these frame-

works. The agronomic framework is presented first with attention given

to the specification of the models and their integration in simulating

yield. A discussion of the modeìs representing the economic system fol-
lows evaluating the specifications invoìved in simuìating returns.

3.3 THE AGRONOI,lY F RAT4EWORK

i n the crop product i on system, y i el ds are i nf I uencedAs presented,

by:

I . soi I moi sture;

2. fertiìity;

3. crop var i ety;

4. management; and

5. other env i ronmenta I i mpacts .
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The yieìd model attempts to quaì ify some of these influences using

the techn i ques of regress i on. The factors cons i dered to account for

site to site variations in yields include soi I moisture stress, ferti-
I izer usage and technological advances attributed to genetic develop-

ments. Other factors such as management practices and extreme weather

impacts are more d¡fficult to quantify on a site to site basis of yieìd

variation. These considerations wi I I be assessed at a more appropriate

point in the discussion.

The generaì form of the yield model is given in the equation:

Yrjn=r( (t)

where:

it¡rt

Y. ., -t

-'ì aL.lt

- :i il:1

I:
' i il¡l

yield on the ith site in year,
for crop, k, under ti I ìage, ì.

soil moisture stress on the ith
for crop, k, under tiìlage, l,
for t crop development stages.

J'

site in year, j,

Fertilizer application on the ith site in year, j,
for crop, k, under ti ì ìage, ì.

= Varietaì improvement index on the ith site in year, j,
fro crop, k, under tillage,ì.

Crop yields can vary among si tes not onìy because of differences in

the three identified factors, but also because of intrinsic differences

impl icit to varying soi ì types and textures. lf equaì moisture stress,

ferti lizer appl ications and crop varieties occur in different locations,

there is no reason to expect the same yields because of the influence of

soil structure, pest controì and management.
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ln spite of the many different types and textures of soi l, simi lar

characteristics are found in classifying the soi I as either coarse,

medium or f ine textured. That is, similar drainage, ñìoisture hoìding

capacities and natural fertility characteristics are present in differ-
ent types of coarse or sandy soil. The same is said for medium or ìoam

soiìs and fine or cìay soils. Based on this reasoning soil differences

between fields are represented within the modeì with a dummy variable.

The form of the modeì now becomes

E¡n = r ( ltjrt , Fíjr, vijr, *- )
(2)

where:

S- = a dummy variable representing the factors affecting- yield which are attributed to the type of soil on site,
where Si=l for ìight textured soils, 2 for loam soils
and J for heavy textured soiìs.

l'lanagement is a nonexclusive factor because many different determi-

nants are grouped under the term, management. For instance, as por-

trayed i n the crop product i on system, management i nf ì uences on soi I

moisture stress via the choice, of ti ì lage practice, and ferti I ity via

the cho i ce of amount of fert i I i zer and method of i ncorporat i on. How-

ever ' management pract i ces ref ì ect i ng d i sease, pest and weed control ,

and drainage and erosion control, are not easi ìy identified independent-

ly. Therefore, it can be assumed that each site has its own set of man-

agement practices which distinguishes it against other sites with simi-

lar stress, fertility, variety and soil identities.
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This assumption is incorporated into the model by a matrix of dummy

variabìes. Each vector of the matrix distinquishes a site by setting

the dummy variable associated with that vector equal to ,one,under the

occurrence of management practices specific to that site uncier alì other

occurrences within that vector, the dummy variabìe is equal to ,zero'.

ln other words, it weights the yields from a site as unique to the man-

agement practices on that site in comparison to other sites. A site
contains pìots under the same management.

Adding this matrix of dummy variabìes to the modeì the yieìd function

occur s as ;

Ti¡tr = f ( Ili¡rt, Fijl¡ vi¡t, si, Dij )

where:

(3)

= A matrix of dummy variabìes such that Di refers
to the set of management practices appì ied to
site, i, in year, j.

3 .1+ INPUT REQU IREIç1ENTS TO THE AGRONOI-lY F RAI4EWORK

I nput used in the estimation of the variable coefficients for the

yieìd regression is discussed in this section. The source of data for
yield, fertilizer and soiì variables is presented in the section immedi-

atly fol ìowing. The development of the varietal improvement index is

then discussed before describing the estimation of a moisture stress

i nd i cator.

Tì..
at
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3.4..l Fertility Triat Dara

A number of fertility trials have been undertaken in irlanitoba by var-

ious researchers over the last thirty years. These studies occur on a

number of different soi I types in many regions of the province. The

specifications and results of these experiments are reported in the pro-

ceedings of the Annual llanitoba Soil Science Heetings. A survey of

these Proceedings was conducted and data was coìlected from .l39 experi-

ments.

The criteria for seìection was that the experiment be a fertility
study of wheat on stubbìe seed beds. lnformation was then colìected on

1. the location

2. the soi ì type

3. the wheat variety used

l+. the specific treatments of fertilizer

5. the specific yieìd results on a check treatment, and

6. the specific yield results on each fertilizer treatment and/or

repì i cate.

Each experiment contained two or more observations per site, one of

which being a check treatment. For each observation, the yield, rate of

ferti I izer, variety, soi I type, year and location were recorded. The

soil variable, S, was assigned a value of J for those experiments occur-

ring on fine soil types,2 for medium and ì for coarse soiì types. This

accounts for any variation in yield attributed to the factors dictated

by the type of soil of the experiment site. ln cases where the location

b/as given but not the so¡l type, the soil type was identif ied f rom flani-

toba Soi I Survey Reports.
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f'lost experiments broadcasted the fertil izer appl ications in the

spring. For the experiments that deviated from this procedure, the

spring broadcast equivaìent ferti I izer rate was calculated using the

ef f iciency criteria established by l'lanitoba Agriculture.

Every experimentaì site was assigned a dummy variable. This vari-
able was set equal to I for aìl observations under that experiment and

equal to 0 for aì I other observations, reflecting the management prac-

tices undertaken on that experiment. This accounts for any specíal

pest, dra i nage

ma i ntenance of

I Unpubl i shed reports
Comm i ttee on Gra i n
ence, Universíty of

or

one

seeding bed preparations that went into the care and

exper i menta I s i te but not another .

on cooperative test trials conducted by the Expert
Breeding provided by the Department of plant Sci-
l'lanitoba, Winnipeg, 1960 - ,l980.

Extreme weather events such as haiì or fìooding were not included in

the specification of the model. Soi I moisture stress was estimated from

daiìy records of the weather station closest to the experiment site.

3.1+ .2 Var i eta ì lmprovement I ndex

Genetics has brought many improvements to the crop production system.

The adoption of these developments has moved agricuìturers technoìogy

frontier in a steady outward direction over time. The evidence of this
is seen in the increasing yields experienced on the prairie provinces

over the last fifty years. A major contribution to this increase is the

adoption of genetical ly superior crop varities. The effect of improved

varieties on average yieìds is represented by a var¡etal yieìd improve-

ment index and is the result of work by Dyck (1979) and the Expert com-

mi ttee on Gra i n Breed i ng. .
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Average yields of crop varieties were provided by a series of varie-

tal test triaìs located at various research stations between ì!60 and

'l980. As noted previousìy, there is often an interdependence among the

determining factors of yield. ln this case, it was noted that average

yieìds of specific varieties varied due to changing weather, ferti I ity,

weed control and other management practíces over time. Aìthough most of

these interdependent impacts were unresolved, analysis concìuded that

I ittle influence on the amount of yield advantage from genetic improve-

ment occurred from these impacts. The exception was the impact that

soil type had on the performance of crop varieties. As a resuìt, aver-

age yields from the trials were examined in association with the three

soi I zones, brown, black and black-grey.

A base variety was selected as the variety tested over the entire

time frame and was assigned a weight of l. For each soi I zone, the

average yields for the base variety was then used as the denominator for

average yields of other varieties to determine their relative weights.

The resulting weights for wheat varieties are presented in Table lll.l

and are relative to the l'larquis variety. Because the proportion of

wheat grown to durum and winter wheat varieties is usually recorded in

aggregate, they are treated each as a single variety.

The crop variety reported from the experiment was assigned a value

from the varietaì index. Since the coefficient for the variety variabìe

is restr¡cted to l, the varietal index acts as a weight relative to the

average y ieìds of l'larqu is wheat. For those cases in the ear ì ier years

where the crop variety was not reported, it was estimated by choosing

the predominant variety in use at the time of the experiment.
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Table III.l

Relative Varietal Yield Weights

Soil Zones

Ilheat Variety Bror¡n Black Black-Grey

Apex
Canthatch
Canuck
Chinook
Durum
Glenlea
Lee
Manitou
Marquis
Napayo
Neepawa
Pembina
Redman
Rescue
Selkirk
Sinton
Thatcher
I^Iinter l^Iheat

0.973
L.L2¿+
1.080
0.982
L. 113
1.208
0.972
L.LL7
l-.000
1.095
1. t_60
1.008
0.998
1.007
1.063
1.0596
L.092
1.310

1.0s3
L.298
L.27s
t-.039
1.193
1. 180
1.1s8
1.l_91
L.000
L.2L2
L.2t+7
L.249
1.086
1.009
L.2ss
L.L73
1.136
L.496

0.901

L.299
0.944
1.080
l_.000
1.118
1.105
0.979
1.03r
0.926
1_.0s8

1.091
1.309

Source: The varieÈal index value for winter v¡heat was estimated from
various winter r.¡heaL yield trials conducted in comparison to
Neepawa v¡heat by the University of Manitoba Department of
Plant Science. Arthur, L.M. and D.F. Kraft, "Towards a Socio-
economic Assessment of the Implication of Climate Change for
Agriculture in Manitoba and the PrairÍe Provinces, " Department
of Agricultural Economics and Farm Management, University of
Manitoba, March (1985), p. 28.
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As demonstrated within the crop production system, soi I moisture, oF

the ìack thereof, plays an intricate role in the determination of crop

yields. I t becomes necessary therefore, to construct some means of

indicating. the occurrence of stress on the crop by the lack of adequate

soil moisture.

Fl inn (.l97.l) noted that economists were first introduced to the use

of soi ì moi sture budgets research conducted by soi I scienti sts. These

budgets are used to trace avai labìe soi I moisture in the rooting zone

over time. Predictions of the occurrence of moisture stress can then be

made by considering the level of soi I moisture and the atmospheric

demand for moisture from the crop (Flinn, ì971 p. 12Ð.

A number of approaches to this concept have been undertaken. Fl inn

(1971) points out that researchers first related crop yields to soi I

moisture. Using actual weather and i rrigation data as inputs to soi I

moisture and observed crop yields from experimental and farm data, they

measured the effect of the incidence of moisture stress on the harvested

yieìds (rlinn, 1971, p. i26). This approach becomes restrictive in that

for studies of crop response in a new environment, an anaìogy of expect-

ed crop yield from distant empirical evidence is unconvincing.

A drought day index was later proposed whereby a critical soiì mois-

ture ìevel occurred, beìow which a plant became stressed. lt was then

suggested that a magnitude of stress was more appropriate under the

assumption that as moisture stress increased the effects of a moisture

deficiency on the plant would increase.



Ba i er and Robertson (1g66) adopted th i s assumpt i on i n

of a versati ìe soi I moisture budget (VSfiB). The VSHB

workable moisture stress indicator in the form of soi I

fal ìs for different stages of plant development. The

general presentation of the VSI1B and its operations.
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the development

provides a very

moi sture short-

following is a

3.\ .3 The VSHB

The VSHB is a computerized mathematicaì modeì originaìly developed by

Baier and Robertson (.l966). Three updated versions have been produced

since by Baier, et al. (1972), Baier, et aì. (ì979) and Dyer and l,lack

(1984). The first two revisions have included refinements and subrou-

tine additions to the originaì, whiìe the ìast revision concentrated on

the budgetrs appìication to a wider range of uses. The version adopted

by this study is the VSl,lB version ll (Baier, et al. lg7Ð.

The VSftB estimates changes in soi I moisture content from extractions

of soi I moisture in the form of evapotranspiration (AE). As displayed

in Figure I I 1.2, AE, on any day, is a function of potentiaì evapotran-

spiration, rooting patterns, soi ì moisture release characteristics and

the avai lable soi I moisture from the previous day. The avai ìable soi I

moisture is simpìy the difference between moisture extraction, or AE,

and moisture recharge or precipitation for that day.

By taking the difference between the estimated availabìe soil mois-

ture and the estimated level of moisture reguired by the crop, the daily

moisture shortfalls were simulated and summed in relation to the days of

a particular growth stage. This provides a simulated soi I moisture
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shortfall for each stage of crop development to be used as the moisture

stress indicator wi thin the agronomíc framework.

3.\.3.1 Soi I l'loisture Extraction

l'Jater is extracted from varying depths of the soil prof iìe simultane-

ously. This process is termed actual evapotranspiration, AE. AE is

reì ated to:

l. the rate of potential evapotranspiration

2. the rooting patterns of the crop

3. the soi ìrs release characteristics of moisture, and

l+- the available moisture within each soil zone of specif ied water

holding capacity.

The VSI4B estimates AE daily by the equation;

where:

Æ' = actuaì evapotranspiration for day, i.
n*ç-

l= = summation carried out from soi I zone j=l to j=n.

K:. = coefficient accounting for soiì and plant- character i st i cs i n the j th zone.

Slfl--' l= avai labìe soi I moisture in the jth zoneu\- *' at the end of day, i-ì.

C. = capacity for available water in the jth zone.
J

Z: = adjustment factor for different types of
J soi I dryness curves.

p¡;. = potential evapotranspiration for day, i.¡{

n
*, =¡ä t Ki* t¡(r*r/t io zi " PEi J
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Estimates of PE occur as a subroutine withín the VSHB based on daiìy
maximum and minimum temperatures and radiation at the top of the atmos-

phere. The VSHB uses PE calculations as defined by Baier and Robertson

1geÐ .

3.\.3.2 Soil l,loisture Recharge

With¡n the VSHB, soi ì moisture recharge is entireìy the result of

precipi tation. However, consideration is given to:

ì. rainfall

2. snowmel t

3. surface runoff

4. infiìtration

5. subsurface dra i nage,

6. the precentage of soi

and

I moisture on the previous day.

lnfiltration of water into the soil depends on precipitation, soil
moisture and avai labìe water capacity. Distribution of moisture over

the soil zones is a function of the amount of infiìtration, the relative
moisture content of each zone and the fraction of water infiìtrating to

the next zone. lnfi ltration cannot exceed the soi ls capacity to hold

water and, therefore, any excess moisture to the first soil zone becomes

runoff.

lnfiltration is computed as:

ïI.IFL .= C"9L77 + l_.911 logRR. _ c.97 [trf-,_.,,/rog ]ìnl

where:

RR. = rainfaìì on day, i.

(5)
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The di str ibution of moi sture enter i ng the f i rst zone and i nf i I trati ng

to the remaining zones is simulated by the function:

[ï,irr,,* - Ë"o.ro.,t 
(6)

-LÌ!r'L. - = I

r-J

wher e:

3./. ¡\ = soil moisture in the jth zone on day, i-1.
J \r--L /

C. = available water capacity of the jth zone.
J

i = I since any excess moisture to the first
zone i s runoff.

ïlt¡T.r. = new inf iìtration into each zone of soil.

b = fraction of water i nf i I trat i ng to the next zone.

The deficit of soil moisture (0ef¡ or the amount of moisture the soiì

ís able to take on above that which is aìready present is simpìy:

DEF. . = C: - S.,. -r + ÄE-. Q)r-J J J(a-], Jr-

A snow budget and a snow melt subroutine also occurs in the VS¡4B.

This accounts for that amount of infi ltration in the soi I from meìting

snow and is affected by the percentage of trash remaining on the field
surface after fal I ti ì ìage.

3.1+ .3.3 I nput Requ i rements to the VStlB

lnputs to the VS¡48's pathways and calculations as presented are

required with respect to:
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ì.

2.

3.

5.

6.

\.

dai ly minimum and maximum temperature

dai ìy precipitation

latitudinaì ìocations as

the top of the atmosphere

coeff i c i ents account i ng

teristics

soi I character i st i cs of zone depths

coeff i c i ents account i ng for the

extraction of water

they correspond to rad i at i on ì evel s at

for the soi I 's moi sture rel ease charac-

l. dates of seeding and stages of crop development, and

8. a set of controì parameters.

The folìowing is a brief description of the VSlvlB input data.e

l'leteorolog ica I data f or temperature and prec ip i tat ion was obta ined

from archived computer fi les of the Agrometeoroìogicaì Section of Agri-

culture Canada. Data from l4O weather stations in I'lanitoba is continu-

ally coìlected' reported and stored on tape for daiìy minimum and maxi-

mum temperature and precipitation vaìues. For any particular site of

interest weather data from the closest avai labìe station is caì led from

the fi les for that year.

Radiation leveìs at the top of the atmosphere are simply those vaìues

used by Baier, et al. (197Ð. These values were originalìy derived by

Robertson and Russeìo (.l968) usi ng a simple estimati ng technique based

on the I at i tude of i nterest.

and water holding capacities

crops root i ng patterns and

the derivation and source of the vari-
ious VSl,lB pub I icat ions noted.

e For a detailed
ables and data

explanation on
refer to the var
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The characteristics of moisture release by different soi I types are

estimated by a set of coefficients for each type of soil. These coeffÌ-
cients describe the reìation of availabìe soil moisture to the ratio of

AE to PE. This relation changes w¡th dif.ferent types of soil. Given

the calculated ìeveì of soiì moisture, the modeì chooses the appropriate

coefficient from the set to be used in the moisture extraction equation

for that day on that particular soi l.

0ther soi I characteristics are required. These incìude the number

and depth of soil zones to be considered and the water hoìding capaci-

ties of these zones. lnformation of this nature was obtained for a soiì
type f rom the f'lanitoba Soil Survey Branch of the l.lanitoba Department of

Agriculture.

The rooting patterns and subsequent extraction of water by the roots

depends on the type of crop and the stage of development. A set of

coefficients representing this process has been determined by iterative
comparison between computed and measured soil moisture for wheat by Bai-

ÊF, et al. (ì979). A value reflecting water extraction by roots is

avai ìabìe for each stage of crop development for soi I zone. Because

plants draw from the complete rooting zone, an adjustment must be made

to these coefficients during periods of drought where pìants dravr com-

parativeìy more from the lower zones. This adjustment appears as a sub-

routine within the modeì depending on avai labìe soi ì water in each of

the zones.

It then becomes necessary to estimate the date

reaches the folìowing stages of development:

whereby the c rop
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1. seeding

2. emergence

3. joi nt i ng

4. head i ng

5. soft-dough, and

6. ripe.

These dates are obviously not deterministic and wilì vary by regional

climate and yearìy weather patterns. ln considering these two factors,

Robertson (.l968) designed a biometeorological time scale (efifS) for

wheat. Thís approach was considered to be superior to the heat unit

equations and photothermal concepts previously adopted (Baier, lg72).

The BI4TS simulates the dai ly progression towards the completion to each

of the five stages of crop development based on daiìy maximum and mini-

mum temperatures' photoperiod and an estimated seeding date. Tempera-

ture data is obtained from the same weather reporting stations. photo-

period is simply the time of day ìight occurring at the appropriate site

of ìongitude.

Seeding dates, however, must be estimated for each site and year of

interest. ln estimating corn planting dates, Fl inn (1971) used a pro-

cess of conditionaì criteria. That is once a set of criteria had been

met conditions for pìanting were considered favourabìe. The criteria

establ ished for corn occurred as:

Seeding was assumed to take place after l4ay lth;
Rainfall in the previous five days must be less than I inch;

l.

2.
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3. Rainfal I in the previous three days must be Iess than one-half

i nch; and

l+. I'lean temperatures must exceed 55 degrees f ahrenheit f or ! consec-

ut îve days.

A simiìar set of criteria for pìanting spring wheat was derived by Dun-

lop (.l98.l) and occurred as:

l. The soil moisture must be at or beìow !O percent of field capaci-

ty;

2. Dai ly precipitation must be less than 2.54 mm.; and

3- The maximum air temperature must be above o degrees celsius.

I n consuì tat i on wi th the Pl ant Sc i ence Department at the Un i vers i ty of

l'lan i toba, these cond i t ions were extended to i nc I ude;

l. The minimum air temperature must be above -2 degress celsius to

ensure no refreezing of the soil occurs; and

2. 0n any day there is recorded precipitation, maximum air tempera-

ture must be in excess of ! degrees celcius to ensure this pre-

cipitation is not in the form of snow.

The above cond i t i ons must occur for three consecut i ve days to g i ve

earl iest possible seeding conditi.ons. Adding another seven days assumes

general seeding operations are general for the area.

For spring wheat under conventional ti ì ìage, analysis commenced on

April 20th and continued until conditions were met. lf these conditions

were not met on or before June lOth this date was used as the estimated

seeding date.
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a concernEvans and 0lson (n.4.) upon noting that soi

to pìanting dates conveys the notion that,

Fieìds covered with plant residues from
tend to have lower soi I temperatures. . .
surface plant resídues. ro

minimum tillage will
. than f i eì ds wi thout

They estimated a five day delay in reaching adequate temperature lev-

els from sod to plowed surfaces. Gauer, et al. (1982), estimated a

four day delay in crop deveìopment under zero ti I lage from conventionaì

ti I lage on Hanitobars Osborne clay soi ls. W¡th no estimation avai lable

on the deìay of seeding due to reduced soi I temperatures under minimum

tillage, an assumed two day delay over conventionaì tilìage seeding date

estimates is used.

Seeding dates for winter wheat are assumed to occur before September

l5th as recommended. However, the date of interest as input to the BI.1TS

is the day in which the crop commences growth in the spring.

ln consultation with the University of Saskatchewan, Crop Science

Department, it was noted that winter wheat wiìl break dormancy when soil

surface temperatures reach ! degrees ceìsius. Gupta, et al., (lgg:)

estimated an equation relating soi I surface temperature to air tempera-

ture under reduced tilìage for the spring, summer and faì1.

tion for reduced tillage in the spring was estimated as:

The equa-

ST = t.05 + 0.359t (AT) + 0.0462 (AT) + O.OOO52 (AT) (8)

where:

ST = soi I surface temperature (degrees celcius)

r o P. Evans,
Bul letin by
r4.

and 0lson, T.,
South Dakota

rrlmpìications of Soil Temperatures in l,lay,rl
Agricuìturaì Experiment Station, ñ.d., p.
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AT = maximum, minimum or mean air temperature

using this equation, air temperatures of about 6.! degrees celsius

generates soi ì surface temperatures adequate for winter wheat to resume

growth. Therefore, the criteria used to ensure favourable conditions

for winter wheat to break dormancy was that mean air temperatures be

greater than 6.! degrees celsius for five consecutive days.

3.5 ytELD EQUATt0N FUNCTT0NAL F0Rt4

Gíven the common responses to cì imatic factors in crop development

from emergence to heading and again from heading to harvest, the crop

development stages l'1 ì , 142 and l'11 are to be grouped together and ref erred

to as Hl for the purposes of estimating regression coefficients. Simi-

larìy, the stages 144 and 1,1! are grouped together in the yield regression

equation and referred to as 142.

From the factors determining crop yields it becomes evident that

these var i ab I es are not necessar i ì y i ndependant of each other. For

instance, the leveì of moisture stress may infìuence the efficiency of a

ferti ì izer appì ication, the efficiency of the crop variety or the

effects of soi I type and texture on yields. As such, an appropriate

functional form for the equation would be a multipì icative format as

shown in equation 9. A simil iar functionaì form was used by Arthur and

Kraft (igA¡) in deriving a yield equation to simulate the effects of

long term cì imatic changes across the Canadian prai ries and by Kraft
(lg8¡) deriving a yieìd equation to assess the effects of techno-

logicaì change on grain operations.
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(e)

where:

E = an error term representing the difference between the

yieìd predicted from the explanatory variables and the

yieìd which actuaì ly occurred.

A number of characteristics become evident from the specification of

the functional form of the equation. The form stipuìates that except

for the moisture stress variabìes, marginal products are positive and as

ferti I izer appì ications increase t y ield wi I I always increase but at a

decreasing rate, i.e., 0 < d < l. The moisture stress variabìes are

allowed to decline as well as to rise, i.e., lr,tl > 0 and ls,hl > 0.

As mentioned previously, a matrix of dummy variabìes is incorporated

to account for the potentiaì of yields to vary by site management. One

site must be chosen as the base whereby the intercept, (a), reflects the

base yield which may be expected under management conditions of that
fieìd when the infìuence of the other factors is held constant. Al ì

other fields have an intercept of 'a' plus the coefficient of the dummy

variable (c) used to identify the set of management conditions associat-

ed with that observation. The dummy variabìe (b) used to identify vari-

ations due to soiì type affects the intercept in the same manner.

Another characteristic of the function relating to its specification

refers to the varietal improvement variable, V. This variable acts as

an index representing a measure of the genetic potential of the crop

variety grown.
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A totaì of ì,0.l3 observations of yield, soil type, site management,

nitrogen ferti I izer rates' earìy stage soi I moisture stress, late stage

soi I moisture stress and crop variety were used to generate the yield
regression parameters and are tabled in Appendix A. Data for the yield,
soil type, site management, nitrogen fertilizer rates and crop variety
observations was col lected from a survey of ferti I ity trial experiments

as reported in the l'lanitoba Soiì Science Proceedings. The parameters

were estimated by taking the log of the functional form and using the

ordinary Ieast squares method of regression.

The resuìting yield eguation occurs as:

(o1 . t.j'.l.; l -* o \ti'-i ' ¿"-t) N. att
vJcV

(t0)

where:

Regress i on Parameter T value

(t5.90)

(6.t2)

a

b

c

d

f

k

g

h

r

3 .55

.09

varied by site

.13

-.35

.ìt

.008

- .009

'|

and year

(zt+ .37¡

6.t3)
(6 . t+S)

0.3e)

(tt.92¡

n 1-
1,,- i{- l 1-'.,ô
.! !
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Equation fl0) was used to estimate annuaì wheat yields for three si tes

in l'lanitoba. The sites were chosen on the basis of different weather

Patterns and soi ìs. The Graysvi I le location has coarse textured Almis-

sippi f ine sand while the i\'1 innedosa and Pierson sites have Newdale cìay

loam and Oxbow ìoam, respectively. Ferti I ity conditions and the variety
of wheat and ti I lage operations were heìd constant whi le dai ly precipí-

tat i on, temperature and sol ar rad i at i on were the same as the h i stor i ca I

record for each site. Each year, the simulated wheat yields differ
because of the weather events even though management and technology were

held constant. The simulated annual wheat yields were, in turn, uti-
I ized to estimate probabi I ity density functions of yields unique for
each site, technology and historical weather. The probabi I ity density

function became one of the components used to determine a representatiye

farm's gross margin from wheat and net worth in the economic model.

3.6 THt EcoNot4l c FRA¡/iEl.loRK

As discussed in the crop production system, annuar gross margins are

derived from estimated expenditures and crop receipts for spring and

winter wheat production. Gross margins vary from one year to the next

not onìy because of differences in crop yields, but aìso because crop

prices and are assumed to change from one year to the next. A stochas-

tic modeì devetoped by Snitynsky (lgg¡) and modified by Dzisiak (t9g7)

was utilized to evaìuate the crooping options. A similiar study by Har-

din ('l978) used a f'lonte-Carìo simulation in analysing farm investment

alternatives.
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The same argument used in applying l'lonte-Carlo simulation processes

to assess risk in investment is used appìying Honte-Carlo simuìation to

assess possibìe outcomes with different management alternatives. With

the key eqonomic variables of yieìd and price exhib¡ting a distribution

of possibìe outcomes' llonte-Carlo simulation is able to incorporate a

degree of uncertainty assocíated with aìternate management practices.

Analysis using l'lonte-Carlo simulation is then able to generate a prob-

abi I ity distribution of outcomes by repeating the simulation many times

over for each aìternative.

The Risk Simulation llodel (RSf4) used in this study is a sì ightìy mod-

ified version of the Dzisiak (lgBZ) model. Financiaì, production and

marketing information relevant to a particular crop production enter-

prise is incìuded as an input summary. The data from the input summary

must be sufficient to construct the budgets for the crop enterprise in

question and to initi alize the starting points for the stochastic and

non-stochast i c var i abl es.

The process of internalìy generating uncertain variables consists of

two distinct phases. The first phase invoìves computing the stochastic

variables of farm crop yieìds, grain prices, interest rates and grain

saìes. The second phase involves generating non-stochastic variables

such as operat i ng expend i tures.

The model calculates farm production costs, returns, annual cash

flows, assets and I iabiì ities. Debt payments on existing loans, capitaì

investment for equipment, I iving and personal withdrawals and income

taxes are then deducted. A predetermined number of repl ications are



52

s¡mulated to determine annual cash flow and net worth probability dis-

tributions of a particuìar management alternative.

A br i ef descr i pt i on of the operat i ons of the RSl4 rel evant to th i s

study i s provided. Th¿ input data requi rements are di scussed foì ìowed

by an outì i ne of the stochast i c processes. r 1

3.6.1 Input Reguirements to the RSn

The input data requirements as described in Tabìe lll.2 al lows the

modeì to:

l. deveìope a budget for the management aìternative to be simulated;

2. initial ize the starting points for the stochastic and non-sto-

chastic trend variabìes; and

3. construct the financial state of affairs of the farm being simu-

I ated.

3.6.2 Stochastic Processes

Given the input data requirements specific to a particular management

aìternative, the model is abìe to introduce a stochastic eìement into

those variables demonstrating a high degree of uncertainty. This is

accompl ished by generating random numbers which are used in the context

of a probabiìity density function.

rr For a detaiìed presentation of the Risk Simulation f'lodeì and its var-
ious appl ications see Dzisiak (ig8Z) and Snirynsky (lg8¡).
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TABLE TTT.2

RS¡4 I nput Data Summary

l. The beginning year and quarter of the analysis:
2. The number of productive acres purchased:
3. The price paid,/acre:
4. The average price/acre from recent sales of comparable land:
5. The current price of wheat (S/bushel):
6. tire expected annual increase in yields (Z):
7. The percentage of land in summerfallow:
8. tne average quota expected per year (bulacre):
9. The expected annual increase in quota (B):

10. The total operating expenses/acre:
I I . The expected i nf I at i on rate for operat i ng expenses (l) :
12. The present cost of ferti lizer/acrez.l3. The present cost of herbicide/acre:
14. tire basic living and personal expenditures/year:
ì5. The expected inflation rate for I iving expenses (?):
16. tfre present non-farming income:
17. The expected annual increase in non-farming income (?):
18. ttre total value of cash, near cash and operating supplies:
19. The beginning wheat and wheat equivalent inventory (bu):
20. The market value of machinery:
2ì. The average replacement frequency of machinery (yrs):
22. The total number of rented productive acres:
23. The totaì amount owing on accounts payable:
24. The Canadian/U.S. exchange rate:
25. The expected Can./U.S. exchange rate in l0 years:
26. The total number of owned pasture land (acres):
27. The total number of owned hay, crop and fallow acres:
28. t¡¡e average price,/acre of improved farmland (excl. bldgs):
29. The total value of farm bui ldings (excl. I ivestock barns):
30. The present pasture land taxes/acrez
Jl. The present improved land taxes/acrez
32. The current operating loan interest rate (Z) z

33 . The operat i ng l oan outs tand i ng:
34. The average Z of cultivated cropped ìand/qtr. section:
35. The proportion of the generated wheat price to be used:
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The variables to which the random number appìies for the purposes of

the this study incìude canadian wheat pricesr âS determined by u.-s.

wheat prices and canadian/u.S. exchange rates, wheat yields, interest

rates and wheat sales (deì ivery quotas) . A br i ef descr i pt i on of the

process in determining these variables is presented below.

3.6.3 Randomt y Generated ï./heat Pr i ces

The RSI'I assumes that Canadian wheat prices are a function of the U.S.

wheat prices. Dzisiak (lggZ) adopted the technique of Spectral Anaìysis

to determine a six year cycle for wheat prices.rz Canadian wheat prices

are then generated via the fol lowing equation.

Ð -- (¡tt': + " I
-+ - \:ri- :-+ 1,;

',t - -ll -. dL

ff (ii, < toÄiJ- ) trten (t¡, = Lo;'.L )'r T,' .t, L'
C;\l'irrli{1' = (i'ia * ÐIt )

K

INF

t4

t

w

(ì t)

(12)

(l¡)

(ì4)

where:

c

P

Cyc'ì e value of quarters being simulated

l./heat cycìe price adjusted for the inf lation rate

and the mean vaìue

Quarter in the cycle (k=l

Quarterly inf lation rate

l'lean pr ice of wheat ser ies

Time i n quarters

Average quar ter I y pr i ce of

to 24)

(¡,to = t 43.69)

U.S. wheat (S,/tonne)

The historical U.S. price
individual cycle values are

ser i es and the resu I t i ng 24 (s i x year)
presented in Dysiak (lg8z) , p 28.

L2
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a

LOAN

CANWHT

EX

Normal ly distributed random error term

U.S. loan rate for wheat for quarter being simulated

Average quarterly price of Canadian wheat (S,/tonne)

Canadian/U.S.. quarterly exchange rate

This process is initialized by the beginning year and quarter of the

analysis, the expected inflation rate and the current price of wheat in

$/tonne as specified in the input data requirements. The initial mean

value for the U.S. wheat price series is added to the appropriate cycìe

value for the quarter being simuìated. For each quarter the mean value

is increased by an inflation factor and once the ìast value of the cycle

has been used, the model reverts back to the first vaìue defined in the

cycle. A randomìy generated error term is added to the wheat cycìe val-

ue to determine the U.S. price for wheat.r3 lf this value falìs beìow

the floor price for u.s. wheat specified by tire loan rate, the wheat

price is set equal to the loan rate. The Canadian hard red spring wheat

price is then calculated by muìtipìying the U.S. price by the canadian/

U.S. exchange rate. Winter wheat prices are determined by taking some

specified proportion of the generated wheat price reflecting the tradi-

tional spread in price between the two cìasses.

The exchange rate is a randomìy generated value initial ized from val-

ues specified in the input data requirements using a functional rela-

tionship between the two countries'historical price series and exchange

rates.r4 Given the input data, the model caìcuìates the yearìy incremen-

The characteristics of the randomly generated error term are present-
ed in Dzisiak(.|987), p. 35.

specification of this funcrional form is found in Dzisiak (lggZ) p.
23.

l3

I4
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tal increase or decrease in the base exchange rate vaìue for a period of

l0 years. This increment is added to the base value and upper and Iower

bounds are specified for this vaìue. The equation then calls for a ran-

dom number to determine a stochastic value between the bounds. This

value is used in year one of the simulation run. The process is repeat-

ed for each year of the ten-year simulation.

3.6.\ Randomly Generared Yield

Yields are generated from the speci f ication of the cumuìative yieìd

distributions derived from the agronomic framework for each management

alternative. Each distribution is specified in the input data require-

ments as the cumulative percent probabi I i ty of producing yields from O

to 7.40 tonnes per hectare acre in increments of o.j3 nt/ha. For each

year of the simuìation run, the random number generator assigns a value

from the specified distribution.

3.6.5 Financial Calculations

The RSl4 financial calculations pertinent to this study incìude

i . rep I acentent of cap i ta ì i nputs ,

2. capitaì cost al lowances,

3. living and personal withdrawals,

4. i ncome tax, annua I equ i ty and annua I cash f I ow.

Yearly capi taì repìacement requi rements, i ncome taxes, annual equi ty and

annual cash flow of a particuìar management enterprise wiìl vary depend-

i ng on the management a I ternat i ve be i ng cons i dered.
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The RSt{ determines the yearly capital replacement requirement based

on present market value of machinery and the average turnaround of

machinery as specified from the ínput data requirements, âgê of equip-

ment and the required machinery investment per acre.

The capital cost al lowance deductions for machinery investment is
aìso required for the determination of yearly taxable income. It is

equaì to the vaìue of the undepreciated cost of capital for that year,

multipl ied by the yearly depreciation rate. The model al lows for the

payment of income tax whenever the yearly taxable income is positive.

The net worth position of the farm is determined in the initial and

finaì year of the simulation. The beginning net worth equity calcula-

tion depends on initiaì assets and liabilities. The equity position

during successive years of the simulation depends on the financial con-

siderations generated through the simulation process. The final net

worth calcuìation occurs in year ten of the simulation.

Specification for the capital repìacement requirement, capital

cost aì lowances, income tax and annual equity is taken directìy from

Dzisiak (lgAZ). The RSH caìculates cash flows for the particular enter-

pr i se by deduct i ng tota I operat i ng expenses from tota I revenues annua I -

ly. Crop budget costs are determined using the Crop Production Simula-

tor as presented by Longmu i r, et a I . (l g8¡) . The crop product i on

Simulator is designed to compute the total costs, both fixed and vari-

ab I e, assoc i ated wí th a part i cuì ar crop management enterpr i se.
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I nput requ i rements for the Crop Product i on S i mu I ator are of two

types; pr i ce and amounts of i nputs. Va I ues of i nputs are d i ctated by

the market place and are, therefore, exogenous to the crop production

system. This incìudes prices for the variable input factors of:

l. ferti lizer,

2. chemicals,

3. fuel ,

4. lubricant,

5. repai rs,

6. seed,

7 . seed c I ean i ng and treatment,

8. I abour and

9. custom work

the fixed input factors of:

ì . ì and taxes or rent

2. mach i nery i nsurance

3. mi scel ì aneous overhead

The modelrs input requirements relating to the physical components of

production are dictated by the specific management practices adopted and

are therefore endogenous to the system. These inputs íncìude informa-

tion relating to:

ì. tillage and seeding practices

2. crop and variety grown

3. types and rates of ferti ì izers and chemicals and
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4. mach¡nery and ìand inventory.

Given the input information the Crop Production Simulator computes

the total operating budget for a particular management alternative for a

particular year. This vaìue is then used in the annual cash fìow caìcu-

I a t i ons of the RSf,l.

Positive annual cash fìows are added to a cash surplus reserve over

the course of the simuìation. lf for any year of a simulation run net

cash flow is negative, an operating ìoan is appìied to cover the short-

faì ì. For any case arising where the shortfal ì is greater in absolute

value than the total amount of operating expenses, loan consol idation

takes place if there is sufficient equity in the business.

The ten year simulation obtained from the input data requirements,

stochastic process and fînancial caìuclations is repl icated 3OO times.

Fol ìowing the repì ications the model determines probabi I ity distribu-

t i ons for:

gross margins of wheat production and

the probabi ì ity of an annual increase in net worth.

t.

2.

The probability

used to compare

distributions become the economic decision variabìes

each management aì ternative.
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Chapter I V

DATA INPUT AND RESULTS

The simuìation experiment was divided into three sites; Graysvi I le,

l'1 innedosa and Pierson, which where chosen on the basis of:

l. availability of historical weather data,

2. differences in cì imatic characteristics, and

3. differences in soiì type.

0n each of these s i tes, three management scenar i os were s i mu ì ated.

These occur as:

ì. Canadian Western Hard Red Spring Wheat (CWRS) grown under conven-

tional continuous cropping ti ì lage (denoted as SpCT);

2. CWRS grown under minimum tillage (denoted as Spl,lT) ,

3. Canadian Western Red Winter (CWRW) grown under minimum ti ì lage

(denoted as wl,Jf4T) .

The remainder of this chapter wiìì identify the specîfic data inputs

used in each model of the agronomic and economic frameworks for each

scenario and then outl ine the subsequent results. The data and results

of the agronomic modeìs will be discussed first with respect to the

input components of the yield regression modeì for each site and scenar-

io. The operations assumed for each management scenario are outl ined in

Table lV.l.
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Table IV,.'1

Assumed Management Operations

SPCT SPMT rruMT

Sprinq

1) Appfy granual herb. 1,) Broadcast N fert. 1) Broadcast N fertilizer
2) Broadcast N fert. 2) culuivate 2) spor spray winrer kill

patches
3) Cultivate 3) Harrow
4) Harrow 4) Seed & apply P205 ferr.
5) Seed & apply P205 5) Harrow

fert.
6) Harrow

Sum¡ner

7) Spray 6) Spray for narror¿ 3) Spray for rusr
leaved weeds

7) Spray for broad
leaved weeds

Fall

8) Swath 8) Swath 4) Swarh
9) Cornbine 9) Combine 5) Combine
l0)Truck to farm lO)Truck to farm 6) Truck Lo farm
ll)Auger to sEorage ll)Auger to storage 7) Auger to storage
l2)Disc l2)Spray for perennial 8) Spot spray for

weeds perennial weeds
l3)Cultivate 9) Culrivare
l4)Harrow l0)Harrow

1l)Seed & apply P205
ferLilizer

12)Harrow

Winter

15)Auger to truck 13) Auger to truck 13) Auger to truck
16)Truck to market 14) Truck Èo market 14) Truck to market
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Attention is then focused on the data input values used for the eco-

nomic models and the subsequent results. This includes a description of

the management Practices adopted under each scenario and the associated

operating expenses. The variable components adopted in the risk simula-

tion model are then presented along with the resuìting probabi I ity dis-

tributions of the decision variables.

4.t DATA INPUT AND RESULTS FROI4 THE AGRONO¡4Y ¡4OD E LS

Yíelds were simuìated for each scenario by using equation ì0 and

specifying the vaìues of the model variabìes. The derivation of values

for the soi ì type variable, the varietal index variable, the moisture

stress variables and the nitrogen ferti I ity variabìe are discussed in

the fol ì owi ng sect i ons.

4.1.t Soit Type

The soil type dummy variabìe values were specified based on the type

of soil found at each of the three ìocations. The dominant soil in the

Graysville area is a coarse textured Almissippi fine sand and therefore

the variabìe Si was assigned a value of l. For l,l innedosa, the dominanr-

soil is a fine textured Newdale cìay loam and thus a value of J was

assigned. The Si values for the Pierson scenarios was 2 since the soil

in this area is a medium textured Oxbow Loam.

The specification of the yield equation

dummy var i ab I e contr i butes to the i ntercept

Therefore, the soi I characteristics relating

such that the soil type

the yieìd function only.

this variable, such as

is

of

to
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intrinsic fertility or erosion, wilì cause a shift in the yield func-

tions-between sites. Those soi I characteristics that have an effect on

the shape of the function are captured in the soil moisture stress vari-

abìes.

4..l.2 Varietal index

For each of the SPCT, SPt/tT and WI^JHT scenarios the varietal improve-

ment variable was defined simply from the varietal improvement index

def ined in tabìe I I I .1. The SPCT and SPI'IT scenarios adopted the Neepawa

variety index value of 1.25. The WWHT scenario adopted the winter wheat

variety index value of ì.5.

4. ì .3 So i ì l'1o i sture Stress

As discussed previously, input requirements for the VSHB incìude:

l. dai ly minimum and maximum temperatures,

2. daiìy precipitation,

3. latitudinaì location,

4. soi I moisture reìease characteristics,

5. soí ì zone depths,

6. soiì water hoìding capacities,

7 . root i ng and water extract i on coeff i c i ents,

8. seed i ng and stage dates,

9. control parameters.

Each scenario for

i nput requ i rements.

each site held a different

As such, â different set

set of values for these

of mo i sture stress va I ues



were simuìated for each case. The values for these variables

sented in Appendix B and the resuìting frequency distributions

ture stress are diagramed in figures lV.l to 1V.6.

6l+

are pre-

of mois-

The frequency distributions are expressed as the probability of

occurrence of different levels of soil moisture stress and are presented

for both earìy and late crop development stages. The cumulative distri-
bution probabi ì ity curves portray the differences in soi I moisture

stress for each scenario on each site. Figure lV.4 shows that the prob-

ability of experiencing a soil moisture stress of no more than !0 mm is

between 16'a and 2o"a. ln other words about one year in every f ive or six

the soil moisture stress does not exceed !0 mm. A stress of less than

l00mm is I ikely to occur approximately 802 of the time. Aìternatively,

stress in excess of .l00 
mm wiì I happen 2O"4 of the time.

The probabi I ity of, sâ/r .l00 
mm of moisture stress occurring during

the early or late stages of crop deveìopment shouìd be different for

each management scenario on a particular site. Using the SPCT scenario

as the base curve in figure lv.l to 1v.6, a shift to the left of SpcT

represents a reduction in the leveì of soi I moisture stress for a spe-

cific level of ìikelihood of occurrence. A shift to î.he right of SpCT

is interpreted conversely as an increase in the ìevel of soi I moisture

stress that is ì ikeìy to occur. From discussion of the crop production

system, âFt increase in moisture stress is expected to translate in to

reduced yields.

The SPI'IT scenario produced a minor shift in the cumulative probabili-

ty of early stage moisture stress curve to the left of SPCT in each of
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the three locations. This is interpreted to mean that spring wheat pro-

duced under minimum tiìlage offers a slight reduction in moisture stress

during the earìy stages of crop development when compared to production

under conventional tiììage. This result meets expectations in that a

reduction of ti I ìage is expected to increase soi I moisture, thereby

reducing stress, via increased snow accumulation and reduced evaporation

and runoff. Since the yield equation coefficient for early stage stress

is negative (i.e., a decrease ín soi I moisture stress in the early stag-

es of crop development produces an increase in yields),

expected to have a positive impact on simuìated yieìds.

this shift is

A simi ìar situation arises during the later stages of development.

Again, this meets with expectations in that the positive attributes of

sP¡ilr over SPCT wou ìd be expected to d im i n i sh as the crop deve I ops

towards maturity. The advantages of increased snow cover and decreased

evaporation under SPHT occur in the spring, with the positive impact on

soil moisture carrying over throughout the crop year.

ln the case of winter wheat, the distribution of moisture stress is

not quite as consistent. During the early stages, the Wl./t4T curve is

positioned to the right of the SPCT curve at some points and to the left

at others. This situation is presumed to be indicative of the fact that

crop development in winter wheat can occur at dífferent rates than

spring wheat under conventionaì ti I ìage and spring wheat under minimum

tillage throughout the same crop year. The pattern in spring resumption

of winter wheat growth over the years, as opposed to the seeding date of

spring wheat, may not necessari ly coincide. Therefore, the ultimate

effect on simulated yields of winter wheat due to the levels of early



stage soi I moisture

eìs.

stress is uncertain in comparison to

7z

the SPCT I ev-

During the later stages of deveìopment, the WWI'1T curve is more con-

s istentìy to the ì ef t of the SPCT and sPl,lT curves. Th is protrays the

fact that winter wheat can more readi ly take advantage of the higher

levels of precipitation during the earìy portions of the growing season

and the drier conditions required for ripening in the later portions of

the season. Thus, the ultimate effect of winter wheat yield simulations

due to soil moisture stress in the last stages should be positive.

ln site-to-site comparisons the position of aì I three scenarios on a

site occurs as l'1 innedosa to the extreme left, Graysville and Pierson to

the extreme right. This coincides w¡th both the cìimatic and soiì char-

acteristics of the sites. l'1 innedosa, whiìe having a similar annual ìev-

el of precipitation as Graysvi I le, is of a cìay loam texture, whi ìe

Graysvilìe is a sandy loam. P¡erson, with a loam soil compìex, receives

a substantial ly smal ler amount of precipitation than 11innedosa, and

Graysvi I ìe has the highest soi ì moisture deficit.

4.1.4 Nitroqen Ferti ì ity

The values for the nitrogen fertil ity variab'ì e, F, were estimated by

soìving the yieìd regression equation for the optimaì value given the

average moi sture stress (!0 percent probab i I i ty) and var i etaì i ndex for

each crop. For examp'l e, given the yield equation (ì0), the optimaì val-

ue of Nitrogen occurs when

price lt
price Y

(l¡)

èy/¿r = "(a+bs-+"orj) 
*,.rí ,å " "(sþtrtlr) 

x 
'r 

x d'd-1 =



()

From equation (.|5), ¡t is noted that the marginal product for N fertil-
zer is continually increasing but at a decreasing rate. The optimal

point therefore' occurs when the rate of increase equals the .¡986 input/

output price ratio. ln order to caìculate optimal F vaìues, values are

needed for the f4ì, f,12 and V variabìes. Therefore, the 502 probabiìity

soiì moisture stress vaìues are used for t4 l and l,t2 and the varietaì

index values for V. For each scenario on each site these vaìues are

outl ined in Table 1V.2.

The optimal ferti I ity levels demonstrate a reduced requirement of

nitrogen fertilizer in the SPi'1T scenarios when compared to SpCT at alì
sites. The WW|IT scenario demonstrates an increased requirement f rom the

SPHT scenarios on all sites and increased requirement from tire SpCT sce-

narios except in t/t innedosa where the requirements are similar.

4..l.5 Results of the Aqronomy I'lodels

Aì I the data for the yield model variables i n terms of soi I type,

ni trogen ferti I i ty, soi I moi sture stress and var iety for each of the

SPCT, SPI1T and WWltlT scenear ios on

sites are outlined in Appendix B.

previousìy estimated parameters of the yi eì d regress i on (equat i on ì0)

generated a series of yields. For the Graysviìle site, yieìds over the

past 6l years of weather conditions were simulated, for l,linnedosa, l0O

years were simulated and for Pierson, Jj years. From these simulations,

cumulative wheat yieìd frequency distributions were derived for each

scenario and are outl ined in Figures lV./ to lV.9

the Graysville, l'1 innedosa and pierson

This data when incorporated wíth the
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Opcimal Nitrogen Ferciliry Lewels for 1986 I{heat
FerËilizer Prices with 58 l" Soi.l Moisture Stress

'5q" 5q" .

Early Stage 1.aLe Stage
si,t e/ Mo is ture lfo is ture varietal Nitrogen
scenario stress siress rndex Fertiiicy

ke/ha

Graysville

SPCT
SP}fT
Ili4IMT

üf.nnedosa

SPCT
SP}fT
WT,IMT

PLerson

SPCT
SPMT
WWMT

37
36
52

47
36
46

75
75
80

86
87
72

L-25
t.25
1. s0

L.2s
L.2s
1.45

t.2s
L.2s
1.50

68
73
73

77
77
72

. L02
95

100

85
89
93

38
36
44
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These curves represent the cumulative probabi ì ity of obtaining a cer-

tain yield on each site for each scenario. For exampìe, the probability

of obtaining a winter wheat yieìd of 2000 hg/frar oF less, at i\4innedosa

(figure lv.8) is about ì0 percent. The probabi I ity of the same yield,

or less, under both conventional and minimum ti I ìage is about 40 per-

cent. As such, if the SPCT curve is used as a base curve, a paralìel

shift to the left of SPCT represents an increase in the probability of

getting a ìower yield. A paraìleì shift to the right corresponds to an

increase in the probabiìity of getting a higher yieìd.

The figures demonstrate I ittìe, if any, change in yields between con-

ventional ti ì lage practice to minimum ti I ìage for al I three ìocations.

The expected increase in simulated yieìds with the reduced moisture

stress of minimum tiìlage in the early stages of deveìopment was equalìy

offset by the disadvantage appl ied to yieìds wi th the reduced moisture

stress in the ìast stages.

A distinct yieìd advantage was demonstrated under the production of

winter wheat with a r ightward sh if t of the Wl.lt4T curve compared to the

SPCT and SPHT curves on aìì locations. Since very l¡ttle distinction

can be made on the influence of earìy stage stress on winter wheat

yieìds when compared to spring wheat, this shift is indicative of the

ìef tward sh i f t of ìate stage stress in Whrl4T, the increased f ert i ì izer

requirements and the positive impact associated with varietaì traits.

A comparison of the expected yields between sites in table lV.J shows

the probabiìity of reaìizing ìess than 20oo kg/na of spring wheat in

llinnedosa is 48 Percent, whi le the more aríd area around Pierson is onìy
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Table

Cumulative Probab ility

IV.3

of Ilheat Yields (8)

Yield Graysville Minnedosa Pierson

Kefta

1,000

2,000

3 ,000

4,000

5, ooo

SPCT SPTfT

54

8s 84

98 98

t_00 100

l-00 t_00

SPCT SPMT

00

48 49

95 95

98 98

99 100

I{Tü{T

0

38

90

97

100

WI.iHT

0

11

65

96

98

SPCT SEHT T{I,IMT

4s3
65 64 L7

97 97 80

99 100 92

100 100 99
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6! percent. Graysvi I le has a probabi ì ity of annual spring wheat yields

fal ì ing beìow 2000 kg/na of 85 percent. The ìower yieìd potentiaì of

the Graysvi ì le location is primari ìy due to the effect of sandy loam

soils in the yieìd equation for wheat. ln both.the Graysville and pier-

son sites, the probabi ì ity that spring wheat yieìds wouìd fal I below

1000 kglha was between 4 percent and ! percent, whi le the ì ikeì ihood

they would exceed J000 kg/na was between 2 percent and J percent (ìooZ

less 982). The probability of realizing ìess than 2oO0 kglha of winter

wheat in each site is substantially lower. For example, the more

drought prone Pierson area was simulated to have winter wheat yieìds

fall beìow 2000 kg,/ha lJ percent of the time, whiìe spring wheat yield

wouìd falì beìow 2000 kg/ha in two years out of three years. The great-

er yield potentiaì of winter wheat is primari ly responsibìe for the

higher yieìds (see tabìe I I l.l) as it was assumed to yieìd 20 percent

more than the spring wheat variety (Neepawa) chosen. Any incidence of

winter kilI or rust would reduce the simulated yield difference ín win-

ter wheat. The probabiìity of either event was not included in estimat-

i ng the annual wi nter wheat yields wi th equation l0 and the weather

events for each site.

l+.2 DATA INPUT AND RESULTS FROI,I THE ECONOTlIC ¡4ODELS

lnput for the economic models was based on the resuìts of agronomic

models and the set of assumed management operations. Given no signifí-

cant difference ín yield between conventional and minimum ti ì ìage of

spring wheat production and the distinct yieìd advantage of winter wheat

production, the economíc models attempt to ascertain whether the yield



resul ts translate i nto di fferences i n returns given

structure of each practice.
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the different cost

The conventional tillage and minimum tilìage operations required a

different inventory of equipment. lnformation on the machinery invento-

rY, the management practices associated with each scenario and the cost

of the required inputs make up the set of input data for the crop pro-

duction simulator. The resulting operating expenses, along with the

yieìd distributions and other financiaì data make up the set of input

data for the Risk Simuìation t4odel. This section outl ines the input

and results of both the Crop Production Simulator and the Risk Simula-

t i on I'tode I .

I+.2.1 Crop Production Simuìator

Given the machinery inventory, management operations and cost of

inputs for each site and scenario as outlined in Appendix C, the resuìt-

ing operating expenses are presented in Table lV.4 For each site, spHT

demonstrated an increase in operating expenses from three percent at

lilinnedosa to seven percent at Graysvi ì ìe and Pierson when compared to

SPCT. This increase is due for the most part to the additional cost of

herbicide. Therefore, the 73 percent increase in the cost of chemical

weed control in reduced tiììage proved greater than the ì8 percent aver-

age decl ine in ti ì lage costs. ln order for the operating expenses of

minimum tilìage to come in line with conventionaì tilìage the price of

chemicals must fall by 22%.
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Table IV.4.

1986 Operating Expenses ($/ec)

fnput Grayswille Minnedosa Pierson

SPCT

Fuel+Lub. L6.96

Repair L5.94

Fert. 18.59

Chem. L9.25

Seed 8.63

Equip.rent. L.29

Mach.Ins. 0.44

Overhead 7.85

SP}ÍT WI{MT

13 .01 L2.38

L3.94 L2.98

L7 .9L 23.37

33.36 18.0s

8.63 7.50

1.04 L.04

o .43 0 .43

7 .8s 7 .8s

SPCT SPì.ÍT

t7 .96 L3.46

L5.94 L3.94

22.00 L7 .9L

L9 .25 33.36

8.63 8.63

L.29 I .04

o .44 0 .43

5.35 5.3s

SPCT SPI'fT Wl+n"IT

L7 .46 L3.23 L2.L5

L5 .94 L3 .94 L2.85

18.59 A7 .9L 20.64

L9 .2s 33. 36 18 .05

8.63 8.63 8.63

l.rt 1.04 7.s0

O .4/+ 0 .43 0.43

5 .87 5. 87 5 .87

I.IT^IMT

12 .81

L2.98

2L.32

18 .05

7.50

L.04

0.43

5.3s

Total Exp. 88 . 96 96 .L6 83 .59 90. 88 94.LL 79 .47 87 .48 94.40 78 .83
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Operat ing expenses under the WWI'IT scenar io were I ower than SpCT by

s ix percent f or Graysvi I le, ì J percent f or lç1 innedosa and l0 percent f or

Pierson. This was due rnainly to reductions in tiìlage costs by an aver-

age of 24 percent and chemical costs by six percent. Ferti ì izer costs

were hígher for l./wl{r than either of the spring wheat scenarîos.

ln summary, for each site, minimum tilìage production of spring wheat

required greater operating expenses than does conventional t¡llage,
whi le winter wheat production required the least direct costs.

Table lV.5 outì ines the distribution of labour for the spring (April

ì to June ì); summer (June 1 to Juty 1Ð; faì ì (.luty ì! to November l);
and, winter (November ì to Apriì l) working seasons.

While the spring and fall requirements for SPCT exceed available

hours, SPr"lT seasonal requirements are within the hours avaiìable. SpHT

labour requirements are l0 percent of those for conventional tiìlage

wh i ì e WWI{T requ i rements are 8l+ percent. f,tuch of the work f or wi nter

wheat productíon is needed in the fal l. This represents a ìJ percent

i ncrease from SPCT faì I requi rements.

l+.2.2 Risk Simulation I'todel

A number of the input requirements used by the RSt4 to construct the

financial state of affairs of the enterprises being simulated are held

constant over the course of the experiment. The values assoc¡ated w¡th

these variables are given in Tabìe ¡V.6.
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Table IV.5

EstimaÈed Distribution of Labour Requirements
for l-,000 Acres of Wheat

SPCT SPMT Iti{}.I7

Season
Hours
Spent

Hours
Spent

8of
SPCT

Hours
Spent

8of
SPCT

Apr 1-Jun 1-

Jun 1--July 15

July 1-5-Nov 1

Now 1-Apr 1

509

82

81_8

299

348

163

723

299

68

50

88

1_00

89

82

925

330

t7

0

113

110

Total L,707 1, 533 8490 L,426
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Tab1e IV.6

RSM InpuË Data Summary
Variable Held Constant

l-. The
2. The
3. The
4. The
5. The
6. The
7. The
8. The
9. The
10. The
11. The
12. The
13. The
l-4. The
15. The
16. The
17. The
18. The
19: The
20. The
21. The
22. T]ne
23. The
24: The
25. The
26. Th.e
27. Tl:.e
28. The
29. The
30. The
31. The
32. The
33. The
34. The
35. The

beginning year and quarter of the analysis: L9B6
number of productive acres purchased: 0.00
price paíd/aerez 400.00
average price/acre from recenÈ sales of comparable land: 400.00
current price of wheat ($þushel): 4.00
expected annual increase in yields (t): 1.00
percentage of land in summerfallow: 0.00
average quota expected per year (bu/acre): 35.00
expected annual Íncrease in quota (t): 1.00
total operating expenses/acre:
expected inflation rate for operating experrses (t): 4.00
present cost of fertilizer/actez
present cost of herbicide/acre:
basic living and personal expenditures/year:
expected inflation rate for living expenses (t):
presenË nonfarming income:
expecüed annual increase in nonfarming income (t):
tot.val.of cash, near cash and operat.supp.:
beginning wheat and l¡heat equivalent inventory (bu):
market value of machinery:
average replacement frequency of machinery (yrs.): 15.00
total number of rented productive acres: 0.00
total amounE owing on accounts payable: 0.00
Canadian/U.S. exchange rate: 1.36
expected Can./U.S. exehange rate in 10 years: L.25
total number of owned pasture land (acres): 0.00
total number of owned hay, crop and fallow acres: 1.000.00
average priee/acre of improved farmland (excl. bldgs.): 400.00
total value of farm buildings (excl. livestock barns) | 6,000.00
present pasture land taxes/aere'.
present improved land taxes/acre:
current operating loan inEerest rate (t):
operating loan outstanding:
average t of cultiwated cropped land/qtr.
proportion of the generated v¡heat price to

15,000
4.00
0.00
0.00

s0 . 000.00
2, 500.00

1.00

12.00
l_0 ,000.00

section: 100.00
be used:



The remaining input requi

values, âlong with the yield

models (table lV.7), provide

alternative to be simulated

stochastic and nonstochastic

rements vary by s i te and

d i str i but i ons generated

an economic description

and initialize the starti

trend var i ab I es.
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scenar i o. These

from the agronomy

of the management

ng points for the
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Table IV.7

ïnput Data to the Risk Sinulation Mode1
which varies by Location and Crop.

Data Grayswille Hinnedosa Pierson

SPCT SPMT WIJI,IT SPCT SPMT WI^I}'1T SPCT SPMT I,]i{I.fT

Ifheat
Price
(8 of
Spring
whear) r t_ .9 1 t_ .g L 1 .9

Quota
(bulacre) 35 35 45 35 35 45 35 35 45

Operacing
Cost
($/acre) 88 .96 96 .L6 83 . s9 90.88 94.rL 79 .49 87 .48 94.40 78 . s3

Machinery
($/acre) 1s6 L52 L52 156 L52 L52 t_56 L52 L52

Taxes
($/aere) s.10 5.10 5.10 s.27 5.27 5.21 3. sB 3.58 3.58

Fert i Lízer
($/acre) 18.59 L7.9L 23.37 22.oL Lt.gL 2r.32 18.59 L7.gr 20.64

Herb ic ide
($/acre) L9.26 33.36 18.0s Lg.26 33.36 tB.05 Lg.26 33.36 rg.26
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Tables lV.8 to lV. lO provide samples of one repl ication of the ten

year simulation for the three scenarios at Pier.son. Values in each year

for the stochastic variables of wheat yield, price and sales along with

i nterest rates vary for each of the 300 repl i cat i ons. The rema i n i ng

columns are caìculated based on these randomìy generated data and the

information defined in the input data. The annuaì cash flow and the

equity position is then tabled for comparison.

Tabìe lV.8 shows the computer printout from SPCT where the upper por-

tion of the tabìes is the simulated revenue from wheat saìes and direct

operating costs. The difference between revenue and direct costs is the

gross cash fìow from wheat production and it is combined with other

sources of revenue (l¡vestock and off-farm income) in the lower half of

the tabìe to represent totaì receipts available to meet debt obìiga-

tions, purchase equipment, pay income taxes and contribute to househoìd

ìiving expenditures. The financial variable tabulated for each replica-

tion is the crop gross cash flow which appears in both sections of the

tab ì e. I t represents the i ncome contr i buted by the crop enterpr i se to

the farm business. A negative amount indicates the farm had to borrow

money or cross subs i d i ze the cropp i ng operat i on from another i ncome

source. The simuìated crop cash flow registered for 300 repl ications

was tabulated and reported as cumulative probabi I ity distribution for

the second and tenth year of the simulatíon. Besides simuìating the

ten-year crop cash fìow, the balance sheet of the business is estimated

at the beginning of the ten-year interm and at the end. The growth or

decline in equity for each ten-year period is tabulated and reported as

a cumulative probabi I i ty distribution.
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Yea r
1

')

3
4

5
6
7

B

9
10

Carry Yield
SaLes -over (bus/
(bus) (bus) Acre)
30353 0 27,8
26s09 0 26,5
20085 0 20.0
29871 1569 31.4
2791 I sB30 32,2
216s4 0 ts.B
30s92 3039 33.6
29864 1467 28,2
39080 3578 4l.l
29614 0 26.0

T¿¡1s IV.8

Risk .Ana1ysis of sprjry Wheat P:rcduction i¡ pierson, ldanitoba
with Conve¡rtional Tillage

CROP ENTERPRISE

Price 'Iotal( s / Revenue
Bus) ($)
3.83 1r6318
3.87 10265r
3.Bs 77437
4.86 l4s3s5
6.39 178924
6.63 143784
6,42 t96463
6.0 I 179524
5.63 220191
6. r 3 1B 1663

Summary

SÈocker Cow-Calf Farrow- Crop Non- Total
Gross Gross Fini sh Gross Farm Gross I
Cash Cash cross Cash fncome Cash

FIoH($) Flovl($) cash ($) Rlov$ (S) nlow($)
0 0 0 216t5 0 21615

' 0 0 0 4t60 0 4160
0 0 0-24992 0 -24992

, 0 0 0 38828 0 38028
0 0 0 68136 0 68t36
0 0 0 28565 0 28565
0 '0 0 76635 0 76635
,0 0 0 54903 0 s4903
00090585090585
0 0 0 46872 0 46872

Yea r
1

2
3
.¡

5
6
7

B

9
10

Tota I
Operabin

Expense
947 02
984 90

102429
106526
1 10787
1 rs2l9
r 19828
124621
129605
134790

Gross
g Cash
5 Flou

21615
4160

-24992
3BB2B
58r36
28565
76635
54903
90585
46872

Nobe: Àn * beslde bhe Deb! Paynents nreans bhe outstanding debt has been refinanced

of ÀnnuaI Net Cash Floss from ÀII Enterprlses

Currenb
Year Àssebc

Q +60, û00
10 +53,396

nter
RaE
(%)

0.1I
0. t0
0.13
0.15
0.10
0.11
0.09
0.07
0.07
0.05

Begin
esb Cash Cash
e' Àssets Reserve(s) (s)

40000 6161s
23405 27565

0 -24992
-45r76 -6347
-2s866 42269

9781 38346
.-12870 63764

24746 79650
23382 1 I 3968
6876t I15634

Te nn ToLa I
Àssets Àssets Llabllltles Equity

SIMULÀTED SUMMARY BALANCE SHEET

+615,534 +675,534
+568,84 1 +622 t23B

Debt ToLa I
Pay- Ope ra te
ments Expense(i) (s)

0 94702
0 98490
0 102429
0 106526
0 110787
0 I 15219
0 I t9B2B
0 124621
0 12960s
0 t34790

+10,000 +665,534
+2,612 +61 9,625

Replace
capital.
Inputs

($)
2567 4
I r965

0

0
15tr9
20777
?207 9
23005
23930
2 4BB7

Living &

Personal Income
f,¡i tlìdraw Tax(s) (s)

15000 0
15599 0
16223 0

16872 0
17547 766
18249 IIr62
18979 1 I B
r9738 1s108
20528 5599
21349 18925

NeÈ Cash
FIow Before

Loan
($)
?094 1

0
-4 121 6
-23220

BB35
-11843

22587
21796
63910
50471



o
c|\

Sales
Year ( bus )

1 30915
2 t 5 t54
3 25163
4 .245095 29880
6 39033
7 22215
B 2650 1

9 29021
10 35331

Stocker
Gross

Cash
Year Flov($)

10
20
3' 0
40
5. - 0
6' o
70
BO
90

10 0

Risk Analysis of Sprirg Wheat, P:rcducbion in pierson, l4anitoba
liith MirìÍmrm TiLLage

Ca r ry Y

-over (

(bus) ¡
3B7B

0
c
0

0
410

0
0
0
0

ield
bus/
cre)
1't t

lt,2
25 .1
24 ,5
29.8
39.4
2t,B
26.5
29.0
35.3

CROP

Prlce( s/
uus )

3.87
4.10
4 . 88
s.3B
6.06
5,77
5.40
5.27
6 .02
7.05

NNTERPRI SB

Tota I ToEa I
[levenue Operating

( ¡ ) Expenses
1r9799 101899
62241 I 0s974

123002 il0213
t3r9t3 114622
18t196 119207
225slB 123975
120 t13 r28934
r39904 r34091
t7 4796 1 394 55
249276 145033

Table rv.9

Cos -Ca I f
Gross

Cash
rtor¡ ( $ )

Farrow-
F i n i slt
Gross

cash ($)
0

0
0
0

0
0
0

0
0
0

Gross
Caslr
FLow

17900
-43733

I27BB
17290
61989

10 I 54 2
-8820

58 l2
35341

I 04242

Nobe: .\n * beside Llre Debt Payments means the ouÈsLanding debt has been reflnanced

0
0

0
0

0
0
0
0
0
0

Surnmary of Ànnual Net Cash Flows from ÀIl EnLerprises

Crop Non-
Gross Fa rm
Cash Incorne

Flowg ( $ )
17900 0

-43733 0
12788 0
17290 0

61989 0
1 0 r 54 2 0

-8820 0
58 I 2 0

35341 0
104242 0

Current'
Year Àssets

TolãI
Gross
Cash

Flow ( $
17900

-43733
l2'188
17 290
61989

r 01 54 2

-BB2O
sB t 2

3s341
1 0E2 42

0 +60,000
10 +0

Begin
Interest Cash Cash

Rate ÀsseEs Reserve
) (%) (E) ($)

0.14 40000 57900
0.ts 20439 -23293
0.14 -43393 -3ú604
0.1s -51895 -3460,1
0.15 -62352 -363
0.09 -40705 60837
0.10 16767 7947
0.08 -58334 -52521
0.07 -t00s9B -652.57
0.08 -lrsl45 -10903

Term ToLa I
Àssebs Àssets Liabilitles Equity

SIMULATED SUMMÀRY BALANCE SHEBT

+611,606 +671,606
+565,389 +565,389

Debt Tota I
Pay- Operate
ments,Expense(s) ($)

0 l0rB99
0 t05974
0 110213
0 114622
0 119207
0 1239'1 5
0 128934
0 13409t
0 139455
0 145033

+10,000 +661,606
+77,575 +487,814

Replace
cåpi ta I
Inputs

(s)
25028

0
0

4539
18577
2061 I

21556
))L)q
23327
2 4260

Living t
Personal Income
t^¡i bhdraH Tax($) ($)

1s000 0

r 5599 0
16223 0
16872 0
17547 0
r8249 6719
18979 21453
19738 0
20528 0
21349 79

Net Cash
Flow Be fore

Loa n
(s)
17872

-38893
-46828
-s60 1 6
-36489

1 5257
-54041
-94689

-1091r3
-56s92
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Yea r
1

2

3
4
5
6
7
B

9
10

SaIes
(bus)
27750
3s639
46029

8022
37795
34375
30906
35348
30134
40690

Stocker
Gross

Ca sh
Flow($)

0
0
0
0
0

0
0
0
0
0

Rtsk Arnlysis of Wj¡ter f.fheat P:rcducLion 1n Pierson, Manitoba

Carry Y

-over (

(uus) ¡
0
0
0
0

1319
0
0
0
0

10671

ield
bus/
cre)
25,2
3s.6
46.0
8.0

39.1
33.0
30.9
35.3
30. 1

51.3

CROP

Pr ice
| $/
Bus )
3,24
3.08
3.19
3.19
3. B6
4 .68
5.58
5. B4
5.67
5. tB

ENTERPRI SE

Total Total Gross
Revenue OperaLing Cash
($) Expenses Flow
r00095 85394 14701
122175 BBB09 3336s
r63363 92362 71001
28443 960s6 -67613

162273 99898 6237 4

r78847 103894 't4952
191932 108050 B3BBl
229509 112372 1 17,l37
189907 ll6867 73040
234453 12t5q2 112911

Summary of ÀnnuaI Net Cash FIoHs from ÀII Enterprises

Yea r
1

2
3
9

5
6
7
o

9
10

Tab1e IV.10

Cow-Ca I f
Gross

Ca sh
rlow ( $ )

Fa r row-
Finish
Gross

cash ($)
0
0
0
0
0
0
0
0
0

0

Note: Àn * beslcle t.he Debt paynretìLs means the outstanding debt has been retinancetl

0

0
0

0
0

0
0
0
0

0

Crop Non- Tota I Beg ï n

Gross Farm Gross Interest Cash Caslr
Cash Income Cash Rate AsseÈs Reserve

Fr;;i (s) rrlorr($) (%) ($l (s)
iozór o t47ol o.14 4oooo 54701
33365 0 33365 0.15 16738 50103
71001 0 71001 0.ll 8449 794s0

-6?613 o -67613 0.11 38906 '28707
62374 o 62374 o.lo -59477 2997
74952 o 74952 0.08 -15793 s9159
s3BB1 o 83BBl 0.10 31825 115707

117r37 0 117137 0,12 68llB 185255
73040 0 73040 0.12 l4l76l 214802

il29il 0 112911 0.ll 161637 274549

SIMUT,ÀTED SUMHARY BÀLANCE SHBET

Current Term Total
Yeal Assets ÀsseEs Assets Liabillties uquity

10 +300;415 +565;390 +865;806 +25,208 +840'598

Debt ToEa I
Pay- OPerat.e
rnents Expense($) ($)

0 85394
O BBBO9
0 92362
0 960s6
0 99898
0 103894
0 108050
0 I 12372
0 116867
0 121542

Replace
capi ta I
InpuEs

($)
25028
27161
28353

0
0

5005
20102
22293
23314
24259

Living 0

Pe r sona I
t^¡i thdraï¡

(s)
15000
I 5599
1 6?23
168'Ì 2

17547
18249

"897919738
20528
21349

NeL Cash
Income FIow Before

Tax Loan($) (s)
0 14673
0 7342
0 34873

9252 -54832
0 -14650

6664 29239
14997 61626
I 7698 125524
268'l5 144143
14260 214679
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Table lV.8 represents one ten-year repl ication of SPCT for the pier-

son site. Year I in the analysis is lg86 and wheat prices were lower

than the specified ì18! starting price of S4.oo per busheì (tabte tv.6).
Whereas the simulated prices in the repì ication presented in tabìe lV.8

did not falì as ìow as the actual prices received by farmers in ,¡986 
and

1987, the prices simuìated in other repì ications approached these ìev-

els (see table lV.lO). Given that the model does not estimate govern-

ment payments to the representative farm, the net cash fìow is often

negative in the fi rst three years (see table lV.9) . For examp ì e, i n

year J in table 1V.8, the farm operating expenditure for wheat produc-

tion exceeds revenue because of a reìatively ìower yield and price.

This results in an outstanding operating loan of S4t,zl6 at the end of

the year. wheat prices tended to increase after years I and 4. wheat

yields in tabìe lV.8 were estimated to range between ì5.8 bu,/acre and

4ì-ì bu/acre. The spring wheat probability density function for pierson

(tígure lv.g,table lv.2) indicated that a yieìd of ìf busheìs per acre

would occur no more than once every 20 years. Table lv.B also shows

that in five of the ten years, the farm could not selì alì the wheat

produced and carried some inventory into the next crop year. The vari-
ability of cash flow from wheat production for a .|,000 acre farm is

exhibited in tabte tV.8 as it ranges form s-24,gg2 t_o $g0,5g5. Figures

lV.l0 through lV.l5 display the cumulative probabi I ity density functions

for each scenario and site for the second and tenth year.

The simulated cash flow contributed by l,ooo acres of spring wheat

production in the second year (lgAZ) shows there is a !0 percent prob-

ability the enterprise wilì not return sufficient revenue to pay the



cô\
o\

-r-i¡TtÐ-J Tlr I 
^- lU U¡LL -L ! c -L\/

GRAYSV I LLE CÂsH FLÜW

YEÅR 2
PR¡}BABTL¡TY G)

tBt¡

g¡

8I¡

70

8$t

g

4r¡

30

ã)

to

0

t
t
r
,
ît)tl

i/

t

-55 -4r -e7 -t3 t 15 us 43 r, 71 85 9S !13 tãf

ffi1



-to\

-ircr&E r/ " +
GRAYSVTLLE CASH FLNW

YEAR 1 Û
PROBAB¡LTTY@

tm

m

8f¡

70

80

Ð

40

æ

eg

t0

Ít
-t¡5-41-??-13 t l5 eg ¿$¡¡ 5t 71 8:¡ @ ll3le7¡{l tg5t8ß183

cAst Fl.ûw (9 '0æ)

gWHT



tr\
o\

ìIIGURE T/"12

MÏNNEDOSA CASH FLOW

YEAR 2

TIX¡

w¡

w

70

@

g¡

&¡

g¡

an

10

0
t5 29 43 S'

EASI FLß (S '[K¡TI}

æM



\o
o\

¡'rGpFJ q,J.13

M Ï NNEDDSA C,\SH FLOW

FnoBÀB¡LrrY.*) YE'\R 1û

to0

s0

@

7A

&t

50

*L
g¡

an

l0

0
-5Í¡ -4t -27 -lS I t5 Zg 4:l 5t 7¡ 8:¡ St u31U7141 155189 ¡8i¡

cårsil Fuls (s 'I¡t¡o)

scr

WHT

HWMT



Þ-o\
i;'r.G!BJ rv'14

PÏERSON CASH FLOW

PnrEåBrLmY m YEAR 2

t{ts

g0

E¡¡

7Í¡

80

5{¡

40

3f¡

at

t0

t¡
-5Ê¡ -4¡ -Zl -¡8 I l5 eB 49 57 71 8rt

cAst FL06 (s 'o00)

æ grcÏ

"L-J--*J=...*{ .-*-J-J*



to
cl\

|LGIF,E .W, r.å

FruBABILITT @

tm

w¡

@

?{l

w

æ

40

gt

aa

l0

{t

PIERSON CASH FLÛW

YEAR 1 O

-st-41-?7-tB t ¡5 æ 4¡t 57 7t 8E¡ 9g ll3la7l4t t55¡88t83

cðsn FL0w (s 't¡lf¡o)

wðHr

-J*t.-"1--J-J



99

operating costs. l'4inimum tillage spring wheat contributes less revenue

to the farm than conventional ti I lage. Winter wheat displays a substan-

tially higher potential as loss is expected only ! percent of the time.

The cash fìow difference between spring wheat and winter.wheat is I inked

primariìy to the yield probability density function. Spring wheat has a

6! percent probabî ì ity of fal I íng below 30 bu/acre (2000 kslha) whi le

winter wheat has only a l/ percent chance of yieìding ìess than this

amount. Given year 2 wheat prices (1987), ã yieìd of approximately 30

bu/acre (zooo kslha) is required to meet operating costs. The simula-

tion indicates that winter wheat has a greater probability of achieving

this level of production than spring wheat. However, it must be noted

that the anaìysis of winter wheat yields did not account for any yield

loss due to winter kill or rust. Whereas the derived yield potential is

about 20 percent higher for winter wheat, this difference couìd be erod-

ed wi th crop loss from wi nter k i I I and rust. Therefore, the rel at ive

economic superiority of winter wheat in relationship to spring wheat may

be considerably ìess once the probable incidence of rust and frost dam-

age is taken into account.

The tenth year of the simulated wheat cash fìows show a much ìower

probability of deficits from crop production. Future wheat prices are

projected to increase the likelihood a grain farm wilì meet the operat-

ing costs. However, the simulation suggests that annuaì spring wheat

produced with conventional tillage stiìl has a ì! percent chance of not

meeting al ì operating costs in year ì0. The farm has a !0 percent

chance of receiving more than S3o,ooo (S3o/acre) and a l0 percent chance

that the wheat crop will contribute more than 565,ooo (S65/acre) to the
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business in .l990. 
No negative net cash fìows were projected for winter

wheat in the tenth year. The cumuìative probability density function of

each site for winter wheat in the tenth year shows tha variance in cash

fìow exceeds spring wheat. The higher variance is I ikely attributed to

reaì izing the relatively higher yieìd potential when soi I moisture is

less ìimiting. lf the probabiìity of winter kiìì and rust were incìud-

ed, this would increase the net cash flow variance even more. tlinter

wheat ìikely has a hígher income potential but exhibits more variability
than spr i ng wheat.

Figures lV.l0 to lV.l3 show the comparable cumuìative probability

gross margin functions for the Hinnedosa and Graysvi I le site. Hinnedosa

has a comparable gross margin variance with Pierson with a modest

increase in expected gross margin for the same probabi I ity. Graysvi I le

has a substantiaìly lower leveì of gross margin. For example, in figure

lv.l0, the probabiìity of a negative gross margin in the tenth year for

spring wheat conventional tilìage is 4! percent in Graysville whiìe both

l4innedosa and Pierson were in the 15 percent range. Given the cost

structure (tables lV.4 and lV.6) and the wheat yield probability density

functions specified for Graysvi I le, the simulation suggests that wheat

production would not be economicaì ly viable. Given the historicaì

weather at Graysville and the wheat yieìd functions specified to repre-

sent a sandy loam soi l, either the cost structure for continuous crop-

ping is too high for the soiì and climate conditions or the yieìd esti-
mates (equation l0) are too ìow when adjusted for sandy loam soi ls.

l'Jheat is grown on the sandy loam soiìs in the Graysviìle area and most

farms continue to be viabie businesses. Therefore, the gross margin
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simulations are too low. The cumulative density yield function (figure

lv.7) for Graysvi I le shows an average yieìd of l600 kglha whi le the

average yield noted by the f'lanitoba Crop lnsurance Corporation is l9O0

kg/na. Simuìated wheat yields are probably under estimated for the

Graysviìle site.

The growth or decìine in net worth for each site and scenario is pre-

sented in tabl e lV. ì I . S ¡mul ated growth in f arm net worth at the l'linne-

dosa and Pierson sites with spring wheat production shows a stable busi-

ness environment. After ten years of producing spring wheat with

conventionaì ti ì lage, the simulated farm in Hinnedosa had shown no real

accumulation of wealth 68 percent of the time. Year ì0 found l2 percent

of the time farmers couìd expect to increase their real net worth

between 2 percent to I percent each year whiìe l/ percent of the time,

the business had shown a decìine of 2 to I percent.

A decl ine in net worth was most often associated with a combination

of relatively ìow crop yieìds in the first two to three years of the

simulation when wheat prices were depressed (1986 to l9B8). The simuìa-

tion required the farm to borrow added monies and the ìiabilities were

not paid off by year 'l0. The modeì did not account for transfer pay-

ments in the form of stabi I izatîon or the Canadian Speciaì Grains pro-

grams which have contributed substantiaìly to farm income in ì!86 and

1987- Clearìy the model suggests a winter wheat rotation wiìl allow the

farm to accumulate more wealth than either spring wheat management sys-

tems. However, this result assumes no rust infestations or winter ki I ì

over the ten years the business was simuìated.
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Simulated Probabiliry of the Annual
Gror¡th (Decline) in Ner¿ I^Iorth

Grov¡th
Rate
(r)

Grayswille Minnedosa Pierson

SPCT SPì,IT I,TIfMT SPCT SPI,IT l.nfMT SPCT SPIIT IJI{ì,ÍT

<-8

-2 ro -8

-2 xo +2

2to8

8+

28

23

48

L7

7L

L7

62

L2

4

68

19

4

45

48

86

L2

65

23

L2

6752

244L



703

Chapter V

CONCLUS I ONS AND RECOT,lJ'lENDAT IONS

5.1 CoNCLUS I 0NS

Various modeìs derived from previous research were ì inked to develope

a l'lonte-Carìo simulation as an approach to evaluate cropping alterna-

tives. This approach proved to be effective and the models used ìent

themselves very weì I to the objectives of the study.

The accuracy and acceptabi I ity of the method chosen is based on the

accuracy of the i nput data, each modeì 's abi I i ty to s imulate the rea l

world and the acceptability of each modeì when originaììy introduced.

The exogenous input data for each model is highly accurate since it is

derived from observations of the real world. Since the accuracy and

acceptabi ì i ty of each model was assessed by previous researchers when

developed, this study is more interested in the trends of the outcomes

when compared to a base scenario.

The abiìity of the Bt'lTs, vst'18, yi eìd regression, cps and RSt{ models

to accePt data from a previous modeì, simulate one component of the crop

production system and generate data for a subsequent modeì provides for

a very workable and fìexibìe aìternative to costìy field plot research

or management surveys. Since each model is the result of previous agro-

nomic research or defined economic identities, they may be appìied to a

very wide range of management alternatives in crop production simply by

specifying the appropriate data at any step in the simuìation process.
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The ability of the models as a working group to capture the stochas-

tic nature of weather, yields, price, interest rates and,del iveries and

to generate outcomes with a probabil istic degree of certainty allows for

further flexibi I ity in drawing conclusions about a particular management

or cropping system. As such' recommendations on management aìternatives

can be scaled to fit either the risk taking or risk averse entrepeneur.

ln summary, l'lonte-carlo simulation is a very usef ul and highly adap-

table approach to assess the economics of management aìternatives in

crop product i on.

The cropping aìternatives that were economical ìy assessed by the

l'lonte-Carìo simulation included minimum tillage production of spring and

winter wheat using spring wheat production under conventionaì tiìlage as

a base comparison. The results indicate that very ì ittle difference in

yield occurs whether adopting conventional or minimum ti I lage practices

for the production of spring wheat. A distinct yield advantage occurs

when adopting minimum ti I lage practices for the production of winter

wheat due to the better uti I ization of seasonaì cl imatic conditions as

well as increased returns to fertilizer and the positive impact associ-

ated wi th var i eta ì tra i ts of wi nter wheat.

14inimum ti I ìage production of spring wheat requires greater operating

expenses than conventionaì ti I ìage practices since the additionaì chemi-

cal costs proved greater than the savings realized from reduced tilìage.

t'l inimum tiì ìage production of winter wheat requires less operating

exPenses than spring wheat since the chemica.! requirements are signifi-

cantly reduced. Therefore, the reduced expenses, when compared to con-

ventional ti I lage, are mainly the result of reduced ti I lage costs.
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l'1 inimum tiìlage production of spring wheat requires less labour,

overal l, than conventional ti ì Iage and is also more evenly distributed

throughout the year. t'1 inimum tillage production of wínter wheat

requires ìess labour, overalì, than both minimum and conventionaì til-

lage of spring wheat. However, labour requirements are more concentrat-

ed in the faì I and during this time more labour is required than the

other cases.

The combination of increased operating costs and no difference in

yield translates into reduced annual cash fìow when growing spring wheat

under minimum tillage rather than conventional tilìage. Since equity

was being eroded over time in the conventional ti I lage enterprise, the

probability of reduced annual cash flow meant an even greater degree of

erosion in equity for minimum ti I ìage production of spring wheat.

The yield advantage and reduced operating expenses of winter wheat

more than offset the ìower price per unit and generate the probabi I ity

of greater annual cash fìow. The probabiìity of growth in net worth is

much greater for winter wheat production than spring wheat production.

ln summary, the production of spring wheat under minimum ti ì ìage has

the probabi I ity of ìower economic returns than those real ized from the

production of spring wheat under conventiona'l tiììage practices. This

is mainly the result of the high cost of chemicals compared to the cost

of ti ì lage. The production of winter wheat under minimum ti I ìage has

the probability of greater economic returns than those reaìized from the

production of spring wheat under both conventionaì and minimum ti ì lage.

This is the result of minimai chemical and tilìage requirements and dis-

tinct yield advantages, despite lower output prices.
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5.2 Ltr,ltTATtoNS

The series of models used proved to

of crop production and may be easily

p i ng a I ternat i ves and changes to the

when assessed individuaìy, each model

be wel I suited for the simulation

adapted to a wide variety of crop-

crop production system. However,

has its limitations.

The parameters for the agronomic yield equation were deveìoped to

best expìain historicaì events and were then used to generate a probabi-

listic frequency of occurrences under slightly different circumstances.

Although the model was adjusted for these circumstances, one can never

be sure if the effect of the new circumstances was compìeteìy accounted

for short of lengthy and costìy fieìd work verification.

The VSI{B was used to provide an indicator of moisture stress which,

in turn was a determining factor in crop yields. Although its val idity

has been successfuì ly assessed a number of times, Iess attention has

been focused on its sensitivity to a number of components. Therefore,

some implications may be lost when anaìyzing the resuìts of a change in

one component when compared the base experiment if more than one compo-

nent is altered.

For the purposes of this study, the RSH was used under the acceptance

of I imitations inherent with its appì ication. For instance, the price

forecasting modeìrs abi I ity to define, ¡n a probabi I istic sense, âî

uncertain event of the future based on historical data. As such, events

of the future must resembìe those of the past if the results are to be

deemed val id (Dz¡siak, ì987).
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The study assumes a distinct relation between spring wheat and winter

wheat pri'ces within the RSH. lf sígnificant evidence suggests that the

two varieties of wheat operate within unrelated marketrs and market

forces, then modifications must be made. to the model to more adequately

generate forecasts of winter wheat prices.

0ther assumptions that warrant consideration include the assumption

that the possible damage to crops from rust infestation is control led

wi th the appl ication of Diathane t44! and that the possible damage to

crops from winter kill is controlled with adequate snow trapping from

minimum ti I lage practices. ln some years both these assumptions may not

hold true. However, avenues required to completeìy account for such

occurrences are compìex and may not significantly aìter the resuìting

trends.

The study fa i I ed to account for oppor tun i ty costs or extenuat i ng

liabilities of intensified erosion under conventional tiìlage practices.

Again, the compìexities involved in accounting for erosion as wel I as

the lack of knowìedge of the ìong run impacts are reasons for its omis-

sion. Furthermore, the time frame and outlook is different for each

entreprenuer in their assessment of risk whereby the degree of signifi-
cance of i ncorporat i ng such costs i s uncerta i n.
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5.3 RECoTIHENpAT I oNS

ln I ight of the conclusions and I imitations of the study, further

research into the topic of economic assessment of cropping aìternatives

is iecommended. This should include some means of ground truthing the

trends revealed from simulation techniques. W¡ th respect to the compar-

isons between minimum tillage and conventional tillage and the produc-

tion of winter wheat' sensitivity analysis appìied to key economic vari-

abìes is recommended. This would provide a better determination of the

point at which each variable becomes a limiting factor and would provide

insight into pol icy directives required to bring about necessary chang-

The recent stress pìaced on the crop production sector has brought an

even greater need to effectively manage choices in production aìterna-

tives. lt is recommended that further study be conducted into fine tun-

ing the ability of the simuìation process to evaìuate any change in the

crop production system as welì as broadening the appìication of the var-

i ous modeì s used.
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Append i x A

INPUT AND RESULTS OF THE YIELD REGRESSION

Parameters for the yieìd regress ion equation (ì0) were estimated by

taking the log of the functional form applying the ordinary least

squares method of regress i on to the data as presented i n Tabl e A. I .

This data was generated from a survey of fertility field trials at vari-

ous ìocat ions across l'lan i toba as reported in the annua I of the Han i toba

Soi I Science Proceedings. The was model was fi rst estimated by applying

each trial site with its own dummy variabìe, Dn, and setting its value

equaì to ì for those observations occurring on that site and 0 for all

other observations. The parameters for this matrix of variables that

did not prove statistical Iy significant were then eì iminated under the

assumption that no specific management activities occurred on these tri-

als that were significantly different from the other trials. Those

parameters for Dn that proved significant remained and a final estimate

of the variabìe parameters was achieved as outlined in equation (lo).



Observat i on

7
I
9

l0
tl
l2
r3
r!
15
ì6
t7
t8
r9
20
21

22
23
2l+

25
26
27
z8
?o

30
3r
32
33
3\
35
36
37
38
39
40
4l
\2
\3
44
\5
46
47
48
\g
50
5l

Table A.l

Yield Regression Data

N i trogen
Yield Ferti I izer

Weather
Year Stat i on

1956 50 r 0l+80
1956 50to48o
1956 5o23t60
1956 5o23t60
1957 501 t760
1957 50ì t760
1957 50ì t760
1957 50t l760
1957 501 I 760
1957 50t t760
1957 501 t760
1957 50il760
1957 5o1t760
1957 50t t760
1957 50ìì760
1957 50t 1760
1957 50t t760
1957 50ì ì760
1957 50ì I 760
1957 501 2l+00
1957 501 2400
tg57 50l 24oo
1957 50ì 2400
1957 50ì 2400
1957 502032o
1957 5020320
1957 5o2O32o
1957 5o2o32o
1957 5o2o32o
1957 5020320
1957 5O22t20
1957 5022r20
1957 5022120
1957 5022120
1957 5022120
1957 5022120
1957 5022780
1957 5022780
1957 5022780
1957 5022780
1957 5022780
1957 5022780
1957 5022780
1957 5022780
1957 5023160

I t.g
32.8
29.o
38 .4
23.8
35.0
9.8

il.ì
12.2
I 8.7
ì8.7
24.0
28.9
2t+.5
27 .3
39.9
30.6
35.3
32.o
2\.8
26.2
21 .7
26.8
2l+ .l+
t5.0
t 8.6
20.0
2t .l
22.6
20.9
25.3
25.t+
26.7
32.9
28.t4
2t.0
ì 4.4
16.6
2t.t
23.o
25.8
2\.7
t 8.9
2\.3
22.6

0.0
3.3
0.0

Iú.2
0.0
3.3
0.0
4.4
7.7

l5't+
15.\
0.0

39.6
4.4
7.7

l5 't+
15.\
25.9
44 .0
0.0
4 .l+

7.7
l5 .4
t5.\
0.0
4.1+

7.7
l5.t+
l5 't+?tr o
0.0
4.4
7.7

15 -1+

l5 -tr
25.9
0.0
4.4
7.7

15.\
15.\
25.9
r4. t

33.5
0.c

19.9
ì 9.9
t9.9

| .255
| .255
\ .255
1 .255
1 .255
1 .255
1 .255
| .255
| .255
1.255
1.255
1 .255
1 .255
1 .255
| .255
1 .255
| .255
| .255
1 .255
1 .255
1.255
1 .255
1 .255
| .255
| .255
1 .255
| .255
1.255
1.255
1 .255
1.255
1 .255
1 .255
1 .255
1 .255
| .255
1.255
1.255
1.255
1 .255
| .255
| .255
| .255
1.255
1 .255
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Variety Soiì
I ndex Type

Ear ly
S tage

l'loisture
Stress

I+7.16
t+7 .16
28.8ì
28.8ì
82.62
82.62
59 .l+t+

59.t+t+
59.t+l+
59.t+L+
59.\\
59.\t+
59 .l+t+

59.4t+
59 -4t+

59.1+l+

59 .l+l+

59 . t+t+

59.\\
8¡ .84
83.81+
83.81+
83.84
8¡ . gl*

36.\2
36.\2
36 . t+2

36.t+2
36.\2
36.\2
60.79
6o.79
6o.79
60.79
60.79
60.79
39 -3t+

39 -3t+

39.34
39.3t+
39.3t+
39.3\
39 -3t+

39.3\
31.03

La te
S tage

l'loisture
Stress

\2.55
I+2.55
r0.50
r0.50
3ì.30
31.30

9 .86
9 .86
9.86
9 .86
9.86
9 .86
9.86
9.86
9.86
9.86
9.86
9.86
9.86

t+9.77
t+9.77
t+9.77
t+9.77
t+9.77
ì9.91
t9.91
t9.91

r0 .09
r 0.09
r0.09
ì0.09
r 0.09
r0.09
r6.09
r6.09
ì 6.09
16.og
ì6.09
r6.og
t6.og
r6.og
9.50

I

I

3

3
ì

I

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2
2

2

2

2

2
2

2

2

2

2

2

2

2

2

2

3

3

3
3

3

3

3
3
3



52
53
5\
55
56
57
58
59
6o
6r
6z
6l
6t+

65
66
6l
68
6g
7o
71

72
73
7t+
75
76
77
78
79
8o
8r
82
8¡
84
85
86
87
88
89
90
9r
92
93
9t+

95
96
97
g8

99,l00

ì0t
102
103
ì04
105
io6

1957
1957
1957
1957
t95l
1957
1957
1957
1957
ì 958
r 958
ì 958
I 958
I 958
I 958
ì 958
I 958
ì 958
I 958
ì 958
I 958
I 958
I 958
I 958
I 958
I 958
I 958
I 958
1958
I 958
ì 958
ì 958
ì 958
I 958
I 958
I 958
I 958
ì 958
I 958
I 958
I 958
I 958
I 958
ì 958
ì 958
I 958
I 958
I 958
ì 958
ì 958
I 958
1ñrO
| >)o
I 958
ì 958
I 958

38.7
32.7
36. l
58.2
\7 .7
38. I

33.6
3l .\
49.8
15.0
32.t+
15.3
ì 4.8
16.7
13.5
t7 .9
t7.8
17 .5
17 .l
17 .6
I 8.6
20.9
l5't+
| 5.3
l5 .8
r4.0
17 .9
I 8.3
44.4
\2.7
51.2
6l.l
70.3
l+5 .l+
\6.\
59.7
7t+.2
39.3
53.9
b1.b
7t+.8
\\.9
5\.o
56.\
7 5.3
26.5
3t+.7
30 .8
3t.8
38. I
30.4
3t+.k
37 .1
37.2
33.5

\3.2
0.0

37 .6
4.4
7.7

t5.4
t5.4
25.9
44 .0
0.0
3.3
0.0
3.6
6.1

I3.4
26.8

t+.5

7.8
t4.5
27.9
5.6
8.9

15.6
29.O
7.8

il.ì
17.8
31 .2
0.0
3.6
6.1

ì3.4
26.8
\.5
1.8

t4.5
27 .9
5.6
8.9

15.6
29.0
7.8

tì.r
t7.8
31 .2
0.0
3.6
6.1

ì3.4
26.8
I+.5

l.o
1\.5
27 .9
5.6

31 .03
33.86
33.86
33.86
33.86
33.86
33.86
33.86
33.86

r 38 .94
I 38.94
16\.7t+
16\ .7 t+

16t+ .7 t+

16\.74
161+ .7 t+

t6t+ .7 \
161+ .71+
l6t+ .7 t+

16\.7t+
16+.7t+
161+.7\
16t+ .7 \
161+ .7 t+

l6t+ .7 4
16|q .7 \
16t+.7 t+

16\ .71+
r 03 .24
103.2\
103.2\
r03.24
r03.24
103.2\
1O3.2\
103.2h
1O3.2t+
r 03.24
r 03.24
1O3.2\
r03.24
ì03.24
r 03.24
r 03.24
ì 03 .24
I 06.94
I 06 .94
I 06.94
I 06 .94
r 06.94
r 06.94
rub.y4
t 06.94
r o6 .94
I 06 .94

9.50
7 .55
7 .55
7 .55
7 .55
7.55
7 .55
7.55
7 .55

r 08.93
r 08. g3
123.9\
123.9\
123.9\
123.9\
123.9\
123.9t+
123.9t+
123.9\
123.9t1
123.91+
123.91+
123.9t+
123.94
123.9\
123.9t+
123.9\
r23.9\

6.zo
6.zo
6.zo
6.zo
6.zo
6.zo
6.zo
6.20
6.zo
6.20
6.zo
6.zo
6.zo
6.zo
6.20
6.zo
6.20

7l.t+\
7 I .l+\
71 .\\
7 | .t+\
71 .\\
7 1 .l+l+

1t.44
71.\\
71.\\
71.\\

tII+

| .255
1.255
1.255
1 .255
1 .255
| .255
1.255
1.255
1 .255
1 .255
1.255
1 .255
1 .255
1.255
1.255
1 .255
1 .255
1 .255
1.255
1 .255
1.255
1.255
1 .255
1 .255
| .255
1 .255
1 .255
1.255
1 .255
1 .255
1 .255
1 .255
1 .255
1.255
| .255
1 .255
1 .255
1 .255
1 .255
1 .255
1 .255
1 .255
| .255
1.255
1.255
1.255
1.255
1.255
1 .255
1.255
1.255
i .255
1.255
1.255
1.255

5023160
503 r 040
503 ì o4o
503 ì 040
503 r o4o
503 r 040
503 I0i{0
503 r 040
503.l0¡+0
50 I o48o
50 ì 0480
50 ì 2080
50 r 2080
50 r 2080
50 r 2o8o
50 ì 2o8o
50 ì 2080
50 ì 2080
50 r 2080
50 r 2080
50 ì 2o8o
50 r 2o8o
50 r 2080
50 r 2080
50 r 2080
5o r zoSo
5o r zoSo
50 r 2080
5otzzSo
5012280
50 r 2280
5O12280
5012280
50 r 2280
5otzzSo
5012280
5O12280
50 r 2280
5otzzSo
50 ì 2280
50 r 2z8o
50t2280
5012280
5012280
5012280
50125OO
50 ì 2500
50 r 2500
50t2500
50t25Oo
50125OO
5A125OA
50t25OO
50t25Oo
50 r 2500

3

3

3

3

3

3
1

3

3
I

I

ì

I
j

I

I

I

I
I

I

I

ì

I

I

I
'ì

I

l
I

i
I

I

l
I

I

l
l
I

I

I

I

ì

l
I

I

2

2

2

2

2

2

2

2

2

2



7t5

107
'108

t09
i t0
ilt
lì2
I t3
r ì4
ì t5
I t6
lì7
118
t19
t20
121
122
123
124
125
126
127
128
129
130
l3ì
132
133
134
135
136
137
t38
t39
r40
r4t
1l+2

t43
t44
1t+5

146
I I+7

ì48
149
150
l5t
152
153
15\
155
156
157
trö
159
ì60
t6ì

33.6
\1.5
\\.5
33. I

38.5
\5.t+
43.3
28.5
33.3
27.9
33.7
2\.\
30.6
28 .3
36. l
37.5
31.5
36.o
35.5
39.2
4t.8
39 -t+
37 .7
50.t+
19.5
2l+.O
31.3
26.8
19.5
2\ .1
23.5
23.7
23.\
20. l
2t+.9
22.7
25.\
30.2
2l+.O
27.2
2l+.O

33 .0
32.6
28.6
35.5
30.9
39.6
39.9
39 .8
33.3
43.8
36 .5
36. I
40.4
35.9

8.9
15.6
29.0
7.8

il.ì
t7.8
31.2
0.0
3.6
6.1

ì3.4
26.8
\.5
7.8

t 4.5
27.9
5.6
8.9

15.6
29.0
7.8

lt.ì
17.8
31 .2
0.0

3.6
6.1

I 3.4
26.8

t+.5

7.8
lt+.5
21 .9
5.6
8.9

15.6
29.O
7.8

il.t
ì7.8
31 .2
0.0
J.Þ
6.7

t 3.4
26.8

I+.s

7.8
ì4.5
27 .9
5.6
8.9

15.6
29.O
7.8

r 06 .94
I 06.94
r 06 .94
ì06.94
ì 06 .94
ì 06 .94
I 06 .94
t3\.32
t 34 .32
| 3t+ .32
| 3t+ .32
13t+ .32
13t+ .32
131+ .32
| 3t+ .32
13\.32
13t+ .32
13t+ .32
13\.32
l3t+ .32
134.32
134.32
13\.32
13\.32
1 19 .99
ì 19.99
I I9.99
I ì 9.99
I 19.99
I 19.99
I 19.99
ì l9.gg
I t9.99
ì I9.99
I19.99
I19.99
I19.99
I l9 .99
il9.99
I19.99
I l9 .99
91 .25
9t.25
91 .25
91 .25
91 .25
9t .25
9t .25
91 .25
91 .25
9t .25
91 .25
91 .25
91 .25
91 .25

7 I .l+l+

7 I .l+l+

7 | .l+l+

7 I .l+l+

7 1 .l+\
7 1 .l+l+

71.t+\
6l .ot
67 .ot
67 .01
67 .01
67 .ot
67 .ot
67.ot
67.0r
67.0r
67.0r
6l .01
67 .ol
67.0r
6l .ot
6l .01
67 .ot
67 .ot
64 .60
6\.60
6t+.60
64.60
64 .60
64.60
64.60
6t+.60
64.60
64.60
6l+ .60
6t+.60
64 .60
64.60
64 .60
6l+.60
6l+ .60
31 .71
31 .71
31 .71
31 .71
31 .ll
3ì.7t
3t.7i
3t .71
31 .71
31 .11
31 .11
3t .71
31 .11
3t .71

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255
,ÃÃ

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

r 958 5o125oo
r 958 50 I 2500
r958 5ot25oo
1958 50t25oo
r958 5o125oo
ì958 5o125oo
ì958 5o125oo
r958 5012960
rg58 5o12960
rg58 5ot2g6o
lg58 5012960
lg58 sot2960
1958 50t2960
1958 50t2960
1958 5012960
ì958 5012960
1958 5012960
r958 5012960
r958 5012960
rg58 5012960
lg58 5ot2960
lg58 5o12960
1958 5012960
r958 5ot296o
i958 5o2o32o
1958 5o2o32o
ì958 5o2o32o
r958 5O2O32o
rg58 5o2o32o
rg58 5o2o32j
lg58 5o2o32j
r958 5O2O32o
r958 5o2o32o
r 958 5o2o32o
1958 5o2o32j
ì958 5j2o32o
r958 5O2O32o
rg58 5o2o32o
rg58 5o2o32j
rg58 5o2032O
1958 502032o
r958 5j21g2o
r 958 5o2tg2o
ì958 5o2tg2o
ì958 5O2tg2O
r958 5o21g2o
r958 5o2tg2o
r958 5o21g2o
rg58 5o21g2o
r958 5o21g2o
ì958 5o21g2o
r958 5o21g2o
r958 5o2tg2o
rg58 5o2tg2o
1958 5021g2O

2

2

2

2
2

2

2

I

I
I

I

I
I
ì

ì

ì
'|

ì

I

I

I
I

I

I

2
2

2

2

2

2

2
)
2

2

2
')

2

2

2

2

2

3

3
3

3

3

3

3

3

3
3

3

3
3
3



162
163
16\
165
166
167
168
169
170
171
172
173
17 t+

175
176
177
178
179
r8o
r8r
r82
t83
t84
t85
r86
187
188
t89
190
l9t
192
193
l94
195
t96
197
198
199
200
20t
202
203
20I+

205
zo6
201
208
209
2ì0
2l I

212
213
21/1
215
216

I 958
I 958
I 958
I 958
ì 958
I 958
I 958
j 958
ì 958
I 958
ì 958
I 958
I 958
I 958
ì 958
ì 958
I 958
I 958
I 958
I 958
ì 958
I 958

4l .g
39.5
39.3
4t+.5
\2.3
39. l
\5.9
39.2
I+3.0
\5.3
44 .0
40.9
42.o
40 .0
\3.3
48.4
\7 .\
5t.t
\2.5
49 .0
31.2
32.5
32.\
29.5
33.6
z6.z
3\.t+
40.3
38. I

3\.6
36.\
36.6
37 .5
37 .7
35.5
43 .0
43. r

52 .1
58.0
50.3
t+7 .5
\1 .2
50 .0
t+7 .1
53.\
50.2
5t.8
42 .8
58.5
50.7
38.8
59.7
41 .6
65.8
29.9

il.1
17 .8
31.2
0.0
3.6
6.1

ì3.4
26.8
4.5
7.8

1t+ .5
27 .9
5.6
8.9

15.6
29.O
7.8

I t.l
t7.8
31.2
0.0
3.6
6.1

|3.t+
26.8

t+.5

7.8
1t+.5
27 .9
5.6
8.9

15 .6
29.0
7.8

ti.t
I 7.8
31.2
0.0
3.6
6.7

t3.4
26.1+

t+.5

7.8
1t+.5
27 .9
5.b
8.9

15.6
29.0
7.8

'i t.i
17.8
31 .2
0.0

91.25
91.25
91 .25
58.o7
58.07
58.o7
58.07
58.07
58 .07
58.o7
58.o7
58.o7
58.o7
58.o7
58.o7
58.o7
58.o7
58.07
58.o7
58.07
86.73
86.7 3
86 .1s
86 .11
86.1t
86.13
86.73
86.11
86 .1t
86.73
86.73
86 .11
86 .1s
86.1s
86.13
86 .13
86.11
98 .61
98.6 i
98.6t
98.6 i
98.6t
98.6r
98.6r
98.61
98.6 r

98.6i
98.6 t

98 .61
98.61
98.61
98.6r
98.6 r

98.6 ì

98.6 t

3t .71
31 .71
31 .71
15.\9
15.t+9
15.\g
15 . t+9

ì 5.49
'15.1+9

15.\9
15.t+9
t5.t+9
15.t+9
15.\g
15.\9
15.\9
l5.t+9
l5.I+9
l5.t+9
15.t+9
8t.43
8t.43
8l . I+3

8r.43
8r.43
8r.43
81.43
8ì.43
8ì.43
8r.43
8t.43
8r.43
8r.43
8t.43
8l .43
I I .l+3

Lt6

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

.255

958
958
958

ì 958
I 958
I 958
1958
ì 958
1958
I 958
I 958
I 958
ì 958
I 958
1958
1958
I 958
I 958
I 958
I 958
ì 958
ì 958
I 958
I 958
I 958
I 958
j 958
I 958
I 958
I 958
I 958
1958
I 958

5021920
5021920
5021g2o
503 r o4o
503 r 040
503 r 040
503 r 040
503 r 040
503 ì 040
503 r 040
503 r 040
503 r 040
503 I 040
503 r o4o
503 I 040
503 r 040
503 r o4o
503 r o4o
503 r o4o
503 r 040
5o4o68o
504o68o
5040680
5o4o680
5o4o680
5o4o68o
5o4o68o
5o4o68o
501+0680
5o4o68o
5040680
5o4o68o
5o4o68o
504o68o
504o680
5o4o680
5o4o68o
5042800
5042800
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