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I. Bources and Development of the Present Model

The organization of a planned economy is
& tremendous task,‘pfoducing ever more complicated
problems day by day. As the sphere of economiz ac-
tivities subject to the coantrol of State plans had
been expanding, new and new contradictions arose.
These contradictions were rooted partly in the
economic policy, partly in the lack of planning
skill. Grave difficulties emcrged in agriculture’
too.

The consequences of this situation were
already beginning to take shape when the National
Planning Office started to organize its county
filiels and a central directing section. The main
task of this Section for Territorial Planning was
the development of the methods of territorial planningA
based on the.system of territorial balances. Host




of»the.problems cleining for ah'imprbvementkdf
territorial planning emerged in agriculture, so
agricultural balances constituted an overwhelming
majority in this system.

However, only minor results cBuld be ac-
hieved by the introduction of the meth8d of terri-
torial plenning. It had meny weak points because
good-will and inbuition could not compensate the
lack ofviuricuz kinds of knowledze needed to the
right formulation of the problems and to the de-
velopment of the method of a satisfactory solution.
The application also suffered from the rigidity of
the official methods of economic direction,so that
when one could have made use of the experiences
coming from the first experiment with territorial
balances, the imitistors, among them the author
too; hed already worked in other spheres of plan-
ning and the activity of the Section for Terri-
torial Plapning had a lcss miliGent character,

In his new sphere of activity, the author
found a stimulus to develop the planning system
built up only partially in the earlier years. The

incertitude in the plarning of yields in agricul-
ture urged for an araiysis of the results of ag-

ricultural research work and of international
‘statistics. The discussions about the orgenization

of the economic cowopcfation of the Socialist
countries pointed out the importance of a terri-
toriel planning on an intorn:tionzl scale.

'S0 in the metheodical worl: sturted with in
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the spring of 1932, he trisd to daf:nb the balance
491ationqhipa for a complex of economic units with
input-output T rolations quantitutively known and
for which a best one must be sclechied from a great
number of possible plens. As 1% became cleer in e

‘short time that slencntary statistical methods

were insufficient, the author began to study diffe-
rent mauhemqt*oal methods appiicable in eccnomic
onalysi 5.5 In 1953 results of a series of analyses
led to a formulotion of the solubion @s an cptimi-
zation for interdependent systems that have non-

~linear produgiion funcﬁiens. This soluvion promised
-to deliver useful conclusions about the price. gystem.

The distribution of production schedules appeared as
the plenaing of an interfarm and intsrregional co-
operation. At the intewpretation of the results of
ana 1lyses relating to this probl em, we Tound that
some questions of pelitical-econonic character must
be answerad by a regearsh work in thé fie ld of
differential ronv., Besed upon the results of these
investigetions, the dévelopment of a model valid
for'any price systenm end ied in March 1960, In July
1960, a gensrol solution of the planning problem
was completed. This solution was not only inde-
nebdeLq of the price gyaben bwub it promised %o
affoxrd th@ duke needed to determine a system of
farm prices confoL“ ing to Tthe optimum.

¥ The author wishes to exgress his thanks to
his teachers, Frofessor X,Kiddas and Docent
B.Kreks,; for helping hin in the field of the
mathematics of ocaonamia anelysie by their , .

advices, 0:1F101°ms apd encouragenments,
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II. Some Preliminary Explications

1. The Planning Period

»

It follows from the character of the task,
that the planning model nust involve a longer period.
The solution gives not &nly.thé optimum distribution
of production schedules but that 6f resources, among
them investments too, therefore,Periods shorter than
7-lo years cannot be considered. On the other hand,

the needs of society and the technical development

can be forecast to more than 10»15 years_only with a
great imcertitude. Therofore a decade could be re-
garded to be the right planning period. During a

~decade, the structure of soeilal consumption is not

subject to fundamen%alw and therefore inpresumable, |
changes, on the other hand, radical changes of tech-

‘nology allowed by the development of productive
 forces, and the new productivity relations created

by them, are still casy %o be surveyed on the basis
of the technical knowledge that qualified planners
posses at the time of preparing the plan. '

2. Labour as Social Cost of Production

As already montioned above, the model nmust

"give not onlyvan optimal distribution of production 

schedules and resources but it must also produce the
data for appropriate price centres for the various




agricultural broduC“sa Starting from the Marxian
statement that the vaiuve of a uommodwty ig de*erm -
mined by the quantl ty of social labour needed to

‘1ts reproduction, live and materialized labour

consumed in the production of a certsin commodity
is quantified on the basis of the technological

- structure of the national economy.

‘ This technologicel struchture, subject
to changes caused by technical development and in-
vestment policies, can be approximated by a time
series of gtatic Leontief inverses on the sector
and on the national economic scale. By the use of
these inverses, the live labour conte : of inputs
of non-agricultursl origin, including transport
costs too, can be debermined well enough, As a
second step, the total labour content of final
products in agriculture must be coamaputed for each -
location, in different systems of farming, The | . .
optlmum Plan minimizes this total lebour content -
ag social cost of tke net output of agriculture.

3. The Differential Rent

A unit of a cerbain agricultural commodity

produced at different locations but on-a common

technicel basis, claims for differen’t quantities of
social lsbour. This difference in social cests is
caused by natural conditi ons tkat give rige to the

ngd
primary element’ of differential rent I, A certain

quantity of social labOu* may have dlifbrent»aegrees
of productivity on the same lecation if 1% is consumed




by different structures of proﬁuctiqn° By an
1mpr0vement of the struztoze of proiuction we _
may exploilt the possibilities offered by the ge-
nefation of the secondary element of the diffe-
rential rent I. The third form is differential
rent II. whichsis comnectad with advanced techno-
1dgies end extrz cupplles of pr oductﬂve forces.

The resquzces of soczeuy oel“g finite,
a certain quantidy of final products czn only be -
delivered by locations and tqohnologies having
different levels of productivity. But one can
distribute the schedules of projuctwon over the
locations in the form.of suitable structures and
the resources to be used on GnQ basis of eppro-
priate techmologlns, so Hhat the average level
of productivity is increased and the varisnce of
the productivity @s@ff*cipnt‘of the difforent 10-‘
cations for each comnodity is considerably dacre—
ased. That means dn a model like this one in
‘question that an optimum plan ninimizaes the amount
'of‘ﬁlfferentlal rent toc.

- 4. Aubarchy and Co-operation

Many kinds of agricﬁltUral products can
be considered both as final and intermediate pro-
ducts. A farm may equelly be self-sufficient in
~these products or it mey buy then as final‘prqducts 
of other farms. The first case is connected with a
~diversified farming, the second neans a high degree
of specialization; The existence of specialimation




claims for a to-operation of the different lo- |

. cations’which are mutually consumers and suppliers -
of commodities that are internediste products in

the process of reproduction of agriculiure.

It is tht tgsk of the planners to find
the best combinstion of autarchic end cé-operative
types of praduction in the course of the distribu-
tion over the country of the sehsdules. Every im-
provement compared “to the ipitial gituation means
a better compliance with the conditions of produc-
tion and a decrease in socisl costs.

Therefore, every actiyity in the model
is considered in both forms: on a subsistence basis
and being dependcunt on the interregional co-opera-
tion. Every degrce'of specialization /or diversi-
fication/ can be turned oéut as a combination of
these two forns which differ in their relations to
resoupees and in their social cost’ coefficients.

5. _The Systems of Farning

. A commodity cen be produced in various
systems of farming which differ in their cleains
for certain resources. In plant production for

example, different systems are the irrigated and
non-irrigeted production; as to the way of supply
of plant nutmients, one of the systems rests on
. fernysrd manure, the ¢ther supplies organic na-
“terials by green menuring or by plowing down the
stubbles and uses o great quantity of commercial




fertilizers. One of The péssible systens of
farmihg rélies neinly upon manusl labour, the
other is esrmarked by chonical wecd killing and
by a high degres of nechanigation. In aninal
husbandry, tﬁpes of berns, foras of nutrition
and the rate of mechahization may be mentioned
as criteria for different systens. ;

In the tourse of the distribution of
the production schedules the systeus of faraming

' nust be “adsigned too, with the discerimination that

these systens are based on aubarchy or on an inter-
regional co-operation. ' - o

6. The Tadﬁnoiogies

Technologies are deternined in a certeain

" sense by the systen of farming but it doesn’t in-

volve the quantification of the resource combina- -

‘tion. The present nodel deal. with optimal techno-
~ logies for every systen of farming. This neens that

the optinuwnm combinations of resources are thosge

. which are linked with the naxigun productivity of

social labour on 2 given location. As follows‘frwm
This, the optimun technologies must be determined

fOr every location in relatipn to the products and
systens of farming that can be considered on the lo-

rcation in question.




7. The Conflict of Central and Local Interests

f ' . | - In .a planned econony, the conflicting locel

3 L | interests are subject to the socisl interest but. it

' does not mean an antagonisn, The central /social/

insterests clain for the production of a certain net
output, by using up given quantitities of resources

- and nexinizing the productivity of social labour in
agriculture as a whole. On the other hand, the in-
‘dividual interests urge the farns to conpete for the
‘greatest advantages in the tasks of production and

~in the supply of resources, in order to assure the
highest level of local productivity of social labour.

<

Our mcdel}presenté the solution of this ;
proBlen by giving the frames in the forn of social
‘needs, the level of resource supplies and the general
objective function, and by allowing the different lo-
cations to make use of their best chances in their
‘ competition. These chances are the choice in different
§ \ ‘  systens of farmlng, the technologies offering local
~© nsxina of labour productivity, further the possibility
of choosing and ‘coubining the assignments both on an
autarchlc and on a co-operative basis.
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III;'Preparations'to Planning

1. Activities and Systens.of
Farning on Different Locetions

The first step is to deternine the systens
of farning and the activities that nay be considered
on a dertain location. This nmeans- already a selec-—
tion for inproving the chances of tha individual lo-
cations and,én the other hand; a reasonable way for
decreasing the dinensions of %“he nodel,

An activity on a certain location nay be
considered in different systems'of farming. But if
an activity, for example corn productlon can, be con-
sidered in, say, three systems of farning on the lo--
cation in questlon, it figures in the model in the

forn of 6 activitics, there also being a choice

between the supply of Ainternediate egricultural pro-

'\ducto on an aubtarchic and on a co~ope“3t1ve basis.
' And these activities nust be J@lated to different

years. This nultiplies then by the number of yesrs

‘ coﬁsidered in the nodel of perspective planning.

2. The Productivity Functions -

- - v

Inpﬁt—output relationships for each product
can be quantified by the production functions. These
non-linear functions relate to yields per hectare,
per cow, per hen, etc. The independent varisbles for
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plant production can be ranged betw sen two
groups. The first of then involves the variables
for natural conditions /indiqes for,;emperature;

-and precipitation and one characterizing soil .

qualities/, in the secon@ we find farn lebour
and material inputs /the latter ones may be
contracted on the basis of their content of non-

 sgricultural labour/. The production function

for plant products can be generalized as followss

Yk = fk. /Xl 9X29X5 9Xq)X5 )X6 9X07/) ’ /l/

waere k characterizes the product, Xl,X2 and

X§ are the indices of precipitation, tenperature.
snd soil, X, end Xg stand for live labour and
naehine hours, X6 neans the quantity of fer-

tilizers ant X7 the other meterial inputs.

In the production functions for aninsl

~products -

Zk = B /Vli vgsAVZ,’ V4y VSIJy /2/

Vis Vo and V5 stand for the quantities used

 fron digestible protein, sbarch and dry content,

respectively, V, neans live lebour and in V5
are grouped other material inputs.

These functions rnust be transformed into
productivity functions, in order to make use of
then in the ncdel but this transformation differs

- sonewhat for plant and animal products. In plant

production, the dependent variable will be the
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quotient of the yield and of the total labour input.

"The variables for naturael conditions remain unchanged,

those representing material inputs nay be considered
in their contents of social labour. These new func-

tions nay be represented by the following fornmula:

-

/N W/ o S5/ ./ -
Pk./N/ | = fk /Xl’ ng XB’ Ml"/}/smg/ /91“E3/I/:1‘*'I4/N/ /s /3/

where the dependent variable is determined by the
quotient \ -

S
Pk/N/ = 4/
& w8/ | :
i

i=1

. ‘ /
and the variablss Ml/N/, Mz/N/, MB/N/, M4/N’ stand

for the agricultural live labour and for the secial
labour content of naterial inputs used in the produc-

tion of a certain vegetable conmnodity.

The transformabtion into productivity func-—
tions of the productron functions for animal products
is morc cemplicated. The nutrients building up the
armfinal bBody being grouped as the variables 'Vl, V2
and Vz in formmula /2/, can bs found in a series of
fodder crops; each of which coansunes a different quan-
Bity of social lebour in the process of production. A%
the tine of computing the perameters of these func-
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tions, one does not know what a conmbination of
fodders could be considered to supply these
nutrients in the different years of the planning
period and how nany hours of social “labour their
production ‘will consune. S0, one nust be contented
with an incomplete prdductivity function where the
dependent variable can be received from a fraction,
the nunerator of which is the yield or live weight
per aningl and the denoninator involves only the
sun of live labour consuned by the activity /’M‘/NZV

“and of the social labour content of non-agrlcultural

naterial inputs /M /Aéf,l as follows:

'Pk = ) ' ‘ y /5/
/A u,A o

and the inconplete productivity function:

PK/A/ = gk /Vls Vz) V59 Ml/A/y M /87 / /6/

\

the complétion of which will be discussed later.

3. The Optinal Technologies

Ag 1t was said above, the various loca-
tions compete in the model for the schedules and
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C ‘ " resource supplies on the basis of their productivity
i ‘ coefficients. Therefore, one nust find the local
naxinum of the productivity of social labour for
every activity on every location. In plant produc-
tign, the maxinizetion of the productivity function
gives a corbination of resources to be held constant
and to be used as a locally optinal technology. This
takes place'in the following way: if one substitutes
into the function the actual values of the indices
for naturel conditions that are valid for a given lo-
cation, and computes thereafter the mexinum for the
renaining vsriables /represented by both pure and
nixed elenents/, so one has the resource combination
of a technology which is optimal at that location.
That nust Ee'done for every location considered in
the planning model. |

_ - By the naxinization of the incorplete pro-
ductivity functions of the activities in animal e
husbandry, an optimun comblnatlon of the variables
enunmerated in /6/ can be had Whloh is independent
fron locations. As a second stcp, we nust determine
the kinds of fodder and their coubination thab
supply the quantity of nutrients given by the maxinun
of the productivity function and consune the nininun

' of social labour on a certain location. The solu-~
tion is given by the wellknown fornulae:

q =¥

-

o

X ~=> nin,,

I
\.“ .
o

/7/

EE=Y
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“where x is the vector o

of labour coefficients, is the total labour con--

4]

tent the optimal combination of fodder, A is the
natrix of technical cogfficients end y 1is the

vector, the components of which are the values deter—
nined by +%he naxinun of the incomplets proltuctivity
function for the variables Vi V2 and VBn This
programning procedure nust Lake vlace for ecvery loca-
tion and every syston of farming considered there for
the different activities in aninal husbanéryé in

order to determine local optinmal technologies.

4, The- Loeal Inverses for LnuG“Peﬁldt\ Production

e

The continuity of production requires a
certain quantity of intermediste products Lhat
should pernenently gstay in the process of reproducg
tion. In our nodel; this fund of replaccewent i
confined to agricultural produouse On uharba81s of
a given systenm of technologiss d#fined for a complex
of activities, say, for = fdrn'or‘agriculture as a
whole, the volume of internediate products as a
requirenent for a cervain net output can be deter-
‘mined by the use of input-ouipubf-analysis. These
conputations must be nade for évary'location and
systém of farning

4,

In building up Hthe local inverses for in-

ternediate production, we start from the optinal
technologies deternincd as it was described in
Section III/3. These inverses are generally sp601—




-
i

»
R

fied for the eutarchic systeme of feruing snd have
-

I fooni then

| : the notation U. 4nother type derdved
) relates to the eysiens of farming thot depsnd on

the  lnterregional flow of counoditieg, The coeffi-
i B cients of one group of these matrices represent bthe

quantitieg of producks woguired fvom other loca-

=

tiong; in order to seblsfy e finul demend mepresen~

a vector of wnits 1. We denote this matrix .
by U *© ,'Th& difference of the netnicas 'E and U™,
denotedby 7i%reprosents the other group of natrices
relating ©o the systens cf farnming, depending on in--
terregional co-operation. The elehents of E? have _

the same neaning for the systens of farming based on

co-operation as those of U for the autarchic .gys-
tens. o

| . . -

5. The Final ¥Produchtion in Bcunorilc
Units of Differerk Degraes of Ageregation

| he matrices U and U’ are used for the
: determination of gross output, i.e. the conecrvte

I programn of crop production and that of aninal husbandry.
j In the formula
|
| .
| /t/ VA4 NAZEN
) T , s
By “-[é.:n Zn B gn"z‘ ’ /8/
En/t/ is the vector of gross output of the n~th
. . : ’
. . L i 4
location in the *t~%th year, ﬂﬁi/ and - 5;/“‘ are ,
. s . ——ad
the vectoxe of net output relating o the two basic
types of the systoems of ferning. S
{ '
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The‘gross 6utbut of a greéter gconomic
unit, say, that of & country, is °1mply the sum of

the local vectors gﬁt/‘s
. W | | S | o
E/t/ = o pn/t/ o \{VZ}«“ /9/
‘ . = Q & N

n=1

Contrary to this, the final production of the

“unit of a higher degree is less than the sum of the
vectors x/t/ and x’/t/ because the systems

En
of farmlng that dcpgnd on the interrbgional flows

‘of commodities require their “imports™ from the -

net output of other locations. Therefore, the

"imported" quantities must be subtractad by the

use of the matrix U' g

R LI v
LS g NS xs/t_/ -5 wx¥ 0/
. . n=l ) . n:i h“l - J ;
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6. The Technological llatrices

These matrices also relate to different
locationsiand systems of farming. Their coefficients
are.derived from the values belonging to the maxima
6f the productivity functions. These matrices T
are connected with gross production: their com-

ponents express the quantities of the different

“resources that are needed to produce a unit of gross

output of the activities considered. /It must be
mentioned here that for some resources, like lébouf
for example, the matrices gn have several rows in-
dicating the distribution over time of the require-
ments. / . The plénning model being built up for
the distribution over locations of a final demand
in agricultural products of the sectors other than
agri¢ulture of national economy, the matrices gn

- must also be transformed into ones reflecting
the requirements of final production. This transfor-
mation has to take place for both the autarchic and
co-operative types of systems of farmings '

I
f
i3
na

/11/

9

i

} T

na:

where A and A’ donote the technological natrices,

-

relating to ﬁhe—het output produced as the autarchic

or co-operative basis.
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7. The Relation of Acbhbivities

to 01ld and Hew Capacities

- The process of production takes place
within the frames of the existing capacities but

- these frames are- widoncdcby invesiients year by

year. Therefore we must introduce special activities.
These activities require supplies from the resources
for invéstmegts /e.g. building material for a new
barn of cows/ but they do not claim for existing ca-
pacities in the year of entering into production and
for the later years, they add the new capacities to
the old ones. An example in Section IV/4: will give
further explanations in an algebraic forn as the ba-
lances of resources will be discussed.

If there is a considerable difference bet-
ween the qualities of the new capacity preduced by
investment and the old onc, then this new capaeity
is linked with a separate activity or even with an
other system of farming.- '

'8. The Obsolation of Resources

The planning model must also reflect’ the
wear and tear in both its physical and “moral® |
sense. The rate of obsolstion must be considered
as a technico--econcmic normative “o be established
for each type of capacities by the central planning
organs. As to the breeding stock, a rational policy
of sorting out must be worked out based on produc-




tivity considerations and natural replacement.
It follows from this, that a certain capacity
“existing in the t-th year represents lcss and
less in later years of the planning period. If
this capaclty, say, traetors, is denoted by ft’
there exist the following inequalities:

L
50 T > Toap > oee > foun /12/

9, The Social Labour Content of Final Products

Thu social labour consumud by the produc-
tion of goods used as 1nputs in agriculture can be
determined by input-output enalysis on the national
- and industrial’soa;e. If . M,; denctes the social
lebour oontent of these different inputs of non-ag-
riowltural origin used for a unit of gross products
of the i-th sgricultural comuedity on a given 1oca~
tion and in the optimal technology belonging to a
certain systen of farming, further t means the
direct agrieultural labour, the labour costs, deno~
tgd by m; of a unit of gross product of the i-th
oommodity on a given location and in a particular
systen of farming can be determined by the following
formulas

mo=ty o+ » o My s
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For the first commoditics produced in autarchic.
systems of farming on a certuin locatlon, the
vector of gocial labour content is.given by

X

el
i
Bké

y O wy

» In the systems of farming depending on
interregional co-operation, the labour vector gx
multiplied by g’.allows'the determination of only
a part of the real labour consumption. The labour
costs attached to the intermediate commodities
delivéred»by other locations are still unknown at
the time of the planning preparations because
their origin can only be determined by solving a
transportation problem gupplementlng the solution
of the production problem. Theoretically it is
possible that any location could supply its final
products to be used on a particular location as
intermediate commodities. Thus,the interregional
commodity flows bear a charge of social costs of
production valid at their locatien of origin and
that of transport costs. If we consider the possi-

’blllty of transports of goods from any location to

any lecation and we. oomouue the frequencies relat-

ing to a series of cost levels /classes/ established
for both production and” transport costs, the maximun
-proboblllty of being charged with belongs to the
levels of costs represented by their modes. So, 1f
gx -neans the sum of the social labour contant of ..
the modal production and transport costs, then we
can quantify the labour costs of final products for




the systen of farriing of the co-~operative type as
follows: '

gsai =- E}}E ’ 4 335;11! | i /15/

IV. The-Description of the Planning Model -

/

The main task of the plan for the national
econony is to meed the aggregate demands of society
in a forn maxinizing the efficiency of social labour.
Fron this <follows the duty for agriculture too that
it has to meet a demand, increasing in its volume
and changing in its structure in the course of tlme,
that asggregates the consumption of populatnon, the
needs in raw naterials of 1ndustry, the clains by
foreign trade aend by the bullding up of appropiate
state reserves, further the uninterrupted functioning

of the product1v» apparutus nust be guaranteed for

the repetition /in the measures needed/ of the
process of productlon“ Thig task having to be ful-
£illed on the basis of the most efficient use of
resources, we face a constrained ext,uwuﬁ'where

" the lower bounds of pﬂoéuctlon are given by the sum

of the final demand plsnned‘and of the volume of
intermediate products consumed by the productive:

3




D—

| apparatus; the upper bounds are represented by

i | ~ the stdte of forces of production in agrioulture

| and_by‘thé system of technological possibilities
belonging to these resources. The neasure of effi-
ciency in resource use is given by the productivity
of social labour consumed in order to produce a '
certain quantity of egricultural final comnodities.

The solution of this problem may be given
by a mathematical programning procedure. By its
nature, it would require a qﬁadratic form of the
objective function and a procedure of stochastic |
progremming., However, it is treated here as an ‘
~acceptable approximation that can be had by the use
of the non-stochastic linear programning mnethod.

1. The Final Demand in Agricultural Products

N

The tasks of production to bec assigned _
-to agriculture nust be debermined starting from the
reproduotion process of national econony /takiﬁg
-also into consideration the connections with the
process of reproduction on the .international scale/.
‘This occurs by using the Leontief inverse of na-
tional economy, valid for the k-th section covering |
2-3 years of the plenning period / B, /, and the '
vector of final demand planned for a particulsar |
year [/ Iy / ¢ ‘

By =

3

t ' /16/

HH3
&t .
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SR W S S

i
1
|
1
|
]
[
|

~1

s .

Where Ty stands for the gross -output belonging
to the vector g /Et containing the agricul-‘
tural conponents of the wvector Iy of social
product/. If we deduce fron £, the quantities
of internediate products, so wc get a vector gﬁ
that represents the final demand in agriculbural
products in the t-th year. | |

1t nust be noted that the particular
variants of the final demznd on the 'national eco-
nonic scale generate different wectors of final

‘demand in agricultural products and result in

different optimum solutions of the planning problen.

2. The Objective Function

- The objective nay be fixed in two forms;
the first maxinizes the productivity of social la-
bour /subject to the constraints to be discussed

“later/, the second nininizes the quantity of social

labour consuned in different industries in order %o
produce the final comnodities quentified by . By
their nature, both:functions are non-linear. As we
rencuber the determination of optimel technologies
linked with the newinun local productivity of so-
cial labour, there were only variables for techno-
logical and naturel conditions although productivity
depends on the volune of production to0o. This sinpli-
fication of the productivity functions could be com~
penéated to a certain cxtent by assuning a quadratic
objective function. Howcver, in this model, taking

‘its dimensions into account, the aouthor considered




a linesr function, or, as an alternative, the
Quotient of two Linear functions as a first épp~ 
roach. These two types of objective function can
be described by the following forrulaes |

C=c¥x + oF x’ — nin. /17/
* ?
Fx o+ gtx

Another pfoblem in connection with the
objective functions should the ninimun or naximun
relate to the entire planning period or only %o
the ending year,; or, in other form, should it have
non-zero coefficientis for each year of the period,
or for the last one? Indeed, the second forn nay
also be justified .in certain situations of the
planning of developnent bub the author prefers the
first form, particularly because the optimun solu~
tion of the problen must also serve for & basis
of thé formation of producers"pricés of the plan~
ning period. | ‘

-

3. The Balance Systen of Products

This systen consists of as many rows as
the nunber of components of d rultiplied by the
nunber of years considercd in the planning period.

- The right side of the balance systen is represented




by d as a nininun of final product*on‘/d is nmini-
mn 1f every comnodity on every location is produced
in autarchic systens of farning, i.e. if there is no
interregional co-operation/. So the selection of
supply and demand 1n the balanco—systeg is glven by
the fornula:

Sx + !

114p]
1

- , /18/

It was already nentioned that the vectors
x and x’ represent the aotivities producing final
connodities in autarchic and co~operative systens of
farming, respectively. § mneans the supply natrix
of the autarchic systens. Really, it is equal to the
unit natrix E es its conponents are: ‘

8i5 = 1 if 1= §,

Sij = OJ if % J. | /20/

This neans that ono unit of production in the acti-
vities denoted by x is equally one unit in the

- contribution o 4 3

e
it
"
=l
e
I
U

i

/21/

It is not so in the case of S‘ which is connecked

i with the systens of farming that depend on the co-

operation between different locations consuning as
intérmediote comnnodities s certain psrt of the final
products of other locations. In order to express a

- contribution tb{ d , and ot the sanr: time the

A
/
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denands from it, 8’ was constructed as a diffe-
rente of two natrices /heéve still ignoring tine

lead/:
g’ = E - U", where | /22/
spy = 1ifi =3,
S1. o i jdi
ij = u ijc- 0 if 17..,3

v

Therefore,; the net eontribution to d@ of the

]

activities x°' is given by

2 I B .. " A s r? 15t $ e

8'g’= /E-U"/ ¥ = 2 - U'E oy
where the product ytx’ - represents the-quanti-
ties by which the final production on a certain

nunber of locatbions st be increased if we

want a group of lccations to contribute to g
depending on interregional conmodity flows,; in
order to raise the national level of produnti-
vity. '

The supply matrices 8§ and §’ are
conposed of subnatrices relaving to year, loca-
tion and systeu of farming. /For the szke of
simplicity, we ignaore the existence of the tine
lead in the compopents of U?. This will be
discussed later./ Likewise, the vector d also
consists of subvectors ¢, . Therefore, ‘the
balance systen for two years, two locations and
two systens of farming /the first element of
the SQbscripts refers to the year, the second
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to the location and the third to the systen of
farning/ can be builbt up as follows Jonitting

/

the unit natrices 8 = E S

-

1]

X111 *F Xpip Y 871717 F 111 v 87110 i1 v Eyoy 4

, .Y
101 Fio1 * Biop Fop T &

W

+ Xpp  F

' ’ ' : e
Xou * Zoio Y Blo11 Fonn ¥ 2010 o

L ’ =) s S
+ Xooq + Xpop + B'opy Elooy * Blppp Fozp' 2dn

- It is well known that one part of the
internediate commodities consuned in a certain
year was proﬁuced in the preceding year. So we
nust have the balance system,ﬁb reflect this inter-
year flow of agricultural products.

The natrix U" can be assuned to be
conposed of two natrices:

2" = \E + Es ; . ‘ ‘/’25:;’

where W represents thi quantities dcnanded fron
‘the present year’s final production of other loca-
‘tions, while W’ quantifiss the denands that fall
upon the final produstion of the preceding year.
Fron this follows that for the first year of the
planning period, a central stock of internediate

preducts must be assumed as a spscial type of re-
sources, and in the last year this special stock
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must be esteblished by including g",,aé we have
no knowledge about the volume of production in
the first year of the next planning period. Thus,
if we transforn in this sense the balance systen
of products of the planning period ooVering two

. years which wag described in /24/, we have the
following inequalities:

Wy i+ Prap Fagp + ‘Z’lm\i"lzwi\* ‘f-i"izz’ X120 % Bw
B * Ee * B/ Fan +'/§”W112/‘§’112 +

+ Xyp1 * Eppp * )Q‘lelf ¥101 + B/ Eip —

W

]
= Waooy Xopy

=~ Woy ¥onn ~ Woip Fopn
Wooo Eopp = &1 - /28/

X1 * Eorp + /BT o/ Eony + AU o/ Foyp

[[JoI%

- -
T Ep21 *Eop2 * /2”2"221{ ooy + [E-U"000/ X ppp T

4, The Balance Systen of Resources

The inequality | :
/27/ .

=

U
N

fio

AX +
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consists of a number of subsystens that felate\to
regources that can only be exploited on'partibular
loccations and of -8 subsysten grouping the resources
that can be considered as a central cepacity and can e
be distributed over the country following the a lo-
cation of the production schedules. The relation of
| production to local and central resgources can be
represented as follows /for two locatlons and a
single year/:

< o
é1§1+Ai=i = b
' 4 ¥ 9 ": A
Ap Zp ¥ A5 X = 22-
, . % - J28/
' 2 N - ¢ —
:é_f,l ‘3—.{1 + écl 3-_51 +* écz ?—fg + éc? 3.—% =C

The products A, X, end Al x! ropresent the needs

=]

for local resources by, while 4 . x; stand for the
clains directed to the central resources b,. Natu-

rally; for each year of the planning period exists
such a systen degcribed by /28./.

The balaqce systen of resources also invol-
ves the increase in capacities by investnents, This.
can be‘representéd by the exanple of a sgingle activi~
‘ty. Let us denote by X1y %p, X5 and %, dairy .
cows in the first, second, third and fourth year
based upgn exigting nechinery fl,'fZ, £3 and f4,
end by x, end 'xg' the sane sctivity with new imple-
- nents requiring investnent fron the central resources
bct‘ in the first or second year, respectively:
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a) xl < £,

&1 ig ; 6 ‘bcl

ay ‘x2« | £ 5 .

&2 i? £ b¢§b e
a5 -3, % =

ay Xy - 32.2 Xy - 02.3 Xg £

The different notation of the coeffi-
cients ag i slludes to the consideration of ob-

solation not 'only for the resources existing in the
first year of the planning period but for their in- .
crenments toos ,
b o> b - b N
83‘2 A ay.2) a5"~"2_ Soeeee >80 /30/
On the other hand, tehcnical developaent car also

be represented by the numerical values of the coeffi-

b

cients B4 if 91‘_: i ore stendardized, and conversely:
| | , b b
ep 81 1f 83, = ey

| /31/
3.8, < ey 1 g =8 |

For the purposes of the nodel, the vardation in By
with standardized ag ; seens to be prefera"t‘)l&




i
|
{
i
i
i

- 32 .

5. The Gross Output Belonging
to the Optinal Solution

As it was already pointed out ear lier,
the gross output can be had by nultiplying the nat-
rices for internediate productz by the vectors of net
output.

The gross output of the whole country be-
longing to the optinun solution is given as a produst

-of the natrices U and U9 and the vectors of final

production x and x’ taken fron the final Joptinal/
tableau of computatlon for particular years as

By = Uy Xy + U XL - /32/

and for the planning period as a whole:

p = Uz + U ¥ | /33/

6. The Progran of Transports

The optimun solution of the problen of
the distribution over locations, systens of farning
and technologies of the schzdules of production and
the resources nust not mean that ‘the tasks of the
agricultural planaing adrinistrvation wire fulfilled.

Innense quantities of products and materials must be

transported and this transportatlon activity nust
also be optinally organized. The nain problen is the

organization of the interregional flow of inter-

nediate products clained for by the activities x’
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found in the optirun progran vector.

The optimal progran of transports nust
be separately conmputed for each conodity. The ob-
jective function involves social labour consuied
bylthe~transportation activity. The solution is
given by'the”well—known progranaing nethod.

7. The Complete Model

The allocation of production and resgosurces
nay take place on the basis of these formulae:

C=c*x+c'® x’ —> nin., or:
Pa 2 " ——> max.
N : 9 Ié + 9,%_{’

X, x’ = 9

Sx+8 x> d

= == = = . =

Lx+4'x %2 b

= = = = =2

p=Ux + U’ x’

* =N = = =

Jos} n
i=1 J=1 :
| X370 I35/
n ‘ 3 | 3 » ) |
ﬁ Xij = fl . /l = 1, 2, 3\,----,”n /
k3 . : | R .
n ' _'
X:n = Do o /J=l’ 2y 300y 1-1/
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kij neans the social costs of tr nsportation, fi
stands for the supplying locations and r. for the

J
denanding ones. -

8, _The Stochastic Nature of the lModel

The production and productivity functions
applied in the preparations to planning have a stochage .

tic nature, therecfore the extrema of such functions,

and the characteristics of the optimal technologies
deternmined bty them, follow a certein probability dis-

' trlbutlon, the normality of which con only be assuned.

A1l of the ooefficlents being cogputed starting fron
these values, the whole nodel turns to take a stochas- .
tic character. Stochastic programaing could givé a

nore appropriate solution which can only be epproxi-
nated by the prQSent nodel,

‘ 9. The Gradual Way.df Solution

It is clesr that.such an enorious broblem
can not be solved directly, therefore a gradual way

- of solution is propose¢d. The locations can be in-
tegrated into aggregate econonic units of different

levels. It secns to be -enough to consider 5 levels
of integration for such a country like ours. The
coefficients for the hlgh(“ integrations can be con-

. puted as averages weighted by the production arsa of

the locations o be integrated, while the local re-
sources are added up. The solution for the higher
units deternines the starting situetion for the lower
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onecs, concerning both rcsources and final demand.

V. Applications of the Model

1, Optimal Decisions in Planning

By the use of this wodel, the various
types of decisions to be made in working out the
plans can be optimized; The best technologies can
be selected forvthe activities at each location
and the possibilitics offered by the differences
in productivity can be eXplOited by an optimél dis-

tribution of production and -resources. The gradual

solutions give the best regional plans too.

‘ The solution of the transportetion prob-
len determines the flow of commodities between co-
operating locations. Besides, the flow of goods
between industry snd egriculture may be organized
this way, such as the distribution of materials and

the determination of supply zones for centres of

consumption or for plants processing agricultural
products. |

2., The effects on nationsl economic plans

X
The aoeial cosbs of production were ini-
tially determined on the basis .of a situation in

which the.lOCation of agricultural production was
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. , ,
not optinal. By naxinizing the productiviﬁy of
social lebour consuned ian sgriculture, the cost
‘structure of national econony 1s changed The ef-
fects of this change can be ;elt by cach sector
of national econony but nob equally, the cuts of
costs being the éharﬁesﬁ in industries processing
“agricultural products. This nay result in severe
cuts in prices paid by consuners.

~Another effect on nationsl scononmic plans
of the rise in the productiviiy of social labour con-
suned in agriculture nay be a decision to increase the
- resource supplies for agrloulture or %o increase the b
,anestuents in industrics producing naterials and
implemonts used in agriculture.

%, Producers’ Prices and Taxation

By the use of ‘such a model, one can approxi-
mate the real social costs on each location for each
commbdity. At the same tine, these SOQlal costs ref-
lect a situation which is nost'édvantageous for the go-
ciety. So we can build up e price system based wpon the
labour hours per unit of product on locations that ars
narginal for different comodities. This neans, first, |
the fixation of prices in relation to wages, second,
the flxatlon of proportions between prices. Such a price
' system can be held constent during the ﬁlunnlng period.

-h

~ The loceal costs per unitb of each Drodunt
'being provided, the differcn 1a; rent can be deternined.’
Thus , bhe ezproprla tlon by State of differential revenues
arlslng fron dliferentlal rent nay be considered thn
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right way of sgricultural taxation:

4, The Internstional Division of Labour

H

This nodel can be used not only in the
planning of the agricultural productioh of a singls
country but it offers nany advantages on the inter-
‘national scale too, For a decision in the problen of
division of labour between a“oertain nurbsr of coun~
tries, one could not find a better criterion than
productivity of social labour. In this case, regions
or lands would be called locetions and the naxinizs-
tion of the productivity of social labour for the
space covered by these countries could be considered
as an objective, subject to constraints as it was
already described. Naturally, only the productlon of
~the nost 1mportant connodities should be dlstrlbuted
this way ‘and the classification of resources as local.

and central funds must also be dlfferently 1nterpreted
s i
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