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Abstract 

AN ECONOMIC ANALYSIS OF THE RETURNS TO CANADIAN 
FEDERAI, SWINE RESEARCH: (1974 - 1997) 

Gregory Robert Thomas, M.Sc 
L'niversity of Guelph, 1998 

Advisor: 
Dr. Glenn C. Fox 

This study measures the costs, benefits and returns fiom Canadian federal swine 

research undertaken from 1974 to 1997. Research costs were estimateci using Agriculture 

and Agi-Food Canada's Inventory of Canadian Agridtural Research data and Agriculture 

and Agri-Food Canada's, Main Estimutes, publication. The unit value per professional swine 

researcher was obsemed to be W7,ûûO inclusive of technical support, overhead and 

operating costs. in 1996 dollars. 

Research benefits were estimated using the Canadian Regional Agricultural Mode1 

(CRAM). The CRAM model is a multi-commodity, multi-regional, non-linear programniing 

modeL This model was used in the present study because it allows for the interaction of one 

commodity with orher comodities in the Canadian agricultural sector. Because the CRAM 

model can incorporate the research impact of one commodity on another commodity, it 

provides a more cornplete assessrnent of commodity reseuch impacts than previous research 

studies explaining commodity research impacts in isolation. 
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Chapter 1 

Introduction 

Introduction 

This study represents the findings of an economic analysis of the r e m s  to 

Canadian federal swinel research during the 1974 and 1997 period. The Canadian federal 

g o v e m n t ,  provincial govemments, universities and colleges? and private industry all 

contribute to agriculturd research. Klein and Furtan (1985) state that "agricultural 

research has contributcd indispensably to increasing food output during the past several 

decades". However, society has not oniy benefitted fiom the increase in food output, but 

fiom the increased quality and availability of more nutritious food, and hom the reduced 

requirement for input resources (e.g., land) in food production. Quality and productivity 

i.mprovements in food production that have been derived nom technological innovations 

are dependent on expenditures in various types of agicultural research activities. The 

agricultural research activities that are referred to in this study include both basic scientific 

research and applied scientinc research that irriproves the productivity of primary s wine 

producers' and the quality of their output. 

1 

In this study a "swine" is a pig (sow, boar, weaner piglet or market hog). A market hog 
is produced for meat and meat products. 



Figure 1.1 Canadian Farm Cash Receipts for Selected Commodities 
(Coostaot 1996 Douars) 

Y ear 

t Hogs -c Beef + Dairy + Wheat 

Source: Statistics Canada (1 996). Agriculture Economic Statistics. Fam Cash 
Receipts from Fuming Operatiom. Catalogue Number 2 1 -603-XPE. 

Vario usYear S. 



Figure 1.2 Canadiam Per Caput Meat Coasurnption (1976-1996 )2. 

1976 1978 1980 1982 1984 1986 1988 1990 1992 1993 1996 

Year 

-c- Beef + Pork * Chicken 

Source: Statistics Canada. Agriculture Division. Livestock Statistics. Apparent Per 
Caput Meat Conrumption Catalogue Number 23-6038. Various Years. 

Per caput consumption values represent what is available for consumption on 
average by the total Canadian popdation. It does not indicate total food supplies actually 
consumed by an individuai or a specifïc group of individuais. 



The Canadian Hog Industry 

The Canadian hog industry is a signincant component of the Canadian agriculniral 

sector. In 1996, hog production generated $2.9 billion in g r o s  revenue at the farm leveL 

This represents approximately 21 8 of the total fami cash receipts generated kom 

iivestock production and approxhnately 10% of the total f m  cash receipts generated 

from ail agridtural comrnodity production in Canada. The 1996 level of hog production 

generated the third highest farm cash receipts for all agriculturai commodities, after cattle 

and dairy production and followed by wheat production (Statistics Canada, 1996). Figure 

1.1 provides a historical review of the f m  cash receipts derived £rom these selected 

agricultural commodities. Between 1974 and 1996. the average annual percentage change 

of the aggregate real revenue fiom hog production was 1 .O3 percent. In conaast. the 

average annual percentage change of the aggregate real revenues &om beef. dairy, and 

wheat production were -0.72, -0.15. and -0.79 percent respectively. 

Per caput consumption of pork has been relatively unchanging in cornparison to 

other commodities. Figure 1.2 provides a historical cornparison of pork with beef and 

chicken. Between 1974 and 1996, pork consuniphon per caput fluctuated between 32.8 

kgs and 25.7 kgs, indicating an average annual percentage change of 0.025 percent. Beef 

consumption per caput has fluctuated between 51.4 and 30.8 kgs, indicating an average 

annual percentage change of - 1 .O 15 percent. Chicken consumption has fluctuated 

between 26.7 and 15.8 kgs, indicating an average annual percentage change of 0.545 

percent. 

The Canadian hog industry is an expanding and consolidating industry. This can 



be observed fiom the histoncal inaease in the numba of hogs produced in Canada, while 

at the sarne time the nurnber of individual fanns producing hogs has decreased. In 197 1. 

there were approximately 6.7 niillion hogs produced in Canada By 1996, the nurnber of 

hogs produced in Canada had increased to approximately 10.0 rrnllion. Within the same 

time period, the nmber of farms reporting the production of hogs decreased fiom 

122,481 to 19,850 (Statistics Canada, various years). Therefore, on average the number of 

hogs produced per year per farm increased nom 65 in 1971 to 498 in 1996. The overall 

increase in the number of hogs produced and the decrease in the number of farrns 

producing hogs is a result of the successfui consolidation and specialization of technicaliy 

efficient and econornically cornpetitive swine production operations. Table 1.1 repons the 

total number of farrns producing hogs. the total number of hogs produced, and the 

average nurnber of hogs produced per farm, by province, in 1996. This table provides an 

o v e ~ e w  of the current distribution and concentration of hog production in Canada. 

Public Sector Research 

Support for publicly funded agriculual research in Canada was initiated when the 

Department of Agriculture Act of 1886 and the Experimental F m  Stations Act of the 

same year were passed by the federal legislature. These were follo wed by the Act 

Respecting Contagious Diseases of Animais in 1879 and the Canada Grains Act of 1930. 

Agriculture and Aa-Food Canada's research is currently managed by the Research 

Branch, and the Canadian Food Inspection Agency. At the federal level the National 

Research Council of Canada also does a significant amount of agricultural research 



Table 1.1 Hogs Produced by Province in 1996 

Region Total Number Total Number Average Number 
of Farnis of Hogs of Hogs Produced 

Pmducing Produced per Farm per 
H o g ~  Year 

Canada 

Newfoundland 

Prince Edward Island 

Nova Scotia 

New Brunswick 

Quebec 

Ontario 

Manitoba 

S askatchew an 

Alberta 

British Columbia 

Source: Statïstics Canada. Agicultural Profile of Canada. Table 2 1.1. Pigs. by Province. 
1996. Catalogue Number 93-356-XPB. 



Public sector research is one of severai policy instruments used for attaining 

agricultural sector goals. Objectives for apriniitural research hclude economic gro wth, 

income distribution, and food security (Alston et ai., 1995). In Agriculture and Agri-Food 

Canada's AgricuituraI Research Review (1996) the goals stated are: 'to iniprove the 

efficiency of swine production and the quality and safety of pork and pork products in 

support of domestic and export market developrnent. ' Growth in agricu1tura.i production 

serves to achieve these goals through the reduction of production costs, the generation of 

foreign exchange, and iniproved competitiveness in world markets. Research also has 

significant income distributional implications among different geographic regions. 

producers. and between consumers and producers (Alston et al., 1995). 

An economic assessrnent of Canadian swine research provides information for two 

groups of stakeholders. The fkst group of stakeholders consists of the research 

institutions that hind agricuitural research. The second group of stakeholders is the 

Canadian societ y as a whole (e.g.. consurners, producers, taxpayers). Canadian swine 

production research and supporting activities represent a signincant commiiunent of 

financial, human, and physicai resources by Agriculture and Agi-Food Canada and O ther 

Canadian research institutions. As an example of the cornmitment to swine research, 

Table 1.2 provides a historical review of Agricdnire and Agi-Food Canada's research 

expenditure trends for swine, beef, dairy, and wheat. 

Research expendinues, cash receipts, and the calculated research intensity variable 

for these four top revenue generating comodities are reported in Table 1.2. The 



Table 1.2 Cornparison of Research Expenditures 
(Constant 1996 Dollars) 

- - 

Categories Units Swine Beef Dai ry Wheat 

1982 
Research Expenditures ' 
Cash Receipts 
Research Intensity ' 
1987 
Research Expenditures ' 
Cash Receipts ' 
Research Intensity ' 
1992 
Research Expendinires ' 
Cash Receipts 
Research Intensity ' 
1996 
Research Expenditures ' 
Cash Receipts ' 
Research Intensity ' 

Source:' Agriculture and Agi-Food Canada. Research Branch. Finance Office. Main 
Estimates. Various Years. 

' Statistics Canada. (1996). Agriculture Econornic Statistics. F m  Cash 
Receip ts fiom Farrning Operations. Catalogue number 2 1 -603-XPE. 

Research Intensity is the ratio of research expenditures to cash receipts ($ of 
Research Expenditures / $1000 of F m  Cash Receipts) convened to a percentage. 



research expendimres and cash receipts reponed are in constant 1996 dollars, defiated 

using the Canadian consumer price index (Statistics Canada, 1996b). The research 

intensity variable in this table is calculated as the ratio of research expendinires to cash 

receipts convated to a percentage. Between 1982 and 1996, the research intensity 

variable for swine research fluctuated between 17% and 38%, whereas, the research 

intensity variable for beef, da*, and wheat's research fiuctuated between 26% and 35% 

19% and 358, and 19% and 136% respectively. A quantitative economic evaluation of 

swine production research activities will provide information to assess the net benefits of 

this limited resource ailocation that is observed through the cdcuiation of the research 

intensity variable. 

hblic and private institutions that fund agicultural research must allocate 

resources among several cormnodities. It is therefore in their interests to identw research 

prograrns that are feasible and that rnaxirnize the contribution of the limited resources 

allocated to the research progarn Measurement of the economic retums fiom alternative 

research programs provides information to decision rnakers and planners in the research 

institutions. The economic information c m  be used to evaluate the distribution of benefits 

fkom previous research programs and decision making systerns. 

As previously stated, the second group of stakeholders. with respect to aMculturai 

research, is Canadian society. The taxpayers provide the tax base that finances public 

sector research programs. Presumably. tax payers are interested in receiving the optirrial 

level of benefits îrom publicly funded programs. Collection and redisaibution of incorne 

taxes create a cost or deadweight loss to the economy associated with a decrease in 



p"ate production and consurnption. The deadweight loss to the economy is denned as 

the marginal excess bmden of taxation (Dahlby, 1994). Therefore, tax payers demand 

public institutions to be accountable for research expenditures made to alternative research 

programs. 

Economic Problem 

Canadian swine production research and support activities represent a significant 

corrnintment of hancial, human, and physical resources by Agriculture and Agi-Food 

Canada and other Canadian research institutions. A quantitative economic evaluation of 

swine research activities is important to assess the net benefits of this expenditure. It is 

irnponant to assess the net benefits of research in order to identify the commodity specific 

research programs that have maximized the resources aliocated to them Therefore, this 

study provides a historical assessrnent of Canadian swine research between 1974 and 1997 

and identifies the benefits nom these research expenditures. The information denved fiom 

this study can be used to evaluate past swine research expenditures and compare the net 

benefits of swine research with O ther cornrnodities' research benefits. Also . the 

information derived fkom this study can be used to evduate the effectiveness of the 

deciuon making systems research institutions employ when allocating research resources. 

1.2.1 Economic Research Problem 

Govemment deciuon maicers require information to determine if public 



expendinves in a~~ research generated benefits in excess of their costs and if the 

research resources wcre allocated efficiently across comdities. One of the economic 

research problems is to estimate the net benefits fiom swine research in order to aid in 

directhg future decisions concerning the allocation of lirriited research resources. 

There are various approaches employed to calculate the net benefits fiom 

agicultural research. Huot et al., (1989) found high rates of r e m s  to swine research 

ushg an econornetric approach. The economeaic approach used in the Huot study, 

considered one commodïty market in a partial equilibrium modeL Thus, the second 

econornic research problem is to estimate the net benefits of swine research with the 

inclusion an interactive effect with O ther major Canadian agricultural commodities. To 

estimate the net benefits of swine research in relation to other major Canadian agicultural 

commodities a multi-market mode1 wiü be employed in this study. By considering ali 

major agriculturai producu simultaneously, the multi-market approach calculates the 

change in the econornic surplus in the agricultural industry as a whole, providing a more 

complete analysis of the effects of swine research. 

Pur pose 

The purpose of this study is to provide an economic assessrnent of the retums to 

Canadian swine research that took place between 1974 and 1997. The study wiU calculate 

the research costs and benefits in order to estimate the retms fiom Canadian swine 

research expenditures. 



1-22 Objectives 

The objectives of this study are: 

1. To identify the past and present areas of emphask in swine research in 

Canada. 

2. To discuss and select an appropriate economic mode1 by cornparhg and 

contrasting the various economic models that are used to estimate the 

retums &om agricdniral research. 

3. To estimate the costs and benefits of Canadian swine research between 

1974 and 1997. 

4. To calculate the economic viability of Canadian swine research by using the 

followuig criterion of evaluation and to constnict a sensitivity analysis: 

i> Net kesent Value 

ii) Benefit- Cost Ratio s 

iii) Interna1 Rate of Return 

5. To summarize the resdts of the retun on research net benefits. 

1.2.4 Organization of Study 

To provide background to this study, Chapter 2 gives a brief description of the 

growth and nature of the Canadian swine industry. It also gives a summary of swine 

research between 1971 and 1996. Chapter 3 reviews the literature on the economics of 



agricdtural research, outlines some of the approaches used to evaluate public research 

programs, and discusses the use of the social surplus approach in this study. Ln Chapter 4 

the econometric mode1 used to estimate the Canadian hog supply function and the multi- 

market mode1 used to estimate the econornic siaplus of Canadian swine research are 

presented. The empmcal results and sensitMty analysis are reported in Chapter 5. A 

surmnaiy of the results and their implications are presented and discussed in Chaprer 6. 

Lastly, it shodd be noted that throughout this study a conservative approach has been 

employed. In other words every opportunity to M y  account for al l  the costs involved in 

swine research has been taken. 



Chapter 2 

Summary of Canadian Swine Research 

Review of Swine Research in Canada 

The following is a sumrnary of swine research that took place in Canada between 

197 1 and 1997. Agriculture and Agi-Food Canada's, Agnculnrral Research Review and 

the Commonwealth Agxicultural Bureau (CAB) absaam were searched for published 

Canadian swine research snidies. In this section research projects examining specinc areas 

of swine production are referenced and research projects that describe the findings of 

input changes in swine production are surnmarized. 

The majonty of research studies that are reviewed have taken place at the federal 

animal research stations located in Lacombe, Alberta; Brandon, Manitoba; Ottawa, 

Ontario and Le~oxville, Quebec. Other studies that are reviewed have taken place at 

Canadian provincial agriculturai universities and colleges. 

Swine research in Canada between 197 1 and 1997 addressed a wide range of 

problems in the general categories of nutrition. feeding. reproductive physiology, 

breeding, hedth, behaviour, management, and marketing. Research was guided by 

industry demands fkom both producers and consumers and the structurai changes that 

occwred in the industry (Fredeen et al.. 1983). The objectives and goals for agicultural 

research have k e n  articulateci by Agriculture and Agri-Food Canada in its annual 



Reseurch Review. Agriculture and Agri-Food Canada's objectives have been to improve 

the efficiency of swine production and the quality and safety of pork and pork products in 

support of domestic and expon market development. 

2.2.1 Nutrition & Feeding 

The objectives in nutrition and feeding research have evolved with the changes in 

indusay dernands and the smictrnal changes that have o c m e d  in the swine production 

system Nutritional research objectives have emphasized improved health, feed conversion 

efficiency, rneat quality, decreasing the length of the reproductive cycle, exploring 

alternative feed sources, and feed safety concems. 

The need for research to improve sow feed diets was identified in the 1970s and 

the 1980s (see, for exarnple, Dyck 1972, 1974; Friend 1973. 1977; Tremblay et al.. 1989). 

Research in this area explored whether improved nutrition iduenced the age of pubeny. 

Focusing on the tirne interval between postweaning and pregnancy and fetal survival. 

Friend (1977) found that the body weight of bred gilts at pubeny was increased 

significantly by the addition of so ybean oil to the animal's diet, but that it did not 

significantly effect the average age of pubeny. Tremblay et al ., ( 1 98 9) found that the 

addition of 5 mg/kg of folk acid to commercial sow diets ixriproved the survival rate of 

fetuses during early gestation and tended to increase the number of fetuses living at 30 

days of gestation. 

In the mid 1980s to the 1990s sow nutritional feed research reexamined diet 

formulation rnethods. With the recognition of ciifferences in metabohble energy in 



c o m n  feedstnffs, the methods of feed formulation has shifted fiom nutrients as a 

percentage of diet to the more acnaate nutrients per calorie of diet (Eredeen et al., 1983). 

The need for increased caloric intalce by the sow at breeding, late gestation and lactation, 

dong with decreased caloric intake in e d y  and niid-gestation, lead to the development of 

different feeding r e m s  during the reproductive cycle ( s e ,  for example, Grandhi et al., 

1990; Matte et al., 1992; Girard et ai., 1995). Matte et ai., (1 992) evaluated the folk acid 

requirements of g e s t a ~ g  and iactating bred gilts and found that piglet growth and total 

litter weight increased with the level of folic acid in the bred gilt's gestation diet. Girard et 

al., (1995) evaluated the effects of high fibre diets given to sows during gestation. The 

pupose of the high fibre diets is to avoid excessive weight gain and fat deposition while 

providing sutncient levels of f d  to maintain the sow's total required daily nutrient intake. 

Girard et al., found that the high fibre diets had beneficial effects on the welfare of sows 

and on somc aspects of their reproductive performance. 

Feeding and nutrition of young piglets has changed considerably in Canada in the 

past twenty-five years. The objectives of piglet nuuitional research have k e n  to decrease 

weaning time and piglet mortality. Modem nursery facilities house weaned piglets at 3 

weeks of age, where they can attain a weight of 22kgs by nine weeks of age with a 

monality rate of L2% (Fredeen et al., 1983). Early weaning is desired in order to 

decrease the Iength of the sow's reproductive cycle and lower the piglet mortality rate. 

The need for artificial rearing of piglets is necessary in cases when the sow has no rnilk, 

when there are more piglets than can be nursed, or there are low birth weight, 

undemourished piglets. Piglet nutrition research through the mid- 1980s and the 1990s 



emphasized identifying alternative protein sources and the early introduction of feed and 

water (see, for example, Cinq-Mars et al., 1986; Appleby et al., 1992; Castell 1993). 

Cinq-Mars et al., (1986) examined the use of whey protein concentrate as an alternative 

feed pro tein source for weaned piglets. The study found that the piglets fed the whey 

protein concentrate diet grew fater than the piglets fed a conventional diet. Appleby et 

al., (1992) examined the effects increased access to c r q  feed had on individual variation 

in feeding and growth in piglets. The shidy found that individual piglets with high creep 

feed intake showed uicreased weight gains before weaning. IndÏvidual piglets with low 

creep feed intake before weaning exhibited poor growth after weaning. 

The focus of research with respect to the feeding and nutrition of growing and 

finishing pigs has evolved during the tirne period considered in this study. The objectives 

of research in this area was to improve the grower-finisher hog's heaith and growth rate, 

and to reduce feed consumption and costs. Re- 1970 research focused on the 

identification of most of the numents required by growing pigs. Current research has 

focused on refining the requirernents of nuaients, establishing maximum and minimum 

levels for nuaients, and explorhg alternative feed sources and protein supplements (see, 

for example, Castell 1976, 1980, 1994; Grandhi er al., 1 980). Castell (1976) compared 

faba beans with soybean meal as an alternative protein supplement in barley diets for 

growing and finishg hogs. The study found that the replacement of soybean meal by 

faba beans as a protein supplement resulted in a signifïcant reduction in the hog's growth 

rate. Castell (1980) examined the effects of feeding growing and finishing hogs canola 

seed. The study found that the hog's Iive performance and carcass rneasurements were 



not advasely affmed, but the level of canola seed directly influenceci the propomons of 

unsaturated hfty acids in the hog's bacffit. Grandhi et al., (1980) examined the 

differences in average daily gain when growing and finishing hogs were fed either soybean 

mal or Tower rapeseed meal as protein suppkrnents in corn dieu. The study found the 

hogs fed the Tower rapeseed rneal resulted in a Iowa average daily gain, backfat 

thickness, and dressing percentage. 

2.2.2 Reproductive Physiology 

Research with respect to reproductive physiology is concemed with the success of 

mating and pregnancy maintenance (Fnend, 1 985). S pecifically, reproductive p hysiology 

research has examineci factors that af5ect the successful establishment of pregnancy or the 

attachment of the feralized ovum to the uterus. Research also has focused on factors 

affecting the maintenance of the pregnancy and embryonic Ioss (see, for example. Dufour 

1974 Robertson et al., 1980). 

Early research in reproductive physiology was concemed with the affect of cold 

ciimate conditions on the performance during mating (see, for exarnple, S wierstra 1 970, 

1972; Dyck 1974b). Concems for rnaintaining year around performance levels has 

diminished with ~ r o v e m e n t s  in swine housing facilities. Other research in the 1970s 

was concemed with inducing the onset of esms in sows, in order to synchronize the herd 

and decrease the length of the reproductive cycle (see, for example. Robertson et al.. 

1974; King et al., 1979). Decreasing the time period between post-weaning and 

farro wing and the onset of pubeny and the first farrowing for giits also has k e n  a research 



conceni to M e r  redace the ovedl reproductive cycle in the sow (see, for example, 

Fahmy 1981; Dyck 1983). 

Artificial insemination techniques have improved due to research examinhg the 

collection, processing, storage and breeding method applications (sa, for example, 

Harbison et al.. 1987; Sather et al., 199 1). Improved artificial insemination techniques 

have helped to ensure pregnancy, reduced waste, and decrease injury to the sow. Sather 

et al., (1991) examineci the useful shelflife of fiesh semen which has typically been 

determineci to be 3 days. Sather et al., found that neither the number of embryos or the 

embryo survival rate were effected by the age of the semen, although 5 and 7 day old 

semen resulted in a 18% decrease in the conception rate compared with 3 day old semen. 

Therefore, the use of fiesh boar semen for artificial insemination is Iimited due to the short 

storage He. Deep fkeezing of sernen allows longer storage of boar sperrnatozoa creating 

managerial advantages when sernen processing centres are a Iong distance from user herds 

(Harbison et al ., 1987). Harbison et al., (1987) compared the use of fiesh and thawed 

semen to determine if there was any effect on the pregnancy and birth rate. They found 

that the pregnancy rate was reduced by 25% and the number of embryos produced were 

reduced on average by 3.4 when thawed semen was used. 

2.2.3 Breeding 

Swine breeding research in Canada has investigated genetic traits of specific swine 

breeds in order to Wrove producer flexibility to changing economic conditions. 

Crossbreeding aIlows commercial breeders to capitalize on heterosis and combine several 



desirable traits (Fahmy et al., 1977). Hetaosis is defined as the percent increase in 

pefionnance of the crosses over the m a n  of the two parents. In order for the 

crossbreeding to be economically advantageous, the crosses should have a higher 

performance level than the better parent (Fahmy et al., 1983). Advantages of crossbred 

sows have been show to k eariier puberty, higher ovulation and embryo survival, larger 

litter Ne, faster progeny growth, more efficient feed utilkation, and better carcass quality 

(see, for example, Fahmy 1970, 1972; Rahnefeld et al., 1970, 1983: McKay et al., 1986; 

Schaefer et al., 1989; Castell et al., 1993). 

Litter size is of primary importance in maxiniiaiig sow production and in breeding 

selection. The normal assumption is that the size of the liner produced is primarily 

dependent on the fernale (Rahnefeld et al., 1970). Rahnefeld et al.. (1970) examineci the 

direct effect of the sire on the total number of piglets born. Rahnefeld et al., found that 

there was a signifïcant sire effect on the total number of piglets bom, the number of piglets 

bom alive, and the number successfdy weaned. Sire dserences with respect to litter size 

were associated with dinerences in the semen quality of the bars. The signincant 

influence of the sire indicated that sire effects needed to be considered when undenaking 

breeding studies on liner size and ernbryonic death loss. 

Research emphasis on breeding for leanness in pork carcasses has becorne of 

increased importance due to consumer demands for high quality pork and producer 

demands for higher feed efficiency. Breeding for leanness in pork carcasses leads to a 

decrease in the costs of production, since fat deposition during growth is less efficient than 

muscle growth in t m  of feed utilkation (Castell et al.. 1993). Casteli et al.. stated that 



concem arose as a result of the emphasis of sekction for leanness because of the apparent 

effect on voluntary feed intake. Reduced feed htake can denimentally effect a nursing 

sow's body condition and nnishing hog's rneat quality. Castell et al., examined the 

changes in market hogs' performance level resulting fiom sekction emphasiring reduced 

bacHat thickneu. Casteil et al., found that selection enrphasizing reduced backfat 

thickness has resulted in Iowa appetites in the crossbred progeny. Castell et al., 

suggested that changes in feeding management towards higher nutrient density diets and 

delaying the use of grower diets appeared to overcorne the detrimntal effects of reduced 

voluntary feed intake. 

More recently, breeding research has explaineci genetic traits related to stress and 

body or leg structure. Projects examining naits related to Porcine Stress Syndrome (PS S) 

are lookuig for breeds that are less susceptible to high levels of stress. This is to avoid a 

loss in production due to Pale, Soft and Exudative pork (PSE). PSE pork is m a t  that is 

discoloured and has a watery texture. The biochemical process associated with muscle 

activity, occun-hg under stressfui conditions. gives rise to an accumulation of lactic acid, 

responsible for PSE. 

Health & Gcowth 

Health control and disease prevention have increased in importance due to the 

structural changes that have occurred in the swine production indusay over the 1s t  fifty 

years. Under extensive management conditions, disease control was achieved by 

medication of affected individual animals. When sporadic diseases occurred the producer 



either vaccinatecl or slaughtered the animai or herd. Avoidance of epideniics of c o m n  

infectious diseases in the had was achieved by the low density of populations. W1th the 

inaease m production inte- other pathogens are now considered a threat to the health 

of the herd. Rograrns ushg Mnùmal Disease (MD) or Specinc Pathogen Free (SPF) 

techniques were introduced in the early 1950s. The MD programs or SPF techniques use 

aseptic pregnancy delivery procedures to prevent the transmission of pathogens from the 

sow to the piglet. Atrophic Rhinitis and Enzootic Pneumonia were specincally üirgeted. 

To avoid reirifections i s o l a ~ g  the herd fiom the breeding stock is necessary. AU-in-all- 

out management systems separated by a period for thorough disinfection were developed 

to intempt disease cycles. In all-in-all-out management systems a single herd is brought 

into a housing facility at the same tirne and isolated throughout the entire production 

cycle, and then al1 of the anirnals in the herd are removed at the sarne time (Fredeen et al., 

1983). 

With the increase in confinement production, joint and leg structure darnage and 

abrasions have also becorne more important problems. To avoid productivity losses, 

research has focused on reducing joint and leg structural damage and abrasions that 

increase the risk of cripphg and infection in the hog. Research has examined dinerent 

housing structures and materials that rnay help to reduce the occurrence of injuries (see. 

for example, Fredeen et al., 1973, 1978; Sather et al., 1982). 

With the increased use of growth enhanMg hormones in the 1980s, specificaiiy 

recombinant Porcine Sornatotropin (rPST), many research studies began examining how 

swine react to rPST exposure. Research studies have examineci the effects of rPST on 



joint cartikge, growth, féed eflïciency, carcass yield and meat quality ( s e .  for example. 

Dubreuil et al., 1990; Farmer 1991; Jones et ai-, 1994). Jones et al., (1 994) stated that 

numerous studies published demonstrate that Porcine Somatotropin (PST) and 

recombinant Porcine Somatoaopin (rPST) iniproves growth and fetd efficiency by 

approxiniately 10%. Jones et al., found that the majority of production and carcass 

quality studies on the effects of PST have been obtahed with the use of a daily injected 

product. Jones et al., argued that management and labour complications inherent in the 

use of daily injections of PST would encourage the developmnt of a prolonged release 

product. The study tested the effectiveness of a prolonged release rPST system on the 

growth, efnciency, carcass yield and carcass quality of finishing pigs. The y fo und that the 

tested prolonged release system for rPST was ineffective in improving growth rates or 

feed conversion, Small effects were found for carcass characteristics where rPST reduced 

backfat thickness and increased carcass bone content. 

Mycotoxins. feed toxins of fungal origin, were recognized as a serious threat to 

swine health and growth in the 1980s in Canada. Mycotoxins are produced by molds on 

plant crops in the field and during storage. When ingested by livestock. deaeased animal 

performance or more deleterious health effects can occur. There have been numerous 

research studies exarnining residue levels in swine tissue and the effects of contaminated 

feed on weight gain and sexual developrnent. The research studies on mycotoxins 

ernphasized work on the toxicology and nuaitional effects of the mycotoxins zearalenone 

and vomitoxin (sec, for example, Fnend et al., 1984; Foster et ni., 1986). Fnend et al.. 

(1984) concluded that several studies show evidence that the presence of mycotoxins in 



swine feed die& can cause a reduction in the animai's feed intake. Friend et al., exarnined 

the eff'cts of feeding various levels of contaminated feed to pigs. They found that feed 

consumption of contaminateci wheat feed was reduced 1547% and 50% for contanMateci 

corn feed. The reduction in feed intake decreased the anmial's overd performance and 

health. %end et aL, stated that the results demonstrate the economic importance to the 

Canadian swuie industry of caution when feeding pigs grain or diets suspected of 

containing mycotoxins. 

Behaviour 

The development of behavioural studies arose becaux of increased concems with 

production problerns and animal welfare concems associateci with intensification in 

production. Relationships between the sow and her litter are crucial to the survival and 

rapid growth of the piglets. The piglets need to be protected fiom the sow so not to be 

crushed, but they also need to be @en an opponunity to nurse as piglet starvation is a 

primary cause of death (see, for example, Fraser et al., 1984, 1986; De Passiile et al.. 

1988). Fraser er al., (1 986) studied the variation in piglet weights in relationship to 

suckling behaviour, parity number and fmowing crate design. The purpose of the study 

was to understand why litter-mate piglets, even with reasonably uniform birth weights will 

sometimes d s e r  by a factor of three or mon in weaning weight. The lack of uniformity 

can complicate subsequent management, requiring delayed weaning or special treatment 

for the low weight piglets. Furthemore, lower weight piglets rnay be suffering fkom poor 

nutrition, a major factor leading to piglet deaths. These factors cm cause higher 



management costs and lowa sow productïvity. Fraser et al., fond that within litter 

variation in 14 day weight was greater in the type of farrowing crate that impeded access 

to the sow's udder. Total d k  intake was not effected, but the distribution of miik 

between the piglets had a greater variability. The behavioriral results show that the 

k o w i n g  crate with impeded access tended to have an increase of fighting and 

competition within the litter. Raser et al., conclude that crate designs cm increase 

variability in piglet weights and may also increase pre-weaning mortaüty in commercial 

units. 

Research studies that have examined the welfare of pigs in confinement housing 

have looked at issues regarding the provision of bedding and the amount of avaitable space 

for the animal (see, for example, Fraser 1985; Phillips et ai., 1992). Research emphasis 

has shifted to identifjing animal weifare needs by examinhg abnomial behaviour and 

preference testing (see, for exarnple, Gonyou 1994; Fraser et ai.. 1995). These study's 

objectives are to iden* the causes of pig confiicts, tail biting, and Porcine Stress 

Syndrome (PSS). 

Management & Marketing 

hcreases in production s p e d h t i o n  and scale have lead to the need for improved 

cost efficiencies in production, and reduced stress management innovations. Animal 

management research has emp hasized studies on feeding , artificial rearing , weaning and 

finishing (see, for e x q l e ,  Elliot et al., 1978; Fraser et al.. 1989). Roduction 

management research has emphas~ed studies on ventilation, m u r e  disposa pen design 



and construction material choices (see, for example, Barnett 1981; F a m  et al., 1983; 

Phülips et al., 1989, 1995). 

Fraser et al., (1989) exarrrined the use of water by piglets in the first days after 

bhh. The results suggested that piglets drank appreciable amounts of water on the first 

days aftu birth especially if their rriilk intake was iinnted. Under these circumstances 

water intake helped prevent dehydration and promoted survival of piglets with low early 

milk intake. 

Research with respect to marketing, processing and grading procedures has 

exarnined the need for i n c r e d  meat quality. Domestic and international marketing 

studies have examined consumer acceptability of fat content in pork (see, for example, 

Fredeen et al., 1975; Jeremiah 1994). Jererniah (1 994) examined consumer responses to 

pork loin chops with dinerent degrees of muscle quality. Consumers evaluated packages 

of pork loin chops fiom three muscle quality groups (pale. sofi, exudative (PSE); nomial. 

and dark, fims dry (DFD)). Jeremiah found that consumas most preferred DFD chops 

and leas preferred PSE chops. 

Meat quality studies have exarnined the anects on pork quality fiom processing, 

packaging and storage procedures (see, for example, Jeremiah 1982, 1986; Jones et al.. 

1993; Schaefer et ai., 1989). The economic losses in the swine industry attributed to PSE 

pork are considered to be high (Schaefer et al., 1989). Therefore, the ability to detect 

physiological dïfferences in pigs prone to producing PSE and more imponantly the ability 

to detect and remove pigs which are likely to produce PSE pork is desirable and has been 

identifiecl by the Canadian m a t  processing industry as a priority for research (Schaefer er 



al., 1989). Stress susceptibk pigs or pigs that exhibit malignmt h y p e r t h d  as a result 

of exposure to pre-slaughter stress ofien display physiological changes including elevated 

skin temperatmes. Schaefer et al., eXarriined the usefalness of infr;ired thermography in 

detccting skin sinface temperature differences in pigs with stress susceptibility. Their 

results dernonstrateci that hfrared thermography is highly sensitive in terrns of idenufying 

anatomical temperature differences in pigs and identifying stress susceptible pigs. 

The Canadian Hog Grading Index was introduced in 1969. This index was based 

on carcass weight and backfat thickness Developing a hog grading scherne generated 

research studies concerned with developing objective rneasurement techniques through the 

1970s to the 1990s. The measurement techniques and lean-fat grading categories have 

k e n  updated and adjusted with the dernand and production quality changes that have 

occmed in the industry (see, for example, Gillis et al., 1972; Fredeen et al., 1979: Fortin 

et al., 1980; Sather et al., 1988). The goal of research in this area is to develop a grading 

scherne that reflects pork quality demands of the domestic and export consumer market. 

Summary 

Each research category -- Nutrition and Feec h g .  Reproduction Physio logy, 

Breeding, Health and Growth, Behaviour, and Management and Marketing -- will be 

constantly confkonted with challenges to adapt quickly to changes in producer needs, 

consumer preferences, 1egisIation and the biological environment. In the short to medium 

term production rnust grow to meet the demand of population growth in buth the 

domestic and export market. 



Some of the issues affecting production efficiency and productivity presentiy are 

concems with respect to the Ioss of yield due to PSE pork and feed mycotoxins. Issues 

affecting the economic efficiency of producns focus on the loss of revenue due to the 

variable name of the cost of feed grains and other inputs. Environmentai issues affect 

swim production through public pressure to regulate air and water pollution onginating 

fkom swine production fâcilities. Food safety, specfically pro blems related to tissue 

residue fiom feed rations or medication, has also become a issue of public concem. 

Ensuring the safety and w e k e  of livestock is another issue that can affect legislation 

concemhg swine production processes. 

The diverse range of research projects all address sorne aspect of the swine 

production process. The swine production process consists of a cornplex set of 

relationshrps between biological, technical, and economic factors. The cumulative goal of 

ail the research projects is to conaibute to the hprovernent of the biological, technical 

and economic efficiency in the swine production process. The aggregate effects of swine 

research has contributed to the reduction in the groowing and reproductive cycles, and 

increases in sow productivity, feed efficiency, carcass yield and pork quality. These 

aggregate effects stem fiom the combined hproved production and management 

technologies that have k e n  produced fiom swine research. Examples of these 

technologies include artificial insemination, modem standardized production facilities, 

irnproved genetics, aii in and ail out pig management processes, split sex feeding, phase 

feeding, pelieted feeds, and three site production facilities. 

The research literature review has provided a general overview of the various 



subjects swim research has encompassed. This review is miportant since it does give 

evidence of the type of research that is king completed or has k e n  completed on swine 

production. However, the information presented in the animal science jounials are not 

appropriate for the calculation of the aggregate economic benefits and costs fiom swine 

research. Therefore, in order to calculate the econorriic reninis to swine research an 

alternative rnethod is described in this paper. 



Chapter 3 

Summary of the Returns to Agricultural Research Literature 

3,l Introduction 

The purpose of this chapter is to discuss the rationale for public expenditures in 

agricultural research and to review the economic retums to agricultural research literature. 

3,2 The Rationale for Public Agricultural Research 

Govemments in Canada participate in agricultural research by funding basic and 

applied research projects. Publicly funded projects take place in govenunent research 

stations, universities and colleges, or in joint ventures with pnvate b. As mentioned in 

the fbst chapter, the objectives of agricultural research include econo rnic gro wth, incorne 

distribution, and food security (AIston er al., 1995). Two different economic perspectives 

have been articulated in the retums to agricultural research literature as to why 

governments have taken on the role of pursuhg these objectives. The foiIo wing sections 

will outline these econonic perspectives and discuss the appropriateness of ernploying 

them in the justification of public expenditures in agridtual research. 

3.2.1 Public Agricultural Research Viewed as a Public Good 

Firstly, the product of agriculniral research is viewed by some as a public or 
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collecrive good. The definition of a public good is a good that once produced, no 

individual can be exchde. nom benefitting fiom its avadability and the good is nonrival in 

consumption (Nicholson, 1995). In theory, a public good is provided by a government for 

the benefit of dl or m a  of the populace (e.g. education, health care, national defense, law 

enforcement). 

The fint characteristic of a public good is concemed with the fact that no 

individual can be excludeci fiom receiving the benefits fiom the production of the good. In 

other words. it is neither economitally, technicaJly, or physically feasible to exclude 

individuals or groups &om conswning or knefitthg fiom the produced good. 

The second characteristic of a public good is concemed with the idea of 

nonrivalry. A nonrival good is a good where consumption by one individual does not 

affect the quantity or quality of consump tion of the same good by ano ther individual. 

Since, public goods possess these two characteristics of nonexclusivness and 

nonrivialry, there is not a direct Link between consumption of a public good and payment 

for it. This malces it necessary for public goods to be paid for out of a state's general 

taxation system and not by individual customers buying in the market place. Public goods 

are also paid for in this manner due to the idea that beneficiaries will attempt to becorne 

free riders. A fkee rider will understate his or her demand for the good. in the hope of 

avoiding his or her share of the cost without af%ecting the amount he or she obtain. 

Consequently, these products are cunently not marketed in the conventional way and 

market prices are not determineci. This is due to the concem that if these goods were 

marketed conventiondy they would be under-produced. 



Howeva. in the case of agridtural research, examp1es of exclusion and rivalry 

arguably cm be found. Examples of exclusion can be found by ex&g the products of 

agricultural research (e.g. fccd rations, ma~hinery~ veterinary medicine, chernical inputs. 

and biotethnologically produced inputs). When an innovative agridtural research 

product is developed the beneficianes can be exchded fiom the use of this good either 

through its retail cost, Iiniited availability, copy nghts, and patents. Over time the ability 

for agicultural research producers to expand the exclusionary nature of their products has 

increased with the developmnt of well defined markets and property rights (Zentner, 

1985 and White, 1995). 

Rivairy also occurs when the innovative product is applied to the production 

process by increasing the economic marginal cost of the product. The marginal cost of an 

agicultural research product increases when an individual consumes the innovative 

product. This occurs because of the product's lingted availabiiity reduces the quantity and 

quality available for consumption by other individu&. The econornic marginal cost of the 

agricultural research produa aiso increases when an individual consumes an innovative 

product. This occurs because more physical resources must be comrnitted to the 

continued production of the product. 

Therefore since agricultmal research can be perceived as both exclusionary and 

rival in nature, its classification as a public good is not accurate. Thus, it is inappropriate 

to claim that public expenditures in agricultural research are justifieci in this marner. 



3.2.2 Public Agricdtural Research Viewed as a Means to 
Reducing Transaction Costs 

A second economic perspective that has been articulateci in the r e m s  to 

agricultural research literature as to why govemments have taken on the role of pursuhg 

agricultural research is the concept of reducing econoniic transaction costs. Transaction 

costs are the costs involved with searchg and negotiating the rneans of production or in 

this case the means of research (Coase, 1937). These costs cm be reduced when the 

responsibility of agricultural research production is undertaken by a cornpetent institution 

or institutions. This assertion is based on the foiiowing two concepts. 

Firstly, transaction costs limit individual agricultural producers or fhns h m  

supporthg their own basic and a p p M  research due to the structural nature of the 

agricultural production sector. The agiculturai sector is typically made up of small. 

atornistic, private f m  fh s .  These agicultural fimis lack the necessary technical skills 

and resources to support their O wn basic and applied research. Ho wever, a publiciy or 

privately funded agriculturaliy focused research institution possess the size and scope in 

research to lower these transaction costs. This rneans a large and diversined organization 

is ofien able to efficiently do research at lower transaction costs than a number of s d e r  

individual £km. 

Secondly, the logical coordination of agricultural research can serve to Io wer 

transaction costs within the agricultural sector. Without coordination of agicultural 

research competing fimis will duplicate one an others research efforts. This increases the 

transaction costs found in the agricultural sector. Duplication of research is prevented 



through coordination of research projects across a geographical area. In Canada, the 

federal govemmcnt uses a cenaalized system of coordination o v a  agricultural research in 

various geographic regions (Klein, 1985). The planned coordination of research k i t s  the 

social inefficiency resulting nom duplication (S tephan, 1996). 

Govemments have taken on the role of providing research resources for the 

generation of new howledge in agridturai production as a means of reducing 

transaction costs within the agridtural sector. It can be argued that this cari be justifïed 

due to the incapacity of pnvate farm fkm to conduct their O wn research and the benefits 

derived fiom research coordination. This leaves governments with the task of diocating 

resources in an efficient or socially optimal marner arnong different agicultural 

commodity research projects. 

3.3 Review of the Returns to Research Studies 

Estimation of the returns to public investments in agricultural research began with 

the work of Schultz (1953) and Griliches (1958). Schultz (1953) quantifieci the increase in 

agriculturd production in the United States between 19 10 and 1950. Schultz (1 953) 

estimated the rate of r e m  for ail agricukural research to be between 35% and 1708. 

Griliches (1958) examined the economic retums from research on hybrid corn in the 

United States between 1940 and 1955. He estimated the rate of retum for hybrid corn 

research to be between 35% and 408. A number of studies since the p i o n e e ~ g  work of 

Schultz and Griliches, using a variety of rnethods, have found very high rates of retum, on 

the order of 40 to 60 percent per year (Econornic Research Service, 1996). Table 3.1, 



Table 3.1 Summary of Returns to Research Studies: United States & 
Canada 

United States Studies 

Griliches Hybnd Corn 1940-1955 Economic Surplus, 3540% 
(1958) index Number 

Nagy & 
Furtan 
( 1978) 

Farrell, Funk 
& Brinhan 
( 1984) 

Brinhan & 
Pren tice 
(1985) 

Farrell & 
Funk (1985) 

Brown- 
Andison & 
Brinlanan 
(1986) 

Widmer, Fox 
& BridaMn 
(1988) 

Horbasz, Fox 
& Brinhan 
(1988) 

Rapeseed 1960- 1975 Economic Surplus. 101% 
Econometric Approach 

Corn 
Wheat 

1984-2003 Econornic Surplus. 
1984-2003 Econometric Approach 

Plant 1984-2003 Inputs Saved. 
Biotechnology Delphi Forcasting 

D a i 0  1968- 1984 Economic Surplus. 
Econmemc Approach 

Beef 1968- 1984 Economic Surplus. 66% 
Econometric Approach 

Sheep 1968-1984 Econornic Surplus, 25% 
Econometric Approach 



Table 3.1 Summarg of Returns to Research Studies Continued 

S-Y Commodity Period Method Average Estimated 
Rate of Return 

Zachariah. 
Fox & 
Brinhan 
(1989) 

Huot, Fox & 
Brinkman 
(1989) 

Haque, Fox 
& Brinkman 
(1989) 

Fox. Robens. 
& B r i h a n  
(1992) 

Klein, 
Freeze, 
Clark. & Fox 
(1 994) 

Agficul ture 
& Agri-Food 
Canada 
(1 996) 

Klein. 
Freeze. & 
Walburger 
( 1996) 

Broilers 

Swine 

Laying Hens 

Dairy 

Beef 

Potato 

Wheat 

Ecmiamic Surplus, 61% 
Ecanometric Approach 

Econcûnic Sirrplus, 8 1-9810 
Economeaic Approach 

Economic Surplus. 109% 
Econometnc Approach 

Economic Surplus. n/a 
Histdcal Trend & 
Mathematicai 
Rogramming 

Econornic Surplus. 
Delphi Forecasting & 
Mathematid 
Programming 

Economic Surplus. 27-39% 
Historical Trend & 
Mathematical 



ciisplays a s e Idon  of past retums to research studies, focuZng on recent Canadian 

studies. m e r  tables listing past returns to research studies can be found in Evenson et 

al., (1979) and Hueth et al., (1985). 

Since these d y  midies, an enormous literature has evolved exploring dBerent 

rnethods of analyzing the r e m s  fÏom agricuitural research (Ruttan, 1982). The different 

methods are divided into two categories: ex ante and exposr studies1. Econornists have 

developed thre methods to measure the reninis nom public expenditures in agricultural 

research. These three methods are 1) the value of inputs saved approach, 2) the 

production h c t i o n  approach, and 3) the econornic surplus approach. It seems the most 

comrnon approach employed for anaimg the r e m s  fkom agricultural research has k e n  

the concept of economic surplus in a pamal-equilibnum fiamework (Alsron et al., 1995). 

The Value of Inputs Saved Approach 

The value of inputs saved approach estimates the reduction in the total quantity of 

inputs required to produce a given level of output hom the adoption of technological 

innovations in the long run. The Merence between the value of the actual inputs used 

and the actuai value of inputs that would have k e n  required to produce the current level 

of output with old technology, is a masure of the benefits of research (Schultz. 1953: and 

Brinkman and Prentice, 1983). The limitations of the value of inputs saved approach are 

that it cannot identify the benefits received by consumrs and producers and it cannot 

Ex ante is defined as king applied fkom before an action, and ex post is dehed as 
fkom after an action. 



mcasure the benefits fkom marginal investments in agricdtural research (Fox et al.. 1987). 

3.3.2 The Production Funetion Approach 

The production funciion mode1 uses econometric techniques to estimate industry 

level production functions. Roduction function models express agricultural O utput as a 

function of various inputs, one of which is iagged research expenditures. This enables the 

estimateci value of the marginal product of research to be derived fiom the estirnated 

production fimction and the marginal rate of r e m  to research to be calculated. The 

limitation of this approach is that it cannot identify the benefits derived kom research with 

respect to consurners (Fox et al.. 1987). 

3.3.3 The Economic Surplus Approach 

The economic surplus approach identifies the benefits fiom research as the changes 

in consurners' and producers' surpluses. as a resdt of productivity changes arising kom 

research. The productivity changes generated fiom research are derived in the form of 

innovative production techniques and technologies that shift the industry's supply 

function. 

Consumers' surplus is a masure of the area under the demand curve and above 

the pnce line. Producers' surplus is the area above the supply curve and below the price 

iine. Consurners' surplus is defïned as the benefits received by consumers fforn paying 

actual prices for goods that are lower than the consumers would have k e n  prepared to 



pay. In Figure 3.1, consumers' sinp1us is represented by the area under the demand 

fûnction and above the price line, PaC. Roducas' surp1us is dehed as the benefits 

received by producers at a cornpetitive price over and above the price level where they 

would exit the market. In Figure 3.1, producers' surplus is represented by the area below 

the prke line and above the supply function, PJ3A. 

The changes in consurners' and producers' surpluses are created when new 

technolog y, gener ated by agricultural research, shïits the industry' s supply function to the 

right. The sum of the net changes in consumrrs' and producers' surpluses are used to 

masure the gross benefits fiom agicultural research (Fox et al., 1987). The conceptual 

fiamework used to rneasure the gross benefits from agricultural research with the 

economic surplus approach is pomayed in Figure 3.2. The supply shift leads to reduced 

commodity prices and an increase in the quantity produced. In Figure 3.2. it is observed 

that consurners' surplus increases by the area P$CP,. 

The reduction in prices reduces producers' surplus by the area P,,BDP,, but increased 

quantity produced adds ADC to producer welfare. The sum of the increases in 

consumers' surpluses and the net change in producers' surplus is the area ABC. 

3,3.3,1 Examples of Canadian Studies Ernploying the Economic 

Surplus Approach 

A series of re tms to research studies for different Iivestock commodities were 

completed for Canadian agicultural cornrnodities in the mid- 1980s. Haque et al., ( 1 98 9)  



Figure 3.1 Consumer and Producer Surplus Framework 



Figure 3.2 Gross Research Benefits from a Shift in the Supply Function 



studitd laymg hem, Widmer et al., (1988) studied beef cade, Horbasz et al.. (1 988) 

studied sheep, ZachaMh et al., (1989) studied broilers, Huot et al., (1989) snidied swine, 

and Roberts et al., (1 992) shidied dairy canle. 

Each study used the economic surplus approach to estimate the change in 

consumers' and producers' surpluses duiveci fiorn agricultural research The change in 

consuners' and producers' surpluses deriveci fiom agricultural research was e s t h t e d  

ushg an econometric model based on time series data. The model's dependent variable is 

the commodity's output quantity and the independent variables are the commodity's 

prices lagged research and extension expenditures, and producers' Ievel of educatio n. In 

each study the economeaic model estimated the shift in the commodities' aggregate 

supply function in relation to the de fined independent variables. 

Each study found relatively high rates of return ranging fiom 25% in sheep 

research to 1 15% in dairy cattle research (Fox. 1995). Table 3.1, summarizes each 

study's observed tirne period, examined comodity, estimation technique, and estimated 

rate of retun. 

The Nature of the Supply Shift 

Agricultural economists have identifid four p ~ c i p l e  ways in which technological 

change mïght shift the industry level supply curve for an agricultural commodity (Lindner 

and Jarrett 1978); a pivotal proportional shift, a divergent proportional shift, a pardiel 

SM, and a convergent shift, (see Figure 3.3). Figure 3.3, uses Iinear supply functions for 

simplicity. 



Figure 3 3  Types of Linear Supply Shifts 

Qusatay 
(A) Pivotai Roportiosol Shift 

QiEantity 
(C ) P d e l  S h i  

QPantity 
@) Convergrnt S h i  

Source: Taken nom Lindner and Jarrett (1978). 



Panel (A) in Fgure 3.3, portrays a pivotal proportional shift that occurs when 

technological change reduces coas at higher levels of output but does not reduce the 

minimum threshold price below which no output would be produced. A divergent 

proportional sMt, shown in panel (B), represents the case when research shifts the supply 

function by reducing costs at higher levels of output and also reduces the minimum 

threshold price. A pardel shift, shown in panel (C), wodd occur when research reduces 

costs by a constant amount at ail Ievels of output. Lastly, panel (D) pomays a convergent 

SM representing the situation in which research reduces costs at lower output levels to a 

greater extent than at higher output levels. 

The type of supply shat is detemiined by the functional form of the supply 

hinction. A linear functional form produces paraiiel shifts and a partial - iogarithrnic 

functional form produces a proportional shift (Fox et al.. 1987). 

3.3.5 The Lag Structure of Agricultural Research 

The effect of agricultural research expenditures on the output of agicultural 

cornrnodities is subject to tirne Iags. The lag represents the tirne that elapses between the 

initiai expendinire in research and the first measurable impact of research on aggregate 

production. C h e  (1975) developed a quadratic polynoniial distributive lag mode1 that 

captures this effect. Figure 3.4, portrays the Iag modeL 

A period of time is needed to develop a new technology, a new management 



Figure 3.4 The Quadratic Polynomial Lag Mode1 



technique, genetically hprove an anima& for extension activities to have an effect, and for 

producers to adopt the newly developed technology. The fïrst rneasurable impact of 

research on aggregate research benefits is represented by 1. in Figure 3.4. As the new 

technology is adopted by fimers the contribution of research to econorriic benefits 

increases. Economic benefits will continue to increase as more producers adopt the new 

technology. At some point the economic benefits from research expenditures wili begin to 

decline and eventually becorne exhausted. This happens after k years in Figure 3.4. 

Evenson (1968) argueci that the decline in econoniic benefits occurs because the 

technology may become irrelevant tkough replacement technologies or maintenance 

decay. 

3.3-6 Limitations of Estimating Economic Surplus with an 
Econometric Mode1 

The limitations of estimating the changes in economic surplus, derived îrom 

research, with an economemc mode1 have k e n  identified by Klein et al., (1 994). Klein et 

ai-, (1996) and Moschini et al., (1997). Klein et al., state the main Mtation of the 

economeaic approach relates to the problem of aggregation. Revious studies employing 

the econornetnc approach have focused on single cornrnodities for large regions or whole 

countries. Since agricultural markets are closely iinked. a change in one market may affect 

conditions in other comodity or ap-icultural input markets, such as the beef or feed 

Moschini et al., (1 997) also addresses this point, stating that the validity of 



econometrically estimated economic surplus masures presupposes optimality conditions 

in the enrire economy. Thus, competitive pricing conditions are assumed in every market 

and every market is accounted for. Moschhi et al.. (1997) extends this point, stating that 

the competitive price assumption may not be valid due to the inseparabiüty of research 

benefits between public and private research expenditures. 

In order to address these issues a multi-market modeling approach where aN major 

agricultural products are considered simultaneously has been emplo yed in recent returns t O 

research studies (see. for example Klein er al.. 1994, 1996 and Agriculture and Agi-Food, 

1996). By considering ali major agricultural products sirnultaneously, the multi-market 

approach estimates the change in consumers ' and producers' surpluses in the agricultural 

industry as a whole- Klein et al., (1994) and Klein et al., (1 996) state that this rnethod 

provides a more complete analysis of the effects of agricdtural research in relationship to 

al1 other agrîcultural commodities in Canada. 

The following chapter wiU descfibe the estimation of the îndustry's aggrcgate 

supply function and its application to the multi-market mode1 that is employed in this 

study. 



Chapter 4 

Met hods 

4.1 Introduction 

This chapter describes the rnethod used in this snidy to estimate the reninis to 

Canadian public swine research. Firsr, the factors that could, in principle, influence the 

rate of technical change in the Canadian hog indusay will be reviewed. Then the 

econornetric estimates of the Canadian hog supply function that reflect the impact of 

hinorical research expenditures, as well as other factors, on aggregate hog supply wiU be 

discussed. Then there wiU be a discussion on how the results of this economemc anaiysis 

were incorporated into the multi-market model. titled the Canadian Regional Agricultural 

Model (CRAM). Fmally, there will be an explanation of how the sum of consumers' and 

producers' surpluses are calculated using the Canadian Regional Agriculture Model 

(CRAM), 

4.2 Factors Influencing Technical Change 

Evenson et al., (1 979) argue that research leading to technological innovation is 

the primary source of increases in productivity in agriculture. In principle, technological 

innovation through swine research could influence the level and efficiency of production, 

the quality of the product or lead to Uriproved management techniques. The rate of 



technical change in the Canadian hog industry can be related to research expenditms 

fiom the Canadian federal, provincial, and University and college research institutions. In 

addition, research expendinires fiom private sector research in Canada and spa-in effects 

from international research, producers' education and experience, and information aansfer 

through extension savices can also play a roie in detemiining the rate of technical change 

in the Canadian hog industry. 

Technical change can be defined in terms of the production function, the cost 

function or the profit function. In tenns of the production function, technical change is 

dehed as the ability to produce an increased level of output with a given quantity of 

inputs or as the ability to produce the same level of output with a srnaller quantity of 

inputs. In ternis of the cost function. technical change decreases the cost of producing a 

given level of output for a fixed set of input prices. In ternis of the profit function. 

technical change is represented as an increase in profits for a given level of input and 

output pnces. Regardless of whether technological change is conceptualized in terms of 

production functions. cost functions, or profit functions, research generating technical 

change will shift the ùidustry supply function down and to the right at some point dong its 

length. If consumer demand conditions remain constant, this shift generaliy results in a 

decrease in the output pnce and an ùicrease in the quantity produced. 

Technological change can also shifi the consumer demand curve. A shifi in the 

demand curve can occur if agricul~d research leads to hproved product quality. 

Improved product quality generally leads to an increase in consumer demand shifting the 

dernand curve to the right. Figure 4.1 portrays the gross benefits fiom quality iqroving 



Figure 4.1 Gross Research Benefits for a Shift in Demand 



research. The pardel linear dmiand shat 1 4 s  to increased collnnodity prices and an 

increase in quantity produced. In Figure 4.1 it is obsewed that producers' surplus 

increases by the area P,,DCP,. The increase in prices reduces consurners' surplus by the 

area PaEP,,  but increased quantity produced adds AECB to consumer surplus. The sum 

of the hcreases in producers' surpluses and the net change in consumers' surplus is the 

area ADCB. Area ADCB represents the gross benefits from product quality improwig 

research. 

In the Canadian hog industry the value of a hog carcass is determineci through the 

Canadian hog grading index. The Canadian hog grading index is a quality measuring 

mechanism that is used to determine the quality graded index carcass price premium or 

discount. Therefore, the indexed hog carcass pnce contains the perceived value of pork 

quality demanded by consurners. This enables the measurement of the value of Canadian 

swine research conaibuthg to quality hprovements in the product to be included in the 

estimated shift in the Canadian hog supply function. In this study the Canadian hog supply 

function is defined as a function of Canadian federal research expenditures, United States 

federal and state research expenditures, Canadian provincial research expenditures, 

extension expendimes, producers' education level the market price of hops, and the 

market price of feed barley. This relationship is described in its most general form in 

equation (4.1). 



Q: = quantity of hogs supplied, 

ltCd",i = swine research expenditures by the Canadian federal government, 

R",~ = swine research expenditures by the Untied States fcderal and state 
govemnts ,  

= swine research expendinires by the Canadian provincial governments, 

RI = extension expenditures by the Canadian provincial govemments, 

Et = swine producers' education level, 

p, = price of market hogs, 

c-l = price of feed barley, lagged 1 years. 

4.2.1 Estimation of the Canadian Hog Supply Function 

The purpose of estimating the Canadian hog supply function in this study is to 

estirnate the effect of Canadian public swine research expenditures on national supply. 

The observed estimated change in output in the absence of swine research expenditures 

will be incorporated into the multi-market Canadian Regional Agricultural Model. 

A previous study examïning the retums to research for the Canadian swine 

industry was conducted by Huot (1987). Huot used econornetric methods to estimate the 

impact that swine research had on the Canadian hog supply function. The aggregate 

supply function for hogs was estimated with quantity supplied as a function of the same 

independent variables defined in equation 4.1. The estinÿited ehsticity for the various 

research expenditure variables describes the impact of research expenditures on the output 
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supplied. The estimated ektkïty of Huot's study and a seledon of other r e m  to 

research studies can be found on Table 4.1. 

Huot (1987) eqloyed a panial- logarithrrgc functional fom to describe the 

relationship between the dependent and independent variables. One limitation of the 

partial - logarithmic functional form as used by Huot (1987) is that the intercept is forced 

through the origin. This is illusuated in Figure 4.2. 

Fox et al., (1990) suggest constraining the partial - logarithmic supply function to 

create a positive tbreshold price below which production falls to zero. Estimation subject 

to an output pnce constraint is used to ensure a desireci intercept value that represents the 

actual smicture of the indusq. In this study a constrained partial - logarithmic functional 

forrn is employed using the sarne independent variables and time series data as in the study 

conducted by Huot. Using the same independent variables and time series data as 

ernployed by Huot allows for a direct cornparison of the two approaches. 

Figure 4.2 pomays the constrained panial-logarithrnic supply function, cornpared 

with the unconstrained partial - loganthrnic functional f o m  S,* represents the constrained 

partial - logarithmic supply function without Canadian swine research and SI* represenrs 

the consrrained partial - Iogarithmic supply function with research. S, represents the 

unconstrained partial - logarithmic supply function without Canadian swine research and 

S ,  represents the unconstrained pamal - logarithmïc supply function with Canadian swine 

research. 



Table 4.1 Summary of Canadian Federal Research Elasticities 
for Different Commodities 

- - -- - - 

Study Commodity Penod Method Canadian Federal 
Research Elasticity 

AgricuI ture 
& A&-Food 
Canada 
(1996) 

Klein, 
Freeze. 
CIark, & Fox 
(1994) 

Huot. Fox, & 
Brinkman 
(1 987) 

Zachariah. 
Fox. & 
Brinkman 
(1987) 

Haque, Fox. 
and 
Brinkman 
(1987) 

Brown- 
Andison & 
Brinhan 
( 1987) 

Widmer, 
Fox. & 
Brinkrn an 
(1987) 

Horbasz* 
Fox, & 
Brinkman 
(1987) 

Potato 197 1- 1994 Delphi Forecasting 
Estimate 

Beef 

Beef 

1968- 1984 HiStOncal RoductiMty 
Trend 

1968- 1984 Economeuic Model: 
Partial Logariùimic 
Function 

1968- 1984 Econometric Model: 
Partial Logarithmic 
Function 

1968- 1984 Econometric Model: 
Linear Function 

1968- 1984 Econometric Model: 
Partial Logarittimic 
Function 

I968- 1984 Econometric Model: 
Linear Function 

Sheep 1968- 1984 Econometric hlodel: 
Linear Function 

Esthateci research ehticity represents the effect on output from ail Canadian 
public research. 



Figure 4.2 Cornparison of the Unconstrained Partial - Logarithmic 
Supply Function wîth the Constrained Partial - Logarithmic 
Supply Function 



The partial - logarithrriic supply function subject to a constraint on the intercept is 

represented by tquation (4.2). The coefficient a represents the threshoid price below 

which production falls to zero, (see, Figure 4.2). The present mode1 set a at 60% of the 

market price based on the assumption that all current producers would exit the market at 

this price. The assumption is based on the findings that the top 20% by profitability of 

Ontario grower to nnisher swine producers had approxirnate total variable costs equal to 

601 of their total revenue (OMAFRA, 1995). Therefore, Ï f  the market price dropped to 

the threshold price, the top producers would exit the market and ali current hog 

production would drop to zero. 

Where: 

= quantity of hogs supplied, 

= technology shifier function, see equation (4.4)- 

= price of market hogs, 

= pnce of feed barley, 

= threshold pnce, 

= estimated supply elasticity with respect to the price of feed barley, 

= supply elasticity with respect to the price of hogs. restricted to 2. 

The partial - logarithmic supply function used in this study resaicts the supply 

elasticity (q = 2) with respect to the hog price. Therefore, equation (4.2) is restated as 



equation (4.3). The restriction on the supply eiasticity with respect to the hog price is 

the UUM modeL The rationale for placing the restriction on the supply eiasticity with 

respect to the hog price is specified in the positive mathematical progmn-g procedure 

which is discussed in M e r  detail in section 4.4.1. 

The price variable (Pt-,) is lagged two years to represent the adjustmnt period for 

the producers' decision making process. The adjustment penod includes the developrnent 

of future output plans, the knplementation of these plans, and the time period for the new 

level of output to be actually produced. 

The BIT) is the technology shifter function. The level of technology, (TI, depends 

on provincial and university swine research expenditures, provincial extension 

expenditures. producers' education, Canadian federal swine research expenditures. and 

U.S. swine research expenditures. These variables are identifed as research sources that 

impact on the level of output d e h e d  in Huot (1987), (see Equation 4.4). 

Where: 

4 = the average of the indices of provincial and university swine research. 



extension expenditures, and producers' edncation level, 

4 = a durrimy variable given for the years 1 975 to 1 977 to capture the 
decrease in swine production, 

= estimated swine research expenditures by the Untid States fcderal and 
state goveniments, 

RChr-, = estimated swine research expenditures by the Canadian federd 

govemment, 

B. p,b.~-- parameters to be estimted. 

The independent variable t, is the arithmetic rnean of three variables: an index of 

provincial swine research expenditures (1981=100), an index of provincial swine extension 

expenditures (1 98 1=1), and the index of farnier's education level(198 1=1). The three 

variab1es were weighted together in the study done by Huot (1 987) due to the observation 

of positive correlation between the three variables. 

The coeEcients on the lagged US. ( R ' ~ ~ . ~ )  and lagged Canadian federal ( R ~ ~ , , )  

swine research expenditures were assumed to foiiow a quadratic polynomial pattern with 

zero end points (see Figure 3.4). This lag represents the tirne that elapses between the 

initial expenditure in swine research and the fÏrst measurable impact of research on 

aggregate production. This is 1 years in Fgure 3.4. A period of time is needed to develop 

a new technology, a new management technique, geneticdy hqrove an animal, for 

extension activities to have an effect, and for producers to adopt the newly developed 

technology. As the new technology is adopted by fanners the contribution of research to 



productMty increases. Producthity will continue to increase as more producers adopt the 

new technology. At sorne point the productivity gains fkom research hvesanents wiU 

begin to decline and evenhially become exhausteci. This happens a f t a  k years in Figure 

3-4. 

Evenson (1968), argued that the decline in productivity gains occurs because the 

technology rnay become irrelevant through replacement technologies or maintenance 

decay. Huot (1987), found the lagged response of supply to Canadian federal swine 

research began three years after the research expenditures had been made and ended five 

years Iater. Estimation of the constrained partial - logarithmic hog supply confirmed the 

estimateci lag structure (sec the estimateci coefficients for Canadian federal swine research 

in Table 4.2). This hg  structure represents a relatively short response period suggesting 

that swine research is adopted into production practices at the producer level relatively 

quickl y. 

Constrained Partial - Logarithmic Regression Results 

The constrained partial - logarithmic regression results for the Canadian ho$ 

supply function were denved with ordinary l em squares (OLS). The use of ordinary least 

squares is justined since all of the independent variables may be regarded as exogenous. 

The variables used in the model are the lagged barley pnce (c-,). the hog price (ph,). the 

provincial technology index (t,), the dummy variable (0 3, the Canadian federal swine 

research expenditures ( ~ ' ~ ~ - 3 ,  and the United States federai and state swine research 

expenditures (R"',~). The tirne period in which the variables are O bserved is between 1 962 



and 1984. The time period observed and all the variabIles used in this estimation of the 

Canadian hog supply function with the constrained partial - logarithrriic bctional form 

are the same as the tLne period and variables used in the estimation of the Canadian hog 

supply function with the unconstrained partial - logarithrriic functional forxn conducted by 

Huot (1987). Applying the same t h e  period and variabIes maintains consistency and 

allows for a cornparison of the estimated resdts. 

Table 4.2 presents the estimated coefficients and elasticities of the variables in the 

selected equation. The level of significance for the coefficient on the Canadian federal 

research expenditures ( R ' ~ ~ . ~ )  is significant at the 9545 leveL The level of signifïcance for 

the coefficient on the US. research expenditures (R'>) is significant at the 80% leveL 

The level of significance for the coefficients on the pnce of barley (e-,) and the provincial 

research index Ir,) are signaicant at the 908 leveL The cornputed adjusted R-squared 

value or coefficient of multiple determination is found to be approximately 908. The R- 

squared value represents the percent of variation in the dependent variable associated with 

the variation in the independent variables defined in the regression equation. The 

computed F-statistic value is found to be approximately 16. The F-statistic value 

represents the ratio of the dependent variables' variance associated with the regression 

equation and the variance associated with random disturbances. In other words, is the 

variance associated with the regression equation 'larger" than the variance associated with 

random disturbances. When the computed F-statistic is compared with the appropriate 

critical F-value, it is O bserved that the computed F-statistic is larger and falls in the upper 

5% range. This rneans that the variables in the regression equation do explain the 



Table 4.2 Swhe Restricted Supply Function Results 

Dependent Variable = See Equation (4.2). 

Explanatory Estimated t - statistic Estimated Elasticity 
Variables Coefficients 

Constant 62728 

Logarithm of Barley -0-4899 

Rice (Pr13 

Technology Index (t,) O. 1501 

Dummy Variable -0.0046 

( 1975- 1977)~ 1 

Canadian Federal S wine 

Research (c,,) 
t-3 

t 4  

t-5 

t-6 

t-7 

Functional Fom: Constrained Partial - Logarithrnic Range of Data: 1962 - 1984 

Adjusted R: 0.8985 F-S tatistic: 16.13 Durbin-Watson: 1 S248 

61 



variation in the dependent variable. 

The regression results show that the elasticity coefficient for the technology index 

(tJ is negative. This result is arguably inconsistent with the assumption that research, 

extension services, and producer 's education level wdi increase the level of the industry 's 

output. This inconsistency suggests that the eEects of provincial and university research, 

extension services, and producers' education level may be confounded with the effects of 

Canadian federd research or research spiU-ins from the U.S. This is a common problem in 

applied economic research because many economic variabIes in tirne series data sets tend 

to fluctuate simultaneously (Johnson et al., 1987). The irqlications of this problem are 

explored in the construction of five different scenarios used to calculate the retums to 

Canadian swine research in section 5.1. 

The sum of the lagged regression results for the Canadian federal swine research 

( R ~ ~ , , )  eiashcity coefficient is 0.2587. This describes the change in the Canadian hog 

supply function with respect to a change in Canadian federal swine research expenditures 

over the lagged tirne penod. Assuming a 100% reduction in Canadian federal swine 

research. hog production would be reduced by approximately 25.98 over the estimated 

polynomial hg structure (i.e. after 8 years). 

The next section will descrilx the Canadian Regional Agricultural Mode1 (CRAM) 

and how the rnethod of Positive Mathematical Programming was incorporated into the 

modeL The following section wiü also describe how the sum of the Canadian federal 

estimated swuie research expenditure elasticities were incorporated into the CRAM 

model. 



4.4 The Canadian Regional Agricultural Model (CRAM) 

nie h a d i a n  Regional Agricuitwal Model (CRAM) is a static spatial optimization 

rnodel of Canadian agriculture. CRAM models an the major agrkultural crops and 

livestock grown in Canada CRAM is disaggregated at the provincial Ievel and allows for 

interprovincial, inter-regionai, and international trade. Existing g o v e m n t  agricultural 

policies and programs are incorporated into the modeL Based on land availability, 

governrnent policies, production costs, c o m d i t y  prices, aansportation costs, and 

consumer tastes and preferences, CRAM allocates land among crops and livestock feed in 

each region to maxhke producers' and consurners' surpluses. The CRAM model 

opthbes the production of Canadian agricultural cornrnodities within the consna.int s of 

available agricultural resources and the h a 1  demands for the products. 

Canadian production of hogs. cattle, daky, and poultry is modelled in the CRAM 

rnodel for each of the ten provinces. Pork prinial cuts are produced in the hog sector of 

the modeL Livestock animais are fed grains grown in the crops sector of the rnodel: 

stored forage. Pasture, barley, and corn for beef and dairy anùnals; barley for hogs; and 

wheat for poultry. Protein supplements are treated as a cash cost. Based on relative 

prices and numtional characteristics of feedstuffs, feeder anïmals can be fed different 

ratios of feed grains and forages. The model also chooses the optimal rate of growth of 

feeder mimals, within specifed constraints (Klein et al., 1994). 

Domestic demand is specified for beef, pork, dajr products, eggs, broilers, and 

turkeys. Excess supplies c m  be exponed. Both m a t  and livestock animals can be 

transponed to other provinces and to export locations. The prices for f m  products are 



dependent on the quantity produced and o&red for sale, as well as on demand for the 

product. These effects are represented in the CRAM model through a senes of stepped 

demand functions established for the major categones of fhal agricultural products (Klein 

et al., 1994). 

Since Canada trades aii categones of grains and oilseeds, as well as beef and hogs, 

Canadian producers face mort and export prices for these comdities.  The s d  

country assumption is used in the CRAM modeL Therefore, changes in Canadian 

production will not effect world price levels. Domestic prices must then be between an 

export price floor and an impon price cehg .  The downward-sloping demestic demand 

functions in the CRAM model for wheat, barley, canola, beef, and pork represent price 

levels between the floors and ceiiîngs (Klein et al., 1994). 

The objective of the CRAM model is to rnaxunize the sum of consurners' and 

producers' surpluses. Consumers' surplus is increased when the pnce of food falis due to 

greater production. Producers' surplus is measured as the Merence between gross 

agicultural incom and costs of production plus transportation (Homer et al., 1992 and 

Klein et al., 1994). 

4.4.1 Positive Mathematical Programming in the Canadian 
Regional Agricultural Mode1 

Positive Mathematical Programming (PMP) was introduced into the hog sector of 

the CRAM model for this study. The resulting model is flexible in its response to 

productivity changes and pnors on the supply elasticities can be specified (Howitt. 1995). 



Figure 4 3  CRAM Supply Function Derived using Positive 
Mat hematical Programming 



Positive Mathematical Programring dows  the calibration constraints to be e h h a t e d  sü 

that the CEL4.M rnodel c m  solve for an optimal level of output in the base year of the 

model (1996). 

Without Positive Mathematical Programring, given the gross r e m s  and average 

costs per grower hog space, the base year production Ievel rnust be constrained by 

calibration constraints in the linear progranunhg model to generate the actud output level 

( )  This produces a shadow value (A) that is the difference between the linear marginal 

revenue hinction and linear marginal cost funcrion at the acnial output level, (see Figure 

4.3). Without constraining the linear marginal cost function optimal production would be 

undefined. 

To link the Positive Mathematical P r o g r a d g  procedure to the CRAM rnodel a 

quadratic marginal cost function is specified for grower hogs. The specified marginal cost 

function consists of variable costs, feed costs, and the observed shadow vaiue (E.). 

Marginal variable costs and feed costs are assumed to be independent of the level of 

output and the shadow vaiue is assumed to Vary as a quadratic function of output. 

Therefore, the marginal cost function is specified as a quadratic function where the 

elasticity of the price of hogs (q)  is assumed to be equal to 2. As a resuit. the total 

variable cost function, which is the integral of the marginal cost function, is a cubic 

function of output. This results in a cubic optimization problem that equates marginal cost 

with marginal revenue at the base year's actual output IeveL The Positive Mathematical 

Programming procedure now incorporates a non-linear supply response into the CRAM 

model. Since a value of, q = 2. has been assumed, an estirnate employing the restricted 



supply h c t i o n  d&ed in equation (4.3) can now be calculateci. 

4.4.2 Modelling Technieal Change in the Canadian Swine 
Industry in CR AM with Positive Mathematical 
Programming 

The CRAM model is used to calculate the surn of consumers' and producers' 

surpluses for Canadian swine research that took place between 1976 and 1997. The 

objective function of the model maxknizes the sum of consumers' and producers' 

surpluses by optirnizing the allocation of land among crops and livestock feed in each 

region in Canada for aii agricultural cornmodities. To model technical change in the 

Canadian swine industry in the CRAM model with Positive Mathematical Programniing 

specific input and output productivity coefficients were us&. 

To determine the sum of consurners' and producers' surpluses with swine research 

the objective function in the CRAM model was solved. Equation (4.5) is the portion of 

the CRAM model's objective function that refen to Canadian hog production. The 

input/output coefficients that are used in this portion of the CRAM model's objective 

function are 1) the quality indexed pnce of a hog, 2) the variable costs of raising a hog, 3) 

the inverse of hogs per sow or the number of sows needed to produce a given number of 

hogs, and 4) the variable costs of rnaintaining a sow. 



= The quantity of market hogs sold in a given year- 

= Represents the parameter as a function of technology, T. 

= The indexed farm gate pnce of a market hog net of shipping costs. The 
indexcd f m  gate price of a market hog is deteminexi by the quality index 
and the average carcass weight measure. 

= The cons of rnaintaining one market hog space for one year includes: 
total variable cos& feed barley coas, and feed protein costs. 

= The inverse of (Sr lQ, ), the market hogs per sow productivity ratio. 
Number of sows needed to produce a given number of hogs. 

= The cos of maintaining one so w space for one year includes; to ta1 
variable costs, feed barely costs, and feed protein costs. 

In order to isolate the effects of technical change in the Canadian swine industry 

the input/output coefficients -- Le. the quality graded indexed pnce of a hog. the variable 

costs of raising a hog, the inverse of hogs per sow or the number of sows needed to 

produce a given number of hogs, and the variable costs of maintainhg a sow-- were 

adjusted by their productivity growth rates each year in the CRAM model. AU other 

parameters in the CRAM model were held constant ar 1996 levels. Therefore, the CRAM 

mode1 is solved and optimizes for each year observed in the study under the ternis of 1996 

production policies and prices. This allows the results of the study to be interpreted as the 

effects of technical change on output derived fiom Canadian swine research expenditures. 

4.4.2.1 Estimation of the Input and Output Coefficients 

To satidy the data requirements of the hog component in the CRAM model, tirne 

series data were collected for each input/output coefficient. This section wiIl describe how 
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the data for each coefficient were collected and derived. The histoncal values and 

productivity growth rates of each coefficient are presented in Table 4.3. The input/output 

coefficients are 1) the quality graded indexed @ce of a hog, 2) the inverse of hogs per 

sow or the number of sows needed to produce a given number of hogs, 3) the variable 

costs of raising a hog. 4) the variable costs of maintaining a sow, 5) the feed requirement 

to produce a market hog, 6) the feed requirement to maintain a sow. 7) the 

protein requirernent to maintain a market hog, and 8) the protein requirernent to maintain 

a sow. 

Finst, the output coefficient, Le. the indexed fm gate price for market hogs (m, 
is a function of the 1996 domestic hog base price and the annual average hog grading 

index. The data for the annual average hog grading index was coliected at the provincial 

level between 197 1 and 1996. These historical time series data sets were collected fkom 

Agriculture and Agi-Food Canada's 'Livestock Market Review'. The average hog 

grading index was adjusted on the basis of the 1996 Canadian Hog Carcass Grading 

Sertlement SysternSecond, the input variable, the inverse of hogs per sow or the number 

of sows needed to produce a given number of hogs (Y), is a hinction of the average 

number of hogs produced per sow and the total number of hogs produced. The 

production data for both the average number of hogs produceù per sow and the total 

number of hogs produced were collected at the provincial level between 1971 and 1996. 

These histoncal time senes data sets were collected nom Agriculture and Agi-Food 

Canada's 'Livestock Market Review'. 



Table 4.3 Canadian Swine Historieal Input and Output Coeffkients 

Year Average Average Average Average Average Feed Average Average 
Number of Feed Bariey Rotein Fced Batlep Feeà Pmtefo 

Carca!~ Grading (Hogd Rcquitement Requirement Requirement Requftement 
Weightt Inder' Sad (metric (me& (met& (mettic 
Ws) F m ~ ~  t - 'h  tonsillog tnns/50w toaslsow 

splice/~m) s@yeru) s w y e p r )  spnre/year) 

Market Hogs Sows 

Source: ' Agriculrure and Agri-Food Canada. Production and Marketing Branch. Livestock Division. 
Livestock Market Review. Various Years. 



Third. the input coefficients for total variable costs of both hogs (ct")d sows 

(Cr?, are a function of total numba of hogs produced, average feed barley and feed 

protein requirements, 1996 feed pnces, and 1996 variable costs. The 1996 variable costs 

are derived kom the surn of veterinary, insurance, marketing, labour. maintenance, 

supplies, manure dûposal, taxes, and utility costs. The data for average feed barley and 

feed protein requirements for both hogs and sows were collected at the provincial level 

between the years 1971 and 1996. 

From Table 4.3 it is observed that the average hog carcass weight increased fiom 

74.6kgs per animal in 197 1 to 84. lkgs per animal in 1996, a 0.40% average annual rate of 

increase. The average hog grading index increased kom 99.6 in 1 97 1, (adjusted on the 

basis of the 1996 Canadian Hog Carcass Grading Senlement System), to 105.9 in 1996, a 

0.18% average annual rate of increase. The average number of hogs per sow productivity 

masure represenrs the sum of total hogs rnarketed plus total weaner pigs and hogs 

exportai, divided by the year's opening stocks of sows and bred gilts. The average 

number of hogs per sow productivity rneasure increased fonn 11.98 in 1976 to 13.08 in 

1 996 a 1.32 6 average annual rate of increase. The average feed barley requirement per 

hog space decreased fiom 1.1498 tonnes per hog space per year in 197 1 to 0.7377 tonnes 

per hog space per year in 1996 a negative 1.55% average annual rate of decrease. The 

average feed pro tein requirement per hog space increased fiom 0.1686 tonnes per hog 

space per year in 1971 to 0.1694 tonnes per hog space per year in 1996 a 0.72% average 

annual rate hcrease. The average feed barley requirement per sow space increased boom 

0.8973 tonnes per sow space per year in 1971 to 0.9672 tonnes per sow space per year in 



1996 a 0.58% average annual rate increase. F i y ,  the average feed protein requirernent 

per sow space hcreased fiom 0.13 16 tonnes p a  sow space per year in 197 1 to 0.1926 

tonnes per sow space per year in 1996 a 2.2046 average annual rate increase. 

The denved output coefficients' average annuai productMty growth rate for the 

average hog carcass weight variable, average hog grading index variable, and average 

number of hogs produced per sow per farrowing variable are al l  increasing over the 

observeci tirne period. This represents quantity and quality iniprovements based on swine 

research. The denved input coefficients' average annual productivity growth rate on the 

average feed barley variable and feed protein requirement variable for hogs and sows are 

alI increasing, except the coefficient on the average feed barley variable requirement for 

hogs. Initially this appears contradictory to the idea that swine research contributes to 

input saving technologies and innovations. However, increased feed barley for sows, and 

increased feed protein requkernents for ho gs and so ws represent iniproved feeding 

r e g k n s  that contribute to the increased quantity and quality of swine products. The 

hproved quantity and quality is reflected in the output variables through the increase in 

the average hog carcass weight, the average hog quality grading index, and the average 

number of hogs produced per sow per farrowing. 

4.4.3 Solving the CRAM Model for the With Research and 
Without Research Solution 

The CRAM mode1 solves for the sum of consumers' and producers' surpluses for 

al1 Canadian agicultural markets annudly. This section describes how the sum of 
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consumers' and producers' surpluses were derived with and without swine research for 

the base solution. The base solution is where the sum of consumers' and producers' 

surpiuses are derived using the actuai 1996 base year pnces, the dehed input and output 

coefficients, and their respective average annual productivity growth rates. The results of 

the estimations are reported in seaion 5.5 dong with a sensitivity andysis. 

The fÏrst step in solvhg for the surn of consumers' and producers' surpluses with 

Canadian public swine research is for the CRAM model to solve for the base year, 1996. 

The portion of the objective function in the CRAM mode1 that represents Canadian hog 

production (Equation 4.5) niaxinii2es the surn of consumers' and producers' surpluses for 

1996 prices, policies, and the 1996 values of the input/output coefficients. The followhg 

steps describe how the sum of consumers' and producers' surpluses for each year in the 

model were derived by adjusting the input/output coefficients by their average annual 

productivity growth rate relative to their 1996 output levels. 

The second step in solving for the sum of consumers' and producers' surpiuses 

with Canadian public swine research was for the CRAM model to solve for all the O ther 

years included in this study. Therefore, each year between 1976 and 1995 and between 

1997 and 2000 had to be individually solved for by the CRAM modeL Histoncal data for 

each input/output coefficient for the penod 1976 to 1996 and the average annual 

productivity growth rate for each coefficient was derived. The input/output coefficients 

used in the CRAM model's objective function are the qualiry graded indexed pnce of a 

hog. the variable costs of raising a hog, the inverse of hogs per sow or the number of sows 

needed to produce a given number of hogs, and the variable costs of maintainhg a sow. 



To calculate the sum of c o n s u ~ s '  and producers' surpluses between 1976 and 

1995 each inputfoutput coefficient in the objective function was projened backward kom 

1996 at its average mual productivity growth rate. Figure 4.4 illustrates the direction of 

adjustment with respect to the input/output coefficients. Fist, the CRAM model solved 

the sum of consumers' and producers' surpluses for the base year 1996. Then the 

input/output coefficients were projected backward one par by their average annual 

productivity growth rate to 1995. The CRAM model then solved for the sum of 

consurners' and producers' surpluses for 1995. This procedure was then repeated for 

every year between 1995 and 1976. 

To calculate the sum of consumers' and producers' surpluses between 1997 and 

2000 each input and output variable in the objective function was projected fornard fkom 

1996 at the5 average annual productivity growth rate. Fist, the CRAM model solved the 

sum of consumers' and producers' surpluses for the base year 1996. Then the input and 

output variables were projected forward one year by their average m u d  productivity 

growth rate to 1997. The CRAM mode1 then solved for the sum of consumers' and 

producers' surpluses for 1997. This procedure was then repeated for every year between 

1997 and 2000. 

The third step in solving for the sum of consumers' and producers' surpluses with 

Canadian public s h e  research was for the CRAM mode1 to solve for each year between 

200 1 and 2005. Public swine research was assurned to be tenninated at the end of 1997, 

but research would continue to effect production up to 2005 according to the estimated 

lag structure. By 2005 the 100% reduction in Canadian swine research in 1997 results in a 



Figure 4.4 Sum of Consumers9 and Producers' Surpluses With and 
Without Swine Researcb between 1976 and 2005 



25.9% reduction in supply relative to the year 2000. 

The CRAM mode1 c m o t  sirnulate the 25.9% reduction in supply directly. This 

adjusanent is made by changing the input/output coefficients to reflect the loss in 

productivity due to the absence of rescarch. Therefore, to calculate the reduction in the 

sum of consumcrs' and producers' surpluses, the input/output coefficients' average m u a l  

productivity growth rates were weighted by the annual percentage change required to 

achieve the estirnated reduction in supply over the lagged fhe years. The input/output 

coefficients' average annual productivity growth rates were weighted by 4%. 10.24, 

16.8%,22.5%, and 264 respectively for each year over the five year hg. Then the 

CRAM mode1 was solved for the surn of consurners' and producers' surpluses for each 

year between 2001 and 2005 with the adjusted input/output coefficients. 

The fourth step in deteminhg the gross annual research benefits was to calculate 

the sum of consumers' and producers' surpluses that would of occurred if swine research 

had ceased at the stan of 1974. The estimated lag structure indicates that the supply of 

hogs would not be affected for three years, or u n d  1977. Then between 1977 and 1981. 

the estirnated 25.94 reduction in the hog supply function relative to the year 1976 occurs. 

To calculate the reduction in consurners' and producers' surpluses between 1977 and 

198 1, the input/output coefficients were adjusted by the same procedure that was 

discussed previously for the years 200 1 to 2005. 

The last step in deteminhg the gross annual research benefits was to calculate the 

sum of consurners' and producers' surpluses between 1982 and 2005 under this scenario 

when swine research was assurned to cease in 1974. The values for the sum of consurners* 



and producas' surpluses between 1982 and 2005 were based on assumptions regarding 

what other research sources would conaibute to consumers' and producers' surpluses in 

the absence of Cananian public swine research. Five different scenarios were defined and 

are described in the next chapter. 

The ciifference between the sum of consumers' and producers' surpluses denved 

with swine research and the sum of consurners' and producers' surpluses derived without 

swine research gives the gross annual research benefits for each of the different scenarios. 

In Figure 4.3 the gross annual research benefits cm be observed as the difference between 

the top solid Iine and the bonorn slashed linc. 



Chapter 5 

Aoalysis and Results 

Analysis of Swine Research Costs and Benefits 

The purpose of this chapter is to disniss the calculation and results of all the 

Canadian swine resûarch costs between 1974 and 1997 and the lagged benefits between 

1974 and 2005. The k t  part of this chapter will d i m i s s  the five dinerent scenarios used 

in the interpretation of the estimateci gross annual research benefits. This section will also 

discuss the different analytical variations defined within each scenario. The second part of 

this chapter will discuss the calculateci Canadian swine research effort and the associated 

costs. The las part of the chapter will present the results of the analysis on the retums to 

Canadian swine research. 

5.2 Overview of the Different Scenarios 

In total there are five Merent scenarios examined in this study (see Table 5.1). 

The scenarios provide alternative solutions to the caicuiated gross annual research 

benefits, denved fiom the difference between the calcuiated Canadian Regional 

Agricultural Mode1 (CRAM) results and the calcuiated sum of consurners' and producers' 

surpluses denved in the absence of Canadian public swine research. 



Table 5.1 Overview of the Five Scewios 

Scenario l.A 

Gms Annuat 
Research Benefits 
are attributed CO 

Canadian federal 
swine research 
(1976-1997). This 
scenario is based 
on the estimateci 
supply funciion 
fiom the 
econometric 
results. 

See Figure 5.1. 

Costs of research 
are only Canadian 
federai 
expenditures (plus 
excess burden of 
taxation 38%). 

Scenario 1.B 

Sœnario 1.B is 
the same as 1.A 
except the site of 
the supply shift is 
reduced by 35% to 
16.9%. 

See Figure 5.2. 

The a x t s  are the 
same as in 
Scenario 1.k 

Scenario 1.C 

Scenario 1.C is 
the same as 1 .A 
except it assumes 
a relationship 
exists between 
federal and non- 
federai research 
productivity. 

In 1.C, the without 
federal research 
solution reflects 
the contribution of 
Canadian federal 
research to the 
productivity of 
other Canadian 
swine research. 

See Figure 5.3. 

The c w t s  are the 
same as  in 
Scenario I.A. 

(2) GrOs Annual Research 
Bene& Amibuted to Al1 
Canadian (Public & Private) 

Scenario 2.A 

Gros Annual 
Research Benefits 
are attcibuted to 
aII Canadian 
swine rtsearch 
(1976 - 1997). 
The without 
Canadian research 
solution reflects 
the impact of U.S. 
research spiiI-ins. 

See Figure 5.4 

Costs of research 
are Canadian 
federd (plus 
excess burden of 
taxation 38%) 
plus prwinciai 
(plus excess 
burden of taxation 
66Qa)plus 
universities and 
colleges (plus 
excess burden of 
taxation 38%) 
plus private 
industry 
expenditures. 
(estimatecl to be 
40% of al1 
Canadian PPYs). 

Scenario 
2.B 

In scenario 
2.8 the 
without 
research 
solution is 
rnodified to 
reflect the 
possibility 
chat the size 
of US. 
research 
spill-ins are 
overstated in 
the  
econome tric 
results used 
in scenario 
2 . k  

See Figure 
5.5 

The costs are 
the same as 
in Sceniuio 
2.A 



5.2.1 Scenarios 1.A, l.B, and 1.C: Research Benefits Attributed to 
Canadian Federal Swiae Research 

Scenario 1 .A, 1 .B. and 1.C aîtribute the gross annual research benefits to Canadian 

federal swine research. The gross m u a l  research benefits are measmed as the dinerence 

between the consumas' and producers' surpluses calculated by the CRAM model and the 

consumers' and producers' surpluses that are calculated with out federal research. It is 

assurneci in scenario 1 .A, 1.B and 1 .C that if Canaûian federal swine research were 

terminated, swine research fiom provincial, unntersities and coIieges, the U. S .. and private 

industry sources would continue. In these scenarios a direct interpretation of the 

econorneaic results was applied. The econometric results are presented in section 4.3, 

where it was estimted that a 25.94 reduction in the Canadian hog supply function would 

occur with the complete termination of Canadian federal swine research. 

5.2.1.1 Description of Scenario l.A 

Scenario 1 .A is a direct interpretation of the econometric results derived in section 

4.3, where a 25.9% reduction in supply is attributed to the complete termination of 

Canadian federal swine research. For scenario 1 .A, the total consumers' and producers' 

surpluses calcuiated for the "with-research" solution by the CRAM model is represented 

with the solid Iine between 1976 and 2005 in figure 5.1. The with-research solution 

assumes that swine research was terminated in 1997. The estimated research hg penod 

indicates that the hog supply fûnction would not be afkted for three years after the 

temination of swine research. Then the 25.92 reduction in the hog supply function was 
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Figure 5.1 Scenario l.A: Gross Annual Research Benefits from 
Canadian Federal Swine Research (1976 - 2005) 



simulatexi between 2001 and 2005 relative to the output lare1 in the year 2000. This 

creates a reduction in the sum of consurners' and producers' surpluses over the remaining 

estimated lag period between 2001 and 2005. 

The total consumers' and producers' surpluses calculated for the "without- 

research" solution are represented with the slashed line (see, Figure 5.1). This line 

digresses fYom the with-research solution aftn 1976, sirnulating the effect of a 100% 

reduction in Canadian federal swine research expenditures in 1974. The 100% reduction 

in Canadian federal swhe research expenditures causes the estimated 25.9% reduction in 

the supply of hogs over the 1st five years of the estimatecl lag period relative to the level 

of output in 1976. In order to derive the total consurners' and producers' surpluses 

between 198 1 and 2005 that would of occmed without Canadian federai swine research, 

the 1 98 1 CRAM model calculation was linearly extrapolated fonvard to the 2005 CRAM 

model calculation. These results represent the total consurners' and producers' surpluses 

without Canadian federal research that were assumed to be derived fkom the effect of 

research contributions fkom provincial, universities and colieges. and U. S. spill-ins. 

Research contributions fkom provincial, universities and colieges, and U.S. spill-ins were 

assumed to contribute to the Canadian hog industry's productivity growth. 

The to ta1 gro ss annual research benefits for scenario 1 .A is the difference be tween 

1) the consurners' and producers' surpluses cdculated by the CRAM mode1 and 2) the 

consumers' and producers' surpluses that were calculated without Canadian federal swine 

research, 



5.2.1.2 Description of Scenario 1 B  

Scenario 1.B was developexi to austrate the impact on the calcuiated gross annual 

research benefits fiom a reduction in Canadian federd swine research which in tum causes 

an impact on the supply of hogs. The rationale for the developmnt of scenario 1 .B is due 

to the possibility that the histoncal data used in the econometric model rnay be 

confounded, resulting in rnulticolluiearity betwcen the economic variables defined in the 

hog supply function. 

To explore the possibility that a 25.946 reduction in the supply of hogs might 

overestimate the effect of Canadian federd swine research, this 25.9% value was reduced 

by 356 to 16.8%. The 16.84 change in the supply of hogs relative to the level of output 

in 1976 was chosen because it is an actud CRAM model solution that was calculated for 

1979 the sixth year of the estimated kg penod. This value was then assumed to represent 

the sum of consurners' and producers' surplus in 1981 the last year in the estimated lag 

penod. The values for total consumers' and producers' surpluses between 1976 and 198 1 

were then linearly extrapolated forward kom 1976 to 198 1. 

The same procedure was repeated relative to the level of output in 1997 when 

Canadian federal swine research was assurned to be terminateci. The 16.8% change in the 

supply of hogs relative to the level of output in 2000 was chosen because it represents an 

actual CRAM mode1 solution that was denved for 2003 the sixth year of the estimated lag 

period. This value was then assurned to represent the sum of consumers' and producers' 

surplus in 2005 the last year in the estimated Iag penod. The values for total consumers' 

and producers' surpluses between 2000 and 2005 were then linearly extrapolated fonvard 



Figure 5.2 Scenario 1.B: Adjusted Gross Annual Research Benefits 
from Canadian Federal Swine Research (1976 - 2005) 



from 2000 to 2005. 

For scenario 1 B, the total consumas' and producas' surpluses associated with 

Canadian federal swine research between 1976 and 2005 are represented by the solid h e  

in figure 5.2. The total consumers' and producers' surpluses associated without Canadian 

federal research are represented by the dotted iine. The lines digress nom each O ther 

starhg in 1976, simulahg the effects of a lOû% reduction in Canadian federal swine 

research expenditures. The 100% reciuction in Canadian federal swine research 

expenditures in this scenario was assumed to cause an e s h t e d  16.8% reduction in the 

supply of hogs over the last five years of the esbnated hg period relative to the level of 

output in 1976 and 2000. 

Total consumers' and producers' surpluses without Canadian federal swine 

research are denved by Iinearly extrapola~g the 1981 CRAM mode1 calculation forward 

to the 2005 CRAM mode1 calculation. Total consumers' and producers' surpluses 

without Canadian federd research are assumed to represent the effect of research 

contributions fkom provincial, universities and colleges, and U.S. spill-ins. Figure 5.2 

provides a cornparison between the areas representing the gross annual research benefits 

for scenario 1 .A and 1 .B. 

5-2-1.3 Description of Scenario 1.C 

Scenario 1 .C, was developed to illustrate the possible relationship between 

Canadian federal swine research and Canadian non-federal swine research. Scenario 1 .C 

assurned that the complete termination of Canadian federd swine research would 



Figure 5.3 Scenario 1.C: Adjusted Gross Annuaï Research Benefits 
from Canadian Federaï Swine Research (1976 - 2005) 



adversely affect the producavity of Canadian non-federal swine research In this scenario 

it is assurned that a 10% reduction in the growth rate of the total consumers' and 

producers' surpluses deriveci without Canadian federal swine research wodd occur. 

Figure 5.3 illustrates the estimated gros annual research benefits that would occur as a 

result of Canadian federal swim research when it is assumed that a synergetic relationship 

exists between Canadian federal and Canarlian non-federal swine research. 

In Figure 5.3 the total consumers' and producers' surpluses associated with 

Canadian ftderal swine research between 1976 and 2005 are represented by the solid line. 

The to ta1 consurners ' and producers' surpluses associated without Canadian federal swine 

research are represented by the slashed line. The lines digress from each other starting in 

1976, s irnda~g the effect of a 100% reduction in Canadian federal swine research 

expenditures. A 100% reduction in Canadian federal swine rexarch expenditures would 

cause an estimated 25.9% reduction in the supply of hogs over the last five years of the 

e s h t e d  lag period relative to the output level in 1976. Afier 198 1, the original growth 

rate of total consumers' and producers' surpluses for the without-research solution in 

scenario 1 .A was decreased by 10%. The 10% reduction in the total consumers' and 

producers' surpluses gro wth rate represents the assumed reduction in research 

productivity that Canadian non-federal swine research suffers when Canadian federal 

swine research is completely tenninated. 

In Figure 5.3, it is obsemed that permanent gross annual research benefits are 

derived after 2005. The permanent gross annual research benefits were ataibuted to 

Canadian federal research and were included in the net benefit calculations for t h  



scenario. The permanent gross annual research benefits reprcsent the effms Canadian 

federal research has on swine production producavity into the future. 

5.2.2 Scenarios 2.A and 2-B: Research Benefits Attributed to al1 
Canadian Public and Private Research 

Scenario 2.A and 2.B attributes the gross annuai research benefits to the 

combination of alI Canadian public and private swine research. These scenarios were 

developed to examine the possibility that the research benefits generated fkom Canadian 

federal swine research cannot be separated âom the research benefits generated fiom 

other Canadian swine research sources. If this assumption is correct then the gross annual 

research benefits shodd be attributed to federal, provincial, university and colleges. and 

private sector research sources. 

5.2.2-1 Description of Scenario 2.A 

Scenario 2.A assumes that the total consumers' and producers' surpluses 

maxjrnized by the CRAM mode1 are derived fiom al l  Canadian research sources. To 

account for the full range of Canadian swine research inputs, the benefit and cost 

calcuiations incorporate the research costs for federal, provinciai, universities and colleges 

and private sector research. The gross annual research benefits calculatecf in scenario 2.A 

are measured as the ciifference between total consumers' and producers' surpluses with 

Canadian research and total consurners' and producers' surpluses without Canadian 
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graphed with the slashed line. The di&zence between the top solid line and the middle 

dashed line represents the g ros  annual research benefits attributed to dl Canadian 

research. In Figure 5.4, it is obsaved that pexmanent gros annual research benefits are 

derived after 2005. The present vaiue of the perment gross annual research benefits 

were attibuted to Canadian swine research and were included in the net benefit 

calculations for this scenario. The permanent gross annual rescarch bniefits represent the 

effects Canadian swine research has on swine production productivity in the future. 

5-2-2-2 Description of Scenario 2.B 

Scenario 2.B is a modification of scenario 2.A. It is developed to account for the 

possibility that some of the effects of Canadian swine research were included in the 

econometric coefficient measuring the effects of the U.S. swine research. In t h  scenario 

the growth rate of total consumers' and producers' surpluses atmbuted to the U.S. 

research spiii-ins cdculated for scenario 2.A were reduced by 108. The estimate of 10% 

is used to illustrate the potential impact fiom the possibility that the effects from the U.S. 

swine research spiII-ins were overstated in the econornetric analysis. 

In Figure 5.4 the bonom dotted and slashed line represents the 106 reduction in 

the growth rate of consumers' and producers' surpluses without Canadian swine research. 

The diflerence between the top solid h e  and the bottom dotted and slashed line represents 

the gross annual research benefits anributeci to all Canadian public and private swine 

research. 



5.2.3 Overview of the Different Variations 

Twenty-seven variations of the results were derived for each scenarîo. These 

variations consider low, medium, and high productMty growth rates; low , medium, and 

high price levels; and three different discount rates. In each scenario, the base solution is 

represented by the medium productMty growth rate, the medium price leveI, and a 5% 

discount rate. 

In totai, nine dflerent vasions for the sum of consumers' and producers' surpluses 

were solved by the CRAM model for each scenario. The version that represents the base 

solution ernploys the average historical growth rates for the swine input and output 

coefficients and the actual 1996 input and output pnces. This version of the model is 

defincd as the medium productivity and medium price version. 

The eight other versions of the model were calculated by adjusting the average 

historical growth rates and pnces. High and low price levels were established by raising or 

lowering the 1996 pnces by 108. Medium productivity growth rates were onginally 

detexmined by the average historicai growth rate for the input and output coefficients in 

the CRAM model's objective function. Starting in 1996, the input and output coefficients 

were projected back to 1976 using their average historical productivity growth rate. To 

derive the hïgh and low productivity growth rates, the projected medium 1976 value was 

used as the starthg year. The input and output coefficients' year to year growth rates 

were then projected fonvard at 1 10% and 90% of their average histoncal growth rate. 

The nine dinerent versions for the sum of consumers' and producers' surpbses are 

deriveci from the combinations of low, medium, and high average historical growth rates 



and low, medium, and high output prices. The resuits tiom the nine di&rent versions are 

evaluated with three different real discount rates, The three real discount rates used in the 

snidy are 3%. 5%. and 7%. The discount rates were chosen to be consistent with 

previous Agiculture and A@-Food Canada studies and to reflect the range of real inrerest 

rates that ocnimd over the period of this snidy. 

The nine different variations for the sum of consumas' and producers' surpluses 

derived fkom the CRAM mode1 when evaluated with three different discount rates 

produces twenty-seven variations for each scenario. There are five scenarios developed in 

this study each containhg twenty-seven variations. Therefore, one hundred thirty-five sets 

of results are reported. 

5.3 Canadian Public and Private Research Effort 

The purpose of this section is to describe the calculation of the research effort 

made by the Canadian public and private swine research institutions. The first part will 

describe the calculation of the Canadian public swine research effon. The second part will 

describe the calculation of the Canadian private swine research effort. Fmally, the last part 

will describe the calculation of the unit cost of Canadian swine research and apply the unit 

cost to the respective levels of swine research effort. 

53,l  Calculation of the Canadian Public Swine Research Effort 

The Inventory of Canadian Agricultural Research (XCAR) database is the most 



comprehensive source of information on agridmal research actRrity in Canada With the 

assistance of the Inventory of Canadw Agricuitural Research staff, a kt of ali projects 

directly associateci with swine research in Canada was complied. Projects specincally 

focusing on swine research were included in the selection process dong with projects 

where swine was one of a group of livestock or red m a t  cormnodities k i n g  researched. 

In the commodity-grouped projects, the research effort for swine was derived by dividing 

the total professionai person years (PPY) by the number of commodities involved in the 

project. 

The Inventory of Canadian Agricuitural Research data includes an estimate of 

professional person years for each project that is subrnitted fiom Agriculture and Agi- 

Food Canada, the provincial govemments. and the universities and coiieges. These 

professional person years were used in this study to describe the arnount of research effort 

committed to swine research over the observed time penod. Table 5.2 iists the total 

professional person years for each public research institution. The total Canadian public 

swine research professional person years are used in scenario 1 .A, 1 .B, and 1 .C to 

calculate the to ta1 net benefits derived fiom Canadian public swine research. 

5.3.2 Estimation of the Canadian Private Swine Research Effort 

Due to the fact that the Ievel of activity of Canadian private swine research is 

generally not reported in the Inventory of Canadian Agridtural Research, an estimation 

of the level of the Canadian pnvate swine research effort was requiseci. First, a brief 

review of previo usly estimated private sector agriculturd research contributions is 
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Table 5.2 Annual Public Professional Person Years for Swine 
Research in Canada (1974 - 1997) 

Year Agriculture & Provinciai Universities & T o t -  Canadian 
Agri-Food Governments Coiieges Public PPYs 
Canada 

1997 2233 1.69 38.05 62.06 

Annual 
Average 20.24 3.53 51.6 75.38 
Average 

Distribution 27% 5% 68% 100% 

Source: Agriculture and A@-Food Canada Inventory of Canadian Agnculmral 
Research. Various Years. 

Note: 1974-1976 and 1997 are linearlyextrapolated fkom the existing data. 
1978, 1981, and 1983 are hearly interpolateci fiom the existing data. 



provided. This review semes to evaluate the authenticity of this study's estimateci private 

sector agicuItural research effort. 

Ruttan and Ray (1987) state, that due to the Iack of quantitative data on private 

sector research our knowledge of their contribution towards output is quite limite& 

Therefore, rnany estimations have been made on the level of effort made by pnvate 

agricultural research fnms in the last nfty years in North Arnerica. 

Crosby (1987) estimated that U.S. private sector agriculnual research expenditures 

were approximately 6 6 4  of public sector research expenditures between 1970 and 1985. 

The United States Department of Agridture's, Economic Research Service (1996) has 

stated that in the U.S. private sector agricultural rescarch expenditures have now actudy 

surpasseci that of public sector agridtural research. Likewise, White (1995) States that 

U.S. public and private expenditures for agricultural research were both approximately ar 

the sarne level in 1950, but that private sector expenditures have grown more rapidly than 

public sector expenditures. Now, White (1 995) and Frisvold et al., ( 1998) state that 

private sector expenditures for agridtural research are approximately double the level of 

public sector expenditures in the US. 

With respect to Canada, Guitard (1985) estirnated Canadian private sector 

agricultural research to be 15% of public sector research expenditures in the 1980s. 

Brinkman et ai-, (1985) conducted a market survey and calculated Ontario pnvate sector 

agricultural research to be 2216 of Ontario public sector agicultural research expenditures 

between 1950 and 1970. Ail of these studies were concemed with farm level production 

hproving research and not agi-food processing research. A cornparison of the estimated 



levels of private sector agrkdturaI research fiom these studies shows a great deal of 

variability. Theze is also a considerable Merence in the estunated levels of private sector 

agricultural research between the US. and Canadian smdies. 

For this study Canadian private sector swine research was estimated by Dr. R. 

Hacker, a swine researcher fkom the Department of Animal and Poultry Science at the 

University of Guelph, and the Program Dmctor of anmial science research at the 

University of Guelph Dr. R. Hacker estunated current private of f - fm swine research to 

be 40% of the calculated Canadian public swine research professional person years. This 

estimate is based on an informal accounting of Canadian private sector professional swine 

researchers. This esthate falls between the estimates fiom the U.S. and Canadian studies. 

If the previous Canadian studies had underestimateci the level of private sector agiculturd 

research they would have overestimated the net benefits and rates of r e m  kom public 

research expenditures. Therefore, the 40% estimated Level of Canadian private sector 

research is appropriate for this study because it falls approximately in the middle of the 

range deiïned by the U.S. and Canadian studies. Secondly, the 40% estimated level of 

Canadian private seaor research is appropriate because it is consistent with the 

conservative approach followed in this stud y. 

Table 5.3 lists the annual total professional person years for Canadian public swine 

research, the estimated total professional person years for Canadian private swine 

research, and the sum of professional person years for Canadian public and private swine 

research. The total Canadian public and pnvate swine professional person years will be 

used in scenario 2.A and 2.B for the calculation of total Canadian public and pnvate swine 



Table 53 Annual Public and Private Professional Person Years for 
Swine Researeh in Canada (1974 - 1997) 

Year Total Canadian Total Canadian Total Canadian Public 
Public PPYs Private PPYs & Private PPYs 

Note: 1) Total Canadian public professional person years (PPYs) is taken kom Table 
5.1. 
2) Total Canadian private professional person years (PPYs) is calcuhted at 404 
of the total Canadian public professional person years. This estimation was 
provideci by Dr. R. Hacker, Department of Animal and Poultry Science, University 
of Guelph. 



research costs. 

5.4 Caiculation of Canadian Researcb Costs 

The Inventory of Canadian Agricultural Research database does not contain cost 

or expenditure information with respect to the individual swine research projects. 

Therefore. a general rnethod was employed to calculate a homogeneous research unit cost 

for the calculated professional person years. 

Agriculture and Agri-Food Canada's Research Branch Main Esrimures (1996) 

publication calculates annual total costs allocated by research activity. The total costs 

allocated by research ac tivity include ail the fixe& variable, professional and technical 

person year costs incumd during thû study's base year 1996. The research activities 

include resource conservation research, crop research, animal research, and food research. 

Aninial research is broken dom into beef. daby, swine, poultry, and sheep. The number 

of professional person years associated with each sub-activity is provided. Accounting for 

ai l  fixed, variable. professionai, and technical costs, a total cost of $407,000 is associated 

with each professional person year for swùie. 

Since other public research institutions and private research institutions do not 

provide comprehensive cost and expenditure information, the Agriculture and Agi-Food 

Canada estirnate was assumcd to be a representative unit cost for ali the observed 

professional person years. Therefore, the Agriculture and Agri-Food Canada's unit 

research cost was used to calculate the Canadian swine research expenditures in scenario 

1.A, 1.B' l.C and scenario 2.A and 2.B. 
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The fkst step in calculating the total swine research costs for the Canadian federal 

govennnent, the provincial goveniments, the universities and colleges, and for the pnvate 

rescarch sector was to multiply the5 annual professional person years by the unit cost 

($407,000) respectiveIy. This generates total research expenditures by the public sector 

and the pnvate seaor in constant 1996 prices. 

The second step in calculating total swine reseaxch costs for the Canadian federal 

govemrnent, the provincial govemrrients, and the universities and coiîeges sector was to 

incorporate an e s t h t e  of the mginal  excess burden of taxation. The marginal excess 

burden of taxation is defined as the deadweight loss to the economy that is created 

through taxation. Govemment research expenditures which are financed by taxation create 

an additional expense in the collection and reallocation of fbnds. This is cded the 

marginal excess burden of taxation. This additional cost has generaily k e n  ignored in past 

studies on the r e m s  to agricultural research. Excluding the marginal excess burden of 

taxation results in an overestunation of the estimated net benefits and returns to public 

research (Alston et al., 1990: Fox, 1995 and Economic Research Service, 1996). 

Therefore, the marginal excess burden of taxation should be included in the unit cost of 

research to capture the complete cost of the research expenditure. Since the private 

sector's research expenditures are not hanced through taxation, the marginal excess 

burden of taxation is not included in the calculation of total private swine research 

expenditures. 

There is a growing literature that has estimated the size of the marginal excess 

burden of taxation in Canada (Ballard et al., 1985; Alston et a[., 1990 and Dahlby, 1994). 



Studies exanriining the matpinai excess burden of taxation have produced a range of 

estimates. Alston et al-, (1990) estimated the marginal excess burden of taxation in the 

United States to be in the range of 20% to 50%. Based on various combinations of 

assumptions about contnbntory factors, Browning (1987) estimateci the marginal excess 

burden of taxation to be in the range of 101 to 300%. Lady, Fidlay et al.. (1 982) 

estimated the marginal excess burden of taxation in Ausaalia to be in the range of 2 3 4  to 

65%. 

With respect to Canada, DahLby (1994) measwed the distoning effects of 

increasing taxation by calculating the marginal cost of public h d s  or marginal excess 

burden fkom taxing labour incorne. Dahlby States that the marginal cost of public funds 

will exceed 1 .O if the reallocation of resources in the economy in response to the tax 

increase leads to a reduction in total net output. Dahlby estimated the average marginal 

cost of public funds for the basic persona1 incorne tax rate of Canadian provincial 

governrnents' to be 1.66 in 1993. The marginal cost of public hinds for the Canadian 

federai government's basic personal incorne rax rate was estimated to be 1.38 in 1993. 

Therefore, the marginal excess burden of tax revenue is 66% of provincial research 

expenditures and 38% of the federal government 's research expenditures, per dollar of tax 

collec ted respectively. 

These estimates for the marginal excess burden of taxation where applied to the 

appropriate professional person years in the caiculation of the total Canadian federai 

govemment, the total provincial govemments, and universities and colieges expenditures 

on swine research. The federai govenunent's estimated marginal excess burden of 



Table 5.4 Calculated Canadian Public Swine Research Expenditures 
(1974 - 1997) 

- -- . -  - -- 

Year Total Canadian Total Canadian Total Canadian Total Canadian 
Federal Swine Provincial Swine University Public Swhe 

Research Research & CoUege Swine Research 
Expenditures Expenditures Research Expenditures 

Exwnditures 
($ûûûs, exuressed in constant 1996 mices) 

1974 7,808 1,710 16,471 25.988 
1975 8,127 1,776 17,638 27.541 
1976 8,446 1,842 18,805 29-04 
1977 8,195 1,169 16-13 1 25,494 
1978 8.082 1 3 0  17355 26,687 
1979 7,970 1324 18580 27,874 
1980 9,790 1.696 17,95 1 29.436 
1981 11.121 2.250 21,012 34.382 
1982 12,452 2.797 24,073 39,322 
1983 11,317 2.912 29,195 43,424 
1984 I0.189 3,027 34.3 12 47527 
1985 10.03 1 2.702 37,49 1 50225 
1986 1 1,649 2.6 15 37,687 51.951 
1987 12239 2.973 32.335 47546 
1988 1 1.683 2,912 34,104 48,698 
1989 10.166 3,067 3754 1 50.775 
1990 16,608 3,175 26,673 46,457 
1991 16,766 4,033 46.472 67.27 1 
1992 13598 3.324 49,376 66,297 
1993 15,946 3,148 52583 7 1,677 
1994 12,188 2,730 35,800 50.7 18 
1995 13,862 1.9 12 24,837 40.6 10 
1996 12.1 15 1,743 27.7 18 41.576 
1997 12.540 1.142 21.371 35.053 

Notes: 1) Total Canadian public expenditures are the sum of the Canadian federal, the 
provincial, and the universities and colleges research expenditures. 
2) AU research expenditures are calculated with Agriculture and Agri-Food 
Canada's Main Estimates (1996) derived unit cost of $407,000. 
3) AU research expendmires are inclusive of the estimated marginal excess burden 
of taxation. 



Table 5.5 Calculated Canadian Public & Private Swine Research 
Expenditures (1974 - 1997) 

Year Totaï Canadian %DÏÏ Canadian TOM canacli& 
Pubiic Swine Private Swine Public & Private 

Research Research Swhe Research 
Expenditures Expendinires Expenditures 

6OOûs. ex~ressed in constant 19% mices) 

1974 25,988 7,449 33,438 
1975 27,541 7.896 35,437 
1976 29,094 8343 37.437 
1977 25,494 7333 32,827 
1978 26,687 7,674 34362 
1979 27.874 8,015 35.889 
1980 29,436 8,449 37,886 
1981 34382 9.856 44.238 
1982 39,322 11261 50583 
1983 43,424 12,444 55,869 
1984 47527 13.628 61.155 
1985 50.225 14.426 64,650 
1986 51,951 14.930 66.88 1 
1987 47.546 13,636 61,182 
1988 48,698 13,973 62.672 
1989 50,775 14567 65,342 
1990 46,457 13.3 11 59.767 
199 1 67-27 1 19,302 86,572 
1992 66397 19.054 85.35 1 
1393 7 1,677 20,622 92.298 
1994 50.7 18 14567 65,285 
1995 40.6 10 1 1,678 52.288 
1996 41576 1 1,966 53,542 
1997 35.053 10,103 45,156 

Notes: 1) TO ta1 Canadian public and pnvate expenditures are the sum of the to ta1 
Canadian public and private research eqenditures. 
2) AU research expenditures are calculated with Agriculture and Agri-Food 
Canada's Main Estimates (1996) derived unit cost of $4O7,OOO. 
3) AU research expenditures are inclusive of the estimated marginal excess burden 
of taxation. except the private research expenditures. 



taxation was applied to the professional person years of the univershies and colleges. This 

was a s s u d  mriply kause  of the compkx natiire of cornbined research funding fiom 

federal and provincial sources for a single researcher at the University and college leveL 

Table 5.4 lists the total annual swine research expenditures for the Canadian federal 

govenunent, the provincial govemments, and the universitics and colleges. Table 5.4 &O 

lists the annual sum of all Canadian public swine research expenditures between 1974 and 

1997. Table 5.5 lists the total muai Canadian public and private swine research 

expendîmes between 1974 and 1997. 

5.5 Analysis of Net Benefits from Canadian Swine Research 

Publicly funded research projects are arnenable to econornic analysis. This is one 

method in which government institutions cm evaluate ex post their docation of 

agricultural research resources. The eco nornic analysis of Canadian swine researc h 

expenditures in this study employs the foliowing rneasurements: the net present value 

(NPV), the benefidcost ratio, and the intemal rate of return (IRR). 

This study uses a multi-year framework that measures the benefits and costs in real 

dollar terms. Two factors that Muence the value of the benefits and costs therefore must 

be accounted for. Fust, research benefits and costs are separatecl in tirne. Expendinires 

in research today generate benefits in the future. Therefore. tune preference or 

discounting need to be taken hto account. Past expenditures in research need to be 

discounted to reflect their real value at the tirne of investment. Three different discount 

rates (3%, 5%. and 7%) were applied for each scenario and variation. The discount rates 



were chosen to maintain consistency with previous Agricuiture and Agri-Food Canada 

studies on the econornic benefits of agricultural research. The discount rates also 

represent the range of real interest rates that occurred over the period of this study 

(Agriculture and Agri-Food Canada, 1996). 

Secondly, goverrmicnt policies and agriculturai input and output prices have 

changed over the O bserved time period. This creates a pro blem with respect ro the 

calculated benefits of research king confounded with the effects and incentives created 

fYom government policies or market prïce changes. This problem is removed by setting ail 

prices in the analysis to 1996 price levels. 

5S,1 Summary of Results from the Analysis of Net Benefits from 
Canadian S wine Research 

In Table 5.6 a su- of the economic analysis is presented. Table 5.6 presents 

the base solution results of scenario 1 .A, 1 .B, 1 .C, 2.A and 2.B. These base solution 

results are calculated using the medium price variation, the medium productivity growth 

rate variation, and the 5% discount rate variation. The following sections describe the 

method of caiculating the net present value, the benefit/cost ratio, and the intemal rate of 

r e m .  Lastly, the range of resuits from each scenario and variation are presented. 

Description of the Calculation for the Net Present 
Values 

The net present value calculates the present value of the total benefits minus the 



Table 5.6 Summary of the Economic Analysis of Canadian Swine 

Research for each Scenarioys Base Solution 

Scenario 

- - -  

1.A Gross Annual Research 
Benefits Attributed to Canadian 
Federal Research 

l.B 1 .A adjusted for iiiustration of 
a reduction in the effect Federai 
swine research has on the supply 
of hogs 

1.C 1 .A adjusted fot  illustration of 
a Federal and non-Federal 
research productivity relationship 

2.A Gross Annual Research 
Benefits Attributed to Ali 
Canadian Research 

2.B 2.A adjusted for illustration 
of a possible confounding effect 
between Canadian and U.S. 
research contributions 

Net Resent 
Value ($000) 

9,667,390 

Benefit Cast 
Ratio 

Interna1 Rate of 
Return (% ) 

Note: 1) The base solutions are calculated using a 5% discount rate discounted to the 
base year 1996, medium productivity growth rates, and medium price variations. 

2) AU the benefit measurements are calculated using real 1996 prices. 



present value of total expenditures. The net present value may be expresseci as: 

GARB, -C ResearchCosts, 
N P V = ~  

(1 +i), (1 +r)' 

Where: 

GARB, = gross annual research benefits in the ith year, where 1974 and 2005 
represent the fbst and last years, 

Costs, = total costs or expenditures in the ith year, calculateci with red 1996 
prices, where 1974 and 1997 represent the first and last years, 

r = red discount rate, the discount rates employed are 3%. SQ, and 74. 

t = number of years discounted to the defined base year. the base year in 
this analysis is 1974. 

A positive net present value indicates that an investrnent is wonhwhile for a 

pamicular discount rate. The calculation of the net present value is considered an 

appropriate tool to employ when ranking similar projects by order of net economic 

benefit. Each project is discounted ar the same rate and the resulting calculations can be 

compared in absolute tems. For this study, there are no direct cornparisons made with 

other projects. The net present value simply provides an overaii sense of the impact that 

swine research has on the industry and sector. 

5-5.1.2 Description of the Calculation of the Benefit / Cost Ratios 

The benefitlcost ratio is the discounted value of the sum of the gross annual 

research benefits divided by the discounted value of the sum of the annual costs or 

expenditures. The benefiYcost ratio rnay be stated as: 
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The ùenefit/cost ratio is considered an appropriate analysis tool to use when 

measuring the average economic benefit reninied fiom the costs incmed. If the project 

evaluation assumes that the alternative research projects have constant retums to scale, 

the benefivcost ratios can be used to rank the projects by the incremental value of the 

next dollar invested. 

5-5.1.3 Description of the Calculation for the Interna1 Rate of 
Returns 

The intemal rate of r e m  is the value for r (expressed in percentage tems) which 

reduces the net present value to zero. The internal rate of r e m  may be stated as: 

GARB, - Costs, 
0-CZ-O 

(1 +plt 

Where: 

P = the intemal rate of r e m  

The internal rate of retum can be used to compare alternative research projects 

and provide an overd sense of the research investment. The internal rate of r e m  can 

be compared with alternative investment instruments, such as the bank rate. The 

disadvantage of the intemal rate of r e m  is that it assumes aU econornic benefits from a 
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research project cm be reinvested at the same rate of eaming. As weli, complex research 

projects whcre the net cash flow is negative more than once may produce non-unique 

intemal rates of r e m .  In this snidy the fiow of benefis and expenditures are not 

complex. Therefore, an interna1 rate of r e m  is obtainable for the different scenanos. 

5.5.2 Calculated Range for the Returns on Research Expenditures for 
each Solution 

Table 5.7 provides a summary of the range or maximum and minimum boundaries 

of the calculated returns for each of the five scenarios. The range of returns encompass aU 

the variations for each of the previously defineci productivity growth rates, price levels, 

and discount rates. When considering aU the scenarios together, the rnaximum and 

minimum boundaries of the calculateci net present values are $4.3 billion to $20.8 billion. 

The maximum and minimum boundaries of the caiculated benefidcost ratios are 3 -2 to 

40.4. Lastly, the maximum and minimum boundaries of the cdculated intemal rates of 

r e t m  are 37.21% to 145.02%. 

5.5.3 Sensitivity Analysis of the Variations in each Scenario 

This section presents the results of the sensitivity analysis. The sensitivity 

andysis examines how the variations in the CRAM model and the variations on the 

CRAM model' s output affect the calculated economic benefits. The variations in the 

CRAM 



Table 5.7 Summary of the Range for the Returns on Research 
Expenditures for each Solution 

l.A Grass Annual Rcsearch 
Benefits Attributed to Canadian 
Federal Research- 

1.B 1.A adjusted for illustration 
of a reduction in the effect 
Federal swine research has on the 
supply of hogs. 

1.C 1.A adjusted for illustration of 
Federai and non-Federal research 
productivity relationship. 

2.A Gros Annuai Research 
Benefits AtÛibuted to AU 
Canadian Research. 

2.B 2.A adjusteà for illustration 
of possible confounding effect 
between Canadian and US. 
research contributions. 

Net Present Value 
($ooo) 

--- 

Internai Rate 
of Retum f % ) 



mode1 were the high, medium, and low variations of the market hog price and the 

productivity growth rates for the defineci input-output variables. The variations on the 

CRAM model's output were the 3%,5%, and 7% variations in the discount rate. 

The sensitivity analysis describes how a 1% change in the discount rate, market 

hog pnce, and productivity growth rate affects the calculated net present value and the 

benefit cost ratio, while all other variables are held constant. The result of this calculated 

relationship is referred to as an elasticity. An elasticity is calcdated by deriving the 

percentage change in the independent variable divided by the percentage change in the 

dependent variable. Table 5.8 summarizes the average net present value and average 

benefit cost ratio elasticities for each scenario. 

From Table 5.8 it is observeci that a 1% change in the market hog price variable 

has the greatest impact on the net present value for each scenario. where, on average. a 

1 8  change in the pnce of market hogs would increase the net present value by 4.5%. On 

average, a 1 % change in the discount rate decreases the net present value by -0.099. 

Lastly, on average a 1% change in the input-output productivity growth rates increases 

the net present values by 0.844. 

The calculated elasticities in this study identify the strength of the econornic 

relationships. The econornic relationships that are examineci are between the discount 

rate, market hog prices. and the input-output productivity growth rates with the overall 

net present value of Canadian swine research. 



Table 5.8 Sensitivity Analysis for each Scenario's Base Solution 

1.A 1.B 1.C 2.A 2.B Average 
Elasticity o f  
the Net 
Present - - - - - - - - - - - -  - - 

Variables Average E l d d t y  of the Net Present Values Values from 
each 
Scenario 

- -- - - -- 

Discount Rate -0.14 -0.23 -0.07 -0.004 -00.2 -0.089 

Market Hog Prices 4-1 1 4.0 1 4.10 5.41 5.25 4.576 

Productivity Growth 0.54 0.62 0.64 1.20 1.20 0.840 

Average Elasticity of the Benefit Cost Ratios Average 
Elasticity of 
the Benef'ït 
Cost Ratios 
Prom eacb 
Scenario 

Discount Rate -0.18 -0.17 -0.24 -0.36 -0.37 -0.264 

Market Hog Prices 3.88 3.72 3.89 4.26 4.20 3.99 

Productivity Growth 0.52 0.59 0.62 1.00 1.07 0.748 



Chapter 6 

Conclusions 

6.1 Summary and Implications 

The purpose of this final chapter is to summarize this smdy and discuss the 

implications of the results. The fïrst section will su- the purpose of this study and 

the rnethods used to acquire the h a 1  results. The second section will discuss the 

implications of the calculated results. The last section will discuss some of the possible 

limitations of the study and further research possibilities. 

6.2 Summary of the Purpose and Methods 

This study has employed a economic surplus approach to estimate the net benefits 

fkom swine research expenditures in Canada between 1974 and 1997. With an 

examination of the actual swine research literature revkw and the input/output coefficients 

it is possible to assume that there is a relationship between Canadian swine research 

expenditures and the hproved quaüty and productivity observed in the industry. 

However, this observation does not indicate the reIative benefits or costs associated with 

the allocation of research resources fÎom both the public and private sector. Therefore, 

the purpose of this study was to employ a multi-product mode1 entitled the Canadian 

Regional Agricultural Model to measure the economic net benefits derived fiom Canadian 



federal swine research in relation to otha Canadian agricdtural cornnodities. 

The Canadian Regional AgricuItrtfal Mode1 ernployed a positive mathematical 

programming technique. The positive mathematical prograniming technique eaabled the 

mode1 to optimize the surn of consumers' and producers' surpluses based on the observed 

actual level of output Li the snidy's base year without any constraints defined in the 

modeL 

To calculate the gross annual research benefits. the econornic surplus derived in 

the absence of Canadian swine research needed to be eshated. To accomplish this, the 

Canadian hog supply function was estimateci to describe the relationship between 

Canadian federal swine research expenditures and the supply of hogs. It was then 

estimated that in the absence of Canadian federal swine research the suppIy of hogs would 

be reduced by 25.9%. 

The next step was to calculate the net benefits. The net benefits were calculated 

by deducting the gross federal swine research expenditures fiom the gross annual research 

benefits. Five scenarios were developed to account for any possible confounding effects 

resulting fiom Canadian provincial, pnvate, and U.S . swine research. 

6.3 Implications 

The purpose of this study was to derive quantitative econornic information that 

would seme in the evaluation of the economic viability of past Canadian federal swine 

research expenditures. It is observed fkom the findings presented in chapter 5 that past 

Canadian federal swine research has derivived high rates of r e m .  The net present value of 
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the base solutions for pst Canadian federal research is found to range betwem $7.6 to 

$12.1 billion constant 1996 dollars. The benefit/coa ration of the base solutions for past 

Canadian federal research is found to range between $6.4 to $1 .O0 to $22.40 to 5 1.00 

constant 1996 dollars, 

These results suggests that the previous annual allocations of research resources 

fiom Agriculture and Agi-Food Canada's Research Branch to swine research prograrns 

were economically viable. However, thk does not mcan that ail fiiture docations of 

research resources will be equaliy viable. 

The objectives of this study were also to derive quantitative econoxnic information 

of the r e m s  to Canadian federal swine research using a muui-market n;odel The 

purpose of using this method was to generate results that would be comparable to other 

studies that have employed a mulf-market modeL Cunently, three other studies have 

employed the CRAM mode1 and similar methods to quant* the retums to research in the 

beef, potato, and wheat industries (Klein et al., 1994; AAFC, 1996; Klein et al., 1996). 

Table 6.1 presents the findings f3om each of these studies. It would now be possible to 

include this study in a comparative analysis with the other previously completed studies. 

6.3.1 Other Implications 

The calculateci r e m s  fiom Canadian federal swine research expendîmes are 

interpreted as the economïc benefits attributed to Canadian federal swine research in 

relation to other Canadian agricultural cornmodities. The economic benefits represent the 

s u m  of the value that consumers save and the value that producers gain. For exarnple, 
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Table 6.1 Cornparison of the Economic Benefits and Costs 
Found in Other Returns to Agriculhiral Research 
Studies that Employed the CRAM Model 

Swine Beef Potato Wbeat 
Researcb Researc hl Research2 Research3 

NPV 7.6 - 12.1 2-9 - 15.2 3.8 - 8.9 0.2 - 4.1 
(Billions of 1996 
dollars) 

Research Unit 407,000 d a  360,000 357,680 
Cost 
$ / P.P.Y 
( 1 996 dollars) 

Sources: ' Klein et al., 1994. 
A.A.F.C., Poiicy Branch, 1996. 
Klein et al., 1996. 



increases in technical efficiency derived through livestock research has reduced the total 

level of inputs and costs required to produce a market hog, thus increasing consumers' 

and producers' surpluses. This can be observeci in the caiculated input coefficients listeci 

in Table 4.3. One example of the reduced demand for inputs is illustrateci by the 

cdculated feed rquirernent for growing hogs ( t o ~ e s  of feed barley / hog space / year). 

The volume of feed barky per hog space decreased by an annual average of 1.55%. 

There are also other observable benefits firom productivity improving swine 

research. For example, the land requirements or total number of hectares required to 

produce the required level of hog feed has k e n  reduced. To calculate the total feed 

barley land requirement, the total number of hogs produced in 1996 (9,892,039) was 

multiplied with the required feed barley per hog space per year (tomedhog space/year)', 

divided by the average number of hogs per hog space per y e d .  This produces the to ta1 

amount of feed barley required per year (tomes/year). Then tbis figure is divided by the 

average per hectare yield (t~nnes/hectare)~. This produces the total amount of land 

(hectares) required to produce the total amount of feed barley. For the different 

cornparisons discussed below the required feed barley per hog space per year and the 

Hog feed barley requirement in 1996 = 0.7377 t o ~ e s h o g  space/year. 
Hog feed barley requirement in 1976 = 1.1489 tonnes/hog space/year. 
(Table 4.3). 

Average number of hogs per hog space per year = (365 days / 150 days) = 2.4 

' Average barley yield in 1996 = 3.0 tomeshectare. 
Average barely yield in 1976 = 2.2 tomeshectare. 
(S tatistics Canada. Agicultural Division. Crops Section. Cereals and Oilseeds Review. 
Mach 1998. Catalogue #22-007-XPB.) 



avexage per hectare yicM were adjusted accordingiyY 

To produce the actual numba of hogs obsmred in 1996, whilc applying the 1996 

Ievel of hog feed requkernents and the 1996 barley yieki levels, approximately 1 ,O 13,522 

hectares of land are rquired. This calculation is cailed A To produce the acnial number 

of hogs observed in 1996, while applying the 1976 level of hog feed requirements and the 

1976 barley yield levels, approximately 2,152,455 hectares of land are required. This 

caldation is calleci B. The dinerence between these two calculations (B-A = 1,138,933 

ha) represents the total number of additional hectares that would have been required for 

the purpose of feeding the actual nurnber of hogs produced in 1996, if the changes in crop 

yields and hog feed rations between 1976 and 1996 had not occurred. 

To produce the actual number of hogs observed in 1996, while applying the 1976 

level of hog feed requirernents and the 1996 barley yield levels, approximately 1.57 8,467 

hectares of land are required. This calculation is called C. The dinerence between 

calculation C and A (C-A = 564,945 ha) represents the total number of additional hectares 

that wouid have been required for the purpose of feeding the actual number of hogs 

produced in 1996, if the changes in hog feed rations between 1976 and 1996 had not 

occuned. 

Lastly, to produce the actual number of hogs observed in 1996, while applying the 

1996 level of hog feed requkernents and the 1976 barley yield levels, approximately 

1,382,075 hectares of land are required. This calculation is called D. The difference 

between cdculation D and A (D-A = 368,553 ha) represents the total number of additional 

hectares that would have beem required for the purpose of feeding the actual number of 



hogs produced in 1996. if the changes in feed barley yields between 1976 and 1996 had 

not occmed. 

Limitations of the Study 

This 1st  section will address some possible liniitations of this study. First, the 

smdy employed a multi-market fkamework that was strucnired in the Cansnian Regional 

AgxtdturaI ModeL This mode1 allowed for mdti-market interaction between the major 

Canadian agricultural industries. Howeva, the multi-market model does not consider any 

industries outside of the agricultural sector. A multi-market mode1 that linked a i l  

indusmes would be considered ideal for this type of study. 

Second, this study's calculated rates of return to swine research expenditures 

includes the impact of changes in other indusmes in the Canadian agricultural sector. 

However, the rates of returns from this study rnay still be overesrimated due to the critical 

assumption in the multi-market model of perfect optimization or profit maximization and 

cost rninimization. 

Third, this study developed an e c o n o d c  model to estimate the srrength of the 

relationship between the independent variable, Canadian federal swine research 

expenditures, and the de pendent variable the supply of market hog S. Further rnanip datio n 

of this mode1 has produced varying results with respect to the es th ted  elasticity for 

Canadian federal swine research This finding suggests an overail weakness in the 

robustness of the model and the econometric rnethods. 

Lastly. because of the unavaüabiiity of private sector swine research expenditures a 



heurimc estirnate was employed. ûther studies suggested even higher levels of private 

sector swine research expendinnes. Therefore, the caIcuhted rates of r e m  may be 

overestimated. 

Despite the previously discussed limitations, the study anenipted to adhere to a 

conservative method, where the costs were overestimated and the benefits were 

underestimateci. This method sa produced rates of r e t m  for Canadian swine research 

comparable to previous studies. 

Further midies may be interested in linking other sectorial mathematical 

programmbg models to the Canadian Regional Agricuhd ModeL This would increase 

the robustness of the calculated rates of r e m  fkom agricultural research by including the 

implications on other sectors of the Canadian economy fkom these expenditures. Further 

studies rnay also be interested in Linking bio-physical resource models to the Canadian 

Regional Agicultural ModeL This procedure would allow for the observation of how 

dinerent allocations of research expenditures affects the bio-physical resources (e-g. soil) 

employed in agriculture ovenime. 
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