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PREFACE

It is obvious that a model system such as is descrited
in this paper cannot be built without suktstantial assis-
tance. This model was constructed as a team effort of the
Food and Agriculture Program, FAP. The members of FAP dur-
ing the period in which the model was tuilt were Ferenc
Ratir (program leader), Csaba Csaki, Anton Visser, Jaroslav
Hirg, Bozena Lopruch, Ulrike Sichra, Anton Timman and Lkoth
authors. Many others who are too numerous to mention also
contributed to the work; however, the contribution of
Michiel Keyzer from the Free University of Amsterdam is too
substantial not to ke singled out here. Likewise, Karl
Ortner from the Agrarwirtschaftliches Institut in Vienna was
very helpful, especially in obtaining the expenditure

shares.
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SIMPLIFIED NATICMAL MCDELS

G. Fischer and K. Frohberg

1. INTRCDUCTICH

The aim cf this paper is tc give a concise description
of the simplified national models as they were developed in
the Food and Agriculture Program (FAP) a2t the International

Institute for Applied Systems Analysis (IIASA).

The work on these models was begun in September 1072
and by late summer 1970 the models had reached 2 preliminary
working stage. The reasons for btuilding such a simplified
model system are manifold. First of all, it became apparent
that the disaggregated and detailed models of all origineally
selected countries could not be completed by the end of the
program. To provide a self-contained product the simplified
version was set up at that time. This system is consistent
with the detailed one, but works with a more condensed pro-
duet list (10 commodity aggregates instead of the 19
envisaged for the detailed version), with a smaller set of
countries and with substantially simplified supply and
demand components. After completion, the more detailed and

sophisticated models can be substituted for this simplified




version and, therefore, the system will become more and more

realistic.

Although we are fully aware of the shortcomings of the
simplified version, we hope that it will prove to be a use-
ful demonstration tool. As such, the model will help to make
the methodology used more understandable and to stress both
its advantages and shortcomings. It also should be possible
to indicate what kind of questions the FAP system will be
able to answer. And finally, it should enable those model-
ling groups who complete their work in advance of other
teams to link their model with the condensed version and

thus test its performance.

The paper is organized in the following way: Chapter 2
contains a description of those countries which are included
in the simplified version. 1In Chapter 3 a brief explanation
of the overall structure of the model system is given and
the basic requirements for linking the system are outlined.
Pata sources and aggregation procedures are explained in
Chapter U4, Chapter 5 contains a description of the produc-
tion module used in this system; input levels in agriculture
and the allocation model are explzined, followed by a dis-
cussion of nonagricultural production. Finally, in Chapter
6 some remarks on the exchange module are made, particularly
on the Expenditure Share System used for modelling national

demand.




2. COUNTRIES MCDELLED

The countries included in FAP's mocdel system were
selected =zccording te two criteria. The first was that they
should comprise about 80 percent of world population, agri-
cultural production, land base, and export and import of
agricultural products. In Table 1 the relevant figures are
given for the countries selected. While these vary consid-
erably from country to country, the total is close to 80
percent for each of the indicators. The second criterion
for selection was that countries included in this study
represent all stages of economic development and 211 regions

of the world.

The countries included in the FAP Model System can te
grouped into four categories with regard to the detzil and

state of the modelling work.

The first of these currently consists only of India and
is already using the detailed model version within the sim-
plified system in order to make it linkable. The commodities
for this version must be aggregated according to the 10-

commodity list.

The second category comprises all those countries for
which the nationsl teams working on the detailed models are
also building the simplified version. Austria, the EC coun-

tries, Sweden and the USA make up this group.

Category three consists of countries for which the
respective simplified model was built by members of FAP with
assistance from corresponding collaborating groups, who in

turn are currently carrying out the construction of the
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Table 1. Percentage of world population, production of

agricultural commodities, land base, and

agricultural trade in 1976. 1)
Name of Pop-' Pro-_ 2) Land Importz) Exportm
country ulation duction base
Argentina 0.63 1.96 1.70 0.14 2.86
Australia 0.34 1.60 1.31 0.25 5.00
Austria 0.19 0.38 0.11 0.62 0.31
Bangladesh 1.86 0.70 1.12 0.34 0.11
Brazil 2.78 4,65 4,03 0.75 5.55
Canada 0.57 1.21 1.97 1.99 3.25
China 21.38 13,22 17.36 1.6 1.81
CMEA 8.98 16.72 17 .49 12.72 5.74
EC 6.41 11.85 3.26 38.83 26.05
Egypt 0.95 0.72 0.32 0.94 0.56
India 15.48 6.73 14.63 1.06 1.30
Indonesia 3.44 1.60 1.48 0.64 1.02
Japan 2.77 1.76 0.38 8.36 0.05
Kenya 0.34 0.16 0.22 0.06 0.33
Mexico 1.51 1.47 1.31 0.35 0.82
New Zealand 0.08 0.49 0.03 0.14 2.09
Nigeria 1.59 0.54 1.59 0.50 0.40
Pakistan 1.79 0.93 1.37 0.34 0.34
Sweden 0.20 0.31 0.17 1.13 0.42
Thailand 1.07 1.13 1.11 0.18 1.23
USA 5.31 12.33 9.79 8.07 16.85
T ot al 77.6°5 8§0.47 80.75 78.78 77.97

1) The figures are taken from Figure 4 in Ferenc Rabar (1979),
"Local problems in a global system".

2y Value in 1676 prices.




detailed model. This applies to CMEA countries, Bangladesh,

Indonesia, Kenya, Pakistan, Thailand and China.

The largest number of countries makes up group four.
These countries are being modelled by members of FAP. It
consists of Argentina, Australia, PBrazil, Canada, Egypt,

Japan, Mexico, New Zealand and Nigeria.

It must be pointed out here that the subsequent
chapters only apply to the countries of group four, group
three (except the CMEA and China), the EC countries, and, to
a somewhat lesser extent, Austria and Sweden. The different
approaches to the other countries will be described bty the
respective modelling teams in separate papers. The country
grouping given zbove reflects the state of June 1979 and is
likely to change as more national teams join FAP's modelling

effort.

It is worthwhile to mention that the country list shown
in Table 1 represents the minimum number of countries
included in the FAP model system. The linkage system would
allow additional countries to be added, provided the minimum
linking requirements, as discussed in the next chapter, are

met.




3. MODEL STRUCTURE®

In order to meet the requirements of FAP's linkage sys-

tem, a national model should:

- be a closed model in the sense that it covers the whole
economy,
- consist of three modules; one for demand, another for

supply and a third where the process of policy

decision-making is described,

- be recursively dynamic; i.,e., supply is assumed to be
determined at the time consumers make their buying

decisions,

- operate in one-year time increments,

- trade commodities only according to a common commodity

classification,

- be basically of descriptive nature and

- be built for a medium time horizon (15-20 years).

Figure 1 shows a flow chart of the model's operation at
the national level. Starting with given balance of trade
deficit, international prices, supply, expenditure shares
and policy targets, the model is solved for domestic equili-
brium prices and quantities (see "exchange model 1"). Then
capital stock by income class is adjusted through determina-

tion of investment. Labor force by income class is also

*The structure of FAP's model system with the 1linkage
methodology has been extensively discussed by Michiel
Keyzer in a series of research memoranda (see e.g.
Keyzer 1977, Keyzer 1980).
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calculated, given populetion grcwth and income distribution.
Both labor force and capital stock, together with other
inputs, expected producer prices and weather factors, deter-
mine actual production by income class. The transformation
of these produced items to processed goods yields endowment
per income class. According to the new equilibrium prices
and income distribution, new policy targets are set and the
expenditure share system is adjusted. Afterwards, simula-
tion for the next year can start. The linking of all
national models occurs when a set of international equili-
brium prices is simultaneously calculated with the domestic

equilibrium prices using an iterative procedure.

Table 2 indicates the commodity aggregates in which all
ccuntries exchange goods. As can be seen, for the simpli-
fied model the commodities are aggregated tc nine agricul-
tural products and one comprising all nonagricultural pro-

duction activities.

This nonagricultural commodity is, of course, an over-
simplification of real world phenomena, especially from the
point of view of international exchange, as it is composed

of tradable and untradable products.

The model system allows for different income classes in
each country. The improvement in model performance due to
such a disaggregation has to be balanced against the sub-
stantial increase in resources needed to build a model of
this kind. This model version uses two income classes for

the developing ccuntries and one for developed countries.
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Table 2 Commodity List

Condensed Model

Detailed Model

Commodity Unit of Measurement Commodity Unit of Measurement
1 Wheat 1000 m.t. 1 Wheat 1000 m.t.

2 Rice, milled 1000 m.t. 2 Rice, milled 1000 m.t.

3 Other Cereals 1000 m.t. 3 Other Cereals 1000 m.t.

4 Bovine and Ovine Meats 1000 m.t. 7 Bovine and Ovine Meats 1000 m.t.

10

Dairy Products

Other Animal Products

Protein Feeds

Other Food

Non-food Agricultural
Production
Non-Agricultural

Production

(carcass weight)

1000 m.,t.

(fresh milk equivalent)
1000 m.t.

(protein equivalent)
1000 m.t.

(protein equivalent)

mill. US$ (1970)

mill. US$ (1970)

mill. US$ (1970)

10

11
12
14
15
16
17
18
19

Dairy Products

Pork
Poultry and Eggs
Fishery Products

Protein Feeds

Oils and Fats

Sugar Products

Vegetables

Fruits and Nuts

Coffee

Cocoa, Tea Products

Alcoholic Beverages

Clothing Fibres, Hides & Wool
Industrial Crops

Non-Agricultural Production

(carcass weight)

1000 m.t.

(fresh milk equivalent)
1000 m.t.
1000 m.t.
1000 m.t.
1000 m.t.

(carcass weight)
(protein equivalent)
(protein equivalent)

(protein equivalent)

1000 m.t.
1000 m.t.
mill. US$
mill. US$
1000 m.t.
mill. US$
mill. US$
mill. US$
mill. US$
mill. US$

(0il equivalent)
(refined sugar)
(1970)
(1970)

(1970)
(1970)
(1970)
(1970)
(1970)



4, DATA BASE

In this chapter the sources and preparation of the data
are discussed. Since the system of models built comprises
the total economy of a large number of countries, a substan-
tial amount of work had to be put into data preparation.

The major sources of data that were used are listed below

and will be discussed in subsequent chapters:

FAO Supply Utilization Accounts (SUA):
The SUA contain information on production, usage, trade
and producer prices of agricultural commodities. They

were given to us by the FAO, Rome, on magnetic tapes.

FAC Production and Trade Yearbook:
The magnetic tapes of the Production and Trade Yearbook
issued by FAC in 1676, as well as several printed
volumes, were used to compile data on fertilizer usage

and prices of agricultural products.

FAC Fertilizer Reviews:
This material was used to collect data on fertilizer

prices.

ILO Labeor Force Projections:
A magnetic tape containing 1950 - 2000 population and
labor force projections was used to arrive at popula-

tion growth rates and labor participation rates.

World Tables:

A set of macroeconomic data was taken from a magnetic
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tape issued by the World Bank.

Yearbook of National Account Statistics:
The World Tables were augmented by data series from

this United Mations publication.

The Economic Accounts of Agriculture:
This FAO publication was the main source of data on
fertilizer expenses and intermediate consumption of

nonagricultural goods by agriculture.

ILC, Household Inccme and Expenditure Statistics and FACQ,
Review of Fcod Consumption Surveys:
These sources were used to compile dataz on expenditure

shares znd processing margins.

Apart from the data sources mentioned above, we used
national statistical yearbooks to the extent necessary

and/or possible.
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| &=

.1. FAO Supply Utilization Accounts

| &=

.1.3. Brief Description of the FAO Supply Utilization

Accounts

The SUA present time series on about 10C0 commodities
related to agriculture. They also cover population,
macroeconomics, land use, crop production, livestock produc-
tion, agricultural inputs, fishery production and forestry.
Of this large amount of data, about 500 commodities refer to

agricultural production.

In principle, the accounts fit the standard accounting
framework:

Production = Final Pemand + Intermediate Demand

+ Exports - Imports.

Final Cemand is split into several items:
- stock change

- seed/breeding

- feed consumption

- waste

- food consumption

- demand by manufacturing industry.

Intermediate Cemand for a main product is labeled "PRO-
CESSED" and reappears as "INPUT" in the accounts of one or

more derived commodities. Each time series in the data base
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is fully identifiable by a set of five code numbers specify-

ing:

- country

- commodity

- item

- dimension

- starting year.

In our data base, the years 1961-1976 are covered for
56 countries. There are about 100.0C0 records availsble,
each recerd containing one time series and the necessary

code informetion.

4.

—
Iro

Aggregation of FAOC Supply Utilization Accounts

L1,

1o

.1. Principles of Aggregation of FAC Supply Utiliza-

tion Accounts.

The selection of an appropriate method ensures maxi-
mum recduction of the amount of data while minimizing the
loss of information in a2ccordance with the purpose of the

model.

The part of the SUA used describes supply and demand
for about 500 commodities. The accounts must be processed
to generate supply and demand for the 19 aggregate commodi-
ties of FAP {(see Table 2), toc be called the FAP commodity
list. The aggregation requires that only one quantitative
measure be given for each commodity. This means that dif-

ferent stages of processing should be represented as price
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differences (processing margins) and.not as physical
transformations. This still leaves the decision open on
where in the processing chain the output should be measured.
In most cases, the raw material stage (farmgate level) is
the most appropriate one, especially when one main product
is used to make different derived products (wheat vs. bread,
pastry, macaroni). There are, however, a few exceptions to
this rule. One case is sugar. The same derived product,
sugar refined, can be made from entirely different main com-
modities: sugar beets, sugar cane, maize, etc. When look-
ing at trade and consumbtion figures of sugar refined, it is
generally not clear to which of the primary commodities
these items must be attributed. Therefore, sugar refined

was chosen as a target for aggregation.

Another problem arises when one main product contri-
butes to different commodities in the FAP commodity list.
This applies to livestock products, which therefore were
aggregated in terms of meat, offals, fat, hides, and milk,
as well as for oil crops, which frequently were split into

0il and protein feed.

To clearly point out the reason for our concern: After
applying the proposed transformations it is possible to
aggregate the reduced accounts using prices or unit values,
or any other suitable weights. If this were done before
bringing different related commodities in one group to a
common level of processing, double counting of the physical
quantity contained in the processing item would result. The
problems of aggregation discussed above should not lead the

reader to the assumption that not aggregating the data in
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the described way would be a better alternative. If commodi-
ties were grouped in this manner, the quantity contained in
the processing item would be counted double; on the other
hand, one cannot simply leave out derived products, since
the information given there is needed to arrive at proper

trade and consumption figures.

L.1.2.2. Reduction of Complex Commodity Structures.

In the first stage of the overall aggregation task, we
tried-to identify the tree structures underlying the SUA.
Within each of the commodity trees we defined a so-called
"target commodity", i.e., the particular node in the tree
structure which was to replace the tree after the applica-
tion of the transfecrmation. Although some of the commodity
trees lock fairly complex, they can always be divided into

subtrees which leave us with two basic configurations:

13 Commodities having only alternative derived commodi-

'ties.
2) Commodities having only joint derived commodities.

Therefore, only the back-calculation of each of these two

cases must be taken into account.

CASE A: Alternative Derived Products.

This term describes the method of back-calculation used
when the higher level commodity is processed in different
forms, giving various derived products (e.g., fruits can be
canned, converﬁed to juice, preserved, etc.). We denote the

primary commodity by A (its items by Ai), and the derived
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products by Bj, 1l=1,...,m (their respective items by By,i)-
This commodity tree can be replaced by a new commodity C,

where the relevant items are defined as:

’ (uc1)

m
C. = A, + ZBl,i/EXTRl , i

* o=

where EXTRl is the "extraction rate" describing the physical
transformation of commodity A into commodity Byj. Extraction
rates are usually included in the SUA as item 4., For those
cases where an extraction rate was not available, a set of
default values was prepared., Formula (4.1) was applied to

the following items (index set I):
06 imports
07 from stocks
08 to stocks
09 exports
10 feed
11 seed/breeding
12 waste
14 foed
15 other utilization.

Dollar values, which are given only for imports and

exports, are simply added to the respective items.




CASE B: Joint Derived Products.

The method used when processing of a commodity results
in several derived products simultaneously, e.g., wheat in
flour and bran, is referred to as JDP. To account for qual-
itative differences in the derived joint products, we used a
weighting scheme for back-calculation. Each commodity is
assigned a weight (WA for the original commodity and wBl for
derived products). For reasons of consistency, the follow-

ing identity holds:

m
W, = EEXTR * Wy - (4.2)

The commodity tree is then converted to a single target com-

modity using:

I . (4.3)

The set of indices I is the same as described above.

The general case of commodities which have both joint
and alternative derived commodities can easily be hancled by

applying the above formulas to the appropriate subtrees.

4.1.2.3. Aggregation of the Transformed Accounts.

After the fairly complex task of converting the SUA
data to a common stage of processing and elimination of
intermediate consumption, the resulting simplified SUA
records were converted to volumes and aggregated according

to the FAP commodity list. The kind of weights which were
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used for converting to volumes depends on the unit of meas-
urement of the FAP commodities. For those commodities which
cover a wide range of different products (e.g., fruits,
vegetables, industrial crops, etc.), average 1969 to 1971
export prices (in US ¢) were used as weights. ©il content
and protein content were used for oil crops and protein
feeds respectively. The units of measurement for each com-

modity (aggregate) can be found in Table 2.

Although the aggregation of the SUA as described above
might seem to be straightforward, it should be mentioned
here that problems arise as soon as the process is looked at

more closely. Some of the problems encountered were:

- Lack of information about the destination of "PRO-

CESSED" items
- Data inconsistencies

- Insufficient information about the origin of secondary

oil and fats for many countries

- Differences between countries and inconsistencies with

regard to the milk commodity trees

- Insufficient information about "N.E.S." commodities
(i.e., residual within a particular group of commodi-

ties).

Since detailed treatment of all these peculiarities is
beyond the scope of this paper, the interested reader is
referred to a separate report on the aggregation of the SUA

(Fischer and Sichra, forthcoming).
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4.2. Population and Labor Force Data

The ILO Population and Labor Force Projections which

were used contain time series in steps of five years from

1950-2000 on total population (by age groups), as well as

labor force (by age groups and activities). The FAO reports

yearly figures on total population from 1961 to 1976.

Using these two data sources, we produced the following

six time series:

(1)

(2)

(6)

Total Population (from FAO)

Rural Population

Urban Population

Total Labor Force

Agricultural Labor Force

Laber Force in Nonagricultural Sector

Furthermore, the ILO data were used to estimate linear trend

functions for population growth and labor participation

rates.




4.3. OQOther Data Sources

The various other data needed, e.g., macroeconomic
data, fertilizer usage, intermediate consumption, expendi-
ture shares, etc., were taken from a number of different

sources.

4.3.1. Macroeconomic Data

The macroeconomic data were mainly derived from the
World Tables. Gaps in these time series were filled with
information from the Yearbook of National Account Statis-
tiecs. The Economic Accounts for Agriculture (FAQ) and, as
far as available, national statistical yearbooks, were also

used for checking and enlarging the data base.

4.3.2. Quantity and Value of Fertilizer Input

PDue to lack of more detailed information on fertilizer

input, only the following two time series are used in this

study:
- Consumption of Nitrogen Fertilizer (1000 m.t. nitrogen)
- Unit value of fertilizer (1000 national currencies per

m.t. nitrogen),

The latter is the ratio of total value of all fertilizer
input to quantity of nitrogen. Using this time series
instead of nitrogen price assumes a fixed rate of applica-
tion of 2ll non-nitrogen to nitrogen fertilizer. It is
obvious that this approach has shortcomings but it was taken
due to lack of more detailed data. While there was no prob-

lem in obtaining information on fertilizer consumption (FAO,
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Fertilizer Reviews; FAO Production Yearbooks), price infor-
mation was often scarce. The principal data sources used to

arrive at this unit value series were:

(1) Data on Fertilizer Expenses from the Economic

Accounts for Agriculture,

(2) Fertilizer Prices and Indices of Fertilizer Prices
paid by farmers, taken from the Fertilizer

Reviews.

(2) Fertilizer Prices given in the FAO Prcduction

Yearbooks.



4.4. Calculation of Time Series for Capital Stock.

For most of the countries considered, data on capital
stock could not be found. This section describes how these

time series were calculated.

Capital stock data series were to be obtained for both
the agricultural and nonagricultural sector. It was assumed
that gross fixed capital stock held by the private sector
and by the government (excluding military goods) is the
measure which best fits the model-building requirements.

The information used on a country-to-country basis includes
gross investments at constant prices, the investment price
deflator, the value of annual depreciation and GDP at prices
of 1970. Additional information was obtained from capital
output ratios which, however, often could be found only on a
regional basis (comprising several countries) and only for
some reference years. These ratios were compiled from

several sources and can be found in Table 2.

Two methcds were emplcyed for calculating capital stock
time series. The one which was finally chosen for a partic-
ular country depended on the availability of information
needed and on the plausibility of the result. As a plausi-
bility check, a comparison was made between the capital out-
put ratios implied in the result and those used in other
studies. Another prerequisite for using one of these
methods was that the calculated depreciation rate be posi-
tive. The two methods are briefly described below and a

summary of thé~result is given in Table 3.
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Method l

Assumptions were made for the values of:

d?o = depreciation rate for total capital stock in year
t, for t=1970
BKt = share of capital stock used in agriculture in

total capital stock in year t, for t=1970

€gt = the ratio of the depreciation rate for agricul-
tural capital stock to the one for total capital

stock in year t, for ¥Yt.

The calculation was done according to the following

formulas:

Ky = Dy/d} . for t = 1970 (4.4)
Ke = Ky_; = Di_y + Ip for wt, t 4 1970 ,  (4.5)
k2 =8, * K for t = 1970 , (4.6)
Kp = (1.0 - e, #al_p *# kB + 1}, for ve, £ #1970 ,  (4.7)
KEA = KE - Ki . for vt , (4.8)

where

3

capital stock of total economy in year t

a%

capital stock of agriculture in year t
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KiA = capital stock of nonagriculture in year t
DE = total depreciation in year t

Iz = total investment in year t

Iﬁ = investment in agriculture in year t.

All these variables are measured in 1970 US $.
Method 2

For a few countries in which no agricultural investment
data were available, a different method using less informa-
ticn had to be set up. For that purpose, equation (4.U)
was used for 1970, equations (4.5), (4.6) and (4.8) for all other
years. Consequently, values fcr the depreciation rate of total
capital stock and the share of agricultural capital stock on total

capital stock had to be exogenously given for all years.

In Table 3, some indicators of the plauSibility of this
calculation are given. The capital output ratios of both
sectors and of the overall economy are considered good indi-
cators and are comparable to those used in other studies.
Additional insight might be obtained by looking at the
depreciation rates and the fractions of capital stock used
in agriculture to total capital stock. The latter can be
compared with the fraction of total GDP produced by agricul-

ture.
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Table 3.

Estimates of the capital-output ratio for the total economy,
and the nonagricultural sector, GDP of agriculture in percent of total GDP, capital
stock of agriculture in percent of total capital stock and the percent of total

capital stock and of capital stock of agriculture being discarded.

the agricultural sector

type of  Latln Amerlea Argeat Ina Brazil Mexteo
indica- 1966 1970 1980 1966 1970 1924 1966 1970 1974 1966 1970 1974
:.ﬂuv
UN-The future K" 1,366 1,540
T .
Mesarovic-Pestel K 2.238 2.148
strlibete K’ 2,490 2.470
pDoblin x.—.
FAl x.—. 1.884 2.026 2,806 1,863 1,964 1932 1,789 1.841 1.890
Doblin X>
A
Notional Statdstical Offlee K
A
FAP K 1.806 2.216 2,17 2,400 2,867 2.54) 1.744 1.8Y7 2.1146
N
FAP K A 1.900 2.055 2.250 1.808 1.88) 1.871 1.795 1.842 1.863
AP k 13.562 12.12) 10.810 9.312 H.222 9,125 11.59) t1.300 1).300
FAP I 13,000 15,000 13,000 12,000 12,000 12,000 11,300 Vi.300 11,300
AP ' 200 2.0 100 4.70 470 4.30
FAR »_> $.76 .76 3. 44
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Table 3 continued

w::_‘.,p.: Lype of Western Kurope Belp fam-liixemhowryg Denmark France FRG
indica- 1966 1970 1980 1966 1970 t974 1966 1970 1974 1966 1970 1974 1966 1970 1974
—:ﬂwv
IN-The Future x_. 1.846 2.000
T P
irovic-Pestel K 2.%85 2.7131
Strlihuele k! 2.970 3.170
hobl In _A_ 3,600 3600 4,000
FAP x_. 3.132 3024 2.946 2.697 2,752 2.800 3.211 3.091 3.070 3.635 13.511 3.69)
National Statis- T
tleal Oitfce K 3.000 4,000

boblin 5.200 S.100 &4 800

Nat tonal Statis-

tleal OFffee kh 5000 4. 600
FAP K" A6T2 AN6T AUBA VBS1 1.765  1.502 2.890 3.0B4 3.494 4.2B9 5.042 5.100
FAP kMA T2 2,905 2906 3.629 2,671 2.949  3.235  3.091 3.045 1.609 1.462 .64k
Far k 757 LTAL LIS 90325 70001 7.839 6.998 6.313 5.5%  .B14  3.284  ).7%)
FAP I 9.00 10,00 10,00 10,00 6,30 6.0 6.0 4.5 4.50 4,50
FAP o' ) L oy 2,90 31,29 1.50 281 310

A

AP ] 2. 64 2.64 2.42 2.42 .79
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Table 3 continued

30

|
Source ) type of Alrclva z_x..e_...n; xe=<a$
indigo- 1966 1970 1980 1966 1970 1974 1966 1970 1974
....:‘NMU
UN-The luture xa. .738  1.164
Mesarovic-Pestel x._, 1.433 1.449
Strithete kT
Boblin X.—..
FAP x_ 2,327 1.873 2.109 1.677% 1.873 2.128
Dohlin X>
. . A
Nat {onal Statistical Olflce K
FAR x> .18 1.006 1.690 1.479 1.367 1.3y
FAP xz> .46 2.521 2.774 1.756 2.072 2.428
FAP k 47.8%6 42.797 2B.702 0.071 2R.776 26.940
FAP i 22.995 23.002 23.002 26.59 21.00 16.62
FAP n_d

I"AP a>




Footnotes to Table 3:

1

SCURCES:

UN-The future: W. Leontief, et al., The future of the world

economy, A United Nations study, Oxford Uni-
versity Press, 1977.

Mesarovic-Pestel: Mesarovic, M., and E. Pestel (eds.), Multi-

level computer model of world development
system, Volume II, IYASA Symposium Proceedings,
SpP=74-2, Laxenburg, Austria, 1974,

Doblin: Doblin, C., Capital Formation, Capital Stock,
and Capital Output Ratios (Concepts, Defini-
tions, Data, 1850-1975), IIASA Research Memo-
randum, RM-78-78, Laxenburg, Austria, 1978.

Strobele: Strobele, W., Untersuchungen zum Wachstum der
Weltwirtschaft mit Hilfe eines regionalisierten
Weltmodelles, Dissertation, Technische '
Universitat, Hannover, 1975.

National Statisti-
cal Office: Publications of the respective National

3)

5)

Statistical Office:

(i) sStatistisches Bundesamt, Statistisches
Jahrbuch 1976 fur die BRD, Verlag
Konlhammer, 1976.

(ii) Central Statistical Office, National
Income and Expenditure 1967-1977, Her
Majesty's Stationery Office, London,
1978.

FAP: Calculations and assumptions by members of the
food and agricultural program (FAP), IIASA.

The indicators have the following meanings:

KT:
A,
NA,

w AR

aT,
dA:.

capital-output ratio for total economy (capital stock
divided by GDP, both at constant prices)
capital-output ratio for agriculture

capital-output ratio for nonagriculture

GDP of agriculture in percent of total GDP

capital stock of agriculture in percent of total
capital stock

percent of total capital stock which is discarded
percent of capital stock of agriculture which is dis-
carded

For New Zealand no data on GDP of agriculture have been
reported.

Capital stock data for the UK were obtained from the statis-
tical publication by the Central Statistical Office, National
Income and Expenditure 1966-77, A publication of the Govern-

ment Statistical Service, 1978.

For Kenya as well as for Nigeria no depreciation is reported.
Hence the depreciation rate was not needed.
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5. SUPPLY MODULE

The supply module consists of two components. One is
used for determination of supply of agricultural products.
This is the more elaborate one and is described in the sub-
sequent section. The other component, which is discussed in
section 5.2., consists of a production function for the

nonagricultural sector.

5.1. Supply Module for the Agricultural Sector

One of the limitations of the condensed model version
is the fact that the same structure of the supply module
introduced in this section is imposed on all countries
modelled at IIASA. This, however, was not done'because it
is believed that the agricultural sectors of all those coun-
tries have a similar structure. This assumption had to be
made because of lack of manpower. On the other hand, the
inadequacy of available data also restricted the choice of

which method to use.

The agricultural sector model has to meet some basic
requirements. First of all, since our aim is to study
alternative courses of policy actions, the model must
include those instruments which allow for such policy modif-
ications. Due to the constraints on manpower mentioned
above, only the most important policy instruments affecting
supply of agricultural products could be considered. The
model should enable the user to assess the following broad
categories of policies: price policies, production quotas
and policies influencing the mobility of labor and capital

between the agricultural and nonagricultural sector.
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Another requirement of the model is that it describe as
accurately as possible farmers' responses to these policies.
In other words, a descriptive model has to be built. This,
in turn, means that as many model parameters as possible

should be statistically estimated.

The level of annual production in agriculture is typi-
cally determined in a sequence of decisions arrived at by a
large number of decision making units. It is clear that
this process cannot be modelled in its full complexity,
given the constraints mentioned above. Instead, two simpli-
fying assumptions were introduced. One is that only a sin-
gle decision making unit exists. This leads to the aggrega-
tion of alliproduction units of a country to a "representa-
tive farm". It was further assumed that the sequence of
decision making consists of only two stages. 1In the first
stage, the quantity of the major>inputs to be used in all
production activities is decided upon. 1In the subsequent
stage, these inputs are allocated to the various production
activities. With the latter decision, the level of produc-

tion is simultaneously determined.

In the following, each subcomponent of the supply
module for the corresponding decision making stage is
described in respective order of occurrence. For the first
stage, a2 set of equations was estimated, making the input
level of a given factor a function of some economic vari-
ables. These variables are measures of performance of the
economy in general and the agricultural sector in particular
during the last year. To arrive at the allocation decision

(second decision stage), a nonlinear programming model is



used.

5.1.1. 1Input Levels in Agriculture

Input levels for the total agricultural sector will be
determined for three input categories: 1labor, capital and
fertilizer. These inputs are allocated to the various pro-

ducts in the second decision stage.

Cultivated area could not be considered explicitly in
the second decision stage because of missing data. For
some commodities, acreage allocation is not included in the
SUA, so that the sum of total cultivated area obtained from
the SUA does not coincide with the total observed cultivated
land as given in other sources. Acreage allocation is miss-
ing for fodder production,* some perennial and a few other
crops. Thus, only a part of total cultivated acreage could
have been determined and further used in the allocation pro-
cess, and the simultaneity in the land allocation could not
have been modelled appropriately. Therefore, it was con-
sidered that the best course of action was not to include

land as a separate variable for the time being.

Al]l other inputs are dealt with in the model in e_ther
one of two ways. The feed items are assumed to be fed in
fixed proportions to the corresponding production level of
the various animal categories. The rest of the inputs,
i.e., those inputs not yet mentioned, are determined in
fixed proportion to total production and are assumed to have

no allocative effect.

*Fodder production is only partly included in the SUA.
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The basic assumption here is that the input levels of
the three factors labor, capital and fertilizer are not
necessarily determined according to the neoclassical
hypothesis. Hence, the input determining functions are
specified in the conventional way and not explicitly derived

from a profit-maximizing model.

For each of these three input factors and for all coun-
tries, a set of functions was estimated. An informal
discrimination procedure based mainly on the plausibility of
the coefficients, the appropriateness of the fit and whether
the residuals indicate autocorrelation was followed country
by country in order to select those functions showing

preferable results.

It should be emphasized that whenever the input deter-
mining functions include prices as exogeneous variables the
functions have to be homogeneous of degree zero in those

varisbles.

5.1.1.1. Labor Input into Agriculture.

Labor input into agriculture is measured by the r mber
of persons employed in this sector. Due to lack of data, a
more precise measure for agriculture manpower could not be
used. It would have been preferable to take into account
how many hours each of these persons works in agricultufe
during a year, or even in different time spans within a
year, what portion of the labor force is skilled and
unskilled and how many of those working in agriculture are
proprietors and what the size of their holdings is. The

following functional forms for labor input into agriculture
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were estimated:

o+

o+

o+

where

eopd_, \%2

oy *\ o m * Ly o (5.1)
GDP -,
Zea V12, A

e AT e e (-2)
Zeoq
Gor®_ \®r2
GDPY -,

A
a * 1.0 + exp *|a, ., * EE:l « T (5.4)
L1 . P L2~ \;MA t .
t

3

o .
(1.0 - L1 ) « LT, (5.5)
- *
1+exp ( & o t)
agricultural labor force in year t (in 1000 of persons)
total labor force in year t (in 1000 of persons)

gross domestic product of agriculture in year t

(in million national currency at current prices)

gross domestic product of nonagriculture in year t

(in million national currency at current prices)

income per agricultural laborer in year t | = iy
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GDPNA
NA . : . t
Zt = income per nonagricultural laborer in year t | = A
i L
t

t
"

time (t = year minus 1965).

The estimation® results are summarized in Table 4.
Function (5.1) measures the share of total labor force work-
ing in agriculture in terms of the ratio of last year's
agriculture to nonagriculture gross domestic product. This
function fit data badly for all countriest and the parame-
ters often showed unexpected signs. Hence, it was not
chosen for any country. The second function, function
(5.2), explains the ratio of current to last year's agricul-
tural labor force by using relative income per agricultural
laborer (income per agricultural laborer divided by income
per nonagricultural laborer) in th; previous year. For many
countries, income per laborer in-agriculture increased rela-
tive to that of a nonagricultural laborer for the period
under consideration. OCn the other hand, the ratio of
current to last year's agricultural labor force declines for
many countries. Consequently, the coefficient %y 0 had the
wrong sign for all countries except Ireland and New Zealand.
In these two countries, the ratio of current to last year’s

agricultural labor force does not indicate any trend.

For most countries, equation (5.2) was selected. This

*A11 functions--2lso those presented in the following
sections--were estimated assuming an additive error
term. This assumption leads to a nonlinear estimation
procedure.

tThe goodness of fit is indicated by the value of the
residual sum of squares (S3Q).
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Table 4. Functions determining labor force of agriculture.

Country Number Value of Value of

# Name of a4 a s sum of

22522:231) (t-values in parentheses) 7§§3fes
9 Argentina 5.5. 1.637 (9453.0) 0.00088 ( 250.2) 1.89#108
10 Australia 5.3 1.050 ¢ 38.7) 0.02841 « 2.3 2.46%10™%
P i 5.3 1.217 ( 13.9)  0.08512  (  3.6)  ;.73e10-0
21 Brazil 5.3. 1.020 ( 470.7) 0.00239 (  2.6) y.27#10~7
2? (Canada 5.3 1.140 ¢ 13.0) 0.05225 ¢ 2.2) 7.12%10-4
54 Denmark 5.3 1.087 ( 13.8) 0.03795 ( 1.3) 4.85#810=5
68 France 5.3 1.085 ( 19.0) 0.05292 (  2.86) 1.83#10-4
78 FRG 5.3 1.271 ( 10.3) 0.09816 (  3.%) 7.11810~4
104 TIreland 5.2 0.990 ( 81.0) 0.02480 ¢ 1.7) 1.29#10~4
106 Italy 5.3 1.018 ( 23.7) 0.03728 ¢ 1.9) 1.63%10°%
110 Japan 5.3 1.061 ¢ 73.7) 0.04303 ( '8.14) 1_03!10'u
114 Kenya 5.3 1.043 ( 24.4) 0.01907 ( 4.5) 1.78810”%
138 Mexico 5.3 1.043 ( 173.8) 0.01026 (  3.9) 0.55428107°
150 Mdetherlands 5.2 1.030 ( 59.9)  0.01875 (¢ 3.0) 3.8781975
156 New Zealand 5.2 0.988 ( 162.7)  0.01433 ( 1.4)  g.o7*1075
159 HNigeria 5.5 0.670 (1861.0) 0.053u0 ( 253.2) 5,359-10'7
229 C.K. 5.3 0.967  9.0) 0.02280 « o0.1) 1.128107°3
59 Egypt 5.5 0.873 (53260.0) 0.01825 (2775.0) 1.5722%1¢"
101 Indonesia 5.3 1.014 (1438,0) 0.00615 ( 5.7 3.2254%107¢
165 Pakistan 5.5 0.803 (14310.0) 0.0097% ( 407.8) 1.5982#1078
216 Thalland 5.5 0.363 (3919.0) 0.04332 ( 483.6) 2.2541%1078
1)

The equations can be found in the text on page 37.
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equation is similar to (£.2), except that the ratio of agri-
cultural to nonagricultural gross domestic product is the
determining variable. The coefficient aLZ indicates the
percentage change of the ratio of current to last year's
agricultural labor force due to a percentage change in the
ratio of gross domestic product of the two sectors. This
value varies in those countries for which this equation has

been selected from 0.0024% (Brazil) to 0.0682 (FRG).

Equation (5.4) was not selected for any country,
either. It measures the portion of total labor force work-
ing in agriculture as a function of relative income per
agricultural laborer. For the same reasons mentioned in the
discussion about function (5.2), this function does noct show
a good fit. Measuring the same portion just by a time
trend, (equation 5.%), improves the fit but is unsatisfac-
tory, too, for no economical variable explains migration.
Hence, it is just used for Argentina for which it was deemed

to be the best result.

Total labor force is obtained from population statis-
tiecs. For ex ante runs, it is calculated as a portion of
total population. This portion, the participation rate, is

exogeneously determined.

5.1.1.2. Investment in Agriculture and Capital Stock of

Agriculture

Investment in agriculture was estimated as share of

total investment. The following functional forms were used:



~A
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~T
It
~A
Tt
=T
It
“~A
Tt
=T
It
~A
e
-T
It
where
A
I¢ =
. T
T¢ =
A
GDP ¢ =
A,CO
GDPt =
NA
GDPt =
NA,CO _
GDPt =

a
_alztt GDPA,?O I3
= |la 1.0 + a * —t=1
I1 GDPNA'CO ’ (5.6)
t-1
s a
A
Ph_, I2 GDPA'CO I3
= o * t- £=-1 (5.7)
I NA cppA+CO ' )
Peo1 t=1

—ap,*t GDPi_1 13
= lag, (1.0 + e * | — . (5.8)

A
~a_.,*t P
= I2 t-1
GIT/ (1-0 +e )‘l * A ’ {(5.9)
P

gross investment in agriculture in year t

(in million national currency at current prices)

total gross investment in year t (in million

national currency at current prices)

gross domestic product of agriculture in year t

(in million national currency at current prices)

gross demestic product of agriculture in year t

(in million national currency at prices of 1970)

gross domestic product of nonagriculture in year ¢t

(in million national currency at current prices)

gross domestic product of nonagriculture in year t

(in million national currency at prices of 1970)
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pt = price index of agricultural commodities in year t
pNA = price index of the nonagricultural commodity in

t year t
t = time variable (t = year - 1G65).

In the first equation, equation (5.6), agricultural
investment share is determined by the ratio of last year's
gross domestic product of agriculture to that of nonagricul-
ture and by a factor* which assymptotically increases over
time to the value of GI1. Since gross domestic product is
measured at 1970 prices, the share is solely influenced by
the cutput ratio. This function gave reasonable results
only for the United Kingdom (see Table 5),* for which both

ratios increase over time.

According to equation (5.7), agricultural investment
share is determined by the retio of agricultural to nonagri-
culturzl price indices in the previous year and by last
year's output ratio of the two sectors. With this function,
good results were obtained for all those countries for which
the investment share declines over time together with the
ratio of agriculture to nonagriculture output (see Table 5).
The ratio of last year’'s price indices of the two sectors
indicates that investment in agriculture increases rela-
tively to nonagriculture if the terms of trade between the
two sectors change favorably for agriculture. This effect,

however, could not be measured for France and Italy. There,

- x4t
*This refers to ¢11/(1.0 + e %127,

+The same procedure for selecting the most suitable
function for a country was followed as described in the
previous section.



Table 5. Estimation of Agricultural Investment Share.
Country Number of Value of Value of
eguation sum of
4 Name in texe!) %13 %12 %13 squares
(t-values in parentheses)
9 Argentina no estimation-)
10 Australia 5.7. 0.1257 0.9026 0.3542 0.15243
(0.2290) (1.145) (0.1975)
15 Belgium~ 5.8. 0.7290 0.04286 0.8941 0.10035
Luxembourg (0.2695) (0.3627) (0.6892)
21 Brazil no estimation
33 Canada 5.7. 0.3083 0.5953 '0.5471 0.10252
(0.8149) (1.728) (1.437)
54 Denmark 5.9. 0.08636 0.1006 1.094 0.10861
(5.079) (1.002) (1.974)
68 France 5.7. 0.1049 0.000 0.2777 0.01247
: (1.737) Bound (1.243)
78 FP.R.G. no estimation
104 Ireland 5.7. 2.804 0.2562 1.794 0.05309
(1.098) (0.7137) (3.724)
106 ltaly 5.7. 0.5144 0.000 0.9194 0.01401
{l1.681) Bound (3.447)
110 Japan 5.7. 0.2319 0.3420 0.6007 0.036638
(2.404) (0.5834) (3.633)
114 Kenvya 5.7. 0.2007 1.169 0.6268 0.06704
(2.531) (1.254) (1.684)
138 Mexico no estimation
150 Netherlands 5.9. 0.06073 0.1206 0.5738 0.19309
(1.445) (0.3493) (0.4413)
156 New Zealand no estimation
159 Nigeria no estimation
229 U, K. 5.6. 0.2331 0.1074 0.4528 0.01741
(0,.8865) (2.548) (1.425)
59 Egypt no estipation
101 Indonesia no estimation
165 Pakistan 5.7 0.5729 0.000 1.527 0.07951
(3.790) Bound (4.563)

216 Thailand

no estimation.

1)

The equations can be found on page 41.
No estimation could be carried out because of lack of data.
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the coefficient Ay

countries this equation has to be interpreted similarly to

equals zero and hence, for these two

function (5.6).

In equation (5.8), it is hypothesized that both agri-
cultural prices and output have the same effect on agricul-
tural investment share. Therefore, the ratio of agricultural
to nonagricultural gross domestic product measured at
current prices is used as determining variable. In addi-
tion, the multiplicative factor increases assymptotically

over time to the value of & This function gave satisfac-

12’
tory results only for Belgium-Luxembourg.

Agricultural investment share in Denmark and the Neth-
erlands could best be estimated using equation (5.9). This
function is similar to (5.8) except that the ratio of last
year's price indices of the two sectors is used as indepen-
dent variable. In both countries, the investment share
increases over time and so does the ratio of the price

indices.

Total investment in year t is assumed to be equal to
last year's total savings. For ex ante runs, the lat*er is
determined by an exogenously given savings rate which is

based on historical values, i.e.,

T _ - T C o s
It = S (?DPt-1 + trade deficit in t-1) ' (5
where s £ is the savings rate and GDPE is the gross domes-

tic product of the total economy, both in year t. Gross

investment and an exogenous depreciation rate* (obtained

¥These values can be found in Table 3.

.10)
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from calculating capital stock time series as described in
section (4.4)) are used to calculate capital stocks. For

the agricultural sector the formula becomes:

A _ LA, _ A A
Keaor = K¢ (1 dt) MR TS (5.11)
where
A . . .
K¢ = capital stock of agriculture in year t
A s . ) .
d¢ = depreciation rate for agricultural capital stock in
year t
A . ] . .
Te = gross investment in agriculture in year t

A _ =A NA
Gt+1 = It+1/pt)

Capital stock in nonagriculture is calculated in the same

way, i.e.,
NA _ _NA , _ :NA NA
Kevr = K¢ (1 dt) + It+1 ’ (5.12)

wEere the superscript NA indicates the nonagriculture sector.

For 211 those countries for which no investment share
cculd be estimated because of lack of data, the share of
capital stock used in agriculture is exogenously determined.
This parameter, call it B, was also obtained when calculat-
ing capital stock time series (see Table 3) and is used for

ex ante runs as well.
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5.1.1.2, Fertilizer Input Functions

As already indicated in section U4.2.2., the simplifying
assumption is made that nitrogen, potash and phosphorus are
applied in fixed proportions; hence, it suffices to consider
nitrogen alone as a variable. The unit value of nitrogen
consists not only of the nitrogen price but also of the
value of potash and of phosphorus applied together with a

unit of nitrogen.

Altogether, seven different functional forms have been

estimated for all countries. They are:

-Q a
= - r F2 , A,COYF3 1
A a 2
P F2 ) F3
t=-1 r A,CO
= * = * ' , .14
TF, = ag, < x )//th (GDPt_1 (5.14)
Pe-1
Q
-a A F3
F2
- r * A,CO ., Pga1 5 15
TR = op (p]?t> R v R
Pg-1
“"Fz"'t1 A,CO\%F3
TF, = aF1// 1.0 +e L (€10} S , (5.16)
7 a
“opytt Peo1 r F3
= *
TFe “F1// (1.0 e "\ mE T Pre o (5.17)
i Py




TF, = ( 1 p2"t a,co/ r )OF3
t B aF1/ '0 * e * GDPt:‘] th 7 (5.18)

a
, r .t pA F3
= Fz t—1
TFt G.F1/<1.0 + e ) * i , - (5.19)
L Pt
where
TFt = total fertilizer (nitrogen) bought by agri-

culture in year t (in 1000 mt)

GDP],:"CO = constant gross domestic product of agricul-
ture in year t (in million national curren-
cies at 1970 prices)

pi = price index of agricultural products in
year t
NA . - .
p, = price index of the nonagricultural commo-
dity in year ¢t
p;t = relative unit value of fertilizer (nitro-

gen) in year t, calculated as the ratio

t
of fertilizer in t

th/<pNA/p§%) with ppy being the unit vi.iue

Table €& shows the function selected for each country.
Again, the same informal procedure as described in section
5.7.1. was used for discriminating between different

models.

Because fertilizer input varies considerably from year




Table 6. Fertilizer input functions
Country Number Value of Value
s of Qpq g a of sum
ian 1) E P2 F3
Name i?‘-.“tte}%n (t~values in parentheses) of squares
3 Argentina 5.17 115.6 " 0.253600 0.84350  0.0322
(2.5710) (1.0160) (2.4850)
10 Australia 5.16 275.1 0.040300 0 0.14869
(6.0160) (0.6160) Sound
15 Belgium- 5.16 178.5 0.004235 0.06285 0.0042
Luxembourgh (0.2871) (0.1815) (0.1946)
21 Brazil 5.19 1254.0 0.2769 1.459 0.4278
(0.9433) (0.2963) (2.6130)
33 Canada 5.19 331.5 0.1882 0.4211 0.1406
(2.517) (0.5998) (2.254)
54 Denmark 5.13 67.53 1.50000 0.3099 0.Gle6l
(0.3740) Bound {1.0350)
68 France 5.17 4265.0 0.191500 0.6614 0.0118
(2.3990) (2.0330) (2.2610)
78 F.R.G. 5.14 0.01267 0.163100 1.1610 0.0075
(0.5322) (0.9003) {6.1330)
104 lreland 5.16 1.3200 0.255500 0.8390 0.2266
(0.1936) (0.3096) (0.7896)
106 1ltaly 5.18 137.8 0.142000 0.1872 0.0032
(1.0600) (3.4600) (1.8600)
110 Japan 5.15 0.1311 0.059540 0.5623 0.1025
(0.1000) (0.0750) (0.0700)
114 Kenya 5.16 0.000133 0.283600 1.5000 0.1307
(2.4530) {0.5902) Bound
1338 Mexico 5.15 0.01407 1.290000 0.8260 0.0684
(0.1175) (4.2170) (1.0150)
150 Netherlands 5.17 611.1 0.101900 0.8117 0.0038
(26.830) (5.1980) (4.0300)
156 New Zealand 5,17 18.06 0.191300 0.7219 0.%119
(0.4935) (0.1380) (0.8723)
159 Nigeria 5.14 2.2760 0.849900 0 0.5546
(4.2680) (3.0650) Bound
229 U. K. 5.19 1126.0 0.037700 0.1841 0.0709
: (1.1740) (0.6368) {0.3864)
59 Egypt 5.16 33.470 0.4879 0.3579 0.0035
(0.4472) (3.3560) (1.0780)
101 Indonesia 5.17 5668.0 0.2839 0.7517 0.1421
(1.6310) (0.5306) (5.2310)
165 Pakistan 5.16 0.0001874 0.2477 1.5000 0.0528
(3.5650) (0.8813) Bound
216 Thailand 5.18 20.560 0.1227 0.1920Q 0.1432
(0.2598) (0.7710) (0.3550)

) .
The equations can be found on pages 46 and 47.
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to year, seven functions had to be estimated in order to
achieve a reasonable fit. These functions can be split into
three categories. The first of these comprises all those
functions according to which there is both a price and a
quantity influence on fertilizer input. These are the func-
tions (5.13), (5.14), (5.15), and (5.18). 1In these func-
tions, the quantity produced last.year--as indicated by con-
stant gross domestic product--is a measure of what farmers
would like to produce in the coming year and, thus, deter-
mines the quantity of fertilizers to be purchased. The
higher their desired output, the more fertilizer they apply.
This decision, however, is alsc influenced by the relative
fertilizer price, p;t and/or by last year's terms of trade
of agriculture, i.e., by the ratio of last year's price
index of agriculture to that of nonagriculture. Again, the
ratio of lagged price indices is taken as a measure of what

farmers expect with regard to relative prices in the coming

year.

Equation (5.16), which describes fertilizer input as a
function only of quantity produced, falls into category two.
A further characteristic of this equation is that the multi-
plicative factor increases assymptotically over time to the

value of aF1.

The two functions not yet discussed determine fertil-
izer input just by prices and a time trend which makes the
multiplicative factor increase assymptotically to QF1' The
prices considered azre either the ratio of last year’s price
index of agriculture to that of nonagriculture or the same

ratio multiplied by the relative fertilizer price, pﬁt.



5.1.2. Allocation Model

In the previous subsection, the functions according to
which farmers decide upon the quantities of labor, capital
and fertilizer to be employed in the current year's produc-
tion activities were described. In this subsection, the

subsequent stage of decision-making is dealt with.

It is assumed that farmers--here represented by a sin-
gle decision unit--allocate those three inputs, i.e., labor,
capital, and fertilizer, according to some economic perfor-
mance indicator. As indicator, the difference between
expected gross revenue and expected feed cost was chosen.
This difference is regarded as a first approximation of all
the considerations taken into account by farmers when they
decide on production. All those inputs not explicitly con-
sidered in the allocation process, e.g., pesticides, energy,
repair, etec., are assumed to have either no or only a small
influence on production and hence, their quantity used is
assumed to be linearly related to total output. The costs
of these inputs are subtracted as a lump sum from the value
of production, together with the costs of investment and

fertilizer.
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£.1.2.1. CLCescription of the Allocation Model

The allocation model may best be described a2s a non-
linear programming model with a nonlinear criterion function
and linear inequality constraints. Most of its coefficients
are statistically estimated (those written in Greek
letters). Some others (those written in Latin letters) are
derived from national accounts and engineering information.

The allocation model is an annual decision model.

In section 3, a brief description of those commodity
aggregates in which all countries trade goods is given (see
also Table 2). If we were to adopt this classificatioﬁ for
the supply module, we would have to model some commodities
as being produced separately which are actually joint

products.*

For this reason, it was decided to deviate from the
trading commodity list when necessary and to group commodi-
ties in a manner more suitagle to modelling production (see
description of index i on page 54). This differing aggrega-
tion of commodities causes scme problems, especially with
regard to price splitting. However, this subject will be
taken up later and discussed irn more detail; at this pcint,
it suffices to say that after production has been deter-
mined, the commodities are regrouped so that they once again

adhere to the trading commodity list.

*For example, o0il of soybeans would be produced as part
of commodity &, and protein feed of soybeans as part of
commodity 7.
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The allocation mcdel can be written for any year t as
follows:

max

Kit'Lit'Fit for vi

where
€ §. 0 K Yy
S - * it Al it A1 it
Yl,t Tl <Ki) Lt * Fl * KA
t
L\ oh | fF |
*| &« * | == ’ for i € crop product: ,
L ok
t t
(5.21)
with
61t v ey vy = 1 ; Eipr 5it = f(t) , 1 € crop product

and
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, i €
Yy ot Bi +n; < 1, i crop product ,
where
Y B.
- a\fit a\lit Kig\ ® Lig\'t ~
Y. T, * (K « (L == | =
it 1 t t KA LA
t t
for i € animal product , (5.22)
with
= H . L = i € i
Git + Eit 1 H Elt ’ Glt f(t) R i animal
product ,
and

Y. + B. <1 , i € animal product ,

and where

K = {1,2,3,5,7,8,11,13,1’4} ’ (5.23)
M= {12,14,16} R {(5.24)
J = {11,13,15} , (5.25)

subject to

A

g Li, ~Lg 20 (5.26)
A

g Kip = Kg 20 (5.27)
A

P Fip - Fo 20 (5.28)
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Description of index 1i:

1M

12

1u

15

16

17

wheat

rice

coarse grain

bovine and ovine meat

dairy products

other animals

protein feed of crop origin

other food products of crop origin

(exclusive of o0il)

nonfood agricultural products of crop

origin

fat of bovine and ovine animals

fat and o0ils of other animals

meat meal

fish meal

skin, wool and hair of bovine and ovine

animals

skin and hair of other animals

aggregate of bovine and ovine production

(meat plus dairy products).
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Description of variables:

Yie

(ol rf,i.\’

e

*NO

= net production of commodity i in year t (gross

production minus seed use (also hatching eggs

for i=6) and waste).

= 0.147 * ¥ + 0.035 * Y , i.e.

Note: Yi7.¢ 4,t 5,t

bovine and ovine meat and milk are aggregated by

using their respective protein content.
capital stock in agriculture in year t
labor force in agriculture in year t

fertilizer (nitrogen) input in year t net of the

quantity used for roughage production

capital employed in production of commodity i in

year t

labor employed in production of commodity i in

year t

fertilizer applied to crop i in year ¢t
expected price of commodity i in year t
expected price of o0il of crop origin in year t

expected price of non-0il part and crop origin

of commodity 8 in year t

price of feed commodity k in year t.
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Pescription of parameters:

Arit - units of feed k required by a unit of livestock

aggregate i in year t

bmit = unit of product m jointly produced with a unit

of commodity i in year t.

The first term in the criterion function (5.20) indi-
cates expected gross revenue from the three grain products:
wheat, rice and coarse grain., The second and third terms
represent expected gross revenue minus expected feed cost
from production of bovine and ovine animals and of other
animals, respectively. The expected gross revenue from pro-
tein feed crops is shown by the next term. Since most of
the protein crops also contain o0il, its value is added to
commodity seven. Accordingly, the second to the last term is
the expected gross revenue from the aggregate "other food of
crop origin exclusive of o0il", and the last one indicates

expected gross revenue from all agricultural nonfood crops.

In the criterion function, the a-coefficients stand for
feed requirements per animal unit and the b-coefficients for
joint production. The simplifying assumption is made that
the coefficients for joint production are decided upon prior
to the allocation decision. In other words, it is assumed
that farmers do not determine the optimal mix of joint
production--for those products for which it is not techni-
cally fixed--simultaneously with the overall production

level. It is thought that these coefficients are determined
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according to various economic indicators.® The calculation
of both sets of coefficients is discussed in more detail in

the following two subsections.

Production of any commodity is indicated by iit and is
defined as gross production minus seed use (where appropri-
ate) and waste. The term seed use might be somewhat
misleading because it comprises all those quantities
required for reproduction. Production is considered to be a
function of capital, labor and fertilizer as can be seen
from equations (5.21) and (5.22). The difference between
the two sets of equations is that animal production does not
explicitly depend on fertilizer input.T Any single equation
i of (5.21) or (5.22) exhibits decreasing returns to scale,
i.e., given the total amounts of all three inputs (Lﬁ, Ki,

Fi) an increase in all three factor shares:

Kie, Lie, Fit
R A

t t t

by a factor, say k, leads to a rise in production of commo-

dity i by less than k times. This is due to the restriction

*At the present stage of the work, such an updating
mechanism has not been devised. Instead, the coeffi-
cients are held constant at their level of 1974 for all
ex ante years.

+The amount of fertilizer needed for roughage produc-
ticn is assumed to be in fixed proportion to production
of bovine and ovine animals, and is subtracted prior to
the allocation of inputs by using previous years' bo-
vine and ovine production; see also the discussion of
inequality (5.28) below.
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that the sum of the coefficients Bi, Y;,» and n; in (5.21)

i1
and the sum of v; and B, in (5.22) be less than one. How-
ever, considering all equations in (5.21) and (5.22) simul-
taneously, one finds that the whole production system exhi-~
bits constant returns to scale. This becomes apparent if the
assumption is made that the allocation of inputs remains
unchanged but the total quantity of each input is increased
by a factor of k. Then output of each commodity will also
be raised k times for the coefficients of all total input
factors sum up to one (see the sum of dit’ €j¢ and py in

(5.21) and of éit and € in (5.22)).

t

Technical progress is incorporated into the system by
allowing the cocefficients of the prespecified inputs of
labor and capital to change over time. In other words,

technical progress is measured by the time variable ¢t.

The index set (5.23) contains all commodities which are
used for feeding purposes. The joint products of bovine and
ovine animals are indexed in set (5.24) and those of other

animals in (5.25).

Inequality constraint (5.26) ensures that not more
labor is allocated than is totally available. The same pur-
pose for capital stock is fulfilled by (5.27). According to
(5.28), fertilizer allocation is restricted to total fertil~
izer availability (TFt) minus the amount applied to roughage
production. Fertilizer input for roughage is considered to
be in fixed proportion to total production of bovine and

ovine animeals.

When farmers make their production and allocation deci-
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sions, the producer prices as well as the feed prices are
unknown to them. It is assumed that they have naive expec-
tations of producer prices. Expected feed prices are
related to the expected producer prices by a given factor
representing differences in nutritional value. Hence, when
formulating their expectations regarding producer prices,

they simultaneously arrive at the expected feed prices.

At the current modelling stage, no variable that
reflects weather influence is incorporated. For some coun-
tries, however, it is apparent that the inclusion of such a
variable would considerably improve the model performance.
Accordingly, such an improvement will be undertaken at a

later stage.

Before the estimation results are discussed, the
methods used to obtain coefficients of feed requirements and

joint production will be elaborated.

5.1.2.2. Coefficients for Feed Requirements and Joint Pro-

duction.

The data for calculating feed requirement coefficients
for each country were obtained from the supply utilizat.on
accounts. The feed supply as given in these accounts was
allocated to the various animal categories. Beside the
SUA-data, additional information on intake in terms of

nutritional values was used for the calculation procedure.

In this subsection, only a brief overview of the method
is given. For a more detailed description of all assump-
tions and the formulas, the reader is referred to Appendix

A.
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As a starting point, requirements of important feed
components for each type of animal and for different coun-
tries judged typicel of a larger set of countries were
looked up in the literature. To give an example, it was
determined how much grain equivalent would be needed per ton
of pork production (inclusive the requirements for pigs used
for reproduction) Table A1 in Appendix A shows those values.
For some feed components and types of animals, minimum
requirements were also set. These coefficients were then
converted to make them coincide with the commodity aggre-
gates of the supply module (see page 54). 1In Table A2
of Appendix A the values of these coefficients can be
found. In a subsequent step, total feed consumption by the
two livestock aggregates was obtained. These data then had
to be made consistent with those data indicating total feed
supply. The feed requirements coefficients used in the

model were only calculated after this step.

The plausibility of this exercise was checked in two
ways. First, a disaggregation of these coefficients into
those for which information on nutritional requirements can
be found allowed a comparison. Second, given the feed
prices, the percentage of feed cost on the respective gross
revenue was examined for each of the animal categories, even

though this is admittedly a very crude measure.

It should be pointed out that the SUA-data do not con-
tain information on roughage. Consequently, roughage
requirement can not be considered explicitly in the model
and total feed consumption of bovine and ovine animals lacks

this feed item.
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There are three aggregates which have joint products:
the two livestock categories and protein feed (see the b-
coefficients in the criterion function (5.20)). According
to the way products have been aggregated for this allocation
module, the commodity "other animals" has four joint pro-
ducts: the product "other animals" itself (meat of poultry,
pork, eggs, and fish), fat, animal protein (fish meal), and
animal fibre (skin, hair). Based on historical data, joint
production coefficients were calculated for the latter three

in terms of the former one.

For livestock commodity "bovine and ovine animals",
aggregation resulted in five joint products; bovine and
ovine meat, dairy products, fat, animal protein feed (meat
meal), and animal fibre (skin, hair and wool). To determine
these joint production coefficients, the following procedure
was used: first, the commodities "bovine and ovine meat"
and "dairy products" were added in terms of their protein
content to the "aggregate of bovine and ovine production”
(see description of index i on page 54 ). Then joint produc-
tion coefficients were calculated for dairy products, fat,
animal protein feed, and animal fibre in terms of this new

aggregate.

The coefficient expressing units of dairy products per
unit of the "aggregate of bovine and ovine production"”
varies substantially from country to country. In some coun-
tries economic conditions may have a greater impact on this
coefficient than technical relations. Hence, the relation of
milk to bovine meat production should be determined in the

allocation model. The method used here can, however, be jus-



~ 62 -

tified by the fact that in most countries dual-purpose cat-

tle are dominant,

The joint production coefficient for oil per unit of
protein feed of crop origin remains to be explained. This
coefficient was calculated by using SUA data. Whereas the
relation of oil to protein is fixed by technology for a sin-
gle commodity within the aggregate--the same is indicated by
the unchanging crushing ratio--it is not for an aggregated
commodity as used in the model. Since the individual crops
of the aggregate have different (but fixed) crushing ratios,
a change in the composition of the aggregate brings about a

change in this coefficient, too.

5.1.2.2. Results of Parameter Estimation.

The parameters of the set of production functions
(5.21) and (5.22) 2re estimated. The statistical model

employed in the estimation procedure is as follows:*

€. ' 0 K. i
~ - . it AVit 1, it
Yie T T4 (Kt) b 7). &
t
L, By Fio\ i
* - * :?T Ui for i € crop r -oduct
Lt t

(5.29)

*For an explanation of the variables, see page 55 .
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and
Y B.
K i L
€ 8 t 1
7. = 1. »(xk®)it « (pR)it, [ =) . it
it i t t KA A
t L
+uy, ., for i € animal product ,
(5.30)
where it is assumed that:
E(uit) =0 , ¥i,t , (5.31)
i = =t*
O v for i=j and t=t
E(UjerUgpa) = (5.32)
¢ , otherwise,

Uigs for all i and t, are identical and indepen-

dently distributed. (5.33)

Under these conditions, a minimum distance estimator which
is used for the problem on hand is consistent (Jorgenso» and

Laffont 1974).

For estimation, the parameters of equations (5.29) and
(5.20) were transformed into another set of parameters, u,
which then actually was estimated. The transformation
incorporates the constraints given in (5.21) and (5.22) and

is as follows:
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* *
e = 31 Hai “1it v
it
H,: * W '
4i 1it
s Mai T i v
it
1.0"€it ’
P T 0 T Biem 8 = 1.0 -y,
0.0
o *
v - -3 Hei Haq !
i
*
Hei T M7i 7
s o yvei T Myt (10 = mgy)
1

and where u

1it
ways:
M

H1ie = 1.0 - —3 !
1.0 + u2i*t

u1lt= 1.0 _L ’
1.0 + uzi*t
“upytt

Hiie = 1.0 + e .

Upper and lower bounds were set for the set of transformed

if i€ crop

if i€ animal

if i € crop

if i € animal

, 1if 1 € crop
if i € animal

if i € crop

if i € animal

if i € crop

if 1 € animal

if i € crop

if i € animal

product

product

product

product

product
product
product

product

product

product

product

product

is time dependent in one of the following

(5.

(5.

(5.

(5.

34)

35)

.36)

.37)

38)

39)

(5.40)

(5.41)

(5.42)
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parameters. These bounds are based on plausibility con-

siderations. The variable t equals the year minus 1965.

Seven parameters had to be estimated for each c¢crop pro-
duction function and five for each animal production func-
tion. Data from 1966 to 1974 (inclusive) were used for

estimating.

Not all of the exogenous variables of the production
functions are known. The commodity-specific input levels
(Fit , Kit and Lit) have not been observed. Therefore, this
information had to be generated. This was done by solving
the allocation model while estimating the parameters. After
each iteration over the parameter set, the allocation model
was solved for the parameter set obtained in the previous
iteration. The solution of the allocation model resulted in
commodity-specific input levels, which then were used
together with the total input factors to perform a new

iteration in the estimation process. This procedure was

followed until the estimation routine converged.

As indicated earlier, the three model versions
estimated differ only in the way in which Hiie is made time
dependent (see equations (5.40) to (5.42)). To discrimi.ate
between these model versions, the following criteria were

used:

- goodness of fit (expressed in the value of the sum of

squared error terms)

- t-value of the estimated parameters
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- resulting allocation of fixed inputs among the commodi-
ties

- resulting shadow prices of the prespecified inputs

- number of parameters at bound.

For selecting a model version, these criteria were evaluated

in an informal way.

Indicators of these criteria--except for the resulting
allocation-~are summarized in Table 7. As can be seen in
this table, the type III function (see equation 5.42) is
most often used. Type II (see equation 5.41) has been
estimated only for Ireland, for which the other two types
did not work properly. Likewise, no result was obtained
with function I (see equation (5.40)) for the United King-

dom.

The comparison of the values of the criterion function
between countries is only possible for those countries for

which the same number of commodities has been estimated.

Evaluating the acceptability of the estimated alloca-
tion of fixed inputs requires information on how such a rea-
sonable allocation might look. Lack of information forced
us to perform some calculations to obtain insight. Only a
very brief description of the method used will be given
here. A more detailed explanation can be found in Appendix

B.

The starting point for this calculation was the average
productivity of the input factor under consideration. Since

it is assumed that inputs are allocated to equalize their
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Table 7. 1Indicators for the "goodness" of the result of the
allocation model.
ooy Index of commodities
Number of Shadow price of"'... in 1970 for which some of
Couatry Type of Paramecers Cepital Labor Fertilizer the t=veluas of the Value of
func= C oumnnd = XF estimated perameters criterion
s Name tionl) icies Escimated ‘At bound are rather lowd) function®
9 Argeatinoa I 8 39 13 .0405 121.55 2.44 5 1..267'10‘3
Iz 8 46 6 .0405 122.45 2.45 3,4,5,6 1.233‘100
10  Auscralia 1 8 o 11 .0383  611.90  0.69 1.646%10°
III* 8 43 9 .0875 468.96 0.58 5 1.537‘100
i5 Belgium I 7 33 12 .0241 29.0617 82.38505 6 1..075"].0o
III* 7 38 7 .0234 28.30874  81.85934 1.076'100
2l Brazil 1 8 36 16 .0216 100.93 17.63 2,6,7 2.189‘100
III* 8 36 16 .0210 110.40 21.69 2,4 1.852'1.00
33 Canads I 8 36 9 .0270 .06323625 ,1117683 4,5 1.366'100
III* 8 36 .0271 0440648 .1126572 1.302‘100
54  Demmark I 7 30 15 .0236 319.40 0.22 4.306‘100
III= 7 34 11 0235 321.68 0.22 4,7 4.126‘100
68 Prance 1 8 39 13 .0512 2796.3 5.24 6.513*10-1
III~ 8 42 10 .1370 1056.4 1,40 5.826"10-1
78 FRG Ix 7 37 8 .0224 180.17 3.46 4 2.820‘10-1
ITI 7 37 8 .Q228 180.98 2.27 2.809‘10-1
104 Ireland II* S 22 9 .0043 142.93 .0247533 7. ‘.02‘10-1
106 lealy 1 8 43 9 .0269 47.17649 178.7478 3,4 3.193‘].0-2
III* 3 44 8 .0305 18.00594  83.0843 3.156‘10-2
11¢  Japen I 8 al 11 .0941 17993.9 1148.77 l..912'100
III 8 45 7 .0820 15256.8 13377.8 2,6 1.578‘100
114 Reaya I 8 42 10 .0269 72.53 22.20 1 .038‘100
III* 8 44 3 .0210 55.91 26.43 3,4 9.265‘10-1
150 Netherlands I* 7 3 10 .0561 4451.2 1.55 1.796'100
j994 7 35 10 .0562 4451.2 1.56 ’L.691.‘l.00
156 New Zealand I 7 35 10 .0328 609 .58 28,44 4 7.&09'10-1
II+ 7 38 7 .0329 601.39 29.01 4,6 6.801*10-1
159  Nigeria I 8 &0 12 0.0679 0.0058 82.909 3 2.63&0'100
III* 8 43 9 0.0927 0.0052 54,591 1.7 1.9510‘].0O
29 U.k. I -2
III* 7 40 5 .0503 - .031%0805 ,01820117 2,6 3.493*10
59 Egypt I 8 34 18 0,0073 0.0205 0.3074 3.5171'10-1
III* 8 40 12 0.0113 0.0219 012022 5 3.588‘10-1
1§ Indonesia * 7 33 12 7,4547 0.4609 51.132 5.6067"10-1
III 7 34 11 7.3330 0.4735 50.430 7 6.728‘10-1
138 Mexico i 8 34 18 0.6125 0.1004 1.2230 7 5.2825‘10-1
III* 8 36 16 0.5611 0.0878 1.2781 1 5.165'10-1
165 Pakistan 1 8 35 17 0.1539 0.025% 0.6307 6 3.7020‘10-1
III* 8 39 13 0.1530 0.0269 0.6306 6 3.633'10-1
216 Thailand 1 7 32 13 0.3464 0.0249 6.0234 1,3,7 1.1553‘100
III% 7 12 13 0.3591 0.0261 6.2104 5,6 1.1302%10°




Notes to Table 7:

1) The functions estimated are:

n.
; =T * (KA)Eit * (LA)(Slt * (FA)pl * Kit * Lit * it .
it i t t t A A A
X F
t t t
with
5 . u4i < €t if (3 crop product
it
10 - €it if € animal product
O~ €, ~ 4. i
o 1.0 €it it if € crop product
i
0.0 if (S animal product
R IR . .
e - u31 ”41 * M 1it if (S crop product
it
Moo *ug. _ _ ‘
4i 1it if € animal product
and with
Hay
Type I: ulit = 1.0 -
1.0+H_ *t
2i
0.
I1: ulit =1,0 - 8
*
1.o+u2i t
.. * ¢
2i
: .. = 1.0
III ullt 1 + e
where
Y. = production (net of seed and waste) of commodity i in year t

it




Notes to Table 7 continued:

A . . .

Kt = total capital stock of agriculture in year t

A , .

Lt = total labor force of agriculture in year t

A P . . .
Ft = total fertilizer (nitrogen) in year t net of the quantity used for

roughage production

Kit = capital stock utilized in production of commodity i in year t
Lit = labor utilized in production of commodity i in year t
Fit = fertilizer (nitrogen) applied for crop i in year t.

Those types of functions indicated by an asterisk are used in the model.
2) AK is expressed as a reiative value (interest rate divided by 100),
AL is measured in national currency per laborer, and AF in national
currency per kilogram of fertilizer (nitrogen).
3) The index as used in the estimation routine is as follows:
i = 1 wheat
2 rice, milled
3 coarse grain
4 protein feed
S other food products of crop origin
6 nonfood agricultural products
7 bovine and ovine meat and dairy products

8 other animals.

The t-value was judged to be "rather low™ if it was below 0.7.

4) Sum of squared error terms. (Notice that these values are not strictly
comparable between countries, due to the different numbers of commodities
estimated).
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respective marginal value product for all commodities, the
average value product was scaled up or down as it is
affected by different technologies used to produce the vari=-
ous commodities. These scaling factors are given in Table

B1 in Appendix B.

To make the estimation somewhat more stable, the
predetermined values of the input allocation for the year
1970 were included in the criterion function. In other
words, for that year, the weighted squared deviation of the
commodity-specific input levels obtained by the allocation

model from the predetermined ones was minimized.
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5.2. The Supply Module of the Monagricultural Sector.

Production of the nconagricultural sector is aggregated
to a single commodity. This aggregate consists not only of
industrial products but also of services. It is assumed
that this sector's production activities éan be represented
by a Cobb-Douglas function. Three determinants of produc-
tion are included: labor force (measured in number of labor-
ers), capital stock and technical progress. It is further
assumed that capital stock is always fully utilized and
there is no unemployment. The amount of those inputs
employed in the nonagricultural sector is expressed as the
difference between the total availability* for the whole
economy and what the agricultural sector utilizes. Assuming
linear homogeneity of the nonagricultural sector, the fol-

lowing model was estimated:

] 1-6
NA NA} t NA t
= * *
where

NA _ : ; :

Yt = nonagricultural production in year t

xiA = capital stock of the nonagricultural sector
in year t

LEA = labor force in the nonagricultural sector in
year t

¥The determination of total availability of labor and
czpital is discussed in the previous section (see pages
26 and following).
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Uge * error term which is identically, independently

distributed

t = time variable; t-year minus 1965

with

E(uNt )y =0 ¥t |,
o 1if t=t*
0 1if t#t+*

Incorporating technical progress in different ways led

to the feollowing five types of functions:

N1
. * a 8, = a * 1.0 » —mmmvuvvov——o ’ (5.44)
t N3 ! t N1 .
1.0 + U2 t
-2, *t
¢t = GN3 ’ et = aN‘] / 1.0 + e N2 , (5.“5)
¢t - GN3 +GN2 *1n t, 9t = aN'l , (5.46)
= * =
®p T3 tog*t, B =g, (5.47)
a. . ~*t
= N2
bt Toagg t e poB = ag. . (5.48)
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These specifications indicate two different types of
technical progress. The first two measure technical pro-
gress as an increase in capital efficiency, the latter three
have no effect on labor and capital. However, for all
specifications, technical progress is exogeneous to the
model. For most countries, either type (5.44) or (5.45)
could successfully be estimated. These two specifications
differ in the way the exponent 8 increases towards the
assymptote. Except for Brazil & takes on values for all
countries which lie between 0.20 and 0.37 (see Table 8). The
‘8-value for Brazil is 0.568, indicating a relatively high

capital productivity.

Only for Nigeria could neither (5.U44) nor (5.45) be
successfully estimated. Besf results were obtained with
specification (5.47). The growth of the nonagricultural
sector was very high in Nigeria during the period of ¢con-
sideration, which is why a linear trend for the multiplica-

tive factor was used.
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Table 8. Parameter values of production functlon for the non-
agricultural sector.
Country Numcer  Value of Valueof Value of
of a a 1 Ccriterion
¥ Nampe eauation N1 N2 N3 function R
in text - 3 390" "6
1) (t-values in parentheses)Z) (53Q) 70
9 Argentina S5.44 0,5794 0.05688 6.107 0.00113 .31804 0.09561
(2.58) (0.%0) (14.2)
10 Australia 5.44 0.3136 0.1479 2.934 0.00077 .25706 0.04348
(9.88) (l1.41) (41.7)
14 Belgium- 5.45 0.4338 0.1152 151.8 0.00071 .27767 0.10084
Luxembourg (2.37) (l.64) (3.93)
21 Brazil 5.45 0,95 0.07941 4.831 0.00294 .56808 0.14401
(12.6) (71.26)
33 Canada 5.45 0.6874 10,0289 3.231 0.00164 .3683 0.039S3
(0.64) (0.53) (0.57)
5S4 Denmark S.44 0,3251 0.,2122 23.33 0.002322 .,27380 0.05086
(0.03153) (0.2195) (l1.012)
68 France 5.44 0.5382 0.0496 15.510 0,00059 .30610 0.05570
(S.07) (1.67) (26.6)
78 P.R.G. 5.44 0.3902 10,1494 9.771 0.00442 .30303 ¢.06751
(6.40) (0.95) (23.0)
104 Ireland 5.44 0.3802 .7954 .7366 0.00212 .35118 0.06280
(4.99) (.59) (4.13)
106 Italy 5.45 0.3834 .3609 1294.0 0.00076 .33095 0.07340
(36.7) (2.27) (21.6)
110 Japan 5.45 0.3608 .5369 680.3 0.00570 .33746 0.13014
(11.2) (4.01) (11.0)
114 Kenya 5.44 0.3074 .07721 7.737 0.00179 .23922 0.03196
(1.47) (.16} (9.20)
138 Mexico S.44 0.4736 .04147 25.41 0.00C73 28782 0.05203
150 Netherlands 5.44 0.3798 .1560 9.771 0.00067 .29876 0.06378
(15.6) (22.1) (59.6)
156 New Zealand 5.44 0.2202 .3425 2.58% 0.00963 .20233 0.02434
(4.39) (0.21) (5.17)
159 Nigeria 5.47 0.8000 .02754 .1754 0.14838 .8000
(4.52) (6.23)
229 U.K. 5.45 .4320 .04554 .9849 0.00071 .24050 0.03874
(.07) (.05) (.14)
59 Egqypt 5.45 0.7792 0.7651 .357% 0.00652 .46322 .11418
(.4577) (.4098) (1.329)
101 Indcnesia 5.48 .7872 .06380 90.79 0.00299 .1872
(2.44) (16.48) (7.06)
165 Pakistan S5.47 .4981 .08579 1.960 0.0C0619 .4981
(.80) (1.56) (1.08)
216 Thailand 5.44 0.6486 .1264 15.27 0.00185 .39083 .17667
(11.55) (2.13) (17.19)

)See page 72.

2)

If no t-value is given,

the parameter is on a bound.
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jun

.3. Coupling of Supply and Demand Modules

After supply has been determined, some intermediate
steps are necessary before both equilibrium demand and
prices can be calculated. Likewise, after equilibrium has
been reached, some additional calculations are required
before the supply module can be solved for the next year.
The former task consists mainly of calculating the vector of
endowments, whereas in the latter, income for each income
class has to be determined and some price splitting has to
be performed in order to establish prices which are in
agreement with the commodity specification in the supply

module.

5.3.1. The Vector of Net Endowments.

By assumption, endowment of an agricultural commodity
is defined as gross production minus those quantities needed
for reproduction (seed, hatching eggs) and waste. Endowment
of nonagricultural goods is considered to be gross produc-
tion. These definitions hold for those countries for which
only one income class is included.®* In the case of two
income classes, these definitions are slightly modified.
Income class one, which coincides with the agricultural sec-
tor, has as endowments the agricultural commodities as

defined above and feed processing as endowment of the

*For developed countries, population 1is not divided
into different income classes, since demand for food is
not considerably affected by income differences. In
developing countries 1larger differences in demand by
various inccme groups are assumed. Hence, for those
countries, two income classes are distinguished: income
group 1 represents the rural population (agriculture
sector) and group 2 the urban population (nonagricul-
ture sector).
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nonagricultural -commodity. Endowments of income class two,
the nonagricultural sector, are zero for all agricultural
commodities, and are equal to gross production minus pro-

cessing of feed for the nonagricultural commodity.

fhe method of handling feed pfocessing in all models
assumes that this activity takes place in agriculture. In
reality, however, only part of it is performed by agricul-~
ture. But the lack of more information forced us to follow

this line.

Intermediate consumption is not subtracted from gross
production, but included as committed demand in the demand
model. Similarly, feed is also put into the demand module,
by augmenting the expenditure shares of human consumption,
which are annually updated for those quantities. The method

used for correction is described in section 6.

Including intermediate consumption as committed demand
and feed as part of the expenditure share in the model
implies that the former is not income-~responsive, but the
lztter is. Including feed in this way also ensures that a

numerical solution of the exchange model is obtained.

5.2.2. Calculation of Income and Price Splitting

After equilibrium has been reached, income, which is
taken to be GDP, is calculated. There are two reasons for
this. First, calculating GDP annually for the whole economy
and each sector (i.e., each income cless), is a good indica-
tor of the model's performance. Second, as was described
above, GDP is used in some input functions as an independent

variable, and is needed for simulating another year.
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The GDP of each sector is calculated according to the

fecllowing formula:

10

A _ e .
GDP, I pjy * YMA

i=1

1

* CINT

_ e _ e
it - Pio,t 10,t ~ P1o,t

. % £, * vy, + |(pRR * p - po. | * TF
L, it t F,70) ~ Pre £

(5.49)
and
NA e 2 e
= * .
GDP,~ = YMNA;4. * Pqg,¢ iZ1pit CINT;,
NA
- [(pt * pF,7o> - th} * TR (5.50)
where
ani = GDP of agriculture in year t
GDPiA = GDP of nonagriculture in year t
YMAit = agricultural sector's endowments of good i in
year t
pit = equilibrium price of (processed) commodity i in
year t
ti = units of commodity 10 required for processing

a unit of commodity i

CINTit = intermediate consumption of commodity i in

year t
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Py = price index of nonagriculture in year t
th = fertilizer price in year t (assumed to be p
times a factor®)
th = total fertilizer use in year ¢t
YMNAit = nonagricultural sector's endowment of good i

in year ¢t

The first term on the right side of equation (5.49) is
gross income of agriculture. Then, the values of intermedi-
ate consumption of agriculture and of processing of agricul-
tural goods are subtracted., The last term is a correction
term for differences in fertilizer prices and the price
index of the ncnagricultural ccmmodity. Net income of the
nonagriculture»sector is its gross income minus the vzalue of
its intermediate consumption and the correction term for the

fertilizer price.

It was mentioned earlier that the level of commodity
aggregation for the supply module is more refined than that
for the demand module (16 versus 9 agricultural commodi-
ties). However, the producer needs price information for all
commodities considered at this level, in order to make

appropriate producticn decisions. Hence, some of the price

*This factor was calculated given historical data:

value of total fertilizer input in t
NA
t

factor =
guantity of nitrogen in t * p
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signals obtained from the equilibrium calculation have to be

split.*

Table 9. Commodities for which prices have to be split

Demand module

Allocation module

Aggregated
commodity

Disaggregated commodities considered:

independent

substitutes

protein feed

protein feed of plant
origin

meat meal

fish meal

other food nonoil-nonfat part of
other food
oil and fat part of
other food
oil 6f other food
fat of bovine animals
fat of other animals
nonfood nonfood of plant origin
fibre of bovine
animals
fibre of other animals
In Table 9, the prices which have to be split are

listed. The prices of commodities 7 and 9 are split into

three different prices.

It is assumed that both these commo-

dities consist basically of substitutes. The price of com-

modity & (other food) has,

in a first step, to be split into

¥Tt should be stressed that price splitting 1is neces-
decision making on production and does
not have any direct impact on equilibrium prices or on

sary only

income. These disaggregated prices are further used (as
all the other prices) in the price expectation model to
derive expected prices.
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the nonoil-nonfat part of other food and into its oil part.
These two subaggregates are assumed to be independent commo-
dities. The latter must then be further split into three
0il and fat disaggregates. They are assumed to be substi-
tutes, too. Here we distinguish independent commcdities
from substitutes, because for each category a different

price-splitting procedure is used.

Price splitting of an aggregate consisting of substi-
tutes is done under the assumption that the shares of the

disaggregates on the total value of the aggregate, are

Syitr
given exogenously. The individual prices can then be calcu-

lated as follows:

S..

D o 1t -

Pisi,. = Piy ¥ L Q. * ' (5.51)
jit jt <k€ jkt jSt
where
pjit = price of disaggregated commodity i of aggregate
J in year ¢t

p?t = desired (target) price* of aggregate j in year ¢t
Sjit = share of disaggregated commodity i of agrregate

J in year t on total value of aggregate j in

year ¢t;
P::. Q.
i_e., Sﬁit = _JiL
L PixeQyke

k€I

¥The desired (target) price is assumed to be set by
policymakers.
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[ &)
]

jit quantity of disaggregated commodity i of aggre-

gate j in year t

[&]
[]

index set of aggregate Jj.

The split price in year ¢t, pjit’ is equal to the target
value of the aggregate times the value share of the disag-
gregate divided by its quantity. The target value is taken
instead of the actual one because farmers take the desired
prices as set by the government into account when they make

decisions on what price level to expect.

It should be noted that this is just one of many possi-
ble assumptions. Its advantage is that for constant s4j¢
over time the relative change in price of a disaggregated
commodity depends on the change of the quantity of the same
commodity relative to the change of the others of that
aggregate. This can be worded in another way: the direct
price effect is always negative. Whether the price of the
disaggregate moves in the same or in the opposite direction
as that of the aggregate, however, also depends on how
strong the cross price effect is. Only if the quantities of
the other substitutes change more than those of this disag-

gregate will the direct effect be offset.

This can be explained as follows in mathematical nota-
tion. Let dp"t be the price change from one year to
ji
another. The relative price change of the disaggregate

in t is defined as:
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Pyi,eet _ Piieer
P 3

, which is for constant s.. ’ ¥i
jit jit jit

Q.. Zp. * Q.
jit * jkt jkt
- kEJ . (5.52)

Qi eet ¥ L Paic,enn * Qi ent)

Hence, only if

I P
key IR Qe Q5 641, (5.53)
)

kéJpjkt * Qyxe jit

i.e., only if the value of the aggregate in t+1 increased
more than the quantity of the disaggregate in the same year
relative to its amount in the previous year, will the price

change of the disaggregate be positive.

The value shares, sjit,lcan be observed from the past.
For ex-ante runs, they will be exogenously determined as a

function of time. The estimate of the share of the disag-

gregate 1 in year t, gjit’ has to be normalized to sum up to
one, i.e.,
g'it
s.., = —3It& (5.54)
e T s,
KET jkt

Price splitting for the aggregate other food, which is
assumed to consist of independent subaggregates, is done
under the hypothesis that the prices of the subaggregates
remain in fixed proportion. This implies that prices of all

subaggregates move in the.same direction as the aggregate
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price, regardless of their respective quantities. The fol-

lowing formula is used:

I 9

_ kET kit .

pjit - N r
kéJ(Qkit Trit)

D
jit * pjt ’ (5.55)

where

rjit = the ratio of the disaggregated price i of aggre-
gate j in year t to the aggregated price j in

the same year; i.e.,

and the other symbols are defined as above {(see equation

(5.51)).

The price of an independent disaggregate is equal to
the ratio of total quantity of aggregate j to its weighted
total quantity times the price ratio and multiplied by the
desired price of the aggregate. The latter is used for rea-
sons similar to those mentioned above. The price of "oil and
fat of other food" is then further disaggregated in the way

described above for substitutes.
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6. DEMAND MODULE

Demand for each commodity is represented by retail
expenditure shares. This simplified approach was selected

because of time and manpower constraints.

In an extensive literature search, shares of private
expenditures were collected. The two most widely used
sources were the ILO publication on household income and
expenditure statistics (ILO 1974), and various reviews of
food consumption surveys published by the FAO (FAC 1977 and
1971). In selecting the data, much care was taken to obtain
values for similar time periods and household classifica=-
tions. However, differences in this respect were unavoid-
able. This is true especially for those countries for which

two income classes are considered.

The expenditure shares taken from the literature cover
only private consumption. To make them suitable for our
purpose, the expenditure shares of commodities 1 to 9 were
multiplied by the fraction of expenditure for private con-
sumption to GDP (total GDP or GDP by income class as the
case may be). This implies that the nonagricultural part of
GDP is all accounted for by demand for the nonagriculture
commodity (commodity 10). In other words, an extended expen-
diture share system is used. Expenditure share of commodity
10 is the difference between one and the sum of all other
shares. The multiplication described above leaves some food
quantities unaccounted for, since hospitals, army, etc., are
not included in the household surveys. But lack of data did

not leave us any alternative,
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The food expenditure share of commodity protein feed,
R
e, was calculated for all countries and income classes by
the following formula, since no other information could be

found:

eR _ food of protein feed * producer price

7 0.7 * GDP :

(6.1)

This calculation was necessary since the literature did not
reveal any information on this item. Formula (6.1) implies
that farmers receive 70 percent of consumer expenditure on

this commodity.

Since for commodity 9 (nonfood agricultural products)
most of the retail expenditure is spent for prccessing, dis-
tribution and marketing, summarized as processing hereafter,
only the farmgate expenditure is taken as "retail" expendi-
ture. All the processing outlays for this commodity are
assumed to be included in expenditure for the nonagriculture
commodity. Commodity 9 was handled in this way because of

the high amount of processing needed.

Numerous other adjustments had to be made in order to
obtain retail expenditure shares for the commodity clas.ifi-
cation on hand. They are too large in number to all be men-
tioned here. Only one will be cited as an example. The FAQ
statistics include the item "meals eaten away from home"
This expenditure had to be split up into the respective com-
modities. Since no additional information could be found,

it was equally distributed among the food commodities.

In a next step, the retail expenditure shares, e?, vi,
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=1,...,9, were compared to the value shares farmers receive
for their raw product, ei, ¥i.* This was done for the years
1966 to 1974 using the following formula to set farmers'

value shares:

F _ food of commodity i times its producer price
i~ GDP .

{6.2)

The ratio of farmers' expenditure share to total retail
expenditure share in 1970 is used as a test for the relia-
bility of the latter. When this ratio fell outside a reason-
able range, retail expenditure shares were adjusted to make

the ratio for 1670 plausible.

For the next adjustments to be made these retail expen-

ditures are assumed to hold for the years 1966 to 1974,

As indicated earlier, feed requirements for total
animal production are part of demand. Hence, the retail
expenditure shares --only those of the agricultural sector
if there are two income classes--have to be adjusted. This

is done in the following way:

R

e,. *m,_+ FC. )

( 1) 1t 1t if j = agriculture, vi,t

L

~R  _

Cijt ! '
e?j if j = nonagriculture, ¥i,t

(6.3)
with

¥For countries with two income classes, expenditure
shares of the total population were taken for comparis-
on.

S



LI g FCi if j = agriculture, Yt
mjt= [
mjt if j = nonagriculture, ¥t
(6.4)
where
é?jt = for feed consumption adjusted expenditure share
of commodity i and income class j in year t
mjt = income (GDP) of income class j in year t
Fcit = (expected) feed cost of feed item i in year t,
D. * Feed. ot C = FC = 0
plt e it? (note F 9,t F 10,¢ for all
t).

The expenditure shares eijt

are further used for calculating
the physical processing quantity of commedity i. These
coefficients are employed for the transmission from "retail"
level (in the demand module) to farmgate level (in the sup-
ply module).* This is done by introducing a matrix of (annu-

ally) fixed coefficients for the conversion, i.e.,

(6.6) x =T * 2 (6.5)

where

x = vector of processed commodities (1 * 1)

z = vector of unprocessed commodities (n * 1)

*Here we assume that the outcome of the supply module
has already been transformed so that the commodity
aggregation coincides with the trading commodity list.
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T = transmission matrix (1 * n).
The element tij of T indicates the amount of farmgate commo-

dity j used per unit of retail commodity i. For the simpli-

fied model, the following structure of T is assumed:

=1 , . if i =3
tij >0 , if j =n , ¥i . (6.6)
=0 otherwise

Moreover, T is considered to be a square matrix (l=n=z10)%*
and the coefficient ti,10+ represents the amount of process-
ing (commodity 10) per unit of commodity i at farmgate
level, i.e., whenever some quantity of (farmgate) commodity
i, z, is consumed, some of commodity 10, say z?, is simul-
taneously demanded for processing. This is indicated by the

following relation:

x., = (1 +¢t,) * 2z, =2z, + zP ' for all commodities
i i i i i

and years .

(6.7)
By assumption, t9 is zero, since processing of nonfood agri-
culture is considered to be included in commodity 10.

Starting with the identity:

R F
MR .. L . \
j__z_1eijt T3¢ (pit Y P1o,t) Zig (6.8)

¥This assumes that the 16 supply commodities are al-
ready aggregated to the 10 commodity classification.
+Thereafter, the index 10 will be dropped since it does
not convey any additional information.
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where

Pi¢ = the farmgate level price of commodity i in
year t
NC = the number of income classes and

all other variables are as explained earlier,

the processing margin tj can be calculated according to the

following formula:

NZC

é.., * m, F

. o 3= 3% 3 Pie , for t = 1970 . (6.9)
»

t Zit T Pro,t Fio,t

The calculation was done for the year 1970. The coeffi-
cients obtained are used for the following years as well.
It is assumed that the physical processing margin, ti,

does not differ between income classes.

The retail expenditure shares discussed above are
assumed to hold for 1970. For all other years they are
annually updated using either one of the following two equa-

tions:

v,
m. 1
aij(mJt_
E?j t+1 = 70 ng v (6.10)
! Z o jt k
kj\m,.

k=1 03t




with

mjt

Mojt =

alj =

where

Pi, 70

Xijt

POPjt

€ij,70

According

m v “i
a . * | =1t o | LDit
+J o4t Pio,t (6.11)
, .
10 m Vk Yk
J oy, *| =t « | Pxt
x 1 <3 o5t Pyo,t
10
l2_191,70 ijt
’
POP_ |
10
l211’1,70 Xij,70
POP. o '
oR
ij,70 *

= retail price of commodity i in year 70

= demand for commodity i by income class j in

year t
= population of income class j in year t
= retail expenditure share of income class j

for commodity i in year 1970.

to updating scheme (6.10) the retail expendi-
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ture shares in year t+1 are changed by the ratio of real
expenditure in year t to that in 1970 raised to an exponent
and then multiplied by the retail expenditure share of the
same commodity in 1970. The denominator normalizes these
values to make them add up to one. There is no general rule
as to which of the expenditure shares will increase and
which will decrease according to a change in real expendi-
ture from one year to another. However, the larger the
value of Vi relative to all other vj's is, the more likely
it is that the expenditure share of the i~th commodity
becomes larger in the following year. Updating scheme (6.11)
differs from (6.10) in that it also takes relative prices

into account.

The parameters of the two updating schemes were
estimated. Since there is no time series for retail expendi-
ture shares available, it had to be generated. This was
done by adding annually the expenditure share for processing
to the food expenditure share at the farmgate level. The
formula according to which the time series of retail expen-

diture for this estimation was calculated, is:
* F
it T {\Pi¢ Xit +e Pio,t /GDPt ‘ (6.12)

where

€;¢ = calculated retail expenditure share of com-

modity i in year t
Pi¢ © farmgate price of commodity in year t

Xit = human consumption of commodity i in year t
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ti.=the physical quantity of commodity 10
needed for processing per unit of commodity

i
GDP, =gross domestic product in year t.

In a final adjustment step these annually updated retail

expenditure shares, &R are corrected for the nutri-

ijt’
tional value of food consumption. The intake in terms of
calories is taken as an indicator of the nutritional value
of food consumption. Annually, a target value was set
according to which the food expenditure shares are adjusted.
If the food expenditure shares as obtained in the updating
scheme indicate a deviation of expected calorie consumption
from this target value they are adjusted to reach this
value. The expected intake is calculated by using desired
retail prices. The annual target value itself is a functioh
of per capita income asymptotically approaching a level of

2500 calories per capita per day (except for countries which

exceed this level in the base year 1970).

The retail expenditure shares are adjusted four times
altogether before they are used. One of those adjustment
processes, however, is to include feed consumption in thLose
retail shares. Intermediate consumption items are included

as committed demand in the exchange module.




APPENDIX A: DESCRIPTICN OF CALCULATION OF FEED
REQUIREMENTS

The supply utilization accounts contain information on
total feed consumption for each feedstuff (except roughage).
They do not, however, indicate its allocation to the various
animals. Hence, the formidable task of distributing these
feed consumption data to the two animal categories con-
sidered in the model, i.e. 'bovine and ovine animals' and
'other animals', had to be carried out as realistically as

possible.

As a starting point, assumptions were made on the phy-
siological requirements of the aggregate 'other animals'.
Two sets of countries were distinguished for this purpose.

One set comprises all those countries which use advanced
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technologies in livestock production: Australia, Czanada,
the EC-countries, Japan and New Zealand. All other coun-
tries modelled were grouped into set two. Since for the
group-one countries some additional detailed information was
available, these requirements were specified for each
feedstuff.* For the set-two countries, however, the require-
ments could best be specified in terms of grain equivalents
and protein feed. The amount of feed consumed by fish in
fish farms was considered to be only marginal and hence
neglectable. Table AT indicates the assumptions made with
respect to feed requirements. The figures in this table are
then aggregated to requirements of (i) grain and 'other
food' and (ii) protein.t The result of this aggregation can

be found in Table AZ2.

We now turn to the calculation of feed requirements of
grains and of 'other food' per unit of each of the two

animal aggregates.

For the calculations the following relation must hold:

3.6, = .1 2, + ag vt
9.0t jeris6.t 7 T8,6,t ¢ . (A1)
with I = {1(wheat), 2(rice), 2(coarse grain)}

where

*This information was obtained from feed statistics of
the EC member countries.

+The term ‘'other food' 1is used hereafter for 'other
food of crop origin' according to the commodity cles-
sification for the supply module and should not be con-
fused with the one defined for exchange (see Table 2).




Table A1

The figures shown below indicate the feed requirements of animals
belonging to category 6 per unit protein equivalents. The rest
of feed of each commodity group goes to 'bovine and ovine' ani-
mals.

Pork Poultry Pork Poultry
Index of
feed Ton feed per ton meat (or eggs) Ton feed per Ton feed per
compo- ton protein ton protein
nent equivalent!) qu;valent3)

Country set 15)

1 .7 .9 7.865 7.692

2 - - - -

3 2.9 2.1 32.584 17.49

5 .3 - 3.371%) -

7 .8 1.1 2.5712) 2.6892)

8 42 .01 4.719 .085
6)

Country set II

3 4.0 3.5 44,944 29.914
5 - - - -
7 1.3 1.3 4.177%) 3.1782)
8 - - - -

1)0.089 ton protein per ton meat
2).286 protein equivalent for protein feed
3).117 ton protein per ton poultry (meat and eggs)

u)0.035 protein equivalent in milk
5)

6)

Australia, Canada, EC-countries, Japan, New Zealand
all other countries modelled
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Table A2
i i 5)
Values of coefficients ag6 and ap6
o 1) 2)
country group I country group II
coefficient pork poultry pork poultry
a963) 41.40 25.67 44,95 29.92
&)
ap6 3.49 2.69 4.18 3.18
+min 6) 7
36 11.8 21.4 7} 11.8 21.4
N country group I: EC-countries, Canada, Australia, New
Zealand
2) country group IT: rest of countries
3) ton of grain equivalents per ton of protein eguivalents
of pork (0.089 ton protein per ton pork) or of poultry
(.117 ton protein per ton poultry, meat and eggs)
#) ton of protein eguivalents of feed per ton of protein
equivalents of pork or of poultry
3) see data given in the tables in the Appendix. It is
assumed that 1 ton of feed of commodity 8 is equiv-
alent to .2 ton of feed of grain equivalents
6) based on .7 kg grain per day of fattening (150 days
for fattening) = 1.05 ton grain per ton pork
7)

based on 2.5 ton grain as minimum per ton of meat
and eggs of poultry
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a = total feed requirement of grains and
‘other food' per unit of 'other
animals' in year t (measured in grain

equivalents)

a. = requirement of feed component i per
unit of 'other animals' in year t

(measured in grain equivalents)

a = requirement of feed component 'other
food' per unit of livestock category
'other animals' (measured in grain

equivalents).

For the conversion of the requirement of the feed component
'other food' into grain equivalents it was assumed that potatoes
are the main feed item within the aggregate 'other food®. The
substitution rate‘of potatoes for grain was based on the energy

content. A conversion factor C was calculated in the following

9,6
way:
Cg,6 = -2 *weighting factor (a2)
where
.2 = substitution rate
and
. 1000
weighting factor = ~¢gg

= tons of potatoes per thousand
volume (197C US ¢) of the

aggregate 'other food'.

The coefficient a 6 ¢ was obtained aécording to the
g.,5,
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following equation:

pork , « poultry ., -
a = (a9,6 ypork,t * ag,6 ypoultry and ecg,t)
9',6,t = ~ - ’
ypork,t * ypountry and egqg,t + Yfish,t
vt (A3)
where

ag 6 = feed requirements of grains and 'cther food'
per unit of animal k, for k = pork, poultry.
These values can be found in Table AZ.
§it = net production of animal i in year t, for i =

pork, poultry and eggs, fish.

We then calculated the requirement of feed grain only {in
tons) per ton of 'other animals' and assumed that a minimum

cf grain has to be fed to thisanimal category.

3 ’ Feedg ¢ min
a = - * ____°.,t -
9,6, maxtaglslt g6 — , ag,G} , (AU)
Ye,¢
where
ag 6.t = requirement coefficient of grain {(excluding the
feed component)
Feed = total feed consumption of 'other food' in year

t

= net production of 'other animals' in year t
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5$i2 = minimum grain requirement per unit of 'other
14
animals'. These values are given in Table AZ2.
and
ag,G,t as explained above.

In equation (A4) it is assumed that, if not all feed
consumption of 'other food' is used up by 'other animals',
it will be fed to 'bovine and ovine animals'. This occurs
when the minimum grain requirement, émén, becomes binding

(see also equation (A7)).

Using the relation

1

* 7
43,6
t 3 I 1 ’

i£1Feedit

i.e. the relative amount of grain which has to be fed to
'other animals', we can calculate the feed requirements of

grain per unit of 'other animals', a. ,
i,6,t

Feedit
= * { = .
ai,6,t Ty ’ for i 1,2,3 ¥t

and of 'other food' per unit of 'other animals', a

(AS)

(A6)

8,6,t
Feed , Feed
= min 8,t , (amln - a + )* 8,t , 1
8,6,t ~ g,6 g,6,t g,6 N Cq6
6,t Y6,t g
for ¥t (A7)
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Motice that from (A4) and (A5) we obtain

a = a. (A8)
ag,6,t lél i,6,t

Having obtained the requirements of grain and 'other food'
per unit of 'other animals' we get the same coefficients per

unit of 'bovine and ovine animals', a.; , in the follow-
i,17,¢t

ing way:
Feed., - a * g
_ it i,6,t 6,t C e
2 17,¢ = — ’ for i €1 ,
Y17,¢
i=18 ; ¥t , (A9)

where

917 ¢ = net production of ’'bovine and ovine animals’' in

year t

and all other veriables are as explained above.

The calculations of feed requirements of protein 1 :ed
per unit of each of the two animal categories is performed

according to the following formulas.

The basic relation which should hold for the require-

ment of protein feed per unit of 'other animals' is

3,6, - L2566 ¢ v (a10)



with

J = {5(milk), 7(protein feed of crop origin), 13 (meat

meal), 14(fish meal)}

where
a e ¢ feed requirement of protein feed per unit of
pl ’ .
'other animals' in year t
a; ¢, = requirement of feed component i per unit of
1-I ’
'other animals' in year t.
The coefficient a was obtained according to
pl6lt
pork , =~ poultry , -
a = ®p.6 Ypork, t * ap,6 Ypountry and eggs,t) '
p,6,t

ypork,t * Ypountry and eggs,t * Yfish,t

¥t . (A11)

It is ‘assumed that both meat meal and fish meal are fed only

to 'other animals’.

ai.6,t = — , for 1 = 13,14 , ¥t . (A12)

It is further assumed that 50% of total protein

requirement of 'other animals' is fed in the form of animal
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protein. In other words, milk is used to close the gap if
necessary.

- . (A13
3 - max{%(O.S *a,ge T 2136t ayy6,¢) ¢ 0F 0 (BT

where d is the protein content of milk, which is set to

0.035.

We make the additional assumption that at most 80% and
at least 20% of total milk consumption for feeding purposes
is taken in by 'other animals'. This leads to a feed
requirement of milk per unit of 'other animals’', a

5,6,t’

according to the following formula: \

_ -2 * Feed.

85,6,t - MaX)35 g ¢ ¢ - A (A14)

Yo,¢
where

* .

- - minls .8 Feedslt) -

%5,6,t 5,6,t - ( .
Yg,t

According to the above formulas the remaining feed require-~
ment coefficient--that for protein feed of crop origin--per

unit of 'other animals', a can be calculated.

7,6,t’

a7,6't=minh ’ , ¥t , (A15)

where
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ht = maxzap,S t - a]3,6lt - a1u161t

ht represents the amount of protein feed of c¢rop origin per
unit of 'other animals’' needed to fulfill the total protein
feed requirement. However, the assumption is added that

protein feed. This is reflected in equation (A15).

Protein feed requirements per unit of 'bovine and ovine

animals', a; 47 ¢, are obtained as follows:
14 14

¥t . (216)
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APPENDIX B: DESCRIPTION OF HOW COMMODITY-SPECIFIC
INPUT LEVELS WERE CALCULATED FOR A
CCMPARISON WITH THE RESULT OF THE
ALLCCATION MODEL

The calculation is based on the assumption that the
prespecified total inputs are alloceated in such a way that
their respective marginal value product for all commodities
is equalized. However, this information was not availaile.
Therefore, the average value product was used as a starting
point. These figures were then modified to reflect as
closely as possible the marginal value product. The modifi-
cations take differences in the technology used for each
commodity production into account and are based on a subjec-

tive evaluation.

In a more formal way, the procedure used was derived as



follows:

Define:

where

[

it

TWe

where

W,

Then we get

where

W. .
1t it it
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the producer price of commodity i in

year t

the net production (gross production
minus seed use) of commodity i in

year ¢t

number of commodities considered

total gross revenue in year t

input of factor I into commodity i

in year t

scaling factor for input type I and

commodity i in year ¢t

{B2)

(B3)
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TIt = total input of factor I availzble

in year t

We have the condition [ bT * W = TW
i it it t
Hence
™
I _ t . I
bit T n i (B&)
! Cliwkt
k=1
where
I . .
¢ = relative allocation factors .
This leads to the following formula
ci * TI,
Iit = 5 - . (B5)
*
Lo * Wy

which was used for the calculation. The ci-values are given

in Table BE1.
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Table BI1. ci-values (relative allocation of input factors)

country set |commodity 1 I = labor I = capital I = fertilizer
index

a?) i=1 .39 .99 2.52
2 .50 1.20 2.50
3 .51 1.25 2.31
4 1.59 1.27 1.00
6 .38 .62 -
7 .38 .95 2.94
8 1.08 .82 1.10
9 4.00 .20 47

B i=1 .39 1.00 2.50
2 .50 1.20 2.50
3 .51 1.30 3.00
4 1.20 1.40 .60
6 .38 .70 -
7 .34 .90 .50
8 .90 1.00 1.50
9 4.00 .30 .60

C i=1 .39 1.00 2.52
2 .70 1.30 2.50
3 .51 1.20 2.00
4 1.20 0.90 .70
6 U5 0.50 -
7 U5 0.70 .20
8 1.00 0.70 1.00
9 2.00 0.20 Lu7
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Footnotes to Table B1

1)A description of the index set is given on page 54.

2)set A: Belgium-Luxembourg

Denmark
France

FRG

Ireland
Italy
Japan
Netherlands
UK

set B: Argentina
Australia
Brazil
Canada
New Zealand

set C: Kenya
Mexico
Nigeria
Pakistan
Indonesia
Thailand

Egypt
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