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The paper deals with general principles of mathematical modelling ecological
agriculture. Basic assumptions for modelling ecological farm functions are
defined and ecological optimization models, their construction and compute-
rization explained. This permits the choice among feasible technologies and
decision making considerate for both the environment and economic prospe-

rity.

ecological/alternative agriculture; ecological linear programming model; eco-
nomic objectives; objective function; linear functions; static model; determi-
nistic characteristics; activities; model constraints

INTRODUCTION

Protection of the environment has become a serious problem for the ma-
nagement of individual enterprises. This problem is particularly outstanding
in agriculture due to its objectives and role in national economy. Govern-
ments struggle to support and develop ecological (alternative) agriculture
which represents a lasting well-balanced agro-eco-system based on local re-
newable resources. It is a matter of introducing non-conventional farming
systems with positive effect on environment and quality of agricultural
commodities produced and food-stuffs. Since it is essentially the question of
optimizing farm production with emphasis on the dynamic equilibrium of the
€co-system, it becomes advantageous to use mathematical modelling techni-
ques which permit experimentation on the model and verification of hypothe-
ses about the reality represented by models.

Before deciding about productive activities of ecological farming a number
of questions about production, ecology, marketing, cost, etc. has to be answe-
red. This calls for economic analysis with a lot of calculations. Comparison
and evaluation of various feasible solutions can suitably and easily be exe-
Cuted if mathematical models and computers are used.
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The purpose of this article is to show possibilities of static linear-pro-
gramming models in optimizing productive ecological systems, i.e. how 10
find a production program which would respect ecological principles and
ensure prosperity to the farm. Initiation and extension of ecological farming
require not only considerable changes in farms themselves but also a new
way of thinking and understanding the rural reality and the concept of eco-
nomic efficiency and quality.

CONCEPTUALIZATION OF THE MODEL

Any mathematical model is an intentionally simplified representation of
reality adequate to the purpose. Formulation of suitable models, however,
calls for good knowledge not only of modelling techniques but also for
up-to-date technologies. Some issues related to ecological farming are there-
fore to be mentioned first.

Barrier to expansion of this type of farming is caused by an increased risk
concerning entrepreneurial profit, technological, economic and ecological
restraints, limitation of land convenient for bio-production, etc. Encourage-
ment, on the other hand, is represented by government assistance (legal pro-
tection of ecological farming, subsidies, tax reduction), growth of the demand
for bio-food-stuffs and increasing concern of the public with environment in
general.

Basic principles of ecological farming have 1o be expressed straightfor-
wardly in the model constraints. In a mixed type of farming, these must
reproduce complete material cycles with minimum purchases of feed, seed
and fertilizer. They have also to follow ecological peculiarities of the spot
and respect the existing bio-corridors. Among other principles of ecological
farming, stress should be laid on rational, adaptable and well-balanced crop
rotation with an increased share of pulses. Mixed cropping which protects
soil against erosion and recirculates plant nutrients, is important to practice.
In plant nutrition, fertilizer inputs from the outside are minimized and recircu-
lation of plant nutrients inside the system are maximized. Soil-systems arc
fertilized rather than individual crops.

The usage of nitrogen fertilizers and crop-protecting chemicals is reduced,
if possible eliminated. Most considerate cultivation and rational harvesting
technologies are practiced. In animal production, apart from gentle treatment
of animals, more variability of breeds, instead of specialized highly producti-
ve breeds, is recommended. Effort to meet natural needs of animals calls for
unlimited access to fodder and abundant pasture. Animal reproduction is
realized through closed herd turnover.
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Economy of ecological farming has also to be taken into consideration
Profit maximization is not necessarily the first priority of ecological farms.
although they have to do well, i.e. to make profit. They operate in compctitivé
surroundings but have crop yields dropped by as much as 40%; though yields
improve and stabilize later on, they still remain by 10 to 20% Towar as
compared with traditional farming. Prices of bio-products at the market, up
to now, have been no higher than those of traditional products. There arf; no
reliable data for a detailed analysis of the ecological farm economy, since the
new type of farming has only started. ,

STRUCTURE OF THE MODEL

It should be made clear at the very beginning that the use of optimization
models in the system conception of linear modelling is not directed primarily
towards finding an optimum state of the system, but towards clarifying linka-
ges and relal_ions among the system elements and towards understanding the
system reactions to changes of the model parameters. Such information is
needed for.m.anagement and improvement of the system functioning. L

The optimization model specified below is rather simple, but it meets its
purpose satisfactorily. Assumption that relations among model elements nrl("
of lmear_ type, simplifies strongly the reality. On the other hand, this enabies:
to use sxmplg and well Qeveloped mathematical tools. In addi,tion‘ as it is
lf(llllrcl)cv;rll(lm g'on-hnear functions can easily be approximated by a set of linear

Static nature of the model, where time is not taken into account, brings
abouF a simplification in the sense that the subsequent stages of the’syslezljn
are dlsregardcd. The following cycles of the productive process are assu;ned
in a static model, to be at the same level, starting with the same stock oi;
m.t<_:rmediate input commodities, with the same structure of product;vc acti-
vities, without any need for new investment, etc. ‘

Although the agricultural production process is obviously of stochastic
type, _the use of stochastic models would be too sophisticated and> difficult
That.ls. Why individual model parameters are supposed to be constants De—.
termmlspc'chz']racter of the model is partially suppressed in the phaée of
IS)&S(;Sgngnzau.on analysis where f:ffects of individual parameter changes are
e Val.ue.xperlence proves that this type of a model has a very good informa-

B e o
ties, quantifying productive ses of z imal p o ‘r'eal the s
g ying product processes of crop and animal production, the so

oving activities, also with decision variables, quantifying direct
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1. General scheme of the model

Type of Activity

i i . sales .
Constraints | crop direct sales animal . economic
. feed " of animal it
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production
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Balance production
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matter and consumption coefficients
of nutrients coefficients
Distributi- unital conversion
on of crop |yields =) -
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production
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feed and . . P
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average
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pacity number
herd .
Balance unitary
i turnover ol
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Ecological |ratio
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Objective -
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sales of crops, animals, and
exploitation and conservation

selected economic indicators.

Mathematical form of the model

Letm1<mz<...<m13<m
and mp<m<ny<n

animal products, and variou
of feed and finally slack vari
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Minimize linear function

n
=Y 6%
j=1

.. MIN.
where: ¢j - cost per unit
xj - level of realizing activities
Subject to following constraints:
n <
TN b= Loy
j=1 >
where: xj - area sought of j-th crop
b; - limitation of the area
< m
2.0 L= ijXj j=1,.,m
> Jj=1

where: kj - maximum/minimum share of j-th crop in arable land

1= Ml+l, .oy M2

m
3 Zainiji
j=1

where: ajj - supply of organic stuff per unit
bi - resource of organic matter

n ny
4. Z ainj—Z hijx;=0

J=1 j=nma

1 = M2+1, ..., M3

where: ajj - yields per hectare
hjj - ratio coefficients
Xj (j = ni+1, o, 02) - quantities of feed

ny n (<
5. Y axn- Y. dijx;

J=my

Il

0 i=m3s, ..., M4
J=n2u >
where: ajj - content of aliments in unit of feed

dij - aliment supply per year

Xj - livestock number (j = n2+1, ..., 13)
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6. ZXj'— Eﬁj,XjZ bi i = mast, ...

J=n+ j=nwn

where: f;j - feed supply per year
b; - feed provision

ny ny
and z.x’j—Zﬁ,'x,'Sb,‘ I = M541s s

j=ma j=ma

where: b; - purchased quantity of feed

7. kixj < bi I = M6+1, o

where: xj - number of milking cows
k; - pasture area per milking cow
bi - total area of pastures

8. hjxi<bhi = mieLs
j = na+,
where: x;j - livestock number
hj - conversion coefficient
bi - stable capacity
< 3
9. 04= ~x,'+2 aij Xj i = mg+l, -
> J=ma

’mS

, Me

, mi

, M8

s N3

,» 19

where: ajj - ratio coefficient calculated from animal turnover

n
10. Y ajx<bi i = mos1,

=1

n
and 2 dijxj < bi

Jj=nwm

I

where: ajj - labour input per hectare
dij - working time for treating one animal
bi - available working time in busy season

mio+1, -

veey P10

.y M1
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1. Y, aijxzbi i

j=1

MI141s seey M2

where: aij - price of production unit
b;i - request for sales

-

= M12+1, ..., M13

12. Zdij_ébi
=1

where: dij - input cost of a production unit
b; - limitation of the cost

FORMULATION OF MODEL CONSTRAINTS

While formulating the model constraints, ecological points have to be
considered in each of them. The group of agro-technological constraints
includes usually a balance of arable land and of meadows and pastures. Crop
rotation has to be specified so as to ensure that defined proportions among
individual crops are maintained, i.e. to ensure their shares of arable land. This
is mostly done by defining upper and lower limits of land for individual
products.

A balance of organic matter, in which resources should meet needs, has to
be specified next, as well as a balance of plant nutrients N, P2Os, K20, MgO.
Nutrient consumption should be compensated from natural resources, mainly
with animal manure, green manure and post-harvest organic remains. Only
a limited part of plant nutrients can be supplied with allowable chemicals.

Constraints in the form of balances specify the distribution of plant pro-
ducts by means of distributive activities; they distribute the total crop pro-
duction to intermediate consumption and to final output.

Balances of nutrients and individual feeding stuffs constitute another im-
portant part of the model. Advantage of moving rations is taken and minimum
share of a certain feed-stuff in the ration fixed for the whole cycle while the
rest of supply is to be calculated. Pasture is the basis for fodder rations in
fpdder balances. Straw is not considered since it is assumed to be used as
litter or ploughed over. Production of associated crops can be regarded as
a feed provision and neglected in the balances.

Livestock numbers have to be limited in line with available stable capacity
and closed animal turnover by using the balance of weaning animals.
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As mentioned already, ecological requirements are reflected in the whole
set of model constraints. Some requirements, however, such as those relating
to soil erosion, soil contamination, etc., can be formulated by specific con-
straints which would supplement the classical model.

As also mentioned, certain doubts can take place, while formulating eco-
nomic constraints, due to the fact that ecological principles are given priority
which is contradictory to traditional economic reasoning. Ecological farming
must reach a certain profitability in spite of lower yields and productivity. It
follows from this fact that higher proficiency and more experience are needed
for running an ecological farm with success.

The purpose of economic constraints is to adjust the material inputs and
labour cost with income and profit. There are certain modifications in the
expenditure structure, as compared with traditional farms. Expenditure on
fertilizer and other chemicals get down and the cost connected with their
application can practically be neglected, while expenditure on fuel, lubricants,
electricity and other energy go up as well as labour cost, due t0 increased
bulk of manual operations.

Decision about the purpose and definition of an appropriate objective
function are of great importance. Objective function evaluates different fea-
sible solutions of the linear-programming problem in the quality of an efficiency
indicator. Any modification of the objective function modifies essentially the
whole analysis. In a single objective function model a complex criterion of
global optimality is needed. Profit maximization, fully adequate for traditio-
nal type of farming, is not adequate for ecological farming. That is why
minimization of inputs while keeping the planned outputs is rather re-
commended. A more advanced but more sophisticated and difficult approach
to this problem is represented by a model with a set of objective functions at
a time. Solution of such models requires the vector optimization.

CONCLUSIONS

The above shown model is being tested on the establishment of the Uni-
versity of Agriculture, Prague, where ecological farming is being introduced
at the farm of Pozary. There ar¢ some difficulties with background informa-
tion since no experience with this type of farming is available. The farm of
Pozary is designed as a model-object of ecological farming because a training
and information center engaged in extension activities related to this farming
system is badly needed. Transformation of traditional farming into ecological
one is being implemented in line with the project conceived by Dr. Bovin
from the Institute of Ecological Farming, Sweden.
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The purpose of the model is to define more precisely the productive
cesses on the farm as a whole using facts and figures and to enable evalualt)'m-
of econOmiC 1SSucs and decision making in respect to ecological princi 110n
The model is 1ntend¢_3d to improve and facilitate the recognition of tll1)e farlrg ing
unit from various views and to permit the assessment of the significa m%
possible interventions in the economy and ecology of the farmg e

quckground‘ input data for the model include observations'of cr
duction anfi anlmal production with consideration of biological and pnoEc
aspects. Biological characteristics of the crop production depend o: COIPOmIC
sm‘l qnd ecology,.on seed quality and fertilization level. Biolo icalC Lmate’
teristics of the animal production depend on type of bre(;,ds a glied E ng'ic-
technology :_md the treatment of animals. Ecological conditior?spare f e(: rod
py prescnptlons, regulations and principles of ecological farmi;x E on me'd
indicators r.esult from yield levels and prices of bio-products, i ol o5t
administrative arrangements. i T O A

The quel provides output information such as data on areas of culti
g::%)fs,a%lglrt %rosst prl(:duction and distribution, about surplus or deficil: olfv ?;3
stuff, ut livestoc number, total animal production, etc. Am i
indicators, data on income, expenditure and profi s il activitis
Z{;gzltdmt;e mt:inti(t).ned. In general, the modell) protvfitgg ch(g):;;l;izlrﬂfgigl\;tsr?
production structure of the farm following ecological princi
the course of experimentation with the model addigi oy pr1ncxple§, "
such as data on influence of market prices on the fartn(l) l;ii)gg:ﬁyc a:t(? ?r?fi)rrlr‘;i\d

tion provided by mean
s y s of the model meets the need for qualified decision
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PYi volb& v§robniho zam&feni podnikit zabyvajicich se alternativnim zem&d&lstvim
je tfeba zodpovédét celou fadu otdzek ekologickych, vyrobnich, odbytovych a eko-
nomickych. VyZaduje to provedeni fady ekonomickych tvah, vypottii a kalkulaci.
V podstaté jde o snahu po optimalizaci zem&dglské vyroby, zdirazitujici dosaZeni
dynamické rovnovéhy ekosystému. Proto je vyhodné pro ziskavani potfebnych kom-
plexnich informaci vyuZit optimalizatniho modelu.

Ekologicky optimalizaéni model, jehoZ matematickd funkce je uvedena, vychazi
ze zakladnich principd alternativnfho zeméd&lstvi. Jde o linedmi staticky model, pfi-
gem? p¥i formulaci omezujicich podminek se ve vech podminkéch promitaji ekolo-
gicka hlediska. DileZitou podminkou je bilance organické hmoty a Zivin odebiranych
rostlinnou produkci. V Zivoli¥né vyrobd se podrobné bilancuji Ziviny a jednotlivd
krmiva s ohledem na pohyblivé krmné dévky.

Uréitym problémem je modelovani ekonomickych podminek, nebof prioritni po-
staveni maji ekologické principy, av¥ak podnik musi dosahovat urlité rentability
vyroby. Pro tyto tvahy nejsou k dispozici podkladové Gdaje o ekonomice provozu
alternativn® hospodaficich rolnikd. V modelu je jako kritérium optimality pouZita
minimalizace nakladf na vyrobu. Nalezeni vhodného kritéria optimalizace je problé-
mem, ktery lze fesit napf. vicekriteridlnim pfistupem s vyuZitim vektorové optimali-
zace.

Uvedeny model je v soucasné dobé zkouden na Skolnim zem&d&lském podniku
Lany V&7 v Praze, kde na hospodafstvi PoZiry je ve spolupraci s Institutem pro
ekologické zemédélstvi ve $védsku zavadeéno alternativni zemédelstvi.

ekologické (alternativni) zem&dé&lstvi; optimalizaini ekologicky model; ekonomické
cile; kritérium optimality; linearita; stati¢nost; deterministicky charakter; aktivity;
omezujici podminky
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