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PREFACE 

The Food and A g r i c u l t u r e  Sieseilrch Program at  I I A S A  d e a l s  
w i t h  t h e  wor ld ' s  food problems on two f r o n t s :  f i r s t l y  i t  ana- 
l y s e s  f u t u r e  food problems by b u i l d i n g  a system of n a t i o n a l  
p o l i c y  models and secondly,  i t  s t u d i e s  product ion f a c t o r s  of 
a g r i c u l t u r e  aimed a t  improving technologies  and s o l v i n g  t h e  
wor ld ' s  food problems. F e r t i l i z e r s  p l ay  an impor tan t  r o l e  
among the  produc t ion  f a c t o r s  i n  a g r i c u l t u r e ,  and t h e i r  grow- 
i n g  use  i n  t h e  f u t u r e  w i l l  c o n t r i b u t e  t o  h i g h e r  food l e v e l  
s u p p l i e s  both i n  developed and developing c o u n t r i e s .  

The f e r t i l i z e r  model p resen ted  here' w a s  c o n s t r u c t e d  f o r  
a l t e r n a t i v e  long-range p r o j e c t i o n ,  consumption, and world 
t r a d e  and can be l i n k e d  t o  a g r i c u l t u r a l ,  i n d u s t r i a l  and g loba l  
models. The au tho r  helped t o  deve lop  t h e  Hungarian n a t i o n a l  
p o l i c y  model++ on food produc t ion  at  ILASA and i s  t h e r e f o r e  
acquainted w i t h  t h e  e f f o r t s ,  p r i n c i p l e s  and methodological  
procedures  used t o  develop both g l o b a l  models. He hopes t h a t  
t h e  p u b l i c a t i o n  of t h i s  document on f u t u r e  f e r t i l i z e r s  prob- 
lems by IIASA w i l l  c o n t r i b u t e  t o  a b e t t e r  unders tanding  of  
world food problems i n  t h e  f u t u r e .  

+ The model w a s  cons t ruc t ed  as a p a r t  of r e s e a r c h  work car-  
r i e d  ou t  by t h e  Hungarian Nat ional  Planning I n s t i t u t e  under  
c o n t r a c t  t o  UNIDO. 
++ Modelling of C e n t r a l l y  Planned Food and A g r i c u l t u r a l  Sys- 
tems: A Framework f o r  a Nat iona l  Po l i cy  Model f o r  t h e  Hunga- 
r i a n  Food and A g r i c u l t u r e  Sec to r ,  C. Csaki ,  A. Jonas ,  
S, Meszaros. I I A S A ,  1978, RM-78-11. 
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WORLD COMMODITY MODEL FOR FERTILIZERS 

S. ~ Q s z G r o s  

THE PURPOSE AND CHARACTERISTICS OF THE 
FERTILIZE1I COfiPlODITY MODEL 

The purpose of the  f e r t i l i z e r  commodity model 

The I n t e r n a t i o n a l  Centre f o r  I n d u s t r i a l  S t u d i e s  function- 
i n g  within t h e  United Nations I n d u s t r i a l  Development Organiza- 
t i o n  / f u r t h e r :  UNIDO/ worked ou t  t h e  conception of a world mo- 
d e l  named UNIDO World Indus t ry  Co-operation wi th  t h e  purpose 
of analysing t h e  problems of t h e  r e a l i z a t i o n  of L i m a  t a r g e t  
/UNIDO I n t e r n a t i o n a l  Centre f o r  I n d u s t r i a l  S t a d i e s  1977/. 

The world model c o n s i s t s  of a s e r i e s  of models l inked  
toge the r ,  and wi th in  t h i s  system t h e r e  i s  a d i f f e r e n c e  between 
an inner  l a y e r  and an ou te r  layer .  The models of t h e  i n n e r  
l a y e r  a r e  c l o s e l y  r e l a t e d ,  and t h e r e  i s  a flow of information 
i n  r ad ia l -d i rec t ion  among them. The models were prepared wi th in  
UNIDO. The models of the  o u t e r  l a y e r  are connected l o o s e l y  i n  
t u r n  wi th  the  models of the inner  l a y e r ,  and t h e r e  is no in fo r -  
mation l i n k  between t h e  models of the  o u t e r  l a y e r  t h e r e f o r e  
the  models of the  o u t e r  l a y e r  can be s e p a r a t e l y  developed as 
well .  

One of the  i n n e r  l a y e r  models i s  the  model which de ter -  
mines the  i n t e r n a t i o n a l  Trade Disaggregation. Its t a sk  i s  t o  
d isaggregate  i n  the previous model i n  value determined fo re ign  
t r a d e  matrix at least i n t o  7 product groups. The World Commo- 
d i  t y  Models a r e  placed wi th in  the  o u t e r  l a y e r ,  deducing the  
expected expor t  and import of the  products i n  ques t ion  from 
the  demand and supply of country-groups and these  r e s u l t s  can 
be used f o r  c o n t r o l l i n g  and c o r r e c t i n g  the  d a t a  given by the  
Trade Disaggregation Model. The t a s k  of the  World Commodity 



Models i s  t o  g ive  long-range p ro jec t ions  /up t o  t d e  y e a r  2000/ 
w i t h  r e spec t  t o  the  demand and supply &nd i n t e r n a t i o n a l  t r ade  
of the  products i n  question. 

The task  of t h e  f i n a l  study was to provide f o r  a concep- 
t i o n  of the  World Commodity Model concerning t h e  f e r t i l i z e r s .  
For t h e  consumption of f e r t i l i z e r s  a long-range prognosis up 
t o  2000 has a l r eady  been prepared i n  the  UNIDO I n t e r n a t i o n a l  
Centre f o r  I n d u s t r i a l  S tud ies ,  s t a r t i n g  from the  need of f e r -  
t i l i z e r s  presumed on t h e  b a s i s  of the  inc rease  of population 
/UNIDO I n t e r n a t i o n a l  Centre f o r  I n d u s t r i a l  S tud ies  1976/. Only 
one prognosis is  provided by t h i s  s tudy f o r  the  t r end  of Per- 
t i l i z e r  consumption i n  the  developed and developing coun t r i e s  
till t h e  year  2000. However, t h e  present  genera t ion  of the  
prognos is t s  r e f u s e s  t h e  prepara t ion  of a s i n g l e  long-range prog- 
n o s i s  and a l t e r n a t i v e  prognoses a r e  prepared i n  the  form of d i f -  
f e r e n t  suppos i t ions ,  so  c a l l e d  scenar ios  concerning the  f u t u r e  
/F.H. Sanderson 1977/. It w a s  t h e  d e s i r e  of the  p repara to r s  of 
t h e  UNIDO World Model t h a t  the  F e r t i l i z e r  Commodity Model should 
g ive  a l t e r n a t i v e  scenar ios  concerning the production, consump- 
t i o n  and i n t e r n a t i o n a l  t r a d e  of f e r t i l i z e r s  as w e l l .  

The requirements concerning t h e  f e r t i l i z e r s  and meeting the  
World Commodity Model requirements a r e  t h e  following: 

- prepara t ion  of a l t e r n a t i v e  long-range prognoses f o r  the  
i n t e r n a t i o n a l  t r a d e  o f  f e r t i l i z e r s  should be r e a l i z e d  

- the  most important determining f a c t o r s  of t h e  in terna-  
t i o n a l  t r a d e  of f e r t i l i z e r s  should be s a t i s f i e d  by the  
model /denand, supply, p r i c e  e tc . /  

- the  ind iv idua l  prognosis should be c o n s i s t a n t  i n  the  
l i g h t  of equi l ibr ium requirements,  and the r e l a t i o n  
among d i f f e r e n t  f a c t o r s  

- a l t e r n a t i v e  suppos i t ions  should be made concerning the 
exogeneous v a r i a b l e s  which can obscurely be determined 
i n  long term o r  have t h e  c h a r a c t e r i s t i c s  of q u a l i t y  
from the  poin t  of view of f e r t i l i z e r s  

- the  model should e l a b o r a t e l y  count w i t h  the  world fer -  
t i l i z e r  production and consumption concerning at l e a s t  
the  groups of developed and developing c o u n t r i e s  

- the  model should be r e l a t i v e l y  simple, w i t h  r e spec t  t o  
the  ease of manageabili ty and p r a c t i c a l  a p p l i c a b i l i t y  
of t h e  r e s u l t s .  



The most important determinant factors of 
fertilizer consumption and production 

/the economic sphere modelled/ 

For the formation of the fertilizer product model the de- 
terminant factors of fertilizer consumption and production, the 
connection of the fertilizer as a product with its environment 
must be considered, When forming the model the followings have 
been taken into consideration: 

1. The conditions of the fertilizer production can not be 
made independent from the situation of other products, from the 
tendency of environmental factors: the demand on fertilizers 
basically depends on food production, especially on plant cul- 
tivation, However, food production is determined by tbe demand 
on food, the formation of which depends on tbe number of popu- 
lation and the rate of economic development. The production of 
fertilizers is determined mainly by the magnitude and utiliza- 
tion of manufacturing capacity and the availability of raw ma- 
terials and energy sources. Consequently, for the preparation 
of alternative and consistant prognoses the modelling of con- 
catenation can not be avoided even in that case when factors 
are modelled in a simplified way, 

number of population rate of economical 

\ development 

\ demand on u// food 

L 
food production 4 4 -  production 

I factors 

I 

1 
demand on fertilizers 

k 
fertilizer production +production 

factors 



2. It i s  c l e a r  t h a t  the  export  supply and import demand on 
f e r t i l i z e r s  can be deduced only by the  comparison of the  domes- 
t i c  f e r t i l i z e r  demand and production. Consequently, t h e  country- 
group modelkng of the  previous concatenat ion i s  needed, i n  res-  
pec t  of the  developed and t h e  developing c o u n t r i e s  a t  l e a s t .  A t  
t he  same time i t  i s  obvious t h a t  i n  case  of e f f o r t  f o r  cons i s t -  
a n t  prognosis the  f e r t i l i z e r  export  supply of t h e  developed 
coun t r i e s  and t h e  f e r t i l i z e r  import demand of t h e  developing 
coun t r i e s  can not  be c a l c u l a t e d  independently from one another ,  
but  an equi l ibr ium must be c rea ted  between them because t h e  im-  
p o r t  demands can be only  as much as the  production f o r  exports .  
Not only t h i s  one / r e spec t ive ly  i n  t h e  uase of t h r e e  al iments ,  
three /  equi l ibr ium occurs  among t h e  models of the  ind iv idua l  
country-groups. Thinking over,  i n  t h i s  r e spec t  t h e  government 
of a developing count ry  can choose among t h r e e  a l t e r n a t i v e s  i n  
o rde r  t o  so lve  t h e  problem of provis ion:  

- t o  import food 

- t o  import f i n i s h e d  f e r t i l i z e r  

- t o  import c a p i t a l  / f ac to ry  f o r  f e r t i l i z e r  production 
o r  perhaps r a w  mater ia l /  

The modelling of a l l  tbe  t h r e e  p o s s i b i l i t i e s  should be 
made poss ib le  because t h e  conversion i n t o  each o t h e r  of the  
t h r e e  p o s s i b i l i t i e s  can be r e a l i z e d  more o r  l e s s .  Among the  
models of the  ind iv idua l  country-groups wi th  regard  t o  t h e  
f e r t i l i z e r  commodity model a connection may be proposed i n  
t h e  following t h r e e  cases:  
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3. When the economic sphere f o r  modelling i s  considered 
from the  point  of view of means f o r  counterbalancing, two ones 
can reasonably be accepted f o r  being modelled i n  t h i s  respect :  

- the  p r i c e s  

- the investments 

The change i n  the  p r i c e s  of food products and f e r t i l i z e r s  
could be the  means of counterbalancing i n  the  s h o r t  run. In 
t h e  long run the  investments have a g r ea t e r  r o l e  i n  comter -  
balancing considering the  investments of both a g r i c u l t u r e  and 
f e r t i l i z e r  indus t ry .  When the  value of these  investments i n  
t h e  gross  na t i ona l  production /GNP/ shares  wi th  a cons tant  
r a t e ,  the  volume of investment can vary  depending on the al- 
t e r n a t i v e s  of the r a t e  of economic growth. When t he  r a t i o  of 
investments i n  GNP i s  considered as pol icy  va r i ab l e s ,  a possi- 
b i l i t y  i s  given t o  c r e a t e  and examine a l t e r n a t i v e s  i n  t h i s  
r e spec t  a s  we l l  / i n  the  case  of developed coun t r i e s  the re  i s  
a p o s s i b i l i t y  t o  have t he  investments of f e r t i l i z e r  indus t ry  
i n  the  form of c a p i t a l  export/ .  

Only the world market p r i c e s  can be modelled from a l l  the  
p r i c e s  because t he r e  i s  no p o s s i b i l i t y  t o  quan t i fy  the  domestic 
p r i c e s  i n  the  case  of country-groups. Besides, t he  sho r t  term 
changes i n  import demand and export  supply; on the  long run 
ou t e r  f a c t o r s  a l s o  e f f e c t  on p r i c e s  /e.g. on the  p r i c e s  of f e r -  
t i l i z e r s ,  the  p r i c e s  of r a w  mate r i a l s ,  energy and c a p i t a l / ,  on 
the  o the r  hand, pol icy  va r iab le  may a l so  play a r o l e  i n  the  
form of i n t e rna t i ona l  p r i c e  agreements and p r i c e  supports  which 
can be handled as a l t e r n a t i v e  exogeneous va r iab les .  

The means of economic pol icy  on e f f e c t i n g  counterbalancing 
and t h e i r  inf luence  a r e  represented  as follows: 

economic pol icy  

r a t e  of economic 
growth /GNP/ 

p r i ce  supports  + 1 
I I food p r i c e s 4  -+ 
Jf 

investment 
i 

f e r t i l i z e r  prices<-/ 
a l l oca t i on  energy p i c e s  <I 

/' 1 '.-, 

a g r i c u l t u r a l  f e r t i l i z e r  \ c a p i t a l  
investments production export  

investments /import/ 



4. The r e l a t i v e l y  simple and p r a c t i c a l  handling of t he  fe r -  
t i l i z e r  commodity model cannot be r ea l i z ed  without c e r t a i n  
s , impl i f ica t ions ,  e spec i a l l y  i n  the  food sphere. 

The most important s imp l i f i c a t i on  i s  t h a t  food production 
and p lant  c u l t i v a t i o n  w i l l  be represented  by g r a i n  production 
i n  t he  model. 

It has more reasons: 

- the g ra in  amounts t o  60 5 of d i r e c t  c a l o r i e  consump- 
t i o n  amounts t o  50 yh, 

- the  g ra in  amounts t o  50-60 $ of the  c u l t i v a t e d  land 
of developed coun t r i e s  as well  as i n  t he  developing 
ones, 

- the  g r a in  rece ives  approximately 50-60 7; of the  t o t a l  
f e r t i l i z e r  u t i l i z a t i o n  i n  t he  developed and the deve- 
loping coun t r i e s ,  too /R. h-ell 1976/, 

- i t  i s  a l so  an important poin t  of view t h a t  we have 
long term prognoses f o r  g r a in  production developed 
by more organiza t ions  / see  e.g. F.H. Sanderson 1977/ 
which can be u t i l i z e d  t o  con t ro l  the opera t ion  of 
f e r t i l i z e r  commodity model. 

I n  the  case of food demand t he  needs i n  c e r e a l s ,  meats, 
milk and eggs w i l l  be taken i n t o  account and w i l l  be converted 
i n t o  food and feed  g r a in  demand. This method has a l ready been 
applied i n  some world food models /e.g. G.F. Framingham 1974/. 

Only the  most important th ing ,  the  c u l t i v a t i o n  of new 
lands w i l l  be taken i n t o  cons idera t ion  as a g r i c u l t u r a l  invest-  
ment having t h e  ease  of a v a i l a b i l i t y ,  e spec i a l l y  i n  the  deve- 
loping countr ies .  A t  the  same time we do not  take  the  account 
of e.g. the i r r i g a t i o n a l  investments i n  t h i s  model, though 
t h e i r  r o l e  i n  c e r t a i n  regions may be important. 

But at the  handling of f e r t i l i z e r s  the  th ree  n u t r i t i v e  
mate r i a l s  a r e  taken i n t o  account separa te ly ;  they are the  
n i t rogen ,  phosphate and potassium f e r t i l i z e r s .  T h i s  has more 
reasons as well:  

- g e t t i n g  on i n  time the  N : P205 : K20 r e l a t i o n s  i n  

f e r t i l i z e r  consumption a re  changing, 

- on t he  o ther  hand, the raw mater ia l  sources of phos- 
phate and potassium a re  concentrated i n  d i f f e r e n t  
coun t r i e s ,  the re fo re  the  condi t ions  of export-import 
a r e  varying f o r  every n u t r i t i v e ,  

bes ides ,  the c a p i t a l  and energy needs of manufacturing the 
th ree  n u t r i t i v e s  a r e  d i f f e r e n t ,  so t h e i r  world market p r i ces  
responded i n d i f f e r e n t  way t o  the changes of energy pr ices .  



The mathematical model, the solution and 
methods of prognostics 

The satisfaction of requirements set for the model and 
the modelling of this economic sphere can only be realized 
with the help of econometric model consisting of more equa- 
tions. To provide prognoses for different years an econometric 
model is being applied as a simulator in that way that the 
equations of the econometric model will be solved one after 
another for every prognosticated year /R.C. Meier, W.T. Newell, 
H.L. Pazer 1969/, but the results will be printed out for 
every five years only. 

In the case of an econometric model the question arises 
whether there is some possibility of applying a recursive mo- 
del where it is satisfactory to solve the individual equations 
in turn or a simultaneous model is needed where all the equa- 
tions concerning the given year should be solved simultaneous- 
ly. In the case of more country-groups the reason for the ap- 
plication of a recursive model can be given by the quantifica- 
tion of the model to be solved, and another reason is the ne- 
cessity of taking into consideration the non-linear connec- 
tions /e.g. in regard to the fertilizer portions and yields/. 
At the same time the application of prices as endogeneons va- 
riables and the modelling of their effect on demand and supply 
as well as the validation of equilibrium requirements would 
necessitate in a simultaneous solution. 

The question is related to the problem of connecting the 
individual blocks of the individual country-groups with regard 
to the counterbalancing of the world market. Three methods of 
connections are known: 

- wfonnal linkingw - is a connection produced by the 
so called simultaneous solution, 

- wnon-fomal linkingw - it does not lead to perfect 
counterbalancing after a limited number iterative 
steps, 

- ttloose linkingn - the handling of inconsistencies 
takes place only after the running of blocks which 
can only be an emergency solution /M.A. Keyzer 1977/. 

According to our opinion the simultaneous one is the best 
solution in the case of two country-groups; nmely, the appli- 
cation of "formal linking", thus the econometric model will be 
introduced accordingly. The solution will be carried out by 
the use of Moris-Normann program package allowing the applica- 
tion of non-linear equations as well. 

Prognoses are carried out by the econometric model as 
follows : 



- the  values 01' exogeneous variab3.t :~ siiolild be defined 
e x t e r n a l l y  f o r  a l l  the years  of the  prognost icated pe- 
r i o d  / i n  the  form of a time sequences o r  t r ends / ,  and 
i n  a l t e r n a t i v e  way, of course,  

- i n  the  case  of lagged endogeneous v a r i a b l e s  t h e i r  values 
must be given only  f o r  the  s t a r t i n g  year ,  

- the  values of endogeneous v a r i a b l e s  f o r  a l l  the  yea r s  
of the  prognost icated period w i l l  be c a l c u l a t e d  from 
the  model i n  an a l t e r n a t i v e  way. 

I n  p r i n c i p l e  t h e r e  i s  a p o s s i b i l i t y  of c a l c u l a t i n g  the  so  
c a l l e d  "long-run m u l t i p l i e r s w  which show the  e f f e c t  of a s i n g l e  
change of exogeneous v a r i a b l e s  on the  f i n a l  va lues  of endogen- 
ous v a r i a b l e s  i n  t h e  s t a r t i n g  period of the  system which con- 
verges t o  the  equi l ibr ium /see  e.g. S. Reut l inger  1966/. 

On one hand the  forming of a l t e r n a t i v e s  can be based on 
the  t r end  a l t e r n a t i v e s  of exogeneous v a r i a b l e s  /e.g. popula- 
t i o n  GNP/ on t h e  o t h e r  hand on vary ing  some parameters of the  
model o r  some complete equat ions of i ts.  Each combination of 
t h e  a l t e r n a t i v e s  given f o r  the  parameters and f o r  the  d i f f e r e n t  
exogeneous v a r i a b l e s  means one scenar io  f o r  t h e  fu tu re .  For the  
a c t u a l  forming of scenar ios  see  more d e t a i l s  i n  the  following 
chapters .  

1IE;SCRIPTION OF THE ECONOMETRIC MODEL 

The econometric model i s  t o  be introduced i n  two d i f f e r e n t  
ways: wi th  the  d e s c r i p t i o n  of the  s t r u c t u r e  and of t h e  equa- 
t i o n s  of the  model. 

Figure No 1. shows t h e  s t r u c t u r e  of the  econometric model. 
Three spheres  a r e  t o  be d i s t ingu i shed  h o r i z o n t a l l y  wi th in  the  
system; the  sphere of the  whole economy, one sphere f o r  food 
i n d u s t r y  and one f o r  f e r t i l i z e r s .  One p a r t  of the  sphere of the  
whole economic c o n s i s t s  of exogeneous va r i ab les .  Tbe periods t 
and t+l a r e  s i t u a t e d  v e r t i c a l l y ,  w i t h i n  these  per iods  some 
phases of reproduct ion period a r e  t o  be found. The d i rec t ion-  
s i g n s  descr ibed with continuous l i n e s  show t h e  connections 
wi th in  a year  and the  ones descr ibed  w i t h  d o t t e d  l i n e s  show the  
lagged e f f e c t s .  Thus the  p r i c e s  of g r a i n  and f e r t i l i z e r s  f o r  
example have t h e i r  inf luence  on demand i n  t h e  same year ,  while  
some e f f e c t s  on supply a r e  a l r eady  lagged, and w i l l  only be 
v a l i d  i n  t h e  next  year. 

I n  the  fol lowings the  equat ions of the model w i l l  be given 
i n  normal form without  any numerical data .  The numerical equa- 
t i o n s  w i l l  be r epor ted  i n  the  enclosure.  The v a r i a b l e s  of the  
model a r e  ind ica ted  by c a p i t a l  l e t t e r s ,  and the  parameters by 
small ones. 

The following indexes a r e  used i n  t h e  d e s c r i p t i o n  of the  
model : 



t :  upper index, it denotes the  number o f  
yea r s ,  t = 1, 2,  ..., 25 

i : lower index, i nd i ca t i ng  food products 
/ c e r ea l ,  meat, m i l k  and egg/ 

j : lower index i nd i ca t i ng  f e r t i l i z e r s  
/n i t rogen,  potassium, phophate/ 

k : lower index i nd i ca t i ng  country-groups 
/developed and developing ones/ 

Equations of the  sphere of the  whole economy 

The number of population, the  GMP and the p r i c e s  of energy 
sources used f o r  f e r t i l i z e r  production are  exogeneous va r i ab l e s  
i n  the sphere of the  whole economy. The p r i ce  and investment 
po l i c i e s  a r e  exogeneous f a c t o r s ,  too. These have t o  be given 
f o r  the  model i n  ex t e rna l  way; equations conta in ing  only endo- 
geneous va r i ab l e s  w i l l  be described i n  the  followings.  

The personal income of population w i l l  be deduced from 
GNP and the per c a p i t a  income w i l l  be derived from the  above: 

where : 

TINC = the  t o t a l  personal income of the  
population 

GNP = gross na t iona l  production 
/exogeneous va r iab le /  

PCINC = personal per c a p i t a  income 

POP = t h e  number of population 
/exogeneous va r iab le /  

The ava i l ab le  funds f o r  the t o t a l  investment w i l l  be de- 
r ived  from GNP as well .  The r a t i o  of ava i l ab le  investment funds 
f o r  t he  f e r t i l i z e r  i n d u s t r i a l  investments and f o r  the  increase  
of cu l t i va t ed  land is  determined by the  exogeneous investment 
pol icy:  







where : 

TINV = annual financial funds for investments 
in the whole economy 

LINW = the available financial funds for the 
investments in the agriculture, for the 
increase of cultivated land 

a = parameter indicating the ration of 
agricultural investments /a parameter of 
exogeneous economic policy/ 

FINW = the annual financial funds for invest- 
ments in the fertilizer industry 

b = parameter indicating the ratio of 
fertilizer industrial investments 
/a parameter of exogeneous economic 
policy/ 

For simplification reasons agriculture is supposed to 
utilize the total annual financial funds for investments for 
the purpose of expanding, the cultivated land which means 
that the prices of grain and land have no effect on the ex- 
pansion of cultivated land. However, in the fertilizer in- 
dustry the prices and investments are cyclical, BLerefore it 
is desirable to make it possible to influence the volume of 
annual investments by the fertilizer prices and accordingly 
it sbould be permitted to accumulate the annual financial 
funds for more years. The given financial funds for invest- 
ments in fertilizer industry which is available in every 
country-group can be influenced by the capital export or im- 
port, the volume of which should also be defined as an ex- 
ogeneous economic parameher. 

Equations of the food economy 

The per capita food demand can be expressed as the func- 
tion of per capita income for grain, meat, milk and eggs sepa- 
rately: 

where : 

PCFDi = the quantity of per capita food demand 
on food product i. 



I n  the  following equation a l l  the food demand w i l l  be con- 
ver ted  i n t o  g r a in  demand and a t  t h e  same time t he  g ra in  demand 
w i l l  be made dependent on the  world market p r i ce  of grain:  

where : 

PCGD = per c a p i t a  g ra in  demand /consumption/ 

TGD = t o t a l  g r a in  demand /consumption/ 

GPR = world market p r i ce  of g ra in  

c = a m u l t i p l i e r  t o  convert  t h e  food-demand i i n t o  g r a in  demand on food product i 

d = the  p r i c e - e l a s t i c i t y  f o r  g ra in  demand 

e - = m u l t i p l i e r  f o r  c a l cu l a t i ng  the  need of 
seed-grain 

The land yea r l y  taken i n t o  c u l t i v a t i o n  i s  ca lcu la ted  as 
the  quot ient  of investment funds ava i l ab le  f o r  t h i s  purpose 
and of co s t s  of t ak ing  land i n t o  c u l t i v a t i o n  pro hectare.  The 
annually c u l t i v a t e d  a r ea  i s  reduced f o r  u r b a n i s t i c  purposes 
but  a t  the  same time they a r e  expanded by t h e  new lands taken 
i n t o  cu l t i va t i on :  

where: 

LINC = new land taken i n t o  c u l t i v a t i o n  

L = eu l t f va t ed  land 

f  = c o s t  of br inging i n t o  c u l t i v a t i o n  per 
hec tare  

e = the  r a t e  of annual reducement of c u l t i v a t e d  
land f o r  the  purpose of urbanizat ion.  



The q u a n t i t y  of g r a i n  production i s  c a l c u l a t e d  on the  
basis of c u l t i v a t e d  land ,  the  t e r r i t o r i a l  r a t i o  of g r a i n  and 
g r a i n  y i e l d .  The t e r r i t o r i a l  rate of g r a i n  depends on t h e  ra- 
t i o  of t he  preceding yea r  and on t h e  p r i c e  of g r a i n  i n  t h e  
preceding year .  But the  g r a i n  y i e l d  depends on t h e  f e r t i l i z e r  
demand and y ie ld- t rend  i n  the  preceding year .  

dt/ = f / Yk / to/  , t , FEDH /t-I/ / k jk 

where : 

G P  = t h e  q u a n t i t y  of g r a i n  product ion 

A = t h e  r a t i o  of g r a i n  wi th in  t h e  
c u l t i v a t e d  l ands  

Y = t h e  y i e l d  of g r a i n  pro h e c t a r e  

FEDH = f e r t i l i z e r  demand f o r  1 h e c t a r e  on 
j n u t r i t i v e  j . 

The q u a n t i t y  of g r a i n  supply i s  deduced from t h e  produc- 
t i o n  and from t h e  change i n  s tocks .  The forming of s tocks  i s  
determined by t h e  previous yea r  s tocks ,  s t o r a g e  l o s s  and change 
i n  s tocks.  But t h e  change i n  s tocks  depends on t h e  volume of 
s tock  of t h e  previous yea r ,  on t h e  given annual p r i c e  of g r a i n  
as we l l  as on t h e  exogeneous v a r i a b l e s  express ing  economic pur- 
poses i n  connection w i t h  t he  forming of s tocks  / e . g .  ensur ing  
t h e  s a f e t y  of world-provisioning may r e q u i r e  t h e  i n c r e a s e  of 
g r a i n  s t o r e s  i n  t h e  developed coun t r i e s :  

where : 

GSP = the  q u a n t i t y  of :rain supply 

GST = t h e  volume of g r a i n  s tocks  



GSTM = changes i n  the grain stock / the  react ion 
of s tock/ ,  which can have a plus s ign as 
well as a minus one /stock increase o r  
stock decrease/ 

h = a parameter t o  express the l o s s  i n  
storage 

m = parameter t o  express the  economic 
purposes i n  connection w i t h  the volume 
of grain stocks /exogeneous parameter/ 

The quant i ty  of g ra in  ge t t i ng  i n t o  foreign-trade i s  cal- 
culated from the  di f ference between the  supply and demand. It 
means ne t  export o r  import depending on the  sign. The equil ib-  
rium of the quant i ty  t o  be exported o r  imported i s  created by 
the  equilibrium condition through the gra in  prices: 

where : 

GTR = the  quanti ty of gra in  export /or  import/. 

The equations of f e r t i l i z e r  sphere 

The level  of f e r t i l i z e r  demand / f e r t i l i z e r  consumption/ 
on 1 hectare cu l t iva ted  land is  expressed in the form of a 
function of gra in  y i e ld  so the fertilizer-consumption is  de- 
termined bas ica l ly  by the  gra in  y ie ld ,  bu t  the actual  degree 
of consumption depends on the pr ices  of f e r t i l i z e r  and grain ,  
as well as on t h e i r  r a t i o .  The f e r t i l i z e r  consumption may be 
calculated f o r  n u t r i t i v e s  separately o r  al l  together start- 
ing  from the constant r e l a t i o n  N : P205 : K20. 

/ t /  = FEDH k nk 

where : 

FEPRj = the world market pr ice  of f e r t i l i z e r  
f o r  n u t r i t i v e  j 



T F U  = the total fertilizer demand /consumption/ 
j from nutritive j 

n = multiplier rate for fertilizer consumption 
for non agricultural purposes. 

The available investment funds for fertilizer industry 
are defined by the rest from previous year, by the annually 
forming funds and by the capital export-import. The capital 
export and import should counterbalance. 

where : 

FINVA = the available financial investment funds 
for the fertilizer industry 

FINVli = the rest of financial funds from the 
previous year 

CAPTR = the quantity of capital export /or import/ 
for fertilizer purposes 

0 = coefficient to determine the ratio of 
capital export /only for the developed 
countries, exogeneous economic parameter/ 

The given annual actual volume of fertilizer industrial 
investments are calculated by functions. It is possible to 
give the minimum volume of investments pro nutritives and the 
maximum volume defined by the available Fnnds in the function. 
The actual investment volume as well as its combination pro 
nutritives may vary between the minimum and maximum values, 
making also possible the formation of the rest of funds. The 
investment volume between the minimum and maximum values de- 
pends on fertilizer prices of the previous year: 

FCIMI /t/ = P .  FEC /t/ 
jk ~k jk 



FECI jt/ = f / FCIMI / t /  / 
j k  

t/ FEPH; FINW% 
j k  ' /27/ 

F I N V ~ ~ /  = F I N V F ~ ~ I  - FECI jk  / t/ r jk  
j 

where : 

FCIMIj = t he  minimum investment volume from 
n u t r i t i v e  j 

FEC = f e r t i l i z e r  production capac i ty  from 
j n u t r i t i v e  j 

FECI = minirmun of volume from n u t r i t i v e  j 

P = c o e f f i c i e n t  t o  determine the  minimum 
j r a t i o  f o r  a u n i t  of investment 

/exogeneous parameter/ 

r 
j 

= c o e f f i c i e n t  de f in ing  t h e  c o s t  f o r  
a u n i t  of investment 
/exogeneous parameter/ 

~ e r t i l i z e r  production c a p a c i t i e s  a r e  annual ly updated by 
t h e  s e l e c t i o n s  because of amort izat ion and by t h e  investments 
from the  previous year. The u t i l i z a t i o n  of c a p a c i t i e s  depends 
on the  s t a r t i n g  value and the t rend  of u t i l i z a t i o n  and i t  i s  
a l s o  inf luenced by t he  f e r t i l i z e r  pr ices .  So t h e  f e r t i l i z e r  
production i s  c a l c u l a t e d  from the  c a p a c i t i e s  and from t h e i r  
u t i l i z a t i o n ,  t h e  c a l c u l a t i o n  does n o t  depend on r a w  material 
/ the  r a w  m a t e r i a l s  w i l l  no t  be l i m i t i n g  f a o t o r s  up t o  t h e  
yea r  2000, s e e  UNIDO I n t e r n a t i o n a l  Centre f o r  I n d u s t r i a l  
S tud ies  1977/. The f e r t i l i z e r  supply i s  received from t h e  
quan t i ty ,  t h e  l o s s e s  a r e  discounted: 

FEC jt/ = s FEC/~-'/ + FECI /t-I/ 
jk  jk  jk  

FECU It' = f / FECU jto/, t , FEPR /t/  / 
j k  j k  j 

FEP It/ = FEC It'. FECU /t/  + uk FEP /t-l/ 
j k  jk  j k jk  



where : 

FECU = capacity utilization by the production 
j of nutritive j 

FEP = fertilizer production from nutritive j 
j 

FESP = fertilizer supply from nutritive j 
S 

S 
j 

= amortization rate at the production 
capacity of nutritive j 
/exogeneous variable/ 

u = coefficient defining the ratio of other 
/not producted/ phosphates 
/exogeneous parameter/ 

v 
j 

= coefficient defining the losses by 
transport and storage of nutritive j 
/exogeneous parameter/ 

The net export as well as the import of fertilizers are 
calculated from the difference of supply and demand. The quan- 
tity of net export and import will be equal in consequence of 
the counterbalance condition. The counterbalance will be real- 
ized through the fertilizer prices, though they are influenoed 
by the exogeneous energy prices and by price supports. In 
order to receive the gross export-import data in the statis- 
tics and in UNIDO world model, the export within the indivi- 
dual country-groups should be added to the net export: 

FENTR It/ = FEsp /t / 
jk 

It/ - TFEDjk 
3k 

FEPR/~/ = f /FEPR /to/, FESUP~, BPR /t/ 
j j 

FEBTR /t/ = wjkFENTR /t/ 
jk jk 

where : 

FENTR = the net export /or import/ of 
j fertilizer from nutritive j 

FESUP = fertilizer price supports by 
j nutritive j 

/exogeneous economic variable/ 

EPR = price index of energy sources for 
fertilizer industry 
/exogeneous variable/ 



FEBTR = gross export /or  import/ of f e r t i l i z e r  
j from n u t r i t i v e  j 

W 
jk 

= coef f ic ien t  def in ing the  r a t i o  of 
export /import/ within country-groups 
/exogeneous parameter/ 

The model described here i n  a general form cons i s t s  of 
36 eqaations. The block of a country-group contains 65 equa- 
t i ons  taking i n t o  considerat ion the  4 food products and the  
3 f e r t i l i z e r  products. The model cons i s t s  of 124 equations i n  
the  case of 2 country-groups /developed and developing ones/ 
because the  equilibrium requirements and pr ice  equations oc- 
cur  only once. 

23 out of 65 equations of a country-group should be given 
i n  the form of a function the other  42 express only e i t h e r  
c e r t a i n  operations between the  var iables  o r  1-2 coe f f i c i en t s  
should be given only t o  the equation. 

There a r e  63 var iables  i n  the  equations of a country- 
group from which 57 a re  endogeneous var iables  and 6 exogeneous 
var iables  /population, GNP, energy-price index, f e r t i l i z e r  
pr ice  support/. There are  ye t  30 constant coe f f i c i en t s  i n  a 
country-group block which a re  not  changing i n  time, they a r e  
parameters expressed in exogeneous way, but the re  a r e  4 between 
them which a r e  economic policy parameters, t h a t  i s  why they 
should be defined i n  an a l t e rna t ive  way / the r e l a t i o n s  of in- 
vestments i n  GNP, the  r a t i o  of c a p i t a l  export,  the  object ives  
i n  connection wi th  gra in  stocks/. 

The quant i f i ca t ion  of the model 

The f i rs t  phase of our quan t i f i ca t ion  work w a s  the  col- 
l e c t i on  of s t a t i s t i c a l  time s e r i e s  f o r  the  years 1960-1975 con- 
cerning the  endogeneous and exogeneous var iables  of the  model 
with respect  t o  the developed and developing countr ies  and the 
world t o t a l  separately.  D a t a  were col lec ted f o r  individual  
countr ies  i n  the  f i e l d s  of the consumption of f e r t i l i z e r s ,  the 
y i e l d  of gra in ,  the  personal per c a p i t a  income and food con- 
sumption as wel l ;  we d id  it f o r  2-3 occasions within the  period 
of 15 years. 

The second phase w a s  the est imating of functions needed by 
the  model on the bas i s  of time s e r i e s  of the  period 1964-1974, 
i .e.  i t  w a s  based upon 11 years time sequences. I n  the  experi- 
mental period we had t o  consider severa l  types of a l t e rna t ive  
functions and variables.  Data from individual  countr ies  were 
applied f o r  the ca lcu la t ion  of functions expressing the  re la -  
t i o n  between the  consumption of f e r t i l i z e r s  and the  y i e ld  of 
gra in  as well a s  the  r e l a t i o n  between the  per c a p i t a  income 
and the food consumption. Two c r i t e r i a  were taken i n t o  conside- 
r a t i o n  when making our choice among d i f f e r e n t  a l t e rna t ive  func- 
t ions  : 



1. the function must reflect appropriately the factual 
values of the base period 1964-1974 

2. the function should result in a reasonable prognosis 
for the forecast period /by the substitution of data 
from advanced countries/. Accordingly, for example, 
the consumption of cereals, meat, milk and eggs were 
described by different types of functions in a proper 
way with regard to the developed or developing coun- 
tries. 

The third phase was the creation of simultaneous equa- 
tions on the ground of the functions previously described. 
The individual equations were grouped according to their 
blocks as well, i.e. whether they were contained by a recur- 
sive, a simultaneous or postsimultaneous ones. 

The fourth phase was meant by the estimation of factual 
values of the base period of 1965-1974 years with the help 
of all simultaneaus equations effecting as a simulator. It 
was carried out in the following way: first, the annual ones 
were calculated independently /started with the factual values 
of the previous year/ and this was followed by the calculation 
of the se uence of years /started with the factual values of 
1964 year?. The model was not applied for the purpose of prog- 
nostics until it has resulted in satisfactory estimation for 
the base period. 

The fifth phase was the application of the simulation 
model for prognostics of the years 1975-2000. 

Our greatest intention was to solve the model in simul- 
taneous way. At first we didn't succeed in the formation of 
price-equations being capable of providing dynamic counter- 
balance within the system for a long period of 25 years where 
conditions seem to vary too often. That was why the price- 
equations were neglected and simultaneous equations were 
solved in recursive way and the counterbalance was established 
by the final calculation of variants where some role was as- 
signed to the counterbalancing effect of grain and fertilizer 
stocks as well. The prognosis-alternatives A-E of the follow- 
ing chapter were based on recursive solutions of this type. 

Some simplifications were allowed compared with the pri- 
mary description of the model. As the program available for 
us was not able to operate with inequalities, limitations on 
the financial funds of investments in fertilizer industry as 
well as the capital export were disregarded. Because of the 
imperfectness of price equations the price support of ferti- 
lizers was not considered either. The lack of data concerning 
fertilizer production capacities made it impossible for us to 
define the degree of utilization as a function of price, thus 
the production capacity was handled in an exogeneous way. The 
forming export surplus /the quantity above import/ was con- 



sidered t o  increase stock i n  the  cases of grain and f e r t i l i -  
zer  and t h a t ' s  why gra in  stocks in the  case of increase di f -  
f e r  from the  ones i n  the computer output l i s t .  

The analys is  of the f i v e  scenarious resu l ted  i n  the  si- 
multaneous so lu t ion  as well ,  where the  pr ices  of f e r t i l i z e r s  
and gra in  a re  defined by the model. A s  respeets  the  r e s u l t s  
of the scenarios - except the  pr ices ,  they do no t  d i f f e r  es- 
s e n t i a l l y  from the  ones of the recurs ive  so lu t ions  and con- 
sequently, they w i l l  be represented only i n  the  folla of ex- 
aaples. 

ALTERNATIVE PROGNOSES 

The r e s u l t s  of our prognostic a c t i v i t y  w i l l  be presented 
i n  the following chapters  i n  the form of wr i t t en  evaluat ion 
and tab les  enclosared. I n  order  t o  i n t e r p r e t e  the  r e s u l t s  pro- 
per ly  some i n f o n a t i o n  i s  needed: 

1. The Grouping of Countries: The following countr ies  and 
t e r r i t o r i e s  were e n l i s t e d  i n t o  the  group of developed coan- 
t r i e s :  USA, Canada, Western-Enrope, Eastern-Europe, the  Sow- 
jetunion, Japan, the  South Sea Is lands  /Austral ia ,  New-Zealand 
etc. / .  The following continents  belong t o  the  cafegory of de- 
veloping countr ies  : A s i a  /except ~apan/, Africa,  Lafia-Bnerica. 
'PBus our grouping somewhat d i f f e r s  from fhe  standard regional  
groups of UNO but i t  seems t o  be more reasonable f o r  the per- 
pose of f e r t i l i z e r s .  The same categor ies  were used in Hr. 
 well's study /R. Ewe11 1976/ ae well. 

2. The Concept of Grain: A l l  kinds of gra in  crops a r e  un- 
derstood by the  concept of grain,  a l lenee  r eg i s t e r ed  and ac- 
cumulated by the  s t a t i s t i c a l  year-books of FAO. !Werefore food 
gra in  includes r i c e  as wel l ,  while feed gra in  contains maize; 
aad the  category of gra in  includes both food and feed grain.  

3. The Concept of F e r t i l i z e r s :  F e r t i l i z e r s  are n e a t  by 
t h e i r  e f f ec t ive  snbstanoe, according t o  t h i s  BT i s  fhe effec-  
t i v e  substance f o r  ni trogen,  P 0 f o r  phosphate mil K20 f o r  
potassium. 2 5 

4. The Character of Prognoses: our in ten t ion  w a s  t o  pro- 
vide a consis tant ,  so ca l l ed  "counterbalancingn prognosis i n  
each case. They a r e  i n  accordance with each o ther  from three  
points  of view /it i s  only p a r t i a l l y  trvle i n  the  case of 
scenario E/. They a re  as follows: 

- an accordance i n  time: the  prognosis s t a r t e d  w i t h  
da t a  from 1974-1975 years and i s  annually calcu- 
l a t e d  up t o  2000 year /however, r e s u l t s  a r e  pub- 
l i shed  f o r  every f i v e  y e a s  only/, 



- an accordance i n  place: prognoses considering the 
groups of developed and developing countr ies  are  
i n  accordance w i t h  regard t o  the  gra in  and f e r t i -  
l i z e r s  export and import, 

- an accordance i n  economic spheres: the  growth of 
population and the deve lopen t  of economy, the  
grain production and consumption, the  f e r t i l i z e r  
production and coasumption a r e  accorded with one 
another within the  country-groups. 

5 .  The Al ternat ives  of Prognoses: the  ca lcu la t ion  of 
prognoses w a s  c a r r i ed  out in some versions. The a l t e rna t ives  
a r e  connected with d i f f e r e n t  presumptions f o r  the  fu ture ;  one 
group of a1 t e rna t ive  presumptions i s  considered t o  f o w  one 
nscenar ion,  o r  one fu ture  nimagen. The r e s u l t s  of prognoses 
w i t h  the  f u r t h e r  scenarios a re  described i n  the  followings: 

Scenario A: a moderate growth r a t e  of population and economy 
and the  presumption of unchanged / f o r  the  year  
1976/ world market p r ices  of gra in  and f e r t i l i -  
zers .  

Scenario B: a more in tens ive  growth r a t e  of population and 
economy, a moderate r i s e  i n  world market p r ices  
of gra in  /1 % per year/. 

Scenario C:  a more in tens ive  growth r a t e  of population and 
economy, and the developing countr ies  increase 
t h e i r  cu l t iva ted  area. 

Scenario D: a more in tens ive  growth r a t e  of population and 
economy, the developed countr ies  have increased 
the g ra in  y ie ld  ins tead of inoreasing the  cul- 
t i va t ed  area ,  there  i s  a r i s e  i n  world market 
pr ices  of f e r t i l i z e r s  /2 $ per year/,  the  u t i l i -  
za t ion of productive capacity i s  increased t o  
some extent  as well. 

Scenario E: a more in tens ive  growth r a t e  of population and 
economy: higher g ra in  y ie ld  than i n  the  deve- 
loped countr ies ,  though the  e f f ic iency  of the 
u t i l i z a t i o n  of f e r t i l i z e r s  i s  reduced. 

One pa r t  of the individual  scenario-elements / l i k e  the  
growth of economy and population f o m s  a version of d i f f e r en t  
prognoses from the  point  of view of demand on gra in  /an in- 
d i r e c t  demand on f e r t i l i z e r s /  while the o ther  ones l i k e  the 
r a t e  of growth of cu l t iva ted  land and grain y i e ld s  do the 
same from the point of view of grain production /a d i r e c t  de- 
mand on f e r t i l i z e r s / ,  and the r e s t  / the world market pr ices  
of f e r t i l i z e r s ,  the  percentage of the u t i l i z a t i o n  of produc- 
t i v e  capacity/ operates from the  point  of view of f e r t i l i z e r  
production. 



The above scenarios r e s u l t  i n  an ever increasing f e r t i -  
l i z e r  consumption and according t o  t h i s  i n  an ever increasing 
f e r t i l i z e r  production as well. The f e r t i l i z e r  con~umption and 
production of Scenarios E and D have resohed the  l e v e l  fore- 
c a s t  i n  the  study of UNIDO /UNIDO In te rna t iona l  Centre f o r  In- 
d u s t r i a l  Studies 1976/. The t rade  of f e r t i l i z e r  between deve- 
loping and developed countr ies  dses not    how an inorease ac- 
cordingly t o  the  l e t t e r s  of the alphabet f o r  a g r e a t e r  extent  
of equalizat ion can be observed within t h e  country-groups be- 
tween f e r t i l i z e r  consumption and prsduction. 

The r e s u l t s  of prognoses belonging t e  the f i rs t  scenario, 
Scenario A w i l l  be discussed i n  d e t a i l s  so t h a t  t h e  way of 
ca lcula t ions ,  the  reasons f o r  the  r e s u l t s  could e a s i l y  be 
understood. When presenting the  r e s u l t s  of the rest of scena- 
r i o s  we s t reesed the  essence, the  d i f ferenae  among them, 
therefore  they a r e  discussed i n  a shor te r  way.  By the  end of 
evaluation a table w i l l  be given including the most charac- 
t e r i s t i c  fea tures  of prognoses belonging t o  the individual  
scenarios. 

Scenario A / ~ a s i c /  

It i s  characterized by a moderate growth of population 
and economy, unchanged world market prices.  

The Factors of Grain Consumption 

Taking i n t o  considerat ion the  number of population the 
basic scenario had the  lowest var iant .  T h i s  prognosis cor- 
responds t o  the  wmediuaH var ian t  defined by Population Divi- 
s ion of UNO i n  1975, and at  the  same time i t  i s  considered 
t o  be the  more reasonable one beeaolee the l a t e s t  prognosis 
published i n  Monthly Bul le t in  of FA0 i n  March, 1978 contained 
a var iant  c lose  t o  the above one. By t h i s  version, the  annual 
development r a t e  i n  developed countr ies  - 0,8 % i n  the  years  
1970-1975 - w i l l  be redxaced t o  0,6 5 By the  years  1995-2000, 
and the same i n  developing countr ies  w i l l  be reduced from 
2 ,3  5 t o  1,9 5. Accordingly, the t o t a l  population of the  
world w i l l  increase  from 4 mi l l i a rd  In 1975 u p t o  6,25 m i l -  
l i a r d  by the  year 2000. 

I n  the f i e l d  of the economic growth w e  had the lowest 
var ian t  again i n  the  bas ic  scenario. Thie var ian t  takes i n t o  
account the moderate r a t e  of growth of gross output /GNP/ 
f o r  each year. The annual r a t e  of growth i n  developed corn- 
t r i e s  - 5,3 % i n  the  years 1970-1975 - w i l l  be reduced t o  
3,8 % by the years  1995-2000, while i n  developing countr ies  
i t  w i l l  be reduced from 6 ,1  % t o  4,4 5. Accordingly, the gross 
output of the  world - i n  the value of 3886 mi l l i a rd  d o l l a r s  
i n  1975 - w i l l  be exac t ly  three-times more by the  year  2000 
/based upon the  value of d o l l a r  i n  1970/. 



"Individual consunption expensesn were considered t o  be 
the  per a a p i t a  income of the population. This name oecurs i n  
FA0 Commodity Project ion as w e l l .  Its r e l a t i o n  wi thin  GNP had 
a f a i r l y  aonstant value, 59 per cents  i n  developed aountr ies  
and 70 per cents  i n  developing countr ies  wi thin  the  period 
1965-1975. Theref o re  the  per capi  ta inaeme w a s  e a l eu l r t ed  
from these r e l a t i o n s  f ron  the  ac tua l  value of 6NP. The per 
c a p i t a  personal inoome w a s  deduoed by simple d iv i s ion  no t  con- 
s ider ing  the  i n t e r r e l a t i o n s  of the growth rate between the  
population and economy. Aacordingly, the  per c a p i t a  personal 
income w i l l  increase  from 1749 $ of the year  1975 t o  4274 $ 
by the  year  2000 i n  developed uotantr ie~,  w h i l e  i n  developing 
countr ies  from 155 $ up t o  319 $. With regard t o  the  great 
importanae of these  index-numbers some aerpariaons were made 
wi th  o ther  authorsp prognoses as well. Blakeslee-Heady- 
Framingham i n  t h e i r  p b l i c a t i o n  en t i t l ed :  "World Food Prodtao- 
t i on ,  Denaad and Traden /Iowa S t a t e  Univ., d r e s  1973/ provided 
t h e i r  prognoses f o r  96 oountries individually.  On the  bas i s  of 
t h i s  work the  index-numbers of personal income i n  the  a m e d i ~ w  
version r e l a t e d  t o  the  year 1960 a re  represented by the  fo l -  
lowing data i n  peroentage /with the exception of china/: 

1985 2000 

developed countr ies  235 345 

developing countr ies  165 213 

world t o t a l  186 249 

In the case of our prognosis these index-numbers - re- 
l a t e d  t o  the year 1960 - are  as follows: 

1985 2000 

developed countr ies  273 452 

developing countr ies  

world t o t a l  216 311 

According to  our prognosis, the growth r a t e  of personal 
income i s  more in tens ive ,  but the two kinds of prognoses do 
no t  d i f f e r  e s sen t i a l l y ,  both a re  acceptable. 

With the help  of the foreoast  values of personal income 
the  per c a p i t a  consumption of ce rea l s ,  meat, milk, and eggs 
were ca lcula ted i n  the recent  paper, We made use of the  con- 
sumption by quant i f ied  functions f o r  both oountry-groups and 
time se r i e s ,  



The consumption of ce rea l s  / including r i ce /  i s  reduced 
heavily i n  p a r a l l e l  w i t h  the increase of personal income: the 
consumption of 156 kg i n  1975 w i l l  become to  57 kg by 2000. 
Th i s  reduction may seem a b i t  extreme but i t s  r e a l i t y  i s  
proved by the f a c t  that the per c a p i t a  oe ra l s  coneamption i n  
the  USA, i n  1970 amounted t o  65 kg, v h i l e  the  per c a p i t a  per- 
sonal income w a s  approximately 3000 $. However, the  oerea l s  
consumption w i l l  increase  in the  developing countr ies  up t o  
the year 2000: the  consumption of 133 kg w i l l  amoaat up t o  
158 kg by 2000, the  r a t e  of chaages i s  aet extremely inten- 
s ive  but w i l l  increase  up t o  the  present  consumption rate by 
developed countr ies .  

The meat consumption increases  t o  a grea t  ex ten t  i n  the  
developed countr ies:  from the l eve l  of 79 kg i n  1975 up t o  
133 kg by 2000. This l eve l  of consup t ion  can be observed 
now only i n  Aus t r a l i a  and New-Zealand, but the one i n  the  
USA i s  c lose  t o  it. Meat consumptien even i n  the  developing 
countr ies  has an inoreasing tendency; i t  r i s e s  from the  an- 
nual volurre of 14 kg i n  1975 up t o  26 kg by 2000, though an 
important lag is  apparent compared wl th  the  one of the  deve- 
loped countr ies .  

The milk consumption /including milk products correspond- 
ing  i n  value t o  milk/ w a s  considerable i n  developed countr ies  
even i n  1975 - 333 leg per head - and this w i l l  i n c r e a e  up 
t o  426 kg per head by 2000. This consumption l e v e l  has been 
reached by some European countr ies  reoently,  f o r  example by 
the  Soandinavian c o m t r i e s :  Moreover, there  a r e  two oountr ies  
overcoming e s s e n t i a l l y  t h i s  consumption l eve l  / i n  Finland and 
i n  New-Zealand the  per  cap i t a  consumption of milk and milk 
products var ies  between 600-700 kg/. 

The egg consumption i n  developed countr ies  w i l l  increase 
from 13,4 kg i n  1975 up t o  20,4 kg per head by 2000. The egg 
consumption i n  the USA, New-Zealand and I s r a e l  i s  about t h i s  
level .  This consumption w i l l  increase from 2,4 kg i n  1975, up 
t o  4 ,2  kg by 2000 i n  developing countr ies .  

The per c a p i t a  /food and feed/ g ra in  consmption w a s  cal- 
cula ted  from the  consumption of the  four above mentioned food 
products by the following index-numbers taking i n t o  considera- 
t i o n  the  modificative e f f e c t  of changes i n  g ra in  prioes as 
well. /These index-numbers were dedaoed from the  f ac tua l  
values of the  years  1964-1974/: 

developed developing 
countr ies  

c e r e d s  1 9 1  1 9 2  

meat 2 9 1  390 
m i l k  097 192 
eggs 390 490 



In  developed countr ies  the per cap i t a  consumption of 
gra in  w a s  582 kg i n  1975; this w i l l  increase up t o  703 kg by 
2000 because of the r i s e  i n  gra in  demand. The gra in  consump- 
t i o n  i n  developed countr ies  increases from 249 kg i n  1975, 
up t o  354 kg by 2000. In  t h i s  way the  world t o t a l  consumption 
of gra in  i n  1975 - 341 kg - increaecbs up t o  391 kg by 1985 
and up to  427 kg by the  year 2000. Therefore our  prognosis i s  
i n  accordance with the  fo recas t  i n  Mr. Sanderson's study. 
This i s  shown by the  following comparison: 

World t o t a l  consumption of gra in ,  
kg per head 

1970 1985 2000 

Sanderson 333 392 450 

M6sz6ros, Scenario A 335 391 427 

The t o t a l  consumption is  calcula ted by the  multiplica- 
t i o n  of the  above values and the number of population. mere-  
fo re  the  world t o t a l  consumption of g ra in  was 1353 mil l ion 
metric tons i n  1975. This value w i l l  increase up t o  1883 m i l -  
l i o n  by the  year 1985 and 2672 mil l ion metrio tons by 2000. 
The ea t ina t ion  f o r  the  year 1985 is i n  correspondence with 
the  prognoses of o ther  sourues ava i lab le  f o r  us: 

World t o t a l  consumption of gra in ,  
mi l l ions  of metr ic  tons 

Sanderson 1894 

M ~ S Z & O S ,  Scenario A 1883 

It  should be noted t h a t  the above value of g ra in  consump 
t i o n  w a s  ca lcula ted on the basis of unchanged world market 
p r ices  from the year  1976 i n  the  bas ic  scenario. The average 
world market p r ice  of gra in  / the weighted average of wheat, 
r i c e ,  and maize, e tc . /  amounted t o  71 $ per ton i n  1970, i t  
increased s ign i f i can t ly  from the  year 1973 and i t  reached the 
maximum value of 170 $ per ton i n  1974 and decreased t o  a 
lower l eve l  by 1976. I n  accordance wi th  t h i s  the unchanged 
pr ice  f o r  t h i s  period had the  v a l ~ d  of 130 $ per ton. 



The Factors of Grain Production / f e r t i l i z e r  consamption/ 

The volume of cu l t iva ted  a rea  of the world amoanted t o  
1506 mil l ion hectares;  i t  w a s  increased by 85 mi l l ion  hec- 
t a r e s  i n  the  period of l o  years. The volume of au l f iva ted  
a r ea  i n  1975 w a s  assumed to  be muhanged in  developed ooan- 
t r i e s  i n  the  bas ic  scenario as previous ca lau la t ian  versions 
had shown t h a t  the  increase of the  volume of c a l t i v a t e d  a r ea  
would r e s u l t  i n  an e x t r a  surplus of grain - under the  condi- 
t i ons  of the  presumed growth r a t e  of population aad economy. 
On the  contrary we had t o  take i n t o  clceonnt the inareasing 
tendenuy of expanding the  ca l t i va t ed  laad  i n  developing coun- 
t r i e s  and t h a t  i s  why the  volume of cu l t iva ted  area of the  
world amounts t o  1893 mil l ion hectares  by the year  2000. Thfs 
valae doe8 not  approach t o  the volume of po ten t ia l  ou l t iva ted  
a r ea  of the  world amounting t o  310o-J600 mil l ign hectares  
/D. Norse 1976; J.De Hoogh, M.A. Keyzer, H. Liamemann, H.D.J. 
Van Heemst 1977/. This increasing r a t e  of cu l t i va t ed  a r ea  i s  
f i x ing  the  9 , s  $ of the  investment funds of na t iona l  economy. 
The cos t  of taking i n t o  cu l t i va t ion  per hectare amounts t o  
1200 $ /Go Galoppin 1974/. 

The proportion of gra in  land t o  the t o t a l  volume of cul- 
t i va t ed  land is  described in the model by equations which de- 
f ined the given annual proportion of grain land and gra in  
p r ices  f r o a  the  previous year. A s  the  g ra in  pr ices  were pre- 
sumed t o  be constant  ones i n  the  bas ic  suenario, consequently, 
the proportion of gra in  land increased only very l i t t l e ;  i n  
developed countr ies  the  growth r a t e s  are: 44 5 i n  1975 and 
46 % by 2000; while i n  the  case of developing countr ies:  54 % 
i n  1975 and 53 % by 2000. 

By ca lcu la t ing  gra in  y ie lds  the  continuation of tenden- 
c i e s  having t h e i r  v a l i d i t y  f o r  the  years  1964-1974 waa o& 
served i n  the  fo recas t  period i n  our basio scenario. In de- 
veloped countr ies  the  ,growth of gra in  y i e ld  i s  14,4 kg, and 
i n  addit ion 1 3  kg annual trend e f f e c t  w a s  oa lcula ted f o r  the 
increase of 1 kg mixed f e r t i l i z e r  e f f ec t ive  substance, while 
i n  developin countr ies  the e f f ic iency  of f e r t i l i z e r  applica- 
t i o n  w a s  13, % kg, and the annual t rend a f f e c t  arncunted to  
8 kg. Thus the g ra in  y i e ld  i n  developed eountr ies  w i l l  in- 
crease from 2,25 tons per hectare i n  1975 up t o  3,85 tons per 
hectare by the year 2000, and i n  developing oountr ies  i t  w i l l  
increase f roa  1,53 %ens up t o  2,50 tons r heetare. The prog- 
nosis  i n  M r .  h e l l ' s  study /B. W e l l  197 r' / somewhat d i f f e r s  
from the  above mentioned valae bectanse i n  h i s  opinion the  
g ra in  y i e ld  w i l l  be 5,2 tons per heotare By the  year  2000 and 
the  value of 3,67 tons per heatare rill be reached by 1985 as 
t o  the  developed countries.  This has only l i t t l e  probabi l i ty  
according t o  the present  trend, a l l  the aore  becamse there  
a re  only 7 years l e f t  up  t o  the  year  1985. In ease of deve- 
loping countr ies  M r .  Ewe11 seems t o  have a pess imis t ic  prog- 
nosis ;  they w i l l  reach the valae of 1,97 tons per hectare  
only by the year 2000. 



The t o t a l  g ra in  production of the  world 1ncrease.s above 
the  doubled value of the one i n  1975 by the year  2000. The 
estimated v o l u e  of gra in  production i s  e s s e n t i a l l y  more than 
the  one i n  Mr. E3rel19s prognosis, who presented an e s s e n t i a l l y  
lower proportion of grain land: 

World t o t a l  gra in  production, 
mi l l ion metric  tons 

1980 1985 1990 1995 2000 

~ d s z i r o s ,  Scenario A 1678 1914 2173 2469 2817 

The gra in  production forecas t  by us makes possible f o r  
the  t rade  of g ra in  t o  develop i n  a proper manner. The ne t  
/between developed and developing countr ies/  gra in  export 
and import respect ively ,  w i l l  increase from 49 and 43 n i l -  
l i o n  tons i n  the year  1975 up t o  216 mil l ion tons by the  year 
1995, and it w i l l  decrease a l i t t l e  - i n  uonnection wi th  the  
growth r a t e  of g ra in  produution i n  developing countr ies  - by 
2000. 

Besides, the fo recas t  gra in  production gra in  stocks w i l l  
increase s i g n i f i c a n t l y  i n  developed uountries as well ,  Though 
the  e a r l i e r  high l e v e l  of stock w i l l  be reached by 1990 only, 
i n  the  following decade stouks w i l l  have a considerable in- 
crease amounting t o  644 mil l ion tons by the  year  2000. This 
represents  the  two-thirds of the annual consumption i n  deve- 
loped countr ies ;  t h i s  volume of s tock is  euf f io ien t  f o r  8 
months and thus i t  contr ibutes  t o  the  s a fe ty  of food provi- 
s ion  f o r  the  world s ign i f ican t ly ,  The stock i n  developing 
countr ies  seems t o  be unchanged and on a low l e v e l  which can 
be understood because of t h e i r  import demand. 

The f e r t i l i z e r  consumption per hectare was calcula ted 
i n  the model from quant i f ied  functions on the b a s i s  of fac- 
t u a l  values i n  the  period 1964-1974. In  these  functions the 
value of f e r t i l i z e r  consumption per hectare i s  deduced from 
the  r e l a t i o n  of g ra in  y ie ld  t o  the  f e r t i l i z e r  g ra in  pr ices  i n  
the  case of each nu t r i t i ve .  I n  order  t o  reach increase  i n  
1 ton of g ra in  y i e l d  the  following quan t i t i e s  of e f f ec t ive  
substance were needed i n  developed countr ies:  27,o kg N, 
11,5 kg P 0 and 1 3 , s  kg K20; i t  t o t a l s  up t o  52 kg mixed ef- 

2 5 
f ec t ive  substance. A s  the l eve l  of s ignif icancy of the coef- 
f i c i e n t s  w a s  very high and the e a r l i e r  ca luula t ions  based on 
data from individual  countr ies  d id  not  resu l ted  i n  e s s e n t i a l  
non-linear e f f e c t s ,  these coe f f i c i en t s  of f e r t i l i z e r  demand 
were applied f o r  the  period of prognosis i n  the bas ic  version. 
According to  our prognoses the  appl ica t ion of mixed e f f ec t ive  
substance w i l l  increase  from the  annual value of 92 kg per 



hectare i n  1975 up t o  164 kg per heotare by 2000, the  1:0,65:64 
NPK-relation w i l l  change i n t o  a 1:0,56:0,57 one on developed 
countries.  Thus the appl ica t ion r a t i o  of n i t rogen w i l l  increase. 
In  developing countr ies  the  annual appl iea t ion of e f f ec t ive  
substance w i l l  increase from 25 kg per hectare i n  1975 up to  
80 kg per hectare by 2000; the  annual WPg-relation 1:0,39:0,23 
w i l l  change i n t o  1:0,42:0,26. 

The t o t a l  f e r t i l i z e r  consumption w i l l  be the  following 
t a k i n t  i n t o  account the  above-mentioned values. The world con- 
sumption of ni trogen w i l l  increase from 40 mi l l ion  tons i n  
1975 up t o  110 mi l l ion  tons by 2000; the  world consumption of 
phosphate w i l l  increase  from 23 mi l l ion  tons up t o  54 mi l l ion  
tons and, potassium from 20 mi l l ion  tons up t o  45 mi l l ion  tons. 
I n  the  study of UNIDO OR f e r t i l i z e r s  /UISIM) In te rna t iona l  
Centre f o r  Indus t r i a l  Studies  1976/ aa e r a e n t i a l l y  higher fer -  
t i l i z e r  consumption w a s  foreoast :  165 mi l l ion  tons s f  ni trogen,  
76 mil l ion tons of phosphate and 66 mi l l ion  tons of potassium. 
On one hand t h i s  surplus can be explained by t h e i r  presuming 
a non-linear /quadratic/  r e l a t i o a  between the nnmber of popu- 
l a t i o n  and the  f e r t i l i z e r  uonsumption. On the o the r  haad, the  
comparison with the  values of Mr. Ewall'e study s h w s  that the 
di f ference  comes r a t h e r  from the  d i f f e r e n t  fe reoaa t  grain 
y ie ld  than from the  d i f f e r e n t  r e l a t i o n  of f e r t i l i e e r  grain. 
Thi s  can be observed mainly i n  the  u u e  of develsped countr ies .  
He has forecasted the  volune of g ra in  y i e l d  recrcrhea by the  a p  
p l i aa t ion  of f e r t i l i z e r  fo recas t  f o r  1985 as we d i d  f o r  the  
year  2000: 

Grain y i e l a  bT P2°5 K2° 

tons per appl ica t ion 
hectare  kg per hectare 

Ewell, 1985 
Developed countr ies  3,67 76 42 42 

MBSZB;~OEI, 2000 
Developed countr ies  3,85 77 43 44 

It m a t  be mentioned t h a t  reaching the  value of g ra in  
y i e l d  3,67 tons per hectare by the  year  1985 seems t o  be c r i -  
t i c a l  according t o  the  values of the  l a s t  15 years.  

In order  t o  have more p o s s i b i l i t i e s  f o r  comparison the  
prognosis of Blakeslee-Heady-Framingham w i l l  a l so  be presented. 
This one does not  oontafn values concerning Cbina. However, 
even including these data t h i s  prognosis approaches t o  our one: 



F e r t i l i z e r  consumption i n  2000, 
mi l l ion tons 

Version A Version B 

/2: 1:l NPK r e l a t i on /  /1: 1: 1 NPK r e l a t i on /  

Developed 
countr ies  45,5 32,s  2 8 , l  36,5 37,3 32,7 

Developing 
countr ies  1 2 , 2  6,7 4,9 10,7 7 ,5  5,7 

World t o t a l  57,7 39,5 33 , l  47,2 44,s  38,4 

It must be noted here as well t h a t  the ca lcu la t ion  of 
f e r t i l i z e r  consumption w a s  c a r r i ed  out  assuming unchanged 
world market pr ices  of f e r t i l i z e r s  from 1976 on, i n  the  basic 
scenario. F e r t i l i z e r  pr ices  between 1973-1975 had the  same 
pr ice  r e l a t i ons  as gra in  pr ices ,  and they reached the normal 
l eve l  by 1976. From t h i s  time on we calcula ted the  following 
pr ices  of e f f ec t ive  substance: 250 $ per ton i n  the case of 
nitrogen, 200 $ per ton with phosphate and 120 $ per ton w i t h  
potassium. 

The Factors of Production and Trade of F e r t i l i z e r s  

The f e r t i l i z e r  productive capacity. Values of the  pro- 
ductive capac i t i es  of f e r t i l i z e r s  f o r  1'975 w i l l  be published 
on the  bas is  of data of Commission on F e r t i l i z e r s  /~ormnission 
on F e r t i l i z e r s  1976/, w i t h  the exception of phosphate where 
the  values of the wet process are included only. 

The productive capac i t i es  of 1975 year were increased by 
the  investments and decreased by 3 fb value of annual amorti- 
zat ion r a t e  i n  the  period of prognosis. The volume of invest- 
ments i s  described i n  the  model by equations ca lcu la t ing  the 
given annual volume of investments as a function of the volume 
of investments and the f e r t i l i z e r  pr ices  from the  previous 
year. These functions were quant i f ied  on the bas i s  of f ac tua l  
values of the period 1964-1974. The world market pr ices  of 
f e r t i l i z e r s  - as we have mentioned before - are  unchanged 
i n  the basic scenario but  compared with the  period 1964-1974 
they a r e  on a higher level .  Thus both i n  the developed and de- 
veloping countr ies  a gradual deve lopen t  of productive capa- 
c i t i e s  takes place i n  the case of a l l  3 n u t r i t i v e s  i n  the  
period of prognosis. The ni trogen productive capacity of the 
world w i l l  increase from 75 mil l ion tons i n  1975 up t o  131 
mil l ion tons by the  year 2000, the  phosphate productive capa- 



c i t y  from 48 mil l ion tons up t o  68 mil l ion tons and the  potas- 
sium one from 31 mi l l ion  tons up to  75 mi l l i en  tons. The deve- 
lopment of f e r t i l i z e r  produofive capac i t i es  had the  following 
values of the estimated investment funds of t h e i r  economy i n  
the  period 1964-1974: 0,8 76 i n  develop.& csunt r ies  and 2,3 % 
i n  developing ones. Concerning these r e l a t i ons  in  the  period 
of prognosis, the re  i s  some shortage in f i a u c i a l  funds i n  
the first 6 years ,  but later on a eoneiderable resithe is  
formed from the  inveetment funds of f e t t i l l a e r  industry. This 
w i l l  mean the accumulation of funds of 9-10 years  by 2900 /it 
means i n  the  form of investment costar looo # per ton f o r  n i t  
rogen, 600 $ per ton f o r  P 0 and 200 $ per ton f o r  It20/. 2 5' 

The s a t i s f a c t i o n  of a r e l a t i v e l y  low l e v e l  of f e r t i l i z e r  
oonstmption of the  bas ic  suenarlo needs oaay a r e l a t i v e l y  low 
productive capauity u t i l i z a t i o n .  The #-probuotive oapaeity 
u t i l i z a t i o n s  reaoh 86 $ in developed countries and 83 i n  de- 
veloping ones by 2000. There i s  a l ~ w e r  rate of phosphate ca- 
paci ty  u t i l i z a t i o n :  80 $ aad 78 $ respectively.  The u t i l i z a -  
t i o n  of potassinm productive capaci ty  seema t o  be 66 4$ in  de- 
veloped countr ies  a d  97 k i n  developing ones /assuming a con- 
s t a n t  oapaeity u t i l i z a t i o n  i n  c a m  of getasslum, and an in- 
creasing one i n  cases of nitrogem snd phsaphafe/. 

F e r t i l i z e r  produotion is  determined by the  ex ten t  end 
u t i l i z a t i o n  of productive capaci t ies .  In ease  of phosphate 
t he  produotion of r a w  phosphate i s  added. The coot  of i t s  
d i r e c t  appl ica t ion shares  4,5 % of the  appl ica t ion of f in ished 
phosphates i n  developed countr ies  and 6 $ i n  developbag ones. 
In  t h i s  way the N-production of t he  werld w i l l  inorease from 
42 mil l ion tons i n  1975 up t o  112 mi l l ion  tons by 2000, t h a t  
i s  almost th ree  t i n e e  more. The phosphate preduction w i l l  in- 
orease from 24 mi l l ion  tons i n  1975 up t o  56 mi l l ion  toas ,  
and the  potassium produotion from 20 mi l l ion  tons  up t o  50 
mi l l ion  tons by the  year  2000. The inorease i n  prodaation 
amounts t o  2,5 times i n  cases of phosphate rand potassitam. The 
volume of world f e r t i l i z e r  production equals ap?rolrPmately 
the  one of consumption, 

The ne t  export/import of f e r t i l i z e r s  can be caloula ted 
as the di f ference  between the  oonsumption and pi-oduction of 
f e r t i l i z e r s  i n  a given country-group reducing the  losses.  I n  
case of nitrogen 5,4&, phosphate 4,3 q& and potassium 8 ,3  $ w a s  
the  l o s s  and the  u t i l i z a t i o n  f o r  o ther  purposes ca lcula ted on 
the  bas i s  of data obtained from FAO, The necess i ty  of equal- 
i t y  of ne t  export-import /between the  country-groups/ w a s  
prescribed, and the  stock was increased by the occasional sur- 
plus. Thus the ne t  export of ni trogen w i l l  increase  from 4,6 
mil l ion tons i n  1975 up t o  28, l  mi l l ion tons by 2000, 1.e. 
t he  measure of increase  i s  above six times. The n e t  export of 
phosphate increases  more slowly, from 1,9  mil l ion tons up t o  
6,7 mi l l ion tons. The ne t  export of pot-sium shows a dynamic 
increase of 13,6 mi l l ion tone as well by the  year  2000. 



The gross export-import of f e r t i l i z e r s  involves the  trade 
between the individual  country-groups as well. These values 
were deduced from n e t  export-import by est imating tbe net- 
gross r e l a t i o n s  and t h e i r  t rends i n  t he  period of 1964-1974 
years and were used as a basis  f o r  t he  period of prognosis. 
Gross values first of a l l  i n  developed oountr ies  d i f f e r  es- 
s e n t i a l l y  from n e t  ones f o r  there  is a considerable t rade  ac- 
t i v i t y  among the  countries.  In the group of developed corul- 
t r i e s  first of a l l  the  export of petaseium is s i g n i f i c a n t  i t  
t o t a l s  up t o  six times more than the  volume of i t s  n e t  export, 
The gross export of ni trogen and phosphate t o  some extent  over- 
comes only the  values  of n e t  export. 

Certain quant i ty  of f e r t i l i z e r  stoak has been acuumulated 
while c o ~ t e r b a l a n c i n g  dynamically between the  n e t  export- 
import and the consumption and production among the  individual  
country-groups, Its volume i s  no t  oonsiderable; i t  w i l l  amount 
t o  the  value of one year 's  production by 2000 i n  developed 
countries.  

Scenario B 

I t  i s  characterized by a more in tens ive  growth r a t e  of po- 
pula t ion and economy, and a r i s e  i n  world market p r ices  of 
grain,  

In  the case of the number of population the  *intensivet t  
growth r a t e  w a s  defined as a s l i g h t l y  decreasing one i n  deve- 
loped countr ies  /from 0,8 % t o  o,75 %/ and as a constant  one - 2,4 $ per year  - i n  developing uountries. Thus the  popula- 
t i o n  of the world would have an increase from 6,25 m i l l i a r d  
inhabi tants  ca lcula ted i n  the bas ic  scenario up t o  6,52 m i l -  
l i a r d  inhabi tants  by the year  2000. 

The growth r a t e  of economy w a s  considered t o  be "inten- 
s iven  when the  rowth r a t e  of GNP had a constant increase 
amounting t o  5 i n  developed countr ies  and t o  6 $ i n  deve- 
loping ones, 

f 
According t o  the previous presumptions a change can be 

observed by the year 2000 i n  per c a p i t a  personal incoae as 
it follows: 

Scenario A Scenario B Index 

Developed countr ies  4274 4896 115 

Developing countr ies  319 367 115 

The expected g rea t e r  demand on gra in  was supposed to  
counterbalance w i t h  gra in  production by the r i s e  i n  world 
market p r ices  of gra in ,  A n  annual 1 per cent  of r i s e  i n  



pr ices  w a s  presumed, thus the pr ice  of gra in  i n  1976 - 130 $ 
per ton - amounted t o  165 $ per ton by 2000. 

The more in tens ive  growth r a t e  of population and euonomy - i n  s p i t e  of the r i s e  i n  world market p r iees  of g ra in  - re- 
su l ted  i n  an increase  of the world t o t a l  consumption of gra in  
by 2000; i t  increased from 2672 mi l l ion  metric  tons of the  
bas ic  scenario up t o  2889 mil l ion metric tons. 

Under the inf luence of an in tens ive  growth r a t e  of eco- 
nomy and a r i s e  i n  pr ices  of grain,  the  production of g ra in  
increases  too, as a r e s u l t  of a moderate increase  i n  g ra in  
y i e ld  and i n  the  r a t e  of cu l t iva ted  area. l%erefore the  t o t a l  
world gra in  production w i l l  increase from 2817 mi l l ion  metric 
tons of the bas ic  scenario t o  2975 mil l ion metric  tons. 

The more in tens ive  gra in  production causes an increase 
i n  f e r t i l i z e r  consumption by 2000 as well /mil l ion tons of 
e f f ec t ive  substance/: 

Scenario B 115 56 48 

This r a t e  of f e r t i l i z e r  consumption can be s a t i s f i e d  by 
the  productive capac i t i e s  and the percents of u t i l i z a t i o n  men- 
tioned i n  Scenario A, and only the  accumulation of f e r t i l i z e r  
s tocks have a moderate increase. However, the increase  i n  fer- 
t i l i z e r  consumption w i l l  lead to  a f u r t h e r  increase i n  n e t  ex- 
port-import of f e r t i l i z e r s .  I n  case of ni trogen i t  w i l l  reach 
31,6 mil l ion tons, i n  case of phosphate 8,3 mi l l ion  tons and 
i n  case of potassium 1 5 , l  mi l l ion tons by the  year  2000. Na- 
t u r a l l y ,  the values of gross export w i l l  increase accordingly. 

Scenario C 

I t  can be characterized by a more in tens ive  growth r a t e  
of population and economy, an increase of cu l t iva ted  a r ea  even 
i n  .developed countr ies .  

Presumptions concerning population and eoonomy are  the  
same as i n  Scenario Be 

The counterbalance of gra in  production and consumption i s  
intended t o  be r ea l i zed  by the  increase of cu l t i va t ed  a rea  
even i n  developed countr ies  and not by the  r i s e  i n  world market 
p r ices  of grain. Cult ivated a rea  i n  dsveloped countr ies  in- 
creased from 658 mi l l ion  hectares i n  1964 up t o  694 mil l ion 
hectares  by 1974. This increase ef  cu l t iva ted  a rea  f ixed  ap- 
proximately 0,8 per cents  of the  anuual investnent  funds of 
nat ional  economy. Only the  hal f  of this value w a s  accepted 



i n  Scenario C f o r  the  period of prognosis, thus t h e i r  c u l t i -  
vated a rea  w i l l  amount t o  804 mil l ion hectares by 2000. 

The increase of cu l t iva ted  a rea  r e s u l t s  i n  a higher pro- 
duction of gra in  than the  r i s e  i n  grain pr iaes  i n  Scenario Be 
The world t o t a l  production of gra in  amounts t o  3049 mil l ion 
metric  tons by 2000. 

Accordingly, gra in  stocks w i l l  a l so  increase consider- 
ably i n  developed countr ies ,  e spec ia l ly  during the  following 
l o  years. This w i l l  increase up t o  1149 mil l ion tons by 2000, 
t h a t  i s  t o  more than one year 's  grain aonsumption of the de- 
veloped countr ies .  

This causes an increase i n  the  world t o t a l  consumption 
of f e r t i l i z e r s  up t o  the following values /million 
tons e f fec t ive  by 2000 year. 

Scenario A 110 54 45 

Scenario B 115 56 48 

Scenario C 120 59 50 

In  order  t o  s a t i s f y  t h i s  r a t e  of f e r t i l i z e r  consumption, 
the  u t i l i z a t i o n  of N productive capac i t i es  should be increased 
i n  developed countr ies  i n  r e l a t i o n  t o  Scenarios A and B reach- 
ing  88 per cents  of the  u t i l i z a t i o n  by the  year 2000. 

The values of n e t  export-import of f e r t i l i z e r s  can be 
found between the fo recas t  values of Scenarios A and B. 

Scenario D 

It can be characterized by a more in tens ive  growth r a t e  
of population and economy, a more in tens ive  grain yield.  

Presumptions concerning population a re  the same as i n  
Scenario B. 

The counterbalance of g ra in  production and consumption i s  
assumed t o  be r ea l i zed  by a more in tens ive ,  f a s t  growth r a t e  
of grain y i e ld  i n  developed aountr ies  i n  r e l a t i o n  t o  t h e  basic 
scenario /but ne i the r  by increasing the  cu l t iva ted  area,  nor 
by a r i s e  i n  world market pr ices  of grain/. For t h i s  purpose 
the parameter of f e r t i l i z e r  e f f ic iency  w a s  l e f t  unchanged but 
the  trend-coefficient w a s  given a higher value, namely an an- 
nual increase of 27 kg ins tead of 13 kg supposing a f a s t e r  
wide-spread use of s c i e n t i f i c  aohievemenes. /The value of 



27 kg w a s  ca lcula ted from the r e s u l t s  of ana lys i s  of re la-  
t i ons  i n  each country./ It r e su l t ed  i n  a possible m a x i m u m  
growth rate of gra in  y i e ld ,  nauely, the  y i e ld  of 5,2 tons per 
hectare - t h a t  i s  Ewell's ca lcu la t ion  - can be reached 3-4 
years e a r l i e r .  

Grain y i e ld  i n  developed countr ies  
/ tons per hectare/  

1980 1985 1990 1995 2000 

Scenario A 2179 J907 3,33 3,59 3,85 

Scenario D 3,48 4,06 4,57 5906 5,54 

This f a s t  increase  in y ie ld  - supposing an unchanged 
proportion of a rea  - oanses a higher Inorease i n  g ra in  pro- 
duction oompared with the ones of o ther  eoenarios. !Phe world 
t o t a l  production of g ra in  is supposed t o  amount t o  3321 m i l -  
l i o n  metria tons by 2000 year leading a l so  t o  a aonsiderable 
increase i n  gra in  stook i n  developsd aountr ies .  Grain stocks 
s u f f i c i e n t  t o  s a t i s f y  the  demand on gra in  f o r  8 yeara are 
supposed t o  accumulate i n  developed countr ies  by 2000. This 
can be accepted as a reasonable thing only i n  t h a t  case i f  
the  g rea te r  pa r t  of i t  would be d i s t r fba t ed  to  the  developing 
countr ies  i n  the  form of an ass i s tance  i n  the  period of 
1976-2000 years /above the  consumption defined on the  bas i s  
of income/. 

Considering f e r t i l i z e r  consumption i t s  l e v e l  approxima- 
t e l y  equals the one estimated i n  the study of UNIM): 

F e r t i l i z e r  consumption of 
the  world i n  2000 

/mil l ion tons of 
e f f ec t ive  substance/ 

M B S Z ~ O S ,  Scenario D 137 64 57 

I t  must be noted t h a t  the  consurmption l e v e l s  per hectare 
are approaohing t o  each other  as f a r  as the  ou l t iva ted  area 
estimated by Ewe11 i s  used f o r  referenee basis .  

I n  order t o  s a t i s f y  t h i s  levul  of f e r t i l i z e r  consumption 
an annual r i s e  of 2 per cents  w a s  neeaed i n  t h e  world market 
p r ices  of f e r t i l i z e r s .  Therefore the  following p r i ce s  a r e  ex- 
pected by 2000: the  p r ice  of ni trogen a a t o ~ t s  t o  402 $ per 



tons, the same w i t h  phosphate w i l l  be 322 $ per tons and w i t h  
potassium it increases  up t o  193 $ per  tons. These pr ices  a r e  
almost equal the f ac tua l  ones of 1975. 

Besides, a more e f f ec t ive  u t i l i z a t i o n  of productive capa- 
c i t i e s  i s  a l so  required. The world average of capaci ty  u t i l i -  
za t ions  amounts to  97 O/a f o r  ni trogen,  86 $% f o r  phosphate and 
76 $ f o r  potassium by the  year 2000. 

Under these conditions the world t o t a l  production of fer-  
t i l i z e r s  a r e  a s  follows by the year  2000: 143 mi l l ion  tons of 
ni trogen,  68 mi l l ion  tons of phosphate, 73 mi l l ion  tons of 
potassium. 

With regard t o  the f a c t  t h a t  the  f e r t i l f z e r  production 
i n  developing countr ies  i s  approaching more c lo se ly  to  the  in- 
crease i n  consumption i n  this  scenarfo, lower values f o r  the 
ne t  axport-import of f e r t i l i z e r s  t h a t  i s  lower values f o r  the  
t rade  between the developing and developed oountr ies  can be 
defined as the ones i n  the  above scenarios.  Moreover, t h i s  
scenario r e s u l t s  i n  a moderate decrease i n  n e t  export-import 
f o r  phosphate. 

Scenario E 

I t  can be characterized by an in tens ive  growth r a t e  of 
population and economy, a f a s t e r  increase i n  g ra in  y ie ld  and 
some decrease i n  the  e f f ic iency  of f e r t i l i z e r  appl ica t ion i n  
developed countr ies .  

Presumptions f o r  population and economy a re  the  same a s  
I n  Scenario B. 

The gra in  y i e ld  of developed countr ies  w a s  ca lcula ted 
a l s o  by the trend-coefficient  of 27 kg annually, but consider- 
ing  the higher gra in  y i e ld s  and the r a t e  of f e r t i l i z e r s  res- 
pect ively,  the  e f f i c i ency  of f e r t i l i z e r  appl ica t ion w a s  re- 
duced: a value of 10,8 kg f o r  ef f ic ienuy of f e r t i l i z e r  appli- 
ca t ion  w a s  accepted, t ha t  i s  the 75 % of the basic coeffi-  
c ien t .  In  accordance with t h i s  f a c t  the  quant i ty  of nu t r i -  
f i v e s  needed f o r  1 ton of gra in  y i e ld  w a s  increased by 25 per 
cents  i n  equations /System Control Inc. 1977/. The decrease 
i n  the e f f ic iency  of f e r t i l i z e r  appl ica t ion c a s e d  a somewhat 
lower gra in  y i e ld  than the  one i n  Scenario D: 5,14 tons by 
2000. This value approximately equals the  value estimated by 
Ewell. 

Accordingly, a lower l eve l  of accumulation of gra in  
s tocks  can be observed than i n  Scenario D, equal l ing the  con- 
sumption of 5-6 years  i n  developed countr ies  by 2000. 

The decrease in the  e f f ic iency  of f e r t i l i z e r  appl ica t ion 
causes a fu r the r  increase i n  the l eve l  of f e r t i l i z e r  consump- 



t i on  in developed countries i n  s p i t e  of a lower l eve l  of grain 
yield. Thus the world t o t a l  consumption of f e r t i l i z e r s  can be 
shown i n  the followings i n  the year 2000 /million tons of ef- 
fec t ive  substance/: 

~Bsz&os,  Scenario D 137 64 57 

Scenario E 152 70 65 

Thie value of f e r t i l i z e r  consumption approaches the aos t  
t o  the one i n  the prognosis s f  UNIDO. 

From the point of view of f e r t i l i z e r  production no per- 
f e c t  counterbalance has been real ized by the application of 
t h i s  model - nei ther  applying the reoarsive nor the simul- 
taneous eimulations -, despite calculating a high r a t e  of 
oapacity u t i l i z a t i o n  in the case of Soenario D, moreover, the 
world market prices of phosphate aail potassium have been in- 
oreoeed not by 2 but by 3 per aento annually i n  the oaee of 
the reoureive simulation. 

Naturally, t h i s  does not lead t o  the rant  t h a t  the fer- 
t i l i z e r  aonsumption of Scenario h: eannot be satisfies at al l ;  
it i e  impoesible only considering the presumptiens of the 
model. In developed countries the produetion of 112 mill ion 
tons of nitrogen i n  2000 i s  satisfat i tory f e r  t h e i r  oola oon- 
sumptione, but i t  is not suf f ic ien t  f o r  the s a t i a f w t i o n  of 
import demaad i n  developing oountries. It i e  on the oentrary 
i n  the case of phosphate beoanse the trade between the two 
oouatry-grape has an opposite direction:  developiug countries 
produoe more phosphate than it is required f o r  their own needs 
and they cover the demand on phosphate of developed coantries. 
Some eurplue of potassium i s  produoed i n  these countrieeo In 
order t o  coaaterbalenoe f i r s t  of all the imarease of invest- 
ments i n  N productive capaoit ies would be needed both i n  de- 
veloped countries and i n  developing ones. It i s  required In 
the f o r r  of cap i t a l  export of the l a t t e r .  

Simultaneous Solut ions 

The r e s u l t s  of simultaneous solutions hardly d i f f e r  from 
the ones of recursive solutions. A more s igni f icant  difference 
can be observed i n  the case of var iants  having some influence 
on the counterbalance; these a re  the prioes, the stocks, and 
the values of export-import. That i s  why these da ta  w i l l  be 
published f o r  Scenarios A, D, E. 



In  a l l  three  scenarios a tendency of decre~se can be 
shown in the  case of the  world market p r ices  of grain.  This 
i s  i n  acaordance w i t h  the  accumulation of gra in  stocks i n  de- 
veloped countr ies  / the  export surplus of developed countr ies  
was considered to  increase stocks/.  The decreasing pr ices  of 
g ra in  had no p o s s i b i l i t y  t o  prevai l  the  accumulation of stocks 
/ t h a t  is t o  provide a perfect  counterbalance of g ra in  export- 
import/ because i t  i s  caused wholly o r  p a r t i a l l y  by external  
f ac to r s  / the  increases  i n  cu l t i va t ed  area,  i n  yield/ .  The 
decrease i n  p r ices  reaches i t s  highest  value i n  t h a t  scenario 
where there i s  the  g rea t e s t  a c c m l a t i o n  of g ra in  stocks / i n  
Scenario D the  g ra in  pr ices  w i l l  decrease t o  88 $ per ton by 
2000, and the  g rea t e s t  extent  of acuumulation of world t o t a l  
g r a in  stocks can be observed, namely, 4386 mi l l ion  tons. Com- 
pared with the  recurs ive  solut ions  there i s  an e s s e n t i a l l y  
lower accumulation of gra in  stocks / i n  Scenario D the world 
t o t a l  gra in  stock would amount t o  4386 mil l ion tons i n  2000 
ins tead of the value of 7411 mi l l ion  tons/, t h a t  i s  why the  
counterbalance of simultaneous so lu t ion  i s  a more per fec t  one. 

The value of n e t  export-import of g ra in  a re  approaching 
t o  t he  values of recurs ive  solut ions.  This amounts t o  193 m i l -  
l i o n  tons by 2000 i n  Scenario A - i n  cases of a moderate 
growth r a t e  of population and economy - while i t  amounts t o  
470 and 471 mil l ion tons respect ively ,  i n  Scenarios D and E - 
i n  cases of an in tens ive  growth r a t e  of population and economy. 

The world market pr ices  of f e r t i l i z e r s  show an increasing 
tendency /aompared w i t h  the r e l a t i v e l y  low pr ices  i n  1976/ i n  
a l l  three  scenarios,  though i n  the  beginning o r  i n  the middle 
of the period of prognosis temporary decreases i n  pr ices  may 
occur. A more in tens ive  increase can be found i n  Scenario E 
where the world market pr ices  w i l l  approach t o  o r  reach the 
high l eve l  of the year  1975 /however, they w i l l  not  reach the 
2 o r  3 per dents  of growth r a t e  respect ively ,  being calcula ted 
i n  cases of ni trogen,  phosphate and potassium respect ively ,  of 
the  recursive solut ion/ .  This suggests t h a t  counterbalancing 
of f e r t i l i z e r  consumption and production becomes more d i f f i c u l t  
on one hand as time passed and, on the  other  hand i n  the case 
of the  following scenarios where conditions a re  ge t t i ng  more 
compliuated / f e r t i l i z e r  demands a r e  increased/. The counter- 
balance i n  Scenario 6 cannot be considered as a per fec t  one. 

In  cases of n e t  export-import values of f e r t i l i z e r s  f o r  
simultaneous solut ions  d i f ferences  of the values of expert- 
import / t h a t  i s  the  formation of stock w a s  not considered/ 
were not  corrected i n  order t o  see c l e a r l y  how much the  coun- 
terbalance was r ea l i zed  by the simultaneous simulation. A 
f a i r l y  f i ne  counterbalance is  rea l ized  i n  Scenarios A and D, 
but there  is  some laak i n  ni trogen and potassium i n  Scenario E 
by the  simultaneous solut ion.  Deduced from a l l  three  scenarios 
i t  i e  obvious t h a t  the t rade  of ni trogen w i l l  be t he  bigger 
followed by potassium and f i n a l l y  the  smalleet volume w i l l  
belong t o  phosphate i n  the t rade  of two country-groups / t ha t  
i s  i n  the ne t  trade/.  It i s  very in t e r e s t i ng  t h a t  i n  Scenario E 



the lack i n  the trade of phosphate w i l l  have an opposite di- 
rection: developing countries w i l l  export i t  in to  developed 
ones /naturally,  t h i s  would be f u l l y  jus t i f i ed  oonsidering 
a l l  the other conditions of the model/. I t  i s  also a remark- 
able tendency of the r e s u l t s  t h a t  the volume of scenarios 
s ta r ted  from A going t o  E shows some decrease, t h a t  i s  the 
demand on f e r t i l i z e r s  / f e r t i l i z e r  consumption/ i s  inareasing 
more intensively, f a s t e r  in the developed countries and more 
moderately i n  the developing ones than the f e r t i l i z e r  produc- 
t ion  / t h i s  i s  r e s t r i c t e d  again to  the conditions of the model 
and the price e l a s t i c i t y  of the investments of f e r t i l i z e r  
production/. 

The gross export-import values of f e r t i l i z e r s  were cal- 
culated from the or ig ina l  net  ones, thus they inolude the 
differences of ne t  exportimport  values as well. These re- 
s u l t s  w i l l  not be published i n  Scenario E because of the im-  
perfectness of the counterbalanoe, and in the case of phos- 
phate becsnse of the minus values. 

I t  w a s  our intent ion to  provide counterbalancing progno- 
ses  fo r  the world t o t a l  consumption, production and trade of 
f e r t i l i z e r s  up t o  the year 2000. They were supposed t o  coun- 
terbalance from the points of view of time pattern,  trade 
between the two country-groups and i n  scroordenoe with the 
economic spheres being modelled. We wished to  develop these 
prognoses i n  a l te rna t ive  ways f o r  the oases of s e r i e s  of dif -  
fe ren t  presumptions ooncerning the future /soenarios/, The 
present paper deals only with the r e s u l t s  of prognoses f o r  
f i v e  d i f fe rent  scenarios, though these f i v e  eeenarios were 
chosen i n  order t o  represent the fornation of var iants  from 
the points of view of demand on grain /d i rec t  demand on fer- 
t i l i z e r s / ,  grain production / ind i rea t  demand on f e r t i l i z e r s / ,  
and f e r t i l i z e r  production. Results w i l l  be summarized on the 
basis  of values f o r  the year 2000 68 follows: 

Grain consumption /the consumption of feod grain and the 
demand on feed grain/ i s  determined in the model through the 
personal inoome and the consumption of cereals,  meat, milk 
and eggs respectively, by the growth r a t e  of eoonomy and the 
number of population. The per capi ta  grain oonsluption i n  de- 
veloped countries w i l l  amount to  705717 kg depending on the 
growth rate of economy By 2000, the same one w i l l  be 354-373 
kg per head i n  developing countries. Thus the world average 
consumption per head var ies  between 427-443 kg / t h i s  i s  i n  
correspondence with Sanderson's forecast  value of 450 kg/. 
The world t o t a l  grain consamption w i l l  be 2672 mill ion metric 
tons supposing a moderate growth r a t e  of population and eoo- 
nomy and 2892 mill ion metrio tons presuming an intensive 
growth r a t e  of population and eoonomy, This i s  t rue  when sup- 
posing the world market price of grain i n  130 $ per ton / t h i s  
approximately equals the one i n  1976/. 



Grain production i n  the model i s  spec i f i ed  by the c u l t i -  
vated area,  the proportion of gra in  land t o  t o t a l  cu l t iva ted  
area ,  the  l eve l  of gra in  yields.  The inorease i n  cu l t i va t ed  
a r ea  i n  the  period of 19641974 w a s  taken as a bas i s  f o r  fore- 
ca s t i ng  ca lcu la t ion  i n  developing countries.  In  developed ones 
no inorease i n  cu l t i va t ed  a rea  w a s  considered - with  the  ex- 
ception of Scenario C - as i t  w a s  not  needed. Consequently, 
the  world t o t a l  cu l t i va t ed  a r ea  w i l l  increase from 1506 m i l -  
l i o n  hectares i n  1975 up t o  1893-1923 r i l l i o n  heotares by the  
year  2000, The proportion of gra in  land t o  the  t o t a l  c u l t i -  
vated a rea  w i l l  be 46-48 per cents  i n  developed countr ies ,  
and 53-54 per  cents  i n  developing ones depending on the  world 
market p r ice  of gra in ,  A lower l e v e l  3,85-3,92 tons per hec- 
tare and a higher one /5 ,145 ,54  tons per hectare/  of gra in  
y i e ld  were supposed i n  developed countr ies  and the  same has 
the  valae of 2,35-2,54 tons per  hectare i n  developing coan- 
t r i e s  depending on the  pr ices  of gra in  and f e r t i l i z e r s .  Thus 
the  world t o t a l  g ra in  production w i l l  vary between 2817 and 
3321 mil l ion metric  tons overcoming the  q u a a t i t i e s  of consump- 
t i o n  i n  all scenarios,  

A reasonable development of the  t rade  of g ra in  can a l so  
be observed i n  the  case of t he  g ra in  production mentioned 
above. The volume of n e t  t rade ,  t h a t  i s  the trade between the 
developing and developed countr ies  w i l l  amount t o  190-440 m i l -  
l i o n  metric tons by 2000 depending on the various conditions 
of individual  scenarios,  whereas t,he value of export,-import 
t rade  w a s  49 and 43 mi l l ion  tons reapeotively,  i n  1975. Beside 
t h i s  the model accunmlates a l so  a considerable volume of gra in  
stock i n  developed countr ies  whioh i s  j u s t i f i e d  t o  some extent  
on one hand from the point of view of s ecu r i t y  of food provi- 
s ion,  and on the o ther  hand gra in  stocks oan be p a r t i a l l y  u t i -  
l i z e d  f o r  providing assistanoe. This purpose w a s  no t  taken 
i n t o  account i n  the  model, The biggest  volume of g ra in  stocks 
would amount to  the g ra in  consumption of 8 years i n  developed 
countr ies ,  however, it i s  reduced t o  the valae of 4-5 years  
by the  simultaneous solution. 

F e r t i l i z e r  consumption i n  the model depended on the  cul- 
t i va t ed  area ,  the l eve l  of gra in  y ie lds ,  the r e l a t i o n  of 
world market p r ices  of gra in  and f e r t i l i z e r s .  The connections 
of f e r t i l i z e r  u t i l i z a t i o n  and gra in  y ie lds  of the period 
1964-1974 served as a bas i s  f o r  the  period of prognosis as 
wel l  - w i t h  the  exception of Scenario E, where the  e f f i c i -  
ency of f e r t i l i z e r  appl ica t ion w a s  decreased by us. A n  in- 
areas ing consumption of f e r t i l i z e r s  can be fomd  i n  the  f i v e  
d i f f e r e n t  scenarios i n  the d i r ec t ion  of A t o  E. The quant i ty  
of mixed e f f ec t ive  substance w i l l  vary from 164 t o  292 kg per 
hectare of cu l t i va t ed  area by 2000 i n  developed countr ies .  
The same w i l l  vary from 68 t o  83 kg i n  developing countr ies ;  
i n  both cases depending on the gra in  y ie lds  and the  world 
market p r ices  of grain. T h u s  the world t o t a l  f e r t i l i z e r  con- 
sumption w i l l  be the  following i n  the  year: 



The quantity Of effective Total e f f ec t ive  substance, substance, kg per hectare 
of cu l t i va t ed  area  i n  mi l l ion metric  tons 

Total effec- 
t i v e  substance 110-149 

In  the study of UNIDO on f e r t i l i z e r s  /UNIDO In ternat ional  
Centre f o r  Indus t r i a l  Studies 1976/ the prognosis f o r  f e r t i l i -  
ze rs  overcomes t o  some extent  the  upper l i m i t s  /165 mil l ion 
tons of ni trogen,  76 mil l ion tons P205 and 66 mi l l ion  tons 
K20/ 

F e r t i l i z e r  production i n  the model depends on one hand 
on the world market pr ices  of f e r t i l i z e r s  having an influence 
on the development of productive capac i t i es  and on the  other  
hand on the percentage of capacity u t i l i z a t i o n s  supposing an 
improving tendency i n  time. Capacity u t i l i z a t i o n s  w i l l  have 
the following world average values by 2000: 85-97 5 M, 79-86 9 
P205, and 67-76 $ K20 depending on the  various condit ions of 

individual  scenarios.  The world production of f e r t i l i z e r  w i l l  
vary as follows i n  2000 / n i l l i o n  metric tons of e f f e c t i v e  
substance/: 

Developed Developing World 
countr ies  t o t a l  

Total e f f ec t ive  
substance 168-229 

I n  the  period 1964-1974 developin countr ies  have made 
use of 0,8 $, and developing ones 2 ,3  ? o of t h e i r  investment 
funds f o r  the purpose of developing of f e r t i l i z e r  productive 
capaci t ies .  I f  these  r e l a t i o n s  of percentage a re  taken i n t o  
account f o r  the period of prognosis there  w i l l  be a smaller 
lack of f inanc ia l  funds i n  the  years  1975-1980 and some sur- 
plus accumulated during the last 5-10 years. 



The values of the  net  export-import o f  f e r t i l i z e r s  i n  
the  model a r e  ca lcula ted as a di f ference  i n  the  f e r t i l i z e r  
consumption and production i n  the case of a given country- 
group, Losses and u t i l i z a t i o n s  f o r  o ther  purposes a r e  deduced 
from the production having the  following estimated values: 
ni trogen 5 5 ,  phosphate 4,3 %, and potassium 8 ,3  5. The ne t  
export of developed countr ies  and the  ne t  import of develop- 
ing ones were intended t o  counterbalanoe i n  the  solut ion.  We 
d id  not  succeed i n  a perfect  counterbalance in  Scenario E o  

The volume of ne t  t rade  of f e r t i l i z e r  is  bigger i n  the  case 
of ni trogen i n  a l l  scenarios - 17-32 mil l ion metric tons of 
e f f ec t ive  substanoe - followed by potassium having the  value 
of 10-15 mi l l ion  metric  tons, and the  lowest volume oan be 
observed in the  n e t  t rade of phosphate, namely 0,408 mil l ion 
metric tons. It becomes apparent from the  comparison of the  
r e s u l t s  of the  d i f f e r e n t  scenarios that the  volume of f e r t i -  
l i z e r  t rade  i s  decreasing from Scenario B t o  Scenario E, t h a t  
i s  the e f f o r t s  t o  s a t i s f y  the  increasing f e r t i l i z e r  consump- 
t i o n  point r a t h e r  i n t o  the d i rec t ion  of autarchy than t o  an 
increase of t rade  between the country-groups. 

The gross export-import of f e r t i l i z e r s  involves the  
t rade  between the  country-groups as wel l ,  consequently, the 
values of developed and developing countr ies  a r e  not  needed 
t o  be equal. The volume of gross t rade  i n  the  model w a s  de- 
duced from the  one o t  n e t  t rade  as follows: i n  the  case of 
potassium t h i s  value i s  a constant index-number, i n  the  cases 
of ni trogen and phosphate it is  a function oontaining the  
changes of index-numbers i n  time as w e l l .  Thus the  world t o t a l  
gross t rade of f e r t i l i z e r s  w i l l  vary acoording t o  the  follow- 
ing  values i n  2000 /mil l ion metric tons of e f f e c t i v e  substance, 
on the bas i s  of recurs ive  solut ions  of Scenarios A,  B, C ,  D/: 

Gross export of Gross import of 
developed countr ies  developing countr ies  

World t o t a l  of 
e f f ec t ive  86,7-115,2 30,8-57,4 
substance 

The gross export of developed countr ies  i n  mixed sub- 
s tance amounts t o  almost 50 7; of t h e i r  f e r t i l i z e r  production 
while the  gross import of developing coantr ies  amounts t o  
50-66 % of t h e i r  f e r t i l i z e r  consumption. 

The world t o t a l  values f o r  the year 2000 obtained by re- 
cursive simulations of the  f i v e  d i f f e r e n t  scenarios a r e  ar- 
ranged i n  a row i n  the  t ab l e  enclosed f o r  the  purpose of the 
ease of ava i l ab i l i t y .  
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World Total Values in 2000 

Variables Unit of Scenarios 
measure A B C D E 

- - 

I. Scenario elements : 
million in- 1. Population habitants 

2. GNP milliard 
dollars 

3. Cultivated million 
area hectares 

tons pro 4. Grain yield 

developed 

developing 

5. Capacity 
utilizations 

$ 

6. Grain prices $ per ton 
7. Fertilizer 

prices $ per ton 



Variables Unit of Scenarios 
measure A B C D E 

11. Results of prognoses: 

1. Personal income $ per 1152 1289 1289 1289 1289 
head 

2. Grain consump- kg per 427 443 443 443 443 
tion head 

3. Grain production million 2817 2976 3049 3321 3175 
tons 

4. Grain stocks million 666 581 1171 7411 5456 
tons 

5. Fertilizer kg Pro 
consumption ha 

6. Fertilizer million 
production tons 

7. Net trade of million 
fertilizers tons 



World market prices were considered exogeneous variables 
i n  the recursive simulations and only the e f fec t s  of t h e i r  
changing could be observed. The world market priaes i n  simul- 
taneous simulations became endogeneous variables being annual- 
l y  defined by the model as counterbalence prices. The grain 
prices had a decreasing tendency i n  all scenarios and tha t  i s  
i n  accordance with the accamalatiorp of grain stooks, aad 
prices are supposed to be 88-122 $ per ton by 2000. The fer- 
t i l i z e r  prices show an increasing tendency i n  a l l  scenarios 
/or at l e a s t  to  the r e l a t ive ly  low prioes in 1976/. A more 
intensive increase can be f o ~ d  i n  Seenario E where the world 
market prices of f e r t i l i z e r s  w i l l  approaoh t o  o r  reach the 
high level  of 1975 /the world market pricea w i l l  be the fol- 
lowing: n i t r o  en 432 $ per ton, phosphate 312 $ per ton, po- 
tassium 155 $7. I t  can be said  tha t  eounterbalsncing the fer- 
t i l i z e r  consumption and production w i l l  be more d i f f i c u l t  on 
one hand as time passes and on the other hand as demand on 
f e r t i l i z e r s  increases from Scenario A to  Scenario E. 

We had no poss ib i l i ty  t o  examine the e f fec t s  of a l l  i m -  
portant factors  i n  our present calculations. A more intensive 
examination of the e f fec t s  of the following fac tors  i s  recom- 
mended f o r  inr ther  calculations: 

- consideration of d i f fe rent  possible N:P:K re la t ions ,  

- other versions of f e r t i l i z e r  applications i n  deve- 
loping countries, 

- a more profound consideration of the e f fec t s  of 
f e r t i l i z e r  investments on the world market prices,  

- the e f fec t  of increasing investments of f e r t i l i z e r  
industry i n  developing countries, i n  the form of 
capi tal export. 
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APPENDIX 1: SIMULATION MODELS EQUATIONS 

Developed countries Developing countries 



Developed countries Developing countries 



Developed countries Developing countries 

20.1 FEDdii=-24.68+26.98 d$ - Fd;?=-36.45+33.79 $1 - 
- 1 .oFEP 4 t)/GP kt) - o . 3oFEPsfit)GPdt) 

4t) - 20.2 FE3d:\=1. 50+11.47 ~~~d~&=-i4.86+14.23 - 
-1.5 FEP~~)GP$~) -0.5oFEP $tl */GP dt) 

20.3 FED$;\=-5.38+13.45 4;' - ~~~$$=-8.69+9.52 dt) - 
(*I -2.9 FEPdy/GPB -2 .g FEPR~/GPR tt) it) 

21. 1 TFE@=FED$$. r.!-~Jliooo TF~;)~=FED$~~. L://LOOO 

21.2 TF~)~=FSD$~~.I.!~)~O~O WE~XL=FED$~;. d~/ioOo 
(t) 21.3 TF~$=FFB~~. L ~ / ~ O O O  8d$)2=FsD<&. d~/l000 

Jt-11 22 FJ.NWA~$FINV + FIKVFA~-FIN (tl &-3+ 

+FI&$CAPTII$ +FI~$CAPTR~ (t 

23 CAPT$~)= olFINdi) 

24 CAPT~~)CAPTA;) = 0 

27.1 FECI!\=~. 5688 - FEC~~~=O.~OOO+O.OO~~FEP dtw1 1 



Developed countries Developing couatrie s 

-0.4020 FEC g-1, 
31 

+ 

dt-1, +0.0492 FEP 



Developed c o u n t r i e s  Developing c o u n t r i e s  

dt) 33.1 F E N T ~ ~ ~ = O . ~ S O F E  1 1 - ~ ~  11 FENT At) 123TF d t j - 0 . 9 5 o F E  12 kt) 12 

L i s t  of v a r i a b l e s  and parameters of the  model 

POP = population 

GNP = gross  n a t i o n a l  product 

TINC = t o t a l  personal income of t h e  populat ion 

PCINC = per  c a p i t a  income of t h e  population 

TINW = t o t a l  y e a r l y  investment funds 

LINYF = annual investment funds f o r  tak ing  land  i n t o  
c u l t i v a t i o n  

FINVF = annual investment funds i n  f e r t i l i z e r  indus t ry  



PCFDi 

PCGD 

TGD 

GPB 

LINC 

f  

GTR 

FEDH 
j 

F E P R  

n 
j 

FINVA 

F I N V R  

CAPTR 

F E C  
j 

F E C I  

proportion of annual investment funds i n  agricul- 
t u r e  
proportion of investment funds i n  f e r t i l i z e r  in- 
dust ry  

per c a p i t a  demand on food produuts 

per capi  ta demand on gra in  /consumption/ 
t o t a l  demand on gra in  /consmmpt ion/ 
world market p r ices  of grain 

index number of demands on gra in  and food products 
pr ice  e l a s t i c i t y  of gra in  demand 
index number of needs i n  seed 
cu l t i va t ed  a rea  
taking i n t o  cu l t i va t ion  of a new area  
cos t  of taking one hectare of land i n t o  cu l t i va t ion  
annual decrease of cu l t iva ted  a rea  because of 
urbanisa t ion a c t i v i t i e s  
gra in  production 
proportion of gra in  land t o  cu l t iva ted  a rea  
grain y i e l d  

g ra in  supply 
grain stocks 
changes i n  gra in  stocks 
l o s s  of s torage 
economic policy purposes In  connection with modi- 
f i c a t i o n s  of gra in  stocks 
/net /  export-import of grain 

f e r t i l i z e r  demand /consumption/ on one hectare 
cu l t i va t ed  land 
t o t a l  f e r t i l i z e r  demand /consumption/ 
world market pr ices  of f e r t i l i z e r s  
index-number of f e r t i l i z e r  consumption f o r  
non-agricul t u r d  purposes 
avai lable  investment funds i n  f e r t i l i z e r  industry 
residue of the funds from the previous year 
cap i t a l  export-import f o r  f e r t i l i z e r  industry 

parameter defining the r e l a t i on  of c a p i t a l  export 
/ f o r  devel,oped countr ies  only/ 
f e r t i l i z e r  capac i t i es  
volume of investment 



FCIMI 

Pj 

FECU 
j 

FEP 
j 

FESP 
j 

v 
j 

FENTR 
j 

FEBTR 
j 

FESUP 
j 

EPH. 

minimum volume of investment 

coefficient for defining the minimum volume of 
investments 

costs of a unit of investment 

utilization of capacities 

fertilizer production 

fertilizer supply 

amortization rate 

relations of other phosphates 

losses because of storage and transportation 

net export-import of fertilizers 

gross export-import of fertilizers 

price support for fertilizers 

price-index for energy 

proportion of export-import within country-groups 

Values of exoaeneous parameters 

A B C D E 
Scenarios 
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