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Abstract 

Dynarnic Adjustment Models of the Alberta 
Industry onder Risk and Uncertainty 

By: Msafin Daudi Mbaga 

Major Advisor: 
Professor Barry T. Coyle, Ph.D 

Advisory Cornmittee Memben: 
Professor Michael Popp, Ph.D 

Professor Wayne Simpson, Ph.D 
External Examiner 

Professor John M. Marsh, Ph.D 

The purpose of this thesis is to develop and estimate dynamic models ofcow-calf 

and feedlot production decisions in Alberta under risk aversion and output price 

uncertainty. The thesis consists of two studies. 

The fiat study speci fies and estimates reduced fom Autoregressive Distributed 

Lag (ADL) and Polynomial Distributed Lag (PDL) models incorporating pnce 

uncertainty. ADL and PDL models are estimated assuming distributed lags for variance of 

output price. The sum of lagged coefficients for output pnce variance is negative and 

signifiant, as expected. The elasticity is much smaller than for the (positive) sum of 

lagged coefficients for expected price, as anticipated. 

The second study specifies and estimates dynarnic Euler equation models of beef 

supply and investment under risk aversion and uncertainty. A beef output supply equation 

and an Euler equation for uivestrnent in breeding herd were specified assuming both 

linear and nonlinear mean-variance risk preferences. 

Results for the structural cow-calf models are consistent with economic theory. 



Output supply and investment are increasing in expected output pnce and decreasing in 

pnce variance, and the shadow pnce of capital is increasing in expected pnce and 

decreasing in pnce variance. 

There are indications that dynamics is less important in feedlot production than in 

cow-calf production, simply because biological lags are much shorter in feedlot 

production. Results for Euler equations suggest that feedlot investment decisions are 

influenced by expected output price variance, consistent with econornic theory. 

To my knowledge, this is the fint study of beef supply response to attempt to 

incorporate risk aversion. As a result, represents a significant depamire fiom previous 

studies in the sarne area that have exclusively assumed risk neutrality by excluding the 

influence of uncertainty on decisions. 



Acknowledgements 

First, 1 wish to express my profound gratitude to my major advisor, Dr Barry T. 

Coyle for his sincere encouragements and his diplornatic way of getting me back on the 

right track when 1 was digressing. Thank you very much Dr. Coyle for introducing me io 

ùiis new and very exciting area. 

1 am also very grateful to Dr. Mike Popp and Dr. Wayne Simpson for participating 

on my advisory cornmittee. Their cntical suggestions and sound technical comments were 

very instrumental to the improvement of this dissertation. 1 also thank rny external 

examiner, Dr. John M. Marsh for his invaluable feedback and comrnents. 

1 would like to extend my deep gratitude to the Canadian Commonwealth 

Scholarship Agency for providing financial support. i also extend my appreciation to my 

office mate Michelle Bielik, my fellow graduate students and the support staff in the 

department for their unconditional support throughout my prograrn. 

Special thanks goes to my family, the Mbaga fmily, for the encouragement and 

support which helped to keep me going. To my dear wife Gloria, whom whatever words 

of thanks 1 Say, they would not be enough to do justice to her, sweetheart we made it. 

Without you 1 could not have done this. To my son, Daudi, whom just remembering hirn 

makes me know what 1 want to achieve in life. 



Table of Contents . 
Abstract ............................................................... i ... Acknowledgernents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 

ChapterOne ........................................................... 1 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
O v e ~ e w  of the Canadian Beef Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Beef Cattle Production: Cow-calf Enterprise . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 4  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Backgrounding Enterprise 5 
Feedlot / Finishing Enterprise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Problem Statemeat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Objectives 8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OrganizationofThesis 8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ChapterTwo 9 
Beef Supply Response Under Uncertainty: An ADL Mode1 . . . . . . . . . . . . . .  9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Introduction 9 
Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Empirical Models 14 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Results for Cow-Calf Output Supply Response 17 

. . . . . . . . . . . . . . . . . . . .  Results for Replacement Hei fer Investment Response 20 
Long-run Equilbnum Impacts on lnvestment for Cow-Calf Mode1 .......... 24 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Results for Feedlot Output Supply Response 26 
Conclusion ...................................................... 29 
Footenotes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

ChapterThree ........................................................ 33 
introduction ..................................................... 33 
TheoreticalModels ............................................... 34 
Data ........................................................... 35 
Empirical Models ................................................. 47 
Results for CAEW Cow-Calf Mode1 .................................. 53 

.................................. Results for CRRA Cow-Calf Mode1 60 
.................................... Results for CARA FeedIot Mode1 63 
.................................... Results for CRRA Feedlot Mode1 67 

Conclusion ...................................................... 68 
Footenotes ...................................................... 71 

ChapterFour ......................................................... 74 
Conclusion, Limitations and suggestions for future research .............. -74 

References ............................................................ 77 



List of Tables 

Appendix A 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Cattle and Calf Inventory in Canada, by Provinces 
July 1991 97, (1,000 animals) ............................... -84 
Cattle Slaughter in Canada, by ProMnces and Regions 

................................. 1991- 1997, (1,000 animals) .85 
Distribution of Cattle Inventories, by Provinces and Regions 

................................ July 1,1991-1997, (Percent) . 86  
Distribution of Beef Cows in Canada, by Provinces and Regions 

.................................. July 1,1991-97, (Percent) .87 
Cattie Slaughter Distribution, in Canada, by Provinces and regions 

....................................... 1991-1997,(Percent) 88 
Beef Cow Inventories in Canada, by Provinces and Regions 

............................... July 1991-97, (1,000 animals) .89 
Feeder Steers: Prices in Aïberta, by quarter 

................. 1992-1996, (Canadian dollars per 100 pounds) -90 
Slaughter Steers: Direct Sales Prices in Alberta, by quarter 

................. 1992-1996, (Canadian dollars per 100 pounds) .91 

Appendix B. 

.......................... Table 1 Cow O calf Output Supply Response .93 

Table 2 Cow-calf Investrnent (Replacement Heifers) Equation ......... 94 

.......................... Table 3 Feedlot Output Supply Response 95-96 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Table 9 

Table 10 

Two Stage Least Squares (ZSLS) Estimates of 
...................... Linear Mean-Variance Cow-Calf Mode1 .98 

Seemingly Unrelated Regressions (SUR) Estimates of 
...................... Linear Meamvariance Cow-Caif Mode1 .99 

Three Stage Least Squares (3SLS) Estimates of 
...................... Linear Mean-Variance Cow-Calf Mode1 100 

Generalized Methods of Moments (GMM) Estimates 
................... of Linear Mean-Variance Cow-Calf Mode1 .IO1 

Coefficient Estimates of Output Supply for 
.................. Nonlinear Mean-Variance Cow-Calf Mode1 -102 

2SLS Estimates of Investment and Wealth Equations 
for Nonlinear Mean-Variance Cow-Calf Mode1 ............... .IO3 
3SLS Estimates of Investment and Wealth Equations 

............... for Nonlinear Mean-Variance Cow-Calf Mode1 .IO4 
GMM Estimates of (Separate) Investment and Wealth 
Equations for Nonlinear Mean-Variance Cow-Calf Mode1 ...... .IO5 
ZSLS Estimates of Output Supply (Weight/Anirnai) 
Equation for Linear Mean-Variance Feedlot Mode1 ........... -106 
GMM Estimates of Output Supply (WeightlAnùnal) 
Equation for Linear Mean-Variance FeedIot Mode1 ........... -107 



Table 11 

Table 12 

Table 13 

Table 14 

Table 15 

Table 16 

Table 17 

Table 18 

2SLS Estimates of Investment (Feeder Caffle Input) 
Equations for Linear Mean-Variance Feedlot Model: 
No Seasonal Dumrny Variables .............................. 108 
ZSLS Estimates of Investment (Feeder Cattle Input) 
Equations for Linear Mean-Variance Feedlot Model: 
Seasonal Dummy Variables ................................ 109 
GMM Estimates of Investment (Feeder Cattle Input) 
Equations for Nonlinear Mean-Variance Cow-Calf Model: 
No Seasonal Dummy Variables ............................. .110 
GMM Estimates of Investment (Feeder Cattle Input) 
Equations for Linear Mean-Variance Feedlot Model: 
Seasonal Dummy Variables ................................ 11 1 
Coefficient Estimates of Output Supply (Weight/Animal) 
for Nonlinear Mean-Variance Feedlot Model: 
Seasonal Dummy Variables ............................... . I l 2  
ZSLS Estimates of Investment (Feeder Cattle Input) 
Equation for Nonlinear Mean-Variance Feedlot Model: 
Seasonal Dummy Variables ............................... . I l 3  
GMM Estimates of Investmeot (Feeder Cattle Input) 
Equation for Nonlinear Mean-Variance Feedlot Model: 
Seasonal Dummy Variables ............................... -114 
Estimates of Wealth Equation for 
Nonlinear Mean-Variance Feedlot Modei: 
No Seasonal Dummies ..................................... 115 



CHAPTER ONE 

INTRODUCTION 

OveMew of the Canadian Beef Industry . 
The beef industry is an important component of the Canadian economy. The industry 

generates between $4 and $5 billion in farm gate sales annually (CANFAX). This is about 

one fifth of total F m  gate sales for al1 agricultural cornrnodities. The beef industry has 

undergone extensive structural change during the past ten years (Agriculture and Agri-Food 

Canada, 1997). in the process, there has been a significant westward shift ofproduction, and 

producing units have becorne larger in size and fewer in number. Beef production and 

processing are concentrated in the Prairie provinces (Appendix A, Table 1 and 2). 

Overall, Western Canada accounted for about 68 to 73 percent of the Canadian cattle 

inventory (Table 3). 

The Prairie region is well suited to the production O l grains (wheat and barley), 

oilseeds (especially canola) and forages including alfalfa, making the region a low cost 

source of feed. The Prairies accounted for about two thùds OF the Canadian July 1 cattle 

hventory d u ~ g  199 1- 1997 with Alberta accounting for 36 to 38 percent (Table 3). The 

region accounted for an even larger share of the beef cattle sector: between 199 1 and 1997 

the Prairie provinces accounted for 83 to 85 percent of the beef cow inventory, with Alberta 

accounting for 42 to 44 percent (Table 4). Alberta stands as a low cost producer among the 



provinces in Canada. According to the Canadian Cattlemen's Association (CCA), large 

supplies and relatively low costs of feed grain in Alberta have conûibuted to increased cattle 

feeding there. It is estimated that 80 percent of Alberta's cow-calf growers are also grain 

f m e n ,  and many of them have expanded their cattle feeding operations in recent yean. 

Saskatchewan is second afier Alberta in ternis of beef production in Canada. Beef 

production has always been an integral part of Saskatchewan agriculture, where a si gni ficant 

portion of fanns are involved in beef production. Saskatchewan accounted for 18 to 19 

percent of the total Canadian cattle inventory, and about 23 to 15 percent of the beef cow 

inventory between 1991 and 1997 (Tables 3,4). Manitoba accounted for 8 to 10 percent of 

the total Canadian cattle inventory and about 11 to 12 percent of the beef cow inventory 

(Tables 3,4). In Ontario, cattle are commonly kept as part of a divenified f m i n g  enterprise. 

Ontario accounted for 15 to 16 percent of the total Canadian cattle inventory, and about 9 to 

10 percent of the beef cow inventory (Tables 3,4). 

Cattle slaughter in Canada appears to be expanding in the Prairie provinces, 

especially in Alberta. The Prairie provinces accounted for about 60 to 66 percent (Table 5) 

of Canadian cattle slaughter, although the total number of cattle slaughtered has remained 

rather stable (Table 2). The expansion of the two major cattle slaughtenng facilities in 

Alberta in 1996 (the Cargil plant at High River and the IBP plant at Lakeside, Alberta), has 

significantly increased the slaughterhg capacity. 

Changes in cattle inventories in Canada, as in the U.S., follow a cyclical pattern 



traditionally referred to as the "Cattle Cycle". The cattle cycle is characterized by the 

accumulation and liquidation of cattle inventories, generally occwing in response to 

changes, or anticipated changes, in profits, i.e prices received for cattle and prices paid for 

feed. A typical cattle cycle in North America occurs every 9 to 11 years. Larger cattle and 

beef supplies h m  the recent expansion/accumuIation phase (1987 - 1995) caused cattle 

pnces to decline in 1996. Cattle and calves were recorded at 14.9 million head in July last 

year (Table 1), down 1 percent firom 1996. This was the turning point of the current cattle 

cycle. Beef cows were recorded at 4.72 million head in July last year ( Table 6), d o m  60m 

the record herd of 4.76 million in 1996. Unlike the liquidation phase the national herd is 

expenencing, the Manitoba cattle herd increased 4 percent (55,000 head) fiom 1996 (Table 

1). This suggests that Manitoba has the potential to increase significantly its cattle herd, as 

a result of added advantage created by recent changes in the WGTA. 

The price of feeder Steen in Alberta declined significantly beginning in A p d  - June 

of 1995 when prices were S90.34 per 100 pounds down from S104.20 in the corresponding 

quarter of 1994 (Table 7). Pices remained relatively low for the rest of 1995 and throughout 

1996, corresponding to increasing beef production in Canada, as the Canadian cattle cycle 

appeared to be in its contraction phase. The pnce of slaughter steers in Alberta generally 

declined fiom the second quarter of 1993, when prices were about S92.98 per 100 pounds 

through the second quarter of 1996, when steer prices reached $72.62 per 100 pounds (Table 

8). However, prices recovered in the last half of 1996, averaging $82.70 in July - September 



compared with $78.71 in the corresponding quarter of 1995, and $83.96 in October - 

December compared with $8 1.42 in the corresponding quarter of 1995. 

Beef Cattle Production: Cow-calf Enterprise 

Beef cattle production may be considered to consist of three distinct phases of 

operation, namely, cow-calf, stocker-yearling/ backgrounding and the feedlot (finishing) 

operation. Fandamental to al1 phases ofbeefproduction is the cow-calf herd, the end product 

of which are the weaned calves, basic to the other phases. The cow-calf herd is continuously 

replaced by selectively introducing new and young heifers each season as old and less 

productive cows are culled. Replacement heifers represent a significant investment in the 

funire. The established practice of rnost cow-calf operations in Canada is to breed the cows 

in June and July. Calves are bom in March and Apnl of the following year. The calves graze 

with their mothers on pastures and grassland throughout the spring, summer, and faIl 

seasons. The average weight of calves at weaning in the fa11 (October or November) is about 

250 kilograms (550 pounds), but weights c m  range Crom 160 to 320 kilogarns (352 to 704 

pounds), depending on age at weaning, the genetic background of the calf and gass 

condition during the summer p i n g  season. 

Lighter calves (1 60 - 225 kilograms/352 - 495 pounds) are left on Pasture for an extra 

120 to 150 days, before they enter backgrounding and high energy feeding programs for 

slaughter between 18 and 24 months ofage. Medium weight calves (225 - 275 kilograms/495 



- 605 pounds) at weanuig are normally placed on a lower energy backgrounding feeding 

program before being placed on a high energy grain feeding program for slaughter between 

14 and 18 months of age. Heavier calves (275 - 320 kilograms/605 - 704 pounds) are 

normally placed on a high energy grain feeding prograrn after weaning for up to 225 days, 

and are ready for slaughter between 12 and 14 months of age. 

Stocker-yearlinghackgrounding Enterprise 

Backgrounding is the process of feeding high forage (alfdfa hay and straw) feeds to 

increase the weight of smaller calves up to 350 kilograms (770 pounds). AAer weaning, the 

light calves that are to be backgrounded are fed forages and grain through the winter in order 

to gain weight at a rate of 250 grarns to 500 grams per day. In the spring, the smaller of these 

calves rernain on Pasture or are put into feedlots to gain weight at an average of 750 grams 

per day. The larger calves are fed hi& energy and hi& grain feed rations. Backgrounding 

is an alternative for f i e r s  who have good quality roughage available, extra time during the 

year to work cattle, and the desire to have a flexible cattle business. Backgrounding c a .  be 

undertaken by a cow-calf operation as an extension of the existing enterprise. 

Feedlotlfinishing Enterprise 

Along wit! the trend towards larger and more specialized cow-calf operations, 

feedlots in Canada have been transformed into larger and more highly mechanized operations 



over the past fifieen years (Beef Export Federation). Historically, most cattle were fed in 

mal1 feedlots on diversified farms that also grew feed grains and wheat for human 

consumption. Now feedlots range in size £kom a few hundred head capacity to very modem 

operations feeding over 40,000 animals at one tirne. It is estimated that over 70 percent of 

the cattle grain fed in Canada are produced in feedlots with capacities over 1,000 head P e e f  

Export Federation). In 1996, Canadian feedlots finished 2.3 million steers and heifen for 

slaughter in Canada. 

In the feedlot&ishing operation, the feedlot purchases calves or feeder cattle from 

either cow-calf or backgrounding operations. Normally there are two basic types of feeding 

systems in the feedlot operation. The system employed depends on the weights of the animais 

when they are placed on the finishing program. A rnulti-stage feeding system is used for 

those steers and heifers that enter the feedlot at lighter weights. These cattle are started on 

a higher forage-lower grain feed ration to initially gain weight at about one kilognm per day. 

They are fed at this level for a few weeks, then the proportion of grain in the feed ration is 

gradually increased to 85 to 90 percent. 

Heavier feeder cattle are directly fed high percentage gain feed rations. With these 

high energy rations, cattle will gain weight at about 1.7 kilograms per day. Virtually al1 cattle 

in feedlots are fed high energy grain feed rations for a maximum of 120 days, which ensures 

that sufficient rnarbling is produced and the fat is firm and white. The average live weight 

at slaughter for Steen is about 590 kilograrns (1298 pomds), and the average weight for 



heifers is about 550 kilograms(l2 10 pounds). 

Thus the live cattle production process involve three stages: cow-caif, stocker- 

yearlinghackgrounding and feedlot. The second stage seems to be less significant compared 

to the fint and the third stage, and a close look at the second stage suggests that, it is more 

or less a continuation of the 6rst stage. Although the second stage (backgrounding) is 

important and ideally should be modeled as a separate stage, unfominately we are unable 

to do so due to the absence of time series data on the nurnber of animals in backgrounding. 

As a result, for the purpose of this research we intend to mode1 beef production as involving 

two main production stages, the cow-calf and the feedlot operations. Previous studies related 

to beefcattle production (e.g. Buhr and Kim) adopted the sarne approach. 

Probtem Statement 

It is well known that dynamics plays a particularly important role in fm-level beef 

production decisions, due in large part to long biological lags in production. Since beef 

investment decisions must consider a long time horizon and uncertainty increases the further 

we ûy to predict into the future, uncertainty and in turn nsk aversion are particularly 

important in modeling beef production decisions. Nevertheless there appear to be no 

published studies of dynamic beef supply response incorporating nsk aversion, Le. al1 studies 

have essentially assumed risk neutrality. Given the substantial variation in cattle prices that 

is often observed (e.g. consider the canle cycle), the assumption of nsk neutrality is a serious 



limitation in the empirical literature. 

Objectives 

The purpose of this study is to develop and estimate dynarnic models of cow-calf and 

feedlot production decisions in Alberta under risk aversion and output price uncertainty. 

Since there has been no previous research on this topic, the first objective must be to speciQ 

and estimate a reduced fonn dpamic model with price uncertainty. An autoregressive 

distributed lag (ADL) mode1 provides a general and parsirnonius approximation to a 

reduced form model, so an ADL approach will be employed here. Then the second objective 

is to speciS and estimate a particular structural dynamic model under risk aversion and 

uncertainty. The structural model combines recent extensions of static duality models under 

risk aversion with a discrete time calculus of variations Euler equation to model investment 

decisions under nsk aversion and uncertainty. 

Organization of Thesis 

This thesis consists of two studies. Chapter two specifies and estimates reduced form 

autoregressive distributed lag and polynomial distributed lag models incorponting price 

uncertainty. This chapter provides a step bystep identification of PDL and ADL models and 

the econometncs involved. Chapter three specifies and estimates dynamic Euler equation 

models of beef supply and investment under risk aversion and uncertainty. Chapter four 

concludes the thesis and provides suggestions for Future research. 



CaAPTER TWO 

BEEF SUPf LY RESPONSE UNDER UNCERTMNTY: AN ADL MODEL 

Introduction 

It has long been recognized that dynamics plays a particularly important role in beef 

production decisions. Cattle are simultaneousiy capitai and consumption goods, so output 

supply response is closely comected to investment decisions (Yver; Jarvis; Rosen; Nerlove 

and Fornari). Given this close comection and a typical effective reproductive life of 8- 10 

years for beef cows, a dynamic model of output and investment decisions has a long 

horizon. Since uncertainty generally increases over a planning horizon and h e r s  are 

generally considered to be risk averse, pnce uncertainty and risk aversion play an important 

role in beef production decisions. 

Empincal studies of beef production have focussed on the modeling of dynamics and 

expected pnces. These studies include models of adaptive expeciations/partial supply 

response (Askari and Curnmings), polynomial distributed lags (Kulshreshtha), more general 

distributed lag and time senes models (Rucker, Burt and LaFrance; Shonkwiler and 

Hinckley), and models explicitly derived kom a dynamic optimization (Nerlove, Grether 

and Carvalho). Newer approaches are illustrated in recent econometric studies of beef 

supply response and the cattle cycle (Buhr and Kim; Diebold, Ohanian and Berkowitz; 

Marsh 1999; Mundlak and Huang; Nerlove and Fomari; Rosen, Murphy and Scheinkrnan; 

Schrnitz). These recent studies attest to the continued importance of improving models of 



beef supply response. However it appears that these studies have generally assumed risk 

neutrality by excluding the influence of uncertainty on decisions. One exception is 

Antonovitz and Green, who esthate static models of fed beef supply response incorporating 

pnce variance. 

Apparently this is the first econometric study of dynamic beef supply response that 

attempts to incorporate risk aversion or more specifically uncertainty as rneasured by output 

price variance. Here we speciQ an autoregressive distributed lag (ADL) model, which 

provides a general distributed lag structure without explicitly specibng a dynamic 

optimization. An ADL model is adopted because little is known about the specific foms of 

dynamic adjustment and this approach can provide a relatively parsirnonius approximation 

to a general dynamic process (Davidson and M a c K i ~ o n ;  Hendry, Pagan and Sargan). 

Moreover dynamic optimization models with risk aversion are not yet developed. For 

example risk aversion has been incorporated into static duality models of supply response 

(Coyle) but not yet into dynamic duality models (Coyle and Amade provide a preliminary 

approach). The methodology is applied to the estimation of beef supply responses for cow- 

calf and feedlot operations using aggregate time series data for Alberta. 



Methodology 

An ADL(m,n) dynarnic model relating a dependent variable y to independent variable(s) 

where et - IID(0,d). This model can be rewritten in different ways by linear transformation 

without changing the ability io explain data or l es t  squares estimates of coefficients. For 

example an ADL(I, 1) is equivalent to a standard error correction model (ECM), and model 

(1) can be rewritten as a generalized ECM (Bannerjee. Dolado, Galbraith and Hendry). Thus 

the choice between an ADL or ECM model is largely a matter of convenience in interpreting 

results. Here we adopt an ADL rather than an ECM approach because we are more interested 

in relating the model to more restrictive dynamic models, in particular polynomial 

distributed Iag models, than in interpreting deviations from a hypothetical long-run 

equilibrium. 

An important property of an ADL model with risk aversion is that it can be rationalized 

in terms of a dynamic optimization, i.e. it c m  be interpreted essentially as a reduced form 

for a structurai dynarnic optimization model. This is similar to the case of ADL models 

under risk neutraiity, and the argument can be sketched as follows. It is well known that, 

under risk neutrality, dynamic optimization with quadratic costs of adjustment and a linear 

equation of motion rationalizes the ECM or equivalently ADL(1,l) mode1 (Hendry and von 



Ungem-Sternberg; Salmon; Nickell). Similady consider the following simple dynamic 

optimization problem with risk aversion (for simplicity we assume atemporal uncertainty 

(Machina)) : 

where U*(.) is the dual indirect utility function for a single period maximization problem, 

e.g. a mean-variance problem 

(Coyle 1999) or an expected utility maximization problem. (Ep,,VpJ are the mean and 

variance for price p of output y at tirne t, w, is the pnce for variable inputs x at t, w,' is the 

purchase (asset) @ce for capital K at t, 1 is gross investment, y = f(x,K,I) is a production 

function incorporating convex costs of adjustment, a(.) is a nonlinear coefficient of risk 

aversion h c t i o n  a(Ep y - w x - wk 1, Vp J ) ,  and r is an intertemporal discount rate (as in 

most dynamic models, the agent's utility function is assumed to be separable over tirne). The 

dynarnic maximization hypothesis places second order restrictions on the single period dual 

[I'(.) with respect to K and 1 (Kamien and Schwartz), so assuming that U'(.) is quadratic in 

(YI) is consistent with this hypothesis. Then a quadratic r(.) and linear equation of motion 

irnplies a linear decision rule for investment I (Anderson and Moore). 



1 Furthemore the closed f o m  solution of the Euler equation for the dynamic optirnization 

(2) (and a standard terminal condition) hnply an ECM or ADL(I,l) mode1 (1) where x 

includes price variance Vp. 

Data 

Supply response models were constructed for cow-calf and feedlot operations using 

biannual and quarterly data, respectively, for Alberta over 1976- 1997 (data on replacement 

heifen o n - f m  is unavailable prior to 1976). Cow-calf output (at weaning) is defined as the 

nurnber oflight feeder calves (100-500 Ibs) on-farm Jan. 1 and July 1 in Alberta (Statistics 

Canada b). This series closely approximates calf production over the year, as calves grow 

Erorn birth to a weight of 4-500 pounds in six months on average. Biannual inventory 

figures would therefore capture cow-calf output. A sirnilar series has been used as a measure 

of cow-calf output in the U.S. (Buhr and Kim). The output price is in S/CW for Alberta light 

feeders (400-500 lbs) (A@culture and Agri-Food Canada). Input prices are a feed pnce 

index and hired labor wage index for Western Canada (Statistics Canada a), and price 

(S/cwt) for Alberta replacement hei fers (700 lbs) (Agriculture and Agri-Food Canada). 

[nvestment in the cow-calf operation is measured as the number of replacement heifen (of 

al1 weights) on-farm Jan. 1 and July 1 in Alberta (Statistics Canada b). investment decisions 

presurnably depend on size ofbreeding herd, output price, pnce of replacement heifen, and 

f m  input prices. These variables are measured as the number of cows on-farm Jan. 1 and 



July 1 (Statistics Canada b), price ($/cwt) for Alberta feeder steers (700 lbs) (Agriculture and 

Agri- Food Canada), price for replacement heifers, feed price index and hired labor wage, 

respectively. Feedlot output is defined as the number of fed cattle slaughtered in Alberta plus 

net exports for slaughter Erom Alberta to the U.S., and the output price is measured as the 

pnce ($/cwt) for Alberta feeder steers (> 900 lbs) (Agriculture and Agi-Food Canada). Input 

prices are the feed price index, hired labour wage, and the price for Alberta feeder steers 

(700 lbs). 

E mpirical Models 

ADL rnodels are expressed in terms of normalized prices as follows: 

where wo is designated as the numeraire input price (in Our case this will be a feed price 

index). This is related to the normalization implied by constant relative risk aversion 

(CRRA): assuming CRRA and utility maximization under nsk, decisions y given parameter 

values (Ep,w,w0,vp, W,) are unchanged under new values (h Ep, w,h wo, k' Vp, ), W,) for 

al1 b 0 ,  including h 5 1 / wo, where W, is initial wealth (Pope 1988; Coyle 1999). CRRA 

is a common assumption in the empincal literatwe on asset pricing and is considered the 

benchmark case by h w .  Since an adequate proxy for initial wealth specific to beef 



producers is unavailable, lags on normalized initial wealth are not included Ui the ADL. 

Expected output prices are proxied as a one penod lag on market prices, and variances of 

output prices are proxied as the weighted sum of squares of prediction errors @, - p,,)' of 

the previous three years, with declining weights of (3.50, 0.33, and 0.17. This particular 

formula for price variance has been used in other studies (Chavas and Holt; Coyle). 

Expected prices and price variances were also calculated fkom ARIMA and GARCH models 

expressing market prices as a distributed Iag ofpnces, but these measures were insignificant 

in ADL models of output supply and were rejected for the simpler measures. These results 

are similar to other studies of Western Canadian agriculture under risk aversion (Coyle) that 

rejected proxies fkom ARMA and GARCH models. Similarly a study of crop price 

expectations for a group of Sasketchewan farmers concluded that these reported 

expectations are less adequately explained as time senes forecasts (Sulewski, Spriggs and 

Schoney). ' 
Output quantity data, price ratios (Ep/wo, Vp/(wo)',w/wo) replacement heifers and herd 

size were tested for unit roots by standard methods (Dickey- Fuller and Phillips-Perron, with 

and without allowing for trend stationarity in the alternative). Ln al1 cases the unit root 

hypothesis was rejected at the .O5 level. Since these tests are biased in favor of the unit root 

hypothesis in the sense that they have low power (Kwiatkowski et. al.), we assume that it 

is not necessary to transform data due to unit roots. This conclusion was also supported by 

alternative tests (Kwiatkowski et. al.). 



Two of the input pnce variables specified for the ADL models were found to be 

insignificant and were dropped from the models. Hired labor wage and replacement heifer 

pnce were jointly insignificant for cow-calf output and investrnent equations, whereas hired 

labor wage was insignificant for feedlot output response. These results are not surprising 

since labor cost is a relatively small proportion of total costs for both cow-calf and feedlot 

sectors (labor costs are also relatively fixed in the short-nui), and investrnent in breeding 

stock is primarily intemal to the fim (relatively few replacement heifen are purchased by 

cow-calf producen). Based on our results, the ADL models for cow-calf and feedlot 

operations are specified as 

where (y,,Ep,,VpJ are output supply, expected output price and variance of output pnce for 

cow-calf operations, (y,,Ep,,Vpd are output supply, expected output price and variance of 

output price for feedlot operations, w is a feed pnce index, and wc is a pnce for beef input 



into feedlots. I is cow-calf investment (replacement heifers), C is stock of cows, and 

( ~ p ' , ~ p ' )  are mean and variance of pnce for beef purchased by feedlots. In al1 empirical 

models, variables are specified in logarithms, so coefficients can be interpreted as 

elasticities. 

Results for Cow-calf Output Supply Response 

Dynamics and uncertainty presumably are particularly important in modeling cow-calf 

supply response due to long biological lags in production. Replacement heifers are typically 

bred at 15 to 27 months of age and give birth in another 9 months, so the lag in births for the 

cow-calf operation is 24 to 36 months (with larger numbers bred on either end of this 

interval in order to maintain shon calving seasons). Similarly there is a biological Iag of 24 

to 36 months between the breeding of a replacement heifer and the production of an 

offspnng ready for breeding. 

We begin by estimating a polynornial distributed Iag (PDL) mode1 of supply response. 

In principle, distributed lags can reflect either the formation of expectations or lags in supply 

response (although, as noted above, we rejected ARMA and GARCH models of rational 

expectations distributed lags). Assuming that pnce expectations are to some extent measured 

by our proxies for (Ep,Vp), we assume that distributed lags reflect lags in supply response. 

Then changes in pnces do not influence output until after a biological lag of 21 to 36 

months, i.e. an average of 5 penods using biannual data. ' 



A PDL(10,4), i.e. a 10 period lag length and 4th degree polynomial, was selected (see below 

for a discussion O fPDL selection procedures). Results were generally as anticipated: the sum 

oflag coefficients for both expected pnce Ep and price variance Vp were significant and 

with anticipated signs, and the elasticity was larger for Ep (1.01) than for Vp (-0.06) (these 

estimates were obtained by an iterative Cochrane-Orcutt procedure). Static studies of 

agricultural production have also estimated considerably smaller elasticities of response for 

Vp than for Ep (e.g. Coyle). On the other hand, there was substantial serial correlation in 

residuals, and a standard test for the common factor restrictions implied by an AR(1) model 

rejected these restrictions (Davidson and MacKimon, p.365). Thus the PDL model appears 

to be seriously mis-specified, and so results are not reported here. 

The serial correlation due to mis-specification in the PDL model suggests that an ADL 

model is more appropriate. A serious criticism of the PDL approach is that the dependent 

variable depends on lagged values of the included independent variables but not on lagged 

values of the omitted variables reflected in the e m r  term. Rather than respecibng the PDL 

mode1 with a disturbance following an ARMA process, it is often more appropriate to 

speciQ an ADL model (Davidson and MacKinnon, p. 679). 

An ADL(m,n) model is specified as 

In order to select m and n, they were initially set at 5 and 10 (respectively) and simple neaed 



tests (F-tests and Schwarz Critenon) were used to reduce the lag length. Models were 

estimated by OLS or (if autocorrelation) a grid search maximum likeiihood procedure. In 

this marner an ADL(1,S) model was selected, so that (relative to the PDL) the lag length 

on Ep and Vp is reduced fiom 10 to 5. h the selected ADL model, y, depends on the lagged 

values Ep ,,,., Ep,,, and Vp ,,,., Vp,,, of Ep and Vp (earlier and later lags are insignificant). 

A time trend and seasonai dummy were Uisignificant. 

Table 1A presents OLS estimates for the ADL(1,S) model. Variables in al1 models are 

specified in logarithrnic form, so coefficients can be interpreted as elasticities. The s u m  of 

lag coefficients for Ep and Vp are significant and with anticipated signs. ' 'The coefficient 

of the lagged dependent variable can be interpreted somewhat similarly to Nerlove partial 

response models, i.e. approximately 35% of the gap between cunent and steady state output 

is closed in a single six month period. The long-run impacts of Ep and Vp on output are 

sirnilar to the s u .  oflag coefficients for the PDL model, and are calculated as (respectively) 

0.9275 (= 0.33 13/(1-0.6428)) and -0.0479. Since the lagged dependent variable is 

significant, we conclude that this model does not reduce to a PDL model. Another study 

(Buhr and Kim) estimates elasticities of expected output price on U.S. calf crop output as 

0.45 in the long-run and 0.05 in the short-run. 

In contrast to the PDL mode!, there is no sign of autocorrelation. The Durbin h 

statistic (asymptotically distributed as a standard normal under no autocorrelation) is 

Uisignificant, and a grid search maximum likelihood procedure assurning an AR(1) yielded 



an insignificant value for the first order autocorrelation coefficient rho; so the hypothesis of 

no autocorrelation is not rejected for AR(1). Since the 5 period lag length is longer than 

in many other reported ADL models, it is interesting to consider the effects of incorporating 

PDL restrictions into the ADL model. Given an ADL(l,S), a third degree polynomial was 

selected for the distributed lags in Ep and Vp. Results are reported in Table 1B. Since OLS 

led to senal correlation in the residuals, this model was estimated by a grid search maximum 

likelihood procedure for an AR(1) model (Beach and MacKinnon) as programmed in 

Shazam. 'Results for the surn of lag coefficients are similar to Table lA, but there is 

considerable variation for individual coefficients. A test of cornmon factor restrictions 

implied by AR(1) rejected the AR(1) model. 

These results suggest that adding PDL restrictions to the ADL model does not 

substantially reduce standard erron of estimates but does lead to significant model 

mis-specification. Consequently, in our case, the ADL model is preferred to the ADL model 

with PDL restrictions. 

Results for Replacement Heifer Investment Response 

Cow-calf output (measured as calves o n - f m )  is essentially linearly related to the 

number of beef cows, so cow-calf output response is essentially an accumulated impact of 

beef cow investment decisions. Nevertheless it is of interest to model directly replacement 

heifer investment response, since this is not easily unscrambled fkom output supply 



response. The investment decision is modelled as depending on expectations for output and 

input prices for the cow-calf enterprise. In addition the current investment decision 

obviously depends upon the accumulated stock of beef cows. in principle the rate of 

investment also depends on the h ' s  marginal rate of time preference or discount rate, 

which may be proxied loosely by a market interest rate. However, the effects of variable 

interest rates have not been incorporated into any econornetric studies of beef production 

decisions or into any dynamic duality models, so we do not consider this here. 

Given the current nurnber of beef cows or equivalently heifers of the appropriate age 

on- fm,  the immediate effect of an investment decision is on the allocation between 

replacement heifers and fed heifers. Then the changes in replacement heifers eventually 

leads to a change in herd size, which has a longer-run feedback effect on investment 

decisions. This suggests that, if we specify a (dynamic) investment equation as conditional 

on herd size, i.e. if we control for herd size (and hence control for the longer-run indirect 

feedback effects of herd size on investment decisions), lags in response rnay be shorter than 

otherwise. Alternatively an investment equation can be specified independently of number 

of beef cows. This can be interpreted as a reduced form investrnent equation incorporating 

effects of longer-nui induced changes in herd size on investment. In this case longer lags are 

likely: coefficients for zero or irnrnediate lags may reflect allocation decisions between 

replacement and fed heifers, and longer lags reflect interactions between investment and 

herd size. 



A PDL mode1 for investment conditional on beef cows can be specified as 

where C is number of beef cows, D is a seasonal durnrny variable (D = 1 for Jan. - June and 

O othcmisc), and iv is a feed p ice  index. f i e  output p n c ~  p is the feeder input prict to 

feedlots, which is proxied by the pnce (%/cwt) for Alberta feeder steers (700 Ibs), and 

(Ep,Vp) are calculated as above. A hired labor wage and replacement heifer price were also 

considered, but these were insignificant. This is not surpnsing, since labor costs are a srnaIl 

proportion of cow-cal f total costs and relatively few replacement hei fers are purchased. A 

time trend was also insignificant. 

A recommended approach to selecting the lag length and degree of polynomial is to 

(a) estimate unrestricted distributed lag models with long lag lengths and use simple nested 

tests for reducing the lag length, and (b) (given the selected lag length) use nested tests to 

select the degree of the polynomial (e.g. Davidson and MacKimon, pp. 673-6; Sargan). For 

sirnplicity, we assumed that the PDL1s for Ep and Vp are polynomials ofthe same degree 

as well as being identical in lag length. It is well known that test statistics must be 

interpreted with caution after such mode1 selection or pretesting procedures, and so we do 

not compound the problem by testing for differences in lag structures between Ep and Vp. 

As long as lag length is not overstated by more than the degree of the polynomial, i.e. so 

long as the difference between specified and tme Iag length is less than the degree of the 



polynomial, biases are not necessarily introduced into a PDL estimator (Trivedi and Pagan; 

Hendry, Pagan and Sargan). 

A PDL(8,3) model (7) was selected following this procedure. In contrast to the 

PDL cow-calf outplit supply response model, the lag process becomes insignificant after 

4 years rather than 7 years into the past. This difference in Iag length is not surprising 

since (7) controls for the longer-run feedback effects of herd size on investment. OLS 

results are reported in Table 2A. The sum oflag coefficients for both expected price 

Ep ( ' P,J and price variance vp ( p , ~  are significant and with anticipated signs. The i 

restrictions on the distributed lags implied by the PDL rnodel are not rejected (an F 

statistic of 0.78 16, 10 and 15 df, probability = 0.646) and there is no serial correlation 

in the residuals. Nevertheless a one period lag in investment is significant when added 

to this model, Le. this model is rejected for an ADL model (with PDL restrictions). 

An ADL(m,n) model for investment conditional on beef cows is 

OLS results for the selected ADL(1,4) model are presented in Table ?B. The sums oflag 

coefficients for Ep and Vp are significant with anticipated signs. Long-run elasticities for 

Ep and Vp (conditional on herd size) are 1.2589 and -0.0806, respectively, which are 

similar to long-run elasticities for the PDL model (0.93 17, -0.0604). The Durbin-h 

statistic suggests that there is no serial correlation. For cornparison OLS results for an 



ADL(1,4) model with lags restricted to conform to a second order poynornial are 

presented in Table 2C. The polynornial restrictions are not rejected (an F statistic of 

0.6407, 4 and 26 df, probability = 0.638) and the Durbin-h statistic suggests no serial 

correlation. Results are sirnilar to Table 2B. 

In contrast, reduced form investment models cannot be estimated directly with our 

data set. The PDL and ADL models excluding herd size are 

Cow-calf output supply response results include lags to 14 and 10 periods for (Ep,Vp) in 

PDL and ADL models, respectively (see Table 1 for ADL models). Consequently the lag 

lengths n for (9) should exceed 14 and 10, respectively. However the PDL mode1 cannot 

be estimated with our data set, and there are insufficient degrees of fieedom to obtain 

reasonable estimates of the ADL model. 

Long-run Equilibrium Impacts on Investrnent for Cow-Calf Mode1 

Estimates of long-run equilibnum impacts of Ep and Vp on reduced form 

investment (9) c m  be obtained fkom estimates of the calf output model and investment 



mode1 conditional on beef cows. ADL mode1 (8) of investment conditional on beef cows 

and results in Table 2B imply the following relation between long-run equilibrium levels 

I',E~*,v~*,c*: 

(10) Tt!-a,j =Zi $,i Epm+Xi f$BVp*+y, Ce+ ...... r, 

I' = 1.259 Ep* - 0.081 Vp* + 2.455 Co + ........ 

in logarithms. Similarly ADL mode1 (6)  of cow-calf output (calves o n - f m )  and results 

in Table 1A imply the following long-nin equilibriurn relation: 

(11) y,(1-a,) = X i  P i i  Epi+Zi  PZiVpI+ ..-...... a 

y, =0.928 Ep, -0.048 Vp, + ......... 

where y, is long-run equilibrium level of calves on-farm. Then impacts can be calculated 

assurning a relation between pices p and pl. For example assuming that these prices 

move together (denoted as p), the long-mn equilibrium impacts of Ep,Vp on reduced 

fom investrnent can be calculated (in elasticities) as (assuming an elasticity of 1.0 for 

beef cows with respect to calves, Le. weaning rate does not change with herd size) 

( 12) ar/aEpa = 1.259 + 2.~55 (1 .O) 0.928 

= 3.537 

anavp* = -0.08 1 + 2.455 ( 1 .O) (-0.048) 

=-0.190 . 

These are more than double the eshmated long-run elasticities conditional on herd size 

(1.259, -0.08 1, respectively), Le. feedback effects of changes in herd size on investment 



have more than doubled the calculated long-nin elasticities. Another study (Buhr and 

Kim) estimates elasticities of expected output price on U.S. beef cow inventory a s  1.1 1 

in the long-m. 

Results for Feedlot Output Supply Response 

Output supply response models were also estimated in a similar manner for 

Alberta feedlots. After weaning (typically at 7- 8 rnonths), calves may be backgrounded 

or sold to feedlots with a grain feed ration resulting in feeding penods between 6 to 10 

months (2 to 3 quarten) before slaughter. Altematively, the producer can hold back 

calves and place them on Pasture until sold as heavy yearlings to feedlots in the following 

year. This involves a feeding period of fourteen to hventy weeks, depending on the ration. 

A PDL mode1 for feedlot supply response was estimated first. Using quarterly 

data, the lag in explanatory variables (Ep/w, ~ p / w ' ,  wc/w) was uiitially assumed to begin 

in 2 (alternatively 0) periods, but (surprisingly) coefficients for lags of less than 5 periods 

were almost always jointly insignificant for various PDL and ADL models considered. 

Since lag lengths appeared to be quite long, the lag in explanatory variables was 

respecified as beginning in 5 periods. Then the following PDL(16,5) mode1 was selected: 



where D,,DZIl, are quarterly durnmies. There was significant serial correlation (a 1.29 

Durbin-Watson statistic for the OLS model and a significant estimate 0.47 ofrho for the 

maximum likelihood AR(1) model) and a test of comrnon factor restictions rejected the 

AR(!) model. Therefore the PDL model appean to be mis-specified, and in turn detailed 

results are not presented here. Grid search maximum likelihood estimation of the AR( 1) 

model (13) led to the following estimates of the sums oflag coefficients for Ep,Vp,wc: 

4.524, - 0.4506,-1.526 with t-ratios 2.19,1.83,1.26, respectively. 

An ADL(m,n) model is specified as 

and an ADL(lJ3) was selected. This implies lags of up to 4 1/2 years, which is 

(surprisingly) similar to the cow-calf output supply response model. It is not clear if there 

is serial correlation in the model: the Durbin-h statistic (2.145) for OLS results irnply that 

zero autocorrelation is rejected at the .O5 level, and a grid search maximum likelihood 

procedure estimated rho as 0.19 and insignificant (a t-ratio of 1.62). Nevertheless results 

are similar for both OLS and a grid search maximum procedure for AR(1). OLS results 

are reported in Table 3A. The sum oflag coefficients for Ep and Vp are again significant 



and with anticipated signs, whereas the sum of lags for the feeder input 1 feed price ratio 

is again less significant. As a cornparison, AR(I) estimates of the sums oflag coefficients 

for Ep,Vp,wc are 2.2969,-0.22 16,- 0.9640 with t-ratios 3.47,4.07,2.58, respectively. The 

estirnated coefficient of the lagged dependent variable suggests that approximately 28% 

of the gap between cunent and steady state output is closed in a single 3 month period. 

in this sense, speed of adjustment may be somewhat faster for feedlots than for cow-calf 

operations, as anticipated. The estirnated long-run impact elasticities for Ep and Vp on 

feedlot output are 7.45 and -0.71, respectively, in contrast to 4.52 and -0.45 in the PDL 

feedlot model. Many studies have reported elasticities of cattle slaughter with respect to 

output price. For example, the long-nin elasticity is estimated as 3.24 (Marsh 1994, for 

US.), 0.90 (Buhr and Kim, for U.S.), 1.30 (Kuishreshtha, for Western Canada). 

Given the long lag lengih, the ADL(I. 13) model was also estimated under PDL 

restrictions. However, in contrast to other PDL models, a hi& order polynomial (of 

degree 8) was accepted. This PDL(13,8) places relatively few restrictions on the 13 

period distributed lag, but these restrictions led to greater serial correlation than in the 

ADL rnodel (as indicated by a Durbin-h statistic of -3.79 for the OLS model and the 

maximum likelihood estimate of rho for the AR(1) model). Gnd search maximum 

likelihood estimates for an AR(1) model are reported in Table 3B. A test of common 

factor restrictions rejected the AR( I ) model, so the PDL restrictions apparently 

mis-speciS the ADL rnodel. 



Conclusion 

We have estimated dynarnic models of beef supply response for cow-calf and 

feedlot operations in Alberta allowing for price uncertainty and risk aversion. Apparently 

this is the fust study of dynamic beefsupply response to incorporate pnce uncertainty or 

more specifically output pnce variance. As in several other studies of Western Canadian 

agriculmre, expected output pnce and price variance are more effectively modeled as 

simple lags and weighted sums of squared prediction errors rather than as rational 

expectations or GARCH models. ADL and PDL models are estimated assuming 

distributed lags for variance of output pnce as well as for expected output price. 

ADL models are estimated for cow-calf output (calves) and investment 

(replacement heifen) and for feedlot slaughter output. In al1 three cases the sum of lagged 

coefficients for output pnce variance is negative and significant, as anticipated. The 

elasticity is much smaller than for the (positive) surn of lagged coefficients for expected 

pnce, as anticipated. The distributed lags for PDL models extend back 5-7 years. The 

selected ADL models show shoner but still substantial lags in explanatory variables, so 

PDL restrictions are also considered for distributed lags in the ADL models. However 

these PDL restrictions introduce substantial serial correlation in residuals, which suggests 

that these restrictions mis-speciQ the distributed lags in the ADL models. 

The results of this study suggest that it is feasible to incorporate pnce uncertainty 

and risk aversion into ADL or ECM rnodels of dynamic beef supply response. Of course 



these are reduced form rather than structural dynamic models. The next step in such 

research should be to formulate and estimate structural dynarnic models with price 

uncertainty and risk aversion, e.g. dynamic duality models with risk aversion, in an effort 

to obtain more understanding of the dynamic processes and the role o f  uncertainty and 

risk preferences. 



FOOTNOTES 

1. This aiso essentially implies that the Simon-Theil conditions for first period certainty 

equivalence are met, so the argument c m  be extended to temporal uncertainty in a 

marner somewhat similar to standard models (Salmon). 

2. A somewhat similar approach to incorporating risk into a distributed lag model was 

followed by Lin, who estirnated a PDL model for wheat acreage response including a 

distributed lag on a risk variable (defined as a 3 year moving average standard deviation 

of past retums per acre). 

3. The importance of biological lags was also checked by estimating various PDL and 

ADL models assuming that the distibuted lags begin at O nther than 5 periods. However 

lags pnor to 5 periods were alrnost always jointly insignifiant. 

4. Results for the ADL model (Table 1 A) indicate that magnitudes and significance of 

coefficients for lagged Ep and Vp do not decline as the lag length increases (this pattern 

is not apparent in Table lB, but apparently this model is mis-specified due to the PDL 

restrictions). In contrat, estimates of ANMA (and GARCH) models for Ep and Vp do 

show such a decline as lag length increases. These results suggest that distributed lags in 

our models may primarily reflect lags in supply response rather than in expectations 

(results in Table 3A also suggest this conclusion). 

5. Temporal risk implies that price uncertainty influences decisions under risk neutrality 

(e.g. Dixit and Pindyck), so significance of price variance does not necessarily imply 



rejection of risk neutrdity. On the other hand, Uisignificance of pnce variance would 

imply rejection of risk aversion. 

6. A portmanteau Lagrange multiplier test ofwhite noise against MA(1) (Harvey, p. 278) 

did not suggest an MA process. 

7. in the presence of lagged dependent variables, the error sum of squares criterion 

ESS(P,p) (after the mode1 is transformed for AR(I) mors) generally has multiple 

solutions, and estimates ofcov(b) conditional on an estimate of p (as in most applications 

of the Cochrane-Orcutt and Hildreth-Liu) are inconsistent (Betancourt and Kelejian; 

Davidson and MacKinnon, pp. 334-40). This suggests a combined grid search nonlinear 

les t  squares or maximum likelihood approach with P and p estimated jointly rather than 

sequentially. Nevertheless in our case similar results were obtained by an iterative 

Cochrane-Orcutt. 



CHAPTER THREE 

A DYNAMIC EULER EQUATION MODEL OF BEEF SUPPLY RESPONSE 

UNIDER RISK AWRSION 

Introduction 

It has long been recognized that dynamics plays a particularly important role in 

beef production decisions. Cattle are simultaneously capital and consumption goods, so 

output supply decisions are particularly closely connected to investment decisions (Yver; 

Jarvis; Rosen; Nerlove and Fomari). Given this close comection and an effective 

reproductive life of 8-10 yean for beef cows, a dynamic mode1 of output and investment 

decisions has a long horizon. Since uncertainty generally increases over a planning 

horizon and f m e r s  are generally considered to be risk averse, price uncertainty and nsk 

aversion presurnably play a particularly important role in beef production decisions. 

Empirical studies of beef production have focussed on the modeling of dynamics. These 

studies range from models of adaptive expectations/partial supply response (Askari and 

Cummings) and polynomial distributed lags (Kulshreshtha) to more general distributed 

lag and tirne seties models (Rucker, Burt and LaFrance; Shonkwiler and Hinckiey) and 

to models explicitly derived from a dynarnic optimization (Nerlove, Grether and 

Carvalho). Newer approaches are illustrated in recent econometric studies ofbeef supply 

response and the cattle cycle (Buhr and Kim; Diebold, Ohanian and Berkowitz; Manh 

1999; Mundlak and Huang; Nerlove and Fomari; Rosen, Murphy and Scheinkman; 



Schmitz). These recent studies attest to the continued importance of improving models 

of beef supply response. However it appean that al1 of these studies have assumed risk 

neutrality by excluding the influence of uncertainty on decisions. Two exceptions are 

studies of feedlot supply response under risk aversion (Antonovitz and Green) and of 

autoregressive distributed lag (ADL) model for Alberta beef supply (Mbaga and Coyle). 

However the first study assumes a static model and the second study estimates a reduced 

form model, which cannot identiQ the structure of dynamic response. 

This paper presents the fint econometric study of a structural dynamic mode1 of 

beef supply response under risk aversion and uncertainty. We adopt the standard practice 

of specifjmg a dynamic structural model in tenns of a discrete time Euler equation. 

However in contrast to other studies, the Euler equation model incorporates risk aversion 

and output pice uncertainty. The methodology is applied to the estimation of bee f supply 

responses for cow-caif and feedlot operations using aggregate time series data for Alberta. 

Theoretical Modeis 

Suppose a cow-calf beef ranch produces calf output y (rneasured as total weight) 

using variable inputs x and a breeding herd K, and denote the production function at time 

t by y, = f(x,,&,,&,-K.,,) assuming convex adjustment costs associated with changes 

in the size of breeding herd (for simplicity we assume that K is the only quasi-fixed 

input). Calves are weaned at 7 - 8 months of age, and heifers are typically bred at 15 or 



27 months of age (depending on breed) and give bkth in another nine months. n ius  

output y, at time t depends on the size of breeding herd 9 months earlier, and in tum the 

corresponding lag length "a" in the production function equals 1 or 2 penods using 

biannual data. In addition the lag "s" before replacement heifen reach maturity (i.e. can 

breed) is 7 to 17 months (depending on breed), Le. s is between 1 and 3 periods using 

biannual data. Calves are weaned at 8 months of age and sold to feedlots afier additional 

grazing and backgrounding. Calf output will either be marketed or retained as 

replacement heifers to augment the breeding herd. Market prices for output, variable 

inputs and replacement heifers are p, w and wk, respectively, and for simplicity we 

assume that only output pnce p is uncertain (the mode! can easily be extended to 

uncertainty in al1 prices). 

The mean and variance of' output price p are denoted as Ep and Vp, respectively. 

p, y, is the market value of the calf crop at time t (including calves to be retained as 

replacement heifers), and the replacement heifer market price wk is the opportunity cost 

for calves retained as replacement heifers and the cost of purchasing replacement heifers 

at t. Assuming a rnortality rate 6 for the breeding herd and an s penod lag before 

replacement heifen reach maturity (i.e. enter the breeding herd K), then Y,-(1 -6)&,, is 

the number of replacement heifen (from calf crop or purchase) in period t-a-s reaching 

maturity in the breeding herd at time t-a, and this cost is incurred in period t-a-S. 



Consider the following dynamic optimization problem over periods t = O,..,T for a 

cow-calf producer under constant absolute risk aversion (CARA): ' 

- ( a m  vp, ~(~,Y.,,Y.,-Y,.,)~ . 

a > O is a constant coefficient of absolute risk aversion. V(.) is a static dual indirect utility 

function under CARA and is similar to Coyle (1992). V(.) is linear homogeneous and 

convex in (Ep,Vp,w) and satisfies Hotelling's lemrna: 

(3) dV(.)/aEp = y dV(.)/& = -x . 

Assuming an interior solution (K)' = (&...,KT) » O to the discrete tirne calculus of 

variations problem (l), and assuming that the constraint &- (1-a)&-, 2 O is not binding, 

problem (1) has standard first and second order conditions dJ(.)/d& = O (t=O,..,T) and 

[J,(.)] negative semi-definite. 



nie first order conditions are discrete time Euler equations (evaluating dJ(.)/dq = 0): 

where K t  y- Y-, . The second order Legendre Clebsch condition (e.g. Stengel, p. 2 1 3) 

is (evaluating a2.J(.)/d& 5 O) 

The above model formally assumes atemporal risk rather than temporal risk 

(Machina), i.e. the above planning problem assumes that no additional information about 

prices or the probability distribution for prices will become available over the planning 

horizon. However the model can be generalized to temporal risk as follows. Fint, 

temporal risk does not influence the specification of the static one period maximization 

problem (2) (which is conditional on capital levels) to the extent that there is a relatively 

maIl change in pnce information over the short one period horizon (6 months for 

biannual data or 3 months for quarterly data) or variable input decisions x, for the period 

must largely be made before there is a substantial change in information. On the other 

hand, temporal risk should certainly influence investment decisions for durable capital 

(K), given the long productive life of beef cows and the substantial changes in 

information that will occur over this period. Thus the dynamic problem (1) should be 



respecified as a stochastic expected utility maximization problem by changing the 

Since the dynamic maximization hypothesis places only second order restrictions 

on the single period dual V(.) with respect to K and K (Karnien and Schwartz), we cm 

assume that the dual V(.) is quadratic in K and K. This essentially implies certainty 

equivalence (Simon; Theil), i.e. solution values c m  be substituted into first order 

conditions as in the Euler equation (4). Thus equations (3)-(4) generalize approximately 

to temporal risk. 

The system of equations (3)-(4) can be specified given a îûnctional f o m  for the dual. 

For example, assuming a nomalized quadratic form similar to Coyle (1992), the 

following derivatives of the dual are specified: 

d'*t(.Yavi, = Pi0 + Pi, EP', + Pi? W' t ' Pi] Pi4 f Pi VP' , (Y' 1 ' EP' i, W' 1, 

Y4, Y,-&,-,). Here V' ,= (V/wo),, Ep', 2 (Ep/wO),, Vp', 2 (vp/w0),, w',= (w/wO),, Le. V, 

Ep, Vp, w are normalized by a numeraire variable input price w0 assuming linear 

homogeneity of the dual V(.) in (~p,~p,w,w*) .  Note that this nonnalization implies 

av(.)/aK = w0 dv ' ( . )m and dv(.)/d K = w0 d~'( . ) /a  K . 



+ (PH + Pu) K+-&-,J + (Ba + P d  VP' t 

- {Pu, + PJi EP' t t , +  P42 w't-i + P43 IC-1, + Ba (&+1-,-4-3 

+ Bu VP'<- 1 Wot- Jw034 l+r) 

- (W ,4-s (l+r)'- + wkt +,-+ (1 -8) (l+r)'~~l}/wo, = O 

with symmetry (integrability) restrictions Pl, = P,,, P,, = P,, relating output supply and 

Euler equations, and similar restrictions regarding input demand (PZ, = Pl?, Pz3 = P3?i 

p, = Flr). h addition, d2v(.)/d~a K = 2 2 ~ ( . ) / d  K dK implies the restriction P,, = p,, for 

coefficients in the Euler equation. ' 
A similar dynarnic mode1 c m  be specified for feedlot production. A feedlot produces 

fed cattle for slaughter y using feeder cattle K and other inputs x according to a 

production hinction y, = f(x,,~,,I&,-&,,) Here adjustment costs are proxied in terrns 

of the change in feeder inputs, as in other studies (Buhr and Kim. who cite Marsh 1994 

for justification). Feeder cattle are fed grain in feedlots over a period of approximately 

6 to 10 months before slaughter, so the h g  length "bb" in the production function equals 

2 or 3 using quarteriy data. Market prices for fed cattle output, variable inputs and feeder 

cattle input are p, w and w", respectively. p, y, is the market value of feeder output for 

slaughter at time t, and \HL & is the cost of feeder inputs purchased at time t. 



The dynamic optimization for the feedlot under CARA is 

where the dual indirect utility function V(.) is similar to (2). The feedlot output supply 

and variable input demand equations are similar to (3), and the discrete time Euler 

equation is: 

Assuming a normalized quadratic fictional fom for the dual V(.), equations (3) and (8) 

for the feedlot are 

However there may be a disadvantage to this choice of hnctional form for feedlots: 

a doubling in animals fed (Y,) leads to an approximate doubling in output by total 

weight (yJ, so (by Euler's theorem) equation (9a) may be independent of pnces, i.e. linear 

homogeneity of y in K implies @y Euler's theorem) that (9a) reduces to y, = Y,. This 



problem also applies to (e.g.) a feeàlot supply response study by Ospina and Shumway. 

A similar problem also &ses for the cow-calf output supply rnodel, but we do not have 

the data to address the problem in this case.. in order to circumvent the problem in the 

feedlot model, the dual can be specified in ternis of two Functions a(Ep,w, K ,Vp) K + 

b(w,K, K ,Vp) where (e.g.) a(.) is quadratic in Ep (linear in w, K ,Vp) and b(.) is 

quadratic Ui (w,K, K ,Vp). Then the output supply and Euler equations c m  be respecified 

Here the left hand side variable for output supply is weight per animal, and the term 

p,, (Ep.3' is added to the Euler equation. 

The dynarnic maximization hypothesis and CARA imply that total weight of 

output supply y, conditional on capital stock K and investment AK, are increasing in Ep 

and (assurning risk aversion) decreasing in Vp. This is because the dynarnic optimization 

problem (7) implies a static rnaximization problem conditional on (K,AK) which is 

sirnilar to (2). This static problem implies that (conditional on K,AK) total weight y is 

increasing in Ep and decreasing in Vp (Coyle 1992). Since K is proxied by total number 



of feeder cattle purchased by feedlots (and assurning mortality rates are independent of 

Ep and Vp), it follows that (conditional on K,AK) weight per animal ( y K )  is increasing 

in Ep and decreasing in Vp. Thus for equation (9at) we anticipate that P l ,  > O and P,, < 

O. ' A more general assumption regarding risk preferences is the nonlinear mean-variance 

mode1 where the coefficient of absolute risk aversion a varies with the mean and variance 

of wealth. Assuming as in standard models that utility is separable over time, the 

coefficient ofrisk aversion at time t depends on (nonstochastic) initial wealth WO plus the 

mean and variance of current profits q, Le. cr, = a(WO + Eq,  Vq) where Ex,Vr are the 

mean and variance of profits, respectively. The mean and variance of wealth W = WO + 

K are EW = WO + Ex and VW = Vx. The dynamic models for cow-calf and feedlot 

producers are similar to (1) and (7) except for modifications in the dual V(.). 

The dual V(.) for a cow-calf producer with nonlinear mean-variance risk 

preferences is 

- (a(-)/2) Vpt f(x?Y,,Y,-Y-,,)' 
where a(.) a(WO+ Ept f(.) - w, x - id' &=, Vp, f(.)'). This dual is similar to Coyle (1 999). 

A sirnilar dual V(Ep,,Vpt,w,,WO,&,,I&-&Sb-,) c m  be defined for a feedlot producer. 

Properties of the dual V(.) include: V(h Ep, k2 Vp,p,h w, h WO,..) = V(Ep,Vp,w, WO,..) for 

XrO assumùig constant reiative risk aversion (CRRA), V(.) is quasiconvex in (Ep,w,WO) 

assuming decreasing absolute risk aversion (DARA), and 



( 12) y = av( . ) /a~p  I av(.)/aw0 

-X = aV(.)/dw / dV(.)/dWO (Roy's theorem) 

(1 3) aV(.)/aWo = 1 - a, Vp 9'2 

where a, = da(EW,VW)IaEW. Equations (1 2) (Roy's theorem) are highly nonlinear in 

coefficients of the dual, but this problem cm be simplified by substituting (13) into (12) 

to obtain 

(1 4) y = dV(.)/aEp 1 (1 - a, Vp $2) 

-X = d v ( . ) l a ~  / (1 - a, Vp $12) . 

Functional foms for V(.) and a(.) can be specified without contradiction, and these 

detemine implicitly the technology. in addition a(h EW, k' VW) = A-' a(E W,VW) for 

G O  assurning CRRA (Coyle 1999). Substituting 1 = VW'1d2 into this CRRA restriction 

yields a(EW VW1", 1) = VW"" u(EW,VW), i.e. a(EW,VW) = VW."' g(EW VW.'~'), and 

assume a quadratic approximation to g(.): g = c,  (EW VW"+') + c2 (EW VW*1")2. Then 

a(.) = VW'" g(.) implies a, = VW-'" dg(.)/dEW, i.e. 

(15) a, = c ,  / VW + 2 c2 EW/(Vw3"-) 

= c, / (Vp f )  + 2 c2 (w+Ex)/((~p f)3") . 

Given functional foms for V(.) and a(.), a dynamic mode1 with nonlinear 

mean-variance risk aversion can be estimated using equations (13)-(14) and the Euler 

equation (4) or (8). For example, assuming a normalized quadratic f o m  for the dual 

under CRRA sirnilar to Coyle (1999), the following derivatives of the dual are specified 



for the cow-calf producer: 

dv' t (-)IN t = Bi0 + Pi1 EP' t + Pi2 W* t + Bi3 kf Bi4 K-a-&-a-1) Pis WU* t + Pi6 'P.* t (v' 

5 ~ p * ,  , w', , Y,, Y,-& -,-,, WO', ). Here V', = (V/W('),, Ep', 5 (~plw'),, Vp", = 

(Vp/(wo)'),, w* , = (w/w0), assuming C m .  Also assume the above second order 

A dynamic mode1 for a feedlot with nonlinear mean-variance risk preferences can be 

specified in a similar manner. Given a normalized quadratic duai V(.) and a second order 



Data 

Dynarnic models were constructed for cow-calf and feedlot operations using 

biannual and quarterly data, respectively, for Alberta over 1976-1997 (data on 

replacement heifers on-farm is unavailable prior to 1976). Cow-calf output (at weaning) 

is defined as the nurnber of light feeder calves (400-500 lbs) o n - f m  Jan. 1 and July 1 

in Alberta (Statistics Canada b). This series closely approximates light feeder calves 



o n - f m  over the year, and a similar proxy for cow-calf output has been used in a U.S. 

sîudy that has also attempted to differentiate between cow-calf and feedlot supply 

response (Buhr and Kim). Unfortunately data on cow-calf output is not available by 

weight. The output price is in S/cwt for Alberta light feeders (400-500 lbs) (Agiculture 

and Agri-Food Canada). Input pnces are a feed pice index and hired labor wage index 

for Western Canada (Statistics Canada a), and price (Skwt) for Alberta replacement 

heifers (700 lbs) (Agriculture and Agi-Food Canada). 

investment in the cow-calf operation is defined as the number of replacement 

heifers on- f m  Jan. 1 and July 1 in Alberta (Statistics Canada b), and investment is 

specified as conditional on number of cows o n - f m  Jan. 1 and July 1 (Statistics Canada 

b), price (Skwt) for Alberta feeder s tem (700 lbs) (Agriculture and Agri-Food Canada), 

price for replacement heifen, feed pnce index and hired labor wage. Feedlot output is 

defined as the total weight (cwt) of fed cattle slaughtered in Alberta plus exports for 

slaughter from Alberta to the U.S. (number of animals is multiplied by cwt  per animal), 

and the output pice is measured as the price (S/cwt) for Alberta feeder steen (> 900 Ibs) 

(Agriculture and Agri-Food Canada). 

Input prices are the feed pnce index, hired labor wage, and the price for Alberta 

feeder steen (700 lbs). Initial stock of wealth is proxied by the value of land and 

buildings plus machinery and equipment (Statistics Canada c). 



Empirical Models 

Expected output prices are proxied as a one period lag on market prices, and 

variances of output prices are proxied as the weighted sum of squares of prediction erron 

of the previous three years, with declining weights of 0.50, 0.33, and 0.17. This particular 

formula for price variance has been used in other studies (Chavas and Holt; Coyle). 

Expected prices and price variances were also calculated from ARMA and GARCH 

models expressing market prices as a distributed lag of prices, but these measures were 

insignificant in al1 models and were rejected for the simpler measures. 

These results are similar to other studies of Western Canadian agriculture under 

risk aversion (Coyle) that rejected proxies fiom ARLMA and GARCH models. Similarly 

a study of crop price expectations for a group of Sasketchewan f m e r s  concluded that 

these reported expectations are less adequately explained as time series forecasts 

(Sulewski, Spnggs and Schoney). 

Output quantity data, prices, replacement heifers and herd size were tested for unit 

roots by standard methods (Dickey-Fuller and Phillips-Perron, with and without allowing 

for trend stationarity in the alternative). In al1 cases the unit root hypothesis was rejected 

at the .O5 level. Since these tests are biased in favor of the unit root hypothesis in the 

sense that they have low power (Kwiatkowski et. al.), we assume that it is not necessary 

to transfomi data due to unit roots. This conclusion was also supported by alternative 

tests (Kwiatkowski et. al.). 



Hired labor wage was found to be uisignificant and was dropped fiom al1 models. This 

result is not surprising since labor cost is a relatively small proportion of total costs for 

both cow-calf and feedlot sectors. 

The output supply equation for the cow-calf CARA mode1 (5)-(6) is specified as 

(22) Y,= h o  + Pl, E P ' ~  + Pl, L + Pl4 (K-dLJ + Pl, VF'~  

with a = 1. A correct specification of this equation requires that calf output y is measured 

as total weight. Unfortunately data is available only on total number of calves o n - f m ,  

so we must use this as a proxy for output y, (Buhr and Kim adopt a similar approach). 

Obviously this proxy is particularly closely related to the size of breeding herd Y,. 

Nevertheless, to the extent that cow-calf producers have some flexibility in marketing 

their calf crop in different biannual periods through backgrounding, producen will try to 

sel1 in periods when prices are expected to be relatively hi& and pnce uncertainty is 

relatively Iow. Thus calves may still tend to be on-farm at the beginning of such penods. 

Accordingly we hypothesize that P l ,  > O and Pl, < 0, but both elasticities should be 

relatively small. Various parameter normalizations are possible for the Euler equation. We 

choose to solve (6) for Y,-&+,, 4 

(23) K-=-q4-1 = 4 3 3 4  + P J 1  

[@Io + Pa) + ( P 3 i  + P d  EP' t + (P33 + Pa + PuUfN Y, 

+ (B35  + P d  VP' i - {Pm + P 4 l  EP' PI + (P43 + Pu) Kt-1.. 

+ P45 Vp8 t-1 W + r )  



- {$ t-a-s (1+rye + wk L-,+ (1 -6) ( l + r ) a ~ l } / d '  J 

+ (y31 +yrJ E P * ~  + Y I  Ku+ (y35 + ~ d s )  V P ' ~  

- (y41 EP' 1-1 + Y? L I ,  + Y,, VP' ,-,Y( l+r) 

- y0 {$ c.j-s (1 +r)" + w" pl , ,  (1-6) (l+r)55-'}/w0 1 )  

Here the Euler equation is specified as linear in coefficients y, which are related to 

structurai coefficients as foIIows: y, = 1/(P3, + Pu), y, = @,, + P4, + Pu/(l +r) )@,, + Bu), 

yr = (Pa + P+i)/(P3.i Pa)? Yij = Pij 1 (P3.r + Bu) excePt for the intercePt Y30 = ( P ~ o  + Pa 

r/(i+r))/(p3, + PLI). This identifies al1 structural coefficients of Ep and Vp in the Euler 

equation. The numeraire pnce wo is the feed pnce index, a = 1, s = 3, r = .OS, S = .O 1, and 

it is assumed in the Euler equation that E, (wo ,JwO J = 1. The symmetry restrictions P ,, 
= f331, P14 = PaI relating output supply and Euler equations imply = Pl,  1 (P,, + P,) and 

741 = BI4 / (P34 + Pu). i-e- 

(24) P l 3  = y31 / Y, P i 4  = Y41 YO . 

Substituting these restrictions into the output supply equation yields a model that is 

nonlinear in coefficients. In addition, the symmetry restrictions P3, = Ba3 imply the 

following restriction within the Euler equation: 

(25) y? = 1. 5 

Similarly the feedlot CARA model (9)-(10) is specified as 

(26) Y, = Pl, + P l ,  EP'~ + B I 3  Y, + Pl4  (IC,-Y-d + P u  VP' t 

(27) (Y-,-&,,) = 





A well known difficulty in estimating Euler equations such as (4) is that the 

derivative dV,.,(.)/ K depends on unobserved plans at t for next period decisions, 

which are usually proxied by observed next period decisions assurning rational 

expectations. This difficulty also applies here: the Euler equation specified at time t 

defines the first order condition for the decision Y.,, which depends upon the unobserved 

plan Y+,.,. Consistent estimates of such Euler equations under rational expectations cm 

be obtained by standard instrumental variable rnethods such as two stage least squares 

(McCallum; Kennan). However rational expectations generally implies serial correlation, 

and then standard corrections to these methods lead to inconsistent coefficient estimates 

(Flood and Garber; Cumby, Huizinga and Obstfeld). 

Accordingly we follow the by now standard convention of estimating a dynamic 

mode1 by generalized methods of moments (GMMJ (Hansen; Hansen and Singleton). 

GMM estimation leads to consistent and asymptotically efficient estirnates for linear or 



nonlinear models based only on (sufficient) moment conditions, in this case the rational 

expectations assumption that errors in expectations are independent of the current 

information set. Ofcoune there are substantial difficulties in selecting a weighting matrix 

for mal1 sarnples and in statistical inference (Davidson and MacKinnon; Newey and 

West 1987b; Ghysels and Hall 1990a,b; Hall and Horowitz; Smith). in addition, recent 

empirical studies have suggested that GMM has not led to stable estimates of structural 

parameters of Euler equations (Garber and King; Oliner, Rudebusch and Sichel (1996)). 

Most applications of Euler equations have assumed rationai expectations for both 

prices and unobserved plans. However, as we argued earlier, other empincai studies have 

suggested that rationai expectations models provide poor proxies for pnce expectations 

of Western Canadian f m e r s .  Instead it seems to be more realistic to adopt simple 

backward-looking rnodels ~Cprice expectations: expected price Ep at time t is the most 

recently observed pnce p,,, and price variance Vp is a simple weighted sum of squared 

prediction erron in the most recently observed periods. 

This simple mode1 of backward-looking price expectations implies M e r  

simplifications of the above Euler equations. In the Euler equation (4) corresponding to 

the fint order condition dJ(.)/d& = O, ail derivatives dV,(.)/X, dV,(.)/a K and 

dV,+(.)/a K must be evaluated based on information available at t h e  t. Thus the 

backward-looking expectation at time t for price p in periods t and t+ I are both p,,, so Ep, 

in aV,(.)/dK and dVt(.)/d K and Ep,+ in dV,,(.)/d K are equal. Similarly Vp, in 



Then the separate coeffients y3,,y,,,y3,,y4, are not identified (in the absence of 

across-equation restrictions), so (e.g.) the t e n s  (y,, + y,,) Ep', - y,, Ep*,-,/(l+r) in (23) 

reduces to y,, Ep*, and the ternis (y,, + y,,) Vp*, - y,, Vp*,+,/( l+r) in (23) reduce to 

Y 35 V P * ~  

Results for CARA Cow-caIf Mode1 

As indicated above, the CARA cow-calf mode1 (22)-(23) further reduces to the 

= B, correspondhg to i?~(.)/dKa K = 8V(.)/d K 8K again irnplies the following 



restriction on the Euler equation: 

(38) = 1 . 

Imposing this restriction, the left hand side of the Euler equation can be transformed to 

(K-a-q-3- 1 ) - 4-1 -A 1 +r) 

In (36) K, and Y-,-, are treated as endogenous, and additional instruments are K 

lagged an additional 3 to 8 periods. Since al1 these lags in K are in the firm's information 

set, the rational expectations hypothesis for K and K suggests that these lags c m  define 

valid moment conditions. Regressing Y-, and &+, on these additional instruments led 

to R' of approximately 0.80, which indicate that these instruments covary reasonably 

highly with the endogenous variables. 'In principle the assumption of independence 

between instruments and disturbances cm be addressed using Hansen's J-test for GMM 

models. Nevertheless GMM theot-y apparently provides Iittle guidance in the selection 

of instruments for finite samples: the small sarnple behavior of GMM estimators may 

wonen as the nurnber of instruments becomes large (Fenon and Foenter; Kocherlakota; 

Smith), and asymptotic efficiency may sometimes decrease as the number of instruments 

increases (Imbens), and the J-test apparently has low power and uncertain finite sarnple 

properties. Consistent moment selection procedures have recently been devised (Andrews 

1999), but it is not yet clear how useful these are for small samples. Accordingly the 

selection of instruments here is essentially ad hoc. 



The mode1 was fint estirnated by linear two stage l e s t  squares (2SLS) using Shazarn 8.0. 

2SLS results are reported in Table 1 (a seasonal biannual dummy and a t h e  trend were 

insignificant). Variables in (35)-(36) are normalized by 1997 levels, so that coefficient 

estimates can be interpreted as elasticities circa 1997. In the output supply equation, 

expected pnce Ep has a significant positive coefficient and pice variance Vp has a 

significant negative coefficient, as is expected under nsk aversion. The elasticity is 

smaller for Vp than for Ep, as in other studies of production decisions under nsk. Both 

elasticities are small. In the Euler equation, Ep has a positive but insignificant impact and 

Vp has a significant negative impact on investment &-.-Y-,,. nie symmetry restriction 

y? = 1 on the Euler equation implied by d2v(.)laKd K = d2v(.)/d K aK translates into 

the following restiction when variables are noxmalized by 1997 values: y? = 7.6 1. 

'~owever the corresponding estimate is -6.3967, and the symrnetry restriction is rejected. 

Since y, (the coefficient of Z in the investrnent equation) is insignificant, we cannot infer 

signs for p,, and O,, (impacts of Ep and Vp on the shadow price of capital) fiom the 2SLS 

estimates. Homoskedasticity is accepted using Breusch-Pagan tests. However there is 

substantial (positive) autocorrelation in both equations, and (as noted above) standard 

methods to correct for autocorrelation would lead to inconsistent coefficient estimates. 

The output supply and Euler equations were estimated jointly by three stage least 

squares (3SLS). Given a matrix W of valid instruments for a linear mode1 y = XP + e, the 

3SLS criterion fùnction (Y-XP)~W B WT(y-XP) is a quaciratic f o m  in the empirical 



moments m = WT(y-XP) and the weighting matrix B = (hWrW)*',  2 is the matrix of 

disturbance contemporaneous covariances. In pnnciple 3SLS estimates are consistent and 

asymptotically normal. The asymptotic covariance matrix of 3SLS estirnators of p for 

this model is cov(b) = (GT B G)-', G 5 &n(.)/dp. 

Seemingly unrelated regression (SUR) and three stage least squares (3SLS) results 

are reported in Tables 2 and 3, respectively. The hypothesis of no contemporaneous 

covariance in the SUR model is rejected at the .O1 level using the Breusch-Pagan test 

(although the hypothesis is oniy rejected at the .10 level in the 3SLS rnodel). For the 

output supply equation, coefficient estimates are very similar to ISLS ,  and t-ratios are 

somewhat higher for SUR (instnimental variable rnethods lose efficiency relative to OLS 

and SUR). Changes in coeficient estimates are larger for the Euler equation. Of most 

interest, both Ep and Vp are significant in the Euler equation using 3SLS. Ep and Vp 

have much larger elasticities in the investment equation than in the output supply 

equation, as we anticipated. ' ~ h e  estimated elasticity of output supply with respect to Ep, 

0.12, is similar to the short-nin elasticity in Buhr and Kim (0.05). 

One important difference from ZSLS results is that the coefficient of Z in the 

Euler equation, y,, is now negative and significant in both SUR and 3SLS results in 

Tables 2 and 3. Since y,, = (p3, + fi,, d(l+r)) /(fi,, +fi,), y, = l/(P,, + Pu) and r = .05, 

negative coefficient estimates for y,, and y, essentially imply a positive estirnate for P,, , 

which is the derivative dV,(.)/dEp. Thus the estimated impact of expected output price 



Ep on the shadow pnce V, for beef cows is positive, as expected. Similarly a positive 

coefficient estimate for y,, = (P,, f P4* r/(l+r)) /(P,, + Pu) essentiaily implies a negative 

estimate for P,, Le. the impact of pnce variance Vp on the shadow pnce V, is negative, 

as expected under risk aversion. 

The output supply and Euler equation (35)-(36) were also estirnated by GMM. 

Given a positive definite weighting matrix A, unique estimates of P are calculated fiom 

the first order cmditions for the GMM criterion function (y- x B ) ~ w  A wT(y-XP). Given 

certain regularity conditions, this estimator is consistent and has an asymptotic normal 

distribution with covariance matrix cov(b) = (GT~G)- '  GT AOA G (GT~G)-I),  where G 

8m(.)/dP and Q, is the covariance matrix of the empincal moments rn, Le. <D = cov(WTe) 

= wT cov(e) W. Assuming that A is a consistent estimator of O", substituting O" for A 

above yields an asymptotic covariance matrix 

cov(b) = (Gr 0-I G)" 

(39) =(GTAG).I. 

Any other choice of A leads to a covariance matrix for b that exceeds this by a positive 

semidefinite matrix, Le. this choice of A leads to asymptotic efficiency in the class of 

GMM estirnators (including 3SLS). The asymptotic covariance matrix of b is calculated 

as in (39), but if the weighting matrix A is not a consistent estimator of O-' then this 

underestimates the asymptotic variances of the particular GMM estimator. Assuming A 

is a consistent estimator of O-' also implies that the miliimized value of the GMM 



critenon function (the J statistic) is asymptotically chi-square (Hansen). The Newey-West 

(1987a) approach to constnicting a weighting matrix was followed using the Bartlett 

option in Shazam 8.0. In prhciple this provides a consistent estimate of 0'' under both 

serial correlation and heteroskedasticity, essentially so long as the number of sarnple 

autocovariances is large enough that autocorrelations at longer lags are negligible (see 

Newey and West, and Andrews 1991), and by construction this estimate is positive 

semi-definite. ' ~ i v e n  a f i n t  order autocorrelation coefficient of 0.5, correlations between 

error tems 4 and 8 periods apart are 0.0625 and 0.0039, respectively. Alternative 

weighting matrices were also considered (a Quaciratic Spectral (Andrews 1991) and a 

Heteroskedastic- consistent Covariance matrix (White 1980)), but these matrices were 

singular and estimation was unsuccessful. 

GMM results assuming 8 autocovariances for thc Newey-West matrix are 

reported in Table 4. The algorithm uses 3SLS estimates to form the Newey-West 

weighting matrix and then estimates the GMM model. ''In Table 4, the ovendentifjmg 

restrictions for the GMM model are not rejected using the .J- test. Coefficient estimates 

are similar to 3SLS results, but there is a substantial reduction in standard errors. 

The substantial reduction in standard errors for GMM relative to 3SLS reflects either (1) 

a substantial improvement in precision of estimates, (2) the weighting matrix used here 

is not a consistent estimator of the moment covariance matrix, or (3) asymptotic theory 

has no relevance to our data set. Unfortunately empirical applications of GMM seldom 



report 3SLS results, so it is difficult to açsess the h t  possibility. Asymptotic standard 

errors should be lower for GMM than for 3SLS (as noted above), and there is anecdotal 

evidence that 3SLS often leads to large standard errors in dynarnic models. Regarding the 

second possibility, an 8 penod autocovariance with autocorrelations of 0.5 suggest 

consistent estimation of the moment covariance matrix. Nevertheless if the first-step 

3SLS estimates are inconsistent, then the resulting weighting matrix estimates are not 

consistent. 

Monte Car10 results on the relevance of GMM asymptotic distributions for finite 

samples are mixed. The Monte Car10 study by Andrews (1991) calculates the relation 

between true and nominal confidence intervals for various GMM estimators assuming 

64, 128 and 256 observations. None of the GMM estimaton are reliable if disturbances 

follow an AR(1) process with an autocorrelation parameter p equal to 0.9 (approximating 

a unit root), but this is not Our case. Othenvise the Quadratic Spectral (QS) estimator may 

be most reliable. For an AR(1) process (p = 0.5) with heteroskedasticity and 128 

observations, the true coddence intervals for a nominal 95% confidence interval are 

reported as 87% for QS, 83% for the White Heteroskedastic-consistent Covariance 

matrix, and 59% for the standard LS variance estimator for iid errors. Results are not 

reported for the Newey-West (Bartlett) estimator, but apparently it is at least somewhat 

less reliable than the QS estimator. 



A Monte Carlo study by Newey and West (1994) presents additional results. For an 

M(4) enor process (p = 0.18,0.05,0.10,0.12), an AR(4) process for a (distributed lag) 

explanatory variable, homoskedasticity and 100 observations, a nominal 95% confidence 

interval is reported as 87% for the Newey-West (Bartlett) and QS. Ailowing for 

heteroskedasticity (Garch(1,l)) in a different model with 300 observations, a nominal 

95% confidence interval is only a 69% interval for Newey-West and 73% for QS. " 

Resuits for CRRA Cow-calf Mode1 

Given our assumption of backward-looking expectations, the cow-calf CRRA 

model (28)-(30) reduces to: 

(40) Y, = @,O + Pl 1 EP' t+ Pl,  %a + P 14 (&-a-L-1) + B I ,  WO' t 

+ P16 VP*' [} / ( 1 - c1/2 - C2 (WfEx)/((Vp $)1'2)) 

(41) (Y,-&,,) = 

-{y30 + ~ 3 i  EP' t + YI  Y-, + y35 WO' t + ~ 3 6  VP" t - YZ Y-, JU+r)  

- y,, {$ t+s ( 1 +r)'*' + t+l+s (1 -6) ( 1 +r)'*'-I ) /wo 

(42) (WO ,+ExJ/(VP J)12) = 1 /c? - ~ c J c ?  - {P5, + PSI Epm , + Bs3 Kt., 

+ P54 K a - & + ,  + l355 wO' t + P5, VP" J/ct 

with coefficients defined similarly to the CARA model. The symmetry restrictions are 

similar to the C A M  model (37-38) plus (3 1). 



The output supply equation is now nonlinear in coefficients, and this substantially 

complicates estimation of the model (42 can be estimated as linear in coefficients, at least 

in the absence of symmetry restrictions 3 1). The output supply equation cm be estimated 

by nonlinear les t  squares ( N U )  but not directly by the nonlinear two stage least squares 

(NL2SLS) algorithms in Shazam. The following procedure was foliowed: ( 1) endogenous 

right hand side variables of (40) &, &-,-Y,.,, (W+~n)/((vp f)") were regressed 

against the specified instruments (including a two period lag on the dependent variable 

of 42) to obtain predicted values for the endogenous variables; (2) NLZSLS estimates of 

coefficients were obtained by estimating (40) by NLS using predicted values for the 

endogenous variables; and (3) the output supply equation (40) was estimated by NLîSLS 

using coefficient estimates from step (2) as starting values. NLS in step 2 calculates the 

NL2SLS estirnates of coefficients but not of standard errors. However the NL2SLS 

estimation in step 3 was unsuccessful even though the correct solution was given as the 

starting values for coefficients. Apparently the NLZSLS algorithms in Shazam are 

inappropnate for our model. 

Table 5 presents nonlinear estirnates of the output supply equation (40) using an 

iterative Davidon-Fletcher-Powell algorithm. Column A presents NLS results, and 

column B presents NLS results using predicted values for endogenous variables as in step 

(2) above. In both cases the coefficient estimates of Ep and Vp are similar to the linear 

model. CARA implies that coefficients PI,, c, and c? are irrelevant variables, which does 



not appear to be the case. The negative estimate for coefficient c2 in the denominator (c, 

is insignificant) implies decreasing absolute risk aversion @ARA) for al1 observations 

(see (15)), as is expected. 

Linear îSLS estimates of the Euler cquation (41) and the third equation (42) 

are presented in Table 6. Results for the Euler equation are broadly similar to the 

CARA model (Table 1). The only differences in specification are addition of initial 

wealth and normalization of Vp by the square of wo (feed pnce index) rather than by 

wo. Results for the third equation indicate that only Vp is significant, and the R' is 

quite small. The general insignificance of coefficients in this equation may reflect 

model mis-specification. On the other hand, note that a, = O under CARA and in tum 

aV/dW, = 1 (see 13), Le. al1 coefficients for parameten of the dual derivative dVldW,, 

would equal zero. Although the ass~mption of CARA is quite restrictive, this line of 

reasoning does suggest that the poor results for this equation may be partly explained 

by risk preferences. 

Table 7 presents linea. 3SLS results for the Euler equation and the third 

equation. Results are similar to ZSLS, and the hypothesis of zero contemporaneous 

covariance is only rejected at the 0.10 level using the Breusch-Pagan test. The output 

supply equation could not be estimated jointly with either equation. Table 8 presents 

GMM results for the Euler equation and GMM results for third equation using the 

Bartlett option and 8 autocovariances (the output supply equation could not be 



estimated by GMM). As in most of the C A M  models, the coefficient of Z (y,) is 

negative and significant in the Euler equation. Thus the estimated impact of expected 

output p k  Ep and pnce variance Vp on the shadow pnce N(.)/aK for beef cows 

are positive and negative, respectively, as expected. Coefficient estimates of equation 

(42) are similar to 3SLS. GMM leads to a substantial reduction in standard errors for 

bo th equations. 

Results for CARA Feedlot Mode1 

As in the cow-calf models, our assumption of backward-looking price 

expectations implies that the feedlot CARA model (9a')-(10') reduces to 

(43) Y&C PI0 P l t  E ~ g  t + p l 3  y - b  + p l 4  (&-b-&-bi) + Pi5 'P' i + P l 6  

(44) (Y.,Y,,) = 

-(y30 + y31 E ~ '  t + YI &-b + y35 'P' t ' y36 + y37 ( E ~ '  3' 

- yr Y- /( 1 +r) - Y, ,, ( 1 +rlb Iwo J 

with b = 3, and the syrnmetry restrictions are sirnilar to the CARA cowîalf model. This 

model treats weight per animal (y/K) as the output supply variable and feeder cattle input 

O() as a proxy for capital input in feedlots. Thus changes in total weight are decomposed 

into an output effect ( y K )  and an input effect (K). A time trend (t) is added as a proxy 

for impacts of technical change on weight per animal and also on investment. " 

However changes in feeder cattle input may provide a poor proxy for dynamic costs 



of adjustrnent, and changes in weight per animal or total weight may provide better 

proxies. Euler equations for weight per animal and total weight cm be defined as, 

respec tively, 

(454 (yK-b-yt. ,lY,l) = 

-{y30 y31 E ~ '  t Y I  y K - b  ' y35 'P' t + 736 

- Y? ~t-IK-1-l, U+r)  

(45W (Y,-yt-1) = 

-{y30 y31 E ~ *  , + y1 y t  + y35 'P' t + y36 

- y? yt-l l(l+r) - y,, w' t.b ( ~ + r ) ~  /w0 t )  . 

The first ad hoc Euler equation (a) cannot be specified jointly with the output supply (44) 

in tems of a cornmon functional form (y/K cannot meaningfully be specified as a function 

of itself in 44), so the (Ep' 3' term may as well be dropped from (a). A similar conclusion 

holds for the second Euler equation (@) could be specified jointly with a modified (44) 

that is conditional on y rather than 4 but then this (44) would explain K" rather than 

ylK). In addition, since the pice of feeder cattle input is not a direct cost associated with 

weight per animal, this price is dropped fiom Euler equation (a). Finally, (44) and (45a) 

can be viewed as a decomposition of (45b), so that Euler equations (44) and (45a) c m  

hold jointly. 



ZSLS estimates of the output supply equation (43) are presented in Table 9. 

The choice of instruments is similar to the cow-calf model. The equation is estimated 

with and without seasonal (quarterly) dummy variables. Here expected price has a 

smail but statistically significant positive impact on weight per animal (elasticities 

circa 1997 are 0.039 and 0.049 for the two equations). The time trend, which is 

included as a proxy for improvements in productivity, also has a significant positive 

impact. The measure of price variance Vp is insignificant. This may be because 

biological lags in production are much shorter at feedlots than at the cow-calf level, so 

sale prices can be forecasted more accurately by feedlot producers, Le. there is less 

price uncertainty than is proxied by a time series variance in market prices. One of the 

three durnmy variables (D3, for the third quarter) is significant. Note that R' (0.887, 

0.865) is similar to the cow-calf output supply (see Table 1). 

GMM results for output supply are reported in Table 10 (with 8 

autocovariances). Results are somewhat similar to ZSLS (K is now significant in the 

equation with dummies). The over-identikng restrictions are not rejected using the 

J-test. The above results c m  be contrasted to a recent study by Marsh ( 1999b) of beef 

slaughter weights for the U.S. Assuming risk neutral i~ weight per animal is 

regressed on expected prices, seasonal dummies, tirne trend, lagged weight per 

animal, and number of fed cattle produced. Expected output price is estimated to have 

a small but statistically significant negative impact on weight per animal, in contrast 



to the above Tables. Marsh notes that this impact is arnbiguous in a static long-run 

equilibrium model. However his dynamic model perhaps is more similar to the 

short-run equilibrium model (conditional on K and AIS) estimated here, and in this 

case weight per animal shotild be increasing in Ep (see the earlier discussion after 

equations 9a'- 10'). Another study estimates the elasticity of slaughter weight with 

respect to output pnce as 0.034 for Canada (Kulshreshtha and Wilson). 

2SLS estimates of the Euler equation (44) for feeder cattle input K are 

presented in Tables 11 and 12 in the absence and presence of seasonal dummy 

variables, respectively. Euler equations are estimated with and without the ( ~ p ) '  term. 

In al1 cases expected output pnce Ep is insignificant. On the other hand, price variance 

Vp has a significant negative impact (in Table 11) on investrnent as proxied by 

changes in K. The coeficient of Z is insignificant. Coeficient estimates cannot 

meaningfully be interpreted as elasticities since the normalizing value of the 

dependent variable (AK) is not representative for the data set (the magnitude of AK in 

the fourth penod of 1997 is (-) 13657, whereas the average magnitude for the four 

1997 quarters is 47569). Thus coefficient estimates can be divided by approximately 

4 to obtain elasticity estimates representative of 1997. One durnmy variable (D3, for 

quarter 2) is significant. R' is extremely low in al1 cases, particularly without the 

dumrny variables. 



GMM estimates of (44) for feeder canle input K are reported in Tables 13 and 

14. Results are broadly similar to 2SLS. The over-identifjmg restrictions are not 

rejected. The above results for Euler equations suggest that changes in feeder input K 

provide a poor proxy for feedlot investment decisions, or that the investment process 

is not dynamic as modelled by the Euler equation. Consequently the ad hoc 

approximations (&a-b) to an Euler equation were also estimated. However results 

suggested that these approximations were no better (and perhaps worse) than the 

above model, so results for these alternative Euler equations are not reported here. 

coefficients of the output supply equation (46) are presented in Table 15. These results 



were obtained in the same marner as for the output supply equation of the CRRA 

cow-calf model. Coefficient estimates of expected price Ep are less significant than in the 

CARA output supply equation (Table 9). This is not surprising given the difficulties in 

nonlinear estimation, 

ZSLS and GMM estimates of the Euler equation (47) with durnrny variables are 

presented in Tables 16 and 17. Expected price is more significant here than in the CARA 

Euler equations. Indeed both expected pnce Ep and price variance Vp are significant (and 

with anticipated signs) in the GMM results. The over-identimg restictions for the 

GMM models are not rejected. These results presumably are of more interest than the 

CARA Euler equation results, since the CRRA Euler equation is less restrictive and is as 

simple to estimate as the CARA Euler equation. Estimates of the wealth equation (48) 

are presented in Table 18. As in the case of the cow-calf wealth equation, many 

coefficients are insignificant. However the estimated coefficient of Ep as well as of Vp 

is significant for GMM. 

Conclusion 

This study is the first attempt to estimate a stnic tural dynamic model of cow-cal f 

production allowing for nsk aversion. Risk aversion and biological lags have been 

incorporated into a discrete time calculus of variations dynarnic model. A beef output 

supply equation and an Euler equation for investment in breeding herd have been 



specified assuming both linear and nonlinear mean-variance risk preferences. 

Unfortunately cow-calf output must be proxied by nurnber of animals rather than by total 

weight, due to data limitations, and this senously mis-specifies the short-nui output 

supply equation. Models are esthated prirnarily by two stage least squares (2SLS) and 

generalized method of moments (GMM). At a general level results for the cow-calf 

models are consistent with theory. Output supply and investrnent are increasing in 

expected output price and decreasing in pnce variance, and the shadow price of capital 

is interpreted as increasing in expected pnce and decreasing in price variance. On the 

other hand, a symrnetry restriction on Euler equations irnplied by dynamic rnaximization 

is rejected (we are unaware of other snidies reporting this test). 

This study also attempts to estirnate a structural dynamic mode1 of feedlot 

production under risk aversion. Since biological lags are much shorter in feedlot 

production than in cow-calf production, it is anticipated that dynamics is Less important 

in feedlot production than in cow-calf production. Due to data limitations, feeder cattle 

input is used as a proxy for capital stock in feedlots, and so change in feeder cattle input 

is used as a proxy for feedlot investment. The short-nin output supply (conditional on the 

proxies for capital stock and investment) is defined as slaughter weight per animal. The 

corresponding output supply and Euler equations are specified assuming linear and 

nonlinear mean-variance risk preferences, and are estimated primarily by 2SLS and 

GMM. Results for the feedlot output supply equation suggest that expected output pnce 



has a small positive impact on slaughter weight in the short-run, as is implied by theory. 

Price variance does not appear to have a significant impact on slaughter weight. Results 

for Euler equations suggest that feedlot investment decisions may be iduenced by 

expected output price and pnce variance, but there are also indications that feeder cattle 

input level is a poor proxy for feedlot capital stocks. 



FOOTNOTES. 

1. The biological lags incorporated into this dynamic mode1 c m  be viewed as an example 

of "time-to-build" lags in investment (Kydland and Prescott). These lags have typically 

been ignored in Euler equation models (see Oliner, Rudebusch and Sichel (1 995) for an 

exception). 

2. An Euler equation implies a rnuch more complex decision rule or closed form 

investment equation (e.g. Blanchard; Fuhrer, Moore and Schuh), so it is standard 

procedure to estimate the Euler equation. 

3. On the other hand, for a static long-nui equilibnum problem (CARA, risk aversion) 

where K is endogenous, total weight y is increasing in Ep and decreasing in Vp, but 

weight per animal y/K is not necessady increasing in Ep and decreasing in Vp. This 

ambiguity is mentioned in the risk-neutral case by Marsh (1999b). 

4. See Fuhrer, Moore and Schuh for a summary of alternative normalization used in 

linear-quaciratic inventory models. Obvious alternatives here are to solve (6)  for Y, or 

&-a- 1 

5. Note that the lefi hand side variable of the Euler equation (under this or alternative 

normalization) is closely related to right hand side variables that are alternative functions 

of K. Thus the R' for an Euler equation presumably reflects primatily this relation rather 

than the impact of other variables ( ~ p , ~ p , w " )  on investment. 



6. A low covariance between the endogenous variables and additional instruments would 

imply, in addition to low asymptotic efficiency, poor mal1 sample properties for standard 

instrumental variable estimators (Nelson and Startz). 

7. The symmetry restriction y2 = 1 in the non-normalized model is yZ = (~+r )"  d U X ,  = 

1. The normalized data is Î = I / G,, KI, = KI / K,,,, where 4, = 229000 and KI,, = 

1742000, and denote the coefficient in the corresponding regression model as yl, = (l+r)-' 

&XI,. Then y12 = (1 +r)-' d K K ,  (K,,,&,) = y2 7.6 1 . 

8. Limited information maximum likelihood ( L W )  was also considered as an 

alternative to least squares methods. in contrast to least squares. LIML estimaton are 

invariant to parameter normalization (Le. choice of le fi hand side variable) and may have 

better finite sample properties. Although Shazam does not provide an algorithm for 

LIML, LiML estimates can be obtained by applying iterative SUR to a five equation 

model. The model consists of the output supply and Euler equations (35)-(36) and the 

reduced form equations for as specified by the choice of instruments 

(Davidson and MacKinnon; Pagan). LiML results are not reported here since the iterative 

process did not converge. However, at the last reported iteration, coefficient estimates 

were similar to 3SLS results. 

9. One Monte Car10 study (Andrews 1991) suggests that, in the neighborhood of the 

optimal lag truncation, changes in the number of autocov~ances has little effect on 

performance. Newey and West (1 994) discuss a procedure for selecting autocovariances. 



10. Normalization of variables (here by 1997 values) was necessary in order to estimate 

the GMM model using Shazam 8.0. Even though the rnodel is linear in coefficients, the 

nonlinear algorithrns in Shazam (which must be used with GMM) were unable to 

estimate the model using non-normalized data. 

11. In terms of inference assuming a standard normal distribution, this would imply that 

the GMM standard errors in this case should be interpreted as double their nominal 

levels, i.e. nominal t-ratios should be halved. 

12. Buhr and Kim aIso use feeder cattle input as a proxy for capital input in leedlots. 

However output is specified as total number of animals slaughtered in a quarter and is 

conditional on feeder cattle input, so Buhr and Kim model the extent to which feeder 

cattle input c m  be marketed in different quarters rather than modelling slaughter weights. 



CHAPTER FOUR 

CONCLUSION 

The purpose of this thesis is to develop and estirnate dynamic models of beef 

supply response, allowing for price uncertainty and risk aversion. Apparently this is the 

first study of dynamic beef supply response to attempt to incorporate risk aversion. Beef 

production is modeled as involving two main production stases. cow-calf and the feedlot. 

and nsk aversion is incorporated into the beef supply response and investment models. 

The fmt part of the thesis specified simple reduced form dynamic models, where 

autoregressive distributed lag (ADL) and polynomial distributed lag (PDL) rnodels are 

estimated assuming distributed lags for variance of output price as well as for expected 

output price. ADL models are estimated for cow-calf output and investment, and for 

feedlot slaughter output. Consistent with economic theory, in al1 three cases, the sum of 

lagged coefficients for output price variance is negative and significant. As expected, the 

elasticity is much smaller than for the (positive) sum of lagged coefficients for expected 

price. These results seem to suggest that it is feasible and perhaps appropnate to 

incorporate price uncertainty and risk aversion into dynamic models. 

The second part ofthe thesis develops and estimates structural dynarnic models 

with price uncertainty and risk aversion. Risk aversion and comprehensive biological 

production lags were incorporated into a discrete time calculus of variations dynamic 

model. A beef output supply equation and an Euler equation for investment in breeding 

herd were specified assuming both linear and nonlinear mean-variance risk preferences. 

Results for the smictura1 cow-calf models are consistent with econornic theory. Output 

supply and investment are increasing in expected output price and decreasing in price 

variance, and the shadow price of capital is increasing in expected pnce and decreasing 

in pnce variance. 



There are indications that dynarnics is less important in feedlot production than 

in cow-calf production, simply because biological lags are much shorter in feedlot 

production. Results for the feedlot output supp ly equation suggest that expected output 

price has a positive impact on slaughter weight in the short-m, although price variance 

is not significant here. Results for Euler equations suggest that feedlot investment 

decisions are influenced by expected output pnce and price variance, consistent with 

econornic theory. 

Nevertheless this study has senous data limitations. Cow-calf output is correctly 

defined as total weight of calves, but data is only available for number of calves o n - h .  

Data on capital stocks for feedlots is unavailable, so feeder cattle placements are used as 

a proxy. Specification of models under nonlinear mean-variance risk preferences are 

limited bypoorproxies for initial wealth and f m  income. Quite simple measures of p h  

expectations and uncertainty are used here, although experience for Western Canada 

suggests that more sophisticated rational expectations measures are less appropriate. Data 

on Iabor and feed use is unavailable, so demand equations for these inputs cannot be 

estirnated. 

There are obvious important extensions of this research that should be considered. 

Fint, the cow-calf and feedlot production decisions can be specified as a system rather 

than as separable, as in this study. Since the extent ofbackgrounding o n - f m  presurnably 

varies wi th pnce expectations, the duration of the cow-cal f and feedlot stages should be 

endogenous to the model. This suggests that cow-calf and feedlot production should be 

modelled jointly. Within this system, the primary investment decision can be modelled 

as an Euler equation for replacement heifershreeding herd, and the primary output 

decision can be modelled as (an envelope/Hotelling's lemrna relation for) a short-run 

slaughter weight output supply equation. Feeder cattle placements can be modelled as a 

short-nin variable input decision (or by an Euler equation, to the extent that there is 

significant dynamics specific to feedlot production and capital stocks are adequately 



proxied by placements). A short-run output supply equation for calves on-farm would 

reflect, at most, part of backgrounding decisions. 

Second the dynamic specification in this and most other Euler equation models 

relies heavily upon the theory of dynamic costs of adjustment. However in recent years 

investment theory has been improved substantially by considerations of temporal 

uncertainty and irrevenibility, which incorporate the option value of delaying investments 

in a world wherz information evolves over tirne. it is important to try to incorporate these 

advances into empirical Euler equation rnodels, or into dynamic duality models based on 

optimal control. 

niird, as the empirical specification of the dynarnic model of beef production 

improves, the model should be applied to simulate effects of various policies. For 

example, application to the Canadian National Tripartite Stabilization Program should be 

relatively straight fonvard. 
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Appendix A. 
Tables for chapter 1. 



Tablel. Cattle and Calf Inventory in Canada, by Provinces 

Province 

Alberta 

Sasha;chcwan 

Manitoba 

Prairie 
Provinces 

British 
Columbia 

Western Cnd 
Total 

Ontario 

Quebec 

Central 
Provinces 

July 1991 97. 
(1,000 animals) 

-- 

Maritime 
Provinces 

Eastern Cnd 
Total 

Canada Total 

Source: 



Table 2: Cattle Slaughter in Canada, by Provinces and Regions 

Province -4 1 Alberta I 
Saskatcliewan Sr 
Manitoba 

Prairie 
Provinces 

British 

Western Cnd 
Total 

I Provinces I 
Maritime 
Provinces 

Eastern Cnd 
Total 

1 Canada Total 

Source: Statistics Canada, Agriculture Division, Cat. No.23-603. 



Table 3: Distribution of Cattle Inventories, by Provinces and Regions 
JUIY 1,1991-1997 

(Percent) 

Province 

Alberta 

/ Saskatchewan 

1 Manitoba 

Prairie 
Provinces 

British 
Columbia 

Western Cnd 
Total 

1 Ontario 

Central 
, Provinces 

Eastern Cnd 1 Total 

29 28 27 26 26 26 25 

Maritime 
Provinces 

-- 

1 Canada Total 1 100 1 O0 100 1 O0 1 O0 

3 2 - 7 - 7 b 3 - 7 - 3 

Source: Statistics Canada, Agriculture Division, Cat. No.23-603. 



Table 4: Distribution of Beef Cows in Canada, by Provinces and Regions 
July 1,1991-97. 

(Percent) 

Province 

Alberta 

Saskatchewan 

Manitoba 

Prairie 
Provinces 

British 
Columbia 

Western Cnd 
Total 

Ontario 

Ouebec 

Central 
Provinces 
-- - 

Maritime 
Provinces 

Eastern Cnd 
Total 

Canada Total 

Source: Statistics Canada, Agriculture Division, Cat. No.33-603. 



Table 5: Cattle Slaughter Distribution, in Canada, by Provinces and regions 
1991- 1997. 
(Percent) 

Alberta 

Province 

Saskatchewan & 
Manitoba 

1991 1992 1993 1994 1995 1996 

Prairie 
Provinces 

British 
Columbia 

Western Cnd 
Total 

61 60 6 1 62 64 66 

3 - 3 - 3 b 3 2 - 7 

64 62 63 64 66 68 

Ontario 

Quebec 

Eastern Cnd 
Total 

23 36 25 24 23 -- 33 

IO 9 8 8 7 7 

Central 
Provinces 

Maritime 
Provinces 

33 35 33 32 3 1 39 

3 3 3 4 3 3 

Canada Total 1 O0 1 O0 100 1 O0 1 O0 1 O0 
L 

Source: Statistics Canada, Agriculture Division, Cat. No.23-603. 



Table 6: Beef Cow Inventories in Canada, by Provinces and Regions 

Province 

Alberta 

Saskatchewan 

Manitoba 

Prairie 
Provinces 

British 
Columbia 

Western Cnd 
Total 

Ontario 

Quebec 

Central 
Provinces 

Maritime 
Provinces 

Eastern Cnd 
Total 

Canada Total 

July 1991-97. 
(1,000 animais) 

Source: Statistics Canada, Agriculture Division, Cat. No.23-603. 



Table 7: Feeder Steers: Prices in Alberta, by quarter 
1992-1996. 

(Canadian dollars per 100 pounds) 

Source: Livestock Market Review, 1996, Table 12. 

Oct. - Dec. 

95 .50 

106.97 

100.5 1 

86.30 

8 1.89 

Year 

1992 

1993 

1994 

1995 

1996 

Jul. - Sept. 

93.52 

108.52 

107.84 

88.76 

83.21 

Jan. - Mar. 

86.74 

101.97 

1 09 .O2 

99.34 

70.22 

Apr. - Jun. 

88.52 

102.58 

104.20 

90.34 

70.99 



Table 8: Slaughter Steers: Direct Sales Prices in Alberta, by quarter 
1992-1996 

(Canadian dollars per 100 pounds) 

Year 

1992 

1993 

1994 

1995 

1996 

Source: Livestock Market Review, 1996, Table 12 

Jan. - Mar. 

78.69 

95.93 

90.55 

92.64 

76.69 

Apr. - Jun. 

80.8 1 

92.98 

86.07 

8 1.32 

72.62 

Jul. - Sept. 

80.69 

89.35 

83.74 

78.71 

82.70 

Oct. - Dec. 

85.78 

87.88 

86.00 

8 1.42 

83.96 



Appendix B. 

Tables for chapter 2. 



Table 1. Cow - calf Output Supply Response 

variable lag 

Y 1 

EP 5 

6 

7 

S 

9 

10 

VP 5 

6 

- 
S 

9 

1 O 

constant 

E 

rho(GS.M L) 

Durbin-h(0LS) 

Surn oflag coetXc~e 

L E P  

C V P  

B. hDL(I 3) - PDL(S.3): Auto (GS,ML) 

coeff t-ratio ' 

a. 20 degrees of freedom b. 23 degrees of kedom 



Table 2. Cow-calf Investment (Replacement Heifers) Equation 

A. PDL ( 8 3 :  OLS B. ADL (I,4): OLS CADL(1,4).tPDL(4,2): OLS 

variable lag 

Y 

EP 

VP 

C 

c0nst;lIl t 

D 

IV 

rho (GSML) 

Durbin-Watson 

Durbin-h 

Sum of h g  
coeficicnts: 

L EP 

coeff t-ntioJ 

a.25 degrees of fkedom b. 26 degrees of Ereedoa c, 30 degrees of Çeedom 



Table 3. Feedlot Output Supply Response 

h ADL (1.13): OLS B. ADL (1. 13) + PDL (13,s):  Auto (GS, ML) 

variable 1% 



Table 3 (concluded) 

vS 

consunt 

DI 

Dt  

D3 

IV 

rho (GS. ML) 

Durbin-h (OU) 

Sum oflag 

coctf?cients: 

r EP 
x VP 

a. 23 degrees of fteedomb. 37 degrees of Freedom 



Appendix C. 

Tables for chapter 3. 



Table 1. Two Stage Least Squares (2SLS) Estimates of 

Linear Mean-Variance Cow-Calf Model 

Output Supply 

(y3 

hvestment 

K a -  k a - ,  1 

1 constant 1 -0.4573 5 -94 

1 variable 

Zt = (wk c+s (l+ r y-+ +t -a+., (1-8) (1+ r)'++'hot 

Al1 variables are normalized by 1997 (second half) values. 

coef t-ratio 

rho 

coef t-ratio 

2 

0.326 0.493 



Table 2. Seemingiy Unrelated Regressions (SUR) Estirnates of 

Linear Mean-Variance Cow-Calf Mode1 

Output Supply 

(y3 

1 variable 1 coef t-ratio 1 coef t-ratio 

1 constant 1 -0.4850 6.58 1 -1.2186 4.49 

1 Y-, 1 1.5632 17.90 1 8.5155 15.68 

1 rho 1 0.619 1 0.566 

Breusch - Pagan LM test for diagonal covariance matrix: $ = 13.57 (1 df) 

Z,= {vuk,,, (1+ r)'- + U>L t+r- (1-8) (1+ r)Pr'l/~OI 

Al1 variables are normalized by 1997 (second halo values. 



Table 3. Three Stage Least Squares (3SLS) Estimates of 

Linear Mean-Variance Cow-Caif Mode1 

Output Supply 

(y3 

Inves trnent 

( K a -  &-a*,) 

1 variable 1 coef t-ratio 1 coef t-ratio 

1 constant 1 0.4592 6.30 1 -1.3648 3.78 

1 rho 1 0.574 1 0.452 

Breusch - Pagan LM test for diagonal covariance matrix: f = 3.35 (1 df') 

2, = {dm, (1+ r)'- + w ~ ~ + ~ + ,  (1 -6) (1+ r)33-1}/~0t 

Al1 variables are normalized by 1997 (second haIf) values. 



Table 4. Generalized Methods of Moments (GMM) Estimates 

of Linear Meau-Variance Cow-Calf Mode1 

Output Supply Investinent 

variable 1 coef t-ratio 1 coef t-ratio 

constant 1 -0.4554 16.43 1 -1.2670 8.59 

rho 

J - test of overidentifying restrictions: 2 = 4.849 (17 df) 

Zt = {d, ( 1 + r)ar + W)L,,+, ( 1-6) ( 1 + r)'-I-[ }Iwot 

All variables are norrnalized by 1997 (second half) values. 



Table 5. Coefficient Estimates of Output Supply for 

Nonlinear Mean-Variance Cow-Calf Mode1 

A 

NLS 

coefficients 1 estimate t-ratio 1 estirnate t-ratio 

1 BI, (constant) 1 -0.1252 1.30 

1 rho 1 0.245 1 0.052 1 

Al1 variables are normalized by 1997 (second half) values. 



Table 6. ZSLS Estimates of Investment and Wealth Equatioos 

for Nonlinear Mean-Variance Cow-Calf Mode1 

Wealth 

((W,,+Err3N75 %) 

variab Ie 1 coef t-ratio 1 coef t-ratio 

constant 1 -0.4523 1.18 1 14.826 1.8 1 

Al1 variables are normalized by 1997 (second half) values. 

DW 

rho 

0.8 1 

0.570 

- 

1.32 

0.335 



Table 7. 3SLS Estimates of Investment and Wealth Equations 

for Nonlinear Mean-Variance Cow-Caif Mode1 

Weai th 

((W,I+ER3NM 

variable 1 coef t-ratio 1 coef t-ratio 

constant 1 -0.4476 1.17 

rho 

Breusch - Pagan LM test for diagonal covariance matrix: 2 = 2.83 (1 df) 

zt = {VP t4-s ( l+ r)- + wk (1 -6) ( 1 + ry-%vot 

All variables are nomalized by 1997 (second half) values. 



Table 8. GMM Estimates of (Separate) Investment and Wealth 

Equations for Non iinear Mean-Variance Cow-Calf Model 

Investment 

K a -  &-a-,) 

Wealth 

( ( W o t + E ~ J N W  

1 variable 1 coef t-ratio 1 coef t-ratio 

/ constant 1 -0.3116 0.86 

J-test of ovendentifjhg restrictions: f = 4.789 (10 df) 

2, = (wkt4-, (l+ r" + H>Lt +,-, (1 -6) (1 + r)S7-11/~0t 

Al1 variables are nomalized by 1997 (second haln values. 



Table 9. 2SLS Estimates of Output Supply OVeight/himal) 

Equation for Linear Mean-Variance Feedlot Mode1 

no seasonal dummies seasonal dumrnies 

1 rho 1 0.151 1 0.218 1 

variable 

Al1 variables are normalized by 1997 (fourth quarter) values. 

1 Constant 1 0.6844 23.75 1 0.6643 17.12 

coe f t-ratio coef t-ratio 



Table 10. GMM Estimates of Output Supply (Weight/Animal) 

Equation for Linear Mean-Variance Feedlot Mode1 

J-test of over-identimng restrictions = 7.692 (6 df) 6.543 (6 df) 

Al1 variables are normalized by 1997 (fourth quater) values. 

no seasonal dumrnies seasonal dummies 

f 

coe f t-ratio 

0.6976 18.64 

0.0336 2.15 

-0.0002 1 .O0 

0.0644 2.24 

-0.0029 4.76 a 

0.002 1 10.85 

-0.0000 1 .O6 

0.0059 1.41 

-0,0287 8 .O8 

1 .5 1 

viriable 

constant 

EP*~ 

VP*~ 

&-kt 

Y - b  - Yk-1 
t 

Dl 

D2 

D3 

DW . 

coef t-ratio 

0.68 14 32.87 

0.0389 2.96 

0.0002 1.39 

-0.0 12 1 0.3 8 

-0.0006 0.83 

0.0027 9.64 

--- 

----- 

1.57 

0.227 

0.8908 

rho 

R2 

O. 187 

0.85 18 



Table 11. 2SLS Estimates of Investment (Feeder Cattle Input) 

Equations for Linear Mean-Variance Feedlot Model: 

No Seasonal Dummy Variables 

With Ep2 Without Ep' 

variable 1 coef t-ratio 1 coef t-ratio I 
constant 

rho 1 0.253 1 0.276 

Al1 variables are normalized by 1997 (fourth quarter) values. 



Table 12. 2SLS Estimates of Investment (Feeder Cattle Input) 

Equations for Linear Mean-Variance Feedlot Model: 

Seasonal Dummy Variables 

With Ep' Without Ep2 

variable 
--  - - 

coef t-ratio coe f t-ratio 

constant 

rho 

Al1 variables are nomalized by 1997 (fourth quarter) values. 



Table 13. GMM Estimates of Investment (Feeder Cattle Input) 

Equations for Nonlinear Mean-Variance Cow-Calf Model: 

No Seasonal Dummy Variables 

With ~ p '  Without Ep' 

1 variable 1 coef t-ratio 1 coef t-ratio 

1 constant 1 -23.824 1-87 1 -7.4951 1.68 

( r )  10.4662 0.47 1 0.3204 0.3 1 

1 rho 

6.166 (4 df) J-test of overidentikng restrictions: 2 = 6.23 1 (4 df) 

2, = dt, (1 + r) b/wOt 

Al1 variables are nonnaiized by 1997 (fourth quarter) values. 



Table 14. GMM Estimates of Investment (Feeder Cattle Input) 

Equations for Linear Mean-Variance Feedlot Model: 

Seasonal Dummy Variables 

With Ep' Without EpL 

variable 1 coef 
- 

t-ratio 1 coef t-ratio 

constant 1 -4.5452 0.54 1 1.2659 0.39 

rho 1 0.021 

I-test of overidentifjing restrictions: ]i = 7.145 (4 df) 7.066 (4 df) 

Z, = d,(1+ r) b/wOt 

Al1 variables are nomalized by 1997 (fourth quater) values. 



Table 15. Coefficient Estimates of Output Supply (WeightlAnimal) 

for Nonlinear Mean-Variance Feedlot Model: 

Seasonal Dummy Variables 

A B 

NLS NL2SLS 

1 coefficients 1 estimate t-ratio 1 estimate t-ratio I 
1 B,, (constant) 1 0.51 12 3.50 

Al1 variables are normalized by 1997 (fourth quarter) values. 

rho 

R' 
i 

0.294 

0.8965 

0.3657 

0.8985 



Table 16. 2SLS Estimates of Investment (Feeder Cattle Input) 

Equation for Nonlinear Mean-Variance Feedlot Model: 

Seasonal Dummy Variables 

Z, dt, (1+ r) b/wOt. 

Al1 variables are normalized by 1997 (fourth quarter) values. 

With EpL Without Ep2 

variable 

constant 

EP', 

EP'~' 

VP", 

w oa t 

&-b 

Kt.,,+ 14 1 + r) 

zt 
t 

Dl 

D2 

D3 

DW 

rho 

R? 

coe f t-ratio 

-32.489 1.32 

50.073 1.72 

- 16.492 1.44 

- 1.077 1.19 

-20.378 2.90 

15.117 1.74 

19.402 1.95 

- 1 .O287 1-06 

-0.24 14 3.15 

1.7859 1.61 

-0.9342 0.75 

- 1.3272 1.36 

1 .58 

0.192 

0.3496 

I 

coe f t-ratio 

1.1753 0.30 

8.4 1 74 2.60 

----- 

- 1.23 1.49 

-14.885 2.76 

12.812 t .65 

12.217 1.55 

-1.1863 1.34 

-0,1814 3.09 

1.6652 1.65 

- 1 .O582 1.6 1 

-1 .8030 2.15 

1.78 
I 

0.085 

0.3967 



Table 17. GMM Estimates of Investrnent (Feeder Cattle Input) 

Equation for Nonlinear Mean-Variance Feedlot Model: 

Seasonal Dummy Variables 

With Ep' Without Ep2 

coef i-ratio 

2.0 145 1.21 

9.4420 4.22 

i 

J-test of over-identimg restrictions: $ = 7.061 (10 df) 7.320 (1 1 df) 

i; = d,, (1+ r) b/wOt. 

Ail variables are nomalized by 1997 (fourth quarter) values. 

variable 

constant 

coe f t-ratio 

-19.013 2.04 



Table 18. Estimates of Wealth Equation for 

Nonlinear Mean-Variance Feedlot Model: 

No Seasonal Dummies 

2SLS GMM 

variable 1 coef t-ratio 1 coef t-ratio 

constant 1 -0.4967 1.35 

rho 1 0.243 1 0.265 

J-test ofover-identihng restrictions: 2 = 5.200 (9 df) 

The dependent variable is (W0;tE~/Vq!4 

Al1 variables are normalized by 1997 (fourth quarter) values. 




