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FEED DEMAND IN THE WORLD GOL MODEL

By Donald W. Regier*

4 Agricuitural commodity projections for 1985, devel-
oped by USDA’s Economics, Statistics, and Coopera-
tives Sevvice, show that the livestack sector acts as a
large secondery grain reserve. A mathematical moda)
of the combined world grain-oilssed-livestack {GOL}
economy genarates consistent projections of world
commodity trade and prices, and ragional production
and consumption. The article presants analysis of the
tie between crop and livestock sectars, tocated mainly
in the developed countries. The focus is on the syn-
thesis of feed demand eguations containing input-out-
put coefficients and price elasticities sensitive to both
livestock products and feads.

World projections; agricultural commoditiss; livestock
products; livestock feed; grain; oilseads; mathematical
modal.

&

INTRODUCTION

Agricun;ural commodity projectio=s for 1985 developed

by USDA’s Econamics, Statistics, and Cooperatives
Service (ESCS), tmply that the world livestock sector
acts as a large, secondary grain reserve, Located mainly
in the developed cauntries, the sector appears to act as
a governor, or stahilizer, for adjusting regional rates of
world production and consumption and prices of grain
by regulating livestock production and feeding. The
Worid GOL Model (combined grain-oilseed-livestock
sectors), developed by ESCS and in use since 1974,
generates consistent longrange projections of interna.
tional commodity trade, world prices, and regional
world production and consumption,

In this article, I analyze the tie between crop and
tivestock sectors in the model, focus on the role of feed
demand, and consider the linkages between the feed and
livestock sectors. I conelude with some broad implica-
tions of the design of the feed equations and their role in
the modei,

THE WORLD GOL MODEL

The World GOL Model projects by region the crop
areas, quantity of supply and distribution, net trade, and
prices for each of 14 commodities basic in the feed-live-
stock complex: wheat, coarse prain (including corn),
rice, oilmeal, soybeans, beef and veal, pork, poultry,
mutton, mitk, butter, and cheese.' The world is divided

*Agricultural economist with the Foreign Demand
and Competition Division, ESCS.
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into 28 regions including a residual, and they are not
symmetrically modeled. There are erop equatiens (ot all
regions but not necessarily all crops. To date, there are
livestock equations for only half the regions. There are
reduced-form net trade equations for regions that
contain the Centrally Planned countries. The U.S. sector
is intended to be representative only; full U.5. models
are used along with GOL in the ongoing ESCS projections
program.* A total of 930 dependent variables i pro-
jected in a 930-equation system,
Within a region, the GOL model consists of eight
major blocks of equations,
1—Demand: Livestock products
2—8upply: Livestock products
3--Demand: Crops for feed
4—Demand: Crops for food
5—Supply: Crops
6—Price linkages
7—Regional equilibrium
8—World equilibrium
The concem here js the structure of block 3, the demand
for crops for feed, Feed demand is considered under two
basic eircumstances: first, when blocks 1 and 2, demand
and supply of livestock products, are present in the
model; and second, when they are absent.

ROLE OF FEED DEMAND

Postulating a quantified livestock praduction fune-
tion and deriving both livestock supply and feed demand
functions from it was sertously considered in the planning

' The World GOL Madel was deveioped in ESCS pri-
marily by Anthony S. Rojko, Program Leader; Donald W.
Regier, livestock and derived leed; Patrick M. Q’Brien,
grains; Arthur L. Colling, cilseeds; Robert D, Barry, rice;
Myles J. Mielke, dairy; and Linda M, Bailey, statistical
and computer effort. People who have contributed to
the development of the computer programs include
Francis 8, Urban and Roger P. Strickland, Hilarius Fuchs
during the main development stage, followed by Fenton
Sands and Marlin W, Schwartz.

! First use of the model in prajections appears in (4),
followed by {21). The model’s broad characteristics are
discussed in {24}, and it is presented comprehensively in
(25, 26, 27, and J8). The projection (ocus shifts from
1985 to 2000 in (23), Note: Italicized numbers in paren-
theses refer to items in References at the end ol this
article.

For treatment of U.8, models whose domestic detail
integrales with GOL world trade projections, see (12, 15,
16, 28},
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stages [or ke GOL model. Arguments in favor of Lhis
approach are simplicity and malhematical elegance,
The logic lrom production theory is straightforward and
internal consistency of the resuiting model is assured.
Because of difficulties in implementing such an

approach, however, planners decided to use various sets
of internationaliy comparable information Lhat reveal
important aspecls ol production processis used, A func-
tion responsive Lo priee and lechnological development
was postulated by region. for production of each impor-
lant livestock commodity {block 2). Also, composite
regionwide functions for feed grain and oilmeal demand
were adopted, each with physical and price aspects
{block 3}. (See tablc 1 lor the feed demand functions.)

Table 1- Equanon forms (o ivestock feed demand,
World GOL Marel

Block 3

Flproduction, beef, pork,
poultry, mill;; prices af
beel, pork, corn, almeal)

Giiper capital income, pop-
ulation, changing tastes,
praductivity growth,
policy lactors)

» Feed grain demand

e Feed wheat demand = Flfeed grain demand;
prices of wheat, corn}
Giproductivity growth,
policy factars)

Feed grain demand
Feed wheat demand

» Feed corn demand

® Foed oilmeal demand = F{production: beef, pork,
poultry, milk; prices of
beef, pork, corn, oilmeal)
G{per capita income, popu-
lation, changing tastes,
productivity growth,
policy factors)

Nate: F{ ) ndicates linear functions of endogenous
variables,
Gl } indicates unrestricted functions of exoge-
nous variables.

LINKING CROP AND LIVESTOCK
SECTORS

The link between crop and livestock sectors of the
World GOL Model is importantly physical, The quantity
of a commodity demanded as feed is a weighted sum of
the livestock commodities produced in a region; the
weights are the amounts of feed used in producing each
livestock product. The final sum is adjusted, as shown
below, by price considerations. Calculations ol grain
used as feed are made, first, in total, and, second, appor-
tioned into feed demand for wheat and for coarse grain.
Oilmeal is analyzed similarly. Use of rice as feed is

ignored at this stage because of data problems, The
equation pattern for feed demand {block 3} is shown in
table 1, where F i5 a matrix of finear functions of
endopenous variables and G is aset of exogenous, inde-
pendently projected factors,

Like demand functions generally, demand for feed is
related to a set of direct- and cross-price elasticities. It is
also related to physical production of endogenous live-
stock products by a sel of input-output coefficients
expressing tons of grain or meal used to produce a ton of
livestock product. Price terms and input-output rates are
#.functions. G-functions inciude lactors such as tech-
nological change or policy considerations which affect
use of grain or meal as livestock leed. They aiso include
per capila income and population to account for
demand in those parts af the livestock sector which are
not yel modeled in the interactive part of GOL.

THE FEED-LIVESTOCK BALANCE

In Lhe base [rom which projections are made—1970
or a span of years centered on 1370—the guantities of
livestock commodities produced are balanced with the
quantities of feed impuied to the use of each kind of
animal producl. Balancing {budgeting) is done in the
light, of limited information on feed conversion tates lor
different livestock products, different farming systems,
and different practices in each of the 28 regions. Bal-
ances such as those shown in table 2 explicitly identify
use rates (input-output ratios) for both grain and oil-
meal, expressing Lons of grain (or meal) ustd in produc-
ing a ton of liveslock product. Such batances for each
region are used for obtaining input-output ratios incor-
porated into the feed demand equations. The ratios arc
adjusted to account for the grain or meal reporied as
livestock feed in each region. Their regional variation

constitutes a major asymmetry of the World GOL Model.

CONSTRUCTION OF INPUT-OUTPUT
COEFFICIENTS

Input-output rates in the modai are not in terms of
feed used per unit of time but of the quantity used per
unit of product. Feeds were budgeted in the base 1970
period, to account for the livestock products of the
region in terms of the entirety of grains and oiimeals.
Disctepancies encountered led either to (1) a second
round of coeflicient estimation or (2} a projection pro-
cedure respecting the coeflicients and treating the dis-
crepancy term cxplieitly in the projections (table 2).
The input-output rates were studied in a time perspec-
tive and allowance for change was made in the projected
rates.

The observed input-output coefficients for conver-
sion of Teed into livestock commodities are behavioral
relationships depending on {1} biolagical considerations,
(2) loeal climate and plant ecologies, (3) local produc-
tion systems, and (4) the affluence of the agriculturist

17
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Table 2—Livestock production and Jse of grain and meal as feed, European Economic Community, 1970

L]
Livestock production

Grain use as feed

Cilmeal use as feed

Product Amount’

Use rata?

Amount® Use rate? Amount®

Mt e Rate
EC-6:

Meat
Beef
Pork
Pouwltry
Mution
QOther

Tither
ik
£ggs

Total

{2.278}
1.300
3.600
2.700

250
.300

13.000
4.416
5.081
1.920

.185
1,408

71.448
2.492
{13 000

136
3.100
{3.587)

£C-3:
heat
Beef

4.500
1.334
Pork 1,838
Poultry Fitsic]
Mution 287
Other 375
Other
Milk
Egas
Total

{2.844)
2.270
4.220
2,700

.250
250

20,778
1.016
{4.500}

210
3.100
{4.513}

£C-9:
Meat
Milk
Eggs
Grain:
Estimated
Actual

17.500
92.226
3.808

{2.424}
(0,148}
{3.100}

At rot Rate Mil, me.
6.364
707
3.391

2.266

29.616 {.490)
5.741 160
18.220 B70
5.184 1.180
049
422

9.288
1725
46.623

12.787
3.028
7.756
1.852

D67
054

4,363
3.160
20310

519
510
3.020

8.255
2,848
2.379

42413
13.6561
10875

*86.939
‘66,911

413.582
£13.574

! Foreign Agricultura! Service {FAS] supply and distribution figures supplemented by data from Food and Lgrzahure
Organization {FAQ} and the Organization for Economic Cooperation and Development {(OECD), *Kg feed per kg livistock
product. Use rates are obtained by budgeting with & priori knowledge from {17,18 p.8;i4,pp. 118119, 3, 31-30-8: 5 11).
¥ Detaif is the multiplication of livestock product detait by use rates, * Sum of above detail, * Reporied by FAS.

Mote: italicized numbers in parentheses refer to items in Reforences at the end of this article,

making decisions aboul how available crops will be
shared by the family, the market, or animals in the form
of feed. Although the practices of American agriculture
are best known and documented, they stand at an
extreme of behavior compared with world affluence {per
capita income). Other developed countries Lypically

use smaller quantities of grain in feeding livestock. Docu-
mentation by region, however, is difficult because of
apprecizhie variation in local agriculiural practice and
infrequent or inadequate publication of data. Building
the World GOL Model included obtaining and sometimes
estimaling this information.

As countries form a progression when classified by per
capita income, so also Lthey form a progression when
classified by quantity consumed of meat per capita or
proportion of grain allocated to livestock production
(tables 3 and 4). Grain allocated to human food and to

18
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feed at the expense of food also tends to conform to the
sequence. Thus one can judge the intensity of grain and
oilmeal feeding, in regions with poor data, by looking

at consumption and income. This consumption progres-
sion is referred to here as the Main Sequence. Variation
observed in the feeding rates of the parts of the Euro-
pean Community and the United States is predictable
from the Main Sequence {see figure 1 and table 3).

The United States, Canada, Japan, and parts of
Western Europe possess grain-intensive beef industries,
and in Burope, this industry is on the increase. Eisewhere,
the grain-intensive meat industries are pork and poultry
production. In much of the world, beef production is
considered to be a byproduct of the dairy industry,
Analysts cannot avoid arbitrary judgments in allocating
feed to poultrymeat as against epgs, and to beef versus
milk. And in important regions, allocation of feed must
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Talie 3—Per eapita income and estimatad meat and grain consumntion, world, 1962

Income Grain for food and feed

income elasticsty Grain- Feed income

par
capila Food Feed Bath

meat grain par
Meat Grain ratio? share’ capita

Dallar
equivalent Kitograms

48.8 0 48 8

11208 o] 178

144.3 4.0 148.3

£ 1565 13.0 168.5

: 129 154,3 220 iB6.3
150 5.2 1584 30.0 185.4

200 18.7 154.9 44.0 1889
250 2i4 1483 B3.0 2019
300 238 142.8 63.0 2058
350 5.9 137.3 7.0 208.3
400 272 1321 8.0 2111
450 228 1276 860 21358

500 38 123.3 102.0 2253
750 40,3 1072 138.0 245.7
1,000 48.6 96.2 173.0 269.2
2,000 808 75.8 320.¢ 395.9
3.000 1128 61.4 484.0 545.4

Doltlar
Parcent eguivalent

25
S50
75
100
125
150

12 200
15 250
17 300
19 3580
20 400
22 450

24 500
30 750
38 1,000
57 2,000
77 3,000

'Kg gram per kg meat. *Feed m total graln consumption. Noter = = infinity, ltatlicized numbers in parentheses refer to items

in References at the end of this articie,

Sources: Man Ssquence equations- {18, Ch, 2; 15, pp. 81-118).

Table 4—Demand elasticilies, world

FPrice elasticity

Income
Commodiy Meat Grain elasticity

Meat B0 80 f:1a]
Grain 43 43 .18

Sources: Main Sequence equalions evaluated at the
means; (18, 18},

Mote: ltalicized numbers in parentheses refer to items in
Bibliography at the end of this article.

be made among beef, miik, and work, For oxen continue
to he important as work animals, and somelimes milk
cows are used lor work,

OECD member countny response to questionnaires
on intensity of feed utilization (714) has helped scale the
GOL input-cuipul coeflicienis. Feed utilization rates
tabulated for 1962, 1975, and 1985 are in basic harmony
with the data underlying ligure 1. They helped calibrate

coelficients lor the developed regions, Oceania, apd {by
inference) Argenlina,

PRICE-ELASTICITY MATRIX

Price adjustment terms enter the leed demand equa-
Lions which are based on estimates of direct- and cross-
price elasticities for livestock products and for leed
inputs. Research in ESCS has shown Lhal feed demand
equations conform well to the data when estimated from
price series which are catios of product prices Lo feed
inpul prices (table 5).

Such relations, however, are nenlinear in numerators
and denominators. Since the World GOL Model requires
finearity among endogenous variables, elasticities of
equal absolute value were assigned Lo numerator and
denominator, but with sign changed in the denominator.
Positive elasticitics on meal prices, say, imply that an in-
crease in a meal price brings an increase in feed use.
Negative price elasticitios on feed price, correspondingly,
imply that a rise in a feed price brings a drop in livestock
feeding. World cross-sectien caleulations suggest that
price rosponse in demand may be the same, or propor-
Lional, over Lhe world {iable 4},
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Table 5—Bemand for livestock feed, ECH

Frice ratios

Production constant

PMO

POG

XM K

lmeal-
FQ

1.144

{.530Q)
£ 97

-1.430 -18°.377

E -1.15

{.206)

FG is feed consumption of grain, index of physicat tonnage, 1960 ~ 100,

FO is feed con:umption of oilmeal, index of physical tonnage, 1960 = 100,
PMG 1s the ratio of Lthe price of meat to the price of gran, index 1960 ~ 100.
PMO is the ratio of the price of meat to the price of oilmeal, index 1960 = 100.

POG is the ratio of the price of gilmeal to thy price of arair, index 1960 = 100.
PGO 15 the rario of the price of grain to the price of oilmeal, Index 1960=100.
XM is domestic production of meat and livestock, index of physical tonnage, 1960 = 105,

E is an elasticity rvaluated at the means.

Standard errors are reporied in parentheses.
Sources: {78, 32}, Compare these results with those Tor the Umited States in (7).

WORLD CONSUMPTION

AND MEAT

Kilograms Per Capita
400 —

OF GRAIN

GRAIN:
Food and Feed

GRAIN: Food

1]

4
60 80100 200 400600 8001000 2000 4000

Income Per Capita {L). S. Dollar Equivalent)

FIGURE 1

FEED DEMAND EQUATIONS

The elements discussed above are incorporated into
the feed demand equations in this section. The feed
demand equations in the World GOL Model lor the EC-6
appear in table 6. The input-output rates in the equa-
tions can be traced from the rates in table 2. These relate
domestic production of livestock products to total grain
fed. The price coefficients represent elasticities of +.50
for pork, —50 for corn, and +.10 for oilseed cake, [n
each equation a growth term is applied to the entire
quantity of feed grain hudgeted for livestock in the 1970
base period. The EC-6 growth term is 5 per mil (5 tenths
of 1 percent) per annum, representing the European
trend toward more grain-intensive tivestock feeding prac-
tiees,

Table 6 also shows the demand for feed wheat in the
EC-6 as a linear function of total demand for feed grain
and of the prices of wheat and corn. The proportion of
wheat in total {eed grain lends Lo rise with higher corn
prices or lower wheat prices. Corn demand is a residual
caiculated by subtracting feed wheat from total feed
grain.

Coarse grain demand in Brazil is shown (table 7) be-
cause it illustrates the GOL method for estimating feed
demand in regions with deficient livestock feeding data
or with rudimentary livestock sectors, Two input-cutput
terms are shown, and price coefficients implying elastici-
ties of +.30 for pork, —.40 for corn, and +.10 for oilseed
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cake. For demand for livestock products not represented
by beef and pork (the explicii terms in the equation), an
income clasticity of .20 is stipulated. This elasticity,
together with income- and population-growth terms
shown in the tabie, determines Lthe overall growth of cthis
component of livestock feed demand.

Demand for cilmeal is illustrated from Lhe EC-3
{table 8). Input-output coeflicients are traceable to table
2. Price elasticities incorporated into equation coeffi-
cients are #1.80 for pork, +1.00 for corn, and —. 37 for
the direct price ol oilseed cake. In structure the feed
grain and cilmeal equations are similar, but the meal

elasticities are greater. The 5 per mul growth term is com-

parable with the projecied BGC-6 growth term in grain
leeding.

The growth terms used in these [eed equations repre-
sent judgments concerning the fuiure based on knowl-
edge of economic development plans and projects under
way around the world and a record of accomplishment
or failure in the past.

Table 6 —Damand for feed grain, EC-H,
World GOL Model

Gemand for feed grain

e Total grain Domestic production {1,000 mt:
fed 1o livestock
{1,000m:} = 1.3000 Beef and vea)
3.6000 Pork
2.7000 Poulry
L2500 Mutien and lamb
L1248 Miik
3.1000 Egygs

Price {Units of Account/t):
30.8200 Pork
304.4098 Corn
45,7200 Oilseed cake

Growth term

46625.0000 (1.0 + .00g) Time
46466.8000 Constant

s Wheat fed Total grain fed to livestock
to lve- {1,000 mt)
stock
{1,800 mt) .1860

Price {Units of Accountft]:
20.0000Wheat: Demand price
50,4000 Wheat: Trade ptice
50,0000 Corn: Trade prrice
Coparse grain Total grain fed 1o livestock
fad to live- {1,000 mt)
stock
{1.000 mt} 1.0000
Wheat ted to livestock {1,000} mit}

1.0000

Tabte ?—Demand for feed grain, Brazit,
World GOL Model

Bemand for feed grain

® Coarse grain Domestic praduction {1,000 mt):
fed to livestock
11,000 mt) = 1.5000 Beef and veal
3.6000 Pork

Price {Dollar equivatentftl:

4.8440 Pork
84.3100 Corn
12,8800 Cilseed cake

Growth term

$928.0000 {1.0 + 8)T'M® where:
=3 afb) + ¢ = .04028 and
a L2000 incoma elasticity
b 0588 income growth rate
c 0285 population growth

5060 Constant

Table 8--Demand for oilsead rmeal, EC-3,
Worid GOL Model

Bemand for cilseed meal

® Oilseed meal Daomestic production {1,000 mt):
fad 10 livestock
{1,000 mt) = 1200 Beef and veal
5500 Pork
1.0500 Poultry
02950 Milk
6000 Eags

Price {Units of Account/th:

6.7300 Pork
110.4500 Corn
10,5300 Dilseed cake

Growth term )
3028.0000 {1.0 + .005) Time
14273.0000 Constant

W int i AT 1, AR R e L e

CONCLUSIONS

From one projection run on the computer to another,
demand categories of grain for food and feed, oilmeal,
and of meat production tend Lo move together. However,
feed demand {ends to respond with more sensitivity than
food grain demand to variation in the assumptions
underlying the alternative projections. In the various
prejections developed, quantities for meat production
and consumption and grain for food have differed in a
range of approximately 10 percent, whereas feed grain
demand has varied through about 20 percent. The feed
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grain variation occurs in the regions comprising the
commercial meat economy of the world, thus, largely in
the developed countries.

The vatiation among projections, in million metric
tons, is shown in figure 2, Meat varied by 9 million tons,
feed grain by 87 miilion, food grain by 53, aad oilmeal
by 9 miltion tons, with the meat, meal, and feed grain
variation occurring largely in the developed countries,
The 1985 projection levels (table 9)° ranged from 318
to 1,056 million Lons for grain, 66 to 73 million tons for
oflmeal, and 96 to 105 million tons for meat. The grain-
to-meat conversion rate was 3.8 in the low projection
and 4.3 in the high,

If the World GOL Model has heen realistically
designed, these results imply that the world livestock
sector does act as & large secondary grain reserve, It js
mainly a phenomenon of the developed countries and
appears to help stabilize the world grain economy,
Grain consumption as food appears strikingly siabie in
the developed countries white varying substantially in
the less developed countries—but less than the variation
in feed grain consumption. When world grain produc-
tion is low, grain feeding apparently declines in the
developed countries, mainly the United States and
Europe. High world grain production tends to result in
lowered feed prices which encourage larger developed
country output of feed-intensive livestock products,

Additionally, the 1985 projections with the World
GPL Model show that

® High volume markets are for food grain in the

developing countries and for feed grain in the
developed countries;

*For a more elahorate treatment of the projection
results obtained with the World GOL Model, consult
sources cited in foatnote 2.

LSS R S S T P e

WORLD GOL MODEL: PROJECTION
VARIATION AMONG ALTERNATIVES
FGR 1985

Figures in Million Metric Tons

Commuodity*

Meat

Feed Grain

Food Grain

Qilmeal

" *Production of meat; consumption of grain and meal.

- Developed Countries
I:I Less Developed Countries

FIGURE 2

® Developed country market for feed grain is large
and growing;

® Developing country market for feed grain, though
modest in scale, is growing faster than that in
developed countries;

® Highest growth markets are for food and feed
grain in the developing countries,

Table —Extremes of projections to 1985, Warld GG L Model

Grain consumption

Projection
alternative Food Feed

Input-gutput rates

Oilmeal Wieat
consumntion production Grain fleal

Mittion tons

218 551 367
453 134 313
465 417 48

1,066 601 454
529 136 394
526 468 g0

66 348
85 5.1
1 1.5

73 4.3
62 70 5.6
11 35 1.7

Notes: DC is Developed Countries; LD is Less Developed Countries; “Low" and “High™ are world totals for tonnages ar warld
averages for input-output rates. Malicized numbers in parentheses refer to items in Bibliography at the end of this article.

Scurces: Summarized from {25) and {18},
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In Earlier Issues

Sir Horace Plunkell was an Irish institution, with broad
BEnglish and American exposures. He was Irish by birth and
deepest loyalty; part English by ancesiral background and
political participation; part American by lifelong business
interests here. A core aclivily of his revolved around the
establishment and expansion of agricultural cooperatives.
He ranks with Grudtvig of Denmark and Raiffeisen of
Germany as a pioneer in this leld. He was anxious that a
correcl refationship exist between private enterprise and
the government; that voluntary and statulory action be
kept in construclive balance; and that seif-help and state-
aid be truly complementary. He hit upon the slogan *Better
farming, Belier business, Betier living,” President Theodore
Roosevell became tremendously interested in his three
“betlers,” and presently announced them Lo rurai America,

1
i
3
i
3

il
3
|
A
]
I
2
B
]
3
v
u
3

Arthur F. Raper
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