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ABSTRACT 

This smdy bas modelled an alternative approach to systems of supply rcsponse by 

decomposing it Ïnto aaeage and field rtspooses fn Westaa Canada grains, nsing aggregate 

data aaoss provinces for 1% 1 - 1995. This study fonows a sinalar stndy for Manitoba by 

Mundang (1996). 

Acreage demands are estimated by empIoying duaIity rnodels and allowing risk 

aversion. Econometric d t s  are presented for a f o m ~ o p  model asing level and kst 

differenced data. Estimates for modeis mcorporating risk aversion genedly bave more 

Sgnincant coeffitients for expccted revenues or expected @ces (under price ancertainty). 

R&ts for models assumÎng yieid Mcert;imty and nonOnear estimations are less satisfactory 

than in earlier stuclies. This may be due to nifficuities in consistent aggregation across 

provinces and that the model does not capture changes in agridtural policies that may 

influence acreage demand decïsions. 

The yield responses to @ce are spedied assmning @ce uncertainty, ri& aversion, 

and disaibuted lags. Under static models, the expected @ce coefficients an aiways 

insignificant, however, prke variances are ofkn sipnincant (wheat). In contrasf under 

distributed lag models, both expected prias and price variances are often significant. This 

results suggest diat it is ùnporEiat to incorporate tisL aversion and dynamics into crop yield 

response rnodels. 

For fiatber rese;trch, it would be interesthg to spacify a model for each province and 

to incorporate changes in a g t i d d  poIicies more explicitly into the model. 
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ACKNOWLEDGEMENTS 

L woald like to express my deep apprcciation and gratitude to my major advisor, 

Dr. B. T. Coyle for his npmïsor, gaidance, and encouragement throughout the course of 

my study. 1 wodd also Iüre to thanks the rnembers of my codt tee ,  Dr. D. F. Kraft and 

Dr. L. Brown for their vaiuable inputs. 

Speciai thadcs go to my patents, Sarwoto and Sri Katon, for th& love, saaifice, and 

encouragement at alI times. 

1 am also gratefbl to the PHRDP, Ministry of Finance of the Repoblic of Indonesia 

for granting the feilowship and to WüSC for providing the aecessary s u p p o ~  1 also wish 

to extend my apprrciation m the Research and Development, Ministry of Industry and Trade 

of the Repubiïc of Indonesia for allowiug me to fiiaher my studies abroad. 

1 woold like to thank al l  the membas of the Department of AgricuItural Economics 

and Fam Management f a  theg support and encouragement, Further thank to Tano, Cheryl, 

Wes, and all the graduate smdents for their help and friendship 

1 also wish to thank Mrs. T. Buchko and a l l  my fiiends for their help and sappon 

during my hard time in Canada. 



LIST OF TABLES 

Tabie 1 : Estimates of Risk-Neunal Acreage Demands 
(Leve1s Equations) 

Table 2.2 : Estimates of Risk Neutrai Acreage Demands 
(First Dinennced Eqriations) 

Tabie 23 : Test Rescilts for Ri&-Neutra1 Acreage Demands 
anda Price Uncertainty 

Table 2.4 : Estimates of Acreage Demands under Price 
Uncertainty C A M  (LeveIs Equations) 

Table 2.5 : Estimates of  Acreage Demands under Price 
Unceminty CARA (Fiit DBerenced &ptions) 

Table 2.6 : Estimates of Acreage Dernands under Rice 
UncerMinty CRRA (Levels Equations) 

Table 2.7 : Estimates of Acreage krnands mider Rice 
Uncertainty CRRA (First Werenced Equations) 

Table 2.8 : Test Results for Acreage Dernands onder Rice 
Uncertainty 

Page 

39 

Table 2.9 : Significance of s hatj in Si Equation (j +k) 54 

Table 2.10: Test Results for Acreage Demands mder Rice 
Uncertainty 

Table 3.1 : Estimates for One Period Risk-Neutra1 Models - OLS 72 

Table 3.2 : Estimates for One Period Linear Mean-Variance Models - OLS 73 

Table 3.3 : Estimates for One Period Nonliaear Mean-Variance Mdels - OLS 74 

Table 3.4 : Estimates of RisL-Neunal Polynomial Distributed Lag - OLS 75 

Table 3.5 : Estimates of Ri&-Neutrai Polynomiai Distnbuted Lag 
using Capital and Total Acreage Proxy -0LS 



Table 3.6 : Estimates of Linear Mean-Variance Polynomial Distributeci Lag - OLS 77 

Table 3.7 : Estimates of Luiear Mean-Variance Polynomial Distributeci Lag 
( C o d  for First Ordu Autocorrelation) 80 

Table 3.8 : Estimates of Nonünear Mean-Variance Polynoneal 
Distributexi Lag - OLS 

Table 3.9 : Estimates of Noalinear Mean-Variance Polynomïal Dism'buted Lag 
( C o d  for First Order Autocoaelation) 86 



1. INTRODUCTION 

BACKGROUND 

Empiricai studics in crop sopply nsponse have estimateci either acreage demands 

(Just; Chavas and Holt; Chambers and JUS Coyle 1993) or yield responses (Ment and 

Pardey; Choi and Helmberga; Houck and Gdagher), bat seldom both acreage and yield 

responses. Howcva, in orda to MderstaDd ami malcl crop supply response, it is important 

to esrimate both the acnage and yield components. In a multiple ptoduct f i .  changes in 

crop acreage correspond a changes in enterprise mk,  and changes in crop yields may 

Iargely teaect factor substitution within an enterprise. in addition, lags in response may be 

quite different for m a g e  and yield decisions (&go, many acreage dernand studies assume 

that yields are predetennined). Thus, empiEcal crop supp1y response models should be 

decomposeci into acreage and yield components rather than king specified as a reâuced 

fom of these components. Such decomposition should lead to a gram undesstanding and 

more precise estimates of crop supply nsponse. 

The major sources of risL and uncatainty in agricultural production can be classified 

into production and &et uncedntyo Production uncertabty includes aU those ri* 

related to variations in yield and acreage such as weather, diseases, and pests. Whereas 

market uncertainty conûi'butes a> risks mainly because of the variability of output and input 

prices. 



This study foilows a simila study by Mundang (1996) but for a broader ama. 

Mundang d i s c u d  Manitoba q s ,  while this study considers cmps throughout Western 

Canada. 

The thesis consists of two parrp: a study of crop acreage d e m d  using static duality 

models and a study of cmp yield response with distributeci lag mbdels 

S y s m n ~  of amqe demanci equations w speQsed as conditional on crop revenues 

per acre and on expected output prices with emphasis on the first model. The model wiü 

then be extended to incorporate ri& aversion, p h  uncertainty, and yield uncatainty. In 

this case, risk prefkmces are specified by rnean-variance approach. Models for grain yield 

response emphasize distributeci lags, price une-ty, and ri& aversion. 

OBJECTIVES 

The objectives of the thesis are to develop and to esthate economeaic models of 

crop supply response for Western Canada dowing for risk aversion. In this case, crop 

supply response is decomposed into acreage and yield responses. 



II. DUALITY MODELS OF CROP ACREAGE DEMANDS 

Crop production decisions were usually estunateci in &MIS of acreage response 

inmad of output suppiies (e.g., Nalove 1956, 1972; Askari and Cummings; Houck and 

Ryan; JUS$ Qi;rvas and Rolt, Choi and Helmbnger). nie argument is that acreage planted 

is essentiaüy mdependent of subsequent weather conditions and hence rnay provide a better 

proxy to planned o u t -  than does observecl oatpat. Moreover, a o p  acreage demands are 

o€kn modelled by assumïng that crop yield is predetetnrined- 

Howewr, duality was usually employed to eshate crop decision in tnms of output 

supply (Bd 1988; Iust, Zübennan, and Hochman 1983). It is only recently that duality 

mode1 is used for estimating acreage demands (Chambers and Just 1989; Coyle 1993: 

Moore, Goilehon and Carey 1994; Coyle and Mundang 1997). The mode1 is usuaüy appiied 

to a multiple product farm with acreage decisions conditional on quasi-fixed inputs. 

In this study, crop açreage dernands for Western Canada are esbated using a duality 

approach. As in Mundang (19%). this study also incorporates the models with 

predetermined ykld and risk preferences. The assurnptïon of a predetermiaed yield 

simplifies the specification of dualïty models of acfeage allocations. Risk prefe~nces are 

modelied as linear and nonluiear mean-variance utility functions. In addition, prolries for 

pr ie  uncerrainty are also emphasiz;ed. Derived demands f a  aneage of individual crops wil l  

be specified as conditional on crop revenues per acre, a total crop aneage and its rate of 

change. 



THEORETICAL FRGMEWORK 

1. Yields are Predetemained 

Con9dez a multiple product fim with a fixed total land 2 which is allocated arnong 

M crops Also assume that net revenue pa acre r' is predetermined for an entaprises j = 

1,.M. In this case yields and input Ievels per acre an pndetemwed, except from the effects 

of weather changes This assumption requires either (a) onLed yield ~ c t i o n s ,  (b) di joint 

technologies and constant r-s to SC* or (c) crop yields adjustment is siower than crop 

acrrage (Coyle and Mundang, 1997). Therefore, it may be appropriate here to specify 

amage demands as conditional on aop net revenues per acre. 

Although the mean-variance assumption is restrictive, it has been adopted in rnany 

production studies (e.g., Qavas and Pope 1982; Coyle 1992; Saha). The rnean-variance 

mode1 has been commonly employed in the linear case (a constant coefficient of absolute 

nsk avexsion), which is consistent with expectcd utility maximbtion assuming constant 

absolute nSL avQSiOn and normality of r e m s  in wealth (e.g., Chavas and Pope 1982; Just 

and Zilberman). 

The certainty-quivalent Specaication of a nonlinear mean-variance indirect uaüty 

fûnction cm be specified as (1). 

1 
(1) V =  W, + E R - - a ( W ,  +ER,  VR) VR 

2 



where W, : initial wealth 

ER,VR : mean and variance of the fmn's subjeçtive probability distribution for net 

revenues of crop production 

a : coefficient of risk aversion 

Uncertainty in net revenues per acre r rnay reflect yield or price uncertainty. 

Assuming that yields are predetermined (aside fkom the impact of canent weather), the 

W s  indirect otility maximization problem is: 

at. C ri = Z 
j=1 

whae Et = w,..., EI?) is the vemr of expected net revenues per acre, Vr is the vector of 

the distinct c o v m  cov(r'j) between net -nue per acre for M enterprises (ij=l, ...,.M), 

and z = (zi, ..., p) is the vector of crop acreage. 

The homogeneity property of the dual v(.) unda constant relative risk aversion 

(m) is V'(A,WJ&,A%,Z) = A  V@(W,,Er,Vr,Z), for scalar A > O, (Coyle and Mundang 

1997). Given V stnctly increasing in W, and Er, \r(.) is quasi convex in (Er,WJ. The 

following relations for acreage demand 2, analogous to Roy's theonm, are satisfied. 



An aitemative to mode1 (1) wouid use a iinear mean-variance approach, in this case 

the coefficient of ri& averse a is constant, This means that a does not Vary with (W, + ER) 

and VR, and the mode1 is d e d  CARA (constant absolute risk aversion). Then the fimi's 

indirect utility maxilnization pro blem can be modeUed as: 

Here, v0(Er,vr,Z) is linear homogenous and convex in (Er,Vr), so v0(A~r,Avr,Z) 

= AVe(~r,Vr,Z), for A > O. Furthemore, the following equations for acreage demand 

analogous to Hotelling's Lemma are satisfied (Coyle, 1992). 



Eqaations (6) are homogenous of degree zao in (Er,Vr) and satisfy standard reciprocity 

conditions. The ciifference between equations (3) and (6) is that acreage danands in (3) 

depend opon initial wealth W, but those in (6) do not (sina Wo is exogenous and does not 

infiuence an exogenous a, Wo does not influence production decitions and hence can be 

dropped b m  mode1 6). In addition, it m a ~ s  that (3) is nonlinear in parameters and (6) is 

linear in parameters (coefficients) to be estimateci. Functional f o m  for these modeis wili 

be speçified as in Coyle and Mundang (1997). 

M e n  a equals zero, farinas are assumai to be risk-neutrd Therefore mode1 (2) 

reduces to: 

max V = C Er] zj 
h o  1'1 

Since the risk-neiitral f i d s  indirect utility function is independent of a, the 

maximization of this function is the same as the maxïmization of total expected revenues 

R(Er,Z), which is linear homogenous and convex in Er. The maximhtion problem of R' 

is: 



Thaefore the Hotelhg's Lemma for arreage demands of dus functional form of dual utility 

or net revenues are: 

or: 

(1 0)  zi(Er,Z) = aR*(Er,Z)/d~rj j = 1 ,...,A4 

Equations (9) and (10) satisfy the standard hornogeneity, reciprocity, a d  mature 

conditions. 

2. Yields are not Predetermined 

Acreage demand models are more cornplex when they cannot be specified as 

conditional on Er and Vr. Then the static ri&-neatral mode1 of Chambers and Just (1989) 

can be extendeci to mean-variance r i 5  preferences as foilows (Coyle and Mundang, 1997). 

Fust we define the problem ( i g n o ~ g  yield mcertainty). 

1 (11) V8(W,,Ep,Vp,w,K,z) = max W, + En - -a(W, + En,Mi) Mr 
(v*nzK) 2 

M N 

where K is the level of quasi-fixed input (capital), Ep and Vp denote means and variance 

for output prices. Here output (y) and the rnaximization problem is specified as conditional 



on the vector z = (Z i...~M) of crop meage allocations, and variable input (x) decisions are 

specined as conditional on m a g e  allocation decisions (2). 

Roperties of the conditional doal v'(w~p,vp,w,&) are analogous to mode1 (2). 

e-p., V(AWJE~,A~V~,~W,IC~) = AV(Wo,Ep,Vp,wJC,z) mder CRRk In addition 

(assuming at solution that $*O and 0) the foilowing fïxst orda conditions for an 

optimal (intezior) =op acreage allocation i are satisfied, 

Equation (12) means that at an (interior) equili'brium allocation i the marginal retum of 

land for crop i cquals to that for aop j. These equations (12) plris the constcaint CFIM 2 = 

Z c m  under suitable regulatory conditions implicitly determine i. 

This spccification of acreage allocation decisions is more complex than model (3) 

or (6) where yields are predetennined. Moreover the complexity of the acreage demands 

model wil i  inaease substantially when yield uncertainty is hcorporated (Coyle and 

Mundang, 1995). 

In the case of linear mean-variance ri& prefkences (when a is constant) and price 

~ n m t y  (without yield ucatahty), the probkm (1 1) can be reqecified as (13), where 

the ophum crop acreage decision satisfies (12). 



Assuming famias are ri&-neutrai (a cquals to zero), equation (13) can be 

This conditional profit hct ion n(Ep,wJCz) is Iinw homogenous and convex in 

(Ep,w). By assuming (14) has an -or solution i, the solution satisfies the following 

conditions, which are malogous to (12). 

Then assaming a nomiaüz#l qiiadratc conditional profit fnaction x(Ep,w,K,z), 

acreage demands z(Ep,wJCz) as well as output supplies y(Ep,w,Q) and variable input 

dtxnands x(Ep,w,K,z) are homogeneous of degree zero in exogenous variables. but acreage 

demand equations impiicit in (15) are often nonlinear in parameters of the duaL 



MODEL SPECIFICATION AND ESTIMATION 

L LINEAR MODELS 

Assnme pndetennined yields and a genedization of a nonnalued quadratic 

functional fomi R'(~',Z) fm the d d  net revenue model(8): 

where R' - R /(Er42) 
Er'' 0 & / Er4 

Erti = ~p~~ 

Er4 : a Tomqvist approximation to a Divisia "price" index for oats, flax, and rye 

i = 1.23 denote wheat, badey, and canola 

A four crop mode1 is spained here using the DMsia pEce index as numeraire; the 

four cmps are wheat, barley. canola, and othm (oats? Oax, and rye). Five crop models are 



aise considend wheat. badey, canola, oats, and others (flax and rye). Applying Hotelling's 

Lemma (9) to (16), 

The static risk-neutml mode1 (8) implies that R is linea. homogenous in Er, in this 

case p, = O for (i = 1,23). Constant r e m s  to scale assomption in production means that 

& =O (i= 123). The rare of change in total cmp aaeage (Z - c,) is included in the model. 

The assumption is that crop acreage allocation is affected by lags in adjusment of the overall 

crop rotation (Coyle, 1993). Variable d is a d m y  for LIET program applied in 1970. The 

acreage demanci equations (17) are consistent with the duai revenue fruiction (16) if the 

following reciprocity (symmetry) conditions for integrability are satisfied, 

Several 9mplifying assurnptions are adopted in the models, as in Mmdang (1995): 

a. The requirements of capital and labour per acre are essentially the sarne for diflerent 

crops. i.e., in Manitoba (Manitoba Agriculture). Therefore, measures of capital stock and 

labour wage are not considered in the models. 

b. Total costs per acre for other variable inputs (such as fertilizcrs, insecticide. etc.) are 

relatively simüar for diffaent crops ova data @cd. Also the input costs usnally are 



known at the time of decision making, so that they have no effect on risk (Just, 1974). 

Therefore, these variables are also not included in the models. 

c. Er is defineci as expecteù revenue per acre- It is measmed as the product of expected 

output price and one year lag of yields: Er: = (y,,'/ 

2. Y*& am notptt?&tennined 

In the mode1 with yield not pmkmhed, the famias' input decision cm influence 

probability distr'brition of yield (and hence the expected revenue pa acre). In other words, 

in this model the probabïlity distribution of yield is treated as endogenous Then, the 

acreage demand model can be specined implicitly by M-1 fist order conditions (15) in 

terms of conditional dual n@,w,K,z) and the corilitrauit CF, d = 2. Solving these first order 

conditions g e n d y  lead to meage demand equations that are nonlinear in coefficients. 

Altanatively, rather than specifying a functional form for n@,w,K,z). we c m  specify 

functional forms for the reduced form acreage dernands z@,w,K,z) that are analogous to 

(17)- 

where p' = # / p4 (i= Lî.3) and p' is a Toni~vist approximation to a Divisia price index for 

oats, flax, and rye. A nomializal input pria  index wm= w/Ep4 for crop variable inputs (e-g. 

fettilizer, seed, and pesticides) is inciuded h m  because it influences endogenous yields and 



in tum acreage allocations. Syrnmetry conditions analogous to (18) do not generaily apply 

here. 

B. Linear Modds with Riœ Uncertainty 

Here the initiai wealth, mean and variance of revenue per acre are nomaiizd as 

follows: 

w, = w0/~r4 

~ r * j  s E$ /  ET^ 

E P ~  = E$/ Ep4 

vri* = VrB / Er4 in CARA mdels 

vr," = Vrd(Er4)* in CRRA rnodels 

~ r /  = EP/ yldi,, yld denotes as yield per acre 

1. Yuklr am pre&temined 

Assuming constant absolute nsk aversion (CARA), Le., linear mean-variance risk 

prefaences, equations (17) can be generalucd as: 



Equation (20) wül be re fnd  as a CARA modei, although it satisfies CARA only 

under homogeneity conditions. Unda CARA the coefficients @,y) in (20) can be 

in- as ccdEcients of tûe derivatives WC)/oEr' (i=1,2,3) of the dual, as in equaiions 

(6)- 

In principle each cquation depends npon the fom variances Vr,' as well as six 

covariances ~ t i .  Kowever those covariaaces are excluded in order to keep estimation of 

the modd tractable and to reduce muiticollineafity in the equations. nie homogeneity and 

symmeüy restrictions on acreage demands (20) that are impiied by the linear mean-variance 

model (5) are p, = O (isl,2,3) and (18), respedvely, as in the ri&-neuoal mode1 (e.g., Pope 

1980, Coyle, 1992). Risk natrality in this *ist win imply (21). Then acreage demands (20) 

reduce to (17). 

Altemaîively, eqyations (17) can be genefalized as (22) by assuming predemmhed 

yields and CRRk 

This equation will ôe referred to as a CRRA model, although as in CARA mode1 it 

also satisfies CRRA only under homogeneity conditions. Note that fÎom the envelope 



relations (3) the coefficients @,y) cannot be interpreted as coefficients of the dual V'(.). 

This is because (22) is an approximation to a reduced form for a structurai model (3). 

Uniilce the ri&-neutrai and lincar mean-variance models with predeterxnined yields, 

reciprocity does not g d y  apply to the acreage demands (22) (Pope 1980, Coyle 1995). 

CRRA @Lies the homogeneity restrictions p, = O (i = 1,2,3) for (22) (Pope 1988, Coyle 

1995). 

Risk neutrality implies y, = O (i=l,2,3), Le., initial wealth W,' does not infiuence 

acreage decisions, as in (20). Besides it also implies that yg = O, or the Vr ternis are 

excluded from the model, 

2. YieIds me not Predefermined 

In cases where crop yields are not predetemhed, andogous acreage demands can 

be defined by replacing the mean and variance of revenues per acre by the mean and 

variance of @ce. 'Iherefm maiel (20) can be respecified as the foilowing acreage demand 

equations: 

Here, symmetry does not apply (CoyIe 1993). However the restrictions for homogeneity and 

risk neutrality are sÙmiar to restrictions for the analogous models with predetemined yields 

(201, i.e., P, = O (i = 1,2,3) and (2 1) respectively. 



In case of CRRA, equation (22) can be modifiai as: 

As in CARA, reciprocity does not apply h m  (Coyle 1993). The homogeneity 

restriction is p, = O (i = 123). while risk neutrality restriction implies (21) whîch is gmilar 

to that for the analogous models with predetermined yields (22). 

C. Linear Md& WU Yleld Uncertaintg 

Here, acreage d d s  are not conditional on moments of Er, then demand equations 

(20) and (22) are modifieci to include the mean and variance of weather. Assuming 

independent distributions for yields and ushg a one year lag of yields as a proxy for 

expectad yields the means and variances of revenues used in these models are: 

' id Er! - EP, Y ., 
Vrir = Vyldp ( E ~ Y  

1, YieIds am Pmtâètennined 

In case of CARA and CRRA, equations to be estirnateci are: 



These equations are smilar to equation (20) and (22) but differ in measuring 

variances of revenues per acre (Vr& The homogeneity restrictions are P, = O (i = 1,2,3). 

Symmew (18) applies for CARA oniy. The ri& neutral restrictions imply that variables 

vr;, w:, and vri* are omitied. 

2. Yields an not Pre&tennined 

Ln this case, for linear and nonlinear mean-variance approach, symrnetry condition 

(18) does not appiy. Homogaeity restriction fm both modek is P, = O (i = 1,2,3). For risk 

neutrai, the restcictions are y, = O (i = 1,.,6). Then the modd under CARA and CRRA are 

specified as in (27) and (28). 



ESTIMATION 

Linear models will be estgnaod by ûrdhuy Least Square and Seemingiy Unrelated 

Regesion with anfocorzelation degree 1 (OLS-AR(I) and SUR-AR(1)). For SUR-AR(l), 

modeis be estimaced ushg Generalized Least Square (GU) transformations pnor to the 

estimation where appropriate. 

IL NONI,INEAR MODEL 

By assuming a nonlinear mean-variance risL prrference, in fact the parameters of the 

dual cannot be estimateci by linear methods- In this section nonllliear method is used to 

estirnate those ptaamaers of the duai. Modeis to be estimatecl here are those with nonünear 

risk preferences, predetermined yields, and p h  uncertajnty. Mcdels with mean and 

variance of yields detennùied joiotly with acreage demands are not considexed due to the 

complexity of the models (e-g., Coyle, and Mttndang, 1997). 

AssumiDg no yield uncertainty and a nomialized quaciratic dual V"(.)(V" is 

nomalized by totai crop acreage Z and Er4), acreage demand equations for wheat, barley, 

and canola can be specified as: 



Equations (29) are highly nonluiear in coefficients. However, attempts to estimate 

these equations in Manitoba study were unsuccessfuL Alternatively, Coyle and Mundang 

(1997) suggest specifying the foilowiag system @y substituting (4) into (3)): 

a Va( WO, Er, Vr,Z)/a Er ' 
(30) z i  = i=1,2,3 

1 i - - [~~ (w ,+ER,vR) /~ (w ,+E~]vR  
2 

These equations can be estimated given fuictional fonns for or(.) as weil as v'G). 

CRRA iniplies a(IEW,L2VW) = XLa(EW, WW) (cg., Coyle, 1995), so A - (VW)~-' yieIds 

a ( ~ ~ / w v O ~ ,  1) = wJ a, Le., a = VWdJ g ( ~ w m 3 .  Thus, assumuig C m ,  a 

quaciratic approximation to g(-) cm be specified as foilows: 



where ER - F=, e d ,  VR zbi v#(df, (q,,q ,%) are coefficients, and in trini bu(J8EW 

= c,M€ + 2 c,(WO + ER)/VR*. Given (33) and a nomialized quadratic d d ,  equations (30) 

c m  be modifieci as: 

Similady, solving (31) for VR given a nomialized quadratic dual and a(.) satisfyllig (33), 



The reduced fonn for this equation is: 

where p, = (2 - ci)/2~; pp, = Pd%; pq = Pdc, (j = 1,-..,7); % = y& (j = 0,.,4). Note that 

by s p e w g  (34) and (36) ratha than (29), the degree of nonlinearity of coefficients has 

been substantially redoced. 

ESTIMATION 

As in Mundang (1996), the nonlinear system will be cstimated in the following steps. 

(a) aczeage demand equations (34) will be estimated jointly by nonlinear methods, and (b) 

the reduced form equation (36) wi l l  be estimated by iinear methods. The estimation of 

(c,,c& nom (34) and the r d t s  of (36) provide parameter estimates for oV'(.)/o\N,. 

Davidon-Fietcher-Powell (DFP) and Broyden-FIetcher-GoIdfarb-Shmo (BFGS) quasi- 

Newton algorithm encoded in Shazaxn 7.0 were used for maximm likelihood estimation of 

a nonlinear seemingiy unrelatai regression system for (34). 

One approach for caldating starting value for coefficients in the nonlinear system 

is: (a) Estimate the linear approximation to W, + ER = v*(.) + 41 a(.)VR (2) to obtain 

starting values for c, and 5, @) Then individuai acreage demand equations (34) wiil be 



estünated by nonünear methods ushg these starting values for (c,, cd and results from 

CRRA linear models as starting values for coef6cients ofOV'(.)/6&; and (c) estimates of 

(q,Q aOm (a) and coefficient estimates of 6v(.)/oEr' fiom (ô) are used as starhg values 

in noniinear estimation of the joint system of acreage dernands (34). Another aiternative for 

starting values is to use rcsuits fiom Manitoba stndy to estimate eqnation (34). 

DATA AND MEASUREMENT 

Data 

T h e  series data for 1961 - 1995 wae iised to estinvatt the acreage dernand and yield 

response rnodels This period cof~esponds to that for which a weather index is available for 

Western Canada Models an specined for the major crops in Western C d a ,  e.g., wheat, 

badey, oats, canola, flax, and rye. 

Expected output fices are modeUed osing the CWB pr ie  for @cd 1948 - 1995 

(CWB Annual -); CANSIM pice for 1948 - 1984 pexiod (which is an average market 

pria obtamed fimm CANSIM Database); average pice (Statistics Canada' 198 1 - 1995); and 

market prke (1956 - 1995) for each particolar type of crops considend, Le., #2CWRS 

(wheat), #3CW (oats), #lm (barley), (rye), #2Cw(flax), and #KAN (canola). 

Since not al l  data sets are complete over this tim peziod, the price data set wil l  be combinecl 

ftom those four data sets. 



Alternative masures of expected crop prices are: 

a a previous year of market prices 

b. CWB @ce expeaation f a  CWB q s  (wbtat, Mey, and oats), which is the sum of the 

most fecetltly observeci components of CWB payments at planting tirne* Le.. ciinent initial 

payments7 plus adjosmient and interim paymems for cmps marketed in the previous year, 

plus naal paymmts fa crqps markead two years pmriopsly (Coyle and Mmdang. 1995 and 

1997). Alternative proxies for variances of crop @ces and yields were caicalated using 

equations (37). 

T i  Sefies data is u d y  collected by nationai or state Iewel. This data is highiy 

aggregated over individuais and regions. =ces f d  by different fnms are highiy 

correlated over the. The variation over time in aggregate @ces may give a reasonable 

meastue of price unceftainty at the fimi IeveL 

A proxy for price variance vpti will be calculated as in Coyle, 1992. 

whae V$ is a @ce variance at time t for commodity i which equals to the surn of squares 

of prediction eam of the pmious three years, with deciining weights O.5OT0.33, and 0.1% 

As in Mundang (1996). input price indexes are obtained for variable inputs (e-g., 

ftxtïhx), machineay and eqoîpment, and hirrd labour. Those data are collected fkom F m  

Input Rice Index 62-004 (Statistics Canada a and CANSIM). Crop acreages used are the 



h a o d  areas (CANSW. Data on yield anci produdon are aiso obtained frorn CANSM. 

Initial stock of wealth is pmxied as the value of Iand and bddings plus machinery and 

qinpment (CANSIM). 

Weatha is proxied by a cmp gtowth inda (GRODEX) for 1961-1987 @yer, 

Narayanan, and Muuay) and a CWB dmught index fm 1981-1995 (GE Walker). Since 

these weather indexes weie measmcd differently and are not pafkdy correlateci for 

ovetlapping years (1981-1987). they were treated as two separate variables. Weadier 1 is 

a GRODEX index fiom 1961 to 1980 with zero observation fot the rest of period (198 1- 

1995), then areadia 2 is a CWB droaght index (198 1-1995) with zero value on a previous 

year. Another possi'bility was &O considercd by ddiniag weather I for GRODEX (196 1- 

1987) and weather 2 for CWB drought index (19884995) with zero value of observation 

for lam and previous years respatively. Both a weather 1 and a weather 2 are included in 

models. 

Uncertainty Measurement 

Coiisida a production fanction with a single output, y = f(x,o), whae  output y is a 

function of input level x and a stochashic weather variable o. A first order approximation 

to output variance Vy conditional on x is: 

whexe ~ V O )  are îhe tbe and variance of the distribution for u This approximation is 

25 



exact if the production function is a Gomian Polar Fom in ternis of o, y = a(x) + o b(x), 

and the approximation geoaaüzes to a vecan o of weather variables. This approach to 

meanirùig output variances can be genenlized to a second order approXUnation to f(x,o) 

(Coyle and Mundang, 1997). Note that this approach to measri8ng output variances nom 

aggregate time sexies production data (y,x) does not nazssarily underestimate output 

uncertainty at the farm level, in contrast to the variance of the aggregate production data y. 

Time series data on a crop-Spennc weather index is available for several weather 

stations witbin a region, cg., 34 stations for 1961-1987 perïod (GRODEX), and 174 

stations for CWB drought index (1987-1995).' 

Let qs be the 1Nel of the weather variable at time t at station s, then for each weather 

station, the weather variance cm be defined as: 

Then the variance averaged over S stations is: 

Aggregate production data (y& and the average of weather data over the stations, 

e.g., Eo, = II,, 0 will be used to estimate the production function y = f(x,o). Then 

'V, for 1988 - 1995 period are caldated f%om 78 weather stations due to 
incornpiete data. 



estimates of the production fandon y = f(x,Eo) can be used to caiculate the marginal 

impact of weather on production iif(x,Eo)/h This production fuiction implies that the 

expeacd values of output y depend on nonstochastic inputs x and the fitst moment of 

stochastic weather variance o. To masure yieid PlKjertainty, aggregate produc*on data wil i  

be combined with weather station data asing (38). 

The foUowing production fonction is specified for each grain crop: 

where ykl', is yield of crop i, x is an implicit input quantity index which is calcdated fiom 

fami aperating expenses f a  f m r ,  seed. and pesticides divided by input pnce index for 

crop pmduchion, Z is total crop acreage, zi acres of crop i, o1 is average of weather data for 

1961 - 1987 (GRODEX), and y is average of CWB drought index (1988 - 1995). A 

quaciratic mode1 in weather 0, and O, of production fmrction (42) are also considered. 

Then in the linear case (41). the marginal impacts of wcather on yieids for each period are: 

(43) dyld'lao, = b, + b ,  (x/ZJ + b, qi + b, t + e/ 
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Using die rnargùial impact of weather on yield (43-44) and (39). the variance of yield (38) 

can be caidated. On the 0th han4 if yield is quaciratic in weather o. then an altemative 

formula can be used to measure variances of yieid (Coyle and Mmdaag, 1997). 

A. Linear Mode1 under Priœ Uncertainty 

Diagnostic tests were condtxfted for the unit mots and cointegration using standard 

unit root tests (e.g., Dickey-Fuilet and Phillips-Penon) and trend stationary tests 

(Kwiatkowski a al.). Results fÎom the standard unit root tests (a unit root is the nuil 

hypothesis) conc1rde Wdata iisd fot yieM prtdcternmied moàeis (especially the variances 

of revenues) and yields not prdctaniined often have a unit mot (90% confidence intervals). 

However. it is weU hown that the Dickey-Fder and Phillips-Perron tests have a low power 

since they may often accept die nuil hypothesis dthough it is false (DeJoag et al 1992, 

Kwiadcowski et al 1992). Therefore, a End stationary test was also osed as an alternative 

method. In this test, the null hypothesis is diat data is stationary around a iinear trend and 

the alternative hypodiesis is a unit root. The resuit of the test is that the data used for both 



yield predetemhd and rot predetennined modeis ofkm have no unit root Based on those 

test nsults, which are quite ciifferent, thes is not enough evidence for unit roots? 

Dmbin Watson statistics (d) aIso can be Pscd as a rough indicator of a unit root 

problern. The value of d is Wrdy to be low (d approaches zero asymptotically) in models 

with data generated by random w a k  (Phillips; Dprlard and Phülips, Macidala). OLS 

estimate for the ri& neopal mode1 (17) and (19) show quite low d values (0.6 - 1.6). 

Thdore, models using fkst differcnçed data an also considered in this chapter. The I-test 

result concludes tbat both ld (estimation whg the oripinai data) and first diffaence 

models are comparable. 

Equations (17) and (19) are estimateci using three sets of pnce data: i.c, average 

pnce, market prke, and CWB p r i e  Since d t s  of estimates d g  average and market 

price are similar, a J-test was conduded between these @ces for three major crops: wheat, 

badey, and canoh. The J-test resuIîs are inconclusive, but market @ce was chosen in order 

to faciltate cornparison with the next chapter. Another J-test was also conducted between 

4 crop model and 5 crop models, which concludes that the 5 crop model is prefmed. This 

is understandable since the 5 crop model has more explanatory variables (not much data 

aggregation), but it also has more rnulticollinearity problems than the 4 crop model. 

Therefore, the 4 crop model was chosen to be reported. 

*Shazam 7.0 is used throughout this study. 
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2. Rkk Newal Mo&h 

EsPiniates of equations (17) and (19) are presented in table 2.1 (OLS and nrst orda 

autocorrelation). For level equations, own prias are positive, except for barley (yield 

predeaamincd) and wheat (yield not predetermiaed, market price), and they are sigrüficant 

for canola (ali cases) and wheat (yield predetermined, CWB price). The standard 

significance uscd hexe is 0.05 levei, uniess indicated othcrwise. The cross price effects are 

often negative and sorne are significant, The amneraire is insignificarit in every equation. 

The total m e  2 bas a positive impact and is signifïcant for wheat &are (0.05 level using 

CWB price, 0.1 level on other cases), but negative and insignificant on barley and canola. 

This différent impact of 2 on cmp acreage dernands are similar to other study (Coyle. 1993) 

on Western Canada Grain (1961-1984), akhough the model specification is somewhat 

different, The coefficient of crop acreage adjustment DZ = & - Zl is negative for wheat and 

positive for bariey and canola DZ is significant on both wheat and barley (0.1 level on 

barley for yieids predetermhed models). DZ has a different impact on each acreage 

docation since some aops may be substituteû into rotation more eady than others (Coyle, 

1993). 

Table 22  shows the estimation results for (17) and (19) using first diffaenced data 

for both field pnddemiined and not predetermined models. The e f f w  of own pnces are 

positive with exception for barley when yields are predetennined and they are significant 

on wheat and canola (except on wheat with yield not predetermined, market price). As in 

levels equations, the cross prke effects are often negative and some are significmt. In 



con- to the level equations, the nwneraire is significant on wheat when yields are 

predeannined. 

As in Manitoba study, cstiniaas of coefficients g e n d y  an more significant when 

yields are prrdaamu>sd ratha than not predetermiried (especially own pnce of wheat). In 

con- this nsiilt somewhat d i f f a  from Coyle's study (1993) which concludes that '...The 

significance of co@ctentir in wheat is substuntialy redùced by repludng prices with 

revenues per acre... ? Rom tables 2.1 and 2.2, it can be seen that estimation ushg first 

d i frence  data increases the DW statistics Born 0.6 - 1.3 to 1.2 - 2.4 (OLS, yield 

predetennined) and fiom 0.7 - 1.6 to 1.3 - 2.2 (yield not predetennïned). 

Table 2.3 repens test m d t s  for risk neutml mode1 which are estimateci jointly using 

SUR (Seemhgly Unrelated Regression) with AR(1) coaections where appropriate. 

Homogeneity (P, = 0, i=1,2,3) is aot rejected in 7 out of 8 cases (it is rejected in the 

estimation using fkst difierenced data when yidds are predetermined using market pnce). 

Symmetry (18) is rejected in all4 cases. This suggests that either the hypothesis of risk- 

neutrai revenue maximhation as in (8) is incorrect or there are mors in functional form. 

CRTS is accepteci in 6 out of 8 cases (it is rejected only in fust difference estimation using 

CWB @ce for both yield predetennined and not predetermined models). The hypothesis 

that aaeage shares are not &ected by the rate of change in total acreage DZ, is accepteci in 

6 out of 8 cases. 

'B.T. Coyle. On Modemg System of Crop Acreage Demands. Jourruai of 
Agricdtwal Resource Econonrics. 18 (l993)9.57-69. 



2. Risk Averse Mo&h 

As in risk neutraï models, the ri& averse models are estimateci using market price, 

CWB @ce and a hyinid prke of the two (e.g., expected revenues and prices are measured 

by CWB price and the variances are estimated using market price). However the model 

applying the @ce variance formula (37) to CWB prices as defined h m ,  ddaes not seem to 

provide a masonable m m  of price un&ty, and d t s  were pwt. In principal, the 

share equations of acreage demands (20), (22) - (24) are estirnateci in the sarne manner as 

in risis neutral modeis Results fa linear mean-vhce  modd are presented in table 2.4 and 

2.5, whde the CRRA models are reported in table 2.6 and 2.7 for Ievels anci ntst diffaence 

equations respectively. 

In conaast to the Manitoba sady (Mundang, 1996). where addition of price 

variances dmuises the significance of expected revenues Er' and expected pnces Ep', here 

the CARA model often increases the significance of Er' and EP' (compare tabIes 2.4 and 

2.1). Furtherrnore, aiL the own price effécts are positive, wwhi the cross price effeas are 

o h  negative (the positive effects of cross pnce usually are insigniticant). The own pnce 

e f f m  are significant for canola (ail cases) and wheat (using hybrid price when yields are 

predetermined). The nIlmaaire and total aneage Z are insignifîcant in all  cases. DZ is 

significant and negative on wheat shan and positive on barley and canola I t  is aIso 

significant on barley (0.05 level for field predeterrnined model and 0.1 level for yield not 

predetermined). AU own variances have negative impacts and are significant for wheat 

(market price, yield not predetermùied, 0.1 level). In addition, cross variances are often 

positive but insignificant. 



As in Level equations, esthates of CARA mode1 using first difference data also 

improve the estimation of ri* neuaal models presented in table 2.2. Again, aU own pnce 

impacts a .  positive and often sigaincant (with exception for barlcy in ail  cases). Cross 

@ces often bave a negative impact and som are signifiant (Le., canola price on wheat and 

bar1ey share eqaations). The nmnerain, total acreage Z and DZ are hsignificant The own 

variances are negative with exception of canola using hybrid price when yields are 

predetermined. This variable is sipnincant ody for wheat (0.1 level, yield not 

predetennined, market pnœ). The cross variances are o k n  positive and significant for 

wheat prke variances on barley equation (yields predeterrnined). DW statistics on CARA 

OLS estimations using levels data are 0.6 - 2.5 and 0.8 - 1.9, while the d on estimations 

using first differenced data are 1.4 - 2.7 and 1.5 - 2.3 for yield predetennined and not 

predetennined models respectively. 

Test results for risk averse CARA and CRRA models are sumrnarized in table 2.8. 

For CARA, homogeneity is not rejected in 1 cases, w N e  reciprocity is rejected in 1 out of 

4 cases (fïrst difference estimation). CRTS is rejected in 2 out of 8 cases, while risk 

neutrality hypotheses are not njected in di cases (F-tests are insigni€icant). The hypothesis 

of zero adjusmient cost (relatcd to DZ) is rejectal in 2 out of 8 cases (both are first 

difference estimations when yields are pndetermined). 

Table 2.6 and 2.7 present CRRA estimates for levels and first difference equations 

respectively. For levels equations (table 2.6), aU own variances are negative. These own 

variances are si@cant only on wheat (2 out of 4 cases, 0.1 and 0.05 level). Compared to 

CARA estimates, there is a decnase in the signincance of ~ r '  and Ep' (except for canola), 



but an increase in significance for revenue variances. The initial wealth variable W, 

generally has a positive impact on wheat and negative on the other two aops (except for 

barley with yield predetermined, hybnd price). W, is signifiant on canola only (yield 

predetcnnined, on 0.05 and O. 1 levcl). 

As in IeveIs sqyttioas, in compacison a> CARA (2.7 and 2.9, the CRRA estimation 

using nrst d i f f i  data shows a de- in significance of Er8 and Ep* and an increase 

in significance of Vr8 and ~ p ' .  AU own variances have negative impacts on acreage 

demands, except for canoia (hybrid @ce). Own variances are only significmt for wheat 

Weld not pred*amined using m;irket prie) and Mey predetermined, market price). 

Initiai wealth W, is insigniticant in each equation. 

DW Statistics for CRRA in levelis estimates (OU) are 0.8 - 2.0 and 1.5 - 1.8, while 

in first difference estimates are 1.4 - 2.5 and 1.5 - 2.3 for yield predetemined and not 

predetermined models, respectively. As in in case, esthates using first difference data 

seems to increase the simcance of Er* and Ep' but decrease those of Vr* and ~ p ' .  

Moreover, replacing Er' with EP*, generally decfeases both the Sgnificance of own pnces 

(wheat and barley), and the significance of own variances except on wheat using market 

price (levels and first differeaced data). 

From table 2.8, homogeneity i s  not rejected in dl cases, while CRTS and zero 

adjustment cost are also accepreà in 6 ont of 8 cases. Those three test results are opposite 

to the results in Manitoba study (Coyle and Mundang, 1997). In addition, the F-tests for 

variances and W, are also insignificant, which means the mode1 reduces to risk neutrai. 



Altemative models of acrcage danands in tcmis of aop pnces (yield predetemiined) 

and crop revenues (yield not predetennined) are compared using a I-test (Davidson and 

MacKinnon, 1993), but results are ambiguous (as in the Manitoba study). Tests were 

conduacd for dl modcls undcr price uncertahty (ri& neutral and averse) using market 

price, CWB @ce, and hybeid pice for dine major crops: wbeat, badey, and canola, and two 

aiternative data: level and first ciifference data (table 2.9). For ri* neutrality, both model 

specincation Weld pradetermined and not prtxietermined) generaiiy an accepted on wheat 

(fus ciifference equations) and on barley (levels equations). Howeva; the yield 

predetermined model is prefmed for barley using fkst differenced data, while yield not 

predetermined mode1 is preferred on canola and wheat (levels data). These results d . e r  

somewhat h m  Coyle (1993) where the field not predetennined model is preferrd. Wheat 

and canola have the same patmn for CARA and CRRfL For wheat, models are comparable 

using differenced data, but the yield not predetermîned model is prefemd in levels 

equations. The yield not predetermined is definitely preferred in canola For barley, the 

yield predetermined model is prefemd (differenced data) under CARA and CRRA. In 

levels equaîions, the yield predetefmined is prefared (CARA) but it is l e s  preferred under 

CRRA case. 

B. Linear Models under Yield Uncertainty 

Diagnostic tests for a unit root, as in previous model were also conducted. but the 

results are inconclusive. The standard unit root test (Dickey-Fuller) concludes that data 

o&n have unit mots, while Phillips-Perron and Kwiatkowslci test results indicate that data 





addition, modeIs cornbig prie and yield mcertainty are not considered in this study due 

to the poor resuits on yield uncertainty modeL 

Tbese poor d t s  in estunatiog acreage dnnands mder yield micettainty may be due 

to a poor approximation to the production hction over Westan Canada. Since weather 

varies over provinces, the erm in data aggregation is relatively greater here than in 

aggregatioa for one province. However, smaller emrs in data aggregation shouLi occur to 

priœ variables because there is less variation in price across provinces. Thus poor estimates 

for production W o n s  may be due to impossibility in aggregation of weather data, mors 

in otha  aggregation of other inputs, or of course omitted variables (e-g. capital inputs). 

C. Nonlinear Mode[ 

As in Manitoba study, attempts to estimate the nonlùiear equation (29) were 

unsuccessful. Altematively, mode1 (34) and (36) are estimateci as approximation of (29). 

SUR redts of these two models using both market and hybrid prices are summarized in 

table 2.10. S tarting values for cl and c, are obtained fiom estimation of W,+ER = V'(.) + 

1/2a(.)VR, while starting values for baas are the resdts f?om Manitoba study (Mundang 

1996). Estimates using cl, c, and betas fiom Manitoba results as starting values give a 

similar result. Nonlinear estimations for fïrst ciifference data were not considaed since (sg - 

Csz),,? # r c w m t  - C~V/~E~t-*J  / CC*,VR/2)' + ( ~ l W ) & , J .  

Table 2.10 shows that ail own expected revenues @) are positive with the exception 

of barley (market price), and only canola has a significant coefficient This means that the 

numerator, 6 ~ / 6 ~ i ' ,  is inmeasing in 18. In addition, canola is also the only crop that has 



negative and Sgnificant (market pice) own variances. Ilus result c i B a s  nom the Manitoba 

study where aU own price and own variances are significaur Initial wealth is positive for 

wheat and badey and ncgative for canola. This variable is always signiticant on canola and 

barley (0.1 Iml  on barly psùig hybrid @ce). C, is negatbe and always sisnificant while 

q ïs positive and signiiïcant using market @ce oniy (0.1 level). These are reIative1y poor 

e s t b a ~ ~  in cornparison to the Manitoba study. The d statistics are vcry low, Le.. 0.8 - 1.3 

in wheat and badey estimations. In addition, as in the Manitoba study. the own price and 

variances in reduced fomi 6 V . m  estimations, are insipnincant with exception of canola 

(hybrid @ce). 

C O N C L U S I O N  

This sady of crop acreage demands in Westem Canada is developed from a similar 

study usïng Manitoba data. However, results in this smdy are l es  satisfactory. One major 

rûason may be due to difficulties in estimating the crop production fiactioas, which is dm 

a consaaint in the Manitoba stody. A plausible eqIanation is that thae are substantial 

errors in weather aggregation over regions. 

In addition, compareci to anotha study on Wesmn Canada grain (Coyle, 1993), 

results in this study are also las satisfactofy. The explanation may be bat the model hae 

is estimated using a longer tim period (1961 - 1993. whik the otha  study using a shorter 

period (1961-1984). In this case, the model may need to incorporate changes in 

agricuiturai poiicy pmgrams o v a  1984-1995. 



TABLE 2.1. Estimates of Risic-Neutrai A-e ïkmands - 
(teveis Data) 

a ITnldPrede~uHd,lMrketprice 
mt-AR(1) 

%?niables Coeff T-raa0 ETap_ 

Er1 0.000819 1220 0,131 
Er2 -323E-M -135 -0.006 
Er3 -0.000607 -1274 -0.099 
Er4 -0,036633 -1.552 -0.0% 
Z 1.23E-05 1966 1.055 
DZ 4,68E06 -2311 -0.005 
D -0,110680 -2019 -0.006 
T 4.006767 -1.632 -0.214 
Constant 0,132530 0,498 0233 
Rh0 o.ml0 7.220 - 
R2fDW 0.ûW I-621 

Wbeat-AR(1) 
Variables h f f  T-ratio Uas, 

Er1 0.000600 2.015 0.115 
Er2 -2ol.E-05 -1257 -0.005 
Er3 -0.aKn45 -1584 -0.l24 
Er4 -0.062034 -1592 -0,101 
Z 1.2lE-05 2.1M 1.107 
DZ -6-46 -2418 -0.005 
D -0.112140 -2.262 -0.006 
T -0.008183 -1,778 -0.259 
Constant 0.151740 0585 0267 
Rh0 0.848330 9,479 - 
R2fDW 0.827 1.308 

CanoQ-AR(1) 
Coeff rraiio Elas, 

-0.OOOS06 -1,164 -0.471 
498E-05 2.716 0.051 
0.001014 3.199 0958 
0.012812 0.564 0.126 
4m-06 -lm -2.121 
1.88E-06 1.034 0.009 
0.030206 0.871 0.009 
0.006123 ?onû 1-125 
0,130800 0335 1335 
0518500 3587 - 

0.887 1,735 

chnola-AR(1) 
Coeff T-ratio EIas 
-0.000399 -2.087 -0.443 
298E-05 2.754 0-Wl 
0,001240 4.010 1.199 
0.035930 1,428 0339 
4.80E-06 -1.264 -2389 
1.64E-06 O949 0.008 
0.018476 0.572 0.005 
0.005343 2.051 0.982 
0,128990 0.812 1317 
0.732680 6369 - 

0.896 1906 



TABLE 2.1. Con&.. 
(Leveis Data) 

c. Yield mot Rccktenninird, market price 
Wheat-AR(1) Bartey-AR(1) 

iihrhble~ Coen T-ratio Elas, as T-~&o 

E P ~  -0.001132 -0.041 4.006 -0,013003 -0.800 
E P ~  O.ûî6fXV 0.647 0.U72 O.OUû70 0.620 
E P ~  -0.ml9 -1.856 -0.183 -0.007967 -1.106 
E P ~  -0m1378 -O.oscl -0.003 0.032445 O908 
Pi1 0.001423 OS45 0.157 0.000908 09% 
Z 124E-05 2012 1.065 -5.40E-06 -1324 
DZ -6.38E-06 -2250 -0.005 3.46E-06 1395 
D -0.- -1,668 -0.005 0.017109 0.475 
T -0.009499 -1.841 -0301 O.OO2315 0.702 
Constant 0.116630 0.437 O205 0367160 2M1 
Rh0 0.707150 5917 - 0.865300 10213 
R2/DW 0.811 1,6% 0.795 

Wheat-AR(1) 
Miriables Coeff Fratio Elas. 
E P ~  0.007276 0599 0.046 
E P ~  0.015005 0.811 0.051 
E P ~  -0.OnSSO -2.444 -0.238 
E P ~  0.029337 0512 0.051 
Pi1 0.001804 1533 0.2û7 
2 136E-05 2169 1.169 
DZ -6.44s.06 -2443 -0.005 
D -O.(B7381 -1550 -0.004 
T -0.0117ZJ -2328 -0.372 
Constant 0.050116 0,186 0.088 
Rh0 0.756500 6.843 - 
R2 / DW 0.834 1.40% 

CItoobAR(1) 
Cœff T-ratio Eias. 

-0.001227 -0.155 -0.045 
-0.09242 4.736 -0.182 
0.032ûlO 4541 1585 
-0.048339 -1535 -0.485 
-0.00155 1 -2.180 - 1-033 
-259E-06 -0.820 -1.28'7 
1.43E-06 0.860 0.006 
0.018834 0565 0.006 
0.007382 2.944 1357 
0.107680 0.805 1.099 
0,495030 3.371 - 

0907 1.653 



TABLE 2.2. Estimates of Risk-Neutrai Acreage Demands 
(First Diffemœ Data) 

z Yiekl l'mfetermined, market price 
Wheat-OLs 

MnhbIes Coeff T-r atio 
Et1 0.01339 2191 
ER -271E-05 -1.1LS 
Er3 -0.000782 -1,724 
Et4 -0.072072 -2053 
Z 7-12E-M 1 . 0  
DZ -1.6Q3-06 -0,474 
D -0.155010 -2495 
T -0.000644 -0920 
Constant 0.010747 0.647 
Rho - - 
R 2 f  DW 0.633 1.635 

h Yiekl Predetefmin«l, Ex- CWB price 
Wheat-AR(1) Barky- AR@) 

miables Coeff T-ratio Coeff T- ratio 
Er1 O.OQOS% 3.7 16 5, ME45 0373 
Er2 -138E-05 -1.236 -243E-05 -2.643 
Er3 -0.000849 -2.14 1 -0.OOOd34 -2907 
Er4 -0.073 197 -2.090 -0.006774 -0391 
Z 1.07E-05 1.680 -1,ldEdd -0.4 13 
DZ -2.67E-M -0.899 1.74E-06 1.082 
D -0,137260 -2.578 0.083363 3,140 
T -0.000617 4.618 -0.00M67 - 1 .O82 
Constant 0.004968 0.224 0.005924 0969 
Rh0 0.45 1S%0 2949 -0.4û3700 -2.573 
R2IDW 0.724 1.833 OS87 1.899 



TABLE 2.2. Cont., 
(Fiist Diffemce Data) 

c Yidd not Pdetedned ,  market pr ia  
Wheab-OLS Bariey-OLS 

Variables Coeff T-ratio Coeff T-ratio 
E P ~  0.0 1585 1 0.580 -0,022299 - 1.549 
E P ~  0.030554 0.785 0.0 19803 0.966 
E P ~  -0.021028 -1.785 -0.010519 -1.694 
EP4 4-03 1999 -0.545 0.042667 1.378 
Pi1 0.000775 0.5 19 0.001434 1,822 
Z 8.3 1E-06 1-135 1.20E-06 0.3 10 
DZ -2.57E-06 -0-743 6.34E-07 0.347 
D -0.126420 -1.839 0.097650 2.696 
T -0.000509 -0-687 -5.82E-05 -0.149 
Constant 0.004782 0.267 4.002438 -0.259 
R2 /DW 0.609 1.597 0,454 2J50 

d. Yield not Predetennined, Expected CWB pr ie  
Wheat-AR(1) Badey-OLS 

Variables Coen T-ratio Coeff T-ratio 
E P ~  0.020394 2.136 -0.01 1823 - 1.803 
E P ~  0.008858 0,726 0.0 1 1083 1.200 
E P ~  -0.027342 -2,743 -0.0 14206 -2.258 
EP4 -0.020293 -0.367 0.042583 1.283 
Pi1 0.000970 0.942 0.00 1245 1.910 
Z 1 .O8E-05 1.663 1.39E-07 0.037 
DZ -3.1 1E-06 - 1.08 1 8.37E-07 0.467 
D -0. 108780 - 1.889 0.09 1942 2.594 
T - 0 5 2  1 -0.5 12 -9.84E-05 -0.257 
Constant 0-00 1033 0.046 0.000323 0.035 
Rho 0.439590 2.854 - - 
R2/DW 0.716 1,746 0.467 2.W8 
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TABLE 2.4. Estimates of Acmage Demands under Price Unartainty CARA 
(Levefs Data) 

Variables Coeff T-ratio 
Er1 0.000923 1.201 
Er2 -0.000259 -0528 
Er3 -0.000647 -1.255 
Er4 -0.028847 -0.619 
Z l.ME-05 1513 
DZ 457E-06 -2.147 
D -0.128880 -2. 120 
T -0.006958 -1.650 
Vr 1 -6.27E-05 -1.009 
VrS 1.97~45 0.477 
Vr3 6.46E-M 0.164 
Vr4 633E-M 1.465 
Constant 0,1953 1 0.688 
Rho 0.73221 6.360 
R2/DW 0.826 

Coeff 
0.000294 
0.00MS4 
4.000499 
-0-01 118 

-3.67E-06 
357E-06 
0.034578 

0.0034021 
5.12E-05 

-2.68E-05 
1.06E-05 
-333E-05 

030736 
091097 

h Yield Pndetermined, Ep CWB, Vp market 
wkat-AR(1) 

hiables Coeff Elas. Coeff 
Er1 0.000916 2.895 0.175 -0.000192 
Er2 -0.000198 -0.814 -0.046 5.9SE-05 
Er3 -0.000748 -1.649 -0.125 -0.000505 
Er4 -0.02a180 -0.677 -0.047 4.019323 
Z 1.05E-05 1.683 0902 436J5-06 
DZ -6.Z3E-06 -2.390 -0.005 335E-06 
D -0.132630 -2545 -0.007 0 . M  
T -0.0084~ -1.866 -0.2457 0.005168 
Vr 1 -7.18E-05 -1.780 -0.048 4.28E-05 
Vr2 1.97E-05 0.764 O.Os9 -8.84E3-06 
Vr3 1.17E-05 0.361 0.006 -8.44E-06 
Vr4 8.88E-05 2.468 0.052 -3.618-05 
Constant 0.214000 0.821 0.377 0382720 
Rh0 0.822!540 8.557 - 0.9 172 10 
M / D W  0.866 1.430 

Coeff T-ratio 
-0.- -0351 
-0.ooorU) -0.749 
0.000%59 2-421 

-0.015063 -0585 
-3.73E-06 -1.300 
L67E-06 0.822 
0.032504 0.856 
0.008037 4945 
-1.12E-05 -0313 
2 m - 0 5  0.905 

-293E-05 -1.252 
-4.07E-05 -1.503 

0.14002 1,183 
- - 

0 JO2 

candn-OLS 
Coeff T-ratio E%s. 
-0.000449 -1.781 -0.498 
2-78E-05 0.155 0.038 
0.000a14 2590 0.845 

-0.022476 -0.946 -0.212 
4.00E-06 -1 542 - 1.989 
1.72E-06 0.881 0.008 
0.028266 0.772 0.008 
0.008044 5.116 1.478 
1.69E-05 0.606 0.066 

-7.70E-07 -0.040 -0.007 
- 1 -74E-05 -0.863 -0.050 
-558E-05 -2.234 -0.189 
0,147000 1394 1501 

- - - 
03û8 1.736 



TABLE 2.4. Cont., 
mvels Data) 

c. Yidd aot Prcdetedned, Ep market, Vp market 
Wbeat-AR(1) bky-AR(1)  

%ubùles Coeff T4atio Ek. CO& Pd0 
Epl 0.02~709 0.792 0.m -0.0098n -0.490 
E P ~  0.037452 0- 0.101 0.09994 0381 
Ee3 -0.030370 -2.487 -0.~1 -0.oosns -1.046 
EP4 O.CBû313 0.388 0.055 O.MlZ05 1.261 
PI1 0.000983 0592 0.109 0.001517 1345 
Z 4.86E06 0.686 0.417 -6.43E-06 -13 14 
DZ -5ME-06 -2.099 -0.005 3.77E-06 2046 
D -0,155890 -2.506 -0.00s 0.013437 0324 
T -0.005669 -1.010 -0.180 0.001133 0.260 
V P ~  -0,123070 -2.049 -0.086 0.022674 0382 
VPZ 0.070373 0.733 0.023 -0.074178 -1.159 
V P ~  0.001534 0.103 0.002 0.000349 0,449 
vp(r 0.048495 2201 0.052 0.003741 0.260 
Constant 0362950 12û2 0.639 0359860 1.777 
Rh0 0,720600 6.149 - 03ûO160 12.227 
R2 / DW O.NO 2.633 0.809 

d. Yield not Preâetermined, Ep CWB, Vp market 
Wheat-AR(1) BarlepAR(1) 

hiables Coeff T-ratio Eias. Caen T-ratio 
E P ~  0.019970 1.673 0.126 -0.011907 -1367 
E P ~  0.026108 1505 0.089 0.009062 0.716 
Q3 -0.034070 -3.157 -0.291 -0.011761 -1.438 
E P ~  0.080324 1.162 0.139 0.029988 0.516 
PI1 0.001900 1.545 0.218 0.001006 1.015 
Z 9.10E-06 1.574 0.780 -4.64-06 -0985 
DZ -6.44E-06 -2.705 -0.005 3.60E-06 2.010 
D -0.128930 -2,430 -0.007 0.031734 0.775 
T -0.011765 -2394 -0.373 0.003107 0.685 
V P ~  -0.065751 -1.617 -0.050 0.030138 1.001 
V P ~  -0.017 -0.128 -0.04 -0.034898 -0590 
V P ~  0.007951 0.652 0.011 -0.000U)4 -0.022 
vP4 0.055295 3.210 0.064 -0.004971 -03% 
Constant 0.168'790 0-701 0.297 0.337860 1.655 
Rh0 0.720840 6.153 - 0.906650 12.714 
R2 / DW 0.888 1.573 0.814 1,489 

Coaoia-OLS 
Coeff T-ratio Elas, 
0.013498 0.792 0,471 

-0.066704 -2.568 -1.043 
0.029564 4.459 1.416 
-0.033254 -1.179 -0347 
-0.000804 -0391 -0516 
221E-07 0.083 0.110 
133E-06 0.795 0.06 
0.050391 1532 0.015 
0.005599 2.439 1.029 
0.051439 1.790 0.208 
-0.017600 -0.405 -0.033 
-0,002992 -0.400 -0.022 
-0.029187 -2.630 -0.182 
-0.010822 -0.102 -0-111 

Crinoh-OU 
Coeff T-ratio Elas. 
-0.009028 -0920 -0330 
-0.018698 -ln3 -0.368 
0.030485 4.853 1.509 

-0,046685 -1912 -0.469 
-121E-06 -0506 -0.601 
-0.000851 -1.421 -0.567 
1.2OE-06 0.679 0.005 
0.027934 0.849 0.008 
O.OW108 3.948 1306 
0.034755 1.425 O. 154 
-0.005531 -0.135 -0.012 
-0.006448 -0.921 -0.051 
-0.034684 -2,862 -0.234 
0.063441 0.672 0,648 

- - - 
0329 1.494 



TABLE 2.5. Estimates of Acreage Demands under Price Uncettainty CARA 
mrst Dillerence Data) 

a Yield RedetQtmined, Ep matket, Vp market 
Wheat-0i.S B&y-AR(1) Canola-OLS 

vanables 
Er 1 
Er2 
Er3 
Er4 
2 
DZ 
D 
T 
vr 1 
vr2 
vr3 
Vr4 
constant 
Rh0 
R2/DW 

Coeff 
-0.00073 1 
-0.000150 
O.Ool%al 
0.040545 
- t .49M 
-2JLE07 
0.049876 
0.000569 
-2 19- 
1,68EOS 

-8.3- 
7.53E-06 

-0.007528 
- 
0.606 

b. Yield bdetertnined, Ep CWB, Vp 

Variables 
Er 1 
Er2 
Er3 
Er4 
z 
DZ 
D 
T 
Vrl 
vr2 
Vr3 
Vr4 
Constant 
Rho 
R2 /DW 

Coeff 
0.001042 

-0.0001 18 
-0.0008 19 
-0.054448 

1 .ME05 
-2.84E-M 
-0.143560 
-0.0005 1 1 
-4.3 1EOS 
1 , l4WS 
1.39E-05 
4.97E-05 
0.003120 
0.41 1620 

0.757 

Coeff 
-0.000 167 
0.000105 

-0.000577 
-0.0226 12 
-8.02E-08 
l.06E-M 
0.089489 

-0,000350 
4.53E-05 

-1.S1EOS 
-1.21E-05 
4*46EO5 
0.007225 

-0583340 
O. 719 

Coeff 
-0.0005w 
0.000176 
0.00 1394 
0.05421 6 
-2.16E06 
-1.2lE-08 
0.043398 
O.OOOS5 1 
7.36E-06 
- l.SSE-05 
1.17E05 

-7.45E-06 
-0.007458 

- 
0.697 



TABLE 2.5. Cont., 
(First Difference Data) 

c. TeId not Pdetermined, Ep market, Vp market 
wheat- 

cœff 
0.060132 
0.032455 
-o.mm 
0.004929 
0.0004M 
1.68E-M 
-9.68E-07 
4.161350 
-0.000443 
-0.1 1MdO 
0.05998 1 
0.005946 
o.MS910 
0.007401 
0.4224ûû 

0.703 

d. Yield not Precietermined, Ep CWB, Vp market 
wheat-AIl(1) 

Coeff T-&O 
0.024770 2.468 
0.021517 1514 

-0.0309 13 -2.700 
0.030485 0,351 
0.001420 1.010 
1.OdE-05 1.646 

-3.64E-M -1.266 
-0.120530 -209 1 

-O.O005 1% -0551 
-0.042820 -1.069 
-0,004924 -0.057 
0.010397 0.815 
0.032474 2.122 

-0,000545 -0.026 
03an40 2.453 

0.771 1.841 

Coeff 
-0.012708 
0.0 1 1457 

-0.014928 
0.043224 
0.001301 
2.09E-07 
I.OOE-06 
0.0%045 

-0.000124 
0.032745 
-0.042127 
-0.001370 
-0.004534 
0.000445 - 

0.521 

47 

canola-OLS 
Coeff T-ratio 
4.003291 4.176 
4.0560T7 -2.412 
0.038620 5.482 

4.057 141 -1.110 
4.001777 -1.739 
1.78E-07 0.039 
221E-07 0.109 
0.030072 0.740 
0.00LM48 0.8 10 
0.057509 1.7 10 
0.007684 0.132 

-0.003540 -0.407 
-0.02Sn3 -2.428 
-0.001 165 -0.1 14 

- 
0.728 1961 



TABLE 2.6. Estimates of Acreage Demands under Price Uncertaintg CRRA 
(Ltveis Data) 

a. YieId Pmletermined, Ep market, Vp market 
Whtat-AR(1) Wey-AR(1) Caaolp-OLS 

Vanables Cod€ T-rato Elas. -81 T-ratio Eias. Coeff T-ratio 
Er1 0.000734 0.880 0.118 0.000375 0.813 0.172 -5.04E-05 -0.091 
Er2 -0.000337 6.701 -0,060 0.000343 1319 0.174 -0.000191 -0.675 
Er3 -0.OOOd59 -1328 -0.107 -0.000548 -2.039 -0.256 O.(lOW48 2.784 
Er4 0.W761 0-453 0.047 -0.026139 -0.621 -027 -0.025122 -1.120 
Z 8.14E-M 1.201 0.697 -3.28E-06 -0.843 -0.807 -224E-06 -1.070 
DZ -6.11E-06 -2031 -0.005 3.67E-06 2.213 0.OW 1.47E-M 0,785 
D -0,149010 -2.462 -0,008 0.041588 1.240 0.006 0.044798 1.239 
T -0.009655 -1954 -0306 0.004348 1.193 0.395 0.008982 53% 
Vrl -0.0001(n -1.402 -0.055 6.73E-05 1.694 0.103 -2.10E-05 4.499 
Vr2 2 H - 0 5  0.659 0.034 -353E-05 -1.452 -0.115 235E-05 0.883 
Vr3 259E-05 0.610 0.011 1.OdE-05 0.448 0,013 -331E-05 -1263 
Vr4. 9.60E-05 1.785 0.045 -439E-05 -1.497 -0,059 -3.42E-05 -1,067 
W01 1.28E-09 0.W1 0.111 -3.17E-10 -0338 -0.079 -8.63E-10 -1.709 
Constant 0.271840 0366 0.478 0.291030 1.735 1.468 0.088961 0,765 
Rh0 0,754440 6.800 - 0.926670 14585 - - - 
M / D W  0.844 1.664 0.858 I.7I7 ûû920 

b. Yield Predetennined, Ep CWB, Vp market 
Wheat-A R(1) BarlepAR(1) 

Variables Coeff T-ratio Elas. Coeff T-ratio Eias, 
Er1 0.000785 2.266 0,150 -0.000216 -0.971 4.118 
El2 -0.000153 -0.575 -0.036 4.32E-05 0259 0.029 
Er3 -0.000737 -1.623 -0.123 -0.000521 -1.817 -0.249 
Er4 0.022220 0.347 0.036 -0.000252 -0.005 -0.001 
Z 9.46E-06 1.475 0.811 -491E-06 -1,167 -1.205 
DZ -6.25E-M -2.350 -0.005 3.70E-06 2.174 0.00% 
D 4.142480 -2.692 -0.007 0.022473 0.662 0.003 
T -0.01OQOS -2.144 -0330 0,004370 1.198 0397 
Vrl -7.76505 -1.894 -0,048 391E-05 1510 0.070 
Vr2 1.42E-05 0338 0.021 -6.72E-06 -0.404 -0.028 
Vr3 2.79E-05 0,780 0.013 -5,13E106 -0.220 -0.001 
Vr4 9.61E-05 2.602 0.052 -3.73E-05 -1.602 -0,058 
WOl 7.4'7E-10 0.688 0.068 4SSE-10 0573 0.119 
Constant 0.225240 0.860 0.3% 0.391660 2.244 1376 
Rh0 0.804990 8,027 - 0.903530 12.474 - 
R2 / DW 0.875 1.493 0.852 1.672 

Canoh-OU 
Coeff T-ratio Elas, 

-0,000192 4.765 -0.213 
-7.6SE-06 -0.043 -0.010 
0,001160 3.674 1.121 

-0.035065 -1.682 -0331 
-2.11E-06 -0,858 -1.CM9 
8.55E-07 0.489 0.004 
0.039476 1.192 0.0 12 
0,008155 5.806 1.499 
7.18E-06 0.264 0.026 
3.64E-06 O202 0.031 

-2.4E-05 -1246 -0.066 
-4.40E-05 -1.686 -O. 138 
-8.70E-10 -2334 -0.460 
0.0563û6 O 5 4 6  0576 

- 9 6 

0330 1.899 



TABLE 2.6. Cont... (Levels ûata) 
c Yield not Prtdeteriiiïned, Ep market, Vp market 

wkat-AR(1) -y-ARa) 
Variables Coeff Tkacîo I.Jas, Coeff T d o  E k  
E P ~  0.013898 0.409 0.073 0,005740 0.276 0.086 
E P ~  0.042044 1.014 0.113 O.ûûûS% 0339 0.066 
E P ~  -0.029167 -2338 -021 -0.012150 -1537 -0.287 

E@ 0.006344 0.085 0.011 0.070317 1340 0363 
Pi1 -8.29E-05 -0.038 -0.009 0.002523 1.711 0.800 
Z 555E-06 0.761 0.475 -75lE-06 -1.555 -1.846 
DZ d.lOE4K -2.134 -0.005 3.64E-06 2.018 0.008 
D -0.158970 -2.491 -0.008 0.010522 0.255 0.002 
T -0.005589 -0975 -ûœlTI 0.003161 0.691 0.287 
V P ~  -0.155120 -2105 -0,091 0.04175 0.091 0.007 
V P ~  0.117500 O969 0.031 -0.106930 -1374 -0.080 
V P ~  0.000760 0.W3 0.001 0.006911 05W 0.022 
vP4 0.051775 1.920 0.049 0,016220 0976 0.044 
W01 9.70E-10 0560 0.082 -1.48E-09 -1.074 -0357 
Constant 0.395710 1350 0.6% 0.349500 1.715 1.763 
Rh0 0.731720 6351 - 0933060 15346 - 
RTIDW 0.854 1.644 0.825 1.663 
d. Yield mot Piiccktermineû, Ep CWB, Vp market 

Wheat-AR(1) Barley-AR(1) 
Van'ables &eff %ratio Elas, Coeff T-do Elas. 
E P ~  0.01%% 1,491 0.124 -0,0i(n225 -0.963 -0.166 
E P ~  O.CE22711 1-288 0.W 0.008093 0.642 0.079 
E P ~  -0,032321 -2915 -0.276 -0.012612 -1525 -0309 
E@ 0.057975 0.842 0.100 0.019535 0.361 0.097 
Pi1 0,000485 0.250 0.056 0.002117 1.412 0,697 
Z 930E-06 1535 0.797 -398E-06 -0.834 -0379 
DZ 6.7SE-06 -2.727 -0,005 326E-06 1.799 0.007 
D -0.129150 -2336 -0.007 0.033651 0.805 0.005 
T -0.010337 -2.026 -0328 0.003657 0.790 0.332 
V P ~  -0,070356 -1.576 -0.049 0.022689 0.701 0.045 
V P ~  0.0122%) 0.139 0.004 -0,022686 -0349 -0.020 
V P ~  0.008677 0595 0.011 -0.004076 -0366 -0.015 
vP4 0.047114 2.718 0.051 -0.022059 -0,179 -0.OM 
W01 8-41E-10 0.578 0.075 -136E-09 -1.06% -0.349 
Constant O Z B 2 û O  0.795 0.366 0.294530 1389 1.486 
Rh0 0.746400 6.635 - 0927440 14.672 - 
R2/DW 0.887 1.581 0.819 lJr44 

Canob-OU 
Coeff T-ratio Elas, 
0.018311 0.859 O556 
-0.071533 -2.818 -1,118 
0.031226 4.795 1,495 
-0.0102S3 4.320 4.107 
281E-05 0.029 0,018 
2,16E-07 0.081 0,108 
1.36E-06 0.846 0.006 
0.053003 1.663 0.016 
0.004788 2.111 0.880 
0.072875 2058 0.248 

-0.044609 4.800 -0.068 
-0.005545 -0.630 4.036 
-0.032002 -2.242 -0,175 
-6.06E-10 -0.980 -0.2% 
-0.051558 -0.471 -0526 

Canola-OLS 
Coeff %ratio Elas. 
-0-007313 -0.739 -0.274 
-0.018101 -1.252 -0.357 
0.031474 5.000 1558 
-0.020216 -0.608 -0.203 
0.000363 0.365 0.242 
-1.28E-06 -0547 4.636 
1.40E-06 0.815 0.006 
0.029013 0.90s 0.009 
0.005405 2.629 0.993 
0.046925 1.799 0.188 
-0.034998 4.74% -0.063 
-0.00%087 -1.056 -0.059 
4.031402 -2.486 -0.197 
-6-9 1E-10 - 1.115 4358 
0,014822 0.138 0.15 1 

- - - 
0336 1.779 



TABLE 2.7. Estimates of A-e Demanch under Price Uncerbiinty CRRA 
(F i i  Dikrence Data) 

a. Yield Preâettrmined, Ep market, Vp 

Variables 
Er1 
Er2 
Er3 
Er4 
z 
DZ 
D 
T 
Vrl 
vr2 
Vr3 
vr4 
wo1 
Constant 
Rho 
R2 1 DW 

Whcot-OLS 
Coeff 
0,001634 
-0.000256 
-0.000863 
-0.021629 
5.3Se-06 

-1.18E-06 
4.1698 10 
-0.000515 
-896E-05 
2ZE-05 
2.43E-05 
797E-05 
3 .SE-10 
0.007829 

- 
0.676 

h Yield M e t e r m i n e d ,  Ep CWB, Vp market 

Variables 
Er1 
Er2 
Er3 
Er4 
z 
DZ 
D 
T 
Vrl 
Vr2 
Vr3 
Vr4 
w01 
Constant 
Rho 
R2 / DW 

Barky-AR(1) 
Coeff T-O 
0.000278 0,841 
o.Oo(M40 2.009 
-0.- -3.1 11 
-0.040476 -1,621 
-5m-07 -0.204 
1.30E-06 0.842 
0.083334 3.446 

-0.00093 1 -1.888 
659E-05 2500 

-3.7 1E-05 -2348 
1.338-06 0.079 

-5,18E-05 -2587 
-4.9 1E-10 6.838 
0.009709 1559 

-0580600 4.W8 
0.733 1991 

Barkp-AR(1) 
Cœff T-ratio 
-0.000154 -0965 
0.000103 o m  

-0.0005% -3.222 
-0.039234 -1325 
321E47 O. 136 
751E-07 0.4% 
0.092097 4.136 

-0.000378 -1.851 
5.03E-05 3.022 
- 1 -43E-05 -1.287 
- 1 -7OE-05 -1.146 
-5.2OE-05 -3 286 
-1S8E-10 -0359 
0.008223 1531 
-0.67 1350 -5.282 

0.734 1.871 

candri-OLS 
Coeff T-rat0 
-0.00M59 -1308 
-0.000149 -0.477 
0.001278 3.784 
0.013264 0.239 
-9.83E-07 -0.191 
-5.40E-07 -0.213 
0.049268 1.060 
0.000469 0873 
4.83E-06 -0.102 
1.8 1E-05 0.621 
-298E-05 -0.989 
-6.04E-06 -0.170 
-5.m-10 -0394 
-0.004542 -0329 

- - 
0.619 2.079 

Cmola-AR(1) 
Coeff T-ratio 
4,000383 -1.583 
0.000142 0.824 
0.001425 4222 
0.0173 19 0.395 
-2.27E-06 -0582 
-2.34E-08 -0.0 1 1 
0.039964 1.110 
0.000493 1,382 
1.6gE-05 0.659 

- 1.09E-05 -0.632 
1.82E-04 0.077 

-2.45E-05 -1.012 
-3.40E-10 -0,449 
-0.004850 -0526 
-0341740 -2,120 

0.713 2.033 



TABLE 2.7. Cont, (Fikit Düf"nce Data) 

C. Yiild not PmktermUlcd, Ep mark&, Vp market 

d. Yield not Redettrmiacd, Ep C m ,  Vp market 
wheat-AR(1) 

Cœff T-ratio 
0.028566 2.474 
0.019247 1373 
4.030700 -2,490 
0.012784 0.152 
0.001772 0.864 
1.OlE-05 132cl 
-3 .67E-O6 -la1 
-O1127700 -2142 
-0.000661 -0.626 
-0.036063 -0.830 
4.0179 11 -0.188 
0,007667 0.464 
0.03m 2-13! 
-9-10 -0.47I 
0.003353 O* 144 
0.433850 2.808 

0.771 1.839 
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TMLE 2.10. Nodimm SUR Esîhates d Acreage Dcmanâs under Price Uncertiiinty (LcrcIs Data) 
a. Yitld Pmleîermincd, Ep market, Vp m k e t  

Wkat  B e y  C31da (Wo + ER)/VRSQ 
Wables 

El 
En 
Er3 
Er4 
z 
DZ 
D 
T 
wo1 
Vrl 
Vr2 
Vr3 
Vr4 
Constant 
Cl 
C2 
R2/m 

h Yield Redttermind, Ep CWB, Vp market 
Wheat CliwlP (Wo + ER- 

VariabIes 
Er1 
Er2 
Er3 
Er4 
z 
DZ 
D 
T 
WOI 
Vrl 
Vr2 
Vr3 
Vr4 
Constant 
CL 
C2 
m/DW 

Joint estimation u h g  Cl and C2 6nmi Westeni resuits and betas b m  Manitoba resuits 



Smdies of crop supply iesponse have generaily modelled crop acreage or crop output 

Ievels and only a few ded with crop yields These crop acrcage demand models ignored any 

econornic impacts on crop yields. treating yields as predetertnined (e-g., Jua 1983, Coyle 

1993; Viüezca-Becena and Shumway 1992). Moreover those crop output supply responses 

were not decomposed into acreage and yield components. 

Crop yield response studies usually assumed a static nsk-neutral model. These 

studies have generaüy concluded that price is hsignificant in aff-ecting yield (Menz and 

Pardey 1983, Reed and Riggins 1982, Choi and Helmberger 1993a); one exception is Houck 

and Gallagher (1976). 

A study of Manitoba crop agriculture (Coyle and Mundang, 1995) aiso concludes 

that, within the fiarnework of nsk-neutral static models, price does not influence yield. 

However, for nsk-neutcal dynarnic and risk-averse static and dynamic models, pnce and 

price variances often had a significant impact on yields. 

This paper estimates yield response equations for major grain crops in Western 

Canada for 196 1- 19%. The models are simila to Coyle and Mundang (1995), which 

stresseci distributed lags, pnce uncertainty, and nsk aversion. An emphasis on risk and 

distributed lags follows fkom the assumptions that famers are risk averse, aop yield does 

not respond instantaneously to price changes, and pnces in the distant future are generally 

more uncertain than pnces in the inunediate future. Therefore graduai or dynamic responses 
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such as changes in yields presumably are more sensitive to price uncertainty than are 

redlocations of land among crops. 

MODEL SPECIFICATION 

Models ate specified for six major grain crops in Western Canada: wheat, barley, 

canota, oats, flax, and rye. 

1. STATIC MODELS 

In static modeIs we will consider a linear and log hear specincation for every case. 

A log linear versions are defined by replacing a i l  the variables in the linear equations by 

theh Logarithrns. 

a. Risk Neutra1 Models 

A static nsk-neutral yield response equation for the major Canadian grain crops is 

specified as foUows: 

where 

yldi : yield of aop i 

E~' : expected output pnce of crop i 

Ep" a E$/~' 

w' : a wage rate for hired labour 



wZ : an aggregate price index for variable crop inputs (e-g., fertili~er~pesticide, 

seed) 

w7 - d/wl 

K : an aggregate quantity index for the stock of farrn physical capital 

K. a 

Z : total acreage of major crops 

O' : an average of a crop growth weather index (GRODEX) 

a2 : an average of a CWB drought index 

t : a time trend 

d : LFî prograrns 

In equation (l), by assuming disjoint technologies, yield yldi is specified as a 

function of own output pnce ~ p '  but not of other output prices E$. A standard assumption 

for risk-neutrd models is only relative prices matter, Le-, output supplies and yields are 

homogeneous of degree zero in expected prices (Ep, w). The terni P,wi is considered in 

this model because such homogeneity restrictions are often rejected in empirical research 

(e-g., Shumway 1995). Shce capital requirements per acre essentially are identicai for the 

major grain crop (e-g., Manitoba Agriculture), K/Z is used as a proxy for capital per acre 

for crop i. The term P, 4' is included to aüow for the possibility of nonconstant r e m s  to 

sale or that the average quality of land varies with the quantity of land planted to a crop. 

b. Risk Averse Models: Linear Mean-Variance Approach 

In this case, model (1) incorporates risk preferences and price uncertainty by adding 



a pmxy vpi for the price variance of crop i. This variance is also normalized by w' (~p:' 

= vpt7 w;?. 

Here, the homogeneity condition is P, = O; i = 1,.,6, Le*, under CARA and pnce 

uncertainty, production decisions are homogeneous of degree zero in (Ep, w, Vp), (Coyle, 

1992). 

c Risk Averse Models: Nonlinear Meamvariance Appmach 

Here, the is model modifieci fiom (2) by adcihg initial wealth W, normaiized by the 

numeraire w' (W', = wdw? and vpi normalued by the square of d (VP;'' = vpt/ (w,j2). 

In this model, the restriction P, = 0, i = 1,.,6 also implies the homogeneity conditions 

corresponding to constant relative risk aversion (CRRA). in this case, under CRRA, 

production decisions are homogeneous of degree zero in (Ep,w,Vp2,Wo) (Pope, 1988). 

ESTIMATION 

In results reported here, both risk neutrai and risk averse models, are estimated using 

ûrdinary Least Squares (OLS), omitting the term P, 2 nom the models. In addition models 

were estimated imposing homogeneity restriction P, = O, excluding the factor pnce ratio, 

and using another input prke as numeraire. 



II. DISTRIBUTED LAC MODELS 

This section considers unmtriicied distnbuted Iag (UDL) and polynomial disaibuted 

lag (PDL) models- Lags for expected prices and prke variances are incorporated into the 

equations as in static models. In principal distrïbuted lag should ais0 be specified for other 

pnce-rdated variables, such as 4/d, \ni, and WH. However, to simplify the models, these 

variables are excluded. Moreover these variables generaily are not significant in static 

models, besidcs models cannot be estimated with distributeci lags for ail of  these variables. 

The iag length (S) is specified as eight years. 

a. Risk Neutra1 Model 

b. Risk Averse Model: Linear Mean-Variance Approach 

S 
i 1 2 

+ PB + Pb ut + PR ut + 
s=O 

wt-s 

c Risk Averse Model: Nonlinear Mean-Variance Approach 

S ~ ~ t ! s  
K t  1 

(6) yld,' = PB + y, 7 + pu - + P, 2:' + P, O, + P, O: + 
s=O 

wt-s *t 



ESTIMATION 

Restricted distributal lags are specised as a fourth degree polynornial with eight lag 

Lengths in expected price and in expected price variance. Besides PDL model, estimates 

were also obtained for UDL models. 

RESULTS 

Some diagnostic tests were conducted and suggested that data for the crop yield 

models do not have unit roots. It has been argueci that, in the presence of unit roots, the 

Durbin-Watson d-statistic asymptotically approaches zero; so d is likely to be low in the 

presence of unit mots (Phillips, 1986). Range of d value for regressions in this study is 1.5 

to 3 .O, but often above 2.0 (a low d, 1.3 to 1.4, o c c d  on canola and one case of rye 

estimations on static models). A high Durbin-Watson statistics suggests that there is no 

random waik on the data (Philiips, 1986). 

Some of the Dickey-Fuiier and Phillips-Perron unit root tests, ailowing for the 

possibility of trend stationarity, accept that there is a unit root on a few of non-output price 

data. However, it is weil known that this test has low power. In addition, Kwiatkowski 

trend stationary tests with no unit mot as a n d  hypothesis, were also conducted. The result 

is that a i l  data series do not have a unit root (95 percent confidence intervals). Since there 

is not enough evidence for unit roots, models are estirnateci using OU. Data used in this 

chapter are the same data as in the previous chapter. 

1. STATIC MODELS 

Equation (1) and its corresponding log-linear models are estimateci using three 

combinations of price data. niose alternative prices are: CANSIM plus average pnce, 



CANSIM plus market price, and CWB plus market pnce (for earlier price of barley and oats 

(1948-1952) and later oats price, i.e.. 1988-1995). In estimating the models, two alternative 

weather data and two alternative input prices (the crop and labour price indexes) as 

numeraire were also considered. 

a. Risk Neutra1 

Results of estimates using average and market pnces are quite ssimilar. However, 

based on the 1-test for three m#or crops, wheat, barley, and oats, estimates using market 

price is better than that Psing average market price. Other J-tests were conducted to decide 

which combination of weather data index wül be used throughout the estimation. The data 

set chosen is GRODEX index for 1961-1980 period (with zero observations for 198 1- 1995) 

plus CWB drought index for 1981-1995 (with zero observations for eariier period). 

However, since 1-test results for models using either labour or crop price index as numeraire 

are inconclusive, estimates using a labour @ce index as numeraire are reported here in order 

to facilitate comparison with the rest of this chapter. 

These models wen estimateci by OLS and AR(1). Models were estimateci ornitting 

crop acreage z' as an explanatory variable, imposing a homogeneity restriction (B, = O), and 

dropping the factor pnce ratio. These variables and a proxy for capital are often 

insisnificant. Based on F-test results, these variables are omitted h m  the equations. The 

dummy variable also was dropped because it was always insignificant 

OLS resuits for three alternative prices for wheat, barley, and oats are sumarized 

in table 3.1. SUnilarly to previous studies, expected prices are always in signifiant (w heat), 



and sornetirnes even have a wrong sign (barIey and oats). Coefficient estimates for rye, flax, 

and canola are also insigni£icant or negative with t-ratios 0.09, -2.85, and - 1-07 respectively 

(using market price data). Since the Durbin-Watson (DW) statistics suggest autocorrelation 

for some crops, autocorrelation models of degree one AR(1) were considered. Estimation 

using AR(1) improves the DW statistics (1.9 - 2.0) but do not increase the significance of 

the explanatory variables. 

b. Risk-Averse Models 

A variance of crop expected pnce is incorporated in these models. as well as in 

nonlinear mean-variance models. Mean and variances of crop pnce expectations are 

measured ushg lagged market price, expected CWB pice, and a * h y W  of these two prices 

(expected pnce using CWB price and price variance ushg market price). Estimates using 

average market price and a hybnd mode1 between CWB and average market prices were also 

considered. However, since results are quite similar and Etests are inconclusive, models 

using market pnce were chosen in order to simplify cornparison. Results for models 

omitting 2, capital proxy, numeraire. and factor price ratio, are presented in table 3.2 

(CARA) and table 3.3 (CRRA). 

For both CARA and CRRA rnodels, the expected pnce coefficients are more 

signincant and have a positive sign (wheat), but the other five crops have a negative sign 

with exception of estimation using market pnce (barley and oats). The price variance 

always has the anticipated sign under risk aversion (negative) for alI crops using a l l  three 

alternative pnces These coefficients are more significant than pnce coefficients. In contrast 



to results of previous study using Manitoba data, here only wheat has a significant price 

variance. This rnay be due to the higher level of aggregation over regions and producers in 

the current smdy. since such aggregation inevitably leads to serious mors in model 

specification. The pnce variance coefficient usiag market price and a hybrid model are 

always more signifiant than that ushg a CWB prim A plausible explanation for this is that 

the measunment for uncertainty in the variance of price ushg CWB price might not be 

appropriate (Co yle and Mundang, 1995). 

IL DISTRIBUTED LAG MODELS 

a. RiskNeutral 

The polynomial distributed mode1 (PDL) and mestricteci distributeci lag model 

(LIDL) were estirnated using eight period lag lengths and f o d  degree polynomials. This 

choice of the degree of polynomial and lag lengths is based on three considerations. Fît, 

it is adapted fiom a previous study by Mundang (1 996). Second, the third or fourth degree 

poIynomiais generaily provide a sufficient approximation to the lag structure (Pyndick and 

Ru binfield, p.238). Third, attempts to select lag length requires sequential hypotheses 

testing, so that m e  distributions for test statistics are unknown. 

As in the static models, three pnce data sets. two weather data sets, and two 

alternatives for input pnces were considered. Results of estirnates using average and market 

pnces are quite similar. I-tests were conducted for three major crops (wheat, barley, and 

oats) with resuits that either both models are rejected (wheat) or both are accepted. In this 

case, eshates using market prices were chosen to be reported because they provide slightly 



higher R' and also in order to facilitate comparison with static models. The results are 

poorer in the log linear model than in hear model. Results of estimations using a crop 

index as a numeraire is dso Iess satisfactory. This study reports estimates using labour 

wage index as a numeraire. 

Estimated coefficients fa crop acreage 2 are often positive and insignificant, while 

coefficients for capital per acre are aiways insignïficant (although ofnn positive). 

hsignificance of coefficients for capital presumably reflect data errors. For exarnple. the 

study uses a measme of farm capital, which includes capital used for livestock production 

as weU as for crops. Since these variables are not signifÏcant, model specification without 

them are stressedcL 

OLS results for linear models of risk-neuaal PDL without 2 and capital proxy, for 

wheat, barley, and oats, are summarized in table 34 .  AU estimates are for the base case 

PDL (0.8,4) in order to facilitate cornparison. PO is a current penod of expected price (Le.. 

one year lags on market price or a current of expected CWB price) and VO is current period 

of expected pnce variance. Pl and V 1 indicate a one year lag on expected price and price 

variance, etc. Sum of lagged coe&icients and their t-ratios are reportai for both PDL models 

and the corresponding UDL models. 

The sums of the lagged coefficients for eexpected pnce are positive as expected, but 

insigMcant However there is some indication of significant 1-2 year (0.05 level) and 6-7 

(O. 1 Ievel) lags (CWB price) on wheat ïnsignincance with a correct sign in the sum of the 

I Coyle and Mundang (1995) exclude crop acreage zi and capital per acre due to 
insignincance and a wrong sign on capital proxy. Houck and Gdagher dso omitt 
capital proxy as explanatory variables f3om crop yield prke response equation (1976) 



lagged coefficient also holds for rye, but it is negative for canoIa and flax, with t-ratios 0.02. 

-0.26, and -0.94. respectiveIyY The log hear model works better for flax and rye (in terms 

of increasuig the significance of the sum of the lagged coefficients), but it gives a poorer 

resuIt for canola and the CWB crops (using both CWB price and market price). 

R d t  for anaiogous PDL (0.8,4) modeis, without omittjng capitai proxy and acreage 

2, are presented in table 3.5 (wheat, barley, oats). Here. the soms of lagged coeffcients for 

expected price are less signifiant, and offen even have a negative sign (oats, rye, flax, and 

canola). Estimation using a log hear model does not improve significance. The own ptice 

variabIes are negative for oats (CWB price). bariey, rye, and canola (market price). 

b. Risk- Averse Linear Mean-Variance Models 

Here, estimates were conducted using five possibüities of ptice data as in static 

models Howwer based on J-test between average and market pnce models for three major 

crops, average price model is rejected for barley. J-test resuits between hybnd prices (CWB 

+ average price and CWB + market price) are ambiguous (both models are either rejected 

or accepteci). A corresponding log-lincar mode1 was also considered, but as in risk neutrd 

model. the resnlts are poor. Thus, this study wil l  report estimates foi PDL models using 

market price, CWB price, and a hybrid of those two. 

Results for risk-averse linear mean-variance rnodels (CARA) without capital and 

crop acreage are presented in table 3.6. It can be seen h m  this table that the nims of Iagged 

coefficients for expected price are more significant when it is measured by CWB price, 

except for oats (which is better estimated using lagged market price). Especially for wheat, 



CARA estimation hproves the significance of the sum of lagged coefficients for expected 

price. The soms of lagged coefficients for price variances are negative as expected, and 

generally are more signifiant when it is estimateci using a hybrid mode1 (except for barley). 

One i n m g  nsult is that a weather proxy (GRODEX) i s  ofkn significant for each 

crop, excluding barley estimation using a hybrid price ( one out of nine cases). In contras& 

this variable is never significant for ri&-neutrd models. 

Estimates of CARA models including 2 and capital proxy, 1ed to poor r d t s ,  as in 

nsk-neutral models The sums of lagged coefficients for both expected pnces and price 

variances often have wmng tigns. Wheat is the oniy crop that has a significant t-ratio for 

the surn oflagged coefficients of expected price, Le., 2.52 and 1.83 using CWB and hybrid 

prices respectively. In addition, there is no crop that has a significant t-ratio for its s u m  of 

lagged coefficients for price variance. However, as in models excluding 2 and capital 

proxy, there is an indication of signiCicance of cumnt price variance for wheat and oats. 

Table 3.6 indicates relatively high Durbin-Watson d smtistics (2.4 - 3.0) which 

suggests negative autocorrelation, but test resdts are ùiconclusive. The computed values of 

4-d are located between the Lower and upper bounds of aitical values, and exact 

probabilities are not computed for PDL models. 

Since test resuits for autocarreiation are inconçlusive, resuits for AR(1) modeIs are 

presented in table 3.7. This table suggests that AR(1) estimations improve the significance 

of the coefficients, both individual and the sum of coefficients, but Durbin-Watson test 

results are still inconclusive. AR(2) mode1 was dso  considered, but results are less 

satisfactory, perhaps due in part to the more complex noniînear estimation. In table 3.7, the 



s u .  of lagged coefficients for expected price is aiways significant for wheat, while the sum 

of lagged coefficients for price vanances is often sisnificant (wheat, oats). ln contras& 

AR(I) estimates for the other rhree crops are poorer and even have mong signs, Le.. the t- 

ratios for the sum of lagged coefficients for both expecfed prkes and price variances are - 

2.48 and 1.47 for flax, - 1 .O 1 and 1.26 for canola, and 0.41 and - 1.33 for rye respectively 

(market price). Here, a current price variances are significant for wheat and oats (alI 

alternative pnces) and for fiax (market price). The sum of elasticities (evaluated at mean 

data), whidi can be interpreted looseiy as a long nin impact of pnce on yield response, are 

always larger in magnitude for expected price than for price variances2, except for oats 

which works in an opposite way (but the sign of expected prices are negative, using hybnd 

price). 

Weather rneasured by GRODEX is aiways significant (again. with exception for 

barley in hybrid model). while weather measured by CWB drought index is sometimes 

significant in estimation using CWB and hybrid pnces. These variables are always 

significant on fiax. 

c. Risk-Averse Non-Linear Meamvariance Models 

Estimation using CRRA models slightiy knproves resuits for barley as presented in 

table 3.8, but worsen the oats' model using evay alternative price. A J-test result on CRRA 

models concludes that model using market price is better than model using average price 

(wheat), although for the other two crops, both models are accepted. 

2Coyle and Mundang (1995) also have a similar result for each cmp grain in 
Manitoba. 



In contrast to previous results, there is one case for wheat (market pnce) where 

current price is significant Regarding price variances, as in CARA model, there is 

indication that the current pnce variance is significant, The GRODEX weather proxy is 

signifïcant in seven of nine cases. 

Since the Durbin-Watson (DW) statistics in these cases a b  inconclusive, AR(1) 

models were also considered (table 3.9). Estimates improve for bariey and wheat in the 

sense that sum of lagged coefficients for both expected prices and variances of prke are 

significant for those crops using CWB price and using aK alternative prices for wheat 

However results for oats are l e s  satisfactory, since the sum of lagged coefficients for 

expected price has the wrong signs- Resula for flax, canola and rye are aiso poor with 

wrong signs. Here, again there is some indication of significance of current expected pnce 

for barley (market price) and wheat ( CWB and market prices). The number of individual 

coefficients for expected price that are significant also increases up to four coefficients for 

barley and five for wheat On the other hand the signincance of individual coefficient for 

price variances does not increase as dramaticaiiy as for expected price, even though it s a  

irnproves. Moreover, some of the m e n t  variances of pnce are as significant as in CARA 

results. As in CARA, the sums of elasticities for expected price are substantially larger in 

magnitude than the sum of eldcities for pice variances. 

The GRODUC weather proxy is significant in m n  cases, but the CWB drought 

index for weather is never significant 



C O N C L U S I O N  

Results are reporteci for major grain crops in Western Canada for the 1961 - 1995 

period Expected p r i a  as in most crop yield studies, are insignificant in ail static modeis. 

However, the variances of price in risk averse models are often significant (wheat) with a 

correct sign (negative) in a l l  cases. This conaast in resdts for expected price and price 

variance in static models suggests that the mie models are dynamic since the significance 

of cunent priœ variances may re£iect its high conelation with a lagged price variance. The 

resulu of distributeci lag models suggest that dynamics Mth an emphasis on risk aversion 

can better explain the yield crop response. The s u m  of elasticities is often significant for 

both expected price and price variances. Long run impacts on yield are substantially larger 

in magnitude for expected price than foc price variance. These results suggest that 

incorporating risk aversion and dynamics into models of crop yield response is important 



Table 3.1. Esfimates Cor One Period Risk-Neutml Modehi (Linear Models) - OLS 
Wheat Barley Oats 

Mables Coeff T-ratio Elas. Coeff T - d o  Elas. Coeff Elas. 
Lagged marûet prkt 

EP 7247400 0.215 0.016 -653Mo -0.837 -0.047 -145.5400 -0.690 -0.053 
o1 0.025676 1.7% O Z 5  0.027314 1315 0-165 0.035035 1.291 0.162 
02  0.182820 1.402 0,145 0-193960 1.W 0.106 O.îîü'790 0929 0.096 
T 0.433820 3351 0273 0.652350 3.789 033 0578910 2.445 0.192 
Constant 9,746000 1.451 0341 20.47500 2.257 0.494 32.69700 2-466 0.603 
R2fDW 0.681 1.889 O.7M 2.398 0.575 2.374 

CWB Expccud Prke 
EP 2 6 . m  0.770 0.060 -88.04300 -1,115 -0.076 41.82100 -0369 4.022 
01 0.025109 1.775 0220 0.026035 1280 0.157 0.034442 1261 0-159 
02 0.177720 1384 0.141 0.177120 0261 0,W 0.22û730 0.921 0.096 
T 0.473620 3.885 0299 0.625340 3-669 0.2'71 059at50 2.054 0.199 
Construit 8.034700 1.192 0.281 22.86900 2.400 0551 30.83500 2.268 0569 
R2/ DW 0.687 1929 0.768 2.368 0.570 2.369 

Lagged Avemge Price 

EP 3.293200 0.091 0.006 -32.70300 -0358 -0.025 -1465800 -0.721 -0.056 

01 0.025813 1-80 0.226 0.025730 1.223 0.155 0.036584 1343 0.169 
0 2  0.184960 1-413 0-147 0.178140 0.927 0.097 0.244890 0,987 0.102 
T 0.423210 3.236 0.267 0.692740 3.673 0.301 055921 2234 0,186 
Constant 10,11900 1523 0354 1957200 2-088 0.472 32.49000 2502 OS99 
~2 /DW 0.680 1.883 0.760 2.370 0575 2.380 



Table 3.2, Estimates for One Period Linear Mean-Variance Models (Linear Models) - OLS 

Wbeat Barîey 
Mables CoefF T-ratio Elas. Coeff rratio 
Lagged niarrkct pr iu 
EP 76.9460 1,498 0.152 47,7190 
01 0.02987 2,144 0.262 0,02999 
0 2  0.172û4 1371 0,136 0.18038 
T 0.66417 3.?i9 0.419 0.84593 
VP -935690 -1.857 -0.025 -152.950 
Constant 1.62000 0208 0.057 13.8790 
R2/DW O.ïI5 2.031 0.775 

CWB Expeclod Price 
EP 32.1210 0920 0.074-84- 
01 0.02848 1.911 0249 0.02699 
w2 0.19677 1.495 0.156 0-18428 
T 052052 3.798 0328 0.64043 
VP -53.1450 4.769 -0.0 17 -59.1280 
Constant 6.00360 0.825 0210 23'1270 
Rt / DW 0,693 1.875 0.769 

CWB Exgeded Prke (Ep), Marûet Price (Vp) 

EP 60.3500 1592 0.138 -34.2510 
01 0.029 14 2.1 W O Z 5  0.02978 
02  0.18470 1.489 0.146 0.19300 
T 0.60290 4.357 0380 0.72221 
VP -7153 10 -1.778 -0.019 -93,4250 
Constant 2.85270 0.400 0.100 18.2780 

Oats 
Elas. Coeff T-ratio 



Table 33. M m a t e s  for Ooe Period Non-Linear Mean-Variance Models (Lhear Models) - OLS 

Viables Coeff 
Logged ma&# p&e 

EP 83.70400 
01 0.0497 
0 2  O, 166830 
T 0.661410 
VP 454 1.700 
Wol 8.11E-OS 
Constant 1378800 
R2 / DW 0.725 

CWB Expccted Prim 

EP 3038500 
01 0.036467 
02  0.235860 
T 0526880 
VP -7886.800 
Wo 1 3.138-06 
Constant 1.419700 
RtIDW 0.713 

Wheat 
T-ratio Etas. Coeff 

CWB Expecd Prim (Ep), Market Prke (Vp) 
EP 59.70000 15 16 0.137 -3 198 LOO 
01 0.028868 2.080 O Z 3  0.029625 
02  0.182500 1.463 0.145 0,191900 
T 0584350 4,185 0368 0.719780 

VP -3326.600 -1 905 -0.017 -4 13 1.800 
WO 1 3.11E-07 0.122 0.008 -2.16E-07 
Constant 3.047100 0.434 0.107 18.41300 
RZIDW 0.724 2Ja4 O, 774 

Oaîs 
Coeff T-ratio Elas. 



Table 3.4. Estimates of Risk-Ne~tral Polyuornial =tn'buted Lag (Linear Mdels) - OLS 
Wheat 

Vmillfables Coeff Elas. 
LLtgged market prîèe 
PO 8.04040 0.182 0.016 
PI 47,4830 1.697 0.096 
P2 37,6050 1528 0.078 
P3 15290 0.666 0.033 
P4 3.16020 0.119 0.007 
P5 9.68560 0,434 0.022 
P6 29.0760 1249 0.068 
E7 413360 1.431 0.099 
P8 12330 0.231 0.030 
wl 0.02468 1511 0,216 
02  0.11786 0.809 0.093 
T 091190 2.053 0.830 
Constant -16.7820 -0.669 -0588 
X lag coef (PDL) 203.920 1.079 0,403 
C Iag coef (UDL) 214,830 1.052 0.424 
Rt/DW 0.7l4 2.005 

W beat 
Variiles Coeff ïkatio 

Expeded CWB Prke 
PO 12.û74 0319 
Pl 57.077 2374 
P2 45.û71 2.023 
P3 19.724 0.878 
P4 7.4932 0.284 
P5 17.621 0.7'78 
Pd 42.140 1.812 
P7 55.866 1.985 
PS 16.406 0328 
01 0.0275 1.638 
02  0.1229 0.889 
T 1.1723 2.458 
Constant -3 1.61 1 -1,106 
Z Iag coef (PDL) 273.47 1540 
2 lag coef (UDL) 297.16 1585 
E / D W  O. 742 

Bariey 
CoeE T-ratio Elas. 

Bariey 
C ~ f f  T-ratio Eias. 

Oats 
Coeff T-ntio 

Oats 
Coeff T - ~ O  



Table 3.5. Estimates o t  Ris&-Neutral Pblgnomial Distri buted Lag (Linear Models) 
(hth acmpge and capital pmxy) - OLS 

V'abIes 
tagged mafketprüe 

PO 
Pl  
P2 

P3 
P4 
P5 
P6 

E7 
P8 
Capital 
Acreage 

0 1  
0 2  
T 
Constant 
C lag coef (PDL) 
Z lag coef (UDL) 
R2/DW 

Variables 

Expeckd CWB Pr& 
PO 

P l  
P2 
P3 
P4 
P5 
P6 
E7 
P8 

Capital 
Acreage 

al 
0 2  
T 
Constant 

Z h g  coef (PDL) 
C Iag coef (UDL) 
R2 / DW 

Wheat 
Coeff T-ratio Elas. 

Wheat 
Coeff T-ratio Elas. 

Baiky 
Coeff T-ratio Elas, 

Barley 
Coeff T-ratio Elas. 

Oats 

CoefF T-ratio Elas. 

Oats 
Cwff T-ratio Elas. 



Table 3.6. Estimates of Luiear Mean-Variance Polynomial Distributed Lag (Lmeat Mode1s)--OU 

Wbeat Bariey Oats 
Variables Coeff Thtio Etas. CoefF %ratio Elas. Coeff T-ratio Eh. 

Lagged market p r h  
PO 141.09 1.619 0279 212.11 1.2û7 0.152 28.469 0.096 0,010 
Pl 69.278 1269 0,140 13.432 0.114 0.010 35753 2.046 0,134 
P2 6.4819 0.133 0.014 -26.148 -0.267 -0.020 222.94 1.413 0.086 
P3 -22372 -0.679 -0,049 27.622 0319 0,022 -20341 -0.133 -0.008 
P4 -11.826 -0.280 -0.026 115.81 1.032 0.093 -156-94 -0.865 -0.064 
P5 30.116 0.687 0.068 18632 1.488 0.156 -111.06 -0.639 -0,047 
E'6 75989 1.548 0.177 193.85 1326 0.168 53,498 0.285 0,024 
P7 81.863 1.486 0.195 99.939 0.667 0.089 13337 0.694 0,060 
P8 -13.252 -0.157 -0.033 -127.06 -0.772 -0.119 -214-41 4.664 -0.100 
01 0.0332 1913 0.29û 0.0479 1.836 0.289 O.of12 2.271 0328 
02 0.0924 0.600 0.073 0.1880 0.784 0.103 0.2898 1.088 0.121 
T 1.4039 2.480 1.2'78 1.8443 1243 1.156 1.6389 1.687 0.786 
VO -15031 -2.202 -0.041 -244.97 -1361 -0.024 -1831.6 -1.722 -0.034 
V1 -18.241 -0.378 -0.005 84.6% 0.730 0.008 -1498.4 -2.266 -0.028 
V2 35.090 0.721 0.009 88.067 0.830 0.009 -1146.0 -1.843 -0.022 
V3 33.650 0.821 0.009 -38.682 -0.417 -0.004 -874.20 -1.378 -0.016 
V4 1.6694 0.038 0.Oo -157.62 -1.451 -0,015 -706.07 -0.962 -0.013 
VS -36355 -0.8'78 -0.009 -189.06 -1.769 -0.018 -587.64 -0.805 -0.010 
V6 -55.a -1.215 -0.014 -11155 -0.965 -0.010 -388.03 -0515 -0.006 

V7 -31.244 4.630 -0.007 38.105 0327 0.004 100.62 0.153 0.001 
V8 62.194 0.863 0.014 164.88 1,039 0.015 1163.1 0,849 0.015 
Con~tant -38.956 -1.222 -1.364 -44.073 -0902 -1.063 -11.7% -0.259 -0.218 
E lag Ep (PDL) 356.77 1.421 0,705 695.88 1.042 0.498 293.05 0324 0.106 

Vp (PDL) -159.22 -1.359 -0.043 -366.14 -1-185 -0.036 -5768.2 -1.835 -0.108 
Ep O L )  437.50 1.313 0.864 6M.X 0-704 0.434 622.89 0.664 0.225 
Vp (VDL) -20730 -1Z9 -0.056 -336.72 -0.823 -0.033 -5568.0 -1.647 -0.105 

R2/DW 0.779 2.514 0.820 2.451 0.706 2.831 



Table 3.6. Coot... 

VkWles Coeff 
Expedcd CWB Prim 
PO 78.732 
Pl 86.238 
P2 08.052 
P3 48214 
P4 41281 
P5 52332 
P6 76.966 
P7 10130 
P8 101 38 
01 0.0388 
02 0.1 160 
T 2.26û3 
VO -199.61 
V1 36.946 
V2 93274 
V3 50305 
V4 -26399 
VS -86.645 
V6 -95.6 13 
V7 -33.854 
V8 102.71 
Constant -89.608 
C h g  Ep (PDL) 655.10 

Vp (PDL) -158.89 
Ep (UDL) 613.49 
Vp (UDL) -153.05 

coeff 

-13.836 
64,103 
70.863 
65.666 
78920 
112.22 
13834 
10125 

-83909 
0.0545 
03064 
1.8245 
-83330 
72.876 
-7 1.807 
-248.49 
-29938 
-177.80 
51.850 
214-06 
222 12 
46.20 
533.62 

-5 19.82 
-53 .O84 
147.80 

Barîey 
T - d o  

4.130 
0.m 
0.856 
0.944 
0260 
1286 
1.379 
0,863 
-0593 
2.030 
1.259 
1.672 
-0326 
0.474 
-0519 
- 1.869 
-1.901 
-1.239 
0.382 
1509 
0.108 
-0.832 
0.824 
4-716 
-0.101 
0.258 

coeff 

-190.69 
13751 
66.703 

-92.062 
-15432 
-62,186 
t 15-68 
184.03 
-17894 
0.0598 
0.5182 
0.1945 
- 1 167.0 
-15754 
523.05 
732.67 
483.05 

-6û.3 16 
-578.09 
-597.15 
509.44 
28.295 
-174.28 
-3119 

- 185.79 
-21 1s 



Table 3.6. Cent.., 

Wheat Bariey Oats 
Variables Coeff T-ratio Elas. Coeff Fratio E k  Co& T-ratio Eias. 

Expected CWB (Ep), Market Pr& (Vp) 
PO 64.931 1.195 0,149 34.421 0.231 0.030 45.756 0254 0.024 
Pl 103.99 2,758 0242 135.05 1.255 0,120 253.72 2Z2 0,140 
P2 54.945 1.626 0,132 111.16 1.238 0-102 96.737 1.014 0.056 
P3 -33412 -0,116 -0.00s 66.865 0-717 0.063 -109.00 -1523 -0.066 
P4 -24531 -0.641 -0.063 61.888 0.475 0.061 -183.23 -1.899 -0-117 
P5 52125 0,122 0.014 111,6l 0.725 0.113 -81.618 -1.067 -0.055 
Pb 67.218 1,488 0.183 187.06 1.074 0.197 10425 1320 0.075 
P7 11031 2295 0309 214.89 1.199 0.235 146.85 1-441 0,111 
P8 50.802 0.881 0,147 7î.416 0.452 0.087 -317.27 -1903 -0249 
01 0.0342 2.000 0299 0.0328 1.249 0.198 0.0767 2331 0,353 
0 2  0.1342 0.947 0.106 0,0910 0381 0.050 0.2951 1.083 0,123 
T 1.6229 2.630 1-478 2,4390 1,792 1529 1.4329 2.234 0,687 
VO -99.W -2.322 -0.027 -131.45 -0312 -0.013 -2820.2 -2.737 -0.053 
V1 -48.452 -1.295 -0.013 Lm58 0.017 0.000 -12663 -2239 -0.024 
V2 1.4262 0.036 0.000 38.437 0341 0.004 -99225 -1.899 -0.019 
V3 32.102 0.831 0.008 18.064 0,179 0.002 -11933 -2.069 -0.022 
V4 35.2'75 0.983 0.009 -25357 -0.256 -0.002 -1322.0 -1923 -0-024 
V5 12.850 0,419 0.003 -64383 -0.687 -0.006 -10879 -1.696 -0,018 
V6 -23.060 -0.407 -0.006 -77921 -0.700 4.007 -457.80 -0.823 4.007 
V7 -50.141 -1.129 -0.012 -51.221 -0.438 -0.005 34451 0.674 0.005 
V8 -35.869 -0.673 -0.008 24,120 0.172 0.002 838.02 0.773 0.01 1 
Constant -55513 -1.469 -1.944 -72.890 -0980 -1,757 3.6982 0.148 0,068 
X h g  Ep (PDL) 42953 1,726 0983 1000.4 1.1 12 0.866 -43.81 1 -0.28 -0.023 

Vp (PDL) -174.90 -1.626 -0.047 -267.74 -1.018 -0.026 -79573 -2369 -0.149 
Ep (UDL) 338.15 0918 0.7'74 88059 1.092 0.763 -31370 -0,162 -0.017 
Vp O L )  -170.24 -1.190 -0.046 -125.04 -0540 -0,012 -9794.4 -2.754 -0.184 

R2 / DW 0.809 2.591 0.805 2.619 0.734 3.008 



Table 3.7. Estimates of Linear Mean-Variance Polynomial Distributeci Lag (Linear Models) 
Corrected for F i  Order Autocornelation 

Wheat Barley 
Variables Coeff T-ratio Eias. Coeff T-fario Bas- Coeff 

Lugged nimfct p h  
PO 174.26 2306 0.344 181.23 1.123 0.130 18344 
PI 70.192 1547 0,142 34467 0,025 0.002 383.26 
P2 35997 0.087 0.008 -19.695 -0.234 bgOU 249.80 
P3 -18.278 -0.662 -0.039 38301 0524 0.030 -10.085 
P4 03917 0.011 0.001 115-29 1.185 0.093 -166.73 
P5 44.041 1.147 0,100 16550 1.486 0.139 -132.76 
E'6 85-694 2.102 0.2ûû 15850 124û 0,138 36933 
P7 86976 2.0 0.2ûû 79.240 0.641 0.071 145.16 
E'8 -1.8971 -0.027 -0.005 -71.963 -0.475 -0.W7 -14756 
01 0.0399 2.401 0349 0,0454 1.833 0274 0.û750 
0 2  0-0928 0.651 0.074 0.1973 0.893 0.108 03057 
T 1.6835 3.631 1533 1.7284 2081 1.083 1-7651 
VO -17834 -3.033 -0.048 -210-71 -1337 -0.021 -1901,O 
V1 -18.140 4.446 -0,005 86-893 0.890 0.009 -15732 
V2 39.476 0977 0.011 80380 03M 0.008 -1244-7 
V3 30.886 0985 0.008 -38,762 6535 -0.004 -964.43 
V4 -10.094 -0.291 -0.003 -1409% -1.540 -0.014 -739.71 
V5 -52216 -1.438 -0.013 -156.64 -1.600 -0.015 -53598 
V6 -66.802 -1.676 -0,016 -7'7.073 -0.746 -0-007 -27695 
V7 -27.739 -0.713 -0,006 45.695 0,484 0.004 155.45 
V8 88515 1391 0.020 98.888 0.673 0.009 921.03 
Cons tant -53-170 -2.014 -1.862 -39578 -0922 -0.954 -17979 
Rh0 -03688 -2347 - -03273 -2049 - -0.4567 
I= Iag Ep (PDL) 44498 2249 0.879 648.85 1.141 0,464 37636 

Vp (PDL) -194-46 -2.071 -0.053 -31211 -1.231 -0.031 -61595 
Ep (UDL) 49532 1,806 0.979 54639 0.807 0391 572.60 
Vp (UDL) -201.74 -1 308 -0.055 -249.72 -0.8 15 -0.025 -543 1 .O 

R2 / DW 0.803 2293 0,827 1975 0.768 



Tabie 3.7. COOL 
Wbeat Badey 

MuhôIes Coeff T-ntio Elas. Coeff T-ratio 
ExpcmdCWB Prtcc 
PO 94511 2105 0.216 -15.534 -0.187 
PI 93.677 3.731 0.218 -7,1600 -0.110 
P2 76-724 3 3 2  0.184 6.2493 0,112 
P3 59.632 2397 0.147 33.05 0.684 
P4 52-785 1.828 0.134 69.693 1.156 
P5 60373 2378 0.161 100.28 1581 
ET5 83390 3390 0.227 97.005 1370 
P7 113.63 3,721 0318 19939 0.243 
P8 139.71 2.2'79 0.405 -18293 -1.732 
01 0.0449 2380 0393 0.0571 2591 
0 2  0,1t75 0.834 0.093 0.4212 2.215 
T 2.6274 4.085 2392 02481 1.125 
VO -24631 -2600 -0.079 126% 0.655 
VI 33.466 0,660 0.011 119.18 1,182 
V2 105.64 2.055 0.033 -74538 -0.852 
V3 62433 1.412 0.019 -238.60 -2754 
V4 -21522 -0.497 -0.006 -256-45 -2,178 
V5 -89.20 -1940 -0.025 -110.61 -1.016 
V6 -101.17 -1-743 -0.027 117.36 1.279 
V7 -35.610 -0.659 -0.009 246.84 2.703 
V8 11 1.72 1.294 0.029 -1.8569 -0.012 
Con~tlint -10952 -3.003 -3.835 -1 1.122 -0.256 
Rh0 -0.3086 -1919 -05841 4.257 
Z hg Ep (PDL) 775.04 3-405 1.n3 120.64 0251 

Vp (PDL) -180.56 -1554 -0.058 -71.72 -0.143 
Ep (UDL) 743.01 2.128 1.700 43.?73 -0.083 
Vp (UDL) -177.14 -1.190 -0.057 136.82 0.23'7 

R2 / DW 0315 2334 0.876 

Was. Cœff 
Oats 

T-&O 



Table 3.7. Conti, 
Wbeat 

ïkuhbles Coeff T-ratio Elas- 
Expectcd CWB (Ep), Market Prke (Vp) 
PO 78.691 1593 0-180 
Pl 99339 32Oû 0.232 
P2 51.689 1.853 0.124 
F3 1,4265 0.059 0,W 
P4 -13.668 -0399 -0.035 
PS 16.276 0.433 0.043 
P6 73.224 1989 O= 
W 11123 2973 0311 
P8 56,455 1.136 0.164 
01 0.0377 î.226 0330 
02  0.1359 1.022 0.108 
T 1,7778 3301 1.619 
VO -106.09 -2316 -0.029 
V1 -45952 -1521 -0.012 
V2 438û7 0.138 0.001 
V3 30571 1.033 0.008 
V4 28.080 1.011 0.007 
V5 2.2523 0.085 0.001 
V6 -31.724 -0961 -0.008 
V7 -48.812 -1.405 -0.011 
V8 -14-L22 -0301 -0.003 
C ~ l ~ m t  -63.754 -1.885 -2.232 
Rh0 -03479 -2.195 - 
c lag Ep (PDC) 474.67 2.233 1.086 

Vp (PDL) -181.40 -2.133 -0.049 
Ep O L )  398-09 1210 0911 
VpWDL) -15992 -1.412 4.043 

RZIDW 0.829 2311 

Coeff 





Tabie 33. Cont... 
Wbeat Barlep 

%ables Coeff T - d o  Elas. Coeff rratio E b .  Coeff 
Expecfcd CWB P r k  
PO 62.638 1385 0.143 7.1582 0.068 0.006 -115.61 
Pl 79.492 2.767 0.185 11651 1.436 0.103 180.21 
P2 60940 2186 0.146 117.78 1.663 0.108 71,430 
~3 37958 1.447 0.094 97.402 1.~59 0.092 -1os.n 
P4 29.073 0.968 0.074 102.43 1.247 0.100 -16852 
P5 40360 1384 0.107 14051 1.488 0.143 -57.299 
Pd 65,442 2.îîû 0.179 179.87 1.668 0,189 134.14 
P7 85.492 2.650 0239 14935 1.345 0.163 173.70 
P8 69230 1.129 0.201 -61.619 -0513 -0.069 -312.00 
01 0.0443 1972 0388 0.0498 2,178 O300 O.CH30 
02 0.1484 0980 0.118 0.1417 0.672 0.W 03654 
T 19764 3.290 1.799 2.5015 2.689 156û -0.0212 
VO -10677. -1.672 -0.051 -43839 -0.315 -0.007 -111620 
V l  719.81 0.156 0.003 2224.8 0.215 0.003 -31330 
V2 27125 0.830 0.013 -78565 -0.867 -0.012 28753 
V3 516.61 0201 0.002 -19023. -2341 -0.029 6079.8 
V4 -2158.2 -0.650 -0.010 -22140, -2,643 -0.034 -7885.8 
V5 -3 108.0 -0.858 4.015 - 14542. -2.101 -0,023 -26448. 
V6 -1635.1 -0.458 4.008 -32.20 4.006 -0.000 -38291. 
V7 1452.6 0.448 0.007 11116. 2.117 0.023 -33354 
V8 38409 0916 0.021 2159.0 0288 0.005 -28363 
Constant -75.257 -2.145 -2.635 -70.822 -1.427 -1.707 51.163 
CiagEp(PDL) 530.62 2,423 1.214 84938 1.443 0.736 -2m72 

Vp (PDL) -83362 -1.081 -0.040 -52478. -1532 -0.081 -242810 
Ep (üDL) 567.88 2.142 1.299 689.79 1.456 0597 -2'73.04 
Vp (UDL) -12888. -1.416 4.062 -39715, -1.457 -0,061 -217470 

R2 1 DW 0.802. 2.482 0.847 3.086 0.685 

Oats 
T-ratio 



Table 33, Cont.,, 
Wheat Bariey 

ViuiabIes Coeff T-ratio Elas. Coeff rratio Elas. Coeff 
ExpecW CWB (Ep), M ' t  Price (Vp) 
PO 65,729 1.280 0.150 62124 0.435 0.054 8'7.089 
Pl 97.40 2.685 0.227 134-11 130 0.119 27339 
P2 48.746 1.493 0.1 17 106.81 1.183 0.098 65583 
E'3 -6,8325 -0.236 -0.017 74.451 0,797 0.071 -17928 
P4 -26.481 -0-715 -0.067 87506 0.681 0,086 -260.54 
P5 2.1092 0.054 0.006 152.71 1.017 0.155 -13391 
P6 60.698 15W 0.166 233.04 1384 O245 88.485 
P7 10050 2.270 0.281 247.73 1.426 0270 138.13 
P8 42,182 0.763 0-122 72.268 0.417 0.081 -409.87 
01 0.0347 2.038 0304 0.0335 1342 0.202 0.0698 
02 0.1512 1.046 0.120 0.0975 0.419 0.053 02046 
T 1.4628 2.481 1332 2.6524 2.039 1.663 05929 
VO -43389 -2399 -0.022 -54119 -0.867 -0.011 -152910 
VL -22945 -1,438 -0.012 92350 0.176 0.m -71817. 
V2 -14233 -0.087 -0,001 2834.1 0553 0.006 -52326, 
V3 12573 0.752 0,006 1746.0 0375 0.003 -57389, 
V4 14935 0,943 0.008 -90222 -0.203 -0,002 -61580, 
V5 604-41 0.478 0.003 -3659.4 -0901 -0.007 -51097. 
V6 -922.64 -0.630 -0.005 -50619 -1.056 -0.010 -23765. 
V7 -2151.0 -1.186 -0.011 -36333 -0.696 -0.007 10968. 
V8 -16949 -0.766 -0.009 21153 0334 0.004 32028. 
Constant -48.483 -1338 -1.698 -86.045 -1206 -2.074 39393 
C lag Ep (PDL) 384.05 1.620 OS79 1170.8 1341 1.014 -330.91 

Vp (PDL) -8 189.0 -1.632 -0,041 -1 1050. -0.872 -0.021 -427890 
Ep (UDL) 339.46 0.894 0.777 1176.6 1528 1.019 -433.70 
Vp (UDL) -8224.L -1213 -0.042 43589 -0389 -0.008 -578160 

R2/DW 0.810 2533 0.808 2,712 0.724 

Oats 
T-ratio 



Table 3.9, Estimates of Non-Liaear mean-Variance Polynomial Distributai Lag (Linear 

Comxted for F i i  Oder Autocorrelation 
Wbeat Bariey 

\rariables Coeff T-ratio Elais, Coeff T-ratio 
Lagged mwkt pr ix  
PO 16832 2363 0333 22733 1.784 
PI 63.002 1.422 o.rn -15.652 -0,168 
P2 -0.8626 -0.022 -0.002 4.050 -0,743 
P3 -20,704 -0.758 -0,044 28325 0,406 
P4 -2.8729 -0.080 -0,006 15430 1.648 
P5 37.364 1.02s 0.085 24332 2.249 
P6 75.823 1293 0,177 241.49 1973 
P7 79399 1920 0.190 11552 0293 
PS 6.0736 0.091 0.015 -147.22 -0986 
01 0.0344 2.208 0301 0.0485 2208 
02 0.û764 OS38 0.061 0.1880 0923 
T 1.5150 3.483 1379 1.9'766 2599 
VO -7385.1 -3.129 -0.037 -1 1380, -1.71 1 
V1 -1043.8 -0590 -0.005 55232 1.2% 
V2 1595.7 0.887 0.00s 6068.8 1.537 
V3 1579.6 1.052 0.008 -50552 -0.154 
V4 23.769 0.016 0.000 -74359 -1.888 
V5 -1886.7 -1.2al -0.010 -10432, -2.419 
V6 -28969 -1.744 -0.015 -7678.6 -1.659 
V7 -1682.8 -0985 -0.009 16832 0.041 
V8 3149.4 1.207 0.017 9977.6 1516 
Constant -44.884 - 1.759 - 1572 -52.764 -1 346 
Rh0 -03567 -2.259 - -0.3762 -2.402 
C lag Ep (PDL) 405.54 2. 1OQ 0.801 837.36 1.590 

Vp (PDL) -8546.8 -1.930 -0.043 -15694. -1.362 
Ep (UDL) 487.60 1.764 0.%3 905.60 1.438 
Vp O L )  -8071.6 -1280 -0.041 -14û22, -0.986 

R2/DW 0.804 2.311 0.847 2.017 

Eias, Coeff 



Table 39. Con t... 
Wbeat Bariey 

Vmbbles Coeff T-ratio Eh. Coeff T-ntio Elas. Coeff 
Expected CWB P r i a  
PO 70.857 1.868 0.162 27.662 0370 0.W -119.80 
Pl 91.173 3.692 0.213 LOO56 1.811 0.089 171.61 
P2 76.120 3.137 0.182 97SO 2.075 0.089 71.800 
P3 52.971 2326 0.131 89.249 2.200 0.085 49.8M 
P4 39.623 1567 0.101 11097 1.997 0.109 -158.74 
PS 44.595 1925 0.118 159.72 2530 0.162 -55.492 
Pt5 67.031 2.957 0.183 195.71 2.710 0.206 124.46 
P7 96.697 3.676 02ï l  142.08 1.894 0.155 160.7 O 
P8 11398 1955 0331 -1lS.IS -1.401 -0,129 -30218 
01 0.0619 2.627 0.542 0.0495 2.953 02980.039075 
02 0.2114 1.467 0.168 0.1736 1.164 0.095 034796 
T 2,4120 4.311 2.1% 23630 3.489 1.481 -0.0685 
VO -14974 -2.393 -0.072 1991.6 0217 0.003 -t 11090 
Vl -1914.8 -0.454 -0.009 53903 0.861 0.008 -29205. 
V2 1639.8 0.605 0.008 -67653 -1.38 -0.010 3026.6 
V3 724.42 0359 0.003 -19089. -3.744 -0.029 4216.2 
V4 -10765 -0.386 -0.005 -22660. -3.907 -0.034 -99675 
V5 - 1628.8 -052 1 4.08 - 15020. -3 .O00 -0.024 -26795. 
V6 -248.43 -0.081 -0.001 - 1 7 7 ~  -0.048 -0.000 -34476, 

V7 22985 0.893 0.012 11398. 3311 0.023 -32159, 
V8 37959 1.062 0.021 2768.6 0.534 0.006 -9933.6 
Colistant -101.25 -3.018 -3.546 -66.639 -1.851 -1.607 54.156 
Rh0 -03770 -2.408 - -05860 -4.278 - -03392 
C lag Ep (PDL) 653.05 3.433 1.494 808.04 1995 0.700 -207.43 

Vp (PDL) -1 1384, -1.843 -0.054 -42164. -1.9'73 -0.065 -248380 
Ep (UDL) 634.04 2512 1.450 734.33 1.808 0.636 -242.70 

Vp (UDL) -13808, -1.649 -0.066 -34493. -15% -0.053 -158380 
R2 I DW 0.822 2110 0.897 2.468 0,720 

Oats 
T-ratio 



Table 39. Cont... 
W beat Barîey 

V*ables Coeff 'T'-ratio Elas, Coeff %ratio Elas. Coeff 
Expecled CWB (Ep), Market Pr& (Vp) 
PO 76924 1,658 0.176 87.426 0.681 0.076 118.8 
P 1 90957 3-07 0.212 119.66 1508 0.106 333.42 
P2 45.045 1,652 0,108 82.8 1.249 0.076 78,131 
l?3 -1.7292 -0.070 -0.W 59.5'78 0.826 0.056 -21553 
P4 -15591 -0.475 -0,040 89.894 0.861 0.088 -30326 
PS 11.927 0350 0.032 170.82 1378 0,174 -14791 
P6 63.981 1935 0.175 256.62 1.874 0.270 120,45 
P7 98,423 2.784 0.275 258-7 1.923 032 16458 
P8 47,793 O972 0.139 45.661 0334 0.051 -53997 
01 0.0372 22% 0326 0,0306 1.444 0.185 0.0848 
02  0.1469 1.092 0-1 16 0.0935 0,485 0.051 0.251 
T 15861 3,028 1.444 2.6051 2364 1.633 0.6498 
VO -4560.6 -2,920 -0.023 -5943 5 -1.187 -0.0 12 -186290 
VI -21472 -1.670 -0.011 2236.4 0.579 0.W -87958. 
V2 -27.624 -0.021 -0.000 4397.1 1.149 0.009 -65992, 
V3 1148.8 0.877 0.006 2707.4 0.822 0.05 -74494, 
V4 11483 0.918 0.006 -797.27 -0.247 -0.002 -81654. 
VS 15252 0.141 0.001 4215.0 -1.240 -0.008 -69747, 
V6 -1241.1 -0.972 -0.007 -57773 -1.407 -0,011 -35130. 
V7 -2019.7 -1392 -0.011 -3849.1 -0.986 -0.008 11753 
V8 -754.74 -0.385 -0.004 3071.1 0.573 0,004 46375 
Co~tant -54,713 1 -1916 -84301 -1399 -2.032 39.137 
Rh0 -03250 -2.033 - -0.4336 -2.847 - -05135 
C hg  Ep (PDL) 417.73 2.025 0356 11712 1,628 1.014 -395.29 

Vp (PDL) -8301 3 -2.055 -0.042 -8 1702 -0.921 -0.0 16 -543 130 
Ep (UDL) 39656 1,143 0.907 1172.6 1.495 1.015 -38846 
Vp (UDL) -7604.7 -1390 -0.039 4523 -0.388 -0.009 -523030 

R2I DW 0.828 2.254 0.861 2303 0,789 



IV. CONCLUSION 

This study has modeled an alternative approach to systems of supply response by 

decomposing it into acreage and yield components Chapter two iliustrates crop acreage 

demands for major grains in Western Canada employing duality models. The demand 

equations are eStUnated under two dBerent assumptions, ir., yield precietennineci and yield 

not predetermined Denved dernands for acreage of individual crops are specified as a 

function of eqsted revenues per acre or expecbd prices. total crop acreage. rate of change 

of totai acreage, numeraire, and variances of revenues per acre or variances of prices. The 

discussion emphasira results for modeis assuming predeterrnined yields, nsk aversion, and 

price uncertainty. 

Economeoic resuits are presented for a four-crop mode1 of acreage demands for 

Western Canada, 1961-1995. Modeis are estimated using both level and fist difference data. 

Models were estimated using market, CWB, and 'hybrid' prices. UnliLe an earlier Manitoba 

study, estimates for models uicorporating risk aversion generally have more significant 

coefficients (under pice unceRainty assumptions). In cornparison to results for linear mean- 

variance modek, the nonlinear mean-variance modeis also have more signincant coefficients 

for own expected revenue or price, but less signincant coefficients for variances of revenue 

or price. In addition, use of &st Merence data substantially decreases standard errors for 

coefficients of expected price or revenues, but inmases standard errors of coefficients for 



variances of revenue or price to some extent Based on the I-test results, model specification 

of acreage dernands in tams of revenue per acre or expected output prices are comparable. 

T m  for homogeneity are not rejected in ail cases under CARA and CRRA, and in 

seven out of eight cases under risk neutral models. This means that the acreage demand 

specified is linea. homogeneous in n<pected revenue or price. Moreover, CnTS and zero 

adjusmient cost hypotheses are also o k n  accepted, Symmetry is rejected in ail risk neutral 

cases but often accepted under CARA (75%). The acceptance of s y m m t r y  conditions in 

CARA suggests that the models specified unda CARA can be integrated up into an indirect 

utility micro fwiction of V(.). However, the F-rsts for exclusion of pnce variances (CARA 

and CRRA) and exclusion of initial wealth (CRRA), often are not rejected (87.546). 

R d t s  under yield uncertainty are l e s  satisfactory than in a study using Manitoba 

data (19614987)- This may be due to ditnculties in consistent aggregation of weather 

across provinces. 

Results assuming risk neutrality under price uncertainty are also Iess satisfactory than 

in an emiier study on Western Canada grains (196 1- 1984)- A plausible explanation is that 

the model does not capture changes in policies after 1984 that may infiuence acreage 

demand decisions. Due to these weaknesses, it would be interesthg to specify a model for 

each province and variable time periods in M e r  research. In addition. changes in 

agriculaaal policy shouid be incorporateci more explicitly into the model (here it is assumed 

that these policies can be modeled solely in terms of mean and variance of distributions for 

prices). 



in chapter three, models of yield -mes to p r i e  are specified assuming distributed 

lags, risk aversion, and price uncertainty. As in other studies, expected prices are 

insigniticant in static models. However, the variances of pnce in risk averse models are 

often sign.cant (at least for wheat) and have a comct sign (negative) in aR cases. These 

results suggest that the m e  models are dynamic since the significance of current price 

variances may reflect high correlations with lagged pnce variances. 

Results of dismbuted lag models show that dynamic models emphasizing risk 

aversion may explain crop yield response better than do static models. The sum of 

elasticities is often significant for both expected price and price variances. These long run 

impacts of price on yields are substantially larger in magnitude than that of pnce variances 

on yields for both CARA and CRRA models. This result suggests that it is important to 

incorporate nsk aversion and dynamics into crop yield response models. 
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A P P E N D I X E S  



Table A L  CWB Cmp Price ($/bushel) 

Sources: CWB Annual Report. V i o u s  Issues 
') 1948-1952 are convened average price (CANSIM) using regtesion (oats and barIey) 
') 1988-1995 are convened market price ushg re&ression (w ) 



Table A2.  Cmp Market Price ($/busbel) '' 



Table A.2. Cont., *' 

Source: Statistics Canada 
1948-1955 are converteci average prke (CANSIM) using remon 



Table A3.  Crop Average Prire ($/busbel) *' 



Table A3.  Cottt..." 

Sources: CANSIM Database: DZO 19 1, D230966, D230535, D23Ol3 1, 
D230243, D230044 (1948 - 1984) 

" 1985-1 995 are converteci market price using price d o  



Table A.4. Cmp Harvested Acreage (000 acres) 
Y m  Bariey Canola F h s e d  Oats 

1960 6743.00 763.00 24û'iSO 6430.70 
1961 5424.40 71030 2034.10 5210.50 
1962 517620 371.20 1398.20 724û.10 
1%3 6042.00 478.00 1630.40 6337.80 
1964 5325.00 791.00 191830 5136.00 
1%5 5893.00 1435.00 2266.70 5705.00 
L966 7160.00 1525.00 188470 5490.70 
1967 7780.00 1635,00 999.40 5157.10 
1968 8500.00 1056.00 1502.80 541790 
1969 8970.00 2022.00 2320,W 5506.00 
1970 9480.00 4074.00 3300.30 5320.00 
1971 13508,oO 5341.00 1762.30 5404.60 
1972 12050.00 3318.00 13îû.00 4723.00 
1973 11520.00 3205.00 1450.00 5370.00 
1974 11370.00 3160.00 1450.00 4865.00 
1975 10590.00 4520.00 1400.00 4710.00 
1976 10302.00 in8.00 a00.00 4m.m 
1977 11330.00 3590-00 1475.00 4220.00 
19'78 10060.00 6980.00 1300.00 3460.00 
1979 8730.00 8420.00 2300.00 2750.00 
1980 10950.00 5140.00 1370.00 27û6.00 
1981 12730.00 3463.00 1150.00 3068.00 
1982 11775.00 4370.00 1560.00 3120.00 
1983 9780.00 5700.00 1060.00 2620.00 
1984 10370.00 7560.00 1780.00 2510.00 
1985 10775.00 6820.00 1830.00 2390.00 
1986 10810.00 6l05.00 1860.00 2609.00 
1987 11240.00 6420.00 139500 2535.00 
1988 9325.00 9125.00 1100.00 2765.00 
1989 10725.0 7170,OO 1475.00 3310.00 
1990 10265.00 6200.00 1715.00 2365.00 
1991 9450.00 7696.06 1233.09 1685.00 
1992 8415.00 7490.00 630.00 2590.00 
1993 10320.00 10140.00 1250.00 3800.00 
1994 9855.00 14165.00 1790.00 4140.00 
1995 10715.00 12940.00 2125.00 3525.00 
1996 12340.00 8547.00 1420.00 4785.00 

Rye meat 
49150 23W6.00 
494.70 2471630 
S10M 2633050 
63350 2709030 
636.80 29200.00 
74490 27892.00 
673.80 29293.00 
63 1.40 2967 1 .O0 
622.40 29018.00 
78550 24550.00 
767.00 12075.00 
907.10 18994.00 
582.50 2091S.00 
58350 23215.00 
804.00 21570.00 
74630 22855.00 
550.00 27 165.00 
566.00 24275.00 
733.00 25670.00 
745.00 25380.00 
686.00 27û60.00 
999.20 30056.00 

1027.00 30520.00 
95650 33 120.00 
815.00 31870.00 
803-00 33230.00 
6 1 1.00 34288 .OO 
590.00 32580.00 
586.00 31023.00 

1078.00 33030.00 
793.00 33865.00 
389.00 34433.02 
328.00 33330.00 
372.00 29979.00 
4 18.00 25750.0 
348.00 26640.00 
377.00 30352.00 

Sources: CANSIM Database : D230155, D230159, D207216, D207220, D207200, 
D207204, D230095, D230099, D2O7 137, D207 14 l.Dîû7074, D2û7078 , 
and Handbook of Field Crop Siaîistics 1960 - 1989, Agricultural 
Statistics Division, Crop Section, Sratisacs Chnada. 1989. 



Table AS. Input Price Index (Base year: 1986) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

Year 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
199 1 
1992 
1993 
1994 
1995 

Sources: CANSIM Database: D605092, D605402, MO5900 and F m  Input Pnce Index 6 2 W  
'' input price uidex for capitai (machhery and motor vehicles) 
b, Input price inâex foa crop production 
"' input price index for hired labour 



Table A.6. Capital Values and Expc- on Cmp hput (000 $) 

Sources: CANSM Dambase and Agriculture Econornic Staîistics 21-603E 
') L&B: Value of land and building : D2û2237, D202241. D2M2Q5, D202249 
b, I W  Value of implements and Machinery: D202238, D202242, D20226, D202250 
') ECI: Expenses on crop input (fertilizer & lime, seed. pesticides): 21-603E 



Tab k A.7. Cmp Yields (busheldacre) 
Year 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Source: CANSM Darabase: DZ30167, D230171, D230964, D230969, 
DZ3O5 19, D230523, D230107, D230111, D230223, D23ûî27, 
D230020, D230024. 



Table A.8. Crop Production (000 bushels) 

Year Barley Canola Fiaxseed Oats Rye Wheat 



Table A.8. Cont ... 

Sources: Canadian grains Industry, Statisticai Handbook Vdous Issues. 
CANSIM Database: DZO 179, D23O 183, D230965, D230969, 
D230527, D23O53 1, D23O 1 19, D23O 123, D230233,0230237, 
D230032, D230036 



Table A9. Weather Index (GRODEX) 

Beaver- Brooks 
Iodge Ahrc Calgary LethbridgeMedicine iht Red Deer VegreviIle Agassiz 

Year Alberta Aiüerra Alberta Alberoi Alberta 

1 15. 10% 
123550 
229590 
134.493 
284.m 
225.778 
178.897 
184389 
LjO.588 
2105 10 
I532û7 
L59.550 
140.671 
206349 
298.300 
204.658 
179.185 
285.0 13 
212,198 
197,786 
207.039 
26655 1 
157.078 
122.827 
157288 
240932 
198572 

Alberta 

256-764 
306.629 
3 10,105 
216.234 
372849 
365.079 
25 1.758 
2% 981 
245508 
336.753 
265.1 17 
287.158 
361.135 
261.848 
m.479 
2%336 
218305 
362370 
256.763 
368.783 
4143 16 
360,459 
230.0 18 
115.372 
224.458 
367 98 1 
221391 

Source: Agriculture Canada, Soil and Chnate Section 



Table A9. COOL 

Dawson 
Creek 
BC 

238,125 
171,192 
153.8'79 
344.465 
3 12,409 
275556 
204,101 
244574 
129256 
23 1.359 
309597 
76.848 

103-128 
225.239 
265.687 
379.660 
345908 
284279 
403,151 
303.013 
254380 
263355 
292.800 
m-174 
137335 
249.750 
306384 

Saanictiion Summeriand h c o u v e r  (A) 

Source: AgricuIture Canada, Soil and M a t e  Section 



Table AS. Cont... 

Brandon Dauphin Gimli Morden ThePas 
Manitoba Man Man Man Man 

Source: Agrïdture Canada, Soil and Ciimate Section 



Table AS. ConL 

Carlyle 
sa& 

190390 
25 1.636 
389.067 
307.656 
29 1940 
253.26û 
180993 
138.556 
258.044 
298367 
274351 
367,422 
27 1,487 
259.M7 
354,152 
372,158 
22'7.511 
355332 
189.268 
269-937 
186.070 
249-137 
194.868 
134.674 
3 16.0% 
330989 
280.881 

Hudson 
Bay 

Sask 

92.648 
m 5 m  
197,CW 
236.442 
331349 
426.3 19 
208362 
229.607 
198.071 
346,704 
m.m 
285395 
253319 
278-973 
365.845 
373 -70 1 
285966 
385-482 
264386 
229-602 
241.1 15 
322.920 
352.728 
267.895 
295.64 1 
230.607 
248.5% 

KàidersIey 
sask 

99328 
201262 
l65,4S 1 
174307 
208.90 
ulo.812 
134921 
1 15.170 
1 10.20 1 
2AO.iO9 
234538 
157371 
223.505 
287.748 
270505 
257.9 19 
Ln437 
208314 
197.1 13 
180505 
208.938 
210520 
224.8 15 
17 1,047 
20 1.623 
200.1 13 
146339 

Meadow 
Lake 
sa& 

165553 
UJO.051 
234,475 
143545 
217585 
234.143 
l9t.LlS 
224553 
243343 
401.639 
416214 
285540 
432.78 1 
32 1,466 
479.042 
354360 
271.077 
2'73.647 
205352 
184.606 
216380 
253572 
171363 
2942S8 
3 14-60 1 
304308 
201.645 

MeLfott North 
CDA Bmieford 
Sask Sa& 

Source: Agriculture Canada, Soi1 and Ciimate Section 



Table A 3. CoaL  

Prince Swift  Swift 
Albert Regina SaskamonCunent CDA C\rrrent A Y e n  

Sask SRC 

94.216 
177.224 
28332 
148.165 
209.735 
262.745 
150.645 
254.804 
168294 
332,787 
î70.786 
242259 
233338 
325320 
224307 
200.968 
217557 
248.458 
212.184 
156232 
143581 
271.2% 
267.195 
121.641 
159.7 1 1 
268590 
13432 

Sask Sask Sask 

Source: Agriculture Canada, Soil and Chnate Section 



Table AJO. CWB Drougbt Index 

55.800 
57.900 
48.500 
n a  
n a  
n a  
53.700 
36.432 
na. 
n a  
53900 
60373 
59.800 
57.200 
53.200 

Source: -dian Wheat B d ,  W e e r  and Crop Surveiliance Deptme 

MB 
71856 

5 1 m  
61.20 
48.50 
49500 
60554 
57500 
50.200 
45.600 
55.800 
55.20 
55.30 
57.646 
61.104 
60.100 
46,000 

MB 
74147 

n a  
n a  
na. 
n a  
n a  
na, 
56300 
42500 
47300 
58.20 
55.700 
n a  
n a  
n a  
n a  

:nt 

MB 
74 137 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
59347 
62.000 
562ûO 

MB 
74 148 

n a  
n a  
n a  
n a  
n a  
n a  
59.400 
5 f . N O  
55.600 
61.573 
n a  
n a  
n a  
n a  
na. 

MB 
74138 

46.2ûû 
50.800 
492W 
43.300 
532ûû 
57.900 
55.100 
43 .m 
47.700 
52,Iûû 
53.600 
6 1.485 
6 1.738 
52.600 
49,700 

MB 
74 149 

n a  
n a  
na.. 
na. 
n a  
n a  
59, 100 
49.900 
55.300 
58300 
55.100 
58-46 1 
61.2û4 
n a  
57.100 



Table A.10, C o a L  

MB 
74153 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
52.800 
53.100 
58.800 
58.lûû 
61.253 
59347 
61394 
55500 

MB 
74162 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
51,900 
53.900 
54.800 
na. 
na. 
n a  
n a  

MB 
74154 

n a  
n a  
na. 
n a  
n a  
n a  
n a  
39.287 
53900 
56300 
55.400 
58287 
60.839 
60.100 
51.900 

MB 
74163 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
46300 
55.700 
56.000 
n a  
n a  
n a  
na. 

MB 
74155 

na. 
na. 
n.a. 
n a  
n a  
n a  
n a  
na. 
56.W 
56.5ûO 
55.800 
56.952 
61301 
60.000 
52.800 

MB 
74165 

n a  
na. 
n a  
n a  
n a  
n a  
n a  
n a  
54.700 
56.800 
56.700 
58.lO9 
61,440 
6 1.700 
55.000 

MB 
74156 

n a  
n a  
n a  
n a  
na. 
n a  
n a  
37567 
52.700 
55300 
54500 
58.199 
61.817 
59.000 
47300 

MB 
74166 

n a  
n a  
n a  
n a  
n a  
na. 
n a  
n a  
55.900 
5630 
562M 
56952 
61.000 
61.600 
55.500 

MR 
74 157 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
39.479 
51300 
56rn 
54.700 
59.039 
61.698 
54.100 
55.700 

MB 
74170 

n a  
n a  
n a  
na. 
n a  
na- 
na. 
n a  
n a  
n a  
55.200 
57327 
62.000 
58.000 
53*300 

MB 
74159 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
44.400 
59500 
55900 
n a  
n a  
n a  
n a  

MB 
74 174 

n a  
n a  
n a  
n a  
na. 
n a  
n a  
n a  
n a  
n a  
n a  
52.400 
54.2ûû 
47.600 
47.900 

Source: (knadian Wheat Board, Weather and Crop Surveillance D e p e n t  



Table AJO- Cent... 

Year 

198 1 
1982 
1983 
1984 
1985 
19% 
1987 
1988 
1989 
1990 
199 1 
1992 
1993 
1994 
1995 

Year 

198 1 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
199 1 
1992 
1993 
1994 
1995 

MB 
74 177 

na. 
n a  
n a  
n a  
na. 
n a  
n a  
n a  
na. 
n a  
n a  
57.927 
59.039 
60.894 
53200 

MB 
7453 1 

54.400 
n a  
n a  
45500 
n a  
59.400 
S2.1ûû 
39.864 
50.2ûû 
55.600 
55.300 
n a  
n a  
n a  
n a  

MB 
74 183 

n a  
na. 
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
58900 
54.400 
50.100 

MB 
74546 

5 1 ,700 
60.100 
47.700 
44.400 
58.400 
59.600 
58.20 
42.000 
49.900 
54200 
53.800 
59569 
60.947 
61.100 
53.300 

Ml3 
74506 

57.200 
61348 
48.700 
47.400 
60.613 
59.400 
52.800 
43 .m 
45.100 
58.400 
56.100 
60.894 
59.85 1 
n a  
na. 

MB 
74555 

52.900 
572W 
43.400 
46.lûû 
60.800 
54.200 
51300 
29.618 
43.700 
54.500 
53.500 
60.3 1 1 
60.900 
56.100 
50.400 

Mi3 
74508 

n a  
na. 
n a  
48.lûû 
60.613 
60947 
57.700 
46.400 
46.100 
6 1.965 
59300 
59347 
58547 
6 1 .OS2 
56.400 

MB 
74562 

57500 
61.657 
5 1.400 
56.400 
59.782 
59500 
56.800 
47.700 
55.900 
57.800 
55.700 
58.109 
61.698 
60.100 
55.200 

Source: Canadian Wheat Board, Weathei and Cmp SmiUance Depahnent 
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Table A.10. Cont.. 

AB 
7 1872 

45.000 
49.800 
45.300 
3 1,428 
28.187 
51.2Nl 
46,700 
23.634 
35,492 
39.479 
48.700 
51-50 
59.4% 
45,900 
42.800 

AB 
71931 

na. 
na. 
na. 
n a  
n a  
n a  
n a  
na. 
59.100 
n a  
n a  
n a  
n a  
n a  
na. 

Smce:  Canridian Whm Bcwd, Wather and Crop Surveillance Depûtment 

IL6 



Table A.10. Cent.., 

Year 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Y= 

198 1 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
199 1 
1992 
1993 
1994 
1995 

AB 
741 15 

51.20 
49.400 
46300 
3 1.610 
33.446 
52500 
48.700 
n a  
50.700 
52.2OQ 
51.000 
n a  
n a  
n a  
na. 

AB 
74 173 

n a  
n a  
n a  
n a  
n a  
na. 
n a  
n a  
na. 
n a  
55.300 
58.900 
61.204 
56.600 
49300 

AB 
741 17 

59.600 
51.600 
5 1.700 
48.800 
42.400 
57,700 
58.200 
n a  
n a  
n a  
n a  
n a  
n a  
n a  
na. 

AB 
74 184 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
na, 
na, 
n a  
56530 
46.000 
59500 

AB 
74120 

5 9 m  
62,000 
59.400 
50.100 
n a  
n a  
na. 
na. 
n a  
n a  
n a  
n a  
n a  
n a  
n a  

AB 
74509 

54.600 
60.671 
61,800 
55500 
61.394 
58.63 1 
58.100 
6 1 3 0  
5 9 . m  
59.4% 
6 1.657 
61529 
56.3 12 
60.839 
55.400 

Source: Chudian Wheat Board, Weather and Cmp Surveillance Depairnent 
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Tabk AJO. Cont., 

Year 

Year 

Source: 

n a  
n a  
n a  
n a  
35.1 18 
51.000 
5 1.400 
31.975 
44.900 
50.400 
n a  
n a  
n a  
na. 
n a  

Canadian Wheat Board, W e e r  

AB 
74539 

60311 
60311 
61.000 
53900 
60.600 
57,054 
61394 
61301 
61.615 
60.3 1 1 
60,728 
56.700 
n a  
n a  
n a  

SK 
71450 

n a  
n a  
49.800 
37567 
38520 
452W 
48.600 
22.946 
43.800 
59.400 
57.300 
53,800 
57.500 
55 .m 
42.400 

and Crop 

AB 
74542 

46JCKl 
47.800 
43.900 
23.806 
37348 
56.000 
49.700 
16.7 19 
47.100 
44.900 
51.600 
48.lûû 
57355 
46.100 
56.400 

SK 
71861 

46.100 
50.000 
44.400 
40.251 
58.500 
6 1.394 
58,600 
47-70 
44.700 
58.200 
58.700 
58547 
61.000 
61.778 
53.600 

Surveilla nce Dephnent 



Table AJO. COOL. 

45.000 
52.000 
51.200 
41.415 
51.800 
54.100 
37,758 
21s80 
45. L O O  
47.600 
54300 
50.800 
59.000 
54500 
46.500 

n a  
n a  
n a  
39.8M 
n a  
52.100 
n a  
n a  
n a  
n a  
n a  
n a  
n a  
na. 
n a  

50.900 
53.000 
45500 
na. 
na. 
54.600 
55.400 
42.700 
na 
n a  
n a  
n a  
n a  
n a  
55.100 

Source: Canadia Wheat Board, Weaîher and Crop Surveillance Depabnent 



Table AJO. COD t... 

SK 
74167 

n a  
n a  
na. 
n a  
n a  
n a  
n a  
n a  
12.750 
37567 
51.400 
53.100 
58.199 
54.600 
54300 

SK 
745 13 

43.800 
55300 
47300 
3 1.610 
43.100 
60500 
53.800 
29.438 
32341 
58500 
n a  
na. 
na. 
n a  
n a  

S K  
74182 

na, 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
n a  
6~m 
47.800 
43.900 

S K  
74518 

n a  
n a  
53.70 
4 s m  
49,000 
n a  
n a  
11,751 
n a  
n a  
n a  
n a  
na. 
n a  
n a  

Source: Canadian Wheat Board, Wather and Crop Surveillance Depbnent 
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Table AJO. ConL 

SK 
74538 

na- 
na. 

55300 
52.000 

n a  
60,053 
59200 
48-10 
56900 
40.100 
55.700 
52.000 
58-63 1 
40.613 
54900 

SK 
74553 

48.800 
54.400 
49.2ûû 
43.100 
34.186 
47.000 
37.948 
26.242 
51,100 
56300 
55.800 
51.000 
58-70 
52.200 
49.800 

SK 
74540 

48.60 
54.100 

n a  
43900 
36999 
52500 
44300 
23.461 
37,758 
37567 
49.600 
55300 
61301 
50,400 
45900 

SK 
74556 

60.400 
n a  
n a  
n a  
na. 
n a  
n a  
n a  
n a  
na 
na. 
n a  
n a  
n a  
n a  

Source: Canadian Wheat Board, Weaiher and Crop Surveillance Depaîment 
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Table AJO, COOL 

SIC 
74561 

n a  
n a  
n a  
n a  
n a  
n a  
n a  

38,712 
383û3 
59.400 
56.100 
52-70 
61394 
57.600 
53300 

western 
71867 

52.50 
52700 
53500 
52.000 
61.440 
61348 
54,700 
41.610 
51.20 
48,400 
43.000 
52300 
61,000 
61,698 
47.10 

SK 
74566 

47.800 
59,100 
54,600 
44300 
45.800 
51200 
52.600 
27.123 
47,600 
55.100 
56.400 
54300 
57.900 
52100 
41.610 

Western 
71aft 

46.80 
61.104 
47.800 

n a  
n a  
n a  
n a  
n a  
n a  
n a  
55,800 
51.000 
57300 
54. tOO 
46.000 

SK 
74570 

n a  
n a  
43500 
28900 
45.700 
5 8 2 a  
48.loO 
22246 
30.882 
58.100 
54.60 
56900 
61.000 
55300 
48.600 

wfsem 
741 18 

54.500 
59.800 
51200 
572ûû 
61.440 
58547 
60.800 

n a  
n a  
61.698 
56.000 

na. 
n a  
n a  
n a  

Source: C&mdh What Board, Weather and Crop Surveillance w e n t  

Western 
71066 

59.000 
43500 
5 1 m  
58.400 
58.000 
54-60 
6 1 2 0  
59300 
52.600 
57.800 
59.422 
51.100 
52.800 
51500 
47.000 

western 
74 185 

n a  
n a  
n a  
n a  
n a  
na. 
n A  
n a  
n a  
n a  
n a  
n a  
n a  
47.900 
n a  

Western 
71068 

46.000 
42.400 
60.784 
6090 
56. LOO 
57300 
54300 
59.347 
54.600 
55.000 
51300 
56.lûû 
61.615 
61.500 
38M3 

Western 
745 19 

53.600 
55.800 
50.m 
52.900 
6 1.700 
55-40 
53.600 
40.832 
44.000 
n a  
na. 
n a  
n a  
n a  
n a  



TABLE B.1. v a p  f A e Demandr under Yield Uncenahg C A M  
( ,nit d w m a m )  

a. Yield Preâetetmiatd, Ep markef, Vp =O 
Wheat-AR(1) Barley-OLS 

%niables Coeff kuio Coeff T-ratio 
Er1 0.0003 L 161 0582 0.00072489 2306 
Er2 3Sm5E-05 1.267 -19484E-05 -1288 
Er3 -01000a0847 -1SM -0.00064322 -2,753 
Er4 -0.12897 -2861 -0.022464 -0.887 
Z 5.895 1E-W 0.089 -1.6 107E-06 -0.447 
DZ -13776E-06 -0,437 3.0586E-06 1.7 14 
D -0-1M12 -2.854 0.066765 2226 
T - 0 ~ ~ 3  186 -0509 -0.OOOQ2878 -1.021 
Vrl -1 292s- 4-051 -0.00041469 -2.699 
VrS 0.018 183 1,432 0.00065046 0.833 
Vr3 0.001091 0-795 0.0 1 1882 1,429 
Vf4 -0,00030803 -2395 4,7738E-05 0.753 
Constant 0.0 MM9 0571 0,0087272 09% 
Rho 0.462 2855 - - 
R2 / DW 0.809 1.698 0.7 1.899 

b. Yield Ptedetemineti, Ep CWB, Vp =û 
mat--AR(1) 

Wiables Coeff T - d o  
Er1 0.00088539 2024 
Er2 4.8 179E-06 0.378 
Er3 4.00 12177 -3.619 
Er4 -û1097503 -3,021 
Z 9.1612E-06 1,763 
DZ -24266E-M -1,059 
D -0.1050 1 -2 53 1 
T -0.0004 1 1 12 -0257 
Vrl -93269E-M -0,042 
VR 0.000 18883 0,453 
Vr3 -1.024 1E-05 -0.004 
Vr4 -0.000183 11 -1.872 
Constant 4.0027833 -0.090 
Rho 0,716 5.618 
R2fDW 0.878 1.297 

Barley-AR(I) 
Coeff T-ntio 

0-00043834 1.420 
-2.1 1 18E-05 -1564 
4.00084752 -3 208 

-0D2818 -1266 
-2-1 148E-06 4.705 
33735E106 1.824 
0.065952 2226 

-0.00040393 -1.185 
-0.00033016 -1.79 1 
0.00054197 1.360 
0.00 1 1258 0570 
6.283E105 03 15 
0.0083733 1-169 

-0.438 -2.67 1 
0.69 1,798 

Cmoh-AR(1) 
Coeff T-ratio 

-0.0007W06 -2.153 
4.8652E-06 -0365 
0,001 2185 4.898 
0-083215 338 

1.9667E-06 0551 
-4.4364E-07 -0ZS 
0.055073 1.757 

O.ooO839 12 3 3 3  
0.00056843 3.20 
-0.00S9233 -3.202 
4.0023926 -2545 
0.000 15779 LI01 
-0,014738 -1906 
-0374 -2211 
0.823 1987 

Callob-OLS 
Coeff T-ratio 

-0.00086512 -1966 
3.069 1E65 1.861 
0.00 16286 4334 
0,06524 1.943 

-3.94 19E-06 4.802 
-5,703E-07 -0.229 
0.045325 1.055 

0.00077473 12-70 
0.00025052 1,008 
0,000 14432 0.277 

-0.00~6 -09 12 
-8 .0968E-O5 -0.772 
-0.mn3 -0.699 

- - 
0.848 2328 



TABLE BJ. Conk.. (Fi i  PiTterence Data) 
c. Xeld not Pndetermined, Ep market, Vp market 

Whmt-AR(1) Barlep-OLS 
miables Coeff T-&o Coeff T-tatio 

E P ~  0.037957 1559 4.01307 4262 
E P ~  0.039862 1345 O.OIZ0S5 0,735 
E P ~  4.0 1543 1 -1.624 4.OLWl6 -2.007 
E P ~  -0.037373 -0272 O- 1 1693 1.677 
Pi1 -0.00013678 -0,104 O.ûûf7809 2464 
Z 7,1759E-06 0.808 -6.6007E-06 -1380 
DZ -3.403E-06 -0.849 4.5351E-06 1.899 
D -0.1î276 -1.629 0.05 1505 1.183 
T -3394SE-05 -0.0 19 4.00040865 -0.793 

V P ~  -0,095433 -2,133 0.026108 1.128 
V P ~  0.088533 1.006 -0.083244 -200 1 
V P ~  0.00 16712 0,148 0.0016817 0267 
vP4 0.0 16621 1.2û2 0.0058304 0.678 
Ewl -2.1718E-05 -0.1 15 -0.000132~ -1.057 
VWI 6.15 16E-06 1.484 -5. t 173E-06 -2.040 
Constant -0.00055343 6.016 0.0039%3 0363 
Rho 054795 3588 - - 
R2fDW 0.766 1.419 0.654 1922 
d. Yield aot Predetemined, Ep CWB, Vp market 

Wbeat-AR(1) Barley-OLS 
Vanabtes Coeff T-ratio Coeff T-ratio 

E P ~  0,020838 2.468 -0.0 1 1 142 - 1.647 
E P ~  0.021951 1.819 0.0513 1 0991 

E F ~  -0.03009 -2937 -0.0 152 15 -2222 
E@ 0.033212 0346 0.049534 0.8 18 
Pi1 0.0012199 1 .O1 1 0.0014834 1,780 
Z 13  17E-05 lm -5.0267E-06 -0998 
DZ 4.8068E-M -1514 3.794E-06 1362 
D 4.1001 -1.675 0.060497 1352 
T -0.00034376 -0254 6.0002898 -0534 
V P ~  -0.0429 18 -1.221 0.035881 1.508 
V P ~  0.01383 1 0.172 4.064368 -1.288 
V P ~  O.OOdO34 0514 0.00043719 0.058 
'44 0.026788 2,072 0.00051465 0.051 
EwI 2496E-05 0.162 -0.00014341 -1,106 
Vwl 2.2877E-06 0.702 -4.1834E-06 -1.613 
Constant 4.0063948 -0.243 0.0041833 0362 
Rho 031748 3312 - O 

R2/DW 0.847 Ln7 0.622 1.816 

Canob-OLS 
Coeff T-ratio 

-0.00093357 4.061 
-0.041256 -2226 
0.030494 5.089 
-0.071941 -0911 

-0.0015152 -1.851 
1 mf E-06 0206 

-79558E-07 -0294 
0.027933 0567 

7.7345E-05 0,132 
O.MI429 1542 
0.010219 0217 

-0.00QO1 11 4563 
-0.022339 -2.293 

0.000 lSû69 1.276 
6.6435E-07 0234 
0.0055218 0.443 

- - 
0.783 1.836 

Canoh-OLS 
Coeff T - d o  

-0.049614 -0,712 
-0.0 18974 - L-9 17 
0.040781 5-777 

-0.073032 -1.169 
-0.0020179 -2348 

-3 -8238E-06 -0-736 
1.2547E-M 0501 
4.0MW19 4-13 1 
53309E-05 0.095 

0.006582 0.268 
0.032144 0.624 

4.0046255 -0593 
4.023795 -2305 

0.00014002 1 ,048 
-8.5151E-08 -0.032 

0.0 10002 0.839 
- - 

0.803 1903 



TABLE 0.2, Ei$ima cg f A e DcPands uuder Yield Uocertainty CRRA 
( mit baPei.e',"h, 

a. Yield Predetermined, Ep market, Vp 4 
Wbc;it-AR(1) Batlw-AR(1) 

Variables Coeff T-ratio Coeff T-ntio 
Ert 0.00055074 0352 0.00051366 1.861 
Er2 29346E-05 1.282 -13158E-05 -1.078 
Er3 -0.00066981 -1.716 -0.00049378 -2371 
Er4 -0.22797 -2350 0.094432 1.814 
Z -33528E-07 -0.052 -333E-07 -0,M 
DZ - 1.4246E-06 -0.465 22ofOdE-06 1-78 1 
D -0,16009 -3.040 010M71 2.624 
T -0.0007284 -0,459 -0.ooO426 18 -0.480 
Vr 1 0.00012415 0.453 -0,OOOd5972 4.514 
Vr2 0.00 17456 1,430 O.CUMEW9 1.423 
Vr3 0.00084363 0,636 0.00 1982 2.803 
Vr4 -0.0003 1571 -3.190 5.6069E-05 1.062 
WOI -1 -7733E-09 -1.W 2.OQ08E-09 2.292 
Constant 0.021 239 0.658 0.0039393 0.219 
Rho 0598 4,086 0.62 4325 
R2 / DW 0.820 1.506 0.733 1907 

b. Yield Predetemiaed, Ep CWB, Vp =O 
Wùeat-AR(1) 

Vrinables Coeff T-ratio 
Erl 0.00091875 1,977 
Er2 4.îî8E-06 0 3  19 
Er3 -0.0012072 -3 .4@ 
Er4 -0.1 13 19 -1.617 
2 9.2742E-06 1.736 
DZ -2.444E-06 -1.041 
D -0,10644 -247 5 
T -0.00046284 -0.271 
Vr 1 -55733E-06 -0.024 
Vh 0,000 14694 0321 
Vr3 0.00010708 0.039 
Vr4 -0.000 1744 - 1.650 
WO1 -2 9853E-10 -0.251 
Consrnt -0,0013 177 -0.039 
Rh0 0.725 5,773 
R2 / DW 0.879 1.278 

Canola-OLS 
Coeff T-ntio 

-O.mg377 -1 -482 
2.7 173E-05 1.620 
0.0016904 4,459 
0.0 12026 0,199 

-2.8335E-06 -0575 
-8328 LE47 -0334 

0.038637 0.892 
0.00047332 0.705 
0.00026567 1 .O70 
-8.8488E-05 -0.157 
-0.0018954 -0,649 

-3 -6347E-05 -0.322 
-1,1238E-09 - 1 .O56 
4.00082236 -0.057 



TABLE B3- COOL ( F i i  Dintmnce Daîa) 
c- Yield mot Predetcrmined, Ep market, Vp market 

Wheat-AR(1) Barky-AR(1) 
Vanables C d  T-ratio C d  

E P ~  0.025797 0938 0.0063501 

@2 0.044158 1.455 0.020806 
Ep3 4.019112 -1-7'72 -0-017162 
EPa -0.15865 -1.019 0.065452 
Pi1 0.00049592 0274 0.0023898 
Z 6.651E-M 0.699 -13OSE-05 
DZ -3-0624E06 -0-729 65631E06 
D -0,13433 -1 -683 0.010442 
T - 0 . 0 0 0 1 ~ 7 ~  4.087 -0.m~ 
V P ~  -0.084214 -2163 4.0048548 
V P ~  0.10715 1249 -0.06005 
'Je3 -0.0060275 -05% -0.0017039 

V f l  0.017925 1.443 0.01 1574 
W01 -13708E-09 -0,686 -1.2695E-09 
Ewl 3,1852E-ûS 0-162 -0.0001 1916 
Vwl SSlE-06 1239 -65769E-06 
Constant 0.00'73898 0.206 0.017618 
Rho 053612 3.479 -059142 
R2 / DW 0.749 1.432 0.729 
6 YÏeld not Redetermiaed, Ep CWB, Vp market 

mat- 

Coeff 
0-022849 
0.020388 

-0.030397 
0.017913 

0.0013881 
I 2.377~05 
-4.631 E06 

-0.10674 
-0.00050101 
4-03 1714 
0.0023489 
0*0030997 
0.022217 

-55469E-10 
3.1918W)S 
1.9533E-06 
-0.002668 

05387 
0.846 

Barkg. 
Caeff 

-0.0070174 
0.007123 
-0.016154 
O.Mt5741 

0.0026654 
-4.4097E-06 
3.3538E-04 

0.059813 
-0.OOOj6236 

0.03 165 
-0.053789 

-0.0053325 
0.0013984 

-15924E-09 
-0.00013601 
-3-784- 

0.0045625 
- 

0.648 

Canola-OU 
Coeff T-ratio 

4.0078856 -0.932 
-0.01503 -LA40 
0.039494 5-174 

-0,047926 -0.782 
-0.0025062 -1.835 

-4.80QlE-06 -0.815 
1.9847E-06 0.750 
4.0053074 -0-10s 
0 . m 2 0 S  0392 
0.0097768 0.392 
OB096242 0.181 
0.001 1579 0-131 
-0.0 17868 - 1930 

1.0903E-09 0.876 
0.0001 1786 0.825 
-7.I812W -0245 

0.00538 0~400 





b. Unrestrictive Production Function (41) 

Wheat Barley Canola Oats Flaxseed 
Variables Coeff 

Xl 27 1.86 
zi -0 .W82  
T -0.35219 
G87 -0.16817 
G87X -0.5801 6 
G87W 9.97E-06 
G87T 0.001 1088 
WC88 -0.054245 
WC88X -8.1317 
WCS8W 4.90E-O5 
WC88T 0,033083 
Constant 99.503 
R2 / DW O. 760 

%ratio Coeff 
0.656 -408.81 
-1.611 -0.013943 
-0.095 7,6251 
-1.124 -0,1717 
-0.622 0.87235 
1.628 3,WE-05 
O. 133 -0.015253 
-0.043 -3.3366 
-1.003 5.6996 
1,005 0.000343 
0.482 -0,0779 16 
1,465 108,63 
1,823 0,839 

T-ratio Coeff 
-0,545 - 172.36 
- 1.164 0.0062803 
0.879 -0.007906 

-0,8 17 O.oO75 26 1 

0.5 18 0.42679 
1.137 - 3,49&-05 

-0,783 0.000259 
- 1,338 0.356 1 
0*45 2 2.9 1 
1,662 -0,000 10 1 

-0.628 -0.007641 
1,170 11,699 
2.471 0.706 

Tratio Coeff 
-0,539 1010.6 
1,219 0,023816 

-0.OOrS -4,4227 
0,250 0.44483 
0.594 -2,296 
- 1.306 -5,038-05 
0,052 0.01 1786 
0.818 3.4583 
0.503 -20,777 
-1.108 -0.000307 
-0,185 0.11038 
0.875 -161.8 
1,731 0,644 

T-rat io Coeff 
0,820 -357,63 
0,564 -0,005216 
-0.5 1 1 2.5365 
0,687 -0.0525 15 
-0,821 0.85262 
-0.5 10 1,36E-05 
0,608 *0.005307 
0,623 -0.53734 
-0,900 6.6603 
-0.4 19 0.0001 02 
0, 7 1 5 -0.037076 

-0.586 30.16 
2,436 0.869 

%ratio Coeff 
- 1.457 -222.79 
-058 1 0,04945 
1,110 2,1765 

- 1.145 0,087224 
1.541 0,47607 
0.678 -9,68E-OS 

- 1 .O28 -0,004306 
-0,954 0.010061 
1.447 5.7322 
0,608 -0,0006'71 

-0,880 -0.03 1954 
1,488 - 16,874 
1,860 0.678 



Table B.3. Cont... 
c. Estimates of Production Function (42) 

Coeff 
-8702 

0.024539 
70,597 
2.2926 
40.635 

-0.000121 
-0.33 189 
- 168.37 
620.19 

0.002923 
-3.3282 

-O.O0282 1 
-0,047079 
1.46E-ûI 

0.0003881 
3.2056 

-8.2 152 
-6.02E-O5 

0.03472 
-434.44 

Wheat Bar le y Canola Oats Flaxseed R Y ~  
T-ratio Coeff 

- 1,024 - 1 5759 
0.596 -0.3078 
1.100 217.01 
0.566 -8,7392 
1,063 72,516 

-0.64 1 O.Qo14241 
-1,148 -1,0092 
- 1,467 -84.83 1 
1.468 556.1 
1,112 0.010206 

-1,168 -6,9162 
-0,607 0.0099709 
- 1 .O98 -0.083096 
0,682 - 1.64E-06 
i.lg4 0,001 17 17 
1.605 0,89122 

-1.640 -4,9121 
-1,399 -8,19E-05 
1,126 0,054342 

-0,493 1942,9 
1,983 0.913 

T-ratio Coeff 
-1.215 1497 
- 1.1 18 0,083843 
1.209 -42.339 

-1,063 0.47161 
1.234 -6.6762 
1,126 -0,000371 

- 1.233 O, 18743 
-0,863 7.95 1 1 
1.275 -28.947 
1,062 -0.003532 

-1 A23 1.33 1 
1.062 -0,000531 

- 1.25 1 0,0075083 
-1.134 4,079 1 E-O7 
1.258 -0,000206 
0,728 -0.12478 
- 1.259 0.024558 
-0,953 3.638-05 
1,522 -0.0095649 
1 -08 1 -89,206 
2,035 0,773 

T-raiio Coeff 
0.287 -10560 
0.725 0,061 132 
-0.978 85,045 
0.424 2,0899 
-0,282 49,133 
-0.7 19 -0,000289 
0,962 -0.409 17 
0,632 33,745 

-0,145 4 l6,82 
-0.786 -0,010787 
0,697 -2,9963 
-0.4 15 -0,002637 
0,280 -0.056824 
0,709 3,5218-07 

-0.943 0,00049 167 
-0,585 -0,49305 
0.012 -4,1536 
0,799 O.ooOI767 1 
-0.450 0.027652 
-0,369 -373.52 
1,600 0,833 

'l'-ratio Coeff 
-0,569 -1816.7 
0.094 0,10844 
0,672 17,214 
O, 103 0.58398 
0.577 6,9318 

-0,095 -0.000528 
-0,718 -0,067185 
0.209 4,0073 
0,597 81.29 

-0,458 -0,0052065 
-0,647 -0,47227 
-0,l 1 0 -0,000780 
-0.58 1 -0.00626 18 
0.W7 6.3943E-07 
0.768 6,4647E-05 

-0.3 15 O, 12225 
-0.626 -0,8505 
0,807 5.8443E-05 
0.592 0,0023337 
-0.088 -97,586 
2,307 0,915 

T-ratio Coeff 
-0,356 839,l 
0,606 -2.2274 
0.387 43,063 
0.305 -5,175 1 
0.301 -5,6226 
-0,625 0,O IO348 
-0,333 -0,l7429 
-0,3 17 -40.27 
0,403 -3 10,32 

-0,729 0,07 1629 
-0,279 1,3653 
-0.353 0,0060371 
-0,241 0.0082827 
0,646 - 1.20E-05 
0,283 0,00017568 
0,844 0.25575 
-0,428 5,1796 
0,799 -0,000558 
O, 138 -0,033807 
-0,237 1127,4 
1,792 0,883 



Table B.4. Marginal Impact of Weather on Yield* 

Year 
1961 
1%2 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
198î 
1988 
1989 
1990 
199 1 
1992 
1993 
1994 
1995 

Oats 
0.02455 
0.03060 
0.0279 1 
0.02A32 
0.02602 
O.OW38 
0.02439 
O.OWl6 
0.02543 
0.02487 
0.02512 
0.02309 
0.02502 
0.02351 
0.02305 
0.023 14 
0.02159 
0.0 1932 
0.0 1721 
0.0 1707 
0.018 15 
0.0183 1 
0.0 1682 
0.0 1649 
0.016 13 
0.01679 
0.0 1656 
0.37400 
0.43534 
0.415 19 
037948 
0.33412 
0.4 1760 
0.39722 
0.4349 1 



TABLE B5. N niin r SUR Estimates of Acreage Demands under Price Uncertîiaty') 
&vc~s"bata) 

a Yieid Predeteimbed, Ep market, Vp market 
Wheat Badey Caaoia W o  + ER)/VRSQ 

V ' l e s  Coeff Fntio Coeff 
Er1 0.004943 0,433 4.004387 
Er2 0.006055 0289 -0.002172 
Er3 -0.02365 -0.354 -0.0098257 
Z 0.0001% 2219 4.000161 
DZ -0.000140 -2361 0.000115 
Er4 035615 0.730 0.25903 
D -2.3092 -2319 0.40778 
T -0.16234 -2.457 0.059456 
WO1 3.67E-09 0.344 196E-08 
Vrl 0.000 184 0214 0.000171 
V I ~  -0,000600 -1.036 0.000168 
Vr3 0.000348 0.633 0.0003% 
Vr4 0.00 1244 1592 4.000426 
Constant -0,73212 -0302 9.4207 
Cl -23.818 -2338 -23.818 
C2 0.001407 1.614 0.001407 
R2 / DW 0.737 1247 0.557 
b. Yield Predetermined, Ep CWB, Vp market 

rratio Coeff 
-0.491 -0.000699 
-0.473 -0.002302 
-1.639 0.01 1942 
-2.559 -3.79E-05 
2558 13366E-05 
0.727 -032165 
0.673 056215 
1.949 0.1 1438 
1.962 -1.107E-08 
0.257 -0.000237 
0391 0.0002%8 
0.917 -0.000412 

4.806 -0.000437 
2,826 1.1518 

-2338 -23.8 18 
1.614 0.001407 
0.790 0922 

Wbeat Bariey Canoia (Wo + ER)/VRSQ 
Variables 

Er1 
Er2 
Er3 
z 
DZ 
Er4 
D 
T 
woi 
Vrl 
VI2 
Vr3 
vr4 
Constant 
Cl 
C2 
R2 / DW 

Coeff 
0 . m 5  
0.0 1 139 

-0.m29 
0.000435 

4.000326 
25488 

-6.1 116 
-0.4 1482 
1.67E-08 

-O.oOll4l 
-0.00 1 159 
O.OOOdO8 
0.004109 

2.4245 
-63.698 

0.002357 
0.768 

T-ratio Coeff 
0.048 0.008060 
1.143 4.003456 

-1.399 -0.016046 
2.944 -0.000363 

-3.264 0.000289 
2.305 -0.4147 

-3.407 1.6052 
4.882 O. 16223 
0.813 335E-OS 
0.751 0.000978 

-1.147 O.ooOn8 
0571 0.001353 
3.048 -0.001272 
0.416 20.237 

- 16.65 1 -63.698 
1.184 0.002357 
1388 0.537 

T-ma0 Coeff 
0.689 -0.006211 
0385 -0.000171 
- 1 .O77 0.037367 
-29 15 -7.04E-05 
3566 2.94E-05 

-0.425 -1,1323 
1.023 12683 
2.421 0.264û3 
2.056 -2.8E-08 
0,734 0.000249 
0.308 0.000113 
1.480 -0.000785 

-1.065 -0.001415 
3.877 1.9126 

- 16.65 1 -63.698 
1.184 0.002357 
0.892 0.931 

-ratio Coeff 
0.979 -5.86E-06 
0.040 2.05E-06 
4.808 -2.95E-05 

-1.063 -2.43E-07 
0.634 131E-07 
-2.162 0.001540 
1554 -0.003389 
6.081 0.000120 

-2.989 4.57E-12 
0372 9,10E-07 
0.260 -8.85E-08 
-1539 8.84E-07 
-2.245 8.38E-07 
0.701 0.007645 

-16.651 - 
1.184 - 
1.906 0.787 

'' Joint estimation using Cl. C2, and betas from Manitoba resuIts 



Table C A  Estimates for One Perioâ RiskgNeutrat Models (Linear Models) 

Canoh 
Variables Coeff T-raiio Elas. 

Lagged marûet p h  
EP -18,137 -1,067 -0,083 
01 0.0 10982 1.261 0,149 
0 2  0.090545 1.165 0.111 
T 0,15457 2.471 0.151 
Constant 12,362 3.268 0.672 
R2 I DW 0,626 1,333 

Flax 
Coeff T-ratio 

Lugged Avemge Price 

E P - 17,584 -1,049 -0.080 -26,238 -2,8 19 
01 0.01 1054 1.265 0,150 0.039569 4.895 
0 2  0,091647 1.175 0,i 13 0,38547 5.276 
T O. 1 5442 2.458 O. 15 1 0.080724 1.277 
Constant 12.259 3,259 0.666 -2,5289 -0,708 
R2 / DW 0.626 1,326 0,859 1,624 

Cocff 



Table C.2. Estimates for One Period Linear Mean-Variance Moâels (Linear Models) 

Canola 
V'ables Coeff Tath ElasiicCy Coeîf 
Lagged market pricc 
@P -24.365 -1,169 -0,112 -12.014 
01 0.010892 1.235 O. 148 0,041 309 
02 0.O9298 1 1.180 0.1 14 0.38725 
T 0,13429 1,815 0.131 0.16191 
VP 10,349 0.530 0.008 -1 1,605 
Conslant 13.083 3.220 0,711 -5.4644 
R2 I D W  0,630 1.313 0,872 

Flax 
T-ratio Elasriciiy Coeff 

Table C3. Esthates for One Period Linear Mean-Variance Mdel s  (Linear Models) 

Variables Coeff 
Lagged mu&t prie# 

EP -22.1 16 
01 0,O 1 1344 
0 2  0.090906 
T O* 14 129 
VP 88.95 
WO 1 1.1 SE-06 
Consmi 1 1.974 

Coeff 

- 13,985 
0.0409 14 
0.38687 
O, 14047 
-452.63 

-3,238-07 
-4,668 

Coeff 

-35,695 
0.0354 1 1 

0.272 
0,20686 
4726.2 

9,758-07 
10,372 



%ble C.4. Estimates of Risk-Neutral Polynomial Distributeâ Lag (Linear Modets) 

Wheat - OLS 
Vririables Coeff T-ratio Elas. 

Lagged Average price 
PO 3.8237 0.089 0,007 
P1 27,# 1.091 0.056 
P2 22.924 0,986 0,047 
P3 10,496 0,483 0,022 
P4 3,7293 0,145 0,008 
P5 7.5476 0.349 0,017 
P6 18,625 0.815 0.043 
P7 25,387 0,896 0,060 
PS 8,0085 0,155 0.020 

EP 0,025445 1.519 0.223 
01 0.14693 0.976 0.1 16 
0 2  0,72619 1.75 I 0.661 
T -8.0375 -0,343 -028 1 
Rho 
C lag coefl (PDL) 128.38 0.732 
C lag coeff (UDL) 135.15 0.722 
R2 I DW 0,695 1,929 

Barley - AR(1) 
Coeff %ratio Elas, 

Oaîs - OLS 
Coeff vratio 




