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ABSTRACT

The purpose of thi.s research is to estimate economet,ric mod,els of

crop supply response for Manitoba using a.t. aggregated. at the

provincial level for 1960-L987. In contrast to most other studies, this

research (a) decomposes crop supply response to price into acreage and

yield components which are est,imaLed separately and (b) estimates

duality models incorporating risk aversion.

First, ad hoc static and distributed lag models of crop yield

response to expected price and price variance for crops were esLimated.

In static models expected price was insignificant and price variance was

often significant. In cont,rast a distributed lag in expected prices was

often significant in risk-neut,ral models, and distributed lags in

expected prices and price variance r¡rere qenerally significants.

Second, stat,ic duality models of crop acreage allocations were

estimated. Models with yields (or the distribution of yields)

predetermined relat,ive to acreage decisions \^¡ere emphasized. Results

generally indicated that both mean and varíance of revenues per acre (or

of crop prices) were significant allowing for risk aversion and

uncertainty of eiEher (but not both) crop prlces or crop yields.

Third, dynamic duality models of crop yields were formulated

assuming adjustment costs for crop yields as well as for capital

investment, nonstatic expecÈations for prices and crop acreaçfes, risk

aversion and price uncertainty (risk is modelled as timeless rather than

as Eemporal). Preliminary results ind.icate that price variance and, lags

in adjustment are significant in crop yield equations, as in t,he earlier

ad hoc distribuÈed lag models.
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CHAPTER ONE

TNTRODUCTION

The purpose of this thesis is to develop and estimate econometric

models of crop supply response for Manitoba. There are two aspects of

this study that are unique in comparison to mosÈ other studies: (a) crop

supply response is decomposed into acreage and yield response where both

of these components are to be estimated, and (b) risk aversion is

incorporated into these models, which often have a duality framework.

Most empirical models of crop response have consisted either of

acreage demand equations or crop output supply equations (essentially a

reduced form of acreage and yield components), and prices are often

reported to have significant effects in these models. On the other hand

there have been relatively few published studies of crop yield response

to price, and in many of these studies price is reported to have an

insignificant effect on yield. These crop yield models are static and

use methodologies common to many acreage demand,/output supply studies.

This contrast in results suggests that substantially different model

specifications are required for studies of acreage demand and yield

response. In this case there are substantial qains in efficiency and

understanding when the acreage and yield components of crop supply

response are estimated directly rather than as reduced form output

supply equations (the standard arguments for estimating a structural

model over a reduced form model somewhat apply here).

The advantages of a duality approach in static and. dynamic models

of production are well known, but t,here have been relatively few studies

incorporating risk aversion into duality theory and even fewer



applications of duality incorporating risk aversion. This study

emphasizes the importance of risk aversion and price uncertainty in

modeling Manitoba crop production behavior. This emphasis is

incorporated into both static and dynamic duality models. Output (yield)

uncertainty is also considered to some extent.

This thesis consists of three studies: a study of crop yield

response using essentially ad hoc distributed lag models (chapter two);

a study of crop acreage demand using static duality mod.els (chapter

three); and a study of crop yield response using dynamic duality models

(chapter four) . These studies are introduced as follows.

MODELS OF GRAIN YIELD RESPONSE TO PRICE

In spite of the large number of econometric studies of crop supply

response, few studies have focussed explicitly on crop yields. SÈudies

of crop supply response have generally modelled crop acreaqe or crop

output Ieve1s. These crop acreage demand models have ignored any impacts

on economic variables on crop yields (e.g. Nerlove; Behrman; Just;

chavas and Holt; clark and Klein; coyle L993); whereas crop output

supply models have not decomposed supply response into crop acreage and

yield components (e.g. Griliches; LaFrance and Burt; shumway; weaver;

Antl-e; shumway, saez and Gottret; but see Herdt for an exception). rn

the multioutput farm, changes in crop acreages correspond approximately

to changes in enterprise mix, and changes in crop yield may largely

reflect factor substitution within an enterprise. Moreover lags in

response may be considerably different for crop acreages and yields

(e.9. many acreage demand studies assume that yields are predetermined).



Thus in order to understand crop supply response, it is important to

measure both its acreage and yield components.

the few studies of crop yield response have assumed essentially

static risk-neutral modeLs and have obEained mixed results. Houck and

Gallagher (H-G) assumed that U.S. annual corn yield for l95L-7L depends

on the ratio of fertilizer and corn prices (expectations were modelled

as a one year lag), corn acres harvested, weat,her and dummies for

acreage restrictions. Prices were significant in the estimated models,

and the elasticity of yield with respect to corn price varied from 0.25

to 0.75. Menz and Pardey updated the H-G daÈa to 1-980 and concluded that

price did not have a significant effect on yield for L972-8Q. Reed and.

Riggins estimated a similar model for Kentucky corn yields 11960-79 and

concluded that price was insignificant. Love and Foster estimated per

acre production functions and fertil-izer demands (rather than specifying

yield as a function of price) for corn, wheat and soybeans using u.s.

data, L964-86. Since fertilizer input was insignificant in the per acre

production functions, price did noÈ appear to have a significant impact

on yield. Choi and Helmburger estimated a similar model and concluded

that yields are not sensitive to price changes.

Chapter two estimates yield response equations for major field

crops in Manitoba, 196L-87. The study emphasizes risk aversion, price

uncertainty and also distributed 1ags, in contrast to all other studies

of crop yield response to price. This emphasis on risk and. distributed

lags is motivated by Lhe following assumptions: crop yields respond

gradually to price changes, farmers are risk averse, and there is

generally more uncertainty regarding prices in the distant future than



in the immediate future (so that gradual or dynamic responses such as

changes in yield presumably are more sensitive to price uncertainty than

are realLocations of land among crops).

Results can be summarized as follows. As in most other studies,

prices are insignificant in simple risk-neutral static (one period)

models of crop yie1d. Ho\alever, allowing for risk aversion in static

models, price variances are often sígnificant in yield equations.

Extending t,he analysis to distributed lag models for crop yields, sums

of lagged coefficients for both expected prices and price variances are

often significant. These resul-ts demonstrate that it is feasible and

perhaps essential to incorporate dynamics and risk aversion into models

of crop yield price response.

DUALITY MODELS OF CROP ACREAGE DEMANDS

Agricultural economists have often modelled crop production

decisions in terms of acreag'e responses rather than output supplies

(e.g- Nerlove tg56, 1972; Askari and cummings; Behrman; Houck and Ryan;

,fust; Chavas and Holt). The standard argument is that acreage planted is

unaffected by subsequent weather and hence may proxy planned output more

closely than does observed outpuÈ. In addition it is often assumed that

crop yield is predetermined.

In contrast, duality models of crop production have only recently

incorporated acreage demands (Chambers and ,Just; Paris). However these

models, which assume joint output and acreage decisions (conditional on

quasi-fixed inputs), are reLatively complex. Several other studies have

estimated acreage allocations under duality (coy1e L993¡ Moore and



Negri; Moore, Gollehon and Carey).

Chapter three estimates models of crop acreage allocations for

Manitoba agriculture within a duality framework. In contrast to other

duality studies, we emphasize models with predetermined yields and. risk

aversion. The assumption of predetermined yields, which is common in the

nonduality literaÈure, substantially simplifies specification of duality

models of acreage allocations. Moreover estimates of crop yield price

response models for Manitoba support this assumption (see previous

chapÈer) .

Risk preferences are modelled within linear and nonlinear mean-

variance frameworks, and proxies for price uncertainty are emphasized..

This study provides the first empirical application of recent extensions

of static duality theory under mean-variance risk preferences (Coyle

1-992, 1-995). rn addition, we suggest a simple methodology for combining

weather station daba and aggregate production data Èo obtain a measure

of yield uncertainty. Previous studies have assumed that measures of

yield uncertainty obtained using aggregate (rather than farm leve1) d.ata

necessarily underestimate yield uncertainty at the farm 1eve1.

Results of the study indicate that the methodologies applied here

are tractable in modelling crop acreage demands and support the

assumptions that price and yield uncertainty influence acreage

decisions. Models with yields (or mean and variance of yields) treated

as predetermined generally provided more reasonable results than models

wiÈh yields not predetermined. Results for models assuming price

uncert,ainty or yield uncertainty generally 1ed to anticipated results

for the major crop (wheat), but results for impacts of variances in



revenues per acre for other crops \^7ere more ambiguous. The one major

disappointment of the study is that models combining both price

uncertainty and yield uncertainty generally did not lead to reasonable

results.

DYNAMTC DUALITY MODELS OF CROP YIELDS

A major criticism of the methodology in chapter two is the ad hoc

nature of distributed lag models. In contrast duality theory has been

extended to dynamics within an optimal control or calculus of variations

framework (e.9. Epstein 1-981b; Berndt, Fuss and waverman) and has been

applied to agriculture (e.g. Vasavada and Chambers; Stefanou; Howard and

shumway; weersink and Tauer). However until recently (coyle 1995b;

Arnade and Coyle) all dynamic duality studies have assumed risk

neubrality. Moreover dynamic duality models of crop yield response have

not been formulated.

In contrast to the distributed 1ag models of chapter two, chapter

four formulates and estimates optimal control models of crop yield

response based on dynamic duality. These models incorporate risk

aversion and price uncertainty. Yield uncertainty is not considered here

because (a) it has not yet been incorporated into dynamic duality theory

with risk aversion and (b) it may be less important than price

uncertainty over a long time horizon as in most dynamic models (this

assumes that weather shows less correlation over time t,han do prices, so

effects of weather uncertainty are more likely to cancel out over time).



CHAPTER TÏ/üO

MODELS OF GRAIN YIELD RESPONSE TO PRICE

In spite of the large number of econometric studies of crop supply

response, few studies have focussed explicitly on crop yields. Studies

of crop supply response have generally modelled crop acreage or crop

output levels. These crop acreage demand models have ignored any impacts

of economic variables on crop yields (e.g. Nerlove; Behrman; Just;

chavas and Holt; clark and Klein; coyle L993); whereas crop output

supply models have not decomposed supply response into crop acreage and

yield components (e.g. Griliches; LaFrance and Burt; shumway; weaver;

Antle; shumway, saez and Gottret; but see Herdt for an exception). rn

the multioutput farm, changes in crop acreages correspond approximately

to changes in enterprise mix, and changes in crop yield may largely

reflect factor substitution within an enterprise. Moreover lags in

response may be considerably different for crop acreages and yields

(e.9. many acreage demand studies assume that yields are predetermined).

Thus in order to understand crop supply response, it is important to

measure both its acreage and yield components.

The few studies of crop yield response have assumed essentially

static risk-neutral model-s and have obtained mixed results. Houck and

Gallagher (H-G) assumed that U.S. annual corn yield for L95L-7L depends

on the ratio of fertilizer and corn prices (expectations were modelled

as a one year lag), corn acres harvested, weather and dummies for

acreage restrictions. Prices were significanb in the estimated models,

and the elasticity of yield with respect to corn price varied from 0.25



to 0.75. Menz and Pardey updaLed the H-G data to 1980 and concluded that

price did not have a significant effect on yield f.or t972-80. Reed and

Riqgins estimated a similar model for Kentucky corn yields L96O-79 and

concluded thaL price lrras insignificant. Love and Foster estimated. per

acre production functions and fertilizer demands (rather than specifying

yield as a function of price) for corn, wheat and soybeans using u.s.

data, 1964-86. Since fertilizer inpub was insignificanb in the per acre

production functions, price did not appear to have a significant impact

on yield. Choi and Helmburger estimated a similar model and concluded

that yields are not sensitive to price changes.

This paper estimates yield response equations for major field crops

in Manitoba, 1,96'J,-87. The study emphasizes risk aversion, price

uncertainty and also distributed lags, in contrast to all other stud.ies

of crop yield response to price. This emphasis on risk and distributed

rags is motivated by the following assumptions: crop yields respond

gradually to price changes, farmers are risk averse, and there is

generally more uncertainty regarding prices in the distant future than

in the immediate future (so that gradual or dynamic responses 
. 
such as

changes in yield presumably are more sensitive to price uncertainty than

are reallocations of land among crops).

Results can be summarized as fo11ows. As in most other studies,

prices are insignificant in simple risk-neutral static (one period)

models of crop yie1d. However, allowing for risk aversion in static

models, price variances are often significant in yield equations.

Extending the analysis to distributed 1ag models for crop yields, sums

of lagged coefficients for both expected prices and price variances are



often significant. These results demonstrate that it is feasible and

perhaps essential to incorporate dynamics and risk aversion into models

of crop yield price response.

MODEL SPECTFICATION

A static risk-neutral yield response equation for the major

Manitoba grain crops is specified as follows:

(1) oi = Êro * Êir "ni ¡'l * Êr, *l t *!* Êi: *l * F,.n *.
* Êis "i* Frrcr * Fiz . * "i i = 1,.,M

A loglinear version of this equation is defined by replacing

(y,Ep,/w1 ,*2/rL,w!,K¡z,e¡ in (1) by their logarit,hms. Here yi i" yield of

-i Lcrop i, Ep is expected price of crop i, r^/ is vrage rate for hired
2rabor, \¡r is an aggregate price index for variable crop inputs (e.g.

fertilizer), K is an aggregate quantity index for the stock of physical

capital in crops , z ís total acreage in crops , ,í i" acreage in crop i,

G is a crop growth weather index, and t is a time trend. Assuming

disjoint technologies, yield yi i" specified as a function of own price

Ept but not of prices ¡pl for other crops. A standard assumption in

risk-neutral models is that only relative prices matter, i.e. output

supplies and yields are homogeneous of degree zero in expected prices

(Ep, w). However the term Fr, rl is included in this moder because such

homogeneity restrictions are often rejected in empirical research. The

alternative numerait" t2 is also considered. Since capital requirements

per acre are similar for the major grain crops (e.g. Manitoba

Agriculture) , K / z is used as a proxy for capital per acre for crop i.
I

The term f3., zi is included in order to allow for the possibility of

,OE

t = l-r.rT.



nonconstant returns to scale or that the average quality of land varies

with the quantity of land planted to a crop. 1

The above static model is modified as follows allowing for risk

aversion and price uncertainty. The simplest alternative is to add a

proxy Vpi for the variance of price of crop i, normalized by w1, to (1):

(2) oi =Fro * Fir Epl u *I*ßrrrlr *l* Fir'l * Êrn *r/,,
* Êis "i * Frucr * Fiz . * Êi-e upi z'l . ";

i = 1r.rM t = 1r.,T.

The homogeneity conditions corresponding to constant absolute risk

aversion (CARA) are implied by the restriction Ê., - 0, i = L,.,M (e.g.

Pope; Coyle Igg2). Alternatively Vpi cu.r, be normalized by the sguare of

t1 and a proxy ï{ for initial wealth, normalized by wl, can be added to

(1):
l(3) Y. = Êro +

* Fis

Fr, "ni z'l
"i*Fr.cr*

Here the restriction Fi, =

conditions corresponding to

(Pope) .

)1 1* Fiz wi U wi * Fi: ri * Êi_¿ R, /,,
Fitt *Êi_etpiz t'll2 +rtt,/ 'l *";

i = 1,.rM t = l-,.,T.

0, i - 1, .,M implies the homogeneity

constant relative risk aversion (CRRA)

Distributed lags for expected prices and price variances can be

incorporated into the above models. In principle the assumption of lags

in adjustment implies distributed lags should also be added for other

price-related variables w2 ,/ *1 .rd *1, and for w / wL in GRRA models,

but for simplicity these variables are omitted. These variables

generally are insignificant in static models, and models cannot be

estimated with distributed lags for all of these variables. the risk-

l_0



neutral, CARA and CRRA distributed 1ag models are specified,

respectively, as follows:

(4) oi = Fro * t=]o zi" Epi-" , *'r-, * ßia *, / ,, * Êis "l
* Êio c. * F:.2 t + el

i -s _i 1, ^ i(s) vi = Fio * xr]o zi. Epi_. / *i_" * ßia*, / ,, * F¡s "i
* Êie "u 

* Fiz . * t"lo úi" uni-" u 'l-" * "l
(6) oi = Fio * t"lo zi= Epi-= , 'l-= * ßia *, / ,, * Fis "i

* Fie Gr * Êiz t * t=!o úi, unl-" z twl-.1' * .I
i = 1r.rM t = 1,.rT.

Both unrestricted and polynomial distributed lag models are considered,

and the 1ag length (S) is generally specified as 8 years.

DATA

Yield models $/ere constructed for the following major crops in

Manitoba using annual data for L96l-87: wheat, barley, oats, canola,

flax and rye. This corresponds to the period for which a crop growth

index of weather conditions \¡ras available for Manitoba. Expected crop

output prices were modeled using data on market prices and Canadian

wheat Board (cwB) payments for crops (statistics canada b, canadian

Wheat Board). Three alternative measures of expected crop prices were

considered: (a) a one year lag on market prices, (b) the sum of the most

recently observed components of CWB payments at planting time (current

initial payments, plus adjustment and interim payments for crop marketed

in the previous year, plus final payment, for crop marketed two years

previously) for crops covered by the cwB (wheat, barley and oats), and.

(c) predicted values of market prices plus government payments from time

1L



series model-s. Case (b) will be referred to as expected CWB prices and

\^Ias found to be useful in explaining crop acreag:e decisions in Western

Canada (Coyle 1-993). Alternative proxies for variances of crop prices

were calculated somewhat similarly (see beLow).

Input price indexes were obtained for hired labor, machinery and

equipment, and variable inputs (e.g. fertilizer) for crops (statistics

Canada a). An index of the stock of physical capital in the crop sector

\^¡as calculated as the current value of machinery and equipment

(Statistics Canada b) deflated by its price index. Crop acreag.es \^¡ere

defined as the estimated areas sou¡n annually for harvest (Statistics

canada c,d). vrleaLher was proxied by a crop growth index cRoDEx (D1zer,

Narayanan and Murray), and initial stock of wealth was proxied as Èhe

value of land and buildings plus machinery and equipment (Statistics

Canada b).

RESULTS FOR RISK-NEUTRAL STATIC MODELS

Linear equations (1) and similar loglinear equations for yields of

all crops Ì¡¡ere estimated using alternative measures of crop price

expectations: (a) a one year lag on market prices plus government

payments, (b) expected cwB prices for cwB crops v¡heat, barley and oats

(see above), and (c) forecasts from ARIMA and GARCH models expressing

market prices as a distributed lag of prices . Equations ( 1) \^rere

estimated by ordinary least sçßrares (OLS) and by two stage least sçnlares

(2sls) (specifying crop acres zí as endogenous and treating other crop
i1prices Ep' / w- as additional instruments), and by Zellner,s seemingly

unrelated regressions technique (suR) and. 3sLS. Equations (1) dropping

L2



icrop acreage z as an explanatory variable r¡rere estimated by OLS and

SUR. Models were also estimated imposing zero homogeneity (Fi, = 0),

dropping the factor price ratio, and using the other input price as

numeraire. A dummy variable for the LIFT program \¡ras insignificant.

Cochrane-Orcutt type corrections for auÈocorrelation erere applied as

appropriate. Models were estimated using Shazam 7.0.

Several diagnostic bests were conducted. First, it \^¡as concluded

that the crop yield data does not have unit roots. It has been argued

that the asymptotic value of the Durbin-Watson d statistic is zero in

cases of models with random walk data, and in turn d is like1y t.o be 1ow

in models with data generated by random walks (Phi11ips; Durlauf and

Phillips). rn this study d is never below 1.5. and is often above 2.0.

Moreover Dickey-Ful1er and Phillips-Perron unit root tests, allowing for

the possibility of trend stationarity, rejected the hypothesis of a unit

root in all cases. second, the crop yield equations apparently are

homoskedastic based on Glejser and Harvey test results. This conclusion

is consistent with Yang, Koo and lrlilson, who argued. that weather is

primarily responsible for heteroskedasticity in crop yields and in turn

using weather as an explanatory variable should eliminate

heteroskedasticity in crop yield equations.

OLS results for loglinear models using lagged market prices for

crops and expected CWB prices are presented in Table 1 for wheat, barley

and oats. These are the three major crops (in terms of acreage) over

most of the data period (with canola becoming third in importance after

1-979). The price numeraire, factor price ratio, crop acreage and. capital

variables in (1) were jointly insignificant and so are omitted from the

13



models reported here. Results using forecasts from ARIMA models are

excluded from Table l- since these forecasts 1ed to poor results for all

models considered in the study. These poor results are consistent with

another study suggesting that reported crop price expectations for a

group of saskatchewan farmers are not adequately explained by such

forecasts (Sulewski, Spriggs and Schoney).

Results in Table 1 for loglinear models indicat,e that coefficient

estimates for expected crop prices are insignificant in the reported.

yield equations for wheat, barley and oats. This is also true for

estimates of the corresponding yield equations for canola, rye and flax

(t-ratios for lagged market prices are -l .73, L.'76 and -1.05,

respectively) . Crop prices r¡Iere also insignif icant (or coeff icient

estimates were negative) in all other risk-neutral static models

estimated for this study. Similar resul-ts v¡ere obtained for linear

models.

RESULTS FOR RISK-AVERSE STATIC MODELS

Equations (2) and (3 ) and simiLar loglinear equations \^¡ere also

estimated using various proxies for variances of crop prices. The

variance Vp] Ì¡¡as generally calculated from expected. prices and actual't
prices as in several ot,her studies (e.g. chavas and Holt; coyle 1992):

(7) .ru.'.{pi) = 0.50 (ni_r_ - 
"r_rni_ 12 + 0.3t (ni_, - nr_rni_rl2

+ 0.L7 (ni_, - r._nnl_rt2

that is current variance equals the sum of squares of prediction errors

of the previous three years, with declining weights 0.50, 0.33 and 0.].7.

Proxies for price variances were calculated. in this manner corresponding

í = L,.,6
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to cases where expected prices are measured as a one year 1ag in market

price and as expected ChlB prices. ' Pri." variances were also estimated

as GARCH(1-,1) processes for models relating current market price to a

distributed lag of price, but estímates of (2)-(3) using these variances

\^tere poor. Yield equaÈions \^rere estimated in a manner similar to (1). 3

Factor price ratio, numeraire price, crop acreage and capital variables

were jointly insignificant, so these are omitted from equations (2)-(3)

reported here.

oLS results for loglinear versions of several- linear mean-variance

(CARA) equations (2), where the price numeraire is omitted (Fi, = 0),

are reported in Table 2. Similar results v¡ere obtained for CRRA

equations (3). Three specifications of crop expected price and variance

are considered: a market price specification (both expected price and

variance are defined in terms of lagged market price); a cwB price

specification (both expected price and variance are defined by expected

CWB price) , and a hybrid model (using a CV'IB expected price and a market

price measure of variance). Expected prices remain insignificant in all

cases. Coefficients of price variances are generally significant and

negative in market price and hybrid models for wheat, barley and oats,

but price variances are not significant in CWB price mod.els. Expected.

prices and price variances were insignificant for other crops. Results

similar to Tab1e 2 were obtained for linear models.

Our result that price variance is often more significant than

expected price in static models of yield response is somewhat

surprising, since it is generally assumed in static models of decisions

under risk that, elasticities of response are greaÈer for expected prices
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than for price variances. However there is a plausible explanation of

our result if static models are inadequate for specifying crop yield

decisions. suppose that yield decisions depend primarily upon lagged

expected prices and price varíances rather than upon current period

expectations (as in the above static models). By construction the

correlations between current period price variances (7) and lagged price

variances are greater than the correlations between current period.

expected prices and lagged expected prices. Therefore static models

presumably are mis-specified by omitting relevant lagged expected prices

and price variances, and the largest correlations between included and

omitted variables concerns current period and. lagged. price variances. In

turn, our empirical results are to be expected if our static models of

crop yield response are more correctly specified as dynamic.

RESULTS FOR RTSK_NEUTRAL DISTRTBUTED LAG MODELS

Risk-neutral distributed 1ag (DL) models (4) were estimated using

various fag lengths and polynomial restrictions. rn base cases lag

lenths for expected crop prices v¡ere specified. as g years, and

distributed lags \^¡ere unrestricted or restrictions were in terms of a

fourth degree polynomial (Almon 1.g) . Unrestricted DL models \^rere

considered because estimates from PDL models are inconsistent unless

true coefficients rie exactly on the approximating polynomial (e.g.

Johnston) . Crop acreage "i t r often deleted from regressions. All three

models of expected crop prices were considered, but again results were

always poor using price forecasts from ARIMA models. Hypotheses of

homoskedasticity were not rejected.
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fn contrast t,o single period models, the measure of capital stock

per crop acre (K / z) was often signifícant. However the corresponding

coefficients \^/ere generally negative, which suggests that there are

serious errors in measurement of capital stocks relevant to individual
4crops. Moreover results are highly sensitive to the specification of

capital stocks, perhaps due in part to the higher collinearity

introduced by the distributed lags.

OLS results for loglinear versions of risk-neut,ral PDL models (4),

\n¡here the proxy for capital stock is omitted, are reported in Table 3

for \^rheat, barley and oats . rn order to facilitate comparison of

results, all estimates in this Table are for the base case PDL(O,g,4),

where there is an eight period 1ag and a fourth degree polynomial. L0

indicates current period expected price (i.e. a one year 1ag on market

price, or the current expected cv,IB price), Ll- indicates a one year lag

on expected price, etc. Sum of lag coefficients and t-ratios for the sum

are presented for both the polynomial distributed lag (PDL) models and

the corresponding unrestricted distributed 1ag (UDL) models. The sums of

the lag coefficients for expected price are insignificant, with the

exception of the expected CI/ilB price model for oats. However there is

some indication of a significant 2-3 year 1ag in response for wheat and

perhaps a 3-4 year fag for barley. similar results hold for rye and

flax. The t-ratio of sum of coefficients for laggied market price in rye

and flax eguations is 2.43 and 1-.55 (in contrast to -0.2s for canola).

Results for analogous pDL(0,8,4) models, where the proxy for

capital stock is included, are reported in Table 4. Here the sum of lag

coefficients for expected prices generally are much more significant,
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\^7ith the exception of the market price model for wheat. Individual

coefficients are significant over lags varying from 1-3 years (wheat),

L-5 years (barley) and L-7 or 2-5 years (market and cwB models,

respectively, for oats). Results are similar for rye and flax. Similar

results were also obtained. for linear models. 5

Since misspecification of 1ag length and order of a PDL generally

Ieads to inconsistent estimates (Trívedi and Pagan), and different 1ag

lengths are not conveniently nested withín a polynomial of a given

degree, attempts were made to select pDL's as follows. First an

unrestricted logrlinear DL model similar to (4) with a 1ag length of s =

1-0 years using market or CV'IB expected price was estimated. for a crop,

and a sequence of hypotheses (Há1), îito = 0; 
"j'', 

Tito - o, Tig = 0;

etc.) were tested as standard F-tests in order to determine the lag
**

length s (e.9. Pagano and Hartley; Kmenta). Given the lag length s ,

PDL models of degree =*-1, "*-2, etc. \^rere estimated until the nested

polynomial restrictions (implied by Pascal's triangle) \^¡ere rejected.

Since the true level of significance for an individual test in this

sequence depends on (and decreases wit.h) the nominal level of

significance for previous tests in the seç[uence, it has been argued. that

nominal significance levels should be very low for tests at high degrees

of the polynomial and higher for tests at lower degrees (Trivedi and

Pagan; Judge et. a1.). Thus a significance level of .01 was selected for

F tests of PDL restrictions at high degrees (e.g. 
"* - 1), and a

significance leve1 of .05 was selected for tests at lower degrees. Of

course the true levels of significance under such sequential hypothesis

testing are unknown.
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selected 1ag lengths were 7-9 years, with one exception of 5 years

(canola). A second degree polynomial was selected for all crops except

rye (a fourth degree PDL). The low degree of the polynomials may reflect

the relatively small size of the data set. The sum of lag coefficients

for expected market price and corresponding t-ratios for final pDL

models (excluding proxy for capital stock) are as followsz L.3342 (2.69)

for wheat, 0.6940 (1.1-6) for barley , 1.1,826 (i_.L3) for oats , -O.3LZ2

(1'.24) for canola, 0.6260 (2.95) for rye, and 0.3776 (0.67) for f1ax.

The corresponding results for cvlB price models are j-.7588 (2.93) for

wheat, 0.8510 (r.23) for barley and 1.445L (3.49) for oats. rn contrast

to Table 3, the sum of lag coefficients (and all individual lag

coefficients excluding the end points) for wheat yield equations are

significant. These sums of 1ag coefficients can be interpreted loosely

as long-run elasticities of yield response to expected price.

These PDL results suggest that yierds for wheat and. oats are

responsive to price, and that long-run elasticities of response exceed.

1.0. This is in sharp contrast Èo results for static models, where price

1^7as always insignificant. Thus the earlier results apparently can be

largely attributed to the mis-specification of models as static rather

than dynamic. Nevertheless earlier static results (Tab1e 2) suggest that

the above PDL models are sti11 mis-specified by excluding price

variance. Price variance is incorporated into PDL's in the next section,

and in these cases expected price is significant in yield equations for

barley as well as wheat and oats.
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RESULTS FOR RISK-AVERSE DISTRTBUTED LAG MODELS

Risk-averse DL models (5)-(6) were also specified using distributed

lags for both expected crop pri-ce and variance of crop price. Mean and

variance of crop price expectations \^¡ere measured using lagged market

price, CWB payments, and a hybrid of these two models. Forecasts from

ARIMA and GARCH models for market prices were al-so considered but led to

poor results. As in the risk-neutral DL models, results are often

sensitive to the specification of capital.

Results for loglinear versions of the risk-averse linear mean-

variance PDL(0,8,4) models (5), where the proxy for capital stock is

omitted, are reported in Table 5 for wheat, barley and oats. since oLS

estimates show substantial (negative) autocorrelation, GLS estimates are

presented for an AR(1) model using a Cochrane-Orcutt type iterative

procedure. An(Z) models and maximum likelihood and grid search methods

were also considered, but results were less satisfactory in these cases.

OLS estimates and standard errors were broadly simil-ar to Table 5.

Results were also similar for model (6).

rn Table 5, the sums of lag coefficients for expected price are

generally significant when these prices are modeled as expected CWB

prices rather than as lagged market prices, and the sum of lag

coefficients for price variance is also significant (negative) in six of

nine cases for these crops. rn addition, t-ratios for the sum of

unrestricted lag coefficients of crop price mean and variance (market

price model) are 3.06 and -1.88 for canola, 3.34 and -0.j-8 for rye, and

2.37 and -2.90 for f1ax. The sum of lag coefficients, which can be

interpreted loosely as long-run elasticíties of yield response, are

20



always substantially larger in magnitude for expected price than for

price variance. This is consistent with other studies of output supply

(e.S. Behrman; Just; Chavas and Holt; pope and Just; Coyle L992).

Àttempts vtere also made to select linear mean-variance PDL,s

essential-1y in the same manner as for risk-neutral PDL's. In contrast to

risk-neutral PDL's, first order Cochrane-Orcutt type GLS was applied for

all models. Unrestricted models with ten year lags on both mean and

variance of price could not be estimated satisfactorily due to data

limitations, so it was decided to use the 1ag lengths selected for the

risk-neutral PDL's. It was also more difficult to select the degree of

polynomial due to autocorrelation as well as limited data. Third degree

polynomials \^¡ere selected in all cases except for canola (second

degree). The sum of lag coefficients for expected price and. price

variance and corresponding t-ratios for several selected PDL models

(excluding capital stock) are as follows: 1.1069 (2.92) and -o .1269

(2.89) for wheat cwB model , L.4217 (2.61,) and -0.L621 (2.65) for barley

hybrid model, 1.602 (3.06) and -0.tr82 (L.96) for oats hybrid model,

-0.31-75 (0.85) and 0.0168 (0.32) for canola, 0.9644 (3.83) and -0.0908

(1.91) for rye, and -0.5057 (0.36) and -.0073 (0.07) for f1ax. Note that

these results are somewhat less significant than corresponding base case

PDL results in Table 5, and this may reflect in part the greater

difficulty in selecting lag length and degree of polynomial in this

case.

Although PDL results suggest that crop yields may well d.epend on

lagged expected price and lagged price variance, it is not clear whether

current period expecLed price and price variance infruence yield.
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current period expected price is always insignificant in risk-neutral

PDL's and is only significant in one of nine línear mean-variance pDL,s

reported in Tabl-e 5. However the current period variance is significant

in five cases reported in Table 5. Since these measures of variance are

relatively crude and the current period proxy may be correlated with

true lagged price variances, coefficient estimates for current period

measure of price variance may actually reflect the contributions of

lagged price variance to currenL yie1d. This interpretation seems

somewhat plausible given the unambiguous results for risk-neutral models

and assuming that yields as well as outputs are more responsive to

expected price than to price variance.

CONCLUSION

In contrast to all other econometric studies of crop yield response

to price, this study explores the importance of risk aversion, price

uncertainty and distributed lags in explaining crop yield response. This

emphasis reflects the following common assumptions regarding crop

agriculture: crop yields respond gradually to price changes, farmers are

risk averse, and there is generally more uncertainty regarding prices in

the distant future than in the immediate future.

Results are reported for major field crops in Manitoba, Lg61,-g7.

Expected prices are insignificant in risk-neutral static models of crop

yield (as in most other studies). However, when price variances are

added to the static models, coefficients of these price variances are

often significant (and negative). A somewhat plausible explanation of

this contrast between expected price and price variance in static models

22



is that true models are dynamic and price variances are highly

correlated over time. The importance of dynamics and risk aversion in

explaining crop yields ís illustrated by results for risk-neutral and

risk-averse distributed lag nmodels. The sum of. lag coefficients is

often significant for both expected price and price variance, and these

elasticities of long-run response are substantially greater in magnitude

for expected price than for price variance.

rn sum, this study indicat,es that it is tractable, and perhaps

essential, to accomodate risk aversion and substantial lags in crop

yield price response models. rn contrast Lo static mod.els of crop

acreagie demand (e.S. Coyle L993), here the effects of at least expected

prices on crop yield were insignificant in static models. The lagged.

effects of prices and uncertainty on crop yields appear to be

substantial. this suggests a significant difference in response patterns

for crop yields and crop acreaçte demands. In turn disaggregating models

of crop supply response into these components presumably can lead to

substantial gains both in understanding of supply response and in

efficiency of estimation.

A next sbep in developing models for crop yield decisions is to

incorporate risk aversion and uncertainty into formal dynamic models,

e.g. dynamic duality models, ês a possible alternative to the

distributed lag models of crop yield considered here. These can be

estimated jointly with static duality mod.els of crop acreage demands

under risk aversion, which are most easily specified when yields can be

treated as predetermined.
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FOOTNOTES

1. A reduced form equation for yield can be defined by omittinn ri fro*

(1). However, in the case of nonconstant returns to scale (or variation

in average quality of land) and assuming that total crop land z is a

fixed allocatable input, prices spj of other outputs (and perhaps z)

should be included in the reduced form (shumway, pope and Nash).

2. Measures of yield uncertainty were also considered in this study.

Variance of weather v/as calculated from GRODEX d.ata similarly to (7) for

each of six weather stations in Manitoba and averaged over stations, and

this was combined with estimates of production functions explaining

yield in terms of weather in order to calculate proxies for variance of

yield for each crop. Then variance of price and yield were combined into

measures of variance of revenue per acre for each crop. Econometric

results are not reported here because this approach entailed a loss of

four observations for st,atic models and twelve observations for

distributed lag models (so results incorporating yield uncertainty are

not comparable Èo other results reported here for static models, and

such estimation is not tractable in risk-averse distributed lag models).

3. Geometric lag models similar to (1)-(3) were also specified by adding

a lagged crop yield, and these models were estimated by ol,s and

instrumental variable methods with Cochrane-orcutt type autocorrelation

corrections. However expected prices and price variances remained

insignificant, and coefficients for ragged crop yield were ofÈen

insignificant.
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4- It should be noted that other studies of crop yield price response

(e.9. H-G) have not reported results using proxies for capital.

5. In principle distributed lags can be explained in terms of either

price expectations (where current expectations are a distributed lag of

past prices) or lags in adjustment of supply/yie1d. However price

expectations would presumably attach higher weights to the more recently

observed prices, whereas estimates of the coefficient for L0 (a one year

lag on market price, or current expected cwB price) are always

insignificant in the distribuEed lags for Tables 3-4. Moreover, given

the definition of an expected CI,TIB price, it seems difficult to explain

any results for distributed lags for these CWB models in terms of

adaptive price expectations (e.g. the initial payments component of the

expected cwB price is known at the time of planting, so there is no need

to predict initial payments for the current year in terms of a

distributed lag of past initial payments). Thus it seems reasonable to

attribute our PDL results primarily to lags in supply/yield response.
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Lagged market price

Weather

Trend

Consta¡¡t

R,/DW

Expected CWB price

Weather

Trend

Constant

Rt¡nw

Table 2.1 Estimates for One Period Risk-Neutral Models (Log Linear ùfodels)
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Table 2.2 Estimates for One Period Linear Mean-Variance Models (Log Linear Models)
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Lagged rnarket price

Table 2.3 Estimates of Risk-Neutral Polynomial Distributed Lag (Log Linear Models)
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Expected CWB price
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Table 2.3 cont...
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Table 2.4 Estimates of Risk-Neutral Polynomial Distributed Lag (Log Linear Models - Using Capital Proxy)
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2.6+

1.428

1.722

.8576 t.99

2.782

3.t23

.8280 2.æ



Expected CWB price

(,
l-¡

Capital

Wea¡her

Trend

Consta¡rt

R,/DW

llag coeff (PDL)

f, lag coeff (UDL)

LO

LI

L2

L3

L4

L5

L6

L7

L8

.t561

.3 t08

325r

.2770

.2t80

.t737

.t429

.0986

-.0t29

-.87 t{

.5172

.0686

-r 1.35

Whear

t-ra1io

Table 2.4 conJ...

1.28

3.23

3.7't

3.25

2.2t

t.97

t.7t

1.18

0.08

3.29

3.43

4.s3

5.55

2.71

2.41

.0891

.2216

.3 160

.311'1

.3106

.2323

.1J65

.1087

.1928

-.9339

.6156

.0951

-l 1.88

z.û

r.965

2.26't

coeff

Barley

t-ratio

0.88

2.03

3.06

3.74

3.33

2.7t

1.59

t.z0

r.33

3.05

3.91

4.59

5.1I

t.ó89

t.632

.8139

.1996

.l 137

.t736

.2155

.2561

.1 933

.1 039

.0958

.3371

-.6625

;t7t5

.t220

-l l.7t

z.t4

Oats

1.80

t.32

2.+1

4.17

3.8E

3.26

1.35

l. l6

2.62

2.78

5.-t0

4;t6

3.05

3.02

t.7 t9

1.7t6

6.20

.8648

3.98

3.81

2.22



Table 2.5: Estimates of Linear Mean-Variance Polynomiat Distributed Lag
(Log Linear Models - Corrected for First Order Autocorrelation)

Oats

coeff

Barley

t-ratio coeff t-ratio

Wheat

coeff

Lagged market price

Market price variar¡ce

\ty'ea¡her

Trend

Constant

R,/DW

llag coeff:Ep (PDL)

:Vp (PDL)

:Ep (UDL)

:Vp (UDL)

LO -.2090

Lt .t0t7

L2 .1226

L3 .t205

L4 -.0848

L5 -.1196

L6 -.0568

L7 .08,{4

L8 .æ8t

LO -.636

Ll -.0082

L2 .0095

L3 .0125

L4 .0143

L5 .0195

L6 ,U¿32

L7 .0tt2

L8 -.0399

.587t

.0139

-3.929

.8565

.æ71

-.u¿15

-t.4E7

-.0387

1.38 .t997

l.l9 .2471

1.83 .?387

0.30 .2.r'¡66

0.87 .2987

1.08 .3781

0.47 .4¿33

0.86 .3282

1.50 -.0578

zJt .0f298

0:75 .0005

l.ll -.æ12

l.5l -.0039

l.l5 -.t¿12

l.l5 -.0510

1.03 -.t760

0.63 -.0633

I:74 .0350

2.67 .50n

0.79 .1071

3.07 -5.335

2.32 .9199

0.16 2303

0J2 -.1512

1.99 1.860

1.29 -.æv7

t.44 .t842 0.96

2.83 .1150 1.37

3.37 .1415 l.9l

3.35 .1840 2.16

2.80 .t967 t.76

2.90 .t677 t.73

2.83 .1188 l.5l

2.63 .1058 t.29

0.25 .2t8t t.26

0.87 -.M87 2.53

0.03 -.0245 1.68

0.08 -.0158 r.0'l

o.25 -.0235 tJ3

t.t1 -.0330 2.46

2.35 -.0352 3.O2

2.92 -.0259 1.99

3.16 -.0060 0.39

L44 .0187 1.10

2.33 .9010 4.86

5.40 .0822 3.34

4.45 4.906 5.76

2.34 .8E38 2..01

3.82 1.432 1.98

2.33 -.2140 4.64

t.74 2:737 2.69

t.26 -.2328 6.09
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Table 2.5: cont...

Wheat

coeff

Barley

t-¡atio coeff

Oats

coeff t-r¿tiot-râtio

Expecæd CWB price

Market price variance

lileather

Trend

Constant

RTDW

llag coeff:Ep @DL)

:Vp @DL)

:Ep (JDL)

:Vp (UDL)

LO .ú228

Lr .1567

L2 .t544

L3 .0985

L4 .M65

L5 .0308

L6 .0593

L7 .1t47

L8 .1550

L0 -.0488

Ll -.0046

LZ .0080

L3 .0063

L4 .0016

L5 -.0004

L6 .0005

L7 -.0015

L8 -.0178

.5329

.0376

4.557

.835 r

.8388

-.0567

2.265

.cÉ,64

0.1r .2188

r.45 .3208

1.78 .2962

1.04 .25t5

0.37 .2430

0.22 .n73

0.44 .3109

1.12 .2506

0.69 -.0/.70

2.t3 -.0r5r

0.42 -.U¿53

0.8r -.0152

0.67 -.æ87

0.ll -.0166

0.02 -.0369

0.02 -.0546

0.08 -.cÉ'20

0.61 .0416

2.t7 .6É.25

t.64 . t046

2.79 4.356

2.20 .9082

1.09 2.122

1.29 -.1729

2.23 4.680

1.36 -.1908

t39 .3175 2.32

2.60 .0193 0.24

3.00 .v¿29 0.42

3.O7 .1228 2.52

2.55 .1900 3.09

2.30 .1722 2.77

2.00 .æ34 l.l0

1.88 .0547 0.59

0.23 .2332 t.92

0.55 -.0502 2.70

t:75 -.ú46 0.39

r.r I .0034 0.25

0.69 -.æ74 0.57

r.20 -.t226 1.82

2.24 -.0322 3.24

2.52 -.$A7 Z:73

2.34 -.0168 l.l5

1.78 .0060 0.37

3.30 .8330 4.85

4.76 .0978 3.96

5.12 :7.120 6.89

2.15 .9118 i.98

3.04 r.226 2.67

2.90 -.1553 3.64

8.78 1.061 2J9

7.06 -.1650 z.8s
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Table 2.5: cont..

Whear

coeff

Barley

t-ratio coeff

Oats

t-ratio coeff t-ratio

Expecæd CWB price

CWB expec.ted price

variance

Weather

Trend

Constant

R,/DW

llag coeff :Ep @DL)

:vp (PDL)

:þ (UDL)

:Vp (UDL)

LO .n53

Lt .n07

L2 .n48

L3 .2306

L4 .1280

L5 .æ47

L6 -.0547

L7 .0819

LE .5942

LO -.ú135

Ll .0001

LZ .0306

L3 .t244

L4 -.0069

L5 -.M63

L6 -.ün5

L7 -.0551

L8 .0358

.4461

.0658

-5.009

.883 r

1.806

-.t624

1302

-.1387

1.84 .1103

3.74 .2396

3.78 .2852

3.2t .2666

1.73 .2099

0.07 .1480

0.70 .1199

0.93 .17t6

3.43 .3552

3.43 -.M63

0.01 .û72

l.9l .0367

1.82 .U248

0.50 -.0019

2.40 -.0329

3.03 -.0542

3.n -.051't

1.36 -.0117

2.87 .3047

5.44 .0833

4.23 -3.821

2.49 .9304

3.57 1.906

4.12 -.1540

3.87 1.819

3.89 -.1657

1.03 .0328 0.25

2.4'1 .1314 r.zt

3.65 .?ß60 3.76

4.06 .3150 5.57

3.04 .2389 3.15

2.07 .t799 0.71

t.37 -.0373 0.21

l.8E .W37 0.54

3.24 .7617 5.38

3.55 -.M65 t.40

0.49 -.Mt'l 1.66

2.0t .0145 0.65

z.0r .0525 1.60

0.20 .0398 1.04

2:t8 -.0188 0.67

3.2E -.0814 2.87

3.58 -.0693 t-63

0.85 .1338 Z.5Z

1.63 .7258 4.84

4.99 .n67 2.85

3.88 :7 .323 7.38

2.50 .927t 2.26

3.08 1.882 2.66

3.92 -.0171 0.37

r.98 2.m3 2.O2

3.lE .U223 0.n
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CHAPTER THREE

DUALITY MODELS OF CROP ACREAGE DEMANDS

Agricultural economists have often modelled crop production

decisions in terms of acreage responses rather than output supplies

(e.9. Nerlove 1956, L972; Askari and cummings; Behrman; Houck and

Ryan; .Iust; Chavas and Holt,). The standard argument is that acreage

planted is unaffected by subsequent weather and hence may pro)qr

planned output more closely than does observed output. fn addition it

is often assumed that crop yield is predetermined.

In contrast, duality models of crop production have only recently

incorporated acreage demands (Chambers and ,fust; Paris). However these

models, which assume joint output and acreage decisions (conditional on

quasi-fixed inputs), are relatively complex. Several other st,udies have

estimated acreaçte arlocations under duality (coyle L993¡ Moore and

Negri; Moore, Gollehon and Carey).

This study estimates models of crop acreagie allocations for

Manitoba agriculture within a duality framework. In contrast to other

duality studies, we emphasize models with predetermined yields and risk

aversion. The assumption of predetermined yields, which is common in the

nonduality literature, substantially simplifies specification of duality

models of acreaçte allocations. Moreover estimates of crop yield price

response models for Manitoba support this assumption (see previous

chapter) .

Risk preferences are model1ed. within linear and nonlinear mean-

variance frameworks, and proxies for price uncertainty are emphasized.
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This study provides the first empirical application of recent extensions

of static duality theory under mean-variance risk preferences (Coy1e

1992' l-995). In addition, we suggest a simple methodologry for combining

weather station data and aggregate production data to obtain a measure

of yield uncertainty. Previous studies have assumed that measures of

yield uncertainty obtained using aggregate (rather than farm level) data

necessarily underestimate yield uncertainty at the farm 1eve1.

MODEL SPECIFICATION ÀSST'MTNG PREDETERMINED YIELDS

Consider a multioutput firm with a fixed amount of total crop land

Z that can be allocated between M crop enterprises, and assume that net

revenues per acre rj are predetermined for a1l enterprises j = L, .,NI

(i-e. input l-evels per acre and yietds are predetermined, aside from the

unanticipated effects of weather). Then the risk-neutral firm's acreage

allocatiorL z = (rI , .,rM) solves bhe maximizaÈion problem 1

(1) R(r, Z) = max
z>o l=r

s.t. l=r
where R(r,Z) is linear homogeneous and convex in r, and Hotelling,s

lemma is satisfied:
-i(2) zJ (r,z) - ôR(r, z) /ðrJ j = 1, .,M .

Thus acreage demand equations are specified given a functional form for

the dual net revenue or profit function R(r,z), and these eguations

satisfy standard homogeneity, reciprocity and curvature conditions.

Alternatively assume linear mean-variance risk preferences, i.e.

assume a utility function U = ER - a/2 VR where (ER,VR) denoÈe mean and

variance of the firm's subjective probability distribution for net
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revenues and the coefficient of absolute risk aversion ü is constant.

uncertainty in net revenues per acre r may reflect either price

uncertainty or yield uncertainty. Instead of assuming that yields are

predetermined, it may sometimes be appropriate to assume that the mean

and variance of the distribution for yield are predetermined. The firm,s

utility maximization problem is

(3) u*1Er,vr,z) = max u = E.T,- "rj zJ - a/2 >iÏr E¡Tr rril ,í ,i
z>o J=

s.t. zily ,j = z

1MHere Er - (Er-,.,Er") is the vector of expected net revenues per acre

and vr is a vector of the distinct covariances 
"o.r1ri,rj¡ (i,j = 1,.,M)

between net revenues per acre for the M enterprises. u*(Er,vr,z) is

linear homogeneous and convex in (Er,vr), and the following equations

analogous to Hotelling,s lemma are satisfied:
i*(4) ,r lÐr,yr,Z) = ðu (Er,Vr, Z) /}Eri j = I, .,M

and

(5) -u/2 zj(¡:r,vr,z)2

-o r'(Er,Yr,z) ,J (E ,yr,z) = ôu*(Er,vr, ,7¡/ô\Írii

(coy1e L992). Acreage demand equations (4) are homogeneous of degree

zero in (Er,Vr) and satisfy sÈandard reciprocity conditions. Functional

forms can be specified as in Coyle.

More generally assume nonlinear mean-variance risk preferences,

i.e. assume a utility function U = *O + ER - cr,(Vü' + ER,VR)/2 VR, where

*0 is initial wealth and the coefficient of absolute risk aversion a

varies with (*o + ER,vR). Then the firm,s utility maximization problem

is
*(6) U(Er,Yr,WO,Z) =*1: U=*0

a>Â

*
- ôU (Er,Vr, ,Z) /ðyr. .

ll

+
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- 6ú(vü0 * Ej:l Erj ,r,rr,!, r1T, rrri "i ,j)tz z.M_, EjT, ,r:.1 ,i ,j
s.t. E.*- ,j = z

I =l-

u*(À 
"r, 

x2 vt,^ wo,z) = À u*(Er,vr, wo,z) (scarar À > 0) in the case of

constant relative risk aversion (CRRA,), U*(.) is quasiconvex in (Er,WO)

(given u strictly increasing in wo + ER), and the following equations

analogous to Roy,s theorem are satisfied.:

(7) rj ("r,yr,wo,z) = ôu*(Er,vr, wo,z) /ôIrrj / au*(Er,vr, wo,z) /ôttto

j = 1,.,M.

The equilibrium coefficient of absolute risk aver"ior,. cr,* for any given

(Er,vr,v,Io,Z) can be calculated directly from the dual in the case of

CRRA. In addition,

(8) AU* (Er,Vr,WO ,z) /ôWO = I - ôcx,(WO+ER,vR) /A(v,fo+ER) \,rRl2

(Coy1e 1995a).

MODEL SPECIFICATTON WHEN YTELDS ARE NOT PREDETERMTNED

Chambers and Just (c-,I) constructed the following model where

output (y), variable input (x) and acreage allocation decisions (z) are

made jointly:

(9) n(p,w,K,Z) = max ¡t(p,w,K,z)

s.t. E.M- ,j = zl=r
where Z is the leve1 of quasi-fixed inputs and

(i-0) n(p,w,K,z) = Írâ.x tiÏ, nj oj - t,Ia ,t *
(y, x) €T (z,R)

Thus the conditional prof it function tt(p,w,K, z)

and convex in (p,w), satisfies Hotelling,s lemma

i(i-1) yJ = ôr(p,'w,K,z) /ôp)

is linear homogeneous

= L,.rM

= 1r.rN

)

1
1xt = - ôn(p,w,K,z)/ôwt
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assuming an interior solution to (9). Note that the specification of

these acreage demand equations is more complex than (2) where yields are

predetermined. Assuming a normalized quadratic conditional profit

function tt(p,rv, R, z) , acreage demands z(p,w,R,Z) as well as output

supplies and variable input demands are linear in exogenous variables,

but acreage demand equations are nonlinear in parameters of the duat.

Assuming linear mean-variance risk preferences and price

uncertainty (without yield uncertainty), problem (9) can be respecified

as

:ka(13) U (Ep,w,Vp,R,Z) =max U (Ep,w,Vp,K,z)
a>Â

".t. EiTr zj = z

where (Ep,vp) denote means and covariances for output prices and
*(I4) u (Ep,w,vp,K,z) = max t.T., 

"pj oj-- tr], ,i *i
(y, x) eT ( z, K) J =r'

- nlz LM >.M- vo. . ri ,rj*t o oi=! -j=! 'o,ij t t

Properties of the conditional dual u* (Ep, w,vp,K, z) are discussed in

and in addition

(1,2) ôtt(p,'vt,R,z) /ðzí - ôn(p,w,R,z) /ðzj

Coyle (L992), and in addition
*.i*.(15) ôU (Ep,w,Vp, K,z) /ôz' = ðU (Ep,w,Vp,K, z) /ôz)

i,j = 1,.,M

i' j = 1,.,M.

This specification of acreage demands is more complex than (4) where

yields are predetermined. Moreover the specification of the joinÈ

acreage demand, output supply and variabl-e input demand model becomes

substantially more complex when yields are uncertain (coyre i_995b). rn

contrast, equations (4) apply to both price and yield uncertainty when

yierds are predeÈermined (or, more correctly, the nonweat,her component

of yield is predetermined). Extensions of the c-J model to nonlinear
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risk preferences can also be constructed in a simirar manner.

¡,ÍEASUREMENT OF UNCERTAINTY

Most studies of supply response use time series data that is highly

aggregated over individuals and regions, €.g. often national or state

level data. Since prices faced by different firms are highly correlated

with each other over time, the variation over time in aggregate prices

presumably provides a reasonable measure of price uncertainty at the

firm level. A proxy for price variance Vp] for commodity i at time t has-t
been calculated as follows in several other studies (e.g. Chavas and

Holt; Coyle 1992):

(16) ,r.r. {ni) = 0.50 (ni_, - 
"._rni_r) 

2 + 0.3: (ni_, - e._rei_rt 2

+ o.t7 (nl_, - r._nrl_rl2

that is current variance equals the sum of squares of prediction errors

of the previous three years, with declining weights 0.50, 0.33, 0.1,7.

On the other hand it is well known that variation in aggregate yield

will substantially underestimate yield uncertainty at the farm level

because yields vary by region. As a result it is often argued that farm

leve1 data on production is required in order to model the effects of

yield uncertainty on production. of course, even aside from this

argument, there are well known advantages to using panel data sets over

aggregate time series data sets. The difficulty is that there often is

no alternative to such aggregate data sets, as in this study of Manit,oba

agriculture.

Here we propose a simple method for combining aggregate production

data with weather station data in order to obtain a measure of yield
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uncertainty. This method should often be feasible and does not share the

bias resulting from the use of variation in aggregate yield as a measure

of variation or uncertainty in yields at the farm leve1.

Consider a single output production function y = f(x,u) where

output y is a function of input levels x and a stochastic weather

variable ø. A first order approximation to output variance vy

conditional on x is

(t7 ) vy (x) = tlf(x, Eø) / ôuj2 va

where (Eo,Vtrr) are the mean and variance of the distribution for t¿ (e.g.

Goldberger). This approximation is exact if the production function is a

Gorman Polar form in terms of tù, and the approximation generalizes to a

vector al of weather variables.

Suppose that time series data on a crop-specific weather index is

available for several weather stations within a region (alternatively

data for multiple weather variables contributing to crop production may

be available). Let øl be the level of this weather variable at station st
at time t. Then a measure of variance can be constructed for each

weather station and averaged over stations, e.g.

(18) vø; = o.so ("i_, - 
"._rri_ 12 + 0.32 ("i_, - ,r_rr"r_rl2

+ o.L7 ("i_, - 
"r_n l_r't2 s = 1r.rS

(19) t.=>=",vrlZ"
The production function y = f(x,u) can be estimated using aggregate data

(y,x) and the average of weather data over the stations, €.g. 
"ra = >"1,

S,E / S. Then estimates of the production function y = f(x,Eo) can be

used to calculate the marginal impact of weather ôf(x,F;t¡)/ôa. Given Va¡

defined as in (19) (rather than as a variance for aggregate weather Ear),
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a proxy for yield uncertainty vy can be constructed as in (Ll¡.

The simplest approach to calculating a pro)<y for yield uncertainty

is to estimate a production function as above and then use this proxy in

a duality model, but it is also possible to estimaLe this proxy jointly

with a duality modeL where yield is not predetermined. For example,

applying the envelope theorem to the linear mean-variance model
*,(20) U (p, ut,F;û),Vþ),K,2) = max f M i* i

a)ñ 
i, I' u' - (PJ 

' 
\^t 

'Eu) 'vþ) ':KJ ' ') ')

s.t. E.M- ,j = zl=r
uj*(pj ,'w,Eu),vt¡,Ki,zj) = *1î pj f (*j,Kj,Ear) - trl, *i *ij

x>0

- q./2 (ôr(xj ,Kj ,Eu) /ôul2 vu

implies
-:*(21) aul*(.)/ôvø = - a/2 (ðf (xj,Kj,Eø) /ôøy2

rn turn vyj 
"u.n 

be proxied in terms of parameters of the dual as
i +*(22) Vy' = - (2/a) ôUJ (.) /ôvø va

Thus Vy can be calculated jointly with the dual model (20). However the

simpler approach has the advantage of relating the pro>q/ for vy direct,ly

to production and weather data.

DATA

The data is similar to data used in the previous chapter. Acreage

demand models were constructed for the following major crops in Manitoba

using annual data for L96L-gj: wheat, barley, oats, canola, flax and

rye. This corresponds to the period for which a crop growth index of

weather conditions was available for Manitoba. Expected crop output

prices were modeled using data on market prices and Canadian ülheat Board

(c?'lB) payments for crops (Statistics Canada b, Canadian Wheat Board).
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Three alternative measures of expected crop prices were considered: (a)

a one year lag on market prices plus government payments, (b) the sum of

the most recently observed components of CV,IB pa]¡ments at planting time

(current initial payments, plus adjustment and interim payment,s for crop

marketed in the previous year, plus final payment for crop marketed two

years previously) for crops covered by the clvB (wheat, barley and. oats),

and (c) predicted values of market prices plus goverrunent payments from

time series models. Case (b) will be referred to as expected CWB prices

and was found to be useful in explaining crop acreag:e decisions in
western canada (coyle 1-993). Alt,ernative proxies for variances of crop

prices and variances of crop yields were calculat,ed using (16) and (1g) -
(L9), respectively.

Input price indexes were obtained for hired 1abor, machinery and

equipment, and variable inputs (e.g. fertilizer) for crops (statist,ics

Canada a). An index of the stock of physical capital in the crop sector

was calcuLated as the current value of machinery and equípment

(Statistics Canada b) deflated by its price index. Crop acreages \^/ere

defined as the estimated areas sown annually for harvest (Statistics

canada c,d) - weather was proxied by a crop growth index eRoDEx (D¡zer,

Narayanan and Murray), and initial stock of wealth was proxied as the

value of land and buildings plus machinery and equipment (Statistics

Canada b).

RESULTS FOR RISK-NEUTRÄL MODELS

Assume predetermined yield.s and a generalization of

quadratic functional form R* (r*, z) for the dual net revenue
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*(221 Ru = Fo

+

+

* rr1, Êr,Jt + 0.5 rr1r ri1, Fri,lt.lj * rr1, Frn,Jtr,
rr1,_ Fr, 'it rr_r* rr1, Fr.,lt,3 * t.', Frr.ii a.

tr1,. Fr, 'lt '
where R = R / (r4 z), ,*i = ,i / ,n (i - L,2,3), and ,4 is a

Tornqvist approximation to a Divisia price index for oats, flax and

rye- i = L,2,3 denote wheat, barley and canola, respectively. For

simplicity a four crop model is specified here using the Divisia

price index as numeraire, but five crop models were also considered.

Applying Hotelling,s lemma (2) to (23),

(24) ="i = Fi * Ejl,. pri .lj * F¡4, ^, * Fis (r, - ,r_t) * Fi. rÍ
* Fit r * Fie t + el L = t,2,3

-]-]-where sz- = z- / Z. The static risk-neutral model (1) implies thaL R is

linear homogeneous in r, i.e. B.U = 0 (i = L,2,3). This permits a simple

Èest of the homogeneity assumption. constant returns to scale in

production implies Fi4 = 0 (i = L,2,3). The rate of change in total crop

acreage (r, - ,r_l is included in the model assuming that crop acreage

demands depend on lags in adjustment of the overall crop rotation (Coyle

1993). The acreage demands (24) are consistent with a dual revenue

function (23) if the following reciprocity (symmetry) conditions for

integrability are satisfied by the demands:

(25) Ftz = Fzt Fr¡ = F:r ßzz = Fzz

Several simplifying assumptions are adopted in this model. First,

since capiÈal and labor requirements per acre are essentially identical

for the different crops in Manitoba (e.g. Manitoba Agriculture),

measures of capital stock and labor wage are omitted from this model.

second, since total expenses per acre for other variabre inputs are
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relatively similar for different crops over this data period, these

expenses are excluded from the model. Third, r is defined as expected

revenues per acre' which is measured as the product of expected output

price and lagged yield, rl = "oi 
i i- r (Yr_r / "r_l .

If yields are not predetermined, then acreage demands are specified

implicitly by M - 1- first order conditions (L2) in terms of the

conditional dual T(p,w,K,z) and the constraint E*Ï" zj = Z. Solvingl=1
these first order conditions generalty leads to acreage demand eguaÈions

that are nonlinear in coefficientÈ. Alternatively, rather than

specifying a functíonal form for z(p,w,K,z), \^re can specify functional

forms for the reduced form acreage demands z(p,w,K,z) that are analogous

to (24) :

i -3 ^ *i , , 4(26) szl = Fi * Ejlr Fii o.' * Fia,', * Fis Ør 
"-t) 

* Fie n,
* Fil dt * Êie t * ei í = r,2,3

. *i í 4 Lwhere p - = p' / p' (i = l-,2,3) and p= is a Tornqvist approximation to a

Divisia price index for oats, flax and rye. Reciprocity cond.itions

analogous to (25) do not generally apply here.

Models (24) and (26) were specified using alternative measures of

crop price expectations: (a) a one year lag on market prices plus

government payments, (b) expected cwB prices for cwB crops wheat, barley

and oats (see above), and (c) forecasts from ARIMA and cARcH models

expressing market prices as a distributed lag of prices. However

forecasts from ARIMA models led to poor results. This is consistent with

another study suggesting that reported crop price expectations for a

group of saskatchewan farmers are not adequately explained by such

forecasts (Sulewski, Spriggs and Schoney).
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Tests were conducted for unit roots and cointegration. Standard

unit root tests (e.g. Dickey-Ful1er, phillips-perron) test the null

hypothesis of unit roots but it is well known that these tests have very

1ow power, i.e. Èhese tests may well accept the nul1 hypothesis of a

unit root even though it is false (e.g. De,Jong, Naukervis, savin and

Whiteman; Kwiatkowski, phil1ips, Schmidt and Shin). As a result

Kwiatkowski et al have presented a test where the null hypothesis is

that the data is stationary around a linear trend and. the alternative

hypothesis is a unit root. Regarding data on crop acreages (and shares),

hypotheses of unit roots were not rejected using standard tests (Dickey-

Fuller, Phillips-Perron), but hypotheses of stationarity were also not

rejected using the test of. Kwiatkowski et al. Similar results $rere

obtained for the numeraire expected net revenue per acre t4 and the

numeraire expected pti"" p4. on the other hand, results from standard

unit root tests and the test by Kwiatkowski et al all suggested that

relative expected net revenues per ."r" r* and relative expected prices
*

p (using both expected ClrlB and lagged market prices) do not have unit

roots- Results of Dickey-Fu1ler and Phillips-Perron tests for unit roots

in residuals for equations (24) and (25) did not reject, the hypothesis

of unit roots, so there is no support for cointegration. 2

Durbin-Watson statistics were also considered in assessing the

possibility of unit roots. It has been argued that t,he asymptotic value

of the Durbin-Watson d statistic is zero in cases of models with rand.om

wark data, and in turn d is likely to be low in models with data

generated by random walks (phillips,- Durlauf and phillips). ol,s

estimates of (24) and (26) generally showed d values of j_.5 or higher
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with the exception of barley. For example, OLS estimation of (24) using

expected cwB prices led to d values of !.72, L.z!, 2.02 and l_.6g for

wheat, barley, canola and other crops, respectively.

rn sum, there is no strong support for unit roots or for

cointegration. Tests indicate unambiguously that the major explanaÈory

variables (normalized net revenues per acre or normalized prices) do not

have unit roots. As a result, even if there are unit roots in some

variables, the standard time series fixup of first differencing the data

is not appropriate. 3 Ther"fore cLassical procedures for estimation and

inference will be used in this study.

share equat,ions for models (24) and (26) were estimated by the suR

(seemingly unrelated regressions) met,hod. Singularity of the four

equation share model implies that one equation (here the fourth equation

for the share of other crops) must be dropped for purposes of

estimation. Since ol,s estimates indicated autocorrelation for various

equations, AR(1) models were estimated for these eguations using

Cochrane-Orcutt type GLS Èransformations prior to SUR estimation. This

generally implies that SUR estimates are not invariant to the choice of

equation omitted from the model (Berndt and Savin).

In principle serial correlation in OLS residuals may reflect either

model misspecification or serial correlation of disturbances. Tests of

common factor restrictions are recommended to help distinguish between

these possibilities (Davidson and MacKinnon 1993). A GLs transformation

for an AR(1) model was applied to a share equation (24) or (26), and the

model was estimated with and without imposing the nonlinear restrictions

on coefficients implied by AR(1). For each equation showing seriaL
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correlation in residuals, ên asl¡mptotic F test did not reject the

nonlinear restrictions implied by AR(1). Thus iL appears that serial

correLation reflects AR disturbances rather than model misspecification,

and in this case iE is presumably appropriate to transform models for AR

disturbances.

Table 1 reports OLS-AR(1) estimates for several models (24) and

(26) assuming (a) predetermined yields and expected cwB prices, (b)

predetermined yields and lagged market prices, and (c) endogenous yields

and expected CVIB prices. 4 Results assuming end.ogenous yields and lagged

market prices v¡ere poor and are not presented here. Joint test results

were calculated using SUR as discussed above and are reported in Table

2. Coefficient estimates in Table L are somewhat different from SUR

estimates due to differences in AR transformations by eguation, but

these single equation estimates are presented because estimates of an

equation are independent of specification errors in other eguations.

Results in Table 1 indicate that all estimates of direct (own-price)

effects on acreag'e demands are positive and significant. All cross price

effects are negative (with the exception of wheat in the canola demand

equations, where t-ratios are less than 1.0) . The numeraire is

insignificant in each of the separate demand equations. The coefficient

of the adjustment cost variable DZ = z, - zt_t is insignificant in each

of the wheat and canola equations but DZ is significant in barley

equation (c).

Test results are reported in Table 2 for models estimated. by SUR

with AR(1) corrections where appropriate. Homogeneity (Fia - 0, 1 =

L,2,3) is not rejected in any of these four moders. Reciprocity (25) Íor



models with predetermined yields is rejected when expected prices are

modeled as lagged market prices but is not rejected at the .05 level

using expected CWB prices. However bhe difference in significance for

reciprocity restricÈions is small for these two models. constant returns

to scale (CRTS) is rejected at t,he .05 1evel for al1 four models, but

CRTS is almost accepted at the .05 level for model B (predetermined

yields and lagged market prices). The hypothesis t,hat acreage demands

are unaffected by the rate of change in total crop acreage (DZ, = z,

,r_r) (zero adjustment costs) is not rejected for models with

predetermined yields but is rejected at the .05 1eve1 for the other

models. Estimates of acreage demands imposing the accepted restrictions

were similar to Tabl-e l-.

RESULTS FOR LINEAR MODELS WITH PRICE UNCERTAINTY

The above risk-neutral acreage demand eguations can be generalized

to a1low for risk aversion and price uncertainty as follows. Assuming

predetermined yields and constant absolute risk aversion (cana), i.e.

linear mean-variance risk preferences, equations (24) can be generalized

as

i
(27 ) szl =t Êi * Ejl, Êri r'ij * Fi¿ 

" 
* Fis Qt - 'r-ì + F'. rrf

* Fí, d. * Êie t + x-!r rr: v.li¡ * "i í = L,2,3

we will loosely refer to (27) as a CARA mode1, although strictly

speaking it satisfies CARA only under homogeneity conditions. Under

CARA, the above coefficients (F,ù can be interpreted as coefficients of

the derivatives AU*(.)/ôEr. (í = L,2,3) of the dual (see (4)). Here the]-

mean and variance of revenues per acre r are normalized as follow", Er*j

49



iL*^i
= ErJ / Er= and Vr.j = Vrj , / F;r", urhere er/ = epi vfOi_, and r.jja =

-_'i ¿tnjja (yrai-t)- (yld denotes yield). rn principle each equation depends

on six covarianc 
* 

^s v¡cl] a< t-l.ra €nrrr rr¡r.i --^^- r *'es Vrlk (j + k) as well as the four variances Urjj, but

these covariances are omitted in order to keep estimation of the model

tractable. The homogeneity and reciprocity retrict,ions on acreage

demands (27) that are implied by the linear mean-variance model (3) are

Fie = 0 (i = L,2,3) and (25), respectively, as in the risk-neutral model

(e.9. Pope l-980, 1988; coyle 1992). Risk neut,rality implies the

following restrictions :

(28) t. = 01l LrJ = 1,2,3

demands reduce to (24) for the normalizedfn this case the acreage

quadratic form (23).

Alternatively, assuming predetermined yields and constant relative

risk aversion (CRR.A') , equations (24) can be generalized. as:
i -3 ^ *i 

a-(29) szl = Fi * Xj], Fi¡ Er.J + Fia, r, * Fis (r, ,r_t) + pi6 Er;

* ß¡t d. * Êie . * zio rä. * E1!r rii vrrr, . "l
í = t,2,3

* 4 **where W0 = W0 / Er+ (wO is initial wealth) ana vrll = urjj / lrrn), in

contrast to v.l. = vr.. / Er4 in the linear mean-variance equationsll f)
(21¡ - This will be loosely referred to as a CRRA model, although

strictly speaking it satisfies CRRA only under homogeneity conditions.

Note from the envelope relations (j) that the coefficients (F,t) cannot

generally be interpreted as coefficients of the dual u*1.¡. rnstead (29)

is an approximation to a reduced form for a structural model (7). rn

contrast to the risk-neutral and linear mean-variance model with
predetermined yields, reciprocity does not generally apply to the
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demands (29) (Pope 1980; coyle 1-995a). cRRÀ implies the restrictions F.a

- 0 (i = !,2,3) for (29) (pope i-988; coyle 1995a). Risk neutrality

implies 7.0 = 0 (i = r,2,3), i.e. initial wealth wf does not influence

acreage decisions, as well as (Zg) for (29).

In cases where crop yields are not predetermined, analogous acreaçte

demands can be specified by replacing mean and variance of revenues per

acre by mean and variance of price. For example we can specify the

following acreage demand equations analogous to (27) and (2g) for CARA

and CRRÀ risk preferences, respectively:

(30) ,ri = Êi * Ejl,. Brl "n;' * ßis r, * Êis e, - ,r_t) * Êr. "nl
* Fi, dt * Êie L + E,!r rri vnlr. * "l i = L,2,3

i _3 *ì ^ ^ ^(31) szl = Fi * tjlr Fij "or' * Fis zt * Fís Ø, - 'r-t) * Fie tol
* ßi., dr * Êie t * zio *ä. * 21!r rii uoii. . "i

i = L,2,3

rh"r" Ep*j = Epj / ¡,pA, unr, = vpi, z ena, wl = w0 / r,pl, .nd vp;î =

tnjj / Gp4)2. Reciprocity does not generally apply to these models of

acreage demands (e.9. Coyle 1993), but restrictions for homogeneity and

risk neutrality arê similar to restrictions for the analogous models

with predetermined yields.

Alternative measures of expected crop prices were specified as in

the risk neutral models. Variances of crop prices were specified as in
(16) using both expected CWB prices and lagged market prices as Ep. In

addition price variances \¡¡ere measured as variance of disturbance for

GARCH(1'1) models expressing market price as a distributed lag of price;

but poor estimates of acreage demands were obtained by Lhis method. one

possible interpretation of these poor results is t,hat variance as weII
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as mean of producers' subjective probability distributions for prices

are not well specified by such bounded rational expectations models.

share equations for models (27), (29¡-131¡ $/ere estimated in the

sarne manner as in t.he risk neutral models. Tables 3 and 4 present OLS-

ÀR(1) results for three model-s within a CARA and CRRA framework,

respectively. Table 3A-B presents estimates of (27¡ for a hybrid price

model (expected prices Ep are proxied by expected CVIB prices for CWB

crops and lagged market prices for other crops; price variances vp are

proxied using (l-6) and lagged market prices) and a market price model

(Ep is proxied by lagged market prices, and vp is proxied using (16) and

Ep as lagged market prices), respectively. Table 3C presents estimates

of (30) for a hybrid price model. Yields are predetermined in 3A-B and

are not predetermined in 3C.

These linear mean-variance models in Table 3 are similar to risk

neutral models in Tabl-e 1- except for the addition of four (normalized)

price variances to each equation. Comparing the two tables, addition of

the price variances decreases the significance of expected net revenues
**

Er or expected prices Ep , to some extent. Test results for these

models are reported in Table 5. Restrictions (28) corresponding to risk

neubrality are noÈ rejected at the .05 level for any of the cases

reported. Homogeneity is rejected in only one of six cases, and

reciprocity is not reject,ed in all three cases. These results may

reflect in part the lower leve1 of significance of expected revenues per

acre or expected prices in linear mean-variance models.

Results for similar CRRA models are reported in Table 4. Table 4A-B

presents estimates of (29) for a hybrid price and market price model
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assuming that yields are predetermined, and Table 4C presents estimates

of (3L) for a hybrid model assuming that yields are not predetermined.

Às expected under risk aversion, the coefficient, for variance of wheat

revenue per acre or price is significant and negative in the wheat

equation, and the coefficient for variance of canola revenue per acre or

price is significant and negative in the canola equation. On the other

hand, the coefficient for variance of barley revenue per acre or price

is positive in t.he barley equation but is insigníficant in two of three

cases. Initial o 
*

uealth WO is significant in wheat and barley eguations.

Test results for CRRA models are reported in Table 5. Restrictions

(29) deleting price variances are reject,ed for all CRRA models at both

.05 and .01- leve1s of significance. This contrast with results for CARA

models may be explained as follows: CRRA is generally recognized in the

theoretical literature on risk as a more appropriate assumption than

CARA. Initial wealth w] is significant in five of six models. These test0-
results regarding coefficients of vt** o. vp** u.rrd wl impry rejection of

risk neutrality. on the other hand, homogeneity is rejected at the .05

level in five of six cases (and at the .0L 1eve1 in Èhree of six cases).

This suggests that risk preferences may violate cRRÀ as well as CARA.

RESULTS FOR LINEAR MODELS WITH YIELD AND PRICE UNCERTAINTY

A measure of yield uncertainty can be constructed from time series

data for Manitoba weather stations and from estimates of an aggregate

production function y = f(x,ti), as outlined above. The first order

approximation (L7) to the variance vy is exact in the case of. a

production function y = a(x) + o b(x), which can be viewed as a corman
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polar form in ø. This is also somewhat similar to a ,Just-Pope production

function except that data on the weather variable ø is available and is

used as an explanatory variable rather than being incorporated into the

residual disturbance. This production function also implies that the

expected value of output y depends on nonstochastic inputs x and only

the first moment of the stochastic weather variable a. The following

production funcbion is specified for each crop:
i(32) yrd; = -io * .i1 (xr/Zr) * uí, zl + a., t

* ,L (biO * bir @r/zr) * bí2 "i * oi, ti + el i = L,.,6

where yld* denotes yield of crop i, x is a Tornqvist quantity index for

variable crop inputs (fertilizer, chemicals, seed), z is total crop
_iacreagre, and z- is acres of crop i. r¿ is defined here as the average of

weather data over the six Manitoba weather stations (Errra = t.!, ,l / q .

The weather data is measured as a crop growÈh weather index (GRODEX)

(þrer, Narayanan and Murray). Then the marginal impact of weather on

yield is

(33) ôytai/ða = bio * bir gr/zr) * bíz zi + u., r i = l-r..,6.

A more general production function would specify a(.) and perhaps b(.)

as quadratic rather than linear, but the resulting multicollinearity

leads to substantial imprecision in estimating (33) (e.g. calculated
1ôyrd'/ôu was negative in various years). Given estimates of (33), then

variance in yield can be calculated from the GRODEX weather station data

usins (L7) - (19) .

In previous sections h¡e emphasized models wit,h yields treated as

predeÈermined. Similarly, recoginizing that yields depend on current

weather conditions, we can assume that the mean and variance of the
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distribution for yield is predetermined. In this case acreage demands

(27) and (29) under price uncertainty and predetermined yields are

easily generalized to include yield uncertainty. Here trjj, = tnjja

tvrdi-r)2 * wrra t"pJl2 assuming that producers' subjective probabilir,y

distributions for price and yield are independent. rgnoring price

uncerrainrv implies rrjj. = r"jj. t"nll2. similarly 
"rl - 

"n¿ vrdi_r
assuming independent distributions for price and yield and using lagged

yield as a proxy for expecLed yield.

rf the mean and variance of yield are not predetermined, then

acreaqe demands (30)-(31-) under price uncertainty are modified by adding

the mean and variance of weather:

(34) ""iE = Êi * t11, Êri "n;' * ßia r, * Fis G, ,r_l * Êi. "nl
* Ft, dt * Êie t + E.!r rr: tn¡:, * Tis E&,r + zru vr.r, + ei

i = L,2,3

(3s) "ri = ß.cr-
+

* t:lr Frl "nlj * Fi¿ zt * ßís Gt ,t-ì * Fr. 
"nÍ

Êi, u, * Fie , * zio *ä. * E1n=r rri *;;. * zis Err
1+ T.- V(Ð. + e.l_b E c

where Et¿ and úo are mean and variance of weather. As in (30)-131¡, 
"p*ji 4 * 4 x L **

=Epr / Ep", uni: =vpj j / s'po, *J = wo / Epa,.navpil =rnjj / (ep4)2.

rn contrast to (30) with price uncertainty, cÀRÀ does not imply

homogeneity (f3ra = 0, i = L,2,3) for (34). On the other hand, CRRA (plus

independence of distributions for price and yield) does Ímp1y the

analogous homogeneity restriction for (35) (coyre j_995b). As in (30)-

(31), reciprocity is not satisfied. Restrictions for risk neutrality

include omission of Vr¿l (Tr.- = O, i = L,2,3) as well as Vp , tp** ana Wl .

Estimation of the unrestricted production functions (32) using Manitoba

í = 1,2,3
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data generally 1ed to insignificanE coefficients, and corresponding

calculated marginal impacts of weather on yield (33) were negative for

several years. In contrast coefficient estimat,es of restricted

production functions (uí, = bi1 = bi3 = 0) hrere generally significant

and 1ed to positive calculated impacts of weather on yield for all

years. Estimates of these restricted production functions were used in

calculating yield variances from (17)-(19) for use in acreagie demand

models.

Single equation estimates of acreage demands (27) and (29) assuming

yield uncertainty and no price uncertainty are reported in Table 6. Here

the mean and variance of yield are assumed to be predetermined. The

coefficients of wheat variance (Vrl¡ in the wheat eguation and barley
)variance (vr-) in the barley equation are generally negative and

significant in the cÀRA (linear mean-variance) models, as expected. rn

contrast these coefficients are not significant in CRRA models. In the

case of yield uncertainty the CRRA normalization of revenue variance
i** i .t* .(vr' = vyld' (ep'")') apparently leads to more correlation with

normalized prices (sp*) than does the cÀRA normalization (vri* = vyldi
.l* .:

Ep' Ep'). Poor results are obtained for variances in canola equations.

Test results for these models are reported in Table 7 (A and B).

Variances are jointly significant at the .05 level and homogeneity is

not generally rejected. Results for reciprocity in the CARA models and

significance of initial wealth in CRRA models are mixed.

Given the difficulties in obtaining precise estimates of the

impacts of weather on yields in this study, the above results are

interpreted here as somewhat encouraging. On the other hand attempt,s to
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estimate (27) and (29) combining the measures of price and yield

uncertainty were unsuccessful. Variances v/ere generally insignificant in

wheat and barley acreage equations, although coefficients of variances

were significant (with anticipated signs) in canola equations. Test

results for t,hese models are reported in Table 7: variances generally

are jointly insignificant at the .05 level.

Single eguation estimates of two acreage demand models when mean

and variance of yields are not predetermined are reported in Table 8.

Assuming risk aversion and yields but not prices are uncertain, the mean

and variance of weather (Eo, Vt¿) and normalized initial wealth fWOl are

added to (24). Alternatively mean and variance of weather are added to

the CRRA model (29) with price uncertainty. In contrast to Table 6 where

mean and variance of yield are assumed to be predetermined, own expected

price and price variance effects are generally insignificant, with the

exception of canola. Mean and variance of weather are insignificant wit.h

the exception of the CRRA canola eguation.

RESULTS FOR NONLTNEAR MODELS

If mean-variance risk preferences are nonlinear, then parameters of

the dual qenerally cannot be estimated by linear methods. Above \^re

estimated reduced form acreage demands when risk preferences are

nonlinear mean-variance. In this section we estimate parameters of the

dual by nonlinear methods when risk preferences are nonlinear and yields

or the mean and variance of yields are predetermined.. We do not consider

models with mean and variance of yields determined jointly with acreage

demands due to the complexity of this model (e.g. coyle 1995b) and the
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poor results for corresponding reduced forms in Èhe previous section.

The most obvious approach is to specify a functional form for the dual
*

u (. ) assuming no yield uncertainty (or mean and variance of yield

predetermined), and to specify acreag'e demand eguations using the

envelope relations (7). For example assuming a normalized quadratic dual
*

u (. ) ' acreage demand equations for wheat, barley and canola can be

specified as

i ? *-i(36) szl = tÊ, + tilr Fii Er.' + Fi¿ ,, *

* Fit dr * Fie t * zio tä. *

/ {ßs * rr.1, eu, e'ij * Fs+ z,

* ßst dt * Fse t * 
"uo 

tä.

Êiu Q, - zr-t) + F.. nrl

E:!-, 'i: v', ,. r

* Fss Gr ^r-t) + Fs6 Erl

* ti1, 
"u¡ "'i:.) + el

í = Lr2,3.

Estimation of these equations requires a normalization (e.g. Ê, = 1) for

the purposes of identification of coefficients. The numerator on the

right hand side of (36) represent" AU*(.)/ôEri and Èhe denominator is
*

ôU ( - ) /âWo. In contrast to the reduced form equations (29) , coefficients

of (36) correspond to parameters of a normalized quadratic dual.

Nevertheless inspection of (36) indicates that (29) is not the reduced

form implied by the structural model (36) (unless ôu*(. )/ôwO - L, the

denominator in (36) implies that the reduced form cannot be additive in

variables as in (29¡ ¡. Nonlinear mean-variance risk preferences implies

that acreage demands do not show reciprocity even if yields are

predetermined (i.e. a"ri/aerj + a""j /ôøri: (pope l-9g0,- coyle j-995a), but

a normalized quadratic dual does imply slryrunetry restrictions (Fri = Fii,
i, j = t,2,3 and TiO = F5i, i - !,2,3). cRRÀ is satisfied und.er the

homogeneity restrictions Fi, = 0 (i = L,2,3,5). Risk neutrality is



satisfied if wi,Vr can be omitted from the model and ôU* (.)/AïIO = L,

i.e. (36) reduces to (24) (r* = Er*).

However equations (36) are highly nonlinear in coefficients.

AtÈempts to estimate these eguations separately or as a system using all

nonlinear algorithms available in Shazam 7.0 and various starting values

for coefficients were unsuccessful. Ind.eed even convergence vras not

achieved.

An alternative to direct estimation of acreage demands (7) such as

(36) is Èo specify the following system (substituting (B) into (7) ) :

.i*
(37) z' = ôv^ (Er,vr, wo,z) /ôerL / tL - ôa(wO+ER, vR) /ô(taIO+ER) vR/2)

i = !,2,3

(38) ôø(wO+ER,VR) /A(WO+ER) vR/2 = L - ôu* (Er,vr, wO,Ð /AvIO

These equations can be estimated given functional forms for a(.) as well

as U*(.). CRRA implies cr(À EW,;t2 wv) = À-1 oú(EW,VW) (e.g. Coyle j-995a);

so À = (Vw)-1l2 yields u(Ftw/vw1/2, j-) = vw!/2 oL, i.e. a - vw-1-/2

g(Ijw/vw7/2). A quadratic approximation to the funcÈion s(.) is not

restrictive in terms of the maximization hypothesis (6), which places

second order restrictions on cú(.). Thus, assuming CRRA, we specify the

functional form for ø(.) as follows:

(39) *="0 /vRo't*", (l,rlo +ER) /yI-+c, (w0 * EF.)2 / vR1'5

where ER = tr1, Eri ,í, vR = tr1, vri (ri)2, (.0 ,"L,cz) are

coefficients, and in turn ôa(.) /ðfrttr = "1 / VR + 2 ", 
(V,IO+ER) / VR1 's.

Given (39) and a normalized quadratic dual; equations (37) can be

specified as

i(40) szj =E

?(ß. + E.-- B. . ur'I l=1 al

*Fildr*Fiet
lj * Frn zt * Fis Gt ,r-l + Êi6 ErÍ

* L *** 7io wot * ti=r Zii utjja)
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/{1 -("t/

Similarly, solving (38)

ct(.) satisfying (39),

(41) (rvo + ER) ,/ vRo'5 =

\IR + 2 c, (W0+ER) / vRl'u) * / Z) í = L,2,3

for VR given a normalized quadratic dual and

L/c, - {l3u + >il Ê5¡ rrij * Fun ,,
* Fss G, - ,r-t) * Fso erl * Êsz d. * Fsg .

* L *** T5o wot * zi=tTsi utjjaì'/c, - "L/2"2
The reduced form for this equation is

(42) (wo + ER) / vRo'' - ou * r:1, ou, erij * ps. zt * pss Gt ,r_t)
4 * L *** pse Eri + pst d, * pss r * rs' wor * >j]r rsj "rjj.

wherePu - Q - ct-2F) / 2cr, Psj =Fsj / "2 
(j =1,-,8), tuj =Tsj

/ ", 
(j = 0,.,4). The most ambitious approach to estimating this model

is joint estimation of the full structural model (40)-(4L) by nonlinear

methods, but this approach did not lead to reasonable results although

convergence was achieved.

In contrast the following approach to estimation of the nonlinear

system was relatively successful here: (a) acreage demand equations (40)

are estimated jointly by nonlinear method.s, and (b) the reduced form

equation (42) is estimated by linear methods. Estimates of (.!,"2) from

(40) and results for (42) provide estimates of parameters for

ôu (. ) /ôwO. A Davidon-Fletcher-Powell quasi-Newton algorithm encoded in

Shazam 7 .0 \^¡as used for maximum likelihood estimation of a nonlinear

seemingly unrelated regression system for (40). As in most applications

of duality with time series data (e.s. estimation of dual cost

functions), (nonlinear) three stage least sçßlares was not considered

here. since R2'= for reduced form equations using time series data

generally are quite high, coefficient estimates using SUR and 3SLS are
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1ike1y to be guite similar.

Initial estimates (starting values) for coefficients in the

nonlinear system were obtained as follows: (a) an essentially linear

approximation to WO + ER = U*(.) + c¿(.) VR/Z (6) was estimated to obtain

starting values for c, and cr; (b) individual acreage demand eguations

(40) were estimated by nonlinear methods using these starting values for

(c",c.) and resulLs from CRRA linear models (29) as starting values forL¿

coefficients of ôu*(.)/ôI¡r.; and (c) estimates of (c.,c^) from (a) and1 l', 2'
coef f icient estimates of ôu* ( . ) / ôEr . from (b) \^rere used as starting

values in nonlinear estimation of the joint system of acreage d.emands

(40). Results from CARA linear models (27) vrere also considered as

starting values in step (b), but this did not substantially change the

final results for nonlinear estimation of the system (40).

Results for acreage demands (40) obtained by nonlinear estimation

of single equations are reported. in Tables 9 and 10. Table 9 assumes

price uncertainty without yield uncertainty (yields are predetermined),

and Table L0 assumes yield uncertainty (mean and variance of yields are

predetermined) without price uncertainty. Significance levels and signs

of coefficient estimates (but not magnitudes) f.or the numerator in

acreagie demands (40) are somewhat similar to Tables 4 and 6 for linear

reduced form CRR.A' models. These results suggest that d.erivatives
* *. **ôu (.)/ãEr. vary substantiarly with Er and vr Estimates of c, and c,

of course vary by equation but often 1ie within the 95 percent

confidence intervals for estimates in other equations.

Estimates for the linear reduced form equation (42) are also

reported. in Tables 9 and L0. These results suggest that Er* u..rd vr**
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generally are insignificant within the functionaL form for the
* ¡ **derivative ôU (.)/AVIO. This conclusion, that Er and Vr are much less

significant in the derivativ" ôU* (.)/Avt^ than in the derivatives
U

*
AU (.)/ôør., is not entirely surprising. our earlier results for reduced1

form acreage demand models suggest that Er and vr** generally influence

acreage demands; so the envelope relations (7) suggest that Er and vr**

are significant either in derivatives ôu* (. ) /ôEr. and./or in the
*

derivative ðU ( .) /ôWO. In the extreme case of linear mean-variance risk

preferences (CARA), ôu*(.)/awo - j- for all (Er*,vr**), i.e. ôu*(. )/ôwo

is independent of (Er*,vr**). Thus, if risk preferences are roughly

approximated by CARA, Er* and vr** should be more significant in
**

derivatives AU (.)lðEr. than in ôU (.)/AWO. Although CRRA is a more

realistic assumption than CARA, the relatively small significance of
* **(Er ,Vr ) in (42) may be interpreted as consistent with the somewhat

reasonable performance of several linear GARA models in this study.

Nonlinear seemingly unrelated regression (sUR) results for the

system of acreage demand equations (40) are reported in TabLes 1j- and 12

assuming price uncertainty and yield uncertainty (predetermined mean and

variance of yields), respectively. As expected, significance revels

generally are higher for SUR (with across-equat,ion restrictions on 
"L

and c.) Ehan for separate estimation of acreage demands.¿

Estimates for coefficients c, and c, in these Tables (and in Tables

9-1-0) together with (39) imply decreasing absoluÈe risk aversion (DARA)

for all years, i.e. ôu(.)/ôW¡ < 0 at (EW*,VW*) for all years. DARA is a

stylized fact in the theoretical literature on risk. Local coefficients

of absolute risk aversion o* .r" not calculated since this would require
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reliable estimates of either co or of all coefficients of ôu*(.)lavrll
l_1

(i = 1, . ,4) (Coy1e 1-995a) . Neither .0 nor all coefficients of
* **

ôU (.)/ôvr can be inferred from estimates of (40) and (42).

CONCLUSTON

This study of crop acreage demands in Manitoba apparently is the

first application of recent t,heory on duality with price uncertainty to

use data disaggregated by crops. rn addition this study suggest,s and

applies a simple methodology for combining weather station data and

production data aggregated over agents (regions) to obtain a measure of

yield uncertainty. Apparently this methodology has not been noted. in

previous production literature. Models where yields are predetermined,

or to be more precise the mean and variance of the distribution of yield

are predetermined, are emphasized here. This is in keeping with other

studies (including an econometric study for Manitoba) suggesting

that crop yields may often be largely predetermined. In addition this

assumption greatly simplifies estimation of acreagie demand models.

Results of the study indicate that the methodologies applied here

are tractable in modelling crop acreage demands and support the

assumptions that price and yield uncertainty influence acreaçte

decisions. Models with yields (or mean and variance of yields) treated.

as predetermined generally provided more reasonable results than models

with yields not predetermined. ResuLts for models assuming price

uncertainty or yield uncertainty generally led to anticipated results

for the major crop (wheat), but results for impacts of variances in

revenues per acre for other crops v¡ere more ambiguous. The one major



disappointment of the study is that models combining both price

uncertainty and yield uncertainty generally did not lead to reasonable

resulbs.

rn sum, this study suggests that duality models of crop acreagle

demands incorporating risk aversion and uncertainty are tractable and

promising. Hov¡ever further progress presumably requires more accurate

measurement of farmers' subjective price and yield (or weather)

uncertainty.
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FOOTNOTES

l-. Note that, even if yields (or net revenues per acre r) are not

predetermined, model (1) is correctly specified if there is constant

returns to scale in production (and technologry is disjoint). rn this

case, given exogenous output prices p and variable input prices w, the

average (marginal) neE return n"r u..r" rj is independent of u"t"un. 
"j,

so r is independent of the allocat,ion z.

2. Shazam 7.0 was used throughout this study.

3. In addition, even if there is cointegration, stand.ard methods for

estimating cointegrated time series models are not appropriate for

structural models such as (24) and (26) (see park and ogaki, clark and

Klein for a discussion and application of canonical cointegrating

regression and SUR).

4- The alternative specifications of acreage demands in terms of crop

prices (yield not predetermined) and crop revenues per acre (yield

predetermined) v¡ere compared using J-tests (Davidson and MacKinnon

1981-), but resulÈs were ambiguous. Predictions of crop acreage shares

from (24) using revenues per acre v¡ere significant when added to

(26) using prices. This was true for both price specifications in (24)

and (26) (in terms of expected cwB prices or lagged market prices).

on the other hand, predicted shares from (26) were insignificant

when added to (24) only in the case of lagged market prices. Thus J-

test results favored predetermined yields in the case of lagged market

prices, but results were ambiguous in the case of expected cwB prices.
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A. Yield predetermined, expeoed CWB price

Whear (ARI)

. coefP ¡-ra¡¡o elasb

rl'

f

/'
c

z

DZ

T

DLI

Tal¡le 3.1 Estimates of Risk-Neutral Acreage Denrands

o\
o\

.1156 2.81 .26t

-.0373 0.88 -.067

-.0633 1.85 -.133

.03r l 0.06 .001

.0037 1.06 . .6t5

-.00û7 0.35 -.001

-.23U 0..15 -.072

-9.638 2.12 -.007

2r.06 1.02 .46

FT

conslant

R'?/Dw .8{38

- !" -v!:! È Æ! :Estrs{.!$cÊùreßg ¡¡ss
rt' .1836 2.6l

?' -.038{ o.4l

?' -.0811 2.37

r4 -2.830 0.69

z .00ól t.1t

DZ -.0009 0.4E

T -.3935 0.s5

DLIFI -6.265 t.56

constônt 2.509 0.1I

R2/Dw .8384

coeff

-.06]-t

.l l-t6

-.0{9.1

-4.915

-.0049

.0021

l.l l3

1.776

45.78

.8980

Barley (ARl)

t-râtio elasb

1.97

3..il

1.82

t.37

r.78

1.44

2.72

0.56

2.82

1.83

_.337

.477

-.211

-.217

-1.890

.01l

.798

.003

2.341

1..t3

.375

-.064

-.t't1

-.053

1.018

-.002

-.t23

-.005

.055

1.95

coeff

.0084

-.005{

.t l8l

2.268

-.000E

-.0002

.2758

-3.t32

-3.9{3

.9021

Canola (OLS)

¡-ratio elasb

-.0't3r

.2182

-.0231

-2.t03

-.0076

.0027

r.165

-1.549

51.33

.8885

0.29 .tn
0.t7 -.065

5.10 1.652

1.05 .286

0;t5 -.967

0.26 -.00.f

1.17 .567

t.22 -.0t7

0.48 -.s79

t.29 -.3{5

2.90 .847

0.85 -.1 l8

0.63 -.090

2.55 -2.916

t;t1 .014

2.8t .835

0.4't -.003

2.99 2.73t

1.62

.0260

-. I {53

.0896

2.435

-.0008

.0002

.4984

-.E377

3.976

.9135

2.02

fABIL
0.70 .353

2.7t -t.620

4.5r 1.30{

Lt7 .30t

0.66 -.950

0.22 .003

2.79 t.025

0.37 -.005

0.18 .58{

l.9t



C. Yield not prederermined, expecred CWB price

V/hear (ARl)

coeff' t-ratio elasb

Pr.

PU

pt

PN

z

DZ

T

DLIFT

constanf

R2/Dw

o\
!

.0658

-.01.t8

-.0228

-1.187

.0059

-.0021

-.5676

-t.712

7.890

2.38

o.39

1.30

0. l8

1.68

l. l8

l.o2

t.77

0.35

Tal¡le 3.L: cont...

.n1

_.o_il

-.1{9

-.016

.993

-.004

_.r7 5

-.006

.t71

1.73

'Coefñcien¡s are in units of l0'?.
b Elasticities are evalualed at data means.

coeff

-.0398

.0871

-.0239

-5.8 l9

-.0059

.0031

1.306

2.286

51.55

.8773

Barley (ARl)

t-rafio elasb

r;19 -.385

2.9t .568

1.70 -.362

t.tz -.188

2.M -2.286

2.t9 .016

2.85 .936

0.67 .00{

2.86 2.640

t.39

coeff'

.0030

-.0r95

.0{ó1

2.t97

-.0026

.0007

.4t17

-1.068

7.433

.8917

Canola (OLS)

t-ratio

0. 17

0.75

4.76

0.91

2.n

0.80

2.t3

r.59

0.95

.083

_.365

2.01{

.203

-2.872

.01I

.853

-.022

t.@2

l.9l

elasb



a. Yield predetermined,

expected CWB price

b. Yield predetermined,

lagged rnarket price

c. Yield not predetermined,

expected CWB price

d. Yield not predetermined,

lagged market price

Table 3.2: 'fest Results for Risk-Neutral Acreage liemands

ol
oo

Homogeneity

F-stat Prob

0.55 0.648

1.06

0.80

1.53

Note: Degrees of freedom for F sr¿rtistic are (3,54) for all tests.

Reciprocity

F-stat Prob

0.370

0.498

0.217

2.84

2.41

0.045

0.076

CRTS

F-stat

5.40

2.79

8.67

s.85

Prob

0.002

0.M9

0.0001

0.002

Zero Adj. Cost

F-stat hob

2.22 0.096

1.62 0.194

3A8 0.022

4.42 0.008



A. CWB Ep, market Vp, yield predetermined

Wheat (OLS)

coefF t-ratio elasb

ft'

I

f'
c

z

DZ

T

DLIFT

v/'
v¿'

V¿.

Vfl

cofistanl

RTDW

Table 3.3: llstimrtes of Acreage Demands under Price Uncertainty CARA

o,
\o

.1 639

-. I 096

-.0770

I1.48

.0017

-.0003

-.6913

-15.22

-.01I I

.0039

.0050

.0039

3t.29

2.25 .37 t

r.49 -.t97

1.20 -.t62

r.82 .2t9

0.'t0 .282

0.10 -.001

1.60 -.2t5

2.08 -.013

1.55 -.063

0.31 .021

l.{5 .0{-t

0.31 .o22

1.29 .692

1.76

coefF

-.0857

.t780

-.0t77

-8.-103

-.0113

.00{{

1.983

-3. I 3{

.000t

.0126

.00t7

-.013I

't9.t1

.8.il I

Barley (OLS)

t-ratio elasb

t.29 -.4{9

2.6 .712

0.30 -.086

1.50 -.370

2.90 -1.35

r.87 .021

4.99 l.4z

0.47 -.006

0.02 .002

t.tz .157

0.53 .033

1.13 -.t68

3.58 4.050

1.36.816{

coeff'

-.01]{

-.0053

.1051

2.704

-.0003

-.000{

.3U7t

-t.322

-.0007

-.0050

-.0038

.0088

4.758

.9429

Canola (OLS)

t-ratio elasb

0.51 -.2t7

0.19 -.06{

4.U l.{7

l.lL342
0.19 -.353

0.37 -.006

1.83 .632

0.17 -.007

0.21 -.025

1.06 -.18t

2.81 -.2t7

l.8l .325

0.5t -.699

2. l8



B. market Ep, market Vp, yield predetermined

Wheat (OLS)

coefF t-ratio elasb

rr' .2750

f' -.or 13

?' -.0997

f 9.619

z .0022

DZ .0016

T -.7681

DLIFT -11.23

vrt' -.0075

vÉ' -.0075

v¿' .00{0

vc' .01t6

constana t5.85

RTDW .8301

!o

2.95

0.08

t.79

l.{6

0.53

0.61

t.78

r.79

l. l3

0.63

r.27

0.89

0.5{

Tal¡le 3.3: cont...

.562

-.0r9

-.219

.r 80

.3'tl

.00{

-.238

-.009

-.0{l

-.039

.03.t

.063

.351

-.0869

.2t82

-.0059

-1.38-t

-.0077

.oozl

t.233

-2.26t

.00r3

.0068

-.0014

-.0078

52.82

Barley (ARl)

t-ratio elasb

1..il

2.39

0. l8

0.25

2.Ut

1.34

2.81

0.58

0.n

0.75

0.5-l

0.91

2.42

-.41I

.8{8

-.030

-.059

-2.91

.013

.E81

-.004

.017

.083

-.027

-.099

2.70

1.72

.0119

-.1087

.08-t{

3.019

-.0002

.000t

.4¡53

.1967

-.0001

-.0063

-.0033

.008 r

-r.199

.9t09

Canola (OLS)

t-ratio elasb

0.39

t.92

3.70

l.t2

0. 12

0.06

2.52

0.08

0.03

1.30

2.55

t.52

0. l0

.9021

.202

-t.21

t.22

.373

-.2t9

.001

.916

.001

-.003

t;19

-.22t

-.r86

.295

-.t76

1.83



C. CWB Ep, market Vp, yield nor p¡ederermined

Whcat (OLS)

coeffl t-ratio elasb

pt"

p-

p'

po

z

DZ

T

DLIF-T

vpt*

vp"

vpt.

vpo'

constant

R,/DW

!
lJ

.10r0

-.0636

-.0422

I1.63

.0064

-.0037

-.9s49

-11.47

-.0M6

-.0027

.0004

.0031

4.550

.7965

2.25

0.96

1.35

1.63

1.42

1.55

2.0t

1.35

1.33

0.36

0.60

1.1 I

0.19

.422

_.t79

_.275

.162

1.06

-.008

-.296

-.009

-.069

-.024

.022

.09s

.101

t.77

Table 3.3: Cont...

-.0369

.0741

-.0065

-6.&9

-.0069

.0025

t.352

- 1.383

-.0003

.0070

.0004

-.0028

54.76

.9505

Barloy (ARl)

t-ratio elasb

" Coefficients are in units of l0-2.
b Etasticities a.re evaluated at data ¡neans.

1.59

2.27

0.38

0.95

1.98

r.69

2.80

0.32

0.15

I.s7

1.02

t.7 t

2.72

-.3s7

.483

-.098

_.215

-2.&

.013

.969

-.003

-.010

.149

.050

-.203

2.80

1.70

-.0191

-.0178

.0334

2.2t7

-.000s

.0007

.4010

.5195

.0005

-.0037

-.0007

.0018

-.1766

.9401

Canola (OLS)

t-ratio elasb

1.13

0.7t

2.85

0.83

0.27

0.79

2.25

0.16

0.39

t.32

3.17

1.72

0.02

-.529

-.333

1.44

.206

-.505

.0r l

.825

.003

.051

-.223

-.294

.369

-.026

2.M



A. CWB Ep, miu'ket Vp, yield predeterrnined

Wheat (ARl)

coeff" t-ratio el¿rsb

flt

f

f

r.

Wo*

Z

DZ

T

DLIFT

Vrt*'

VÉ..

VÉ-.

Vr{'*

constant

R?DW

Table 3.4: lìstirnates of Acreage Demands u¡rder Price Uncertainty CRIìA

\¡
N)

.1213

-.0817

-.0985

2t.26

.0035

.0024

-.000s

-1.846

-18.56

-.0133

0

.0t29

.0062

20.6s

2.06

1.8 r

2.32

4.57

4.58

0.99

0.31

5.1l

4.53

2.24

0.01

4.11

0.71

1.63

.2-t5

_.147

_.207

.404

325

.4t3

-.001

-.572

_.015

-.072

0

.107

.032

.457

2.38

coeff"

-.0299

.1323

-.0003

-13.87

-.0033

-.0123

.0055

3.029

-1.995

-.0009

.0151

-.0026

-.0r83

88.77

.9135

Barley (OLS)

t-ratio elasb

0.54 -.156

2.46 .551

0.0r .002

2.79 -.611

3.38 -.706

4.06 -4.74

3.03 .029

6.86 2.17

0.38 -.004

0.15 .011

1.63 .174

0.79 -.050

1.77 -.2t7

5.20 4.54

2.37.93s4

coefF

-.0062

-.0187

.r 130

.664s

-.000s

-.000r

-.0003

.4496

-.3081

.0002

-.0047

-.0054

.0085

-4.468

.9500

Canola (OLS)

t-ratio elasb

0.2t -.094

0.65 -.224

4.62 1.58

0.25 .084

0.95 -.304

0.08 -.146

0.25 -.004

1.90 .925

0.l l -.002

0.06 .006

0.9s -.155

3.r2 -.302

1.55 .291

0.49 -.656

2.18



B. ma¡ket Ep, rnarket Vp, yield predetennined

Wheat (ARl)

coefP t-ratio elasb

rl'

f

É'

rn

Wo.

z

DZ

T

DLIFT

Vrl'*

vf..
VÉ--

Vr4*'

constant

Rþw

\t
(¡)

.221t

.0197

-.t329

19.04

.0030

.0023

.0009

-1.735

-14.37

-.0r04

-0109

.0r06

.0t67

1r.66

.9192

2.60 .452

0.19 .033

3.14 -.292

4.84 .355

3.04 .285

0.83 .388

0.44 .002

3.83 -.538

3.44 -.012

2.35 -.0s5

r.4L -.054

3.83 .091

1.45 .08s

0.49 .258

2.48

'l'able 3.4: cont...

coefF

-.0710

.270t

.0284

-15.38

-.0033

-.0103

.0045

2.761

-.4827

.006r

.Oil1

-.0072

-.0135

70.25

.8942

Buley (OLS)

t-ratio elasb

0.79 -.336

2.38 1.05

0.61 .144

2.89 -.663

2.82 -.734

2.87 -3.96

t.9t .024

5.24 1.98

0.10 -.001

1.03 .075

1.16 .t26

2.12 -2.12

1.11 -1.11

2.72 2J2

1.98

coeffl

.0353

-.1083

.0973

.8789

-.0009

-.0008

-.0006

.7146

.6636

-.0003

-.0051

-.0051

.0073

2.5t5

.9578

Canola (OLS)

t-ratio elasb

0.89

2.15

4.72

0.37

l.7t

0.49

0.59

3.05

0.29

0.11

r.20

3.37

1.34

0.22

.478

-r.2t

1.42

.108

-.s69

-.858

.010

' t.47

.004

-.01I

-.166

-.290

.245

.370

2.04



C. CWB Ep, market Vp, yield not predetcnnined

Wheat (OLS)

coeff t-ratio elasb

pr'

p'

p'

p4

Wo'

z

DZ

T

DLIFT

vp""

vpt"

vp"'

vp*"

constant

RþW

!r

.0546

.0236

-.0301

27.92

.0025

.0038

-.0025

-2.09t

-13.97

-.0042

.0008

.0010

.0010

7.153

1.79

0.57

1.62

5.53

4.03

r.46

1.84

5.63

2.71

2.&

0.24

3.38

0.79

0.52

Table 3.4: cont...

.228

.067

_.197

.390

.329

.633

-.006

-.648

-.012

-.080

.009

.086

.042

.158

2.35

-.0195

.0s40

.0115

-20.55

-.0023

-.0133

.0044

3.291

-8.254

-.0003

.0077

-.0002

-.0025

94.43

.9353

Barley (OLS)

t-ratio elasb

" Coefficients are in units of 10-2.
b Elasticiúes are evaluated a¡ data means.

0.64

1.3 r

0.62

4.t0

3.69

5.13

3.26

8.93

1.61

0.21

2.36

0.51

2.01

6.98

-.189

.352

.175

-.6&

-.694

-5.1 I

.024

2.36

-.016

-.014

.215

-.029

-.245

4.83

2.34

-.0r85

-.0251

.0298

-.980s

-.0002

0

.0007

.5039

1.808

.0008

-.0033

-.0006

.0014

-.2t54

.9452

Canola (OLS)

t-ratio elasb

0.94

0.94

2.49

0.30

0.41

0.02

0.74

2.tt

0.54

0.76

1.57

3.21

1.69

0.02

-.5r3

_.469

t.29

-.091

_.143

.030

.010

1.04

.010

.098

-.266

-.347

.383

-.032

2.03



I. CARA

a. yield predetermined,

CWB Ep, market Vp

b. yieltl predetennined,

market Ep, market Vp

c. yield predetennined,

CWB Ep, CWB Vp

d. yield not predetermined,

CWB Ep, market Vp

e. yield not predetermined,

ma¡ket Ep, market Vp

f. yield nof predetermined,

CWB Ep, CWB Vp

Table 3.5: Test Results for Acreage Demands under Price Uncertainty

L¡

Homogeneity Reciprociry CRTS Zero Adj. Cost -Vp

F-stat hob F-star Prob F-stat hob F-stat prob F-stat

1.93 0.139 0.71 0.551 5.81 0.002 2.52 0.071 1.62

2.47 0.075 1.62 0.198 2.80

1.67 0.186 2.23 0.098 8.42

1.56 0.214 6.71

3.49 0.024 3.15

l.4t 0.252 12.98

0.052 1.56

.0002 3.08

0.001 3.02

0.035 2.07

0 4.03

0.2t3

0.038

0.040

0.118

0.013

-Wo

F-stat hob

0.t22

0.t23

0.180

0.101

t.62

r.46

t.70

1.68

1.77

0.065

0.087



II. CRRA

a. yield predetennined,

CWB Ep, market Vp

b. yield predetermined,

ma¡ket Ep, malket Vp

c. yield predetennined,

CWB Ep, CWB Vp

d. yield not predetermined,

CWB Ep, miuket Vp

e. yield not predetermined,

ma¡ket Ep, market Vp

f. yield not predetermined,

CWB Ep, CWB Vp

!
o\

Homogeneity

F-stat hob

5.55 0.003

3.54 0.023

1.36 0.269

Reciprocity CRTS

F-stat hob F-stat

Table 3.5: cont...

Note: Degrees of freedom for F-statistics are (a) (3,42) for all æsts under CARA excepr for test of price covariance (-Vp) Q2,a\ and (b) (3,39) for
all tests under CRRA excepf for resr of pr-ice covaliances GVp) (12,39).

14.35

7.89

3.83

t3.52

10.16

5.33

22.58

Zero Adj. Cost

Prob F-stac hob

s.55 0.003

3.79 0.018

0.00

0.0r

0

0

0.00

0

3.80 0.018 3.19 0.003

2.st 0.073 3.14 0.003

5.06 0.005 2.70 0.009

-Vp

F-stat Prob

-Wo

F-stat hob

5.33 0.004 4.tt 0.0004

3.18 0.036 2.73 0.009

4.72 0.007 3.20 0.003

6.82

4.05

3.45

9.26

2.05

5.54

0.001

0.0r3

0.026

0.000r

0.123

0.003



Table 3.6: Estimates of Acreage Demands under Yield Uncertainty: Mean and Variance of Yields Predetermined

A. CWB Ep, CARA

coeff

\¡{

rl*

r-

f

r{

z

DZ

T

DLIFT

Vrr.

vf-
VÉ-

Vrr

.35t2

-.45t2

-.1 109

7.229

.0129

-.0023

- l.184

-8.898

-.0289

.1039

.0390

-.ttt7

-24.85

.9274

Wheat (OLS)

Í-ratio el¿ub

3.50 .845

3.02 -.877

2.16 -.250

t.49 .l5l

5.37 2.23

r.24 -.005

3.06 -.427

r.56 -.009

2.48 -.183

2.13 .324

1.59 .154

3.13 -.402

t.43 -.560

1.54

coeffl

-.2293

.4906

-.0904

-5.717

-.0145

.0064

2.224

-.2857

.0192

-.1t52

.0068

.0637

92.70

.8387

constant

R,/DW

Barley (OLS)

t-ratio elasb

1.95

2.80

1.50

1.00

5.15

2.91

4.89

0.04

r.4l

2.01

0.24

t.52

4.54

-1.15

1.99

-.425

-.249

-5.26

.027

1.67

-.001

.254

-.749

.056

.478

4.36

-.01l8

.M73

.1458

1.776

-.0005

0

28.45

-1.350

.0039

-.0169

-.0152

.0191

-11.01

.8980

Canola (OLS)

t-ratio elasb

0.16 -.161

0.44 520

3.96 1.85

0.5 r .209

0.29 -.487

0.0r 0

t.02 .579

0.33 -.007

0.48 .142

0.48 -.298

0.86 -.338

0.75 .388

0.88 -r.40

1.902.00



B. ma¡ket Ep, CARA

coefl"

!
oo

ft'

r
f

r*

z

DZ

T

DLIFT

VrF

vl'
VÉ"

Vr#

constant

R,/DW

.4093

-.4490

-.0926

4.677

.0t44

-.0033

-.9345

-1.933

-.0490

.2009

.0224

-.1474

-4s.97

.9547

Wheat (OLS)

t-ralio el¿sb

Table 3.6: cont...

4.00 .8s3

3.27 -.775

2.31 -.2r2

1.40 .097

6.57 2.s0

2.25 -.007

3.50 -.337

0.46 -.002

3.58 -.233

3.95 .51 1

t.22 .089

4.85 -.454

2.99 -1.030

1.86

coeff'

-.2552

.5598

-.0529

-3.886

-.0163

.0073

t.917

-5.541

.0317

-.1625

.0036

.0901

103.3

.787t

Barley (OLS)

t-ratio elasb

1.46 -1.11

2.43 2.05

0.77 -.252

0.68 -.168

4.36 -5.91

2.86 .032

4.22 t.44

0.78 -.01r

1.36 .315

r.87 -.863

0.r2 .030

t.74 .579

3.9s 4.86

1.83

-.0313

.0546

.103s

3.443

-.0027

.0012

.4439

-2.312

.0154

-.0865

-.0048

.0486

7.190

.9527

Canola (OLS)

t-rfltio elasb

0.50 -.369

0.65 .542

4.17 1.33

1.67 .404

1.99 -2.&

1.33 .014

2.69 .904

0.89 -.012

1.82 .4t5

2.75 -1.24

0.42 -.108

2.59 .846

0.76 .9r5

1.65



C. CIVB Ep, CRRA

coeff"

\¡
\o

flt

r
Í
r*

Wo*

Z

DZ

T

DLIF-T

Vr¡*'

vf"*

Vt'--

Vra*'

constant

RTDW

.2369

-.4806

-.0738

2.277

.0002

.0120

-.0057

-1.t54

-19.05

-.0218

.1322

.0227

-.0945

-8.935

.9078

Wlreat (OLS)

t-ratio elasb

Table 3.6: cont...

2.00 .510

2.71 -.934

1.06 -.166

0.36 .047

0.10 .016

4.01 2.09

2.23 -.0t2

1.62 -.4t6

1.45 -.019

1.35 -.138

2.16 .484

0.85 .107

2.48 -.433

0.40 -.201

1.90

coefF

-.1225

.3806

-.0741

-9.468

-.0016

-.0131

.0075

2.454

3.723

.0147

-.077

.0032

.0334

86.3r

.8513

Barley (OLS)

t-ratio elasb

1.04 -.615

2.15 1.54

1.06 -.348

r.49 -.412

0.98 -.339

4.34 -4.73

2.91 .032

3.45 1.85

0.28 .008

0.91 .t94

1.26 -.588

0.t2 .031

0.88 .319

3.8s 4.06

2.31

coeffl

.0136

.0812

.n4t
5.088

.0015

.0007

.0016

-.2347

6.420

-.0031

-.M02

-.0133

.0243

-20.12

.9288

Canola (OLS)

t-ratio elasb

0.22 .185

0.86 .892

3.07 t.4s

1.51 .599

1.74 .864

0.42 .662

1.16 .019

0.62 -.478

0.92 .035

0.36 -.t12

1.24 -.832

0.93 -.356

t.20 .629

1.68 -2.56

1.80



D. market Ep, CRRA

coeffl

ooo

r'

f

Í
ro

'Wo*

Z

DZ

T

DLIFT

Vrl'*

vf'.
VÉ**

Vra"

.3038

-.3354

-.0766

-.M70

.0006

.0127

-.0029

-.86s4

r.889

-.0437

.t760

-.0107

-.0929

-32.56

.90s0

Wheat (OLS)

t-ratio elasb

Table 3.6: cont...

1.96 .634

1.75 -.590

1.04 -.t75

0.01 -.001

0.37 .065

3.16 2.21

r.20 -.006

1.16 -.312

0.19 .002

1.52 -.205

2.38 .520

0.38 -.053

2.60 -.355

r.26 -.734

1.63

coeff

-.2275

.s348

-.03s6

-4.645

-.0014

-.0161

.0068

2.031

-7.089

.0448

-.1599

.0141

.0602

tM.96

.8152

Barley (OLS)

t-ratio elasb

constant

RþW

1.34 -.990

2.54 1.96

0.44 -.t70

0.67 -.201

0.t4 -.300

3.66 -5.85

2.57 .029

2.48 1.53

0.65 -.014

1.42 439

t.97 -.986

0.46 .147

1.54 .480

3.71 4.93

2.09

" Coefficients are in units of l0-2.
b Elasticities are evaluated at data means.

coeff'

.0133

-.1097

.0703

7.737

.0023

.0028

.0005

-.6305

5.213

-.0044

-.054r

.0069

.0015

-15.02

.9796

Canola (ARl)

t-ratio elasb

0.30 .ts7

1.93 -1.09

3.01 .907

4.73 .908

5.52 1.32

2.66 2.75

0.71 .006

4.06 -t.28

1.72 .029

0.49 -.r 16

2.70 -.902

0.8s .t94

0.t7 .033

2.51 -1.91

1.76



Table 3.7: Test Results for Acreage Demands uncler Yield Uncertainty: Mean and Variance of Yield Predetermined

I. CARA

A. CWB Ep; Vp=Q

B. ma¡ket EP: Vp=S

C. CIVB Ep, market Vp

D. ma¡ket Ep, rnzuket Vp

E. CWB Ep, CWB Vp

II. CRRA

A. CWB Ep; Vp=$

B. ma¡ket EP: Vp=Q

C. CWB Ep, market Vp

D. market Ep, market Vp

E. CV/B Ep, CWB Vp

Co
ts

Homogeneity Reciprocity

F-stat Prob F-stat Prob

1.87

1.45

0.15

1.08

2.tt

0.156

0.247

0.926

0.37 t

0.120

0.255

0.026

0.438

0.579

0.118

3.41

2.13

1.25

2.04

t.0l

Note: Degrees of freedom for F-statistics are (a) (3,30) for all tesß under CARA except for test of revenue covariance (-Vr) (12,30) and (b) (3,27) for
all tesrs under CRRA except for test of revenue cova¡iances (-Yr) (12,27).

CRTS

F-stat hob

1.43

3.6t

0.93

0.67

2.t4

0.030 12.27

0.117 21.61

0.309 3.79

0.129 1.97

0.374 6.80

Zero Adj. Costs -Vr

F-stat Prob F-stat

0

0

0.020

0.139

0.001

0

0.004

0.010

0.067

0.001

3.78

5.22

2.33

t.26

2.54

8.44

5.60

4.55

2.68

7.46

0.020

0.005

0.094

0.307

0.075

0.0r6

0.010

0.029

0.090

0.014

2.45

5.56

1.32

t.25

l.6l

Prob

-Wo

F-stat Prob

4.08

4.59

3.50

2.39

4.24

0.023

0

0.257

0.295

0.141

0.028

0.002

0.051

0.082

0.013

2.41

3.79

2.12

1.89

2.78

r.56

3.&

2.68

1.51

1.23

0.220

0.025

0.067

0.233

0.3r9



Table 3.8: Estinrates of Acreage Demands under Yield Uncertainty: Mean and Variance of Yield not Predetermined

A. cwB Ep (vp=O)
(yield uncertalnty only)

coeff'

Pr.

p'

P3.

PO

Wo'

z

DZ

T

DLIFT

E,

V

cons]anl

RTDW

@
N)

-.0039

.0086

-.0372

r{.30

.0021

.0137

-.00{l

-2.023

2.966

.0152

-.0005

-4.926

.891I

Wheat (OLS)

t-ratio

o.ut

0.1I

1.67

1.8 I

t.92

5.33

2.t9

3.21

0.{3

r.35

1.49

2.23

-.017

.026

-.264

.2t2

.305

2-38

-.008

-.729

.003

.305

-.t02

-l.ll

.0t66

.0682

-.019

-20.19

-.0024

-.0125

.0065

3. r30

-4.296

-.0r91

.000r

9{.,19

.833.1

Barley (O[S)

t-r¿tio

0.31

0.E8

0.88

2.66

2.30

5.01

3.58

5.t5

0.65

0.59

0.4ó

4.39

elasb

L9l

.r55

.425

-.281

-.633

-.74t

4.5{

.028

2.35

-.009

-.269

.064

4.44

.0 r85

-.05.r3

.0563

1.53 t

.000r

-.00n

.0006

.3807

-5.369

-.0210

-.0001

t5.22

.8830

Canola (OLS)

t-ratio

0.5{

1.08

{.01

0.3 t

0.97

l;10

0.49

0.n

1.25

0.99

0.69

l. t0

elasb

l.8r

.46

-.917

2.25

.128

.039

-2.6E

.0ú

:175

-.030

-.801

-.169

1.93

z.l4



B. CWB Ep, market Vp, CRRA

þrice and yield uncerrainty)

cocff'

P1.

P!.

P3.

PO

Wo'

z

DZ

T

DLIFT

vPt"

vP'"

vPt"

VP*'

E

V

constant

R,/DW

@
(/)

-.0017

.t03r

-.0368

3 t.18

.003 r

.0058

-.oÙn

-2.390

-6.968

-.00{-l

.00{2

.0009

.0003

.0567

-.0001

-22.50

Wheat (OLS)

t-ratio

0.03

l.3l

t.67

3.28

3.05

t.73

1.82

4.53

l.t2

2.U

0.90

2.6+

-.007

.308

_.261

.462

.454

l.0r

-.006

-.862

_.001

-.100

.059

.083

.0r5

.383

-.o22

_.s07

2.t9

Table 3.8: cont...

elasb coeff

-.067{

.tt37

.0017

-t2.6t

-.001t

-.0130

.00{9

2.784

-4.34r

-.0014

.0103

-.0002

-.00n

.o35't

-.0001

82.67

Barley (OLS)

t-ratio

l. l3

t.n

0.07

t. t8

1.22

3.t2

2.9t

4.6

0.62

0.56

r.95

0.{ó

t.62

0.90

0.ut

3.E4

.9239

'Coefficients are in uniu of l0'2.
b Elasticities are evaluated at data means.

0.2t

1.62

0.38

t. l8

-.625

.-tú

.026

_.39 I

-.430

-4.70

.02r

z.@

_.009

-.065

.301

-.03{

-.n8

.50_l

-.010

3.88

2.93

elasb

.9632

coeff'

.0J{t

-. I 3{6

.0.t52

-t3.20

-.001I

.0031

.0001

.8318

2.467

.0031

-.0069

-.0007

.0010

-.0167

-.0004

.6559

Canola (OLS)

çra¡io

1.56

3. ló

3.80

2.57

2.At

t.70

0.09

2.92

0.73

2.85

2.75

3.77

r.29

2.47

2.48

0.06

.9708

11

l.l I

-2.27

l.8l

-1.10

-.9{0

3.02

.001

1.69

.014

.425

-.548

-.361

.287

-1.78

_.435

.083

2;13

elasb



Table 3.9: Bstimates of Acreage Demands under Price Uncertainty (Yields Predetermined):
Non-Linear CIìRA Single Equation Models

A. CWB Ep, market Vp

Wheat (ARl)

coeff' t-ratio

00
F'

fr.

(
P'

/
Wo'

Z

D7

T

DLIFT

Vrl"

vf"
v¿"

Vr'"

consta¡¡l

ct

c2

RlDW

.5039

-.2030

-.3720

13.54

-.0008

-.0131

.owz

3.953

-58;t3

-.o32t

.0323

3.63

t.62

3.-ró

0-70

0.21

r.06

t.52

t.21

3..19

2.t8

t.28

Barley

coefF

-.tzt6

.1926

-.0tn

-fi.i0

-.ot37

-.0581

.0261

13.43

-8.958

.003.1

.0706

-.0107

-.o't'7t

û9.2

:7@.9

2.127

.9155

t-ralro

0.65

2.4t

0.@

2.71

3.87

4.62

3.37

6.50

0.60

0.18

2.t6

0.98

2.03

5.t8

6.88

0.81

Canola

coeff'

.0289 3.1 I

.0r 16 0.19

188.5 2.77

-698.5 4.07

3.084 2.51

.9398

-.0262

-.0338

.5 169

-t.013

-.00n

.0031

-.0029

1.596

-1.51-l

.0003

-.0182

-.ozzt

.0281

-42.{t

-479.5

-5.560

.9530

t-ralro

0.29

0.36

1.97

0.12

1.56

0.53

0.83

2.06

0.18

0.03

t.2z

3.78

t.72

t.24

4.37

t.l7

Eril¡/Worù

coeff' l-ratio

-2.938

15.63

3.207

-tut7

.0559

2.209

-.8771

-28.t.9

638.8

.7130

-2.3U

-.1430

.3953

-l@88

.872t

0.28

1.53

0.37

I. t{

0.30

3.82

2.52

3.{0

0.65

0.6

t.3l

0.23

0.20

3.39

', 'r1 1.96



B. market Ep, market Vp

Wreat

coeff' a-ratio

æ
L¡

Ít'

(
?'

¡
Wo'

z

DZ

.9136

-.35{9

-.5702

72.55

.0133

.0028

.0025

-5.677

-67.62

-.0562

-.0085

.o492

.0529

t25.7

120.t

t.ls't

.9037

Table 3.9: cont...

2.83

0.82

3. t{

3.72

3.05

0.t7

0.26

2-63

3.58

2.12

0.23

3.73

1.20

l.l6

8.78

0.88

T

DLIF'T

Vrr"

VÉ..

vf"
Vr'1"

cons¡¡u¡t

cl

cz

RlDW

Barley

coefP t-ratio

-.3898

.8387

.0587

-50.85

-.0t I I

-.05 l7

.02t9

n:t9

-8. I 89

.0184

.0óil

-.0225

-.0618

358.3

-698

3.915

.9003

1.40

2.00

0.36

2;13

2.71

3.98

2.6

6.8{

0.52

0.93

t.79

t.82

I.{9

4.12

7.19

1.36

Ca¡¡ola

coeff'

.1571

-.40.15

.3931

2.6+5

-.0039

-.00n

.0023

2.81 I
2.69

-.0018

-.0193

-.0tn

.0259

5.143

-532.t

-1.819

.958 t

t-ratio

'Coefficients are in unirs of 102.
b ïhis linear reduced form equation is es¡ima¡ed by OLS.

1.23

2.6

4.87

0.39

2.05

0.57

0.n

3.6

0.{3

0.23

t.62

4.20

1.63

0.15

4.35

0.43

coeff' t-rario

EWVW05b

8.7{l

32.73

6.{55

-l 188

-. l7{l

1.823

-.6201

-193.3

t027

t.003

-2.181

-.6685

.9252

-l 12l r

.8620

0.67

t.gg

0.96

1.5{

l.0l

3.{9

t.78

2.53

r.{0

l.ló

t.79

t.36

0.52

2.99

2.fz 1.78 1.96 t.5l



Table 3.10: Estimates of Acreage Demands under Yield Uncertainty (Mean and Variance of Yields Predetermined):
Non-Linear CRRA Single Equation Models

A. CWB Ep

/'
f

¿'

/
Wo'

Z

DZ

00
o\

coeff

t.M7

- t.903

.0509

5..t51

-.0001

.0525

-.0267

-5.761

-57.37

-.t097

.551I

-.039{

-.4743

56.40

-665.6

- r 5.95

.9191

l-rat¡o

T

DLIFT

Vrl"

vf"
vf"
vr'"

constant

cl

c2

R,/DW

2.21

2.37

0.t2

0.2t

0.06

3.69

2.{8

2.0't

0.91

r.80

2.08

0.21

2.90

0.48

Ln
r.36

Barley

coeff' t-ratio

-.2362

.6209

-.{8{3

-25.69

-.0029

-.029t

.0203

6.69'1

-10.o{

.0333

-.0905

.0968

.0330

2r5.3

:782.5

15.39

0.85

t.21

3.31

2.0t

0.93

2.95

3.71

3.60

0.39

0.85

0.59

1.6.1

0..t0

3.54

6.51

3.16

Canola

.0{70

.0989

.153 l

13.5-f

.0039

.0053

.0ûil

t-ratio

0.31

0..17

1..t0

1.78

l.9l

1.44

1.45

0.3{

0.63

0.58

0.8r

0.28

0-74

2.72

6.22

2.99

EW¡v'Wo5b

coeff' t-r¿tio

r.9-r

-.2816

9.945

-.01l8

-.0609

.0105

.0342

-67.35

-871.4

t7.61

.9451

-5.1'16

t5.25

8.106

-t29.t

-.0129

-.3250

.l l-17

22.70

806.8

.5M2

-3.82t

-2.611

1.50{

n85

t.25

2.33

3. t{

0.55

0.7t

2.9t

1.20

0.86

1.6

0.85

r.69

2.63

1.06

3.35

,8903 2.47 t.7t 2.83



B. nrarket Ep

rl'

f

ê'

r'

@
!

coeff'

Whea¡

t.392

-.9t12

.218't

5.085

-.0002

.039r

-.0 r 23

-3.826

4.030

-.2039

.6455

-.t697

-.4{3-l

-.9009

-46{.5

-20.48

\ilo'

Z

DZ

T

DLIFI

Vrr"

vi"
v¿"

Vr{"

constanl

c¡

cr

RTDW

2.92

1.38

0.79

0.25

0.03

2.85

1.63

1.il

0.I-f

2.50

2.86

1.80

3.75

0.01

3.90

3.05

.9423

t-ratio
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Barley

coeff t-r¿tio

-.ó0t8 r.9{

t.263 2.85

-.3565 2.49

-t7.39 t.1t

-.0025 0.83

-.0366 3.74

.0191 3.74

5.670 3.52

-9.096 0.48

.t260 2.29

-.3105 l.8g

.0û70 1.44

.1286 1.57

216.1 4.22

:747.0 6.37

15.28 3:t8

.88 r0

'Coefficients are in units of l0-2.
b This linear reduced fonn equarion is es¡irnated by OLS.

coeff'

Canola

.0287 0.26

-.2852 1.4-l

.0710 L l l

17.09 3.37

.00t6 3.56

.0078 2.51

.0019 0.95

-.5{3t 0.9.1

4.134 0.61

.0059 0.21

-.¡68.1 2.W

.0615 2.72

.0218 0.56

46.9 2.56

-906.5 7.67

17.20 4.85

.9752

l-râtro

EWVWo5b

coeff t-ratio

t-97

*1.150 0.60

10.70 t.25

8.167 2.57

96.35 0.3{

-.0{80 0.62

-.3878 2.t5

.0172 O.lJ

10.63 o.tz

-tt'1.2 0.26

;14s6 0.58

4.207 Ln

-1.281 t.oz

.8750 0.55

3389 2.94

.92t9 L62;18 2.65



Table 3.11: Estimates of Acreage Demands under Price Uncertainty (Yields Predetermined):
Non-Linear CRRA System Equation Models (SUR)

A. CWB Ep, market Vp

\ty'hear

coefF

@
co

1'

f

f'
r'

Wo'

z

DZ

T

DLIFT

v/"
v¿"

V¿..

Vr'"

1.06ó

-;t2lt

-1.007

201.2

.0326

-.0l't'1

.00r0

-tt.75

-176.9

-. I 545

.0493

.l 118

.0809

418.0

-t755

3.633

.930t

¡-fatlo

3.26

2.16

3.81

6.79

5.5r

0.94

0.09

3.96

6.00

4.û

0.96

5.98

1.43

3.89

13.28

3. 14

Barley

coeff'

-.2682

l.106

-.0205

-tt9.7

-.0301

-.tz-lt

.o562

29.03

-19..t0

.0078

.t5t2

-.0236

-. I 688

8'17,4

-1755

3.633

.9151

conslanl

cl

c,

R,/DW

t-ratio

0.88

3.41

0.08

3.71

4.87

6.33

5.24

8.81

0.60

0.23

2.79

t.24

2.83

7.68

13.28

3.t4

Canola

coeff

-.05{t

-. I 953

1.007

9.083

-.00{l

-.0036

-.0009

4.309

-2.2t7

.0017

-.0461

-.051I

.0865

-26.02

-1755

3.633

.9178

t-ratio

0.38

t.20

6.2t

0.57

l.3z

0.38

0.r5

3.05

0.13

0.09

t.{ó

4.50

2.36

0.49

r3.28

3.t{

2.73 2.29 2.26



B. market Ep, market Vp

Wheat

coefF

oo
\o

rl'

(
¿'

¡
Wo'

z

DZ

T

DLIFT

V¡P'

VÉ..

V¿..

v/"
consaant

L l3ó

-.5{90

-;11ll

95.13

.0t73

-.0022

.0051

-6.558

-E8.83

-.0713

-.0034

.0ó{t

.0ó{8

t97.7

-981.0

2.123

Tal¡le 3.11: cont...

3.5't

r.35

4.1 I

4.{r

3.80

0.1{

0.53

3.0.1

4.89

3.38

0.@

4.90

l.5l

1.77

12.81

2.il

.9031

t-ra¡io coeff'

Barley

-.4651 t.43

r.395 3.24

.1303 0.82

-Et.22 '1.00

-.0t76 4.01

-.0638 s.gt

.on1 3.t6

15.99 7.65

6.200 0.31

.0313 t.52

.0'133 2.01

-.0372 2.92

-.0810 t.1t

438.5 4.86

-981.0 lz.E I

2.123 2.ll

.8978

l-ral¡o

ct

c,

R?DW

coeff

Canola

'Coefficients are in units of l0'2.

.1751 l.l0

-.6291 3.1 I

.5299 6.13

5.963 0.ó{

-.00{6 2.t6

-.001E 0:t7

.0037 0.87

3.976 4.13

3.699 0.41

-.00t0 0.10

-.0298 t.79

-.0288 4.U

.0443 2.08

t9.69 0.{-t

-9E1.0 12.8t

2.123 z.tl

.9572

l-ratio

2.30 l.9l 2.t0



Table 3.12: Estimates of Acreage Demands under Yield Uncertainty (Mean and Variance of Yields Predetermined):
Nr¡n-Linear CRRA System Equation Models (SUR)

A. CwB Ep

\o
O

/'
(
t'
/
Wo'

Whea¡

coefl"

2.190

-5.335

-r.052

30.03

.0027

.t291

-.0591

-l 1.93

-2t8.9

-.2251

t.157

.3397

-.973t

-165.2

-1926

I t.6-+

.8912

z

DZ

T

DLIFT

Vrr"

vÉ"

vf"
v1"

constant

cl

c1

RlDV/

3.62

4.99

3. l8

0.87

0.3 t

5.82

3.98

2.85

2.87

2.53

4.50

2.4t

5. 16

t.12

7.06

3.79

Barley

coeff'

-1.022

3.178

-.8852

-87.93

-.0135

-.1t32

.0(67

22.26

15.89

.130t

-.6n9

.0983

.26É.3

760.9

-t926

I1.64

1.98 .8ó81

t-ra¡to

1.9{

3.83

2.5t

2.7E

t.80

6.18

4.67

5.29

0.n

l:t5

2.52

0.82

r.72

5.55

7.06

3.79

Canola

coefF

.tzt't

.685 r

.9108

46.19

.0t37

.0081

.01{4

-1.9{l

53.57

-.0298

-.3.r51

-.0909

.2U18

-189.5

-t926

I l.6l

.9351

t-ratio

0.39

t.50

4.56

2.65

3. l3

1.07

2.t3

t.u7

1.49

0.72

2.20

LN

2.16

3.38

7.M

3.79

2.36 1.71



B. market Ep

Wheat

coeff

\o
H

/'
f

?'

¡
wd

2.390

-2.965

-.8398

-.7530

.0068

.l 104

.0229

:7.145

20.02

-.3541

t.493

-.0392

-;1399

-3n.8

-1481

8.t29

z

DZ

T

DLIFT

vr'"

vl"
v/"
Vr+'

consaant

c¡

%

RTDV/
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t-rauo

3.42

3.{5

2.33

0.03

0.88

5.-18

Barley

coeff'

-1.65,1

3.879

-.4022

-38.59

-.0099

-.1 16

.0502

15. l6

-48.82

.003,1

-t.t32

.1214

.4331

755.2

-t48l

8.129

1.68 .8377

2.06

2.24

0..13

2.53

4.û

0?e

4.62

2.78

10.87

3.57

t-ratio

2.57

4.6t

t.23

t.17

1.39

6.42

4.73

{.86

l.l6

2.68

3.62

t.0l

2.9t

6.49

10.87

3.57

Canola

coefF

.1242 0.56

-.1t'n z.ffi

.5127 ,t.43

48.07 4.83

.0119 4.37

.0t27 2.03

.0039 l.l4

-2.30t 2.12

11.03 0.69

-.0t77 0.39

-.3379 3.t2

.0557 t.24

.0602 t.zl

755.3 6.19

-1481 10.87

8.t29 3.57

2.20 .9630

'Coefhcients a¡e in units of l0-2.

t-ratio

.8777 2.85



CHAPTER FOUR

DYNAMIC DUALITY MODELS OF CROP YTELDS

The few econometric studies of crop yield response to price have

assumed essentially static risk-neutral models and have obtained mixed

results. Houck and Gallagher (H-c) assumed that U.S. annual corn yield

for L951'-7L depends on the ratio of fertilizer and corn prices

(expectations were modelled as a one year lag), corn acres harvested,

weather and dummies for acreage restrictions. Prices were significant in

the estimated models, and the elast,icity of yield with respect to corn

price varied from 0.25 Eo 0.75. Menz and pardey updated the H-G data to

1980 and concluded that price did not, have a significant effect on yield

for L972-80. Reed and Riggins estimated a simil-ar model for Kentucky

corn yields l-960-79 and concluded that price was insignificant. Love and

Foster estimated per acre production functions and fertilizer demands

(rather than specifying yield as a function of price) for corn, wheat

and soybeans using u. s . data, 'J,964-86. since fertilizer input \^ras

insignificant in the per acre production functions, price did not, appear

to have a significant impact on yield. Choi and Helmburger estimated. a

similar model and concluded that yields are not sensitive to price

changes.

Ïn contrast, chapt,er tbto of this study estimated distributed lag

models of crop yield response for major field crops in Manitoba, 1,96L-

87. The study emphasized risk aversion and distributed lags based. on the

following assumptions: crop yields respond gradually to price changes,

farmers are risk averse, and there is generally more uncertainty
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regarding prices in the distant future than in the immediate future (so

that gradual or dynamic responses such as changes in yield presumably

are more sensitive to price uncertainty than are reallocations of land

among crops). Results indicated that distributed lag models of crop

yield response are more appropriate than static models, and that risk

aversion and price uncerbainty influence crop yield respnse. These

results demonstrate that it is feasible and perhaps essential to

incorporate dynamics and risk aversion into models of crop yield price

response. However a major criticism of the methodology in chapter two is

the ad hoc nature of distribubed lag models.

Duality theory has been extended to dynamics within an optimal

control or calculus of variations framework (e.g. Epstein 1-981b; Berndt,

Fuss and waverman) and has been applied to agriculture (e.g. vasavada

and Chambers; Stefanou; Howard and Shumway,' Vleersínk and Tauer). However

until recently (coyle L995b¡ Arnade and coyle) all dynamic duality

studies have assumed risk neutrality. Moreover dynamic duality models of

crop yield response have not been formulated.

rn contrast to the distributed 1ag models of chapter two, here we

formulate and estimate optimal control models of crop yield response

based on dynamic duality. These models incorporate risk aversion and

price uncertainty. Yield uncertainty is not considered here because (a)

it has not yet been incorporated into dynamic duality theory with risk

aversion and (b) it may be less important than price uncertainty over a

long time horizon as in most dynamic models (this assumes that weather

shows less correlation over time than do prices, so effecÈs of weather

uncertainty are more likely to cancel out over time).
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MODEL SPECIFICATION UNDER RISK NEUTRÃLITY

Models of crop yield decisions can be substantially simplified

under the common assumption that crop technologies are approximately

disjoint, i.e. the output level of an enterprise depends only on input

levels for that enterprise (and not on levels of inputs allocated to

other enterprises). In this case yield decisions for an enterprise

conditional on acreage decisions can be specified as independent of

prices for other outputs. It is convenient to specify yield decisions as

conditional on acreage decisions because acreage decisions for an

enterprise do depend on prices for other oubputs, to the extent that

total cropland for the farm is fixed in at least the short run (Shumway,

Pope and Nash). The standard yield production function for enterprise i

is yldi = yldi (*i, Ki , ri , ,i) where 1*i, Ki, "i ¡ denote the levels of

variable inputs, stock of capital and amount of cropland allocated to

enterprise i, respectively, and ri is gross capital investment in the

enterprise. fnvestment Ii is an argument of the production function

assuming that capital adjustment costs are internal to the firm.

Assuming that cropland for enterprise i is fixed at level zi, a standard

dynamic optimization problem for yields would be

(1) max J " tpi yrai(*i(r),ri(r),ri(t),rå) 
"ä((*i(r),ri(r))) t=o v v

s.r. ;i =

lwhere p- is output price,

price for capital, and r

i. k i -rl-- w xt(t) - w'' K-(t) I e -" dr

ri-oxi xi(o)=Ki--0

w is variable input price(s), rk is rental

is a discount rate. fn keeping with the usual
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convention in dynamic duality models, capital is costed at the rental

rate. .A,lternatively the t"rm wk Ki in the objective function can be

replaced ¡y pk Ii where pk i= the asset (purchase) price of capital.

There are several serious defects of the above standard optimal

control model as a model of crop yield decisions: (a) crop acreaqe "i
and prices presumably should not be treaÈed as fixed over the planning

horizon and (b) costs of adjustment presumabty should not be associated

only with capital investment. Since farmers may well íntend to alter the

allocation of cropland among different crops over the planning period,

the yield decision model for enterprise i should. be specified as

conditional on the time profile of planned acreages {"i(t)} over t =

0, .,T. changes in planned yields involve changes in input proportions or

techniques, and it is not necessarily the case that these changes are

indexed perfectly by the level- or vintage of capit,a1. For example

capital requirements per acre are essentially the same for major crops,

so lags in yield adjustment should be similar for enterprises with

increasing (decreasing) acreages if these lags are solely due to costs

of capital adjustment. The substantial differences in estimates of

distributed 1ag yield models between different crops (as reported in

chapter two and appendix) suggest that lags in yield responses cannot be

explained solely by lags in a common capital investment process.

The simplest tractable approach that incorporates these

considerations into a dynamic model of yield response is to specify

equations of motion for crop acreagres, prices and yields in the model

along with initial conditions. For simplicity $¡e assume that the risk-

neutral firm forms expectations for prices over the planning horizon but
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does not incorporate the possibility of acquiring new price information

over time into iÈs planning problem (risk is perceived in the plan as

timeless rather than temporar, in the terminorogy of Machina).

Relatively few dynamic duality models have incorporated temporal risk

(Stefanou; Chavas). Model (1) can be modified as follows:

(2) Ji (på,w, wk, rl, vral , ,f,, Ð =

max f t tpi(r) yrai(r) ,i(r) - * *i(r) - ,k *i(.) I .-tt d.r
iit=0

{(x*(t),r-(t))}

s.r. ;i = ri - ð Ki xiror = Ki--0

oiui = ri(yrai,*i,Ki,\í,rí) yrai(o) = yldå

'i i iz- = s- (z-) zL (o) = "[
'i 

=rri(pi) pi(o)=eå.

Here the production function is specified as yldi =

yldi(xi,xi,yldi, rí,"i) or equivalently (assuming ôy1ai t.ltaytaí + ol as

the equation of motion viai = fi(yldi,*i,Ki,Íí,rí), as above. This

al-lows for internal adjustment costs with respect to both capital stocks

and yields. Of course this generalization of the standard adjustment

cost model retains t,he central weakness of such models, i.e. there is no

explanation of the source or mechanism of adjustment costs. Since the

yield decision problem is defined as conditional on acreagie decisions,

the equations of motion for both acreage ,í and output price pi are

exogenous to the problem in contrast to equations of motion for capital

and yie1d.

Another generalization of the standard adjustment cost model will

be considered here. The standard adjustment cost model y = f(x,K,I)
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assumes that output y at time t depends only on current levels (at t) of

x,K,r. However, as we sha11 see, this is guite restrictive in the sense

that it does not lead to a general distributed lag model. À more general

assumption is that output depends directly on lagged as well as current

value of investment. In our case \^re shall assume that yields depend

directly on lagged values of change in yield: Vfdl =-t

yrai rxl, xi,viai,"rai_r, . ,oidi_", rl, zll or equivalently yldl =t

ritvrdi,*i,*i,orai-r,.,oidi-.,ti,rlt where s is rhe lensrh of rhe 1as.

Then the optimal control problem (2) is modified as follows:

(3) .ritni,w,\nrk,xl,vr.a],"iu1r, .,oid1",rf,,Ð =

max J t tpi(r) ytai(t) ,i(r) -, *i(.) - *n *i(.)l "-tt dr
{ (*i (t) , ri (r) ) ) t=o

'ls.t. K- =rr-ðKI

oiut = ri (yrai,*i,Ki,Ls(yldi),rí, rí)
aaaz =9(z)

'i 
= tri(pi)

where r,"(y:-Ai) denotes the s period distributed lag in yiai.

Since problems (2) and (3) are autonomous, and. assuming an infinite

planning horizon (z = æ), the corresponding Hamilton-.Jacobi eguations at

t = 0 can be expressed as

i(4) r r'(.) - arl t.)/azf, sI(.) - ar1(.)/ôpå nt(.)

= max pi ytai ,i -, *i - ro 
^i1a(x ,r )

+ ô¡i(.)/aKä (ri - a xi) + ô,:i(.)/ay1då ri(.)

For exampre, Epstein and Denny (Appendix A) and Luh and stefanou state

xt(o) = Kå

yrai(o) = yldå

,i (o) = ,f,

pi(o) = på
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somewhat

theorem

(5a) T

(sb) r

analogous Hamilton-Jacobi equations. Applying the envelope

to (4) with respect to prices nå, * .rrd rk, respectively,

alí/ap; - a2,ti/ô"åunä nt,., - a2f /ap12 nir.l - ôrí/apl a,í/ap;

yrai ,i * a2¡it.lzaxfapå ,-t - ô *i¡ * a2ft.)/avralanf rit.l
af /aw - a2¿i/aråur nt,., - a2Ì/apla* nit.r
-*i * a2¡í(.ltaxf,a* (ri - o ri) * ô2¡í{.)/ôvrafa* ri(.)

(5c) r a¡i/awk - a2¡i/ôråuro nt,., - a2¡i/aplaurk r,i(.)

= -Ki * a2ti t.lza*iark (ri - ¡ xi) * a2¡it.)zavraiark ri(.)
Equations (5) specify yield supply, variable input demand and investment

demand equations in terms of the functional form for the dual ,¡i (. ) .

Since capital requirements per acre are similar for different crops,

equations (5a) and (5c) can be estimated given data on total physical

capital in crops. on the other hand, variable input requirements per

acre do vary by crop. In order to estimate variable input demand

equations given data on total employment of variable inputs in crops, v¡e

can define a dual .I(.) as the sum of duals,fi(.) for all- crops: J(.) =

tr|, ¡i(.). Then envelope relations similar to (5) apply to .t(.),

specifying a yield supply equation for each crop and aggregate demand

equations for variable inputs and capital investment. The duals ¡i (. )

and J(.) have standard homogeneity and convexity properties ir ni(.) in

eguations of motion for price are linear homogeneous in price (Epstein

L98lb; Luh and Stefanou).

MODEL SPECTFICATION UNDER RTSK AVERSION

The mean-variance approach has usually been applied under the

assumption of linearity. The firm's utility function is
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(6) U=EW-(q./21 \'/N c['>0

v/here cx, is a constant coefficient of absolute rísk aversion, and (EI^I,VW)

are the mean and variance of the distribution for the net present value

of terminal wealth Vl. In forming its production plan, the firm assumes

that output price pi is a random variable d.istributed independently but

with mean and variance (Ep and vp) changing over time. For simplicity

the firm does not incorporate the possibility of acquiring new price

information over time into its planning problem (risk is timeless rather

than temporal). The mean and variance of terminal wealth wi from

production in enterprise i are

(7) Ev,ri=JT tppi(t) yrai(r) =i(r) -r*i(.) -rn*i(.)l "-ttdrt=0

vvri = J T vpi(r) (yrai(t) ,i(t))Z "-2'E dt
t=0

The risk-neutral problem (2) can be generalized to linear mean-

variance risk preferences as follows:

( 8 ) "t t"oå, w, wk,"på,*å, y1då , ,1,r, =

max .f t tupi(t) yr¿i(t) "i(t) - r *i(.) - rk *i(.)r "-tt dr
( (*t (t) , ri 1t¡ ¡ I t=o

- (u/2) J r vpi (t)
t=0

s.t. Ki =ri-ôKi

(vrai(t) 
"i(r) )2 .-2tE dt

xi(o) = *ä

yrai(o) = y1då

,i (o) = ,[
laEp-(0) = Epõ

vpi(ol = vpå

added for price variance Vp.

linear mean-variance risk

oiui = ri (yldi,*i,Ki

1 1. az =9\z)

tnt = t 
i(epi)

'ilf

vp' = kt (vpt )

1a,I ,z )

where an additional equation of motion is

Similarly model (3 ) is generalized to
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preferences as

( e ) "i t"nl, w, lvk,vpä,Kä, oruå, oiu1r, . , oiul. , ,å,Ð =

max J " t¡pi(t) yrai(t) "i(r) - r *i(.) - *k *i(.) r .-tt dr
{ (xi (t) , tt (r) ) } t=o

- (a/2) J r vpt(t) (yrar(t) 
"t(r) )2 "-2tt at

t=0

as.t. K =11 -ô xt(o) = xf

yrai(o) = yral

"t(o) = ,[

epi(0, - 
"nå

rnt = Li(vpi) vpi(ol = vpå.

Assuming an infinite planning horizon (z = æ), Lhe Hamilton-,facobi

equations at t = 0 corresponding to (8) and (9) are

(10) r ,ri(.) - aoi (.)/azln nt(.) - aoit.lzarnf ni(.) - a"Ít.lzavnf rit.)
= Íìê.X npi ytoi ,í - * *i - *k *i - (u/2) vpí (ytai ,i)2

(*i, ti)
+ ô,ri t .lu axi (ri - o xi) + ô,¡i t. )/ôvral ri (. )

Hamilton-Jacobi equations under linear mean-variance risk preferences

are derived by Arnade and coyle. Applying the envelope theorem to (10)

with respect to prices tnå, r .rrd rk, respectively,

(1-1a) r ati/anpi - a2tita"lauef si(.) - a2¡i/annå'nt,.,

- ari/a"n1 ar,iza"på - u'"t{.)/ôvela"ni rit.r
= yldi =i * a2¿ir.rzarlaunl (ri - a xi) * ô2tit.)/avralarni rit.l

(i.r.b) r ô¡í/aw - a2¡i/aråur nt,., - a2¡í/aania* ni1.¡

- a2¡í {. ) /avnf a' ri (. )

= -*i * a2¡it.lzaxfar (ri - a xi) * a2¡í(.)/ðyrdåaw ri(.)

yldl = rt (yldt

]-aaz =g(z)

"nt = ti(pi)

a
K

,*i,Ki, r, (yiai), Íí, ri )
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(11c) r a¿i/a*k - ô2ti/aråurn nt,., - a2rí/arniark r,i(.)

- azrí / aupla*k ui t . r

= -Ki * a2¡i t.l za*iaru (rt - u *t) * a2¿í {. ) /avr-alark ri (. )

Homogeneity and convexity properties are similar to Arnade and Coy1e. As

in risk-neutral models, it is often convenient to estimate equations

(11) in terms of an dual J(.) = trTr.ri(.)

rn principle dynamic duality models of crop yields can also be

constructed assuming nonlinear mean-variance risk preferences. The

corresponding utiliÈy function is U = I,rIO + E!Í - ø(WO + EW, VW)/z VW,

where *O is initial (nonrandom) wealth and (EW,VW) are the mean and

variance of the distribution of the net present value of the terminal

wealth V'I from production in all enterprises. Tractable envelope

relations can be derived for such models (e.g. coyle i-995b). However

nonlinearity of the mean-variance relation implies that yietd decisions

for an enterprise (conditional on acreage decisions) can no longer be

specified as independent of prices for other outputs. For example a

change in expected output price Epj for enterprise j implies a change in

equilibrium expected wealth EW* and in turn a change in the equilibrium

coefficient of absolute risk aversion o* - a(w0 * Ew*, v!V*), which

affects yield decisions in any other enterprise i (even controlling for

acreage decisions). Due to this substantiar increase in model

complexity, nonlinear mean-variance dynamic duality models of crop yield

decisions will not be considered here.
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DATA

Yield models were constructed for the following major crops in

Manitoba using annual data for L961,-87: wheat, barley, oats, canola,

flax and rye. This corresponds to the period for which a crop growt,h

index of weather conditions was available for Manitoba. ExpecÈed crop

output prices were modeled using data on market prices and Canadian

wheat Board (cwB) payments for crops (statistics canada b, canadian

Wheat Board). Four alternative measures of expected crop prices were

considered: (a) a one year 1ag on market prices, (b) a one year 1ag in

market prices plus the difference between one and two period lags in

market prices, (c) the sum of t,he most recently observed components of

CWB payments at planting time (current initial payments, plus adjustment

and interim palzments for crop marketed in the previous year, plus final

palzment for crop marketed two years previously) for crops covered by the

cwB (wheat, barley and oats), and (d) predicted values of market prices

plus government payments from time series models. Case (b) will be

ref erred to as expected cwB prices and \^¡as found to be useful in

explaining crop acreag'e decisions in wesLern canada (coy1e 1,993) .

Alternative proxies for variances of crop prices v¡ere calculated

somewhat similarly (see below).

Input price indexes vtere obtained for hired 1abor, machinery and

equipment, and variable inputs (e.g. fertilizer) for crops (statistics

Canada a). An index of the sÈock of physical capital in the crop sector

\¡¡as calcurated as the current value of machinery and eguipment

(statistics canada b) deflated by its price index, and a guantity index

of crop variable inputs \¡¡as costructed in a similar manner. Crop
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acreag:es were defined as the estimated areas sown annually for harvest

(statistics canada c,d). weather $¡as proxied by a crop growth index

GRODEX (Szer, Narayanan and Murray). As in most empirical applications

of dynamic duality, a constant real rate of discount r is assumed. Here

r = 0.03 as in the study of u.s. agriculture by Howard and shumway.

RESULTS FOR RISK-NEUTRAL MODELS

A normalized quadratic functional form is assumed for the duals t,o

the optimal control problems (2):

(L2) .Ti* = Fio * tj ßrj vi. + t/z tj tu Frln rl ,l i- = t, .,6

where v. = (Epi*,*2*,*k*, LKz,zi,Lyldi,t), .rri* = ,Ji ./ (*1 ,i), Epi* = Epi
l_2*21k*kL*r/ w- (i = 1,.,6), w' =vt' / ut-, \^r = v¡ / rtt, J = J / (*'Z). Epa is

expected crop output price for enterprise i, 11 i" the hired labor wage

(the numeraire price), w2 is the price index for variabre crop inputs,
kw is a proxy for the rental price of capital, LKZ is a one year lag on

the ratio of total stock of machinery and equipment to total cropland

(R/z is a pro>qr/ fcl, Kí/zí), "í is acres in crop i, r,yldi is a one year

lag in crop yield for enterprise i, and t is a time trend. The

assumption of disjoint technologies and the specification of yield

decisions conditional on acreage decisions simplifies the structure of

the dual with respect to Ep*, z and Lyld, i.e. there are no interactions

between these variables for different enterprises. Constant returns to

scale for the enterprise technology implies that ,í "un be excluded from

ti in (12), so that (L2) provides a second order differential

approximation to J irrespective of constant returns to scale. Second

order differential approximations to the duar such as ,]-2) are guite
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restrictive since dynamic optimizat,ion implies third order properties of

the dual (Epstein l-981-b), but nevertheless most econometric applications

of dynamic duality assume only second order approximations to the d.ual

in order to keep the model tractable.

The following approximations were used in equations of motion for

(2):

c-3) *i = *i - *i_,.

L11z =z _rt_L
tt

vlal=yldi-vrdi-r

Epi Epi 
"ol_,

consequently a one year 1ag of the endogenous variables yield and

capital stock are specified as exogenous in the dual. on the other hand

current price expectations are expressed as parameters of the dual- gpÈ

is defined and exogenous at time L, and the static nature of

expectations models emphasized here implies that the anbicipated change

in (expected) prices 
"n.t 

,= proxied by the most recently observed change-t

in prices, Epi - epi_f. Similarly, since problem (2) is condítional on

crop acreages as well as expecLed prices, \^¡e can select current acreages

as parameters of the dual and proxy ,! W ,! - ,i'L -r -t -t-1'

The Hamilton-,Jacobi equation (4) evaluated at t can be expressed in

terms of the functional form,:i*(.) (12) as (dividing both sides of (4)

by rl zi, which leaves the solution unchanged)

(14) r ¡i* (. ) - (ôJi" (.) /ôzi * Jí* /ri) ;i - a.ri* (.) /ôEpi* 
"ntrrt

= rTrêx upi* yldi - ** *í/ri - rk* :Kí/"í
. i _i.(X ,I )

* ôJi* (.)/afii (ri - o xi) /ri * ô¡i*(.luavrai vrai
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where ñ1 = KI / zL. ïn order to verify that (L4) is equivalent to (4)

divided by ,i ,i, note that Ji* = ¡í / *l ,i u.rld 
"pi* = apí / w1 implies

ô.ri*( .) /ô¡,pi* = ôJi (.) /alpi /ri, a,:i*( .) /aRí = ôJi (.) /ôKi /*!,

a;i"( .) /ôvtai = a,Ji (.) /ôyraí /r1rí, and â.rí (.) /ôzi = ðJi* (.) /ôzi *Lri *

Ji* *1. Applying the envelope theorem to (I4) with respect to 
"pi*

implies (similarly t.o (5a) ) ,

a.ri*/ôrpi* - ð2rí* /azj-a¡,pí* ;í - e/zi) aJí* /anpi* ;i

a2ti* /ônpt*' io'r*L - aoí* /ôEpi* atppiu*11 /aepí*

(1s)

= yrdi * ô2Ji* t.l taiíasni* ;í/rí * ô2Jí* (.) /ôvraiaupi* irai
Approximating as in (13) and solving for yield of crop i,

(16) vral = ft ati* /a"ni* a2Ì* ra,iaEpi t"i - ,î_r)

erzlt a"i"uarni" ,ri - ,I_r)

a2f* taøvl*2 ,"ni- "nl-, ) /wI - a"i*u a"ni*

a2ri* (.)/ði.E_ru"nl. (*. - Rr_l/^,
* a2ri* {. ) /ôvral_rô"ni* yld;_1}

/ (L + a2¡í* (.)/avral-ru"nl*l

= {(r - L - ("i - "l-¡t"ll a"i*za"ni* - a'rí*tariaavl. rri -

- a2ti* /a"ni*' ,"ni - rnl_rlurl

- a2¡í* (.) /ar<L_Lu"ni* (Kt *r_l /r,
* a2ri* t.)/avroi_ru"oi* vral_rl

/ (t + a2¡i* t.)/avral-1ôEp;") i = !,.,6
where ña_, = (K/z) t-o.

specifying ð¡í* /ônnl* r"
i* ì* i*(t7) ô.r- /Arni = .i * "r1 "n; * .i2 t

i -_i* ti6 'E * ur7 Ytot-r-

2*
t *ti3

izlt-t_'

^a-r-
k*tt * ti4

i

t + a.-
r-5

= Ir.16
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and substituting into (!6),

(1s) yrdi= {(r -t- t"i-rl_rltril(.i .i,"ni* *ui2'3**-r,*f.
* uí4 t * ti5 ñ.-t * u¡e "L * ui., vral-rl

- .i6 t"i - "I_l - .ij_ ,"ni- 
"ni_rl 

z'l
- .is (*. *.-r) /2, +.i, olul-r)

/ (L + a.rl

= ((r - i- - t"i - "'r-¡t"ll (.i * urr*?* * .i3 rl* * .i¿ r)
*.ir_ ((r - i. - t"i -,I_lzzlrrnl- - ,"ni- "ni_rt wlt

iii* .is ((r - 1 - (", - "r_l/rl) *r_t - (Kt - Kt_1)/zE)

* .i6 ((r - r - ei - "I_l r"it"i - t"i -,1_rD
i* uí7 ((r - 1- ("i - "i_r)t"ltvtal_,, + vral_r))

/ {l + a."r} i = L,.,6

Equations (1e¡ can be estimated by linear methods as

(1e) vral= (r-1- ("i-"i_rltzll (bi_* orr*?* *bi3rf**oi¿.)
* bir ((r - r - r=l - "I_ìr"itøvi- - ,"ni- "ni_rtrult
* bis ((r - 1 - ("i - rl_¡ trll ñ._, - (Kt - Kt_r) /zL)

* bi6 ((r - 1 - ("i - "I_l r"it"i- ("i -,i_rD
* bi7 ((r - 1 - ("1 - "i_lr"ltv.trl_., + vraj_rr

i = I,.,6

where coefficients of the structural equations (18) can be solved as

(20) -i7 = bit / (1 - b.7)

.i = bi (1 + a.r) .rj = Oij (1- -r a.r) i, j = L,.,6

rn the case of model (3) where the equation of motion for yield

involves an s-period 1ag on irui, arí*/arnl" i" specified as (instead of

(17) )

- i* - i* i* 2* k*(2I) At- /ônvi =.i*.ir"ni *-iz*l *-i:ri *.i4.*.iUñ._,
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* -i6 "I * ui., vrdi-r * E"], ,, tvrdi-" - vral-=-r)

i = 1,.,6

Then the reduced form equation for yield analogous to (19) is

(22) vlal= (r-1- r"i-"i_rttzit (b. + orr*?* *bi3\,¡:.*bi¿.
* >"], 7, (vtdi-= - vtal-"-r) )

* bi1 ((r - 1 - t"i - "i_ìr,itnvl- - ,"ni - ¡pi_rttwLrt

* bis ((r - 1- tri - "i_rltril Rr_r/r, - (*. - Kt_1 )/zE)

* bi6 ( (r - r - r"i - "i_ì rzitzi - r"i -,1_rD
* bi7 ((r - 1 - t"i - "i_l t"itvni_., + vral_r) i = !,.,6

where coefficients of the corresponding structural eguations can be

calculated in a manner similar to (20) .

Demand equations for variable crop input and investment in model

can be constructed in a similar manner from the multienterprise dual

tr!, 
"t* 

where J* is a normalized 1J* = ,J / (*1 z) quadratic J =

tj ßj vj + L/2 z. >t Êi¡ rj vk in v = (Ep*,r2*,rk*, Lïz,z,Lyld,t).

equations (5b-c) and approximations (13) imply

r at*tawl* - ô2l*/az.-aut?* Ø, - rr_l - (1,/zEl af ta*l* (zt - rr_t)

- >,. a2t* tarv'r-a*l* ,eni - Epi_1)/r:

= - *?tr, * a2r* (.) /ôi<x_fw?* (^, *r_l /^,
* >. ô2,r*{.)/avrai _r.ur?* (yldi - yldi_1)

(24) r ar" /ôwl* - a'r* /ôzraw!* G, ,r_l - (1,/zL)

- >. a2¡*zaeni-a'f* ,rni - Epi_1)/*l

= - Kr/2, * ô2J* (.)/ôñr_lôwf* (*. - *r_ì/r,
* >. a2r* { . ) /ôvral_,_uru* (y1di - vrdi_r )

ô.t*(. )/ôw2* and ôJ*(.)/ôwk* are specified as

(2)

J=

f3o +

Then

(23)

a""u a*f* G, - ,r_t)

(2s) ao* ta*l* = Fj * rrl, Fr, rnl* * ßr., *?* * Fze ,f* * Fr, ñ._,
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* Ftto 

" 
* z¡lt Fj,ro*i vrdi-r * Fttt E

at" ta*!* = ÊB * rr3, Êr, "ni* * ßr, *?* * Êee ,f- * Fr, ft._,

* Êero 

" 
* zi2, F8,10*i "rdi-r 

* Fett t
Combining (23) - (25) ,

(26) *? t,trc u*?- Gt 
^r_t)

(r - (zr zt_l /zJ a"* t arl* * azt* / ô2,

¿. a2"* /aenl*a,l* ,"ni - Epi_l)/*l
)*-)*a-r (.) /ôxr_rôwi (*. *"_l /r,

z. a2¡* (.)/ayldi 
-ru*?* tvrdi - olui_rl

(r - (zt zE-ì/zt) U3., + Fr., *?" * Fte rl* * Êr' r)

Frr_o ((r - (r, ,r_ì/zE)zt * (zt - zr_r))

- 2i Fr¡ ((r - (zt ,r-ì tz¿nvl* - ,"ni - epl-r t -lt
- Fr, (r - (r, - zvL) /zJ fi._, - (Kr *r_t) /r,

- xi Fr,10+i (r - (r, ^r_t)/z) vral_, - tvldi - vral_r)

- ^t-t ) /zE = "' 
urrl',turrr-i=' r'r'rl'^ruo r* r/ 

awf.

- >,. a2o*zarnl.awf- ,"nl - npl_r)zwl * *r/^,

- z. ô'r* t . ) /avral_rurl* rordi - olui_rl t

/ a2'* (.)/ax.-rawf"

= { (r - (zt - zE-\) /z) (13, + Fr, *?* * Fr, rf*
* Fgg ñ._t * Ferz .)

* Êgro ((r - (r, zE_ì/zJ zE - Q, - zr_ì)
* xi Êei ( (r - (r, - zr_l tzrlavlr* - ,rni - 

"ni_rt 
Urlt * KJZ:-

* Ei Pr, ro*i ( (r - (^, ,r-l /zr) vßf,-, - tvrdi - or-ui_rl j /Fse.

In addition to model (19), the following simpler specification was

considered:

+

+

+

(22 ¡ (x.
t
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(28)yldi _ i** bii- EPt

u' vlai-, +

iorto (zt -

-b.
1

+

+

^2*k*+ Þ, ^ \^f. + þ. ^ \^t.L¿tr3t
bie ,"oi- 

"ni_rl 
z'

:i
^t-L 

* Þí6't

Rt-l /zt
i+e t

i = L,.,6.

* bi4
1

t*bi9
* bitz

E + b.-
a5

(K't

DLift t
i
t-1) * bitt Grodexa

the key differences are (a) this model does not impose the restrictions

on coefficients of initial levels and changes in variables (e.g. (19)

specifies the effects of rpi .rra epi in terms of a single coefficient
.:*

bir- ) and (b) ,J' is not specif ied as normalized. by "t . A similar

simplification of model (23) can also be construct.ed.

For empirical estimation, the average value of the crop growth

weather index (GRODEX) for Manitoba and a dummy variable for the LIFT

program were added to model-s (19) and (23) for crop yields in the same

manner as (e.9.) the time trend. There was not strong evidence of unit

roots or heteroskedasticity (see chapter two). However the presence of a

lagged dependent variable(s) in these equations complicates testing for

autocorrelation and estimation in the presence of autocorrelation. Test

results for autocorrelation \^Iere inconclusive: the Durbin h-statistic

was generally undefined but suggested autocorrelation in some cases,

whereas an asymptotically equivalent test procedure suggested no

autocorrelation (Durbin 1970). since ordinary least squares is

inconsistent here given autocorrelation, and an iterative Cochrane-

Orcutt procedure may not converge to a g1obal solution, these mod.els

\^rere estimated by a grid search and maximum likelihood procedure as

AR(L) using Shazam 7.0.

The above models \^/ere estimated by ordinary least sç[uares,

iterative Cochrane-orcutt, and grid search plus maximum likelihood for
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AR(1). Four models of price expectations were considered (see above). In

addition the following simplified model was considered:
i-i*2*-k*(2e) y1d; = bi * bir 

"pi * biz ri * bis ri * bi4 t
* bi5 ( (r - r¡ Kr_1 * *r_z) * bí6 ( (r - r) "i
* biZ Vfdi-f * bill Grodexa * bíL2 or,ift. + el

i

I*'L-L)

= Lr-,6.

This model essentially assumes static price expectations (¡pl = 0) and
.i*

Jr- is not normalizeð, by zr. ordinary least sçFlares results for wheat,

barley and oats crop yield equations (29) assuming expected prices are

equal to lagged market prices are reported in Table 1 (grid searches for

AR(1-) models indicated no autocorrelation in these cases). Expected

prices are insignificant, and the one year lags in crop yields (Lj_yld)

have negative rather than positive coefficients. Results for similar

models allowing for a four year unrestricted 1ag on crop yield are

reported in Table 2. Again expected prices are insignificant and lags in

crop yields have negative coefficients. The negative coefficients on

lagged crop yields are somewhat surprising. Similar results were

obtained for standard Nerlove partial adjustment models of crop yields.

Models (19), (22) and (28) were also estimated by ordinary least

squares, iterative cochrane-orcutt, and grid search plus maximum

likelihood for AR(1-). Results for (19) and (22) (where eguarity of

coefficients regarding inibial conditions and equations of motion is

imposed) often indicated positive coefficients for lagged crop yields

(as expected) and positive but insignificant price effects. In contrast

results for (28) were generally similar to Tables 1 and 2.
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RESULTS FOR RISK-AVERSE MODELS

The above risk-neutral models are generalized to linear mean-

variance risk preferences and price uncertainty as in models (B) and

(9). rn the case of model (8) the derivative ô¡i*(.)/ôrpi* is specified

AS

^i*_i*i*2*k*(30) At- /Anvl =.i * "ir Epi *.iz *i *.i: ri * -i4. *.rU ñ._,

+ a.- ,í * u i - i*
rb t ii Yldt-l * -i-e vPi i = t, ',6

_i*iLwhere vp; = yni / ,r. Proceeding as in the risk-neutral case, the

Hamilton-,facobi equation ( 10 ) implies

(31) ..ri*(.) - (aJi*(.)/ôzí * Ji*/rí) )i - aoi*(.)/agpi* 
"ntr*t

- ôJi" (.) /ôvpi* rntrrt

= max rpi* yldi - ** *i/ri - ",k* Kí/rí - (d./2) vpi* (yrdi )2 ,i
(*i, ti )

* ôJi* (.)/añ-i (ri - o ri) /ri * a.ri"(.l,tavrai yrai

and yield equations (19) are generalized as

(32) vrai = (r - 1 - t"i - "l_¡ t"lt (bi * or, *?* * bi¡ rf* * oi¿ .)

* bi1 ((r - r-- t"i - "i_lzrltenl. - (Epi- 
"ni_rturlt

* bis ((r - r - ("1 - "I_ltrlt i-r_, - (Kr - KL_l/zJ

* bio ((r - 1 - ("i - "I_l r"it"i- r"i -,1_rD
* br, ((r - r - ei - "I_lr"ltvrci_., + vrai_rr

* bi8 ((r - r - r"i -,i_,.)z,llvel- - ,,rni- rpi_rlu*ll

i = 1,.,6

rt"." vnl - 
"ni- 

toi-a. similarly yield equations (22) are generalized

AS

(33) vldl = (r - 1 - t"i - "i_rltzll (bi * orr*?* * bi3 rr" * bi¿.
t1,L



* t"l, 7. tvldi_. - vral_._r) )

* bir_ ( (r - 1 - t"i -,I_r.)zzlteni- -,"ni - ¡pi_r t rclt
* bis ((r - 1- t"i- "i-rttril Rr-r/r, - (Kr - *r-r)/zE)

* bi6 ((r - r - ei - "i_r) r"it,i - ei -,"_rD
* bi7 ((r - 1 - t"i - "i_ltritvnl_., + vrdl_r)

* bis ((r - i- - ("i - "i_lrzltwl- - ,rrni- rpi_rlz*lt

i = L,.,6

Yield equations (28) are generalized as

ii*2*-k*(34) vld. = bi * btr Epi * b¡z ri * bis ri * bi4 . * ois ñ._,

* bi6 ,L * or., vrdl-r * bis ,"oi- Epi-1)/':
* bi9 (*. *.-t) /zr * biLo ("i - "I-l * birr Grodex,

* bitz Dl,ifrr * bir: vni" * u.rn ,nnl- unl_r)Z*l + "l
i = L,.16

Finally equations (26)-(27) for crop variable input and investment

generalize as

(3s) *ltrr=- (r- (rr-zt-ì/zJ (ßr+ßrr*l* *Fte'f**Êr' r)

ßrro ((r - (r, - ,r_l/zJzE * (zt - zr_r))

Ei Fri ( (r - (r, - ,r_l tz)wf,* - ,"oi - epl_rl ¡rll
Frn (r - (^, - z,*l /zJ ñ._, - (Kt *r_t) /r,

- 2¡ Fr,10+i (r - (', - 
"-t) 

/zr) vrdl-, - t"1di - vral-rl
- zi ß', ,Li+i ( (r - (" - 

"-l 
tzttwlt* - ,uni - tpi-rl utll

(*.-*.-t)/zE= ((r- (rr-zL_L)/zL) (f3r+ Frr*? *Frrrf
* Fgg Kr_L * Ferz t)

t Faro ((r - (zr zE_l/zJ zt - Ø, - ,r_l)
* xi Êei ( (r - (zr ,r_t) /z)evl* - ,"ni - ep:_rl z'lt * Kt/z,

* Ei Fr,.o*i ((r - (r, - ,r_t)/z) vtai_, - toldi - yral_rl

(36)
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* Ei Fe ,!.1+i ((r - (zt 
^r_ltzrlWrr*- ,,rni - vpi_rlnll, /Fee

The above models v¡ere estimated by ordinary least sç[uares,

iterative Cochrane-Orcutt, and grid search plus maximum likelihood for

AR(1-) . Four models of. price expectations were considered (see above),

along with similar models of price variances. In addition price variance

terms were added to the simplified model (29):
i-i*2*-k*(37) vld, = bi * bir Epi * b:_z ri * bi: ri * bi4 b

* bis ((r - 1-) Kt_1 * *._z) * bi6 ((r - i.) "i, "i_rl
* biZ vfdl-r * bis nni* * bilj_ 

"rodexr 
+ b.12 Dlift. * "i

í = ]-r.,6

ordinary least squares results for wheat, barley and oats crop yield

equations (37) assuming expected prices are equal to lagged market

prices, and price variance is calculated as in (7) of chapter

two using these price expectations, are report,ed. in Table 3

(grid searches for AR(L) models indicated no autocorrelation in

these cases). Coefficients of price variance are significant and

negative (as expected) in barley and oats crop yield equations. rn

addition coefficients of expected price are positive but

insignificant in these equations, and lagged crop yield is

insignificant. Results for similar models allowing for a four year

unrestricted lag on crop yield are reported in Table 4. Here both

expected price and price variance are significant with anticipated. signs

in barley and oats crop yield equations. However coefficients of

lagged yields generally are significant and negative. Similar results

were obtained for standard Nerlove partial adjustment models of crop

yields with price variances added.
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Somewhat similar results were obtained for models (32)-(34). price

variances and expected prices generally were significant with

anticipated signs. Results for (32) and (33 ) (where equality of

coefficients regarding initial conditions and equations of motion is

imposed) often indicated positive coefficients for lagged crop yields

(as expected).

CONCLUSTON

This study has formulated dynamic duality models of crop yield

response under risk neutrality and linear mean-variance risk preferences

with price uncertainty. These models are tractable for empirical

research. Only preliminary results for these models are reported here.

As in the case of the ad hoc distributed 1ag mod.els reported in chapter

tvlo, these results indicate Lhat risk aversion and price uncertainty are

important in explaining crop yield price response.
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P' -lr.6r

w' 18.t6.9

wr' rc.27

Grodex .081{

T 1.215

DLtFf -18.38

LIYLD -t7.56

KK" 2.112

77¿ .0002

conslanr 25.29

RTDV/

Table 4.1: Risk-Neutral Crop Yields: Market Prices, No Distributed Lag On Yields (OLS)

coeff

Wheat

t-ratio elasb

1.87

t.02

0.49

r;to

2.08

1.60

0.85

1.45

0.0_l

0.fl

.7622

F
L¡r

-.301

.400

.163

.346

.234

'Coefficients are in units of 10'2
b Elasticities are evaluated al da¡a means.

" KK = (r-l) K¡ + Kr¿
o Z, = 1r-l¡ z,' * ,,!, (r{.03)

coefF

-.009

-.t74

_.007

.000t

.348

r.89

:1.780

-191.9

21.36

.ll7l

2.2t0

-19.3E

-8.99{

2.213

-.0055

21.0't

Barley

t-ratio

o.76

0.21

0.77

1.88

2.63

1.47

o.n

l. r8

0.50

0.43

.8n3

_.1 l9

-.089

.282

.399

.355

-.008

-.088

-.006

_.00t

.n6

1.98

elaso coeff

6.281

-1087.4

29.81

.1 334

t.224

-15.66

-lo.z?.

1.663

-.0087

t7.09

Oats

¡-ratio

0.83

0.68

1.38

2.88

1.96

1.4.1

0.42

l. l9

0.56

0.12

.7944

-.r05

-.230

.462

.535

.z3l

_.00E

-.10t

-.006

-.008

.230

1.88

elasb



P

w'

wt.

Table 4.2: Risk-Neutral Crop Yields: Market Prices, Distributed Lag On Yields (OLS)

Grodex

T

DLIFI

LIYLD

L2YLD

L3YLD

L.IYLD

KK'

77d

consta¡it

R,/DW

f, Lag coeff YLD

coeff

-8.071

-15{2

48..t{

.un5

2.931

-23.42

-56.36

49.W

-21.81

:7.083

.384 t

.004-l

90.50

-137;4

ts
ts
o\

Whear

t-ratio

t.24

0.59

1.5ó

l..l,t

2.3t

2.æ

1.8 I

r.75

t.ü7

0.33

0.20

0.83

1.6

1.64

-.209

_.33.1

.768

.3 l8

.56

-.012

-.559

-.480

-.238

-.967

-.001

.002

1.25

1.93

elasb

" Coefñcients are in units of l0-2'
b Elasticities are evalualed ar data means.

" KK = (r-l) K¡ + K,z
d 2, = 1r-l) z,' * ",!, 

(/=0.03)

coefF

1.726

-5086

60.41

.0821

5.{61

-2t.75

-39.57

-56.97

-23.22

-25.9t

l.,l{6

-.0071

fi5.2

-145.7

Barley

t-r¿tio

0.18

1.98

2.19

t.42

3.91

1.90

1.69

2.77

l. l8

1.43

0.83

0.7r

2.01

.8938

2.72

.g$t2

.0n

-.917

;197

.280

.E77

_.009

-.386

_.5.il

-.2t3

-.230

-.004

-.001

t.32

2.@

elasb coeff'

.9970

-3786

48.98

.lGr6

2.347

-17.70

-37.52

-37.08

-20.û

-9.391

2.03t

-.0090

E7.99

-104.6

Oats

t-ratio

0. r0

r.69

2.W

2.@

2.49

1.60

I.28

1.70

t.02

0.55

1.43

0.05

1.50

r.64

.015

_.802

.759

.420

.442

_.009

_.369

-.355

-.t92

-.086

-.007

_.001

l. l8

1.65

elasb

.8306



P.

w'

we.

Vp'

Grod¿x

T

DLIFT

LIYLD

KK"

zzd

cotìslant

R?DW

Table 4.3: Risk-Averse Crop Yields: Market Prices, No Distributed Lag On Crop Yieltls (OLS)

-5.475

973.5

3.833

-.t29t

.08{7

t.230

-17.25

-17.32

2.t79

.0007

35.47

:t619

ts
ts
!

Whea¡

t-¡atio

0.35

0.35

0. 15

0.43

t.67

2.05

1.43

0.82

l.,l.l

0.14

0.76

'Coefficie¡lts are in unils of l0':
b Elasticities are evalua¡ed al data means.

' KK = (r-l) K¡ + K,_z
o z, = 1r-l¡ z,t * z,!, (r=0,03)

-.142

.21I

.061

-.0r5

.318

.237

-.009

-.t72

-.008

.0003

.489

coeff

24.99

4354

t3.95

-1.531

.1017

3.268

-l1.65

-26.49

2.097

.0056

û.75

Barley

t-ratio

1.87

t.92

o.62

3.14

2.Ot

4.30

1.06

t.30

t.36

0.59

1.30

1.86

.385

-.786

.184

-.083

.347

.525

-.005

-.258

-.006

.001

.697

15.33

-l 890

13.70

-1.2t5

.r r89

t.717

-t3.62

-15.49

2.410

.0002

26.29

.8t07

Oats

t-ra¡io

.8932

t.26

LN

0.65

2.16

2.79

2.8{

t.37

0.70

1.85

0.01

0.71

2.M

.256

-.400

.2t2

-.061

.477

.329

-.007

-.152

-.008

.0002

.35.1



P.

w'

wr.

vp'

Grodex

T

DLIFI'

LIYLD

L2YLD

L3YLD

L¿YLD

KK"

77d

conslar¡t

R,/DW

)Lag coeff YLD

Table 4.4: Risk-Averse Crop Yields : Market Prices, Distril¡uted Lag On Crop Yields (OLS)

coeff'

8.442

-4502

39J1

-.3356

.0782

3.330

-2t.ffi

-63.81

-59.89

-n.71

-10..17

.1120

.0065

130.3

-161.9

F
ts
@

Wheat

t-ra¡io

0.51

l.l9

1.25

1.08

1.46

2.53

1.83

2.0t

2.03

t.l9

0.18

0.06

l.r5

r.99

.8231

1.88

.219

-.975

.630

-.039

.3Zt

.642

_.01I

-.632

-.585

-.265

_.099

-.0004

.002

1.79

1.93

elasb coeffl

'Coefficients a¡e in units of l0'2'
b Elasticities are evaluated at da¡a means.

' KK = (r-l) K¡ + Knz
o u, = 1r-l¡ ",' 

n ,,!, (r=0.03)

29.39

-8028

44.14

-1.499

.0606

5.3{5

-l,t.4l

49.22

-53.Ul

.2836

-16.65

2.034

.0ü/8

136.5

-1t8.7

Barley

t-ratio

2.7r

3.81

2.t0

3.45

1.39

5.t2

I.63

2.77

3.44

o.o2

l.2t

1.55

0.89

3. 15

.9+{6

2.9t

elasb

.452

-1.{5

.586

-.081

.2U

.858

-.006

-.480

-.501

.003

-. t.18

-.006

.001

1.56

coeff'

n.58

-52t3

34.61

-t.102

.0822

3.t72

-16.08

49.51

-42.83

-27.0t

:1.?68

3.015

.0118

109.7

-tn.t

Oats

t-ra¡io

2.t9

2.67

1.64

2.6

1.93

3.75

t.71

1.99

2.31

r.59

0.51

2.43

0.80

2.2t

2.36

.,t61

-1.10

.536

-.070

.330

.598

-.008

,.487

-.410

-.252

_.07t

_.010

.0ll

1.48

r.95

elasb

2.26 .8903



CHAPTER FI\¡E

CONCLUSION

The purpose of this thesis is to develop and estimate econometric

models of crop supply response for Manitoba. There are two aspects of

this study that are unique in comparison to most other studies: (a) crop

supply response is decomposed into acreage and yield response where both

of these components are to be estimated, and (b) risk aversion is

incorporated into these models, which often have a duality framework.

Most empirical models of crop response have consisted either of

acreage demand equat,ions or crop output supply eguations (essentially a

reduced form of acreage and yield components), and prices are often

reported to have significant effects in these models. On the other hand

there have been relatively few published sÈudies of crop yield response

to price, and in many of these studies price is reported to have an

insignificant effect on yield. These crop yield models are static and

use methodologies conìmon to many acreage demand/output supply studies.

This contrast in results suggests that substantially different model

specifications are required for sÈudies of acreage demand and yield

response. In this case there are substantial- gains in efficiency and

understanding \¡/hen the acreage and yield components of crop supply

response are estimated directly rather than as reduced form output

supply equaEions (the standard arguments for estimating a structural

model over a reduced form model somewhat apply here).

The advantages of a duality approach in static and dynamic models

of production are well known, but there have been relatively few stud.ies

incorporating risk aversion into duality theory and even fewer
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applications of duality incorporating risk aversion. This study

emphasizes the importance of risk aversion and price uncertainty in

modeling Manitoba crop production behavior. This emphasis is

incorporated into both sÈatic and dynamic duality models. Output (yield)

uncertainty is also considered to some extent.

This thesis consists of three studies: a study of crop yield

response using essentially ad hoc distributed 1ag models (chapter two);

a study of crop acreage demand using static duality mod.els (chapter

three); and a study of crop yield response using dynamic duality mod.els

(chapter four). These conclusions of these three studies are stated as

fo1lows.

MODELS OF GRATN YIELD RESPONSE TO PRICE

fn contrast to all other econometric studies of crop yield rêsponse

to price, chapter two explores the importance of risk aversion, price

uncertainty and distributed lags in explaining crop yield response. This

emphasis reflects the following common assumptions regarding crop

agriculture: crop yields respond gradually to price changes, farmers are

risk averse, and there is generally more uncertainty regarding prices in

the distant future than in the immediate future.

Results are reported for major field crops in Manitoba, L96t-97.

Expected prices are insignificant in risk-neutral static models of crop

yield (as in most other studies). Ho\^rever, when price variances are

added to the static models, coefficients of these price variances are

often significant (and negative). A somewhat plausible explanation of

this contrast between expected price and price variance in static models

L20



is that true models are dynamic and price variances are highly

correlated over time. The importance of dynamics and risk aversion in

explaining crop yields is illustrated by results f.or risk-neutral and

risk-averse distributed lag nmodels. The sum of lag coefficients is

often significant for both expected price and price variance, and these

elasticities of long-run response are substantially greater in magnitude

for expected price than for price variance.

rn sum, this study indicates that it is tractabre, and perhaps

essential, to accomodate risk aversion and substantial lags in crop

yield price response models. Tn contrast to static models of crop

acreage demand (e.9. Coyle 1993), here the effects of at least expected

prices on crop yield were insignificant in static models. The lagged

effects of prices and uncertainty on crop yields appear to be

substantial. This suggest,s a significant difference in response patterns

for crop yields and crop acreage demands. In turn disaggregating models

of crop supply response into these components presumably can lead to

substantial gains both in understanding of supply response and in

efficiency of estimation.

À next step in developing models for crop yield decisions is to

incorporate risk aversion and uncertainty into formal dynamic models,

e.g- dynamic duality models, ês a possible alternative to the

disbributed lag models of crop yield considered here. These can be

estimated jointly with static duality models of crop acreage demands

under risk aversion, which are most easily specified when yields can be

treated as predetermined.
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DUALITY MODELS OF CROP ACREAGE DEI{ANDS

chapter three, an econometric study of crop acreage demands in

Manitoba, apparently is the first application of recent theory on

duality with price uncertainty to use data disaggregated by crops. rn

addition this study suggests and applies a simple methodologry f.or

combining weather station data and production data aggregated over

agents (regions) to obtain a measure of yield uncertainty. Apparently

this methodologry has not been noted in previous production literature.

Models where yields are predetermined, or to be more precise the mean

and variance of the distribution of yield are predetermined., are

emphasized here. This is in keeping with other studies (including an

econometric study for Manitoba) suggesting thaÈ crop yields may often be

largely predetermined. In addition this assumption greatly simplifies

estimation of acreage demand models.

Results of the study indicate that the methodologies applied here

are tractable in modelling crop acreage demands and support the

assumptions that price and yield uncertainty influence acreage

decisions. Models with yields (or mean and variance of yields) Èreated

as predetermined generally provided more reasonable results than models

with yields not predetermined. Results for models assuming price

uncertainty or yield uncertainty generally led to anticipated results

for the major crop (wheat), but results for impacts of variances in

revenues per acre for other crops were more ambiguous. The one major

disappointment of the study is that models combining both price

uncertainty and yield uncertainty generally did not lead. to reasonable

results.
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In sum, this study suggests that duality models of crop acreage

demands incorporating risk aversion and uncertainty are tractable and

promising. However further progress presumably requires more accurate

measurement of farmers' subjective price and yield (or weather)

uncertainty.

DYNAMIC DUALITY MODELS OF CROP YIELDS

Chapter four has formulated dynamic duality models of crop yield

response under risk neutrality and linear mean-variance risk preferences

with price uncertainty. These models are tractable for empirical

research. Only preliminary results for these modeLs are reported here.

As in the case of the ad hoc distributed lag models reported in chapter

two, these results indicate that risk aversion and price uncertainty are

important in explaining crop yield price response.
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UNITS OF MEASUREMENT

Acreage Thousands of acres
Oulput Thousands of metric tonnes
Prices/Value Canadian dollars per metric tonne

Crop Acreage

Year Wheat Barley Canola Oats

APPENDD( A

FlaxRye

1951 2326 2M0
1952 2368 2t65 7
1953 n00 2365 5

1954 2139 2202 9
1955 2075 2090 7
1956 2199 1548 29
1957 2200 r7M 28
1958 2/80 1584 21,

1959 2670 1270 t2
1960 2800 930 33
1961 29t4 655 29
t962 3042 629 32
1963 3153 584 45
t9@ 3385 497 84
1965 3z.0 601 145
1966 3255 875 t70
1967 3520 970 r45
1968 3400 rI70 91.

1969 2500 1200 196
1970 1400 1500 400
1971, 25t9 2052 581
1972 2600 2tt0 470
1973 3000 21.W 400
1974 2800 1800 500
1975 3100 1500 750
1976 3800 1600 250
t977 3200 1900 500
1978 3400 1750 1050
1979 3000 1450 1350
1980 3300 2000 800
1981 3900 2350 600
1982 4000 2000 850
1983 4600 1750 950
1984 4450 1800 1200
1985 4850 1850 1000
1986 4950 1550 1000
1987 4850 1700 1000
1988 4820 1400 1ss0

t&3 53 655
r6rt 72 500
t4t2 138 420
1510 92 444
1485 89 531
1950 68 789
1500 73 865
1430 72 550
1420 83 575
1500 83 707
1300 79 748
1794 ttg 667
1620 95 820
1635 133 1025
1525 133 1350
1530 100 tt07
1600 141. 660
1580 r20 820
1530 163 1100
1260 130 1100
1395 r28 566
rr40 81 500
1300 82 600
1200 t02 700
1100 rr7 750
1250 92 525
1050 110 750
750 125 750
450 r25 1250
450 150 800
600 190 700
ssO 230 900
550 210 7s0
550 220 1050
480 t93 1050
450 77 1030
450 & 800
400 tzl 700
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s00 230 700
430 220 800

1989 5170
1990 5430

1600 1150
1550 9s0

Crop Output

Wheat Barley Canola Oats

1951 1442
1952 1551

1953 1306
1954 789
1955 1.143

1956 1524
1957 t334
1958 1660
1959 1687

1960 1796
t96r 926
1962 2177
1963 1660
19@ 23t3
1965 2150
t966 2150
1967 U49
1968 U77
1969 1742
t970 830
l97t 201.4

1972 1878

1973 2095
L974 1605

1975 2123
1976 2803
1977 n49
1978 2831
L979 2041
1980 1905

1981 3326
1982 370r
1983 34t0
1984 3742
1985 5226
1986 4478
1987 3946
1988 2401,

1989 4063
1990 5865

L2L9

1546 2
1328 2
958 3

871 2
915 11

7r9 8

958 6
719 4
523 11

196 8

457 13

348 t7
348 33
479 54
610 47
7t8 52
936 43
914 79

1110 163
2M7 272
1851 t92
1807 174
lt54 r92
1110 283
1459 102
2047 290
1851 578
1263 567
1568 294
2330 306
2373 399
1s89 397
1938 544
2526 635
1851 578
1938 585
1089 612
1,546 399
2014 499

895 21. 118
1002 3t tt7
8t7 7t 97
555 40 r02
771 45 t12
1357 28 203
740 3t 89
771 3t trg
77t 42 tt7
863 42 t63
370 22 109
1373 76 198

956 53 236
tt26 71 269
114t 76 4tt
987 61 266
1018 67 144
tug 63 264
l0& 75 2s9
817 72 292
Lt72 83 149
848 46 149
972 54 193
663 63 167

771 76 2r3
941 68 160

894 84 330
632 99 3t7
308 79 444
278 75 210
463 175 261.

5U 213 436
40t 1.63 297
432 195 439
494 167 559
463 61 s72
4t6 46 406
2U 58 198

339 198 22r
409 193 422
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Crop Market Prices

Year 'Wheat Barley Canola Oats Rye Flax

1951 59.00 52.00
1952 59.89 50.98 7t
1953 49.97 41.80 88
1954 48.13 42.25 83
1955 52.t7 43.17 87
1956 47.77 38.58 79
1957 48.50 37.20 66
1958 49.97 37.20 &
1959 50.71 35.82 87
1960 59.00 39.00 88
1961, 65.00 48.00 79
1962 62.W 44.00 77
t963 63.00 45.00 110
19& 60.00 48.00 1,19

1965 61.00 48.00 108
1966 65.00 50.00 108
1967 60.00 41.00 85
1968 48.00 36.00 83
1969 46.00 32.00 106
1970 52.00 34.00 102
t97l 50.00 32.00 95
1972 68.00 58.00 137
1973 158.00 115.00 258
1974 r47.00 102.00 312
1975 130.00 105.00 225
t976 103.00 92.00 257
1977 98.00 76.00 278
1978 133.00 78.00 280
1979 170.00 103.00 267
1980 203.00 t37.00 280
1981 174.00 119.00 n5
1982 165.00 91.00 259
1983 174.00 120.00 383
1984 172.00 121..00 351
1985 160.00 110.00 268
1986 130.00 80.00 201
1987 134.00 74.00 273
1988 t97.00 124.00 307
1989 172.00 1214.00 3M
1990 13s.00 90.00 288

46.00 61 1.52

40.20 56 126
37.61 34 97
40.20 37 104
41.50 37 110

33.72 38 t02
33.72 35 98
36.31 33 103
41.50 35 t20
40.00 34 108
41.00 43 130
38.00 41 118

36.00 49 tt2
42.00 4l 11.6

46.æ 4t 106
49.00 42 106
45.00 43 tzt
32.00 39 trz
35.00 34 101

37.N 34 87
34.00 29 86
58.00 51 161,

106.00 105 374
99.00 89 376
93.00 99 2s8
73.00 85 267
64.00 86 207
Ø.00 t02 268
89.00 146 280
119.00 r71. 32n
105.00 140 322
81.00 87 244
110.00 107 323
109.00 93 3r7
96.00 79 257
90.00 62 176
tt2.00 85 2r2
145.00 113 351
108.00 111 374
80.00 85 231
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Crop Expected Prices

Year Wheæ Barley
(cwB) (cwB)

1951

1952
t953 &.51 39.96
1954 58.75 46.44
1955 57.46 44.76
r9s6 60.66 42.12
1957 59.12 46.Ir
1958 58.34 42.84
1959 59.56 43.47
1960 s8.64 42.22
t96t 58.42 41.02
t962 69.63 44.M
1963 70.19 55.33
tgg 68.86 48.22
1965 72.s4 50.43
1966 69.34 54.43
1967 80.72 59.66
1968 80.35 60.07
1969 s9.31 38.9s
1970 57.80 37.20
I97t 57.58 42.80
1972 59.93 39.50
1973 98.68 68.43
1974 152.26 129.27
1975 1,68.21. 121.36
t976 191.95 102.46
1977 rr8.72 97.17
t978 \t7.15 87.12
1979 157.04 92.06
1980 215.65 144.61,
1981 255.11 148.89
1982 n0.n 125.55
1983 \95.12 102.07
1984 187.84 125.00
1985 183.98 153.02
1986 146.37 86.30
1987 110.00 60.00
1988 160.00 125.00
1989 2M.02 94.08
1990 t57.14 109.23

- 6t t52
65.00 56 126
74.10 34 97
77.50 37 104
73.70 37 110
74.80 38 102
60.00 35 98
67.40 33 103
69.50 35 t20
77.10 34 108
74.20 43 130
77.20 4t 118
71.80 49 ttz
69.20 4t tt6
56.10 41, 106
66.65 42 106
57.25 43 r2r
50.20 39 1t2
38.90 34 101
45.30 34 87
44.10 29 86
82.73 51 161,

97.33 105 374
124.73 89 376
120.91 99 258
107.90 85 267
87.00 86 207
68.00 102 268
79.10 146 280
130.00 t7t 320
127.30 140 322
75.00 87 U4
134.50 107 323
106.60 93 317
96.63 79 257
85.90 62 t76
112.00 8s 212
145.00 lt3 351
108.00 111 374

Canola Oats Rye Flax
(cwB)

7I
88
83

87
79
66
@
87
88
79
77

110

ttg
108

108

85
83

106

102
95
r37
2s8
312
225
257
278
280
267
280
n5
259
383

351

268
201
273
307
3M
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Yea¡ Totat Crop Input
Acreage Price

Index

Crop Input Labour Capiurl
Quantity Wage Sock

Index

1951

r95Z 6723
1953 ffio
1954 6396
1955 6277
1956 6583
1957 6370
1958 6137
1959 6030
1960 6053
1961, 5725
1962 6283
1963 6317
t9& 6759
1965 6994
1966 7037
1967 7036
1968 7r8r
1969 6689
1970 5790
l97r 7Ur
1972 6891
1973 7482
1974 7102
1975 7317
1976 7517
1977 7510
1978 7825
t979 7625
1980 7500
1981 8340
1982 8530
1983 8810
1984 9270
1985 9423
1986 90s7
t987 8864
1988 8991
1989 9350
1990 9380

0.43072
0.45947
0.44160
0.43901
0.43&2
0.44937
0.45377
0.4444
0.43397
0.44894
0.4573L
0.468n
0.46925
0.47349
0.49059
0.50221
0.48622
0.46308
0.47376
0.49820
0.55286
0.77987
1.00000
1..09343

1.06835
t.tr279
r.u923
t.4699t
r.742M
1,.67882
1,.62485

r.68445
1.71805
1.s4769
t.45692
t.43846
1,.53692
r.53076

24098.58
23259.49
28105.70
32966.3t
36283.63
55015.U
59739.77
73545.09
5A4t.l2
49143.r8
61092.01
69769.29
8s589.87
84820.68
976U.00
99890.72

117058.52
153853.65
183428.07
t&436.73
164860.81
180056.69
207086.25
2U403.84
225766.41
231819.t0
238019.90
2s8051.00
229894.20
234t73.20

18.04
17.72
17.31,

18.38
19.51

20.36
21,.25

2r.93
22.40 8.80
22.90 8.60
23.30 8.90
23.80 9.30
25.00 9.80
n.00 10.20
29.00 10.50
30.00 10.70
3t.40 10.40
32.50 10.00
33.90 9.60
37.W 9.70
42.W 10.00
50.70 11.30
61.80 13.20
70.50 15.60
78.20 16.10
82.50 16.10
87.20 16.80
93.90 17.70
100.00 18.20
106.60 18.20
110.90 17.90
114.40 17.70
117.60 17.80
120.10 t7.70
t23.00 17.60
128.50 17.00
135.00 16.60
136.90 16.20
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Year Grodex
m1

Grodex Grodex
m3

Grodex Grodex Grodex
m4 m5 m6

1951

1952
1953
1954
1955
1956
1957
1958
1959
1960
t96t
1962
1963
t9&
1965
1966
1967
1968
1969
1970
1971,

t972
1973
1974
1975
r976
1977
1978
1979
1980
1981

t982
1983
1984
1985
1986
1987
1988
1989
1990

158.663
37t.456
n7.205
189.207
296396
254.U6
185.093
2r0.9u
n3.531
308.646
403.567
284.9U
290.2&
ù17.282
407.575
281,.240
250.402
305.M7
r93.390
300.482
303.390
313.693
n3349
155.069
n9.678
318.704
251.327

-:
92.743

310.789
322.797
198.391
269.112
265.386
267.605
137.818
222.219
282.s03
344.r84
264.51,5

269.591
264.683
389.347
317.816
389.406
376.302
297.518
380.029
304.4U
277.258
292.663
287.331
366.913
315.U7
216.631 

-

236.194 rSZ.õ8O rS4.O8S 190.390
434.857 4t7.557 294.893 251.636
402.871 3M.65r 267.287 389.M7
338.966 343.625 389.555 307.6s6
328.469 317.436 2t6.071 291,.940
373.4s6 39.638 387.360 2s3.260
279.361 258.412 170.753 180.993
407.952 436.367 392.054 138.556
313.078 325.317 217.2/15 258.M4
330.704 410.004 328.302 298.367
388.297 453.519 249.871, n4351
268.1,37 365.840 234.009 367.422
359.350 331.0t4 267.134 nt.487
286.626 349.t54 245.453 259.M7
400.487 345.@7 389.473 354.152
288.786 214.694 339.805 372.158
346.458 334.605 273.292 227.511
399.849 4n.r08 301.680 355.332
363.789 373.598 297.477 189.268
292.570 239.270 158.073 2Á9.937
90.968 374.6U 304.689 186.070

381.280 32/4.776 210.495 719.137
222.750 2t1.905 360.627 194.868
329.595 307.811 294.4U 134.674
40L.62,1 431.738 382.930 31,6.0U
320.902 337.963 356.23s 330.989
370.202 363.3M 27t.7t8 280.881
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Year Value of
Land

1951

1952
t953
1954
1955

1956
t957
1958
1959
1960
r96t 601
1962 615
1963 670
t9& 766
1965 889
1966 984
1967 tr32
1968 tU7
t969 tt97
1970 1184

t97L r\75
1972 1253
t973 1502
1974 1962
1975 2320
1976 n80
1977 3302
1978 4tM
1979 4858
1980 5917
1981 6883
1982 6206
1983 6038
1984 5686
1985 5401
1986 5596
1987 52M
1988 4788
1989 5077
1990 5471

Value of
Machinery

:

272
279
297
322
350
380
405
4U
426
420
4lr
4U
455
584
787
959

1067

1203
1403
1618
1823
2015
2L32
2t77
2t0t
2231
2197
2243
2274
2290
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Table 81. Esti¡nates for One Period Risk-Neutral Models (Log Linear Models)

Lagged market price

Weather

Trerul

Consfant

R,/DW

f"(,
\o

Canola

coeff t-ratio

Table B2: Estimates for One Period Linear Mean-Variance Models (Log Linear Models)

-.2L16

.4367

.0t24

-3.257

.6396

1.73

2.79

3.07

3.68

Lagged market price

Market price variance

Weather

Trend

Constanf

R?DW

.1850

.6690

.0270

-4.673

2.14 .7383

coeff

Rye

t-ratio

1.76

3.94

5.78

4.84

r.72

Canola

coeff t-ratio

coeff

-.1269

.6386

.0250

-4.963

.7576

-.3025

.0260

.3894

.0099

-2.909

.6651

t-ratio

1.05

3.28

4.50

4.49

1.55

2.17

1.29

2.45

2.24

3.18

Rye

coeff t-rafio

.1030

.0231

.6347

.0220

-4.408

2.25 .7470

0.73

0.87

3.63

2.96

4.34

1.83

coeff

.0032

-.0362

.6747

.0322

-5.331

.77M

t-ratio

0.02

l.l I

3.43

3.76

4.64

t.49



Table 83: Estimates of Risk-Neutral Polynomial Distributed Lag (Log Linear Models)

lagged market price

F
F.
O

LO

LI

LZ

L3

L.l

L5

L6

n
L8

coeff

Canola

Weather

Trend

Constant

R,/DW

llag coeff @DL)

llag coeff (UDL)

-.235E

-.0383

.0197

.0601

.0252

-.0229

-.0515

-.0280

.0807

.4208

.0124

-3.233

-. I 608

-.85t2

t-ratio coeff

l.E1

0.35

0.50

0.73

0.31

0.31

0.59

0.26

0.50

2.45

1.54

2.t7

.2375

.0571

.0703

.l 190

.0917

.0088

-.7770

-.0194

.4Un

.8385

.043E

-6.tt7

2.25 .E513

.8902

1.083

Rye

t-ratio

2.24

0.89

1.20

2.tt

l..'{

0.15

t.25

0.30

2.96

5.30

5.21

6.00

Flax

-.0020

-.0333

.0613

.1 533

.1 513

.0606

-.0{6.1

-.0245

.3145

3t20

.0{49

-6.759

.8386

þratio

0.02

0.47

1.03

2.42

2.03

0.9{

0.69

0.33

2.57

3.77

3.95

4.68

r.65

r.55

t.5.1

0.25

t.73

2.43

4.10

.6706

.68-t0



Table 84: Estimates of Risk-Neutral Polynomial Distributed Lag (Log Linear Models - using Capital Proxy)

Lagged market price

ts
Þ.
H

LO

LI

L2

L3

L{

L5

L6

L7

L8

coeff

Canola

Capital

Weather

Trend

Constant

RTDW

f,lag coeff (PDL)

llag coeff (UDL)

-,1900

.0268

.l r99

.1269

.08{ I

.0266

-.0121

.0006

.0955

-.3332

.3E02

.02/j0

-5.E23

.6894

.n84

-t.023

t-ratio

t.36

0.20

o.93

l.l I

0.78

0.28

o.t2

0.01

0.58

0.85

2.12

l.5l

t.71

2.lt

0.34

1.44

coeff

Ry"

.2576

.1451

.t322

.1252

.0784

-.0055

-.o756

-.0330

.2695

-.5190

:n37

.0543

-9.025

.876t

.E938

I.08.t

t-r¿tio

2.57

l.9l

2.08

2.19

t.26

0.t0

1.30

0.53

1.82

1.90

4.û

5.65

5.00

2.59

coeff

Flax

.1009 0.81

.1570 1.35

.253t 2.28

.30{ I 3.18

.n37 296

.t'113 z.tr

.0671 0:19

.0630 0.78

.3204 2.56

-1.001 2.N

.55U1 2.85

.0907 3.60

-14.25 3.59

.8681

t.7t4 z.ffi

1.6{0 2.37

t-ra¡¡o

z.û

4.05

2.05



Table B5: Estimates of Linear Mean-Variance Polynomial Distributed Lag
(Log Linear Models - Corrected for First Order Autocorrelation)

Canol¿

coeff t-ratio

Rye FlÂx

coeff t-ratio coeff t-ratio

Lagged market price

Market price variance

Vfe¿ther

Trend

Consfant

R,/DW

llag coeff: Ep ßDL)

: Vp (PDL)

: Ep (UDL)

: vp (UDL)

LO .0095

Ll .2904

LZ .3714

L3 .3760

L4 .3852

LJ .4369

L6 .5264

n .û64

L8 .5864

LO .ú57

Lt .0082

L2 -.0039

L3 -.0038

L4 -.0104

rá -.û288

L6 -.Or99

L7 -.0507

L8 .0060

.2509

.0554

:7.403

.83 19

3.589

-.M76

6.124

-.r470

0.04 .2050

1.94 .1030

2.67 .ttn
237 .rû3

252 .t322

2.59 .ú146

2.& -.0064

2.63 -.0445

2.úl .0663

1.98 -.0333

0.46 .0169

0.28 .0126

0.39 -.0106

0.69 -.û28E

1.63 -.0300

2.29 -.0134

2.26 .0100

0.25 .0176

1.28 .7343

3.07 .M87

4.18 -5.512

2.26 .9104

2.86 .7831

0.84 -.0589

3.06 .9059

r.88 -.æ72

1.63 .3710 2.10

r.25 .1553 1.00

t.63 .1159 0.70

2.62 .t497 0:14

l.9l .1848 0.76

1.23 .1808 0:76

1.00 .12E7 0.60

0.65 .0510 0.29

0.26 .æt2 0.01

r.19 -.0581 r.z9

t.20 -.0383 1.r5

1.r7 .0016 0.06

0.94 .t226 0.99

t.76 .0090 0.30

1.93 -.032t 1.09

1.04 -.cí05 2.14

0.84 -.0528 t1Z

0.89 .æ71 2.87

4.54 .4533 1.86

4.43 .0805 tJ6

5.39 -6.308 3.06

2.34 .9091 2.02

2.2t 1.338 0.94

0.95 ' -.12t5 l.l9

3.34 3.274 2.37

0.18 -.nß 2.90

r42


