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LIVESTOCK AND DERIVED FEED DEMAND IN THE WORLD GOL MODEL. By Donald W. Regier. 
 
Foreign Demand and Competition Division of the Economics, Statistics, and Cooperatives 
 
Service, U.S. Department of Agriculture." Foreign Agricultural Economic Report No. 152. 
 

ABSTRACT 

Projected alternatives imply that the world livestock sector acts as a large 
secondary world grain reserve. This conclusion emerges from analysis of the projec
tion performance, economic structure, and documentation of the livestock sector in 
the Horld GOL Model, a computer model of the world grain, oilseed, livestock (GOL) 
economy. This study provides documentation for demand and supply elasticities and 
feed input-output coefficients in the equations constituting a third of the GOL model. 
Developed regions prove to have adequate data for developing reasonable estimates of 
parameters for those regions. They account for the bulk of world production and con
sumption ofc:livestock products and are the high-priority regions for representative 
modeling of the world. Horid cross-section meat and grain demand functions and be
havioral livestock feeding functions are applied t':l obtain estimates of structural 
parameters for regions with poor data. 

Key words: 	 World projections, agricultural commodities, livestock products, livestock 
feed, grain, oilseeds, mathematical modeL 
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FOREWARD 

The Economics, Statistics, and Cooperatives Service (E§Cf;) is continuously 
working on projections of changes in world export mark~ts~>population, income, and 
resource and environmental constraints and on projecr::1ons of their impact on U.S. 
agriculture. The ai,~ected U.S. variables i'ilclude pfoduction, consumption, trade, 
prices, farm costs, and farm income. 	 1/ 

1 
Majer components of the projections program are world, regional, and country 

projections of production, demand, t!'ade, and prices of major commodities important 
in agricultural trade. These projections are useful in evaluating the broad issues 
of future world food prospects. 

The projections are made within the framework of a mathematical world grain
oilseed-livestock (GOL) model. The model is designed to capture the main economic 
relationships of the three groups of commodities nnd to test the impact of different 
economic and policy assumptions on projected quantities and values. 

Projections of U.S. agricultural exports generated by the GOL model are not 
official ESCS projections of U.S, trade in agricultural commodities. Rather, they 
are presented to aid users in evaluating the impact of different assumptions on world 
trade. 

Results of using the GOL model have been reported separately in Volumes entitled 

a 	 
Alternative Futures for World Food in 1985. Under this comprehensive heading, Volume 
I, World GOL Model Analytical Report and yolume 2, World GOL Model Supply-Distribution 
and Related Tables present projections, describe scenarios, and interpret results. 
Volume 3, World GOL Model Structure and Equations presents the full economic model. 
The present study documents the mathematical terms in the livestock I>art of the model 
and the demand for livestock feed. 

~/?;i~l!.:r::::
Foreign Demand and Competition Division 
Economics, Statistics, and Cooperatives Service 
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SUMMARY 

Results of the alternatives projected by the World GOL Model of the world grain, 
oilseed, livestock (GOL) economy imply that the livestock sector acts as a large 
secondary grain reserve. Situated mainly in the developed countries, the sector 
appears to act as a governor, or stabilizer, for regulating world rates of production, 
consumption, and prices of grain. Under stress of low world grain production, GOL 
projections for 1985 show reduced grain feeding to livestock in the developed 
countries, mainly the Unite:d States and Europe, while world"grain consumption for food 
declines by far less. With high grain output, the GOL model projects lowered feed 
prices (associated with increased grai.n feeding and expanded output from the deve
loped countries of meat and other feed intensive livestock products). higher meat 
consumption, and slightly increased grain consumption for food. Alternatives thus 
far projected for 1985 show meat production and consumption and grain for food 
varying about 10 percent, whereas feed grain demand varies about 20 percent. 

Just as the countries and regions of the world fall into a sequence of affluence 
when classified by per capita national income, they conform to a similar sequence 
when classified by per capita consumption of meat, grain, and food. Significantly 
for the GOL model, the intensity of livestock feeding (per unit of product obtained) 
also conforms to the sequence. Thus, meat and grain consumption and livestock feed
ing prove to be functions of per capita income on a world scale. 

The properties of this world sequence are quantified and applied to the problem 
of obtaining estimates of elasticities of demand and supply and of feed conversion 
rates for regions where data are unreliable. 

vi 
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LIVESTOCK AND DERIVED
i 

FEED DEMAND 

IN THE WORLD GOL MODEL 

Donalr!i W. Regier* 

INTRODUCTION 

Developments over the past few years have sharply focused world attention on the 
performance of the agricultural economy. During this period-

• World agricultural prices have been high and unstable. 
• Formerly extensive world grain stocks held by major exporting countries were 

suddenly reduced to low levels. 

Now it seems likely there will be a return to high levels of grain stocks. 

The endeavor to analyze such developments as these opens up a series of critical 
questions requiring quantified answers. Some of these questions are-

• What tradeoff Is there between uses of grain as human food and as livestock feed? 
• What are the implications of high livestock prices and growing livestock pro


duction for world availability of grain for use as food? 
 
• What is the effect of high livestock prices on world allocation of grain and 

oilmeal? 

• What is the likely effect of recourse to protectionism on world agricultural

trade and on allocation of world food supplies? 
 

• What is the effect of high grain prices on meat production and trade? 
• What is the role of the world livestock sector as a secondary grain reserve? 

To shed light on such concerns as these, the Economics, Statistics, and Coop
eratives Service (ESCS), U.S. Department of Agriculture (USDA), has developed a 
mathematical model of the combined grain, oilseed, and livestock (GOL) commodity 
sectors of the world. The World GOL Model (157, 158, 159, and 160) analyzes the 
economic interrelationships between the world grain economy (worldwide in SCOP('l~, 
the world commercial meat economy (concentrated in a reduced number of regions), 
and the oilseed economy (in still fewer regions).l/ The issues raised above, in 
general, require the full GOL model for their evaluation, but the livestock sector 
by itself can shed light on some of them. 

Results of alternative projections made with the World GOL Model imply that the 
world livestock economy plays a critical role in analyzing such developments and"'! 
questions as those stated above and acts as a large secondary grain reserve. Sit 

* Regier is an agricultural economist w,ith the Foreign Demand and Competition 
Division of the Economics, Statistics, and Cooperatives Service, U.S. Department of 
Agriculture. 

1/ Underscored numbers in parentheses refer to references listed at the end of this 
report. 
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uated mainly in the developed countries, the sector appears to serve as .a governor, 
or stabilizer, for regulating world rates of production, consumption, and prices of 
grain. Under stress of low world grain production, GOL projections for 1985 show 
reduced grain feeding to livestock in the developed countries, mainly the United 
States and Europe, while world grain consumption for food declines far less. With 
high grain output, the GOL model projects lowered feed prices associated with in
creased grain feeding and expanded developed country output of meat and other feed 
intensive livestock products, higher meat consumption, and slightly increased grain 
consumption for food. Alternatives thus far projected for 1985 show meat production 
and consumption and grain for food varying about 10 percen,t, whereas feed grain de
mand varies about 20 percent. 

The focus in this report is on the economics and mathematics of the livestock 
part of the World GOL Model, its internal working, and its articulation with the 
grain and oilseed parts (147). Appendix A contains a brief statement of the broad 
aspects of the model and its background. 

This study is an exposition of the structure of the livestock sector of the 
World GOL Model for long-range projection to 1985 and beyond. It documents and 
presents the rationale for the demand and supply elasticities that were used and the 
feed input-output coefficients that tie crop and livestock sectors together. It is 
designed to be used along with other studies based on the GOL model. It is intended 
for use by researchers, analysts, and economists who are concerned with longrun pro
jections of the commodities of the feed-livestock complex, desire a clearer under
standing of production, trade, and price formation in this context, or require a 
precise understanding of the structural assumptions that are built into the model's 
livestock sector and affect its projections. 

STRUCTURE OF THE WORLD GOL MODEL 

The livestock sector is deeply imbedded in the world feed-livestock economy. 
Comprehension of the role of the livestock s~tor. therefore, requires an overview 
of the structure of the full world model. 

The Model 

The World GOL Model (see 147, 157, 158, 159, and 160) is a mathematical system 
of 930 simultaneous equations which are solved by computer to project 930 interacting 
variables. _ It projects by region individual crop areas of the world and the quan
tity of supply and distribution, net trade, and prices for each commodity of the 
feed-livestock complex. There are 12 commodities in this group: wheat, coarse grain 
(including corn), rice, oilmea1, soybeans, beef and veal, pork, poultry, mutton, milk, 
butter, and cheese. Finished beef is identified in the United States, aggregate 
grain is used in the feed equations, and total meat is calculated. The world has 
28 regions, including a residual. Regions are 'not sY,"lmetrica11y modeled. All regions 
have crop equations, but not necessarily for all crops. Only half of the regions 
have.livestock equations at this st&ge of modeling. The central plan regions have 
only reduced-form net trade equations. The U.S. sector included in GOL is intended 
to be representative only. Full U.S. models are used along with GOL in the ongoing 
USDA-ESCS projection program (lOS, 143, 144, and 162). 

The equations included in the GOL model typically contain parts that belong 
among the '930 interacting variables and parts that do not. Functions of the variables 
that are endogenous to GOL (the 930 variables) are designated F, while functions of 
variables that are exogenous to GOL are indicated as G. All F-functions are required 
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to be linear, because of the methods used for solving the 930-equation simultaneous 
system. The G-functions are not required to be linear. The form of the GOL equation 
structure is closely related to the form in which the results of agricultural 
economics research typically are presented (see appendix A). 

r' Within a region, the World GOL Model consists of eight major blocks of equations: 
" 

1. Demand block: livestock products 
2. Supply block: livestock products 
3. Demand block: feed crops 
4. Demand block: food crops 
5. Supply block: crops 
6. Price linkages 
7. Regional equilibrium 
8. World equilibrium. 

The broad re1ationshi.ps "among these blocks are shown schematically in figure 1. The 
block numbers in the listing above agree with the position numbers in figure 1 and 
also with the equation forms shown in figure 2. Thus, any discussion of equation 
blocks by number may be referred immediately to both figures 1 and 2. 

Blocks defining demand for human food are numbe~ed 1 and 4. Equations in these 
blocks show food commodities as F-functions of direct prices and prices of compe,:;ing 
and complementary goods. They are G-functions of per capita income, population,' 
and a time trend or other factors representing, for example, adoption of Western 
ways. 

Block 2 defines livestock production. Meat production illustrated by beef, is 
shown as an F-function of individual meat prices to allow for competition among meats 
and of prices of corn and oi1mea1 to allow for real costs of production. It is a 
G-fullction of productivity. 

Feed demand, defined in block 3, serves as the link between the livestock and 
crop sectors of the GOL complex. Separate crop prices allow for competition be
tween feed crops, while livestock product prices guide the direction of product ex
pansion and serve to adjust feed demand. The basic linkage, however, is a set of 
physical input-output rates expressing the tons of grain or meal used to produce 
a ton of a given livestock product. This tie is shown in figure 1 by a direct 
connection between blocks 2 and 3. The ties and linkages are all F-functions. 
G-functions, when present, contain productivity factol:s. Variables such as per 
capita income, population, and t&ste change are assoc;lated with those parts of the 
livestock economy not fully modeled. 

Livestock and feed equations (blocks 1, 2, and 3) appear in only half of the 28 
regions in the GOL model, but they account for a third of the 930-equation system. 
The feed equations (block 3) contain fully half of the livestock variables. Details 
of the equations in blocks 1, 2, and 3 constitute the remainder of this study. The 
other equation blocks are discussed, because the World GOL Model is an organic unit. 

Crop production, including both grains and oi1seeds, is determined within block 
5 by two basic sub-blocks linked by a key equation for each region. Total crop area 
is determined for each Got region by F-functions of prices of the most important 
crops, and G-functions of factors such as reclamation, urbanization, and policies 
affecting the area under cultivation. The area of individual crops is determined 
by F-functions expressing effects of historical shares of land and prices of com
petj.ng crops. Production is an F-function of individual crop area and direct crop 
prices. Production has the form of a yield equation with varying area--a compromise 
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World GOl Model: Supply and demand sectors in a typical region 
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1 Demand block: livestock products 
2 Supply block: livestock products 
3 Demand block: feed crops 
4 Demand block: food crops 
5 Supply block: crops (area and production) 

Figure 1 
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itl Production Demand Trade 

Regional equilibrium-livestock 
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6 Price linkages: levels, margins, distance 
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Horld GOL Model: Typical equation forms associated with the major equation blocks 

Block 1 

• I Beef 	 demand 

Block 2 
Beef production• 

Block 3 
Feed grain demand• 

• Feed wheat demand 

• Feed corn demand 

Block 4 
• Food wheat demand 

Block 5 
• Total crop area 

• Hheat area 

• Wheat production 

Block 6 
• Supply price of beef 

• 	 Demand price of wheat 
in region I 

Block 7 
,:a Supply of wheat 

in region I 

Block 8 
• vlorld supply of wheat 

in all regions 

• 	 Horld exports of wheat 
to all regions 

= F (prices of beef, pork, poultry) 
+ G (per capita income, population, ,

changing tastes, policy factors) 	 , 

= F (prices of beef, milk, pork, corn, oilmeal) 
+ G (productivity growth, technology) 

= F (physical production of beef, pork, poultry, milk; 
prices~of beef, pork, corn, oilmeal) 

+ 	 G (per capita income, population, productivity 
growth, changing tastes, policy factors) 

F (feed grain demand; prices of wheat, corn) 

Feed grain demand 
 
Feed w~~~~' demand 
 

_. F (prices of wheat, corn, rice) 
+ 	 G (per capita income, population, 

changing tastes, policy factors) 
: 

" 

F (prices of wheat, corn, rice, oilseeds) 
+ 	 G (reclamation, irrigation, urbanization, 

technology growth) 

= F (total crop area; prices of wheat, corn, oilseeds) 

F (wheat area; price of wheat) 
+ G (exogenous physical input bundle, weather) 

F (demand price of beef) 
+ G (productivity growth, policy factors) 

-~ 

,= F (demand price of wheat in region 2) 	 j 
, 

+ G (productivity growth, policy factors) 

= Food demand for wheat in region 1 
+ Feed demand for wheat in region I 
- Trade in wheat by region I 

Horld demand for wheat in all regions 

Horld imports of wheat from all regions 

Figure 2 	 ',I 
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solution to conserve linearity where mu1tipU.,cation of area by yield to obtain pro
duction is ruled out by the computer program ~~ed. 

Price linkages constituting block 6, indicated by the circled values at position 
6 in figure 1, define the margins and levels relating demand, supply, and trade price~ 
and the connections between these and who'lesale or international trade prices. Most 
terms in the price linkages are F-function':l, but some growth and productivity factors 
are G-functi,ons. 

Regional equilibrium conditions compris:i,~\g block 7 state the physical conditions 
of international trade between regions and the international propagation of price 
impulses. They are suggested as two rectangles marked 7, which include blocks 
numbered 1 through 5 and which mayor may not contain the trade blocks shown as 
positions 7. Figure 1 is drawn to illustrate a region exporting grain and importing 
meat or other livestock products. The region in figure 1 might be the United States. 
Net exports are treated as positive trade, while net imports are negative. 

World equilibrium conditions are stated in block 8 and are illustrated in figure 
1 as two comprehensive pan.els which embrace blocks 1 through 5 and block 7. They 
provide for summing all regions to obtain world totals, with production equal to 
consumption of each commodity at a harmonious pattern of regional prices and with 
world exports equal to world imports. 

At the heart of the GOL model is the modeling of the feed demand block; that is 
the interfacing between blocks 2 and 3. The specification outlined above applies to 
developed countries and to regions belonging to the commercial meat economy. The 
design structure for such a region is as shown in figure 3. A ~()ur-level regional 
equilibrium is depicted involving grain, oi1meal, meat, and dairy products, with 
exogenous forces acting from above and below in a sphere of regional price effects. 
Trade and price forces are carried to other regions. 

For regions with only a modest livestock economy and little foreign trade in 
animal products, another approach is used. The livestock demand and supply blocks 
are collapsed into block 3 (the method is shown in appendix D). Livestock demand 
and supply vanish as separate specifications, as is shown in figure 4, leaving the 
feed demand block 3 in altered form. The feed demand functions are now reduced-form 
expressions in which the demand for feed is a function of the determinants of both 
demand and supply of livestock products and of the livestock feeding rates. In 
short, the demand for feed contains the factors determining demand for livestock 
products. These factors, however., are no longer explicitly expressed. 

While grappling with the interrelatedness of the world feed-livestock economy 
and broad regional similarities, the World GOL Model attempts to recognize the lack 
of entire symmetry in the geographical patterns of the livestock complex. Table 1 
illustrates some of the most important regional differences. The indicated equation 
structure highlights those regions that (1) produce or consume mainly grain, (2) con
sume significant quantities of livestock products, (3) produce commercially important 
quantities of livestock products, (4) employ sufficient quantities of feedstuffs to 
justify incorporating feed demand equations into the model, and/or (5) are represented 
in the world model structure, at this stage, only by net trade equations. The 
equation specification of individual regions can be grasped at a glance. Table 1, 
thus, serves as a schematic index to the equation structure to be found in each region. 
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Table I--World GOL Model: Variables used 11 

Country 
or 

Te£on 
Wheat Rice 

Coarse 
grain 

:Oilseed 
IIlEal Milk Cheese Eggs 

Beef 
cuts 

Beef 
:products: Pork :Poultry 

Mutton 
and 
lamb 

Developed countries: 
United States 
Canada 
EC-6 
EC-3 
Other Western Europe 
Japan 
AU!Jtralia and New Zealand 
South Africa 

~ 

DF PA 
DF PA 
DF PA 
DF PA 
DF PA 
D PA 
DF PA 
D PA 

D PA 
D 
0 PA 
n PA 
D PA 
DF PA 
D PA 
D 

DF PA 
DF PA 
DF PA 
DF PA 
DF PA 
OF PA 
DF PA 
OF PA 

F PA 
F PA 
F PA 
F PA 
F PA 

DF PA 
F PA 
F S 

D 
D 
D 
D 
0 
0 
D 

S 
S 
S 
S 
S 
S 
S 

D 
D 
D 
n 
0 
0 
D 
D 

S 
S 
S 
S 
S 
S 
S 
S 

P 
P 
P 
P 

P 
P 

D P D 
D 
D 
D 
0 
D 
D 
0 

P 
P 
P 
P 
P 
P 
P 
P 

D 
D 
D 
D 
D 
D 
D 
D 

P 
P 
P 
P 
P 
P 
P 
P 

c 

D 
D 
D 
D 
D 
D 
D 

P 
P 
P 
P 
P 
P 
P 
P 

D 

D 
D 
D 
D 
D 
D 

P 
P 
P 
P 

P 

Centrally planned countries: 
Eastern Europe 
Soviet Union 
China 

T 
T 
T 

T 
T 
T 

T 
T 
T 

T 
T 
T 

T 
T 

T 

T 

" 

Developing countries: 
Middle America 
Argentian 
]3razil 
V~nezuela 

Other South Amer1.ca 

DF PA 
D PA 
D PA 
D PA 
D PA 

D 
D 
D 
D 
D 

PA 
PA 
PA 
PA 
PA 

DF PA 
DF PA 
DF PA 
DF PA 
DF PA 

F 
F 
F 
F 
F 

PA 
PA 
PA 
PA 
PA 

D 
D 
D 

P 
P 
P 

D 
D 
D 

P 
P 
P 

D P 

High income North Africa and 
Middle .East 

Low income North Africa and 
Middle East 

East Africa 
Central Africa 

D 

D 
D 
D 

PA 

PA 
PA 
S 

D 

D 
D 
0 

PA 

PA 
PA 
S 

OF PA 

DF PA 
DF PA 
D S 

F 

T 

S 

India 
Other South Asia 

D 
D 

PA 
PA 

0 
D 

PA 
PA 

OF PA 
D PA 

F PA 

Thailand 
Other Southeast Asia 
Indonesia 
High income East Asia 
Low income East Asia 

D 
D 
D 
0 
D 

PA 

D 
D 
D 
D 
D 

PA 
PA 
PA 
PA 
PA 

OF PA 
DF S 
D PA 
DF PA 
DF PA 

D PA 
F PA 

S 

Rest of t~orld T T T T 

11 
= Not applicable. 

D = Demand, total or nonfeed, F derived demand for feed, P Production, A = Area, S supply, and T fore,tgn trade, net. 

Sources: (157 and 158). 
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World GOL Model: Region with a full livestock sector 
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Figure 3 
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, World GOl Model: Region with a collapsed livestock sector 

, , 

I
I 

Animal sector Crop sector 

::::::::::::::::::::::::::::::::::::::::::::" 

~~ Grain-food 
'--_______~I______......--+l~ Trade, 

stock 
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interaction 

,i 
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Technology, inputs, costs 

Figure 4 
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The World ! 

In large measure, table 1 confirms that the GOL model follows priorities of 
 
scale and relative importance in the world meat economy. Figure 5 describes the world 
 

,commercial meat economy,in the 1970 Mise of the World GOL Model. Arrows indicate 
 
the direction of flows of trade in meat, mainly beef. The white areas in the circles 
 
are proportional to local meat consumption, among world regions, shaded areas indicate 
 
imports, and black areas indicate net exports. North America and Western Europe 
 
dominate commercial meat consumption, and are the targets for the important flows of 
 
long distance meat trade. A number of regions are shown without trade arrows, be

cause the flows lack the systematic nature of the main trade; however, the lack of 
 
arrows indicates low priorities ,,':Jf scale. The central plan countries are sporadic 
 
meat importers, but show signs of becoming systematic importers. 

The World GOL Model presents another departure from symmetry. In each region 
 
representing a central plan authority, and for each commodity important in inter

national trade, a single equation has been synthesized to express net foreign trade 
 
in relationship to the usual demand and supply determinants and other factors. The 
 
equations have the form of classical excess-demand functions. 
 

Underlying the entire World GOL Model in its major commodity sectors, there runs 
 
a global unity which shows up with peculiar clarity in the livestock sector. Countries 
 
form a progression both when classified on a scale of per capita income and when 
 
classified by quantity consumed per capita of meat or the proportion of grain allo

cated to livestock production, as shown in figure 6 and table 2 (see appendix Band 
 
148). Grain allocated to human food and to feed at the expense of food also tends

~conform to the sequence. Thus, in regions with poor data, a basis exists for 
 
judgment as to the intensity of grain and oilmeal feeding in the production of 
 
livestock products. This progression is referred to here as the Main Sequence. In 
 
much the way that the work of Le Play (1048) and Engel (1017) made possible prediction 
 
of dietary patterns in European worker families of the mid-1800's through k.nowledge 
 
of their incomes, observed variation in feeding rates and allocation of feed to live

stock is predictable over much of the t-lOrld from the Main Sequence. World demand 
 
functions have been calculated for meat and grain, and demand elasticities derived 
 
(see table 2 and appendix B). 

World demand elasticities are calculated as follows: 

Price elasticity

Commodity 
 Income 

Meat 

Grain 

Sources: 
and (148). 

1 
tl 

II 
II 
I' 
ii 

II 
 
\ 
 

Meat I Grain elasticity 

-.60 .60 .60 

.43 -.43 -.14 

Main Sequence equations, appendix B', 
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World meat economy 

Ii? 
Canada 

Eastern Europe 
and U.S.S.R. 

People's 
Republic 
of China 

l 

I-' 
 G) 

North Africa G) (!) and West Asia 
Ii ~ 

Other Asia 
c. 

Other 
Africa 

~ 

jAustralia and 
 
New Zealand 
 

:, 

Meat includes all bovine meat (including beef, veal, and buffalo), and all pig meat, poultry meat, lamb, mutton, and goal meat, and other meat (including horse meat and 
game). White areas of circles are proportional to meat consumption among world regions. Shaded areas indicate imports. Black areas indicate exports. Arrows with solid lines 
indicate unrestricted trade as to aphthous fever (foot and mouth disease) and represent live animals or fresh meat (chilled or frozerj.l. ArroWS' with broken lines indicate trade 

restricted to cooked meat only (canned or frozen). . 
i, ~ t;: 

Source: (146). 

Figure 5 
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I Kilograms per capita 
\ 

400 

20 

8 

6 

60 

Sources: 

100 200 400 600 1000 
Income per capita (dollar equivalent) 

Main sequence equations, Appendix B, and (148). 

Figure 6 
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Table 2--World: Per capita income and meat and grain consumption, 1962 estimate 	 J

Grain 	 Income elasticity Grain to Feed 
Per capita: Meat 	

f grainmeat 
income Feed Both Meat Grain ratio 1./ : share 11 , 	 Food 

',..!Dollar 
PercentIJ eguiva1ent: --------------- Kilograms ---------------- ------------ Rate ---------------

25 0 48.8 0 48.8 z 0.84 0 0 

50 0 117.8 0 117.8 z .32 0 0 

75 5.2 144.3 4 148.3 3.41 .15 .7 0 

100 9.3 156.5 13 169.5 1.50 .07 1.3 2 ..::: 
1.7 5125 12.9 164.3 22 186.3 1.02 .01 

151) 15.2 159.4 30 189.4 .82 -.02 1.9 8 

"'. 
I-' 200 18.7 154.7 44 198.9 .65 -.06 2.3 12 
w 2.5 15250 21.4 148.9 53 201.9 .58 -.09 

~~ 
300 23.8 142.8 63 205.8 .56 -.11 2.6 17 

~: 350 25.9 137.3 71 208.3 .55 -.12 2.7 19 
0I~ 	 20400 27.9 132.1 79 211.1 .56 -.13 2.8 

~, 450 29.8 127.5 86 213.5 .57 -.14 2.9 22 

!,.';"	 500 31.6 123.3 102 225.3 .63 -.14 3.2 24 
L -.16 3.4 30750 40.3 107.2 138 245.2 .63 

.68 -.17 3.6 36I. 	 1,000 48.6 96.2 173 269.2 
2,000 80.9 75.9 320 395.9 .79 -.18 4.0 57

" " 	 3,000 112.8 61.4 484 545.4 .85 -.18 4.3 77 

z = Infinity.
II Kilograms of grain 	fed per kilogram of meat produced.
11 Feed in total grain consumption. 	 .' 

Sources: Main Sequence 	equations, appendix B, and (148)~ 
! 
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In the following sections, the Main Sequence is invoked to quantify behavioral 
parameters for regions with poor data or for adjusting country estimates to the 
larger scale of regional requirements. 

WORLD MEAT DEMAND 

Four meat commodity categories are identified in the World GOL Model and equa
tions developed for them: beef (all bovine meat including buffalo and veal), pork 
(all pigmeat), poultry, and mutton (all sheep, la.mb, and goat meat). The demand 
equations for meat commodities have the following general form, as illustrated by 
demand for beef: 

Beef consumption F (Price of. + G (Income per capita 
 
Beef population 
 
Pork Change in: 
 
Poultry Taste 
 
Mutton) Policy) 
 

where F represents linear functions of variables that interact sim~ltaneously within 
the GOL model, and G stands for functions, not necessarily linear, .of variables whose 
values are fixed before solving the model. Here, the F-functions are the direct 
price of beef and prices of other meats. The G-functions include per capita income 
and population separately to handle a larger latitude of projection assumptions, 
though multiplied by each other they define total income. Assumptions about changes 
of taste, in policies, or in institutional arrangements are also handled as G
functions. 

The World GOL Model could not be fitted econometrically because of the large 
number of coefficients involved. Instead, the existence of numerous statistical 
estimations of recent years was recognized. Empirical studies from aI"ound the world 
were analyzed and coefficients chosen for incorporation into the model to serve as 
guides. Results of a number of such studies are evaluated and summarized here, with 
a focus on meat and regions which are significan·t in the world commercial meat 
economy. This section draws on the work of Mielke (138), especially in relation to 
the European Community and Japan. Before turning to the regional survey, a theore
tical issue must be faced. 

Changing Demand Elasticities 

The question arises as to whether demand elasticities change systematically 
through time in such a way that special allowance should be made in the design of 
projection models for the changes that might occur. Plausible arguments can be made 
on both sides. 

It can be argued that demand-price elasticities for meat tend to be high when 
incomes are low because (1) consumers with limited budgets are extremely price sen
sitive, and (2) meat tends to be a preferred, more expensive food compared to cereals, 
even to low income consumers. Conversely, as incomes rise and consumers are more 
affluent, the budget constraint is reduced considerably and the price for meat is 
less important in determining consumption patterns. Thus, one might expect lower 
values of demand-price elasticities in circumstances of higher incomes. 

However, contrary tendencies may also operate. The availability of substitutes 
affects price elasticities, increasing the values of elasticities as substitutes 
become available. Increasing availability may arise from three principal sources: 
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(1) new technology giving rise to new substitute products, (2) reductions of trade 
barriers to increase availability of substitutes via increasing trade, and (3) the 
rise, with rising inco~e, of the increasingly important commercial marketing sector. 
which replaces individual price responses with the acute, institutionalized price 
sensitivity of business. 

The material presented here is inconclusive. The Main Sequence equations re
ferred to above and presented in appendix B leave intact the hypothesis that meat, 
grain, and feed demand functions are worldwide in scope and central tendency as to 
price response. This is a notable result considering the multiplicity of geographic, 
climatic, and cultural circumstances which these functions serve to summarize. The 
Main Sequence calculations constitute evidence for stability of the structural forms 
of the world demand for meat. 

Tables 3, 4, and.! 5 summarize demand calculations made for Germany, Japan, and 
Norway, respectively. Investigators in these three countries have analyzed the 
question of changing demand elasticities through time, using econometric techniques 
applied to their own data. The results for Germany are inconclusive, because of the 
lack of uniformity of method employed by the various rese!etr.chers whose work is 
summarized. The German researchers, Plate, especially (1055, 1056), claim to per
ceive a decline of the order of one-half in the income elasticities applicable to 
meats in Germany from the early 1950's to the late 1960's. They make no such claim 
with respect to price elasticities. 

An attempt was made to test whether price elasticities are changing in a 
measurable way in Germany. To do this, the null hypothesis was set up that meat 
demand functions are not changing. Mielke (138) reran some of Kost's equations (136) 
with dummy variables added to allow the regression coefficients to take on separate 
values for recent and for early years into which the total data period was divided. 
The results from this analysis did not challenge the null hypothesis. They did not 
produce evidence. that demand functions are changing. While results in the table 
suggest that price elasticities were apparently decreasing in the last two decades, 
this appearance may not be real, given the difficulty in evaluating the methodologies 
used and the failure to measure statistically such possible change using Kost's data. 

Evidence for changing demand income and price elasticities in Japan is presented 
in table 4. Evaluating the periods 1955-62 and 1963-70, the results from a recent 
study (1035) show that except for pork, the demand price elasticities are higher 
in the more recent period. This is not surprising, since, of all meats, pork is 
more of a mainstay in Japanese consumption patterns and, thus, probably more access
ible to measurement and stability in statistical response. It is the only meat 
whose price coefficients were statistically significant in the earlier period. 
Given the property of least squares regressions that the coefficient tends to zero 
as the level of its statistical significance is reduced, the low price elasticities 
shown for the earlier period may well be due to lack of effective measurement. Thus, 
it is difficult to conclude that demand-price elasticities have increased in Japan. 
This conclusion is reinforced by the presence of import quotas for beef. 

The evidence for changing demand elasticities in Norway covers the period from 
1930 to 1959, omitting the years 1940-48. In the rising and falling of the statis
tical coefficients, one suspects the presence of an underlying pattern throughout 
which the statistical technique is attempting to identify and quantify. The source 
(1003) includes a table of statistical errors not reproduced here. The evidence for 
systematic change in demand elasticities in Norway is inconclusive. 
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I Table 3--Germany: Demand elasticities for meat 

Price elasticityCommodity Income 
and 

,j j 
,}, 

timespan Beef Pork Poultry elasticity 

-,- : 
Beef: 

"'1950-62 -0.84 to -0.93 0.17 to 0.23 0.11 to ' 0.13 0.95 to 1.01 
1955-65 -.66 to -.84 .15 to .25 .63 to .77 
1955-68 -.60 .36 .45 
1960-69 -.60 .55 

Pork: 
1950-62 .12 to .13 -.70 to -.72 -.02 .53 to .58 
1955-65 .06 to .13 -.17 to -.45 .11 .33 to .40 
1955-68 .24 -.59 .47 
1960-69 .30 -.55 .30 

Poultry: 
1951)-62 .23 to .36 1.26 to 1.28 -2.46 to -2.67 1.31 to 1.44 
1955-65 -1.55 to -1.94 .40 to 1.39 
1955-68 -.44 .99 
1960-69 -.80 .50 

-- = Not applicable. 

Sources: Time span 1950-62 (1064), 1955-65 (1042), 1955-68 (136), and 1960-69 
(1056). 

Table 4--Japan: Demand elasticities for meat 

Commodity Income elasticity Direct-price e1asticitI 
and 

Low High Low Hightirnespan 

Beef: 

1955-62 
 1.13 1.27 -0.94 -1.06 
1963-70 .89 .97 -1. 76 -1. 78 

Pork: 

1955-62 
 1.77 2.98 -1.27 -2.15 
1963-70 1.24 1. 79 -1.27 -1.95 

Chicken: 

1955-62 1.71 2.72 
 - .12 - .22 
1963-70 .56 1.24 -1.31 -3.09 

All meat, including whale: 

1955-62 1.31 1.43 • J
3" .77 
1963-70 1.08 1.13 .53 .73 

Sources: (1035 and 1036). 
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Table 5--Norway: Demand elasticities for food from 

EXEenditure elasticity 

Commodity 1930-39 1930-59 1949-59 1953-59 

Meat: 
Fresh 
Canned 

0.7 
2.0 

0.7 
5.9 

Fish: 
Fresh 
Canned dinner 
Other canned 

0.2 0.3 .8 
-.2 

-2.0 

1.1 
-.1 

.2 

Eggs .8 .6 1.0 1.2 

..... 
-...J 

Milk: 
Cream 
Condensed and powdered 

.4 

.5 
.0 

-.1 
-.9 

-1.2 
-.4 

-1.6 

Cheese 1.6 .5 .9 -.5 

Butter .2 -.6 -1.0 -.5 

Margarine .7 .7 1.1 .6 

Floor .5 -.1 -1.0 -.2 

Bread, etc. 1.0 .9 -.5 -.9 

'.d, = Not applicable. Excludes 1940-48. 
]) Data from 1930 to 1959, excluding the years 1940 to 1948. 

Source: (1002) • 

time series regression 1/ 

Direct-Erice elasticity 

1930-39 1930-59 1949-59 

-0.2 
-2.2 

-0.4 -0.5 -.9 
.8 
.9 

-;;/7 -.4 -.1 
'"" 

.5 .1 .1 
-1.3 -2.6 -2.0 

.3-1.3 .2 

""-.4 -.4-1.0 

.3-.2 .3 

-.7 -.8 -.9 

-.9 -.1-.1 

1952-59 

0.1 
.4 

-.5 
-.2 
-.6 

-.3 

-.1 
-1.9 

1.2 

-.9 

-.1 

-1.2 

.2 

0 

0 

? 

" 
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\ Demand Structure by Region 

The purpose of this section is to clarify the regio'ilal structure of Horld de
mand for livestock products. In general, ,empirical studies used for this purpose 
are based on time-series data, although Denmark (1002 and 1003), France (1019 and 
1020), Japan (1035 and 1036), and the United Kingdom (1038 and 1068) have contri
buted a growing list of literature on cross-~ectional budget or diary analysis. 
Time-series studies before 1950 were not examined because of the lingering effects 
of market disruptions during World War II. In addition, more recent time periods 
would tend to reflect more appropriate demand responses for the period to be pro
jected. In most cases, ordinary least squares techniques related per capita con
sumption to per capita income and prices. Income elasticities are readily available. 
Where price effects have been calculated, direct-price elasticit/~s are at times the 
only ones found, while cross·-price elasticities appear less frequently. Neverthe
less, some instances have been found of full matrices of direct~ and cross-price 
elasticities, notably by the Scandinavians (1001, 1003, and 1026), the British 
(414, 1038, and 1068), and the Japanese (1035 and 1036). Organizations such as the 
Food and Agriculture Organization of the United Nations (FAO) and the Organization 
for Economic Cooperation and Development (OECD) have estimated income elasticities 
for member countries (602, 603, 604, 605, 607, 608, 804, 805, 809, and 811), but 
have not published price elasticity estimates. Michigan State University (MSU) 
studies have concentrated on the European Community, the original six (EC-6) (301, 
304, 305, 306, and 307) and the three new members (EC-3) (302). The United Nations 
Conference-ofi Trade and Development (UNCTAD) (1001) and the European Community 
Commission (ECC) (1018) have sponsored studies which have been increasingly useful 
to the purposes for which the GOL model is intended. 

United States 

The results of two studies of U.S. demand elasticities have been carefully 
evaluated in developing the elasticity coefficients incorporated into the GOL model 
and used along with calculations made especially for specifying the GOL model. 
Brandow (1012), working at Pennsylvania State University and applying the large 
system mathematical methods developed by Frisch (1022), calculated a tableau of price 
and income elasticities relating to agricultural COiiiliiodities 'at both retail and farm 
levels in the mid-1950's. George and King (1024), at the University of California, 
prepared a similar tableau of elasticities evaluated in the mid-1960's. The co
efficients pertaining to the demand for meats are presented in table 6. They serve 
as the starting point for quantification of demand relationships for the United 
States. Although shown together, the two demand matrices are not strictly compar
able for several reasons: they are for different periods of time, they were prepared 
by different methodologies, and, though showing the same field of meat demand, they 
are taken from larger matrices of demand relationships of differing sizes (the 
Brandow matrix contains 25 commodity categories, and the George and King matrix, 50). 

These reasons make it difficult to determine a theoretically superior tableau 
for the United States for the purpose of the GOL model. The differences between 
them depend upon more than the different times for which they were developed. George 
and King have calculated direct-price elasticities for different years which, in the 
case of meats, rise and fall through time. Thus, it becomes difficult to substan
tiate the argument that direct elasticities are systematically falling through time 
or that they are clearly functions of income levels. 
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Table 6--United States: Demand elasticities for meat by m?rket. 1956 and 1965 

Market, 	 Price elasticity Income 
year, and 	 Lamb and 

Beef 	 Veal Pork Chicken Turkey Non-food : elasticity
commodity 	 mutton 

Retail: 
1956: 

Beef -0.950 0.057 0.100 0.040 0.075 0.008 0.155 0.470 
Veal .378 -1. 600 .185 .073 .138 .013 .190 .577 
Pork .134 .037 -.750 .035 .066 .007 .106 .320 
Mutton .620 .170 .415 -2.350 .215 .021 .215 .650 
Chicken .234 .064 .156 .043 -1.160 .125 .122 .370 
Turkey .100 .027 .065 .018 .500 -1. 404 .162 .490 

1965: 
Beef 	 -.644 .028 .083 .045 .068 .008 .100 .290 

f-' 	 Veal .359 -1. 718 .198 .066 .174 .014 .203 .591 
\0 	

Pork .076 .014 -.413 .060 .035 .005 .046 .133 
M~.:tton .589 .066 .891 -2.626 .234 .015 .196 .571 
Chicken .197 .044 .121 .055 -.777 .084 .061 .178 
Turkey .098 .015 .065 .018 .400 -1.555 .158 .768 

Farm level: 
1965: 
 

Beef -.416 .048 .029 .052 
 
Veal .232 .115 .042 .134 
 
Pork .049 -.241 .038 .027 
 
Mutton .381 .520 -1.670 .181 
 
Chicken .127 .070 .034 -.602 
 I 
Turkey .063 	 .038 .011 .310 I 

, 

-- = Not applicable. 	
I 

1 

Sources: Retail 1956, (1012); retail and farm level 1965, (1024) • ! 
I 

J 
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Tables 7 and 8 show results of econometric estimation of U.S. demand elasti 
cities using variable specification more nearly like that used in the design of the 
GOL model. There is evidence of instability of measurement of elasticities. But the 
eviden~~ is ambiguous. 

U.S. direct-price elasticities for meat are calculated below for various years. 

Commodity 1955 1960 1963 1970 

-Beef -0.68 -0.60 -0.63 -0.64 

Veal -3.72 -3.19 -2.79 -2.48 

Pork -.45 -.41 -.43 -.42 

Lamb and mutton -1.79 -1. 79 -2.15 -2.15 

Chicken -.42 -.55 -.57 -.60 


Source: (1024). 

Working with Stone in the United Kingdom, Tobin (1066) developed a demand function 
for food in the United States. Published in 1950, its-re5ults are dated, but the 
study is a clear example of the method of conditional regression using a priori 
knowledge of income response from cross-sectional studies. 

Canada 

The following meat demand elasticities for Canada show a commodity arrangement 
which is different from that employed in the GOL model. 

-
Income

Price elasticity
Commodity Elasticity 
 

Beef Veal I Lamb Pork I Poultry
I l 
,Beef -0.52 -- 0.05 0.16 -- 0.84 

Veal -- -1.400 .51 -- .26 .45 
, 

Lamb - -- -1.80 -- .-14 -2.91 

Pork .28 .650 .28 -1.05 - 0 

Poultry -- .004 -- -- -.09 1.13 

~- = Not applicable. 
 
SourGe: (1067). 
 

This is suggestive of the sort of commodity interplay that was given up for this 
country, and for others, in adopting that used in GOL. Especially interesting is the 
importance of veal and lamb as separate categories and the central role played by the 
lamb price in the other demand equations. 
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Table 7--United States: Demand elasticities for 
agricultural commodities from regression 

Equation 
and 

commodity 

Price-dependent: 
Beef 
Pork 
Poultry 
Eggs 

Quantity-dependent: 
 
Beef 
 
Pork 
 
Poultry 
 
Eggs 
 

Not applicable. 

Source: (132). 

Table 

______~D~e~m~a~n~d~-~p~r~i~c~e~e~l~a~s;t~i~c~i~tyL________ : Income 
Beef Pork Poultry Eggs :e1asticity 

0.73-0.61 
.29.56 -0.83 
.5j1.74 -1.n 

-0.36 .30 

.72-.52 

.24.49 -.75 
.29 -.83 .92 

-·.15 .52 

8--United States: Range of calculated demand 
elasticities for agricultural commodities 

Equation 
and 

commodity 

;Direct-price e1asticity~F.quation statistics 1/ 

Low High R2 DW 

Income elasticity 

Low High 

Price
dependent: 

Beef 
Pork 
Poultry 
Eggs 

··0.59 
-.80 

·-1.61 
-.33 

-0.64 
-.85 

-1.85 
-.39 

0.86 
.94 
.89 
.72 

1.83 
1. 78 
1.91 
1.69 

0.70 
.28 
.51 
.25 

0.75 
.33 
.52 
.30 

Quantity
dependent: 

.98 2.10 .70 .74
Beef -.51 -.54 

.261.66 .23Pork -.72 -.77 .90 
.98 2.38 .90 .94

Poultry -.77 -.90 
.54.63 .48Eggs -.13 -.16 .87 

1/ R2 = coefficient of multiple determination. DW Durbin-Watson 
statistic. 

Source: (132) • 
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North America 

Although not a separate region in the World GOL Model, North America is shown 
(table 9) because its authors have made similar calculations of food-demand elasti 
cities for other regions of the world. The authors are associated with both the FAO 
and the UNCTAD. Comparisons among the regional patterns calculated and with the GOL 
regional patterns serve to identify both similarities and differences among the di
verse regions. As defined here, North America includes the United States and Canada. 

European Communit~ 

Most econometric work on the European Community (EC) , whether on the original 
six continental members (EC-6) or on the new member countries (EC-3), has been carried 
out on an individual country basis. Some aggrega~e analysis carried out by ESCS is 
included in table 10. 

Significant work in Germany is being done at the universities. The work by 
Langen (1042), building on Stamer and Worffram (1064), is especially noteworthy, along 
with Plate (1055 and 1056) for his studies on th-e-marketing of agricultural products. 

France has benefitted from analysis of both time series and family budget sur

veys and diaries. Work at the Centre de Recherche et de Documentation sur la Con

sommation (CREDOC) utilized here has produced conditioned regression estimates of 
 
demand elasticities based on time series analysis in which income elasticities were 
 
introduced a priori from budget studies (407). Work by Fouquet (1020) at t.he Insti 

tute National de la Statistique de des Estudes Economiques (INSEE) has also been 
 
utilized. ESCS work has been relied upon in the cases of both Germany and France. 
 

Italy has produced some controvers.ial analytical studies. One of these, by Cao
 
Pinna (405), has been re-analyzed and the demand elssticities computed at the re

gression means. It should be noted that continuous inflatio~ over three decades has 
 
made confident price analysis hazardous throughout the countries of the European

Community. 

The United Kingdom has routinely conducted household surveys (1068) on an annual 
basis and has published demand elasticity measures as a result of t~work. Time
series analysis and conditioned regression haYe also been done based on the surveys. 
Ferris and Josling and others at Michigan State University (302) and the University 
of London also calculated demand elasticities for the United Kingdom, but obtained 
considerably different values for roughly the aame time periods. 

The work of the Agricultural Economics Research Institutes in both Belgium (1060 
and 1070) and the Netherlands (1052) has been used, as well as of several universities, 
notably Antwerp (418). Aarhus (401), arid Oxford (406 and 414). The following demand 
elasticities from regression for Belgium were developed fro; Antwerp: 
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Commodity 

'Meat 

MUk 

Cheese 

Butter 

Bread 

Total food 

Direct
price Income R2 

elasticity elasticity 

-0.82 l.09 0.98 

-.[;0 .75" .96 

-.58 1.00 .92 

+.52 -.45 .79 

-.37 -.22 .83 

-.51 -.59 .98 

Demand elasticities fo~ Denmark are shown in table 11. 

Table 10 shows demand elasticities for each of the EC countries. The elasti 
cities are approx:!.mate averages of the elasticities reported in the several studies 
if more than one study is reported for a given ~ountry. To point up diversities en
countered, two sets of coefficients are shown for the United Kingdom. 

In table 12, demand elasticity matrices are presented for the two groups of 
countries constituting the European Community, EC-6 and EC-3. An approximate weight
ing of these to form a composit for tJ1e enlarged European Community (EC-9) is also 
presented. While weighted averages of individual countries are used for the EC-6, 
the United Kingdom dominates the new member group. Elasticities are synthesized more 
in line with the Michigan State University's lncome elasticities while adapting price 
elasticities from the British National Food Survey (1068). 

Projection studies by the member countries contain demand price and income elas
t.icities used by the EC Commission for its formal projections. These are summarized 
in table 13; they are presented for comparative purposes and as a reference in deve
lopin.g further generations of the World GOL Model. 

Other Western Europe 

Other Western Europe has been closely modeled upon studi.es describing the EC-6. 
 
It is a fragmented region scattered about the periphery of the EC-6. Demand elas

ticities are shown separately in table 14 for Austria, Spain, and Sweden. Elasti 

cities for Norway were presented in table 5 in connection with the possibility of 
 
changing elasticities. 

Western Europe 

Although Western Europe in it~ entirety is not specified 
15 by the FAO and UNCTAD authors is presented for comparative 
ing the meat complex in the more comprehensive food context. 
comparison with EC specifications and with U.S. elasticities. 
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Table 9--North America: Demand elasticities for agricultural commodities 

Bread. Price elasticity Vegetable Non- : IncomeCommodity 
. R~ce Sugar Mea t Eggs Milk i1 Food food e1as ticity

gra~n 0 s : 

Bread grain: -0.34 0.08 0.01 0.08 0.01 0.01 0.03 0.26 -0.06 -0.20 
Rice .03 -2.54 0 .01 .28 1.45 .51 -.26 .06 .20 
Sugar 0 0 -.04 .02 0 .02 0 .00 .Ofr .00 
Meat .01 .01 0 -.57 .20 .09 0 -.26 .06 .20 

N Eggs .03 .01 0 .04 -1. 70 1.57 .18 .13 -.03 -.10 
~ Milk .05 .01 0 .08 .14 -.34 .16 .26 -.06 -.20 

Vegetable
~"t 

oils .02 .02 0 .15 .07 .35 -1.60 -.13 .03 .10~. 
r. Food .01 .00 .00 -.14 .01 .05 -.01 -.42 .02 .06 r Nonfood -.00 -.00 -.01 -.04 -.01 -.02 .00 -.08 -1.00 1.08 
~~ Expenditure:
It'·" 
I·. proportion: .00 .00 .01 .05 .01 
;..; .02 .00 .08 .92 1.00 
r 
I::' 
~ ~ 

Source: (1001). 
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r Table 10--European Community: Demand elasticities for meat and ~fish, member countries " ~ 
Country Price elasticit~ Income 

and ~ elastic
commodity Beef Pork Poultry Mutton ;All meat Fish r 

ity if 
}. 

Germany, " ¥
Federal Republic: r 

Beef -0.75 0.25 0.10 0.70 
Pork .13 -.59 .11 .47 
Poultry .60 1.00 -0.50 .90 
All meat -0.36 .58 

France: 
 
Beef -.80 
 .32 .60 
Pork .30 -.55 .62 
Poultry .20 .20 -.67 .70 

Italy: 
Beef -.45 .31 .05 1.33 
Pork 1.59 -1.66 .15 .78 
Poultry .30 .10 -1.00 1.20 

Netherlands: 
Beef -.55 to .60 to 

-.60 .65 

Belgium: 
 
Meat 
 -.82 1.09 

Denmark: 
 
Beef -.90 .23 .06 
 .65 
Pork .34 -1.36 .09 .49 
Poultry .30 .55 -.30 .51 
All meat -.57 .47 .26 
Fish -1.85 .72 

United Kingdom: 
National Food Survey 

Beef -.79 .05 .08 -0.35 .10 
Pork .18 -1.21 .18 .17 .31 
Poultry .38 .20 -.35 -.66 .53 
Mutton -.61 .08 -.26 .25 .21 

Michigan State University: 
 
Beef -2.49 .52 .72 
 .71 
Pork .74 -2.37 .61 .61 
Poultry -.24 .79 
Mutton .58 .26 -1.35 .09 

EC-6: 
 
All meat 
 -.32 .71 

-- = Not applicable. 

Sources: Germany (1042. 1055, 1064 and 136); France (407, 1020, and 136); Italy (113 and 405); 
Netherlands (416); Belgium (418); Denmark (401); United Kingdom (302) and (1068); andEC-6 (145). 
Compare also (307) for demand elasticities for France-Belgium, Germany-Netherlands, and ItalY:
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Table ll--Denmark: 	 Demand elasticities foi~,gricultural commodities and fish from regression 

~ ~ 	 Price elas ticityL	 IncomeAverageCommodityl: '. 	 elasti 
t'. 	 Beef Pork Poultry: Meat Fish Eggs Cheese Pork- : Beef- : Beef 

city 
~; 	 :Eoultry :Eoultry :Poultry 
" " 
[. 	 Beef -1.06 0.42 0.70 
 

Pork -1.31 0.40 .49 
 

PoultryN -0.31 	 1.09 .30 
 
a.. 

~. ' Meat -0.59 0.39 .28 
 
{
t; Fish .04 -LB7 	 .71 
 
~" Eggs -0.07 '.07 

Cheese -0.93 	 1.28 

Not available. 


Sources: (1003 and 401). 




Table 12--European Community: Demand elasticities for meat, by region 

Region Price elasticity Income 
and Beef Pork Poultry Mutton All meat :e1asticity

commodity 

EC-6: 
Beef -0.7 0.3 0.1 0.6 
Pork .5 -.8 .12 .5 
Poultry .38 .5 -1.07 1.0 
Mutton .15 .15 -0.25 o 
All meat -0.35 .73 

EC-3: 
Beef -.79 .2 .08 -.35 .7 

N Pork .18 -.8 .2 .17 .6 
--.J 

Poultry .3 .3 -.6 1.0 
Mutton -.61 .08 -.26 .25 o 

EC-9: 
Beef -.73 .22 .1 -.12 .62 I~
Pork .42 -.8 .2 .04 .52 
Poultry .38 .45 -.95 1.00 ! 
Mutton -.42 .01 ":'.12 o I 

Not app1icar1e. 

Source: Judgmental weighting of elasticities shown in table 10. Compare these 
figures with those in table 13, obtained after the World GOL Model had become 
operational. 
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Table l3--European Community: Demand elasticities for agricultural commodities and fish 
used by 	 the EC Commission in .agricultural projections 

Count7:'Y Price elasticit~and Fish,Beef Pork 	 Fish,cOllllloditv 	 ; Poultry Mutton 
freso 	 canned 

Germany, Federal 
Republic: 

Beef -0.75 0.23 
Pork .13 -.45 
Poultry .58 .96 	 -1.62 
Meat 
 
Eggs 
 

France: 
 
Beef 
 -.62 
 
Veal 
 
Pork, fresh 
 -.20 
Ham 

'-.-- Poultry 
 
Mutton 
 - 0.71
Horse 
 
Fish, fresh 
 -0.07Fiah, canned 
 
Meat 
 

Italy: 
Beef 	 -1.00 
 
Pork 
 1.50 -1.00 1.00
Poultry 	 1.00 -2.00
Fish, fresh -.30 f).30Fish, canned -.65 
 

United Kingdom: 
 
Beef I 
 -.84 .17 
 
Beef II -1.58 .63 
 
Pork -1.13 .55
Poultry -1.23 .95
Bacon I 
 
Bacon II 
 
Mutton 
 -1.19 .91 .36

Meat 
 

.12 
 

Ireland: 
 
Beef 
 -0.56 -0.44Pork -2.51 .24
Poultry 
 
Bacon 
 -1.05 
MuttonI 	 .64 
 -.89Meat 

0.24.~ Eggs -.15ri 
i\ Denmark:
 

Beef
I 	 -LIO .10 
 
Pork .30 -.60i Poultry -0.60# Meat 

H., 	 ·30FiSh 

~ -- 'Z Not applicable.~ 
,I Source: (1018) • 

1i 
 
t~f 

28 
 

to 1977 
 

: Income 
Direct :elasti-EggsErice : city 

0.69 
 
.37 
 
.84 
 

-0.37 .57 
 
.17 -0.47 .27 
 

.40 
 
-1.00 .79 
 

.20 
 
-.77 	 .76 
 

.11 
 

.90 
 
-.23 
 

.35 
 

.86 
 
-.67 .55 
 

1.10 
1.00 
2.00 
 

.70 
 

.30 
 

.02 
1. 75 
 
1.15 

-.60 .92 
 
-.58 -.05 .84 
 

.65 
 
-.51 .20 
 

0.95 
-.25 
2.24 

0.75 	 .17 
 
.65 
 

-0.22 	 .78 
 
-.82 
 

.70 
 
-.30 
 

.80 
 
-.20 	 .03 

1.00 

; 
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Demand elasticities for livestock and fishTable l4--0ther Western Europe: 

Incom~Price elasticitxCountry Direct elasti 
and Pork poultryBeef Veal price citX

commoditx 
 

Austria: 
 0.58 
Beef -0.24 .58-0.57Veal .82-0.07Pork 1.68-1.37poultry 2.04 

-1.26 .66 
Meat 
 

Spain: 
 1.50 
Beef -.59 

N .35-.20
\0 Pork -.64 .29 

Mutton -.60 .88 
Red meat 1.48-.77poultry -1.97 1. 79 
Eggs -.39 .05 
Fish 

tSweden: .50 
J 

.5Bee:!: -.8 .40-1.0Veal .30-.7Pork .3 

Not applicable. 

Sources: Austria (403), Spain (422), and Sweden (1065). 
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Table 15--Western Europe: Demand elasticities for agricultural commodities 

Price elasticity 

Commodity Vege- : IncomeBread Rice Sugar Meat Eggs : elasticitygrain Milk table Food Non
food

oils 

Bread grain -0.34 O.OS 0.01 O.OS 0.01 0.01 0.03 0.26 -0.06 -0.20 
Rice .03 -3.00 .12 .01 .1S .26 2.15 -.26 .06 .20 

(.oJ Sugar .24 0 -.67 .02 a0 .02 a -.39 .09 .30 
Meat .01 .01 a -.S3 .20 .09 a -.52 .12 .40 
Eggs .33 a a .04 -1.97 .90 .1S -.52 .12 .40 
Milk .16 0 a .OS .11 -.77 .16 -.26 .06 .20 
Vegetable oils .02 .02 0 .15 .11 .35 -2.lS -.26 .06 .20
Food .03 a -.03 -.lS -.04 -.07 -.01 -.45 -.07 .23 
Nonfood -.04 0 -.01 -.04 -.01 -.04 -.01 -.15 -1.01 1.17 
Expenditure 
 

proportion .03 0 
 .01 .06 .01 .05 .01 .1S .S2 1.00 

Source: (100~). 
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Three studies of Japan are important to the GOL model. The first is an analyti
cal study of food consumption conducted by the Japanese Ministry of Agriculture (1035 
and 1036). Both cross-sectional and time-series approaches are used. The study used 
in preparation of the GOL model includes a long list of regressions which have been 
calculated for various tim~ periods (see table 4). 

The two other studies are by Fi1ippel10 (118 and 119). The first of these is a 
doctoral dissertation in the form of a detailed analysis of the feed-livestock sector 
of Japan. The second contains a synthesized demand elasticity matrix for projection 
of the values of the feed-livestock sector of Japan. The synthesized estimates of 
demand elasticities are shown in tables 16 and 17. For projection, care has been 
taken to fix elastj,city coefficients sufficiently high to overcome the persistent re
cent tendency to under estimate Japanese economic processes. 

A more r~cent study of Japanese demand is shown in table 18 for comparative pur
poses. These results should be compared with the work of Barse (104) which projects 
Japan's future. 

Other Regions 

The econometric analysis that has been performed on the feed-livestock economies 
of the United States, the European Community, Japan, and other parts of \olestern 
Europe, together with the equations ,describing the world's Main Sequence of meat, 
grain, and feed, have served as a basis for quantifying parameters for other regions 
of the world. Particularly useful to the quantification of demand relationships are 
the implications of the first Main Sequence equation, the world meat demand function 
with a price elasticity cOefficient of -0.6 and an income elasticity of +0.6. Since 
the price coefficients found for the countries and regions of the developed and less 
developed world are of this order of magnitude, the procedure adopted for the GOL 
model has been to employ demand coefficients of this order of magnitude or less for 
the regions not yet analytically described by empirical econometric analysis. 

Eastern Europe.--The authors of the FAO and UNCTAD studies also have calculated 
food demand matrices for Eastern Europe. These are shown in (table 19) for compara
tive purposes with Western Europe, the EC, and North America, and for providing a 
basis for quantifying further generations of the GOL model. 

Oceania.--Australia is relied upon for modeling of Oceania's meat sector. Monash 
University is relied upon (table 20) for meat demand analysis. The university used 
a more comprehensive breakdown of certain meats than the GOL model, treating lamb and 
mutton separately, with resulting strong direct- and cross-price elasticities. New 
Zealand is the basis for modeling the Oceania dairy sector. 

Argentina.--Price analysis in Argentina has been complicated for a number of de
cades by high inflation. The findings of two doctoral dissertations (1037 and 1053) 
are shown in tables 21 and 22 for the complex of variables which have been considered 
along with direct price and income in relation to beef consumption. The matrix of 
elasticities presented by the Instituto Nacional de Tecnologia Agropecuaria (INTA), 
and shown below, appears to be a reasonable summary of the meat demand structure of 
Argentina. 

, , 
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Price elasticity 

1 IncomeCommodity 
Beef "Pork Poultry Mutton elasticityI I 

Beef -0.44 0.37 

Pork -0.76 .84 

Poultry 1.95 -0.75 0 

-0.18 0Mutton 

Not applicable. 
 
Source: (402). 
 

Brazil.--Demand and price analysis, for the purposes of developing such a world 
model as GOL, apparently is not far advanced in Brazil. The nation's economists are 
grappling with other problems, which to them have higher priority. Among these prob
lems are determining the relative productivity of different production systems, deter
mining the consumption effects of internal migration, measuring the effects of urban
ization, and keeping analytically abreast of unexpected technological developments in 
hitherto minor or remote sectors. Work on demand-price analysis cannot be regarded as 
satisfactory from the viewpoint of modeling the World GOL Model. The Getu1io Vargas 
Foundation (408, 409, 410 and 1032) has presented the work that must by relied upon. 

Demand elasticities for Brazil from the Vargas Foundation's work are: 

Income elasticity Substitution elasticity 
 
Commodity 
 

Urban Rural Migration Price 1/
\ 
Beef 0.64 0.27 0.04 -0.18 

Pork 1.02 .40 -.44 .42 

Poultry 1.31 .33 -.31 0 

Mutton .24 .16 -.42 -.47 

Fish .80 .07 .05 2.86 

Eggs .70 .57 -.10 2.70 

Milk 1.00 .56 -.15 0 
• 

g Includes effects of both price and market limitation. 
Sources: (408 and 409). 
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Table l6--Japan: Demand elasticities for meats 
and fish, 1965 and 1980 projection 

Price elasticity
Year and Income 

commodity :elasticity
Beef Pork Poultry Fish Rice 

1965: , 

Beef -1.24 0.20 1.14 0.44 -0.19 0.50 
Pork .26 -.72 .17 .09 .18 .72 
Poultry .35 .11 -1.16 .09 .04 .95 

1980 Projection: 
Beef -.77 .15 .91 .27 -.10 .64 
Pork .14 -.45 .12 .05 .08 .82 
Poultry .20 .08 -.88 .05 .02 1.18 

Sources: (118 and 119). 

• 

Table 17--Japan: Demand elasticities for meats 
used in projection 

: 
Price elasticity

Commodity Income 

category Beef Pork Poultry All meat elasticity
 

Beef -1. 20 0.20 0.50 1.20 
Pork .26 -.90 .17 1.10 
Poultry .35 .11 -1.10 1.20 
All meat -0.50 1.00 

-- = Not applicable. 

Source: Based on unpublished work by Nicholas A. Filippello underlying elasticities 
shown in table 16. Strong direct- and cross-price effects are used to compensate for 
systematic understatement of changes occurring in Japanese food consumption patterns. 

~' , 
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Table l8--Japan: Demand elasticities for agricultural 
commodities and fish 

Price elasticity 

Commodity 
Rice 

Other 
grain 

Fish Meat 
Milk 

and 
eggs 

Vege
tables 

Rice 
Other cereal 
Fish 
Meat 
Milk and eggs 
Vegetables 
Fruit 
Commodity food 
Other food 

0.33 
-.04 
-.01 
-.15 
-.13 
-.01 
-.13 
-.12 
-.08 

0.01 
-.19 
o 
-.02 
-.02 
o 
-.02 
-.02 
-.01 

0.02 
-.01 
-.06 
-.06 
-.05 
-.01 
-.05 
-.04 
-.03 

0.01 
o 
o 
-.76 
-.01 
o 
-.01 
-.01 
-.01 

0.01 
o 
o 
-.02 
-.69 
o 
-.01 
-.01 
-.01 

0.02 
-.01 
o 
-.04 
-.04 
-.08 
-.04 
-.04 
-.03 

All food 
Nonfood 

o 
-.12 

-.02 
-.02 

-.03 
-.05 

-.07 
-.01 

-.06 
-.01 

-.02 
-.04 

Expenditure 
proportion .08 .02 .04 .03 .03 .03 

Price elasticity Income 
elasti 

Fruit 
:Commodity: 
. foed . 

Other 
food 

All 
food 

Non
food 

city 

Rice 
 
Other cereal 
 
Fish 
 
Meat 
 
Milk and eggs 
 
Vegetables 
 
Fruit 
 
Commodity food 
 
Other food 
 

o 
o 
o 

-0.01 
-.01 
o 
-.69 
-.01 
-.01 

0.01 
o 
o 
-.02 
-.02 
o 
-.02 
-.62 
-.01 

0.04 
-.02 
-.01 
-.10 
-.09 
-.01 
-.09 
-.08 
-.47 

0.44 
-.28 
-.08 

-1.17 
-1.06 
-.11 

-1.07 
-.95 
-.65 

0.13 
-.09 
-.03 
-.35 
-.32 
-~03 
-.32 
-.29 
-.20 

0.57 
.37 
.11 

1.53 
1.38 

.15 
1. 39 
1.23 

.85 

All food 
 
Nonfood 
 

-.04 
-.01 

-.05 
-.01 

-.16 
-.08 

-.44 
-.35 

-.13 
-.92 

.58 
1.27 

Expenditure 
 
proportion 
 .02 .03 .11 .39 .61 1.00 .I 

Source: (1062) • 
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Table 19~-Eastern Europe: 

Commodity Bread Rice 	 Sugargrain 

Bread grain -.21 0.08 0.01 
Rice .03 -3.00 .06 

Sugar .15 
w -.58 

\J1 Meat .01 .01 
Eggs 	 .20 

Milk 	 .10 

Vegetable 	oils .02 .02 
Food 	 -.01 -.00 -.03 
Nonfood -.08 -.00 -.01 
Expenditure 

proportion .06 .00 .02 

-- = Not applicable. 

Source: (1001) • 

Demand elasticities for agricultural commodities 

Price elasticity 

Vege-

Meat Eggs 
 Milk 	 table Food 
 

oils 
 

0.08 	 0.01 0.01 0.03 0 
01 .08 	 2.56 -.26 

.02 	 .02 -.39 
-.83 .20 
 .09 -.52 


.04 -2.10 1.21 .13 -.52 


.08 .12 .16
-1.01 -.26 
 

.15 .12 .35 -3.00 -.26 
 
-.15 	 -.03 -.06 	 -.01 -.47 
 
-.04 	 -.01 -.04 -.00 -.19 

.07 	 .01 .01.05 	 .21 


Non
food 

0 

.06 

.09 

.12 

.12 

.06 

.06 

.07 


-1.02 

.79 


Income 
:elasticity 

0 

.20 

.30 

.40 

.40 

.20 

.20 

.22 


1.21 

1.00 

~ 

I 
 
I u 

I 
 

~ 
tl 

. " 	
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Table 20--Australia: Demand elasticities for meat 

Price elasticity Income 
 
Commodity 
 elasticity

Beef Lamb Mutton Pork Meat 

Beef -.79 .39 0.04 	 -0.09 

Lamb .63 -1.40 .03 	 .45 

Mutton .82 .10 -1.02 	 -.59 

Pork 1./ 	 - - - - - 1.10 - -Z.RO 	 1.40 
, 

-0.20 .20Meat 

.32Meat 

= Not app1icah1e.

1/ Average price of beef, lamb, and mutton. 
 

Source: (411) • 

Tah1e 21--Argentina: 	 Demand elasticities for heef 1/ 
(Annual) 

Price elasticity Income elasticity Population 
;-Changes:

Beef Beef : Beef 	 Rural Con- R2 
Non-	 inCommodity; to to :to non-: Total Wages Level per- stant DW 
wages 	 CPI 

r.PI food food 	 cent 

1.57 	 -8.63 0.945Beef -0.547 -0.096 
:(11.7) (.4) (9.8) (4.0) 1.16 

Beef -.565 	 -0.117 0.126 1.55 8.29 .945 
(6.5) 	 (.8) (.7) (8.5) (3.8) .96 

Beef -0.152 -0.367 -.142 .139 1.49 -9.41 .942 
(.3) (.9) (.9) (.7) (6.1) (3.6) .98 

-1.32 -2.71 0.045 15.16 .93 
 
:(10.9) (1. 3) (1. 2) (2.6) (2.6) (1. 6) 2.5 
 

Beef -.567 	 -.427 

= Not applicable. 
 
1/ Double logarithm regression equations using instrumental variables, ~Jhere prices and income 
 

variables are in real terms, and t_statistics are reported in parentheses. 
 

Source: (1037) • 
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Table 22--Argentina: Demand elasticities for beef 1/ 
(Quarterly) -

Income : Foreign:Price elasticity 
elasticity : exchange:

Commodity 
Domestic :D .: Import-: real Popula-:and market omest1cDanish R2: : ers : effec- tion 

Beef Fish beef 
Wages tiveTr.end 

rate 

!/ Elasticities calculated from 2-stage least squares regression equations, linear 
in the variables, and with t- statistics reported in parentheses. 

Source: (1053). 
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Mexico and Central America.--The Mexican government appears to be highly interested 
in developing an understanding of institutional problems of agriculture and consumption 
that are in addition to those related to price. Mexican and Central American work on 
demand parameters is summarized here. 

Income Elasticities 

Commodity Mexico Central 
America 

Urban RuralJ 
 
Beef 	 0.51 0.96 0.59 

Pork 	 .59 .64 .47 

Poultry .76 .90 .77 

Mutton .25 1. 99 0 

Goat 	 .47 2.15 0 

Eggs 	 .51 .69 .69 

Milk 	 .41 .80 .34 

Sources: Mex~co (404. 603, and 1007); Central 
America (1008). 

USDA investigators have calculated some demand elasticities for Mexico which are 
in harmony with the Main Sequence. John Link, for example, found a direct-price 
elasticity for meat consumption of about -0.6 with an income elasticity of about +0.3 
for Mexico. With variables from 1956 to 1972 expressed as logarithms, oridinary least 
squares analysis gives the following meat demand equation: 

BPC = 	 -.6582 RPB + .2735 RYPC + 3.3364 .75 
 
(.1930>' (.0447) (.9792) 2.00 
 

where BPC is beef consumption per capita in kilograms, RPB is the price index of. (.att1e 
deflated by the index of consumer prices, and RYPC is per capita gross domestic pro
duct deflated by the index of consumer prices. Standard errors are shown in paren
theses; R2 is the coefficient of multiple determination; and DW is the Durbin-Watson 
statistic. Since computations are in logarithms, the regression coefficients are 
direct estimates of elasticities. 

World GOL Model Demand Elasticities 

Demand elasticities incorporated into the World GOL Model are shown in table 23 
for meat, and table 24 for dairy products. These elasticities are synthesized from 
all the material presented above. Adjustments are made for commodity and regional 
specification to conform to the requirements of the GOL model. For those regions with 
inadequate statistical bases of estimation to specify the required demand parameters, 
the Main Sequence is recalled and the regions are treated as part of a continuum of 
world demand. They are modeled in relation to regions with better known parameters. 
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Table 23--World GOL Model: Demand elasticities for 
meat, by country or region, 1970 

'0' 

)~ 	 Price elasticity 

Countr)7 or 	 Income
Beef

region elasti 
and commodity Pork Poultry: Mutton city 

:Finished: Other 

I United States:I Beef, finished -0.7 0.20 0.10 0.50 
~ Beef, other .4 -.80 .10 .10 .35 

Pork .4 -.80 .10 .25
1 Poultry .3 .20 -1.00 .90 
~ Mutton 
'1 
g 

Canada:1 Beef 	 -.60 .30 .15 .70~ ;; 	 Pork .40 -.70 .15 .15 
Poultry .30 .20 -.80 .90 
Mutton 

EC-6: 
Beef .70 .30 .10 .60 
Pork .50 -.80 .12 .50 
Poultry .38 .50 -1.07 1.00 
Mutton .15 .15 -.25 

,1 
EC-3:~ 

l 	 Beef -.60 .20 .08 -.20 .70
1 Pork 	 .18 -.80 .20 .17 .45 ~ 
:1 Poultry .30 .30 -.60 1.00 
ij Mutton .40 .10 .20 -.10 

~ 
1 Other Western Europe:
il Beef 	 -.60 .20 .10 .70 ~ 

Pork 	 .20 -.70 .20 .60I Poultry 	 .10 .20 -.80 .90 
J 
i~ 	 Mutton .15 .15 -.25 

l Japan: 
Beef -1.20 .26 .35 1.20 ~ Pork .20 -.90 .11 .90

it
,! Poultry .50 .17 -1.10 .60 
" Mutton -.40 .20 .30 -.40 .501 

~ 
'i 
~ Oceania: 

~ Beef -.50 .20

" 

Pork .20 -.40 .10 
it 
~ Poultry 
'I 
" Mutton 	 .40 -.80;!
Ij Continued 
:1 

II
!J 

i:1 
II 
11l 

tj 	 39 
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Table 23--World GOL Model: Demand elasticities for 
meat, by country or region, 1970--Continued 

Price elasticity 

Country or 
region 

Beef Income 
elasti 

and commodity Pork Poultry: Mutton city 
:Finished: Other 

Mexico and Central America: 
Beef -.40 .10 .70 
Pork .10 -.30 .60 
Poultry 
Mutton 

Argentina: 
Beef -.40 .30 
Pork .20 -.40 
Poultry 
Mutton .20 -.40 

Brazil: 
Beef .60 .30 .40 
Pork .20 -.60 .40 
Poultry 
 
Mutton 
 

-- = Not applicable. 
 
Sources: 
 
United States--see text and tables 6, 7, and 8 citing (1012, 1024, and 132, and com


pare table 9, citing (1001), showing elasticities for North America; - 
Canada--see table 12 and sources cited, and compare sources for the United States; 
European Community--see text, tables 10 and 12 and sources cited, and table 11, and 

compare table 13 and sources cited; 
Other Western Europe--see tables 5 and 14 and sources cited, and table 15 showing 

elasticities for Western Europe, and compare table 9 showing elasticities for North 
America; 

Japan--see tables 4, 16, 17, and 18 and sources cited; 
Oceania--see table 20 and sources cited; 
Mexico and Central America--see text and sources cited; 
Argentina--see tables 21 and 22 and sources cited; 
Brazil--see text and sources cited. 

,:::;:, " 
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Demand elasticities forTable 24--World GOL Model: 
dairy products, by country or region, 1970 

" 
Price elasticity "\

H.'come 
elasticityItem 

Milk Butter Cheese 

United States: -0.10 
Milk, fluid -0.20 

-0.70Butter .50-0.50Cheese 

Canada: 
Milk, fluid -.20 -.10 

-.30-.70Butter .60-.50Cheese 

EC-6: 
Milk, fluid -.25 .20 

.20-.70Butter .50-.60
Cheese 

EC-3: .20-.15Milk, fluid .20-.50Butter -.60 .30 
Cheese 
 

Other Western Europe: 
 
Milk, fluid -.20 

.30 

.30-.50Butter -.60 .60 
Cheese 
 

Japan: 
 .95 
Milk, fluid -.70 1.00-.70Butter -.169 1.25 
Cheese 
 

Oceania: 
 .10-.20Milk, fluid -.10-.40Butter -.30 .50 
Cheese 

and sources cited. 
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Longrun Demand Growth 

Income elasticities for each region were developed with the price-elasticity ~ 

matrix, since considerations of theoretical symmetry and homogeneity involve the en~ 
tire set of elasticities, including those not specifically brought into the scheme 
of calculation. To the extent they can be foreseen, anticipated longrun effects have 
been incorporated into the demand equations through modifications to the set of in
come elasticities for each commodity. Other demand adjustments of a longrun nature 
are avoided. 

WORLD MEAT SUPPLY 

As presently modeled, supply relationships in the World GOL Hodel livestock sec
tor are based on direct- and cross-price elasticities for livestock commodities and 
a set of supply shifters, which are introduced as long term growth factors. Only 
market livestock commodities and their prices are now included in the variable field. 
Plans are being developed to increase the number of interacting variables to include 
livestock and slaughter numbers, slaughter weight or yield, and pasture or forage 
feed area. 

The four meat commodity categories are those identified in connection with meat 
demand: beef, pork, poultry, and mutton. Additional meats, to achieve a comprehen
sive total, remain to be added later in the context of priorities for deepening the 
analysis of the livestock sector in a number of respects. An underlying production 
function is postulated for each region in the GOL model. Direct, competing, or 
joint production and input-to-product price effects are speciJ:ied. The equations 
for the supply of meat have the following general form, as :l..:'lustrated by the supply 
of pork: 

Pork production F (Product price of: + G (Productivity 
Pork Technology 
Beef Change in: 
Poultry Policy 

Input price of: Trend) 
Corn 
Oilmeal) 

where F represents linear functions of variables that are endogenous to the GOL model, 
and G represents functions of exogenous variables whose values are projected before 
solving the interacting part of the model and which are not necessarily linear. Each 
of the products that has a price among the F-functions is provided with its own indi
vidual supply-demand specification. In the illustration above, pork output is pro
vided for here to match against a pork demand equation from the meat demand sector. 
Tradeoff is provided for pork in relation to beef and poultry in terms of whether a 
high beef or poultry price will encourage or discourage more pork production or have 
a neutral effect. In any event, high prices of input feeds (corn and oi1mea1) have 
a quantified inhibiting effect on pork production, whereas low feed prices constitute 
an encouragement. The exogenous G-functions take into account increases in produc
tivity, growth in technology, and alterations in policies, such as relaxing or im
posing production or marketing restrictions. 

Much livestock supply analysis relates quantity of product to dynamics of herds 
and flocks (103, 106, lOB, 109, 111, 116, 117, 124, 126, 12B, 129, 135, 136, 141, 150, 
and 166). Detailed, elaborate supply models relate price to product by way of animal 
numbers and weights and herd composition. Supply specification in the GOL model re
quires a relatively simple relationship of quantity to price. What appears in the 
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GOL model is net effects limited to a reduced set of variables--expressed in terms of 
prices--simplified from arrays of detailed effects operating in many dimensions. 

For each region included in the GOL model, a decision is made based on practical 
considerations, such as for which meats and other li7estock commodities should supply 
relationships be established. If. a livestock sector is included at all, at this 
stage, it will almost surely. contain beef, since this commodity is the world regula
tor of the meat price surface. The close substitutes for beef are feed-intensive: 
pork and poultry. These three meats are important elements in the determination of 
feed quantities and prices. They cannot very well be omitted, just as mutton cannot 
be avoided in some regions. Dairy products constitute a separate, but highly inter
acting, subsector with strong implications for world prices and for consumption of 
grain and oilmeal. 

Given the practical decision as to choice of commodities for each region, a f'ur
ther decision was made as to which direct- and cross....price effects to allow to enter 
the price-elasticity matrix and at what magnitudes. Previous work was studied and 
results interpreted in the light of assumptions incorporated into the work. "The im
portance of such assumptions for projections to be generated by the GOL model helped 
determine relevance for inclusion in this work. Finally, a set of price Ida.f;ticities 
was postulated and judged app'copriate for the l5-year projection span involved in 
this model. Little previous work has been done to quantify the world in terms of 
only the regions stipulated here and with the specified limitations in corrmodity 
coverage. The result is that judgment entered into every price coefficient' employed 
in the model. The elasticities are postulated and may be thought of as assuffied. 
They a\re tentative and are subjec·t to revision or change. 

In many regions of the world and in much of the same period since World War II, 
output increases and price rises have occurred synchronously. This has made theore
tical statistical separation of positive from neg?~tve p~iae effects very difficult 
and reaults obtained questionable. In the case of meat and livestock products, the 
presence of multiyear cycles in production renders neat theoretical solutions even 
more difficult to obtain. 

Supply Structure by Region 

This section presents the structure of world supply of livestock products by 
region, in the order of presentation in the previous section on demand. The findings 
included here have, in general, been interpreted in line with GOL model requirements. 
That is, supply structures, as found in the literature of agricultural economics or 
in manuscripts, have been simplified and some commodity fields ommitted. Lives'tock 
herds and flocks, for example, are not GOL-endogenous variables. 

United States 

The World CDL Model is designed to work in conjunction with highly elaborate 
models of the D~ited States. In,the GOL model, however, the United States is re
presented by orily a functional skeh:t.;1n, which was given approximately the same 
commodity specification as the world. The resulting U.S. longrun and shortrun elas
ticities are shown here: 
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Table 25 shows elasticities calculated as an approximate interpretation of some 
of the more elaborate modeling of the United States. The commodity dimensions of 
this table are much reduced from the fuller U.S. model system; they are suggestive of 
the comparability of the approaches and indicative of the degrees of information lost 
through reducing the scale of the U.S. models. (For previous modeling of the U.S. , 
livestock economy, st2!e 105, lOB, 109, Ill, 115, 116, 117, 124, 137, and 166.) 

Canada 

Canada has been modeled after the United States. Suitable supply estimation is 
not easy to obtain, partly because the Canadians perceive the necessity of modeling 
their country in severel regions each quite different from the others. Table 26 
presents estimated direct-supply elasticities together with an indication of the 
variable pattern in which the elasticities were quantified. The algebraic sign 
associated with the other variables is also shown. 

European Community 

Supply-price analysis of European agriculture has not been adequately analyzed 
by econometric methods to date. This is due to several reasons. Importantly, per
sistently rising prices in Europe since World War II have rendered nearly all prices 
and most lines of physical agricultural commodity output highly correlated with time. 
The fact that European agriculture (crop and livestock) is the product of miltipro
duct farms renders all outputs highly intercorrelated as well. Most meat, including 
beef and pork, is produced on grain-producing dairy farms where government policies 
concerning the prices of wheat and milk have exerted longrun, income-stabilizing 
effects. The full complexity of price effects on meat production has only been hinted 
in the GOL model as presently specified. 

EC-6.--European economists have not developed aggregated analytical models of 
the European Community or its major parts. This author, however, has made some basic 
calculations of aggregated meat production of the original six members of the EC (145, 
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Table 25--United States: Supply-price elasticities and shifter ~/ 

\J1 "" 

~~ 

Supply-price elasticity 
Commodity Fed 

beef 
Nonfed 
beef Pork :Broiler :Chicken Turkey Corn 

Fed beef 0.87 -0.19 -.34 

Nonfed beef .25 - -.21 

Pork 0.60 -.34 

Broilers 0.47 -.24 

Chicken ]j 0.18 -.04 

Turkeys 1.07 -.42 

Supply-price elasticity 

:Nonfed: Dairy:
: beef :Veal Milk Eggs :calves:Chicks: Corn Meal herd 

Dairy beef 0.55 -0.55 5.10 

Veal 0.21 -0.21 -0.64 -0.14 

Hilk .78 

Eggs 0.06 -0.08 -.06 -.02 

= Not applicable. 
!/ Approximate interpretation of equations presented in the sources. 
1/ Excluding broilers. 

Sources: (127, 128, 129, and 169). 

Meal 

-.07 

-.06 

-.12 

-.02 

-.14 

Hay 
fed 

0.43 

Shifter 

Calf . Costs 
!,-.,~~rd 

2.77 -0.27 

-.04 

-.20 

-.11 

-.12 

-.51 

Shifter 
 

Herd 
 
Cost . Timeage 

0.25 

0.03 0.11 
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149, and appendix C). These are shown in table 27. Beef production is seen as pos\ 
itively influenced by a rise in either beef or milk price and negatively by a rise in 
grain price. Pork is Europe's most important meat and is shown as positively related 
to pork price and strongly negatively related to grain price. It should be noted 
that pork output tends to run countercyclically with beef. 

Netherlands.--In table 28, the basic production relationship for both beef and 
milk is shown as the calf production function. It must be remembered that production 
of a live calf implies the beginning of lactation for the mother cow and the possible 
immediate production of veal. Saving the calf implies either beef production in 18 
months to 2 years or production of additional milk in about 2 years. Pork is highly 
responsive positively to its own price and negatively to the price of feed. Poultry 
is also similarly responsive. The Dutch supply relationships are regression r,esults 
from fitted functions. 

Belgium.--A production relationship from a fitted regression equation showing 
beef output highly and positively responsive to beef and milk prices and negatively 
responsive to grain price is shown here. Inflation was accounted for by using var
iables from which the time trend had been removed. 

Supply-price elasticity 
Commodity 

Beef Grain Milk 

1.50 -0.23 0.40Beef 

Source: (1060) . 

The study also presents calculations of a beef demand-price elasticity of -1.0 and 
evidence that the cycle amplitudes of both beef prices and beef marketings are nearly 

the same. 

United Kingdom.--The following tabulations show several tableaux of supply elas
ticities obtained from a variety of sources. The below elasticity coefficients pre
sented by G.T. Jones at Oxford University contain the response to a change in a comm
odity's own price which is permitted to work itself out over a decade. 

Supply elasticity 
Commodity with respect to 

direct price 

Beef and veal 1.05 
Cow beef .82 
Mutton and Lamb 2.04 
Pork 9.60 
Bacon 15.50 
Pigmeat 4.00 
Poultry and game 5.20 
Fish 1.10 
Eggs 2.20 
All milk .73 

Sources: (1033 and 1045). 
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Table 26--Canada: Supply-price elasticities and stock shifter J) 

Supply-price elasticity Stock shifter
Commo-: Time
dity Hog :Barley

:Steers Cows Pork :steers Cows Barley: Wheat2/ 2/ 

Beef 0.4 + 
0.25 + 

-.4 + 
j 
1,.~

Pork 0.10 + l'f 

+ .15 + ii 
t~ 

+ 0.4 -0.4 + '~ 
h+ .4 -.4 + 
J? 

Not applicable. 
 
1/ Associated variables in calculated patterns are indicated by their signs (+ or 
 

-)-from regression equations. 
 
~/ Hogs, barley ratio. Source: (155). 
 

Table 27--EC-6: Supply-price elasticity patterns from fitted equations, 
 
annual trends, and equation statistics 1/ 
 

Commodity Supply-price elasticity Equation statistic
Annua1:--~~~~~~~~~---

and Meat Beef Pork Milk Grain trend; R2 SE DWTime lag 2/ 

Percent 

Meat (1 year) : 1.20 0.85 0.63 1.2 
 
.14 -0.52 .86 .60 1.5 
 
.82 0.63 -.70 .92 .46 1.6 
 
.25 -.29 1.88 .99 .19 1.9 
 

Heat 
(2 years) 1.16 .94 .40 2.2 
 

.69 .44 .96 .31 1.6 
 

.70 .47 -.11 .96 .32 1.7 
 
Beef 

(2 years) 0.63 -.25 .83 .17 1.0 , 
(.60 .65 -.29 .82 .18 1.0 

.60 .05 .83 .17 1.0 

Pork (1 year): 0.27 -.37 1.83 .97 .10 2.5 
 
.31 .69 -.40 .86 .23 1.8 
 

-.10 .30 -.34 2.05 .97 .10 2.4 
 

-- = Not applicable. 
.:. 

1/ Using ordinary least squares, annual aggregated data for the EC-6, deflated 
 
prices for 1950 to 1965. Calculations are further to those presented by D.W. Regier 
 
(145 and 149). 
 
-zy The time lag is the number of years previously that the prices in the supply

price elasticity columns occurred as compared with observed quantities of the 
indicated commodity. 

;1 

Source: Appendix C. 
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= Not applicable.

1/ Basic production relationship for milk, beef, and veal, interpreted with appropriate lags. 
 

Sources: Approximate interpretation, by separate calculation, of basic equations included in Netherlands, 
(416 and 1052). 
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Similarly the Ferris and Josling study shows the cumulation of price response 
 
effects over a span of 5 years (table 29). The McFarquhar study below shows a high 
 
order of price response measured econometrically in the form of calf production rela

ted to beef and milk prices. 
 

-

supply-price elasticity 

Commodity 	 Beef price Producer 
milk price

Guaranteed MarketI 
 
Male calves 4.2 2.7 --
Female calves -- .7 3.8 

-- = Not apphcable. Source: (1045). 

Denmark.--The Ferris and Josling study also contained a tabulation of cumulated 
 
price responses to various price changes in the feed-livestock sector of Denmark 
 
(table 30). Some of the responses appear to be perverse and in the wrong direction, 
 
but this is difficult to judge without more detailed knowledge of the entire model. 
 

Other Western Europe 

Sweden's agricultural production economists have provided usable estimates of 
 
production response to price incentives in the meat and livestock sector. 
 
Gulbrandsen aDd Stojkovic have presentEd valuable regression. results for Swedish beef 
 
and pork production. An interpretation of their equations in (1026) is as follows: 
 

Supply-price elasticity Shifter 

Commodity Beef Pork 	 Feed Grain Pig Wages 
grains yield herdp.' 

Beef 	 -- - 1. 26 -- -1. 26 0.50 

Pork 	 -- .11 -.11 -- 0.59 -0.59 

-- = Not applicable. 

Regression results obtained by Winfridsson (table 31) broadly confirm these, as well 
as indicating the variability of numerical quantification in this area. Results are 
lacking for other countries of Western Europe. 

Oceania 

Powell, Gruen, and their associates in Australia have formulated usefu:,t tableaux 
showing cross-price supply elasticites and direct-price responses for the v\~ry basic 
commodity categories of the feed-livestock complex, as shown in tables 32 ar;'d 33. 
The tables show both shortrun and longrun price effects. The tables include variables 
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Table 29--United Kingdom: Supply response 

Effect of a I-percent price increase on production 11 
Commodity Years after price change

Productbeing priced 1 2 3 5 

Percent 

Milk :Milk 0.34 0.53 0.68 0.82 
Barley :Milk -.06 -.10 -.14 -.16 
Catt.le :Beef -.02 .10 .25 -.07 
Pigs :Pork .97 1.51 2.00 2.22 
Broilers :Broilers .45 .87 1.31 2.05 
Turkeys :Turkeys .50 .79 .98 1.17 
Eggs :Eggs .35 .60 .80 1.06 

Barley :Feed grain •.25 .51 .74 1.09 
Wheat :t-lheat .19 .24 .25 .27 
Barley and 

wheat :Cereals .28 .56 .81 1.21 
Barley, wheat, :Concentrate 

and maize utilization -.21 -.33 -.46 -.55 

II Price changes include effects of taxes and subsidies. Production response 
,is-free from restrictions (including area). Source: (302). ,I, 

Table 30--Denmark: Supply response 

Effect of a I-percent price increase on production 11 
Years after price changeCommodity Product 2 3 5being priced 1 

Percent 

0.46 0.61Milk MHk 0.19 0.35 
Dairy feed Milk -.04 -.07 -.10 -.13 

Heifer beef Heifer and 
-.27 -.60steer beef .14 -.07 

Pigmeat Pigmeat 0 1.20 2.32 4.07 

Broilers Poultry meat: 0 0 0 0 
.44 .64 1.04Eggs Eggs .23 

Barley Cereals .08 .16 .25 .43 

Barley Concentrate 
-.29 -.59 -1.07utilization: -.01 

11 Price changes include effects of taxes and subsidies; production response is free 
of restrictions. Neutralizing the effects of cull cow prices (tied to heifer beef in 
the model) results in a supply elasticity for heifer and steer beef of +0.20 by the 
5th year. Source: (302) • 
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Table 31--Sweden: Supply-price elasticities from regression and supply shifter 1/ I 
Supply-price elasticity Supply shifter 	 . R2 

I: ConstantCommodity 	 Effi- DW 
Milk Eggs Feed 	 . ResourceBeef Pork ciency : 

1.04 	 -1.04 1.09 0.61 -0.85 0.94 	 ,:~I ' Beef 	 
1.72 I 

Pork 0.31 	 -.31 .28 3.81 .84 I 
1.72 ! 

0.09 -.09 ,38 .60 	 .96Milk 
.94 

0.23 -.23 .41 	 4.24 .89Eggs 
2.63 

VI 
~ 

Potatoes, lagged
Feed 

Wheat grain 1 year 2 years :3 years 

.92 	 -3.86 .60Wheat 0.91 
1.44 

-:1.69 .98Feed grain 	 0.18 	 .95 .59 
1. 76 

0.26 .64 -1.07 -4.58 .94Potatoes 	 0.25 0.29 
2.54 

1/ Logarithmic form, deflated prices, analysis period 1951-67. 
 

Sources: (1073 and 1074). 
 

J 
 



'. 

= Not applicable. 
1/ The shortrun refers to year-to-year development. 

Sources: (~and 122). 

Table 33--Australia: Direct supply-price elasticiLies 1/ 

Commodity Shortrun, 
1 year 

Hedium run, 
5 years 

Longrun, 
infinite 

Beef and veal 0.16 NE NE 
Dairy .20 0.43 0.46 
tvool .05 .25 3.59 
Lamb .21 .94 3.20 
Wheat .1B .B2 3.B2 
Coarse grains .21 .Bl 1.54 

NE = Not estimated. 
1/ Nerlovian estimates. 

Source: (411). 
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not admitted in the GOL model and omit others that are in the model. Work remains 
for the GOL model in adequately treating mutton and wool. The interaction between 
dairy and beef production is also highlighted. 

New Zealand beef and dairy supply responses are suggested in the figures presen
ted here: 

Direct-price elasticity
Commodity 

Shortrun Longrun 

0.64Beef cattle 0.09 

Dairy cattle .18 .42 

Source: (103). 

Argentina 

Table 34 contains a summary of Argentine supply-price elasticities drawn from a 
livestock study by the Instituto Nacional de Tecnologia Agropecuaria (INTA) (402), 
also quoted in Hutchison, Urban, and Dunmore (131). The quoted study brings togeth
er the work of a number of students of the problem of supply response in Argentina • 
...·he analytical work of Kohout is held to be of especially distinguished quality. 
His results, by and large, are used as guidelines in the GOL model. It can be ob
served that the response period is critical. Elasticity measurements range from 
strong negative (with a short timelag) to stronger positive (with a 3-year lag). 
These studies' are noteable for having been conducted in a context of high price ~n
flation. They will serve as a strong basis for further analysis. 

Brazil 

Work by the Getulio Vargas Foundation is summarized in table 35. Analysis has 
 
been under way in Brazil for several decades into quantification of important pro

duction functions underlying Brazil's agriculture. Table 35 provides insight into 
 
the technical foundation of the Brazilian agricultural sactor, of its national 
 
accounts, and of certain production responses that are in operation. Immediately 
 
usable production elasticities with respect to price change are not apparent, but 
 
the relative importance of meat production is suggested. 
 

Longrun Supply Growth 

Plausible estimates of livestock supply elasticites are usually estimated along 
with the effect of weather, physical inputs, technological gro~th, cycles, and other 
factors. Considerations of theoretical symmetry and homogeneity apply to production 
as well as to consumption. At this stage of modeling the livestock sector, neutra
lity or central values have been assumed for commodity cycles, weather, and separate 
physical inputs. Additional factors in operation, after allowance for price effects, 
are treated as combined into technological effects and related to time. Adjustment 
for such effects may be once-and-for-all, constant increment, or compound growth. Ex
genous growth terms used in livestock supply and feed demand are shown in table 36. 
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Table 34--Argentina: Beef supply-price elasticities, by source 

! 

Source 
Supply-price elasticity 

Shortrun Longrun 
Characteristics 

INTA 0.23 

.39 

Price is 3-year moving 
age centered on t-3, 
1956-65 

Price is 	 t-3 

aver

Reca -.36 
-.21 

1923-47 
1948-65 

Otrera -2.48 -2.66 1945-64 

Nores -.003 -.314 1935-66 

Kohout -.61 
.69 
.98 
.68 
.05 

Price is 	 t-l, 1935-67 
t-2 
t-3 
t-4 
t-5 

Not applicable. Sources: (402, 1059, 1054, 1053, 1041, and 131). 
• 

Table 35--Brazil: Technical coefficients and agricultural output 
elasticities with respect to input 

Input 
Technical coefficient 

Live-
Total Crop stock 

Output elasticity 

Live-
Total Crop 	 stock 

Total land area 
Crop area 
Pasture area 
Seeds and seedlings 
Livestock feed 
Fertilizers 
Pesticides 
Vaccines and medicines 
Labor 
Value of land, plantings 
Buildings, machines, 

equipment 
Cows for breeding 
Sows for breeding 
Livestock herd 1/ 

0.007 

.020 

.052 

.003 

.002 

.001 

.459 
4.129 

1.403 	 
.040 
.003 
.196 

0.u02 

.025 

.004 

.002 

.525 
4.133 

1. 369 

0.003 

.076 

.001 

.395 
4.035 

1.470 
.153 
.002 
.421 

0.162 

.119 

.087 

.043 

.053 

.037 

.160 

.107 

.102 

.005 

.001 

.031 

0.477 

.107 

.057 

.058 

.117 

.064 

.129 

-0.067 

.150 

.070 

.184 

.257 

.112 
-.015 

.014 

.091 

Not applicable. 1/ For other than breeding or work. Sources: (408 and 409). 
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Table 36--World GOL Model: Exogenous growth coefficients for feed demand and livestock supply 1! 

Type of 	 Other 
growth United Canada EC-3 	 EC-6 Western Japan :Australia: Middle Brazil :ArgentinaCommodity America

2/ States 	 EuroEe 

Percent Eer annum 

Feed demand: 
 
0.2 0.2 0.5 	 0.5 0.2 
Grain 	 T 0.3 

Oilmeal 	 T 1.0 .5 
 1.0 2.0 
P 	 .5 .4 

\Jl 
 
\Jl Livestock supply: 
 

Beef 	 P 1.6 3.5 2.5 	 2.0 3.1 2.0 3.0 3.8 
 3.25 1.5 
.5
Pork 	 T 

3.8 3.5 2.5 

Poultry P 2.5 5.6 2.5 4.4 6.0 5.0 
P .5 1.9 2.9 2.4 2.0 2.0 

.6 2.2 	 .2Mutton 	 P 
 
1.9 .73 .3 1.5 5.0 1.0 
Milk 	 P 

Cheese P 	 1.0 
 

-- ~ Not applicable.
~/ Residual incremental and compound growth ~erms after allowance for the effects of elasticities and other parameters in the 

model specification, both endogenous and exogenous. 
~/ T is an incremental trend expressed as a percent of base; P is a compound growth rate. 
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World GOL Model Supply Elasticities 

Supply elasticities of meat (table 37) and dairy products (table 38) were syn

thesized fro.m an evaluation of all material previously presented. These elements 
 
were adjusted to account for variations in the commodity specification adopted for the 
 
World GOL Model and of the individual investigations utilized. Adjustment also was 
 
attempted, where possible, for variation in the time frames over which elasticities 
 
were calculated or intended to be utilized. The supply response estimates for a 
 
number of regions are weak or inappropriate for the purposes of the GOL model. In 
 
such cases, the global uniformities of the Main Sequence on world feed allocation and 
 
meat demand were born in mind, and the regions concerned were modeled in relation to 
 
regions borne with better known responses. The parameter specification is tentative 
 
and subject to reevaluation after any additional research might be completed. 
 

DERIVED DEMAND STRUCTURE FOR LIVESTOCK FEED 

The link between the crop and livestock sectors of the World GOL Model is im
portantly a physical one. The quantity of a commodity demanded as feed is a weighted 
sum of t.~le livestock commodities produced in a region, the weights are the respective 
quantities of the feed used in producing a given livestock product, and the final 
sum is then adjusted by price considerations. The feed commodities central to the 
GOL model are grain and oi1meal. First, calculations of grain used as feed are made 
as a broad category. Second, grain is apportioned into feed demand separately for 
wheat, coarse grain, and rice. The equation pat.terns for derived demand for livestock 
feed have the following general form, as illustrated by grain: 

Feed grain demand = F (Production of: + G (Change in: 
Beef Taste 
Pork Policy 
Poultry Technology 
Mutton --and to account 

for livestock notMilk 
Price of: treated endogen-

Beef ously--
Income per capitaPork 

Corn Population 
Oilmeal) Productivity) 

(Feed grain demand + G (Change in:Feed wheat demand = F 
Price of: Policy 

Wheat Technology) 
Corn 

Feed grain demand Feed wheat demandFeed corn demand = 

where F is a matrix of linear functions of endogenous variables and G is a set of . 
 
exogenous independently projected factors. Like demand functions for livestock pro

ducts and for grain used as food, demand for feed is related to a matrix of direct

and cross-price elasticities. Additionally, it is related to the physical produc

tion of the endogenous livestock products by a set of input-output coefficients ex

pressing the tons of grain or meal used to produce a ton of livestock product. The 
 
G-functions include factors such as technological change or policy considerations 
 
which affect the use of grain or meal as livestock feed. They also include factors 
 
such as per capita income and population to account for those parts of the livestock 
 
sector which are not as yet specified by appropriate F-functions. 
 

:1 
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Table 37--World GOL Model: Supply elasticities for meat, by region or country1 
Supply elasticity ,-lith respect to price of-tj,.I", 	 Item 

Pork Mutton: Milk Corn :OilcakeBeef :poultry :r
Pj 

United States:
!I 
"j 	 Beef
 0.30 -0.20 -0.05
f.1 -.40 -.10 I 
 

!l Poultry 0.90 
tt
Pork 	 0.60 

-.60 -.20 
H
it
H Canada: 
 
H 	 Beef .40 -.10 -.20 -.05 
 

Pork -.20 .60 -.20 -.40 -.10
11 
Poultry 	 -.10 -.20 .70 -.40 -.20n 

i~'I
'"' EC-6:\j 	 Beef .40 -.15 0.15 -.20 -.10 
1·1 
" 	 Pork -.30 .70 -.30 -.40 -.20
ij;, Poultry -.20 -.20 .70 -.40 -.30 
 
" Mutton -.15 0.30 .15 
 

11 
EC-3:

! 
~ 

Beef .40 -.15 .15 -.20 -.10 
~D 

-.15 .70 -.15 -.40 -.20Pork 
Poultry -.20 .20 .70 -.40 -.30 
Hutton -.15 .30 .15 -.15 

Other Western Europe: 
.15 -.20 -.10Beef 	 .40 -.15 

-.20 .50 	 -.30 -.15Pork -.20 
Poultry -.20 -.20 .60 -.30 -.25 
Mutton -.15 .30 .15 .15 

Japan: 
 
Beef .50 
 -.10 -.10 .20 -.30 
 
Pork .70 -.20 -.15 -.40 -.20 
Poultry -.20 .70 -.40 -.30 

Oceania: 
 
Beef .40 -.10 
 
Pork -.10 .30 .20 
 
Poultry -.10 .30 
 
Mutton .20 
 .20 

Mexico and Central America: 
 
Beef .40 -.10 
 
Pork -.10 .30 -.40 
 

Continued--
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Table 37--World GOL Model: Supply elasticites for meat, 
by region or country--Continued 

Supply elasticity with respect to price of--
Item . . 

Beef Pork ;Poultry; Mutton; Milk Corn ;Oilcake 

Argentina: 
Beef .50 
Pork -.10 .30 -.2 
Mutton .20 

Brazil: 
Beef .50 
Pork -.10 .40 -.30 -.15 

= Not applicabIe. 

Sources: United States--See text, table 25 and sources cited, and (132, 110, and 
1027) ; 
--canada--see table 26 and source cited; 

EC-6--see table 27, apendix C, and (145 and 149), consult text table 28 and sources 
cited; and compare sources listed for the EC-3 and Other Western Europe; 

EC-3--for the United Kingdom, see the text and table 29 and sources cited, for 
Denmark see table 30 and sources, and compare sources listed for the EC-6 and Other 
l\Testern Europe; 

Other Western Europe--see the text, table 31, and sources cited, and consult refer
ences to the EC-6 and EC-3j 

Oceania--fur Australia, see tables 32 and 33 and sources cited, and for New Zealand, 
see the text and sources cited; 
 

Argentina--see table 34 and the sources cited; 
 
Brazil--see table 35 and sources cited. 
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Supply elasticities for dairy products, by region
Table 38--World GOL Model: 

Supply
Supply elasticity with respect to price of- : elasticity 

: of joint
Item Oilcake outputMilk Butter Cheese Corn 

: with beef 

Un:t.ted States: -0.200.40 -0.10 -0.30Milk. total 
-.60 0.60Cheese 
 

Canada: 
 -.40 -.20.30Milk, total 
··.60 .60Cheese 
 

EC-6: 
 -.50 -.30 0.5 
Milk, total 
 .35 

EC-3: 
 -.20 -.10
Milk. total 
 .35 

Other Western Europe: 
 
-.10.30 -.35Milk, total 

.50Cheese 
 

Japan: 
 -.25 -.30.80Milk. total 
 

Oceania: 
 -.20.40Milk. total 
-1.0 1.0Cheese 

-- ~ Not applicable. 
 

Source: See table 37 and sources cited. 
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The Feed-Livestock Balance 

In the base from which the World GOL Model projections are made (1970, or a span 
of years centerep on 1970), the quantities of livestock commodities produced are 
balanced with the quantities of feed imputed to each kind of animal or product. This 
budgeting is based on feed conversion rates characteristic of different livestock pro
ducts, different farming systems, and prevailing practices in each of the regions of 
the World GOL Model. Tables 39, 40, and 41 are examples of the result of the bud
geting process carried out for each GOL region. Identified in the tables are the 
quantities of livestock products, quantities of grain consumed as feed for each pro
duct and in total, and quantities of oilmeal consumed as feed for each livestock pro
duct and in total for the region. Also explicitly identified are the use rates--or 
input-output ratios--for both grain and oilmeal, expressing the tons of grain (or 
oilmeal) used in producing a ton of livestock product. Such balances for each region 
are used to obtain input-output ratios incorporated into the feed demand equations. 
The use rates are adjusted to account for the grain or meal reported as livestock 
feed in each region. 

Input-Output Coefficients 

The heart of the system comprising the interface between crop and livestock sec
tors of the World GOL Model is a comprehensive set of input-output coefficients re
lating, in the 1970 base, production of meat and other individual livestock products 
to the quantities of grain and oilmeal used in their production. To establish these 
coefficients, research reports were studied and screened for estimates of the coeffi
cients which might be useful for modeling the region in which the research had been 
carried out. The coefficients decided upon were expressed in the dimensions of the 
GOL model in terms of the L~plied quantity of feed used per unit of product. Grains 
and oilmeals were then budgeted, in the 1970 base, to account for the entirety of 
grains and meals and of li~stock products. The observed discrepancies led, for a 
particular region, either (1) to a second round of estimation of coefficients, or 
(2) to an estimation procedure which respected the coefficients but treated the 
discrepancy term explicitly as a function of time in the projections. Tables 42, 43, 
and 44 are work sheets based on this method. 

Observed input-output coefficients for feed into livestock commodities are be
havioral relationships depending on (1) biological considerations, (2) local climate 
and plant ecologies, and (3) affluence of the agriculturalist in his environment in 
making decisions bearing on the sharing of available crops by the family, the market, 
or animals in the form of feed. The practices in U.S. agriculture are well known 
and clearly documented, but they stand at an extreme of behavior with respect to 
affluence or per capita income of the world. Other developed countries less affluent 
than the United States are less elaborate in their documentation of local agricultu
ral practices (o~ less forthcoming in publication of these practices) and typically 
use lesser quantities of grain in feeding livestock. The appreciable variation in 
agricultural practices (e.g., throughout Europe) and the less than comprehensive 
publication programs by some otherwise advanced countries make documentation by 
region difficult and, thus, data uneven. For the less developed countries, lacking 
resources for adequate attention even to basic concerns of human health and nutrition, 
documentation of livestock nutrition and husbandry practices tends to be quite poor. 
Thus, the basis is lacking for elaborate procedures of statistical estimation. 

As countries form a progression when classified on the scale of per capita in
come, reliability of liveGtock feeding data form a similar progression when compared 
on the income scale. Howev,er, the allocation of grain to livestock at the expense 
of food also tends to form a progression on the same scale (according to the scat
tered information available). Therefore, a basis exists for arriving at judgments 
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Table 39--EC-6: Livestock production, grain utilization 
rates, and grain used as feed, 1962 1/ 

Product 

Total meat (with grain inputs 
allocated) 

Major meats: 
Beef and veal: 
 

Beef 
 
Veal 
 

Pork 
 
Poultry 
 

Minor meats 

Other products: 
Milk 
Eggs 

Total meat and livestock 
products 

Total meat (with grain inputs 
unallocated) 

= Not applicable. 

Livestock 
production 

Million 
metric tons 

10.377 

9.800 
4.210 
3.467 

.743 
4.613 

.977 

.577 

65.407 
1. 957 

10.377 

Grain utiliza
tion rate 

Rate 

(2.077) 

(2.184) 
(.743) 

.902 
o 
3.410 
2.607 

.251 

.111 
3.109 

(3.362) 

Grain used 
as feed 

Million 
metric tons 

21. 549 

21.404 
3.127 
3.127 
o 

15.730 
2.547 

.145 

7.260 
6.084 

34.893 

34.893 

1/ Grain used as feed is calculated by multiplying the detail of livestock produc
tion by grain utilization rates and summing to obtain the total of grain used as feed 
to check with reported data. Average utilization rates (shown in parentheses) are 
obtained by dividing subtotals and totals of calculated grain used as feed by the 
corresponding subtotal or total of livestock production. 

Source: Adapted from (145). 
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Table 40--EC: Livestock production and use of grain and meal as feed, 1970 

Livestock Oilmeal used 
Product as feed 

Grain used 
production as feed 

Million 
metric 

Million 
metric 

!1illion 
metric 

~11 !P.n§.l/ ~'!:./ ~l/ 

Ec-6: 
Meat: !:J 

Beef and veal 
Pork 
Poultry 
Mutton 

13.000 
4.416 
5.061 
1.920 

.195 

(2.278) 
1. 300 
3.600 
2.700 

.250 

29.616 
5.741 

18.220 
5.184 

.049 

(0.490) 
.160 
.670 

1.180 

6. 36)~ 
.707 

3.391 
2.266 

Minor meat 1. 408 .300 .422 

Other product s : 
Milk 
Eggs 

71. 448 
2.492 

.130 
3.100 

9.288 
7.725 

.034 

.710 
2.429 
1. 769 

Meat 21 13.000 46.629 .812 10.562 

EC-3: 
Meat: It,/ 4.500 (2.844) 12.797 (.420) 1.891 

.120 .160Beef an.l veal 1. 331• 2.270 3.028 

.550 1.011Pork 1.838 4.220 7.756 
Po!,).JJry .686 2.700 1.852 1.050 .720 

Mutton .267 .250 .067 
Minor meat .375 .250 .094 

Other product s : 
4.363 .025 .519Milk 20.778 .210 

Eggs 1.016 3.100 3.150 .600 .610 

.671 3.020Meat 21 4.500 (4.513) 20.310 

EC-9: 
Meat 17.500 (2.424) 42.413 ( .472) 8.255 

(0.148) 13.651 ( .032) 
 2.948Milk 92.226 
Eggs 3.508 (3.100) 10.875 ( .678) 2.379 
 

13.582Feed §.I 66.939 
Reported feed 11 66.911 13.574 

= Not applicable.
1:./ FAS supply and distribution figures (220 and 221) supplemented by FAO (702, 702, 

703, and 704) and OECD (901, 902, and 903). 
2/ Kilograms of feed per kilogram of livestock product. Use rates are obtained by 

budgeting with a priori knowledge from table 39 and (145, p. 6, 804, pp. 118-9, 806, 
807, 808, 810, 122, 506, 507, 508, 509, 510, 501, 502, 503, 504, 505, 1056, 1057, 
1072,JJ)1n--:-i048,101i9," 1050, and 1051).- - - - - - -- - 
--:;r Detail~multiplication of livestock product detail by use rates. A:verage use 
rates for aggregated categories are shown in parentheses. 

4/ Total meat with feed inputs allocated to all livestock products.
5/ Total meat with feed inputs unallocated. 
6/ Sum of the calculated detail of allocated feed.
1/ Grain and oilrneal used as feed, as reported by FAS. 
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TC1.b1e 41--United States: Livestock production and use of grain and meal as feed, 1970 

Livestock Grain used Oi1mea1 used
Product production as feed as feed 

iJ 
Million Million Million ' 
metric metric metric I "~ 

~11 Rate J:j tons 1/ ~y tons 1/ 
 

Meat (with feed 
allocated) 22.120 (4.8600) 107.504 (.4931) 10.908I 
 

i 
i Beef 10.063 4.1807 42.070 .2842 2.860 

Pork 6.227 6.4313 40.048 .4060 2.528 
Poultry 4.634 2.7648 12.812 .7883 3.653 
Mutton .250 1'.8560 .464 .2800 .070 
 
Other .946 1208013 12.110 1. 9000 10 797 
I 


IJ 

Other: 
Hilk 53.162 .3272 17.396 .03007 1.599 
Eggs 4.077 2.9119 11.872 .4236 1. 727 

Meat (with feed 
unallocated) 22.120 (6.1832) 136.772 (.64349) 14.234 

Feed: 
Estimated il 136.772 14.234 
Actual ~j 136.343 14.234 

= Not applicable.
11 ESCS supply and distribution figures: meat (214, poultry and eggs (215), milk 

(208 and 218 various issues).
II Kilograms of feed per kilogram of livestock product. Use rates are obtained by 

dividing feed detail by livestock product detail. 
 
1j Feed detail is from (201, 202, 209. and 217).

41 Sum of calculated feed detail, as above. 
 
51 Grain and oilmeal use as feed, as reported by ESCS. 
 

The analytical basis of this method was laid by USDA's Hodges (222) and Jennings 
(223), followed by Allen (201 and 202). 
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Table 42--Developed countries: Grain utilization rates for 

livestock production, 1962 


(Kilograms of grain fed per kilogram of product) 

Region or country 

United States 
Canada 
Japan 
OECD-Europe 

European Community: 
Belgium-Luxembourg 
Netherlands 
France 
Germany 
Italy 

North Western Europe: 
Austria 
Denmark 
Finland 
Ireland 
Norway 
Sweden 
Switzerland 
Uni ted Kingdom 

Other Western Europe: 
Greece 
Portugal 
Spain 
Turkey 
Yugoslavia 

Oceania: 
 
Australia 
 
New Zealand 
 

OECD-Oceania 

-- = Not applicable. 

Source: (804). 

Pork 

8.30 
7.80 
6.30 
3.80 

3.40 
3.07 
2.98 
3.65 
2.74 
7.30 

4.40 
4.00 
4.20 
4.90 
1.60 
4.00 
5.00 
2.70 
5.10 

5.00 
4.00 
3.00 
4<50 

6.50 

2.10 
2.50 
1.50 

5.80 

Poultry 

4.40 
2.40 
1.80 
3.70 

4.00 
3.00 
3.50 
4.05 
4.50 
4.20 

3.20 
3.20 
3.10 

3.00 
4.10 
3.80 

3.30 
3.50 


.80 

3.50 
1.00 
4.00 

2.10 
1.80 
2.90 

4.00 

Beef 
and 

veal 

Rate 

3.0 
5.0 
1.2 
1.7 

1.2 
1.6 
1.8 
1.2 


.9 

1.6 

1.8 
1.0 
2.1 
3.6 
1.5 
2.5 
2.6 


.8 

1.7 

4.1 
1.5 
1.4 
3.0 
6.0 
5.5 

.3 

.5 

.1 


2.4 

Milk 

0.30 

.30 

.30 

.80 


.05 


.06 


.07 


.04 


.05 


.10 


.11 


.07 


.10 


.10 


.10 


.10 


.10 


.10 


.25 


.10 


.20 


.20 


.30 


.30 


.02 


.10 


.10 


.14 


Eggs 

3.90 
4.90 
2.70 
3.50 

4.00 
2.40 
2.84 
3.20 
3.75 
5.70 

2.90 
3.00 
3.90 
3.20 
2.00 
2.00 
3.70 
3.50 
3.10 

3.10 
3.00 


.90 

3.50 
1.00 
5.50 

2.70 
2.70 
2.70 

3.60 
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Table 44--Developed countries: Grain utilization rates for 
livestock production, 1985 

(Kilograms of grain fed per kilogram of product) 
Beef 

Region or country Pork Poultry and Milk Eggs 
veal 

Rate 

United States 8.30 4.20 4.0 0.30 4.00 
Canada 7.80 2.10 4.0 .30 3.70 
Japan 6.30 2.40 1.7 '.• 10 2.40 
OECD-Europe 3.30 2.70 2.5 .13 2.90 

European Community: 2.90 2.90 2.1 .08 3.00 
Belguim-Luxembourg 2.68 2.52 2.0 .07 2.12 
Netherlands 2.63 2.52 2.5 .10 2.51 
France 2.85 2.52 2.6 .09 2.50 
Germany 2.43 2.87 1.4 .07 2.59 
Italy 5.50 3.20 1.6 .10 4.20 

North \ves tern Europe: 3.80 2.20 ?.5 .16 2.70 
Austria 3.60 2.50 1.6 .10 3.20 
Denmark 4.40 2.20 2.4 .10 3.10 
Finland 5.00 2.80 4.0 .10 3.80 
Ireland 1.30 1.90 1.3 .10 1.60 
Norway 4.50 4.00 2.7 .20 2.70 
Sweden 4.00 2.40 3.1 .10 2.60 
Switzerland 3.50 2.40 1.4 .10 2.50 
United Kingdom 4.00 1.90 2.5 .20 2.50 

Other Western Europe: 4.00 2.70 4.5 .32 2.90 
Greece 3.50 3.00 2.5 .10 3.00 
Portugal 3.30 2.00 1.7 .20 1.60 
Spain 3.50 3.00 4.2 .40 3.00 

I, Turkey 2.00 6.5 .40 2.00 
Yugoslavia 5.00 4.00 5.0 .30 4.50 

Oceania: 3.00 2.40 .3 .02 2.20 
Australia 3.40 2.20 .4 .10 2.30 
New Zealand 2.50 2.60 .1 .10 2.30 

OCED-Oceania 5.00 3.30 3.1 .16 3.30 

-- = Not applicable. 

Source: (804) • 
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as to the intensity of grain feeding and oi1mea1 feeding in given regions in producing 
specified meats and dairy products incorporated into the tvor1d GOL Model. These 
judgments are tentative and subject to revis:/,on. The Organization for Economic Coop
eration and DLve10pment (OECD) has questioned member countries about feeding practices. 
Tabulation of OECD member country response has served as a basis for scaling input
output coefficients relative to feed demand among OECD members which are represented 
in the GOL model. Data for 1962, 1975, and 1985 feed grain utilization rates (tables 
42, 43, and 44) are in basic harmony with the Main Sequence and have served as an 
important point of departure for modeling the developed countries, including Oceania 
(and by implication and inference, Argentina). 

({pi The United States, Canada, Japan, and parts of Western Europe possess grain-in\j 
tensive beef cattle industries; in Europe, this industry is on the increase. Else
where, the grain-intensive meat industries are pork and poultry production. In many 
parts of the world, beef production is appropriately considered to be a byproduct of 
the dairy industry. Great difficulties exist, and arbitrary judgment cannot be 
avoided, in allocating feed to poultry meat as compared to eggs, and to beef as com
pared to milk. In many parts of the world, the allocation must be made among beef, 
milk, and work, for oxen continue to be important for power and beef (in some regions, 
even cows in lactation are used for work). 

Three literary traditions have been consulted in developing the physical inpllt
output relationships bearing on Europe and North America. Best known to agricultural 
economists in the United States and other English-speaking countries is Morrison, 
Feeds and Feeding (1046). This work was in the 22nd edition in 1956. It is closely 
consulted concerning problems involving animal feeding. A similar compendium of feed
ing data is in constant revision in the German language. Kellner, Grundzerege der 
Futterungslehre (1040) is in its 14th edition. It is available in English translation 
dating back to 1926 as Scientific Feeding of Animals (1039). This work undertakes, 
for the northern European environment, a role similar to Morrison for North America. 
As Morrison's work is identified with Cornell University, Kellner's is identified 
with Goettingen University in the Federal Republic of Germany, where it has made the 
agricultural research station at Weende famous. 

An offshoot of the Weende approach continues work at Rostock University in the 
German Democratic Republic. Kurt Nehring and his followers have carried out exten
sive original studies. Their contribution to science is suggested by citations here 
in the name of Nehring, such as his Lehrbuch der Tierernaehrung und Futtermittelkunde 
(1047) (freely translated to Principles of Animal Nutrition and Feeding), and the key 
articles in a comprehensive series (1048, 1049, 1050, and 1051). 

The literature cited here is useful to determine variations in geographic dis
tribution of feeding practice, the variability of nutrient plants, and the effect of 
harvesting practices, weather, and handling on nutrient quality of feeds. 

Price-Elasticity Matrix 

Price adjustment terms based on estimates of direct- and cross-price elasticities 
for livestock products and for feed inputs are introduced into the same deriVEd de
mand equations containing the input-output coeffients. Research has shown that de
rived feed demand equations perform well when estimated on the basis of price series 
that are ratios of product prices to feed input prices. Such relationships cannot be 
utilized in the present model, because the price terms in the ratios are nonlinear 
functions of the numerators and denominators of the ratios. The World GOL Model 
requires linearity among the endogenous variables. For elasticities estimated in 
ratios of prices, therefore, elasticities of equal absolute value were assigned to 
numerator and denominator; however, the sign was changed for the denominator. In 
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these expressions, positive elasticities on meat prices, for instance, imply that an 
increase in a meat price brings an increase in feed use. Negative price elasticities 
on feeds, correspondingly, imply that a rise in a feed price brings a drop in feeding. 

ESCS researchers have developed regression equations of the type discussed above 
for the United States (table 45) and the European Community (table 46)<. They serve 
as the basis for assigning the numerical values to the price elasticities incorporated 
into the equations of derived demand for feed grain and oilmea1. The analysis of feed 
demand,for the United States is by Ahalt and Egbert (102); the analysis for the EC-6 
is by Regier (see appendix C). ---

Longrun Feeding Growth 

Longrun exogenous impacts, in general, are not great as far as livestock feeding 
is concerned, since most of the relevant variables are GOL endogenous. They are shown 
in conjunction with livestock supply growth terms in table 36. 

Affluence is expected to continue to rise throughout the world. In general, this 
factor is expected to operate through growth in demand for meat and a consequent rise 
in livestock prices. Nevertheless, it can also have a direct impact on the interface 
between crop and livestock products. Since, in a given region, not all meats or 
dairy products may be included, the expected average effect on that part of the live
stock economy not explicitly modeled is treated by growth terms or income elasticities 
acting with augmented impact upon the derived feed equations. Anticipated develop
ments affecting the livestock sector not explicitly modeled are handled in this 
fashion. Expected growth in the force of input-output rates also is built into the 
longrun growth factors. Discerned trends in styles of livestock feeding are of this 
nature. Increased use of wheat in livestock feeding is a similar force. 

For those components of derived demand not directly related to meat production 
by way of input-output coefficients, much higher income elasticities are used for 
feed grain than those used for direct human demand for grain. The derived demand in
come elasticities more nearly resemble those associated with direct demand for meat 
than for grain used as food. A calculation is given in appendix D showing the deri 
vation of such income elasticities from the livestock sector and showing the theore
tical nature of price elasticities where income-output factors are not directly 
connected in the model to livestock production. 

World GOL Model Feed Demand Parameters 

The factors discussed throughout this section have been quantified for each GOL 
 
region containing a livestock se,n,tor and are presented in tables 47 and 48 for grain 
 
and oilmeal, respectively. The tables show, by region, input-output rates, price 
 
elasticities, and, where needed, income elasticities and market shares. 
 

In each region, the feed grain demand function is seen to be related to 10 or 
 
more interrelated factors. The oilmeal demand function is similarly structured. 
 
Nearly all the endogenous variables of the GOL model impinge on these equations. 
 

PROJECTION PERFORMANCE 

The elasticities of meat supply and demand and the parameters of derived demand 
for livestock feed presented in this volume have been used, along with similar sets 
of grain supply elasticities and elasticities for aspects of grain demand other than 
livestock feed, for developing projections to 1985. The projections cover regional 
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Table 45-~United States: Demand for livestock feed 1/ 

Production
Price 
 

Feed use ratio :Constant K 
 
PLF LPU GAU 
 

• 

Total concentrates: 
FC 0.233 0.878 '-68.053 0.96 

( .075) ( .1l5) 
E .250 E 1.28'J 

FC .519 0.806 -79.466 .81 
 
(.157) (.599) 
 

E .580 	 E 1.04 

Feed grain: 
FG .215 .720 -64.470 .96 

(.067) ( .103) 
E .250 E 1. 280 

High protein feed: 
FH .165 -16.493 .95 

(.010) 
E 2.150 

= Not applicable.
1/ 	 FC is total feed concentrates fed, in million tons (121.9 in 1955); 

FG is total feed grains fed, in million tons (95.9 in 1955); 
FH is total high-protein concentrates fed, in million tons (14.1 in 1955); 
PLF is the ratio of the price of livestock and livestock products to the price 

of feed grain and hay, index 1910-14=100 (128 in 1955); 
LPU is total livestock production units, in millions (187.7 in 1955); 
GAU is total grain-consuming animal units, in millions (165.3 in 1955); 
K is the linear regression constant; 
R2 is the coefficient of multiple determination; 
E is an elasticity; 
Standard errors are reported in parentheses. 

Source: (102). 
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Table 46--EC-6: Demand for livestock feed l:./ 

Price ratio Pro- Con- R2 
duction stant DWFeed use 

PMG PMO POG PGO XM K 

Feed grain: 
FG 0.491 

(.266) 
E .510 

1.123 
(.095) 

E 1.260 

-62.945 0.97 
1.27 

FG .521 
(.129) 

E .550 

-0.128 
(.054) 

E -.140 

.881 

( : §£S)E 

-31. 671 .99 
2.13 

Oilmea1 feed: 
FO 1.144 

(.530) 
E .970 

-1.430 
(.506) 

E-1.150 

3.134 
(.417) 

E 2.770 

-183.377 .98 
2.23 

= Not applicable.
1/ FG is feed consumption of grain, index of physical tonnage, 1960 = 100; 

FO is feed consumption of oi1mea1, index of physical tonnage, 1960 = 100; 
PMG is the ratio of the price of meat to the price of grain, 1960 = 100; 
PMO is the ratio of the price of meat to the price of oi1mea1, 

1960 = 100;
POG is the ratio of the price of oi1mea1 to the price of grain, 

1960 = 100;
XM is domestic production of meat and livestock, index of physical tonnage, 

'1960 100;:II 

K is the linear regression constant;
 
R2 is the coefficient of multiple determination; 
 
DW is the Durbin-Watson statistic; 
 
E is an elasticity; 
 
Standard errors are reported in parentheses. 
 

Source: Appendix C. 
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Table 47--World GOL Hodel: Factors affecting use 0,£ grain as livestock feed 

Factors 

Input-output rate: 
Beef, finished 
Beef, other 
Pork 
Poultry 
Lamb and mutton 
Milk 
ERgs 

Price elasticity: 
Beef, finished 
Beef, other 
Pork 
Corn 
Oilseed cake 

Input-output rate: 
Beef, other 
Pork 
Poultry 
Milk 
Eggs 

Price elasticity: 
Beef, other 
Pork 
Corn 

Pe-r capita income 
elasticity 

United 
States 

5.74 
2.02 
6.43 
2.76 
1.86 

.33 
2.91 

.22 

.03 

.25 
-.40 

.10 

Australia 
and New 
Zealand 

0.30 
3.40 
3.00 

.12 
3.00 

.30 
 
-.30 
 

Other 

Canada EC-6 EC-3 Western Japan


Europe 


Kilogram grain use Eer kilogram Eroduct 

4.60 1.300 2.27 2.46 2.33
6.50 3.600 4.22 4.60 5.09
2.90 2.700 2.70 2.80 2.40 

.250 .25 

.33 .125 .21 .28 .20


3.10 3.100 1.10 2.40 

Percentage change ':n g'rain use per unit 

Eercentage change in Erice 


.25 

.25 .50 .50 .40 .50
-.40 -.50 -.50 -.50 -.60


.10 .10 .10 .10 .10 


South 	 People's :Mexico and Eastern 
Africa Europe U.S.S.R. 	 Republic Central 

of China America 

Kilogram grain use Eer kilogram Eroduct 

2.80 3.00 0.30 
4.60 5.00 ?.O 3.00 
3.00 3.50 1.0 

.30 .30 
3.10 3.50 

Percentage change in grain use per unit 

percentage change in Erice 


.20 
.25 -.20

-.30 -.25 

PercentaRe change in grain use per unit 

percentage change in income 


.25 	 ?'.10 

Continued-
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Table 47--World GOL Model: Factors affecting use of grain as livestock feed--Continued 

Factors 

Input-output rates: 
 
Beef, other 
 
Pork 
 

Price elasticity: 
 
Pork 
 
Corn 
 
Oilseed cake 
 

Per capita income 
 
elasticity 
 

Input-output rate: 
 
Hilk 
 

Price elasticity: 
Corn 

Per capita income 
elasticity 

Market shares (commod:l.ty
supply feed grain) 

Argentina 

0.50 
3.60 

.30 
-.30 

.20 

East 

Africa 


-.30 

.20 

North Africa
Other Midclle East 

Brazil Venezuela South 
America High Low 

Kilogram grain use per kilogram product 

1.50 
3.60 

Percentage change in grain use per unit 

percentage change in price 


.30 
-.40 -.30 -.40 -.30 -.15 

.10 

Percentage change in grain use per unit 

percentage change in income 


.20 .20 .20 .30 .10 

Other OtherCentral India South Thailand SoutheastAfrica 
Asia Asia 

Kilogram grain use per kilogram product 

.05 

Percentage change in grain use per unit 

percentage change in income 


-.40 -.20 -.1 -.3 

Percentage change in grain use per unit 

percentage change in income 


.15 .40 .20 .1 .2 

Grain use as a proportion of commodity supply 

.15 

Continued-
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Table 47--World GOL Model: Factors affecting use of grain as livestock feed--Continued 

Factors Indonesia 
High 

East Asia 

Low 

Other 
areas 

Percentage change in grain use per unit 
percentage change in price 

Price elasticity: 
Corn -.30 -.50 -.30 

Percentage change in grain use per unit 
percentage change in income 

Per capita income 
elasticity .30 .40 .20 

-- = Not applicable. 

Sources: 
Input-Output Rates--generalization to other regions of the balancing method used in 

(145)-for the EC-6, see tables 39, 40, and 41 for feed-livestock balances of the EC-6 and 
the United States and for derivation of feed input-output rates. Compare feed input-output 
rates in (804, 201, and 113); data on livestock feed requirements in (501-505) for the 
United States and (506-510) for European countries; and treatises on livestock feeding 
(1046, 1039-1040, arur-1074). See discussion of the Main Sequence in "Structure of the 
Horld GOL Model," especially table 2 and appendix B, and (148). 

Price Elasticities--synthesized in the light of "Structure of the Horld GOL Model" 
for conformity with empirical price elasticities in (102) and in appendices Band C. 
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Table 48--World GOL Model: Factors affecting use of oilmeal as livestock feed 

Factors 

Input-output rate: 
Beef, finished 
Beef, other 
Pork 
Poultry 
Lamb and mutton 
Mil.k 
F",i:S. 

~rice elasticity: 
iBeef, finished 
Beef, other 
Pork 
Corn 
Oilseed cake 

Input-output rate: 
Pork 
Poultry 
Milk 
Eggs 

Price elasticity: 
Pork 
Corn 
Oilseed cake 

Market share (commodity 
demand feed grain) 

Price elasticity: 
 
Oilseed cake 
 

United 
States 

0.25 
.44 
.45 
.87 

1.72 
.033 
.47 

-.10 
.23 
.27 

1.00 
-.53 

Australia 
and New 
Zealand 

-0.30 

Argentina 

-0.50 

Other 
Canada EC-6 EC-3 Western Japan 

Europe 

Kilogram oilmeal use Eer kilogram Eroduct 

0.10 0.16 0.12 0.15 0.50 
.35 .67 .55 .65 1.40 
.60 1.18 1.05 1.16 1.20 

.03 .033 .025 .028 .08 

.35 .71 .60 .70 

Percentage change in oilmeal use per unit 
Eercentage change in Erice 

.90 1.20 1.80 1.00 1.20 
2.50 .90 1.00 1.20 1.50 
-.98 -.25 -.37 -.20 -.30 

People's :Mexico and 
South Eastern U.S.S.R. Republic Central

Africa Europe of China America 

Kilogram oilmeal use Eer kilogram Eroduct 

0.40 	 0.40 0.40 
.50 .50 .50 
.01 .01 
.13 .40 

Percentage change in oilmeal use per unit 
Eercentage change in Erice 

0.20 
-.20 

Oilmeal use as a EroEortion of commodity demand 

0.19 	 0.32 

Other North Africa
Brazil Venezuela South Middle East 

America High Low 

Percentage change in oilmeal use per unit 
Eercentage change in Erice 

-0.40 	 -0.30 

Continued-
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Table 48--World GOL Model: Factors affecting use of oilmeal as livestock feed--Continued 

North AfricaOther Middle East 
Factors Argentina Brazil V=nezuela South 

America High Low 

Oilmeal use as a proportion of commodity supply 

Market shares (commodity 
demand feed grain) .047 .064 .21 .30 

Other Other
East Central 

India South Thailand Southeast
Africa Africa Asia Asia 

Kilogram oilmeal use per kilogram Eroduct:. 

Input-output rate: 
Milk .10 

Percentage change in oilmeal use per unit 
Eercentage change in price 

Price elasticity: 
Oilseed cake -.20 

Percentage change in oilmeal use per unit 
percentage change in income 

Per capita income 
elasticity .10 

East Asia 
OtherIndonesia AreasHigh Low 

Percentage change in oilmeal use per unit 
percentage change in Erice 

Price elasticity: 
Oilseed cake -.20 -.30 

Percentage change in oilmeal use per unit 
percentage change in income 

Per capita income 
elasticity .30 .30 

-- = Not applicable. 

Source: See table 47 and sources cited. 
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balances of production, consumption, trade, and prices for the commodity categories 
making up the grain, oilseed, and livestock complex in a world context. The basic 
inputs to the World GOL Model are population, income and technology growth rates, the 
elasticities and parameters referred to in this publication, similar elasticities for 
the grain and oilseed sectors, 1970 price and quantity data, and assumptions about 
underlying economic conditions, institutions, and policies. These projections are 
presented in companion volumes prepared in the Commodities Program,Area, Foreign 
Demand and Competition Division, ESCS: Anthony S. Rojko, et a1;l>:lternative FutureS , 
for World Food in 1985. Under this comprehensive heading are~he separate publica
tions: Vo1ufue 1, World GOL Model Analytical Report (157) and Volume 2. World GOL 
Model Supply-Distribution and Related Tables (158), which present the projections, 
des.cribe the. scenarios, and interpret the results, and Volume 3, World GOL Model 
Structure and Equations (159), which presents the full economic model. Full details 
are presented in these volumes of the implications of the projection alternatives 
developed and the computational backgrounds,' The focus of attention in this study is 
on the interaction between meat production and th~ projected use of grain and oi1meal 
as feed. 

Summary totals of world and commodity aggregates from a1t,"cna(.Lve projections to 
1985 developed with the GOL model are presented in tables 49 to 5·3. Aspects of the 
1970 base and six alternative 1985 projections are shown for the world total and the 
subtotals for developed countries (DC) and less developed countries (LD). The world 
total is the sum of these two regional categories, ignoring the central plan countries 
(CP) whose structural features have not yet been incorporated into the GOL model. The 
tables are designed to facilitate comparison of aspects of world grain and oi1mea1 
consumption and meat and livestock production. Total grain consumption has been par .,: 
titioned into food grain, used as human food, and feed grain, used as livestock feed. 
Calculated with the World GOL Model are the feed grain and oi1mea1 categories as 
directly related to the meat production columns. 

It is apparent from table 49 that the variation from low to high in the alter
native projections affects all commodities shown in similar fashion, all tending to 
flex upward or downward together. The stability of DC food grain consumption in all 
the alternative projections is the exception to the generality of the foregoing pro
position. The absolute variation in DC food grain consumption and LD feed grain con
sumption is slight among alternative projections. The strong downward flexing in both 
DC feed grain consumption and meat production in alternative III is also notable. 
These conclusions are strengthened by reference to table SO. This result suggests, 
if the GOL model is realistically designed, that the livestock sector acts as a large, 
inconspicuous grain reserve helping to stabilize food grain consumption. The high 
volume elements in the grain demand pattern, in terms of absolute tonnage, are LD 
food gra,in and DC feed grain. This is where the volume grain markets are and appear 
likely to remain. 

TabLes SO, 51, and 52 show the change expected to occur in these commodity cate
gories under the stipulated alternative projection conditions. Table 50, showing 
market growth in terms of 1970 levels, confirms the relatively small change expected 
for DC food grain demand and the much higher growth in DC feed use based on strong 
growth in DC livestock production. The higher growth in LD food grain is evident. 
However, the high dynamic element in LD feed grain consumption is clearly revealed. 
Some alternative projections generate a doubling in LD feed use over the 15-year 
period and .an expansion by two-thirds in the most parsimonious of the alternatives 
for 1985. The DC market for feed grain is large and growing, while the LD market for 
feed grain, though modest in scale, is growing faster. 

The compound annual growth rates shown in table 51 largely confirm the observa
tions facilitated by table 50. It is now evident that food grain consumption in the 
DC's is expanding at less than constant per capita annual rates (0.8 percent), 
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Table 49--World GOL Model: World grain and oilmeal consumption 
 
and meat production, 1970 base and alternative 1985 projection levels 1/ 
 

Grain consumption Oilmeal MeatBase and 
consumption production '1:./alterna- FeedTotal Food

tive 
projection: World: LD World: DC LD World: DC LD 

. DC LD World: DC LD World: DC 

Million tons 

50 2029 42 36 6 701970 base 674 374 299 391 121 270 282 253 

" " 1985: 
359 51 71 60 11 (100) 66 (34)

I 971 493 478 561 134 427 410 
62 11 ( 99) 66 (33)

I-A 947 481 465 548 132 416 398 349 49 73 
390 58 75 64 11 (103) 68 (35)

II 1034 522 512 586 132 454 448 
66 55 11 ( 96) 63 (32)

III 918 453 465 551 134 417 367 319 48 
393 59 73 62 11 (105) 70 (35)

IV 1048 528 520 596 135 461 452 
62 11 (105) 70 (35)

IV-B 1056 529 526 601 135 466 454 394 60 73 

1/ Total grain is the sum of food grain and feed grain. World totals are sum of subtotals for developed countries 
Detail sums to total except for round(DC) and less developed countries (LD) , omit'ting central plan countries (CP). 
 

ing. 
 All other2/ LD meat production projections are partly estimated outside the model, as indicated by parentheses. 
projections are developed by the World GOL Model. 
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Table 50--Wor1d GOL Model: Growth in world grain and oi1mea1 consumption and 
meat production, projected 1985 levels expressed as percentages of 1970 base levels !/ 

... 
Base and Grain consumption 

Oilmea1 Meata1terna- Total Food Feed consumption productiontive 
 
'projection: . 
 

World. DC LD World: DC 
 LD World: DC LD World: 
 DC LD World: DC LD 

Percent of 1970 ~/ 

1970 base 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
(Xl " 1985: 
 

I 144 132 160 143 111 158 
 145 142 176 169 167 
 183 143 132 170I-A 141 129 156 140 109 154 141 138 169 174 172 183 141 132 165II 153 140 171 150 109 168 159 154 200 179 178 183 147 136 175III 136 121 156 141 III 154 130 126 166's:- 157 153 183 137 126 160IV 155 141 174 152 112 171 160 155 203 174 172 183 150 140 175IV-B 157 141 176 154 112 173 161 156 207 174 172 183 150 140 175 

!/ Total grain is the sum of food grain and feed grain. World totals are sum of subtotals for developed countries 
(DC) and less developed countries (LD), omitting central plan countries (CP). Detail sums to total except for rounding. 
 
~/ Percentage.s are calculated from table 49. 
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Table 51--Wor1d GOL Model: Growth rates of world grain and oi1mea1 consumption and meat 
production, compound growth rates over the period 1970 to 1985 alternative levels !I 

Grain consumptionBase and 	 Oi1mea1 Meat 
a1terna-	 consumption production

Total Food 	 Feed
tive 

projection World: DC LD World: DC LD World' DC LD World: DC LD World' DC LD 

Percent per annum 11 

1985: 
I 2.5 1.9 3.2 2.4 .7 3.1 2.5 2.4 3.8 3.6 3.5 4.1 2.4 1.9 3.6 
I-A 2.3 1.7 3.0 2.3 .6 2.9 2.3 2.2 3.6 3.8 3.7 4.1 2.3 1.9 3.4 
II 2.9 2.3 3.7 2.7 .6 3.7 3.1 2.9 5.7 3.9 3.9 4.1 2.6 2.1 3.8 
III 2.1 1.3 3.0 2.3 .7 2.9 1.8 1.6 3.4 3.1 2.9 4.1 2.1 1.6 3.2 
IV 3.0 2.3 3.8 2.9 .7 3.6 3.2 3.0 4.9 3.8 3.7 4.1 2.7 2.3" 3.8 
IV-B 3.0 2.3 3.8 2.9 .7 3.7 3.2 3.0 5.0 3.8 3.7 4.1 2.7 2.3 3.8 

11 Total grain is the sum of food grain and feed grain. World totals are sum of subtotals for developed countries 
(DC) and less developed countries (LD) , omitting central plan countries (CP). Detail sums to total except for round i 

i 

ing. 
11 Percentages and growth rates are calculated from table 49. 
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Table 52--Wor1d GOL Model: Variability among alternative projections to 1985 of world 
grain and oi1mea1 consumption and meat production 1/ 

Extreme variation among projections 

Absolute difference Proportion low to high
Commodity 

World DC LD World DC LD 

Million tons Percent 

Consumption: 
Total grain 138 76 61 87 86 88 
Food grain 53 3 50 91 98 89 
Feed grain 87 75 12 81 81 80 
Oi1mea1 9 9 0 90 89 100 

Meat production 9 7 3 91 90 91 

1/ In this table the requirement that detail sums to total is relaxed. Conceptua11~ 
food grain plus feed grain still sum to total grain, and developed countries (DC) plus 
less developed countries (LD) sum to the world, omitting central plan countries (CP). 
These equations hold within given projection alternatives. However, this table is a 
comparison of the GOL model's sensitivity from one alternative to another. In pre
paring the table, it did not develop and it was not expected that the greatest DC 
variation in feed grain would involve the same alternatives as DC variation in food 
grain, or LD variation in either feed grain or food grain. Calculations ar~ based on 
data in table 49. 

whereas other grain demand categories tend to expand much more rapidly. LD feed de
mand, for example, is seen as expanding at upwards of 5 percent annually in some al
ternatives, while gaining on LD per capita growth (2.7 percent) in all others. 

Oi1meal demand exhibits much the same pattern of growth as feed grain, but with 
appreciably greater growth rates in general. 

Tables 49 to 51 suggest that feed consumption largely tracks developments 
occurring in meat production. Table 52 reveals that feed grain demand is more vola
tile than meat production, swinging through wider proportional variation. Oi1meal 
use, however, tends to track meat production more closely. The feed conversion rates 
expressing the quantity of feed used to obtain a given quantity of meat are quite 
stable among the alternative projections (table 53). In general, feed utilization 
rates tend to be more intense than in the base 1970 period; however, in some com
parisons, the differences are slight. (See figure 7 for grain/meat and oilmea1 meat 
conversion.) Quite simply, low grain conversion rates in combination with low volume 
output of meat generates the low swing in feed grain demand. Low meat prices rela
tive to grain, in the GOL model, tend to inhibit both meat production and grain feed
ing. Similarly, high prices of grain relative to oi1mea1 tend to discourage grain 
feeding in favor of oi1mea1 feeding. 

The alternative III projection deserves comment in this context. The DC and LD 
use rates are at the base 1970 levels in this alternative, while the. aggregate use 
rate for the world (less CP) is 5 percent below the base 1970 level. The implication 
here is that the simultaneous calculations with the World GOL Model have revealed a 
significantly greater sensitivity to price circumstances in DC than in LD meat pro
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World: Grain/meat and oilmeal/meat feed conversion 
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Table 53--World GOL model: World feed utilization rates, 
1970 and 1985 projected alternatives 1./ 

Base Grain use rate Oilmeal use rate 
and 

DC LD Horld DC LDprojections World 

Kilograms Z./ 
0.72 0.301970 base 4.03 5.06 1.45 0.60 

1985: 
I 4.10 5.44 1.50 .71 .91 .32 

I-A 4.02 5.39 1.48 .74 .94 .33 

4.35 5.74 1. 66 .73 .97 .31II 

III 3.82 5.06 1.50 .69 .87 .34 

IV 4.30 5.61 1.69 .70 .89 .31 

IV-B 4.32 5.63 1.71 .70 .89 .31 

1/ World use rates are averages of developed countries (DC) and less developed 
 
co~ntries (LD) use rates omitting central plan countries(CP). Calculations are 
 
based on data in table 49. 
 

1/ Kilograms of grain or oilmeal used to produce a kilogram of meat. 
 

duction. The practical effect of this result is to reveal DC meat production as a 
 
r~gulator of the \~orld grain supply--a second level reserve for seveT.e contingencies. 
 
This result will become a working hypothesis as the World GOL Model is put into ad

vanced modeling phases. The result may be partly attributable to the use of collap

sed (reduced form) feed demand equations for the LD livestock economies in some re

gions. 

Possibly the most important implication of the behavior of the livestock sector 
in projection performance (after the relative stability of the feed utilization rates) 
is the relative variability of the quantity estimates of feed demand resulting from 
simultaneous effects of calculations with the model. Where meat production and food 
grain demand fluctuate in a 10-percent range from high to low (the same as oilmeal), 
feed grain use fluctuates in a 20-percent range. Feed grain demand is the most dy
namic demand element in the World GOL Model. 

, 
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APPENDIX A--World GOL Model Structure 

Fitted regression equations, performed originally or taken from the literature 
of agricultural economics, typically have the form 

Xi = f( Xo ) + g( Z ) • • (A-I) 

-- where Xi is one of the variables endogenous to GOL, Xo stands for any set of the 
other GOL-endogenous variables, and Z is any GOL-exogenous factors. Collecting terms 
gives--

Xi - f( Xo ) = g( Z ). • . (A-2) 

Arranging these expressions into a set of matrices with the functions of the Xo 
formed into a matrix F, as defined in the main text, and matching the Xi with I, the 
identity matrix having ones in the principal diagonal and zeros elsewhere, leads to-

(I F) X = G( Z ) . • • (A-3) 

--and this, if we write A for (I F) Cl.nd H for G( Z ), is 

AX = H • • • ••••••••• (A-4) 

--the basic equation of the World GOL Model. 

While the A-matrix is required to be linear, the H-matrix with the exogenous 
 
variables is not so restricted. The form of H depends on assumptions as to impacts 
 
expected. of particular exogenous variables included in GOL. The general form of H 
 
is --


H = B (1 + R)T + CZ + DT + E •.• • • • •• (A-5) 

--where the impacts may take. some combination of the following forms: 

B ( + R)T + El • (A-5 .1) 

CZ + E2 • (A-5. 2) 

.(A-5.3) 

Hl , H2 , and H3 sum to H in the general form and El, and E2, and E3 to E. Tha first 
form (HI) is a compound growth process where B is a vector of bases to be compounded, 
R is a set of growth rates for particular exogenous processes, and T is the number 
of years over which compounding occurs. The second form (H2) represents a linear 
relationship to some exogenous variables where C is the coefficient matrix and Z a 
vector of exogenous variables. The third form (H3) is simply an allowance for linear 
trends where D is the matrix of trend increments and T is the span of years over 
which the trends operate. 

For any projection alternative, the H-matrix is collapsed into a 930-term S
vector of the solution set of H. All terms of H are individually projected before S 
can be calculated and the variations in the endogenous variables (X) determined. 
Solving H for the appropriate alternative Sand premultiplying by the inverse of A 

• . • • • • • • • (A-6) 
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--yields the variation in X which constitutes the GOL projectior;t al ternative reflec
ting the particu.lar assumptions about H which are inherent in S; 

The World GOL Model is based, in part, on projections in Agricultural Trade and 
the Proposed Round of Multilateral N'egotiations, the so-called "Flanigan Report" pre
pared by USDA in 1970 and released by the U.S. Senate Committee on Agriculture and 
Forestry (165). The GOL model is partly a computerization of these projections. The 
World GOL Model was first used for projections published in Horld Food Situation and 
Prospects to 1985 (114), which was followed by Rojko, "Estimating Future Demand: Al
ternative Grain Projections for 1985" (153). Broad characteristics of the GOL model 
itself \~ere discussed by Rojko and Schwartz in an article titled "Modeling the World 
Grain-Oilseeds-Livestock Economy to Assess World Food Prospects" (160). Two articles 
by Rojko and O'Brien, using GOL-generated projections, appeared under the heading 
"Organizing Agriculture in the Year 2000" (155 and 156). 

After further development and adjustment, the projection output of the World GOL 
Model was presented in companion volumes under the general heading Alter.native Futures 
for World Food in 1985. In this series, Volume 1, World GOL Model Analytical Repor·t
(157) by Rojko, Regier, O'Brien, Coffing, and Bailey, and Volume 2, World GOL Model 
Supply-Distribution and Related Tables (15~) by Rojko, O'Brien, Regier, Coffing, and 
Bailey give full details of various project:i.on alternatives, the complex of assump
tions underlying each, the implications of the assumptions, and the results., Volume 
3, World GOL Model Structure and Equations (159) by Rojko, Fuchs, O'Brien, and Regier 
sets out the complete economic model in mathematical form. 

As to documentation of the grain sector, counterpart of the livestock documen
tation found here, the GOL model is a second generation product. Much of the docu
mentation. of the earlier World Grain Model applies to the grain sector of the World 
GOL Model. The central study on the earlier model is Rojko, Urban, and Naive, World 
Demand Prospects for Grain in 1980 (161). Other studies in the same series are~ 
follotoTing: Rojko and Mackie, World Demand Prospects for Agricultural Exports of Less 
Developed Countries in 1980 (154); Hutchison, Naive, and Tsu, World Demand Prospects 
for Wheat in 1980 (130); Keefer, Barry, Pike, and Gill, World Demand Prospects for 
Rice in 1980 (133); Moe and Mohtadi, World Supply and Demand Prospects for Oilseeds 
and Oilseed products in 1980 (142); and Regier and Goolsby, Growth in World Demand 
for Feed Grains 1980 (148). 

A forerunner of the World Grain Model is a small 1967 bulletin by Abel and Rojko 
entitled The World Food Situation (101), a subject on which Willett has prepared a 
two-volume compendium of papers (168). 

The World GOL Model builds on three main streams of development in quantitative 
economics. The first is the Engel (1017) and Le Play (1048) tradition mentioned in 
the main text in connection with the Main Sequence. 

Second is the determination of individual demand and supply functions building 
directly on methods of a number of commodity analysts. In this field, Henry Schultz' 
Theory and Measurement of Demand (1063) is a landmark. A number of USDA technical 
bulletins are standards of quality and application of methods in the feed-livestock 
sectors: Breimyer (106), Foote, Klein and Clough (120), Fox (121), Gerra (123), 
Harlow (126), Hodges-(222), Jennings (223), King (134), Meinken (139, l40)~nd 
Rojko (151). - - - - -

The third is the analysis of the structure of economic systems, entirely or in 
part, which owes much to Walras (1071) working in the late 19th century. With the 
advent of the computer, theory and application went hand in hand. Hicks (1031) and 
Samuelson (1061), to name just two, delineated pure theory in mathematical form. 
Heady (1028 and 1029) led in applying the new thl~ory to production. Frisch (1022), 
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followed by Brandow (1012), George and King (1024), and AIm. Duloy, and GullbrandsEm 
(l001), paced the application to consumption and demand. This work has led to simul
taneous ,estimation of systems of commodity equations and their structural parameters, 
which the GOL model draws on heavily. At the same time, it has, produced compilter 
methods for solving large equation systems, sucl~ as the World GOLModel, and extra
polating or proj ecting 'the results. 

APPENDIX B--Main Sequence of Meat, Grain, and Feed 

Documentation of Data for. the World 

Definitions: 

POP 	 is population in units of 10 million, calculated from FAO data (604, vol. 2, 
table I.l). 

YPC 	 is per capita income, specifically--for worldwide comparability--gross domestic 
product in 1962 dollar equivalent, calculated from FAO data (604, vol. 2, table 
1.3) • 

PMG 	 is the price ratio of meat price to grain price, calculated from FAO data (604, 
vol. 2, table I.14). 

MPC 	 is meat consumption per capita in kilograms per annum (including beef, veal, 
pork, poultry, mutton, lamb, goat, game, and other), calculated from FOA data 
(604, vol. 2, table A). 

GPC 	 is grain consumption per capita for food in kilograms per annum (including wheat, 
corn, rice, coarse grain, sorghums, millets, and other), calculated from FAD 
data (604, vol. 2, table A). 

RGM 	 is the grain-meat ratio, an input-output ratio expressing the quantity (e.g., 
kilograms) of grain actually used in producing one unit (e.g., kilogram) of 
meat, calculated from ERS data (148, appendix table 1). 

BOV 	 is the percentage which meat from bovine animals (mainly beef, veal, and buffalo) 
1s to total meat produced, calculated from ERS data 0Aa., appendix taple 5, 
citing 112 and 203 through 207). 

PTY 	 is the percentage which poultry meat is to total meat produced, calculated from 
ERS data (1~ appendix ~able 5, citing 112 and 203 through 207). 

XMB 	 is the joint-product ratio of milk production as a multiple of beef production, 
calculated from ERS data (148, appendix table 5, citing 112 and 203 through 207). 

Equations 

Meat Consumption per Capita 

MPC = - .0226 PMG + .0317 YPC - .1145 INY + 33.6709 (1) 
( .0085) (.0018) ( .0170) 

R2 = .835 
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Grain Consumption per Capita for Food 

IgGPC = - .4305 IgPGM - .4436 IgYPC - .2579 INY + 4.3350 (2)
(.0525) (.0624) (.0258) 

R2 = .560Grain-Meat Ratio 

RGM = .0001 YPC - .0271 INY - .0120 BOV + .0690 PTY 
 
( .0001) (.002l) (.0050) ( .0165) 
 

+ .0117 XMB + .9201 DEV + .7523 PLN + 3.367 (3)
( .0027) (.2831) (.2016) 

R2 = .722 

Feed Grain Consumption per Capita 

FPC + RGM (MPC) • • . • • • • • • • • • • • • • • (4) 

Grain Consumption per Capita for Food and Feed 

TPF = GPC + FPC . • • • , • . • • • • • • • • • • (5) 

Income Determination from Consumption 

YPC = 66.9030 PMG + 20.7467 MPC + 105.8089 GCD - 2333.3427 (GCD)~ 
(10.0511) (1.0515) (9.4003) (194.6016) 

.1307 (MCD)(GCD) - .1550 (MCL) (GCL) + 13353.7103 DEV 
(.0125) (.0133) (985.8299) 

+ 285.5607 LDC - 597.8641 (6)
(30.8493) 

R2 = .964 

Variables 'in the Equations 

The variables are defined as: 
 

MPC is per capita consumption of meat in kilograms per annUM. 
 

GPC is per capita consumption of grain. for food in kilograms per annum. 
 

RGM is the grain-meat ratio, understood as the number of kilograms of grain actually 
 
accounted for in producing one kilogram of meat. 

FPC is per capita consumption of grain as livestock feed in kilograms per annum. 

TPC is per capita consumptio[L of grain for food and feed. 

YPC is per capita gross domestic product in U.S. dollar equivalent. 

INY is the inverse of YPC, as above, multiplied by 10,000. 

PMG is the price ratio of a kilogram of meat to a kilogram of grain. 

PGM is the price ratio of a kilogram of grain to a kilogram of meat. 
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BOV is meat from bovine animals as a percentage of total meat production. 
 

PTY is poultry meat as a percentage of total meat production. 
 

XMB is the milk-beef ratio, understood as the joint product ratio of milk to beef. 
 

MCD i~ per capita consumption of meat in a developed country. 
 

MeL is per capita consumption of meat in a less developed country. 
 

GCD is per capita consumption of grain in a developed country. 
 

GCL is per capita consumption of grain in a less developed country. 
 

DEV is a variable which is 1 for a developed country; otherwise o. 
 

LDC is a variable which is 1 for a less developed country; otherwise o. 
 

PLN is a variable which is 1 for a centn~l plan country; otherwise o. 
 

19 indicates a variable in logarithms to the base 10. 
 

() numbers in parentheses are standard errors. 
 

The data are in world cross section by country for 1962, or centered on that year, or 
 
as close to it as possible, as developed by ESCS, FAS, and FAO. The data are presen
ted in appendix table 1. (Communist Asia in the table refers to all those Asian 
countries with a communist political system in 1970.) 

APPENDIX C--EC-6 Feed-Livestock Sector Equations 

The equations reproduced here are from a 1971-working paper by Regier titled 
"The EEC Feed-Livestock Economy: An Analytical Model" (170) revised in May 1977. This 
document contains the data series assembled and aggregated by the author for the ori 
ginal six members of the European Community and cites the sources of the data used. 

Variables 

Endogenous Variables 
 

CM is human consumption of meat, in millions of metric tons, carcass weight. 
 

CG is human consumption of grain, in million tons. 
 

FG is feed consumption of grain, in million tons. 
 

FO is feed consumption of oilmeal, in million tons. 
 

NG is industrial (and other) consumption of grain, in million tons. 
 

IG is net imports of grain, in million tons. 
 

10 is net imports of oilmeal equivalent, in million tons. 
 

dHG is increase in stocks of grain, in million tons. 
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1M is net imports of meat, in million tons, carcass weight equivalent. 

lL is net imports of livestock, in million tons, carcass weight equivalent. 

XM is domestic production of meat and livestock, in million tons, carcass weight. 

XG is domestic production of grain, in million tons. 

XO is domestic production of oilmeal equivalent, in million tons. 

DM is total demand for meat, in million tons. 

DG is total demand for grain, in million tons. 

DO is total demand for oilmeal, in million tons. 

SM is total supply of meat, in million tons. 

SG is total supply of grain, in million tons. 

PM is price received by farmers for meat, index 1960 = 100. 

PG is price received by farmers for grain, index 1960 = 100. 

PO is price received by farmers for oilmeal, index 1960 = 100. 

MPC fs human consumption of meat per capita, in kilograms. 

GPC is human consumption of grain per capita, in kilograms. 

Endosenous Variables--continued 

PMG is ratio of price of meat to price of grain, index 1960 = 100. 

PMO is ratio of price of meat to price of oilmeal, index 1960 = 100. 

POG is ratio of pr~ce of oilmeal to price of grain, index 1960 100. 
 

PGO is ratio of price of grain to price of oilmeal, index 1960 = 100. 
 

Predetermined Endogenous Variables 

XM_l is domestic production of meat a year ago. 
 

XG_l is domestic production of grain a year ago. 
 

XO_l is domestic production of oilmeal equivalent a year ago. 
 

SM_l is total supply of meat a year ago. 
 

SG_l is total supply of grain a year ago. 
 

SO_l is total supply of oilmeal equivalent a year ago. 
 

PM_l is price of meat a year ago. 
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PG_ is price of grain a year ago.
l 
 

PO_ is price of oilmeal a year ago.

l 

Exogenous Variables 

CE is private consumption expenditure, index 1960 = 100. 

EPC is private consumption expenditure per capita, index 1960 = 100. . 

YG is grain yield, output per unit of input, in tons per hectare. 
 

DT is a variable which equals -3 in 1951, -2 in 1952, -1 in 1953, a.nd 0 thereafter. 
 

T 	 is time, employed generally as a proxy for technology growth. 

K 	 is regression constant, or other autonomous constant. 

Auxiliary Variables and Symbols 

FGM is kilograms of grain fed to livestock per kilogram of meat produced. 

FOM 	 is kilograms of oilmeal fed to livestock per kilogram of meat produced. 

FGO 	 is ratio of quantity of grain fed to quantity of oilmeal fed to livestock, 
 
index 1960 = 100. 
 

19 	 is logarithm to the base 10. 

Auxiliary Variables and Symbols--continued 
 

is million metric tons; all quantities are in metric measure.
mt 
 

is index number, generally base 1960 = 100.
I 

is rate: e.g., kilograms of input used per kilogram of product.R 
 

is elasticity, shown beneath regression coefficients. 
 

is cqefficient of determination, squared multiple correlation coefficient. 
 

is standard error of the estimate.SE 

DW 	 is Durbin-Watson statistic. 
 

is ordinary least squares regression estimation is used. Standard errors are
OLS 
shown in parentheses below corresponding regression coefficients. Below these 
 
are shown values of each variable, both dependent and independent, at the data 
 
means. Below these are shown elasticities calculated at the data means, where 
 
such 	 elasticities are deemed appropriate. 
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Equat:ions 

(1) Human Demand for Meat 

CM 

mt 9.38 

.01256 PM + 
(.00637) 

101. 7 
E -.14 

.00888 PG + 
(.00836) 

100.4 
E .09 

.03962 CE + 
(.01005) 

98.5 
E .lrz 	 

.17401 T 
(.04894) 
 

59.0 

4.39996 
 

R2 .998 
SE .94% 
DW 1. 55 

(2) Human Demand for Grain 

CG1 .05000 PG 
( c ) 	 
93.1mt 22.50 

E -.21 

.02978 CE 
(.024·39) 

117.5 
E -.16 

.00728 T + 31.1107 
( .14141) 

62.5 	 R2 .921 
SE 1. 06% 
DW 2.23 

. 
. 

(3) Feed 	 Demand for Grain 

(4) 

FG .52106 PMG -
( .12885) 

I 98.95 105.01 
E 	 .55 

Feed 	 Demand for Oi1mea1 

.12844 POG + 
(. 05~78) 

109.06 
E -.14 

.88128 XM 
(.10477) 
 

102.02 
E .91 

- 31.67096 
 

R2 .986 
 
SE 2.49% 
DH 2.13 

• 

FO 

I 115.5 

1.14390 PMO 
(.52991) 
97.91 
E 	 .97 

- 1..l3036 PGO + 3.13366 XM 
(.50626) (.41655) 
 

92.89 102.12 
E -1.15 E 2.77 

- 183.37674 
 

R2 .976
 
SE 6.87% 
DH 2.23 

(5) Industrial (and other) Demand for Grain 

NG 

mt 7.15 

.00816 PG + 
(.03115) 
93.21 
E -.11 

.01935 CE + 4.89543 
 
(.00945) 
 
155.56 
E .42 

R2 .925 
SE 2.88% 
DH 2.23 

~ i \ 

(6) Domestic Production of Meat 

XM 	 .01940 PM - .00488 PG + 
( 	 c ) ( c ) 

mt 9.46 	 101.41 98.67 
E .21 E .05 

.32602 T 
(.00975) 

59.45 

- 11.59439 

R2 
SE 
DW 

.984 
2.72% 
1.44 

\ 

(7) Supply of Meat 

SM 	 

mt 9.96 

1.16564 
(.01840) 
 

9.46 
E 1.11 

XM - 1.06764 
 

R2 .996 
SE 1.48% 
DW 1.08 
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(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

Supply of Grain 

SG .13300 PG + .46207 YG + 1.38915 T - 46.29658 
( 	 c ) (.16924) 

R2 .992mt 9.96 	 93,,09 26.16 
E;,e,.19 E .19 SE 1.13% 
{[ ;' ~ DW 2.67 

Supply of Oi1rnea1 

SO .03169 PO + .59214 T - 34.49389 
(.01830) (.05565) 

R2 .982rot 5.59 99.99 62.0 
E 	 .58 SE 6.09% 

DW 1. 91 

Domestic Production of Heat 

XH .01940 Pl-L1 .00488 PG_1 + .32791 T - 11.71559 
( 	 c ) ( c ) ( .01026) 

R2mt 9.46 101.48 99.85 60.0 	 .984 
E 	 .21 E -.05 SE 2.59% 

OW .98 

Supply of Grain 

SG .16655 PG-1 + .30978 YG + 1.53459 T - 55.25894 
( 	 c ) (.14515) ~.12375) 

mt 65.00 	 97.56 26.13 62.5 R2 .994 
E 	 .25 E .125 SE 1. 02% 

DW 2.26 

Supply of Oi1mea1 

SO .02953 PO_1 + .60086 T -. 34.90759 
 
( .01925) (.06194) 
 

mt 5.59 101.48 62.43 	 R2 .980 
SE 6,,00l~ 

OW 1.88 
E .54 

Net Imports of Grain 

IG .15080 PG - .93293 XG + 3.00765 XH + .88586 dHG + 44.45244 
( .11522) (.15042) (.44763) ( .19083) 

mt 9.74 93.09 55.77 10.27 .513 R2 .893 
E -1.44 B -5.34 E 3.17 E .047 SE 1. 33% 

DW 2.24 

Net Imports of Oi1mea1 

IO .02808 PO + .57064 T - 33.01526 
 
(.01762) (.05357) 
 

R2 .983mt 5.17 	 99.99 62.0 
SE 6.11% 
OW 2.00 

E .54 
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(15) Increase in Grain Stocks 

dHG .38938 PG + .6085~ XG - 69.67200 
(,11158) ( .14780) 

mt .51 93.09 55.77 R2 .630 
E 70.7 E 66.2 SE 2.10%: XG 

DW 2.47 

(16) Net Imports of Livestock, Meat Equivalent 

IL .00682 PM + .04688 XM - .88089 
(.00190) (.00341) 

mt .25 101.41 9.2,9 R2 .918 
E 2.77 E 1.74 SE .31%: XM 

DW 1.42 

(17) Net Imports of Heat 

1M .01892 PM - .01765 PG + .02097 SM - .14637 

mt .25 
(.00576) 
101.41 

(.00611) 
98.67 

(.03095) 
9.78 R2 ,905 

E 8.12 E -7.37 E .8 SE .89% 
DW 1.37 

(18) Domestic Production of Grain 

XG .06765 PG + 2.14131 YG - 6.54292 
(.09842) (.25865) 

mt 56.36 93.09 26.16 R2 .823 
E .11 E .99 SE 1.59% 

mol 2.46 

(19) Domestic Production of Oi1mea1 (Esuiva1ent) 

XO .00361 PO + .02151 T - 1.47933 
(.00148) (.00451) 

mt .215 99.99 62.0 R2 .823 
E 1.68 SE 12.37% 

DW 1. 30 

(20) Net Imports of Livestock, Meat Esuiva1ent 

IL .00266 PM_1 .00120 PG_1 + .03982 XM_1 .26231 
(.00221) ( .00207) (.01181) 

mt .25 101.48 99.85 9.17 R2 .889 
E 1.06 E -.47 E 1.44 SE .33%: SM 

DW 1.61 

(21) Net Imports of Meat 

1M .01819 PM_l .00958 PG_l + .07093 SM_1 1. 32376 
(.00587) (.00659) (,03224 ) 

mt .25 101.48 99.85 9.58 R2 .905 
E 7.50 E -3.89 E 2.76 SE .89%: SM 

DW 1. 78 
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(22) Domestic Production of Meat 

XM .01960 PM 1 
( c) -

.00488 PG-1 + 
( c ) 

.32791T 
( .01026) 

- 11.71559 

mt 9.46 101.48 99.85 60.0 R2 .98(: 
E .21 E -.05 SE 2.59% 

DW .98 

(23) Domestic Production of Grain 

XG .11946 PG_1 + 2.23055 YG - 13.918~~ 
(.09192) (.21698) 

R2 .987mt 56.36 Q4.39 26.45 
E 	 .20 E 1.05 SE 1. 56% 

DW 2.24 

(24) Domestic Production of Oi1mea1 

XO .00127 PO_1 + .01649 T - .94176 
(.00064) (.00314) 

R2 .801mt .215 105.72 62.0 
E 	 .62 SE 13.12% 

DW 1.19 

Additional Equations 

Human Demand for Meat per Capita 

(A-1) MPC .18772 PM + .71114 EPC + .73633 DT + 47.30033 
( .06389) (.01384) (.33219) 

I 97.67 101.81 98.07 R2 .998 
E -.20 E .71 SE .85% 

DW 1. 98 

(A-2) MPC .19634 PM + .13553 PG + .77671 EPC + .82321 DT + 28.17222 
(.05795) (.06868) (.03551) (.30364) 

I 97.67 101.81 100.38 98.07 R2 .998 
E -.21 E .14 E .78 SE .76% 

DW 2.78 

Human Demand for Grain Eer CaEita 

(A-3) GPC .20000 PG - .16353 EPC 1.03719 T + 199.40098 
( c ) (.23778) (1.06220) 

R2I 97.38 93.21 113.47 62.5 .947 
E -.19 E -.19 SE 1. 94% 

DW 2.40 

Feed Demand for Grain 

(A-4) FG .52106 PMG - .12844 POG + .88128 XM -31.67096 
( .12885) (.05378) (.10477) 

R2 •. 98697.95 105.01 109.06 102.02I 
E 	 .55 E -.14 E .91 SE 2.49% 

DW 2.13 
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(A-5) FG .81631 PG  .19596 PO + .56833 XM + 141.48572 
( .13494) (.03710) ( .10289) 

I 97.95 97.44 107.03 102.02 R2 .994
E -.80 E -.21 E .59 SE 1.67% 

DW 2.52 

(A-6) 19F'G .00150 19PM - .62760 19PG - .07904 19PC+ .706791gXM

(.26397) ( .18773) 
 (.21556) (.24832) 
 

+ 	 .01775 DT + 1.98286 
 
(.01012) 
 R2 .994 

SE .42% 
DW 2.07 

(A-7) 19FG .39352 19PMG + .94324 19XM + .01802 DT - .68980 
( .10559) (.07753) (.00350) 

.992 
SE .86% 
DW 2.23 

Feed Demand for Oilmeal 

(A-8) FO 1.14390 PMO - 1.43036 PGO + 3.13366 XM - 183.37674 
(.52991) ( .50626) ( .41655) 

I 115.46 97.91 92.89 102.12 R2 .976
E 	 .97 E -1.15 E 2.77 SE 6.87% 

DW 2.23 

(A-9) FO = - 1.59136 PG + .12067 PO + 2.88901 XM - 37.13181 
 
(.82886) (.22788) (.63203) 
 

I 115.46 97.44 107.03 102.02 
 R2 
 .970 
E 	 -1.34 E .11 E 2.55 SE 8.80% 

DW 2.07 

(A-I0) 19FO .75960 19PM -1. 03629 19PG - .33067 19PO 
 
( .90273) (.60644) (.29081) 
 

+ 2.37796 19XM - 1.54348 	 R2 .986
(.63176) SE 1.45% 

DW 2.54 

(A-ll) 19FO .40784 19PMO + 2.92348 19XM - ,00407 DT - 4.65212 
( .53880) ( .37770) (.03314) 

R2 .976 
SE 3.50% 
DW 1. 86 

(A-12) 19FO = -1.29914 19PG  .47427 19PO + 2.03670 19XM + 1.47767 
(.51216) (.23201) (.47728) 

R2 .984 
SE 2.90% 
DW 2.62 
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Feeding Rates and Substitution 

(A-13) FGM .01490 PMG + .00248 XM + 1. 56.910 

R 3.386 
(.00619) 
104.014 

(.00434) 
102.021 R2 .707 

E .46 E .075 SE 3.60% 
DW .92 

(A-14) FGM .01294 PMG + .00219 XM + .13327 DT + 2.30878 
(.00349) (.00261) (.02670) 

R2R 3.386 104.01 102.02 	 .916 
E 	 .40 E -.07 SE 2.02% 

DW 2.27 

(A-lS) FOM .00500 PMO + .00760 XM - .04572 DT - .80995 
(.00301) (.00202) (.03277) 

R2R .475 97.91 102.02 	 .949 
E 1.03 E 1.63 SE 8.17% 

DW 1.92 

(A-16) FGO .31938 PGO 1.70295 XM + 299.68417 
(.24126) ( .18101) 

I 96.28 92.89 102.02 R2 .939 
E -.31 E -1.80 SE 7.39% 

DW 2.02 

(A-17) FGO .44486 PGO - .59199 PMO 1.30069 XM + 332,46755 
( .23550) (.35181) (.29196) 

I 96.28 92.89 105.01 102.02 R2 .953 
E -.43 E -.65 E -1. 38 SE 6.84% 

DW 2.32 

APPENDIX D--Feed Demand in a Collapsed Livestock Sector 

The approach employed in the GOL model for reflecting the influence of livestock 
quantities and prices in certain regions without explicitly including these variables 
is from Rojko, Urban, and Naive (178). The quantification of certain key assumptions 
about the livestock sector enab1eS-Ca1cu1ation of a modified demand equation for feed 
grain in replacement of families of demand and supply equations for individual live
stock commodities and equations reflecting their equivalent in feed. 

We begin with a simple livestock model: 

Demand for livestock products 

(1) Qd + 2P = 2Y
L L 

Supply of livestock products 

Equilibrium condition 

(3) 
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Where: 

Qi Quantity of livestock products demanded 

QS Quantity of livestock products supplied
L 
 

P Price of livestock products
 i!L 
 
I 

Y 	 Income 
 

Price of coarse grains 
 

Trend variable 
 

Q	 Equilibrium quantity for livestock products

L 

The prices and quantities of livestock products are assumed to be endogenous, 
while the remaining variables are exogenous. Also, there are no imports of livestock 
products; this restriction will be lifted later. 

In matrix form, equations (1) to (3) may be reduced to: 

[2 0[~ -~] [~~J ~] no -2 G] 

(4) 	 - .8[~~J [1. 2 1.2] [Y J.4 .4 -.6 PG 
T 

From equation set (4), we can write: 

(4a) QL = 1.2Y - . 8PG + 1.2T 

If we 	 are given the technical relation 

(5) 

where QG refers to quantity of grain, we can substitute (5) in (4a) and recombine to 
obtain the following derived demand for grains in terms of feed grain prices. 

Derived demand for grains 

( 6) 1. 2Y + 1. 2T 

Supply of grains 

(7) 

Equation (6) is in the desired form for use as a demand equation along with the 
supply equation (7) in the world grain model. 

Now, even though the world grain model uses only grain prices, it implicity 
takes into account the joint interactions due to PL and QL in equations (1) and (2) 
by use of equation set (4). Specifically, for every Qg generated by the world grain 
model, there is a corresponding QL and PL which can be estimated by use of equation 
(4) • 
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So far, it has been assumed that there would be imports of grain but no imports 
of livestock products. One way of introducing imports of livestock products would be 
to assume a deliberate policy of maintaining some degree of self-sufficiency. For 
example, 80 percent self-sufficiency could be introduced by modifying equation (3) 
to 

(3a) 

If parameters had been used instead of constants for coefficients, then: 

(1) 	 Qt 	 + aPL bY 

(II) 	 Qr 	 + cPL dPG + eT 

(III) 	 = Q~ = QfQL 

In matrix form: 

[1 a] [QL] = [b ° 0] [Y]1 c P 0 d e PGL T 
 

[~~J = [i ~rl [~ ~ ~] [~G] 

· 

1 -1[ c bOOJ[Y][~~J = -c::-a -a 1 ode ~G 

1 cd(IV) 	 [ cb 
 
a 	 -ab -ad -ae
[~J c -	

ceJ[~G] 
(IVa) 	 cb Y + cd T 

c - a c - a 
 

Which is equivalent to equation (4a). 
 

Letting equation (5) be: 
 

(V) 

We 	 obtain by substituting (V) into (IVa) and recombining: 
 

kcd + kcb Y + kce T
PG 
a c - a c 	 - a 
c -

Which is equivalent to equation (6). 
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