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1. The Basic Model

Within the framework of the M-P regionalized world model one of the
most important submodels is the population model which serves two
main purposes:

(1) To study the population growth in the ten regions under
certain population policies and as influenced by the other
submodels (e.g. the food model) with which the population
model interacts.

(2) To investigate the influence of population development
on important issues embodied in the other submodels (e.g.
economic, ecological, food, energy, etc.)

In our model the population development is determined as follows:
Based en the input represented by the population mumber living at
the middle of year t and by the age-specific probabilities to bear
a child (fertility) or, respectively, to die (mortality) within the
coming twelve months, the output i.e. the population alive at the
middle of year t+l is calculated. While the output serves to
influénce other submodels, fertility and mortality depend on popu-

lation policies and the output of other submodels.

Our calculations are carried out separately for each of the ten regions
of the M-P world model, each based on its own complete set of initial
and other relevant data (Fig. 1). Accordingly, the degree of detail
embodied in the model is limited by the requirement that the needed
coefficients and parameters must be available in mumerical form for

all regions. The software is such that arbitrary aggregations of
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different regions are possible, e.g. aggregating the ten regions into

two macro-regions N (North) and S (South).

In order to give as true a picture of the dynamic nature of population
growth as possible, we divided the total population into eighty-six
age-groups such that we employ in each such group an age-specific

fertility and mortality.

Our two independent variables are the time t and the age a. For both
variables we use one year as the time-increment in our stepwise calcu-
lations. The time t runs from 1950 to the year 2100, the age a from

1 to 86, a = 86 meaning older than 85. The dependent variable is the
population number P (a,t) = P;, which denotes the number of people alive
at the middle of year t (7/1/t) who were bomn between July 1 of the
year t-a and June 30 of the year t-a+l. In the age-group P§6 we find
all living people that were born before July 1 of the year t-85. In

our computer program the mumbers P; (a=1,2, ..., 86) are stored

as a vector AP (L); L =1, 2, ... , 86; they are calculated anew for

every year.

Further important quantities are:
T; — Number of people who died between 7/1/t and 7/1/t+l, as subset
contained in P;

B; — Number of people who gave birth to children between 7/1/t and

7/1/t+1, as subset contained in P;
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I; __ Difference between immigrants and emigrants in the time-
interval between 7/1/t and 7/1/t+l, as subset contained
in Pt

T a

Popt— Total number of people alive on 7/1/t

Babt—— Babies born between 7/1/t and 7/1/t+1

Tot'— People who died between 7/1/t and 7/1/t+1

Imit— Difference between Immigrants and Emigrants between 7/1/t

and 7/1/t+1

The demographic quantity knownas *'crude birth rate'" is defined by

the relationship
t et o
cbr = Bab  Z- Pop (1.1
i.e. as the mmber of babies in year t referred to the total population

alive at the middle of this year. The other important demographic term

known as "crude death rate" is defined in analogous manner:
t t-5 t
edr =Tot 2 -Pop {1.2)

i.e. as the number of people who died in the year t referred to the
total population alive at the middle of this year. Both quantities are
to a great extent available in the literature [1,2] for the time-span
between 1950 and 1970, and hence they serve here as basic values for
the calculation of fertility and mortality. With the aid of equations

{1.1)and (1.2) we define the following average values:
. N N K]
Bul::t =-;— [Bc:lbt Z.Bab"? ] =-1§ [ cbrt-Poptocbrt Pop' | (1.3)

t t tel t+l
[cdr -Pop +cdr - Pop ] (1.4)
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Now in order to obtain through  our computations variable age-
structures we have to introduce age-specific probabilites, namely

fertility and mortality.

The fertility £ (a,t) = f; defines the probability that a person
will produce a child between July 1 of year t and July 1 of year
t+1 in an age between (a—%) and (a+%—). Accordingly we calculate

f: from given data, by dividing the number of babies born between
7/1/t and 7/1/t+1, whose mothers belonged at the time of giving
birth to the age-group between (a-%—) and (a+%—) , by the average
total number of people of that same age-group alive in the same
time-interval.

The mortality m (a, t) = m; is defined in analogous manner. Accord-
ingly m; is computed by dividing the number of people, who died in
the time interval between 7/1/t and 7/1/t+l in an age between (a—%—)
and (a+%—) by the average total number of people belonging to the

same age-group alive in the same time-interval.

In order to facilitate our computational work we split fétl and m:

each into two factors as follows:

t _ t t
fa—cf -afa

8
=
g
8
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The introduction of the time-dependent factors cf and cm has
certain advantages from a programming point of view since it
facilitates the computational work for certain strategies. Other-
wise it -is without importance. The age-specific probabilities
afz and am: are normalized in such way that for each the sum

over a from 1 to 86 yields one.

The calculations proceed in the following manner. Starting with

the given initial vector PZ; a=1,2, ..., 86 the quantities

t+1,
a+1? @

each year t the two probability-vectors f; and mz must be known,

P =1,2, ..., 85 and P§+1 -are calculated. Naturally, for
either indirectly from data (1950 - 1970), or as prescribed by

certain population strategies, and/or due to feedbacks from other
submodels. Strictly speaking, the quantities Bz and T; are calcu-

lated from the following expressions:

L
B =f P 2
L1
a~'a’ g 3
t t ‘#-12
T =m P
a a 04--2—
t+1/2 . . t t+1,
Here, PaJr1 72 could be found as the arithmetic mean of P a and Pa+1,

but this would lead to clumsy implicit equations for cft and emt

which are needed for the time-span between 1950 and 1970. We

employed therefore the following simplified expressions:

(1.5)

(1.6)
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By =ct' afy-Py ; (a=12..,86) n.7)
t 8 t
Bab = 3 B (1.8)
a=2
and
t t t ot
Ta=cm -amgy Py (a=1,2,...,86) (1.9)
t t t t
T,=cm -am, -(%-Bab ) {1.10)
z
t ¥
Tot'= ¥ T, (n.11)

a=0

These simplified expressions do not introduce any errors into the

aggregated quantities Bab® and Tott, since cf® and am® cancel out

the error incurred by substituting P; for P;:%;% . On the other
hand, the probabilities am; and af; are only slightly affected,

i.e. by less than 1/2 %, since B; is only slightly larger than

t+1/2 1 t t+1/2 i
Pa+1/2 » on the average by 5 cdr”. Only P1/2 , must be calcu
lated separately, since Pg is zero and pt*t compr ises all babies

who are on July 1 of the year t+l less than one year old. Hence we

substitute for P?l/ 2 as an approximation % - Bab'.

2
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In this manner we obtain simple relationships for B; and T; where
the errors influence only the accuracy of the probability distributions,
however to a far less degree than is involved by the uncertainty of our

data base.

Before we turn to our calculatior proper, a few remarks dealing with
the regional population in- and out-flow. The difference it between
immigrants and emigrants must also be distributed onto the various
age-groups. Since the quotient Imit / PoplC is for all regions less
than 1 % , and since our data base is very weak in this respect, we

use the following distribution:

_Iz = tmit/50;a=2,3, ..., 51 (1.12)
t
It =0 ca=1, 52,

This agrees sufficiently well with the UN-data, as far as they are
available. These data show that immigrants are rarely older than 50

years and that the age-distribution is rather linear (oY 70).

Besides, from 1970 on, each region is treated as a closed region with
mit = 0 (t= 1970); only until 1970 imnmigrants and emigrants are taken
into account in order to be able to use all available data on Popt,

cbr® and cdrt, while avoiding redundancy.
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This means that between 1950 and 1970 the quantity mi® is

predetermined by Popt, cbrt, cdrt and Popt+1'

In the developed countries with reliable data the thus obtained
values Imit nearly coincide with the difference between immigrants
and emigrants. In the developing countries, however, mi® serves
chiefly to absorb the inaccuracies in the data for cbr and cdr.

Hence, we define Imit as follows:

t

Imit = Pop 1 Popt - Babt + Tot't ; t< 1970

(1.13)
mit = o; t > 1970

Returning now to the calculation of the age-group populations,

we have the following set of equations:

tl ot ot

Pt = Bab® - T (1.14)

t+1 _ t t t. _

Pl =l ettertias1, 2, ., 8 (1.15)

t+4l _ ot ot t .t

Peg = Pgg - Tgp * Pgg = Tgg (1.16)
86

popttt = > pttt (1.17)
a=1

The equations (1.7) - (1.17) represent our basic population model

and allow the calculation of P;ﬂ (a=1, 2, ..., 86) for given
t t t t t
Pa , afa , am. cf” and cm.
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Set of basic equations:

B, =cf-afg' P, (1) t
til  1970: —cf

Bab=3 B (1.8) since 1970:——=Bab
a=2

T, =cm -am, - [%-Bubt] (1.10) .
2 titt 1970:—cm

T; = Cmt'ﬂm;‘P;j a=1..86 (19) ¢ ‘l since 19'70-——.-'|'otlt

t 86 _t
Tot= ~ T, (11
a=0

= since 1970

I, =,-5‘ﬁ-|mi‘, a=2,...,51
(112)

-0 ,a=152,..,86
P!"=Bab' - Ty=Bab' [1-%—cm'~am;] (1.14)
PP -Ta Ll =PL [ 1-cm-amy] +1 (115)
PU=pL]1-cm'-amy)+ P [ 1-cm -ami] (116
Pop’ = g P (117)

Supplementary equations till 1970:

tol

Bab= % [cbrt- Popt scbr’™ Pop 113)
Tot'= -&--[odrt- Pop' +cdr™ Pop'"] (14)
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2. Data base of thg demographic model

Fig. 1 shows the 10 regions for which we have plotted the midyear

population (Figs. 2 - 11). The data used were taken from the

United Nations' Demographic Yearbooks which have been published

annually since 1949. In these yearbooks available relevant data on

population development are given nation-by-nation. In most cases

the data come from national government sources. Not always are they

very reliable, but they constitute practically the only data source

available.

The demographic model uses the following time series and age

distributions:

(i) UN midyear population estimates from 1950 to 1970.

(ii) Crude birth rates from 1950 to 1970.

(iii) Death rates from 1950 to 1970.

(iv) Population age distribution in 1950 or in the earliest
available year.

(v) Birth distribution over mother age in 1970 or in the
latest available year.

(vi) Death distribution over age in 1970 or in the latest
available year.

(vii) Population age distribution in the years used in (v)

and (vi).

The immigration rates were not available in sufficient detail and were

treated in the model as the difference between total population as
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known and total population computed from (i) to (vii). Comparison
with the immigration data of the developed nations, which are
relatively precise and complete, shows that the computed immigration
rates fit the data rather well. This is a first indication of the
quality of the model but also of the lack of precision of population

data from some nations.

In the following we review the data used for the demographic model.
They are discussed with respect to their origin and reliability,

then aggregated data are represented graphically, the mode of data
preparation is described, the various data are listed, and finally
missing data are discussed. Although almost all data are derived from
UN Demographic Yearbooks, comparison with other data sources is made

wherever possible.

2.1 Estimates of midyear population from 1950 to 1970

(1) Origin: UN Demographic Yearbook 1970, Table 4. This table
is the only complete table available. It jncludes all nations with more
than 10.000 population. The data are given in millions of inhabitants.

(2) Reliability: Data are either the results of official population
census, UN estimates, or-in the absence of such sources - the unrevised
estimates of national governments. Although the table is complete in
the sense that all nations are represented, the share of data labeled
jnconsistant by the UN is particularly large for the less developed
countTries. Nevertheless, this table seems to yield the most reliable of

all data used for our model.
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(3) Mode of data preparation:The anmual data of the individual
nations are summed within regions. From the midyear values the crude

growth rate cgr is computed according to the UN definition

cgr(e) = P PCED)

The simple program given in the listing 1 is self-explanatory

(UH 252 calls the plot subroutine).

(4) Graphic representation and discussion: The development of
midyear population and crude growth rate from 1950 to 1970 is shown in
Figs. 2 to 11. A steady growth of total population can be observed
in all 10 regions. However, the growth rates vary considerable. In the
developed countries the present growth rates are about 1 % or slightly
higher. Only Region 4 has values of more than 2 % and thus approaches
those of the developing countries. Region 6 has the highest growth
rates - above 3 % -, while Region 10 has the lowest growth rates of

the developing regions, namely slightly less than 2 %.

Also of interest are the strong fluctuations of individual growth
rates. Most likely they are attributable to data error. The true scale
of natural fluctuation can only be inferred from Regions 1 through 5.
The conspicuously smooth growth rate curve of Region 10 is due to the
fact that China has used pure extrapolation for determining her popula-
tion. It would help to get actual data for this region. Finally, Region

1 through 5 seem to show a certain effect caused by the "pill".
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The actual population statistics reveal that more than 50 % of
mankind live in Regions 9 and 10. This can also be seen from Fig. 12,
in which the populations of the individual regions are summed, start-
ing from Region 1. In the so-called developed countries we have less
than 1/3 of the world population. The actual population explosion
takes place in Regions 6 through 10. Note that a growth rate of 3 %

leads to a doubling time of only 23 years:

(5) Listing 1 of data and of program : The data listed are
population by nation, classified by region. They run from 1950 to 1970.

(6) Missing data: All data are available for all years of interest.

2.2 C_rude birth gmd death rates

(1) Origin of data: The data are taken from the UN Demographic
Yearbooks 1966, Table 7 (cbr 1950 - 1966), DY 70, Tab 13 (cbr 1966 - 1970),
DY 66, Tab 17 (cdr 1950 - 1966), and DY 70, Tab 17 (cdr 1966 - 1970). In
addition, the data in 'World Population Prospects as Assessed in 1968" [2]
have been used for fitting.

(2) Reliability: For the developed regions the data are reliable
and almost completely known. A large share of the data for the less
developed regions are not available. Some important countries are missing
altogether, for some only estimates exist which often are unreliable. For

a few countries only the averages over several years are Jnown.
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(3) Mode of data preparation: The values of cbr and cdr were
weighted by the percentage share of the respective country's population
in its region and averaged. Of cbr only the time averages from 1950 -
1954 are known; these averages were used for the separate years 1950,
1951, 1952, and 1953. For 1970 the value of 1969 was used. All values
of cdr are known from 1951 to 1971. For 1950 the value of 1951 was used.
Together with the determination of the values of cbr and cdr we have
computed the "'degree of data availability'" for each region, defined as
the sum of all populations for which cbr and cdr are known in a certain
year, divided by the total regional population. This ''degree of data
availability" yields a characteristic measure for the data scarcity of
the various regions. It does not, however, distinguish between the
different degrees of reliability.

(4) Graphic representation a.nd> discussion: The time series for
crude birth rates and crude death rates are shown in Figs. 13 to 32.

In the following we will discuss them region by region:

Region 1: Constant low death rate and falling birth rate. The degree of
data availability (d.d.a.) is practically 100 % (with the exception of
1966, where Canada's cdr is unknown. The characteristic effect of the
"pill" can be observed in the birth rate curve.

Region 2: Constant low death rate and a slightly falling birth rate.
The d.d.a. is very high. Missing data are mostly Turkish.

Region 3: Fairly constant low death rate and a slightly decreased birth
rate. D.d.a. = 100 %. The slight fluctuations in the death rate are

probably attributable to shifts in the age pyramid.
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Region 4: Here the death rate is similar to those of the other
developed regions, but the birth rate is thehighest of Regions

1 through 5. "Pill pressure' does not seem to exist. Perhaps the

high birth rate is a result of a particular "pioneer" mentality

and of the immigration policy of these countries.‘

Region 5: Constant low death rate and suddenly dropping birth

rate (""pill" effect).

Region 6: Relatively low death rate (for a developing region), but

a very high birth rate. In this region we find the highest net

growth rate. For Brazil, a country of decisive importance in this
region, only scanty data exist.

Region 7: A relatively high death rate is coupled with a very high
birth rate. D.d.a is sufficient except for 1969 and 1970 cbr. For
these values the decline is not real but rather the result of missing
data in most countries of the region. The few nonrepresentative num-
bers deceptively suggest a lower birth rate.

Region 8: Very low d.d.a. This region has the highest death rate of
all and a very high birth rate. Again, the suggested decline in cbr and
cdr toward 1970 is the result of missing or nonrepresentative data.
Interesting to note, the birth and death rates are always high with
high d.d.a., so that the true rates of this region probably are closer
to the upper envelope of the peaks than to an average.

Reglon 9: A relatively high but definitely declining death rate is
apposed by a constant high birth rate. This means that the population

growth in this region is accelerating! Here also one must assume that
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the higher rates are the more reliable ones, because they correspond
to high d.d.a. Again, part of the birth rate decline toward 1970 is
attributable to nonrepresentative data and low d.d.a.

Region 10: Except for the period from 1951 to 1957 practically nothing
is known about this region. Least is known about China, the largest

country in Region 10.

(5) Data and program listing 2: For each nation the 1969 population
in millions of people, the crude death rates from 1951 to 1971 and the
crude birth rates are listed. The first value for cbr stands for the
1950 to 1954 average, then the values of 1954 through 1969 follow.

(6) Missing data: The data for developed countries are practically
complete, whereas in the developing regions some decisive countries are
missing (e.g., Brazil in Region 6; Libya, Marocco, and Saudi Arabia in
Region 7; most Black African countries; Indonesia, India, and Pakistan
in Region 9; and China in Region 10). More reliable data for these
population-exploding nations would contribute significantly to any

estimation of demographic development.

2.3 TInitial ape distributicn

(1) Origin: Age distributions in 1950 or for the earliest available
year are contained completely in DY 1970, Table 6. The population numbers
are aggregated into 5-year age groups.

(2) Reliability: According to the UN the reliability of these data
is rather high, because estimates have been hardly used. But for many

developing countries the distributions are not known.
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(3) Mode of preparation: First the age groups of the individual
nations were added for each region. Then the percentage shares in the
total population with known age distribution were computed for each
age group. In those cases where only aggregates of two or three five-
year age groups were available, the split into the five-year age groups
was fitted to the rest of the age profile. For the dynamic model a
split into one year groups is done by subroutine 'Spline' (2.5).

(4) Graphic representation and discussion: The initial age
distributions by percentage share are shown in Figs. 33 to 42. The
distributions in Regions 1, 2, 4, and 5 are relatively flat and mostly
show a pronounced "World War II dent'. Region 3's distribution is already
heavily shifted toward younger age groups. This is evidence of previously
rapid population growth. In Regions 6, 7, 8, 9, and 10 the shift to younger
generations due to rapid growth is even more pronounced A "WW IT dent"
cammot be seen. The small dent for Region 8 more likely results from
insufficient data.

(5) Data and program listing 3: The age distributions are listed by
thousands of people in the following way: Total number of babies less
than 1 year old, 1 to 5 years, 5 to 10 years, 10 to 15 years, up to 80

to 85 years in 5-years groups, and finally all people older than 85.

(6) Missing data: It holds also for these data that they are almost
complete for Regions 1 through 5. Compared with other tables, they are
also rather complete for Regions 6 through 9, if one disregards the fact
that the 1950 values are mostly unavailable. But this is without significance
for the developing countries without a '"WW II dent". For China we have no

age distribution, but most likely the values for North Corea and Mongolia
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are representative for this region, as can be inferred from a comparison

with other developing regions.

2.4 Age - specific fertility and mortality

(1) Origin: The data for birth by age of mother are taken from the
UN Demographic Yearbooks 66 (Table 8), 69 (15), 70 (14); the data for
death by age from DY 66 (Table 19), 70 (18); and the age distribution
from DY 70 (6). The data are composed of the number of deaths per five-
year age group, of the number of births per five-year age group for
mothers, and of the age distribution in the same year. The number of
deaths of both sexes were added and not listed separately thereafter.

(2) Reliability: Especially in the less developed countries often
only aggregates of several five-year age groups are available. In such
cases splitting can create errors. For Region 10 again the data situation
is the worst: the values we took are from Hong Kong, which does not
belong to the region and is not necessarily representative for it.

(3) Mode of preparation: Relative age distributions of births and
deaths were used for computation. Thé deaths of each group were related
to total mumber of deaths. In order to become more independent of random
fluctuations in the age pyramid, relative age-specific fertility and

mortality were introduced:

T
am, = mee [ e
a Tot Pop



B 382

The data births, deaths, and age distribution are from the same
year whenever possible. However, for developing countries simultaneous
data are not always available. But this source of error is very slight,
because in these regions the age pyramid has been very stable in the
past. .

(4) Graphic representation and discussion: The results are shown
in Figs. 43 to 52. In Regions 1 through 5 the distributions of death by
age are rather similar: a slightly increased baby mortality is followed
by a very low mortality of young individuals. First mortality increases
only very slowly with increasing age, then more rapidly, almost according
to an exponential function. Contrary to this pattern, the baby mortality
is markedly higher in developing countries, and also their higher mortal-
ity in the young age groups has a significant influence on the growth
dynamics of their populations. Because of this the age pyramid does not
expand "upward'' so strongly as in the developed regions: if someone
reaches the age of 60, say, in India, he belongs to the '“toughones' whose
life expectancyis higher than for someone of equal age in a developed
country. Occasional dents at high ages (viz. Regions 7 and 9) are most

likely due to data errors.

The birth distributions cover the age range of 10 to 50 years. The
maximum invariably lies between 20 and 30 years. Of interest is the
relatively high fertility of older women in the developing countries.
This perhaps is the only characteristic difference between developing
and developed regions. We find this fact worth mentioning insofar as one

can conclude from it that not the early onset of childbearing but rather
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the late and gradual birthrate decrease with age accounts for the high

birth rates of the developing regionms.

(5) Data and program listing 4: In the data list one finds births
(4 rows), deaths (7 rows), and age distribution (7 rows} by five-year
age groups. Births and deaths are given in actual numbers, while age
distribution is given in thousands of people. Births include: total,

10 - 15, 15 - 20, 20 - 25, ..., 45 - 50, 50 + , and unknown births.
Deaths and age distribution include:total, 0 -1, 1 -5, 5 410, ...,
80 - 85, 85 + , and unknowns.

(6) Missing data: Again the developed regions are relatively
complete. Here only the distribution of deaths is missing for the USSR.
Brazil is missing in Region 6, which is fairly complete otherwise. In
Region 7 only Jordania is available, and also Region 8 is underrepre-
sented with only 3 countries of 48. Fortunately, the data for such
decisive countries of Region 9 as India, Pakistan are known. Here
Indonesia is missing. But in Region 10 the birth and death distributions
are lacking for all countries. Again it remains an open question as to

how representative Hong Kong is for this last region.
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2.5 Generating one-year age-groups from five-year age-groups

For the construction of the basic model it is necessary to have the
initial distribution of all people living in 13950 as well as the fer-
tility- and mortality pattern in one-year age-groﬁps. Unfortunately,
in the demographic yearbooks these data which are needed for all 10
regions are available only in five-year age-groups, except for the
first year group. For the generation of the 86 one-year age-groups of
our basic model from the given five-year age-group data we developed a

special subroutine ''Spline".

Qur input-vector consists of 19 components: First the age-group O to 1
year, next the age-group from 1 to 5 year thereafter 16 five-year
age-groups from 5 to 10, 10 to 15, ..., 80 - 85 years, and finally the
age-group comprising all ages above 85 years. Two additional input-
parameters are the boundary values ng and n, defining the range within
which the interpolation is to be made in one-year intervals. However,

in order to be able to interpolate, we must first have the points through
which the interpolating curve is to pass. In order to find these points
we form the age-integral for the input-vector, thereby obtaining 20 fixed
points which permit an easy interpolation. Numerical differentiation of
this interpolated imntegral curve then yields the desired age-distribution.
The procedure may be demonstrated by means of an example concerning the
initial age distribution. The 19 input values are denoted by G (n);
n=1, 2, ..., 19. Y (n) and X (n) denote the ordinates and abscissae,

respectively, of the abovementioned 20 points of the integral curve.
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Then we have

X(0)=0, X{1)=1; X(2})=5;, X{(3)=10,...; X{199=90; and
Yi0) =0, Y(1)=G(1); Y(2)=G{1)+G6(2); in general
Y(n)= Yin-1)+Gin)

Y(X) then gives the number of people living between the age of

zero and X.

By means of the spline-interpolation [4] we now calculate for the
20 points, as given above, the y-values for the abscissae x = 2, 3,
4, ..., 84. The spline-functions f (x) are cubic polynomials . whose
coefficients are determined for each interval i of the 19 age-inter-

vals. The spline function f (x) is to have the following properties:

(1) f(x) =R (x) for X(i) < x = X(is1); i=0,2,...18
where . ; +(2.2)
Rix) =Y(i)eb- [x-X(i}] ec - [x-xti) ] " d- [x-x ()]

2) B (X)) =R, (X (i)) = Y(i)
3) (X (1)) =R, (X (i)

1

(&) R*X (1)) =R (X (i) b (2.3)
X(1)

(5) f [f'lx) ]zdx i Min.
X(0)

{2.)
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Hence, the spline function £ (x) possesses in the whole range
0= x = 90 contiruity with continuous first and second derivatives

and minimized total curvature.

After the values y (@) (@ =1, 2, ..., 85) have been found in this
way, the desired age-structure js obtained as follows:

The values y (a) and y (a-1) indicate how many people are alive
between the age of zero and a, and zero and a-1, respectively.
Therefore the difference g (a) =y (@) - ¥ (a-1) gives the number

of people between the age of a and a-1 years; i.e. in the age-group a.
Sumarizing we have the following procedure:
Input: 19 values for G (n); n =1, 2, ..., 19

Intergration: 20 values for the pair Y (n}, X (n); n = o, 1, ..., 19

Interpolation: 86 values fory (a); a=0,1, ..., 8

=1, ..., 85
} (2.4

The values g (a) are then normalized such that

[

Qutput: g (@) = y(@) - y(a-1);
g (86) = G (19

86
I g@-=1

a=1
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This subroutine can be applied to obtain the year-by-year age-
distributions for all living people, the deaths and the birth

giving mothers,

In the representation of the probability distributions we have
to note, that here the values G (n) represent the abscissae of
the step-like "curves" and not the respective areas under these
"curves'. Therefore, all G-values have first to be multiplied
by the length of the corresponding age-interval in order to
obtain the area. With this change also the fertility- and
mortality patterns can be produced by means of the subroutine

"'spline'.

Because of the steep slope of the integral curve in the cases
of fertility and of the distribution of the birth giving mothers
a transformation becomes necessary such that finally y (x) is
not approximated by means of f (x) = Pi (x), but rather using the

relationship

£ = LX) - 1/2: y (a = 90)

y (a=00) - (+€) " taah Py ()

(2.5

with 0< £E<< 1

In this way it is possible to interpolate fumction y (x), which
indeed resembles a displaced tanh-function, without overshooting,
thereby avoiding the danger of obtaining impossible negative
fertilities. The quantity € is introduced for the purpose that

f (x) for x <10 and x > 60 does not go towards infinity. Since
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Eq. (2.5) is also used for the re-transformation in order to arrive
finally at the distributions g (a), the actual value chosen for € ,
which lies in the neighborhood of 0.01 , is practically without

importance.

For the developed as well as for two developing regions we find in
the Figs. 53 - 64 representations of both input and output of the
subroutine "spline" as applied to the initial age-structure, the
fertility- and mortality patterns. The input- and output-curves
should enclose for each of the given age-intervals between X = o, 1,
5, 10, 15, ..., 85 exactly equal areas. The results of further
applications to the age-specific fertility and mortality for all 10
regions are depicted in Figs. 65 - 84, The initial age-distributions

in 1950 are included in the Figs. 112 - 151,

We could have found even smoother curves by means of a refined
"spline"-technique [3] ; However, we did not deem this necessary

for our purposes.

Listings of this subroutine and of the two routines "“Aged'" and "'Frame'
for the generation of the diagrams for the age-structure and for the

computer runs of the population development are enclosed in Listing 5.

Finally, it should be pointed out that the mortality distributions
(s. Figs. 75 - 84) after having been multiplied by the time-dependent

factor cmtyield the probabilityfor the death of a person between the
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ages of a and a-1 within the coming year. However, the people.in
the group P;, when dying in the coming year have then on the
average ages between (a-1/2) and (a+1/2) years. Hence, in order
to obtain the mortalities as used in Egs. (1.9) - (1.17), the

arithmetic mean of two adjacent values g (a) is formed as follows:

g

1/2 - [gla) +glal) | 5a=1,2, ..., 85  (2.6)
and amy ,, = g(1) amg, = g(86) (2.7

where g (a) is the output yielded by the subroutine 'spline'. The

fertility is treated in analogous manner.
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3. Population Policies

While our calculations for the time-span between 1950 and 1970 are
constrained by the given data, we can from then on apply various
alternative strategies in order to achieve certain broad demographic
goals, e.g. population equilibrium. Besides, not only different
population policies will affect fertility differently, but also
feedbacks from other submodels will influence both fertility and
mortality. It may be expected, for example, that in certain deve-
loping regions mortality will be greatly increased by food shortages,
wnless extremely urgent and drastic measures are taken there to halt

the rapid population growth.

3.1 Population Development between 1950 and 1970

For each of our 10 regions we use as initial values the 86 numbers
PiQSO a=1,2, ..., 86) which by means of the subroutine "SPLINE"
(s. ch. 2.5) have been calculated from the age-structureof 1950 as
given in five-year-groups and from the total 1950 population Poplgso.
Further data are Popt (t = 1951, 1952, ..., 1970) and the corres-
ponding time-series for the crude birth rate cbrt and the crude death
rate cdrt. From Figs. 13 - 32, where these parameters are depicted
together with their "availibility degree' as a measure of the quality
of these data, we can see that the latter drops partly under 10 % as

t t .
far as cbr® and cdr- are concerned. In these extreme cases, which occur

mainly in the regions 8, 9 and 10, we do not employ our calculated
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values (s. Figs. 27 - 32), but, instead, the values estimated by

the United Nations [1, 21].

The age-specific probabilities af; and amz, to give birth and,
respectively, to die in the year t, are also calculated by means

of the subroutine "SPLINE" from the most recent - assembled in
five-year-groups - annual data on the age-distribution on live
births, deaths, and of population. The probabilities af; and

am; are then employed as constants afa and am, during the whole
time-span between 1950 and 1970, first because of data-shortage,

and secondly for the reason that the assumption may justifiably

be made that these probability-distributions will vary only slightly
during the 20 years under consideration. The reader is reminded

that both af_ and am_ have been normalized such that

86 a 346

E: afa =1 and E: am, = 1 (see Figs. 65 - 84).

a=1 a=1

Since we did not have any reliable age-distributions of deaths and
of live populations for our region 10 (China), we employed for this
region the mortality-distribution am, of region 9 (South and South-
East-Asia); however, the time-varying magnitude cmt of the mortality

is calculated from the given time-varying cdrt and Popt of region 10.

In view of the circumstance that in the regions 8 - 10 great uncertain-
ties prevail concerning the five-year-groups for fertility and mortality,
the corresponding probability-distributions were smoothed to such extent

that mortality increases monotonously from the age of 20 on, and that
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the fertility distribution possesses only one maximm. The latter
conditions, however, could not always be satisfied as far as regions

8§ - 10 are concerned, when the regional fertility and mortality distri-
butions ﬁere calculated from those of the :individual nations

involved (compare Figs. 43 - 52 and Figs. 65 - 84).

The time-varying magnitude-factors cft and ant (t = 1950, 1951, ...,
1970) were obtained with the aid of Eqs. (1.3), (1.4), and 1.7y - (1.11):
From Eqs. (1.3) and (1.4) follow Babt and Tott; then from Egqs. (1.7) and

(1.8):

86
t t . pt
cf™ = Bab / Z afa Pa
a=2
and from Eqs. (1.9) - (1.11):

86
t T 1 t t
Tot-/(jam1 - Bab™ + Z am, - Pa )
a=1

2

g

In a closed regional population system (i.e. without immigrants and
emigrants) the problem of calculating Popt+1 from given values Popt,
cbrt, and cdrt (t = 1950, 1951, ..., 1970) would be redundant. In an
cpen regional population system, on the contrary, these data yield by
means of Eqs. (1.12) and (1.13) the values for Imit and IZ, i.e. the

numerical difference of immigrants and emigrants and/or, respectively,
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a measure for the inaccuracy of the given data. In any case mit #0
as well as I; # 0 cannot be interpreted as an indication for faults in
the population model structure.

From Eqs. (1.14) - (1.17) we obtain finally the values P;+1

(a=1, 2, ..., 8) and Popt+1 for the following year, with Popt+1
coinciding with the given value from cur data-base. This reveals
that we do not carry out our calculations for the time-span between
1950 and 1970 in order to calculate Pop1970, but rather in order to
study the dynamic behavior of the age-structures, to observe what
degree of reliability we may attribute to all relevant data, and to

1970

calculate the age-distribution Pa for those regions where these are

not available.

A listing of the program with all subroutines and the result from
1950 till 1970 is enclosed in listings 5 and 6. In the print-outs we
find the year t, total population Popt, fertility factor cft, crude

birth rate cbr, mortality factor cmt and crude death rate cdr.

In the second line the actual population Popt and the calculated

difference of immigrants and emigrants are stated in millions.

It was re-assuring to find that with the values as used by us for
Popt, cbrt, and cdrt, the calculated values for immigrants and emi-

grants remained under 1 % for all regions.
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3.2 Standard Computer Runs (Constant fertility and mortality)

In our standard domputer runs we keep from 1970 the fertility cf and
mortality cm constant, i.e. cft = cf1970 and cmt = cm1970 for t>1970.
The age-specific probability distributions afEt1 and amzt1 stay constant as
well, using the same constant distributions as in the time-interval

between 1950 and 1970. From 1970 on, immigrants and emigrants are no

longer considered.

In Figs. 85 - 94 a mumber of standard runs are depicted which are
based on different values for cf1970 and cm1970 , which were obtained
by averaging certain values cft and cmt (t = 1960, ..., 1969) which
were computed as described in Sc. 3.1. These averages were computed
over the years t = 1970 - t1 (tl =1, 2, «.., tM), using for tM the
values 1, 3, 5, and 10, respectively. We note from Figs. 85 - 94 for
the highly industrialized regions a clear trend towards smaller growth
rates as ty diminish, whereas for the developing regions in Africa and
Asia the curves are very close to each other for ty = 1, 3, and 5;

the simple reason for this lies in the fact that here estimated
average values had to be used for cbr and cdr in the years between

1965 and 1970 (cf. Chapter 1 and Figs. 13 - 32).

From our diagrams (Fig. 95 - 107) it is immediately obvious that in
the developing regions we have for constant fertility and mortality
practically pure exponential population growth, while in the developed

regions North America, Western Burope, Japan and Eastern Europe incl.
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the Soviet Union we have great deviations from exponential growth
curves. For the first two of these regions we note considerable
fluctuations in the growth rate, while the populations in the two
latter regions despite constant fertility and mortality soon after
the turn of the century stay constant and diminish, respectively,
although both have about 1970 a growth rate of approximately 1 %.

This effect is due to the dynamic nature of the age-structure.

In Figs. 112 - 151 we have depicted the age-structures for all
regions in 1950, 1975, 2000 and 2025 for the standard run, i.e.

= cf1969 and cm® = 1569 for t = 1970. Comparing these

using ft
age-structures with those of the equilibrium state (Figs. 152 - 161),
one notes that e.g. in Region 5 (Eastern Europe incl. Soviet Union)
the standard run yields for the year 2000 more people in the
reproductive age groups (about 20 - 40 yrs) than in age-groups
between 0 and 20 years. Therefore, the number of births must

consequently decrease when the fertility stays constant. This trend

would then be reinforced for each following generation.

Furthermore, one can calculate in advance what fertility value cf®
would be required in order to arrive at some later date at a constant

population when the mortality is kept constant (s. Sec. 3.3). For

1970 although in the

1970.

Japan and Eastern Europe cf® is larger than cf

equilibrium state the crude birth rate is smaller than cbr
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Listing 6 registers the time-change of crude birth rate and crude
death rate while fertility and mortality remain unchanged. In these

t+1/2 i1 the

tables we find c_:brt+1/ Z in the colum Bab/Pop and cdr
colum Tot/Pop.Input data Popt are stated in millions. In the last two
colums one finds the accumulated mumber of babies and deaths, respec-
tively from 1970 an. Although not very important in the present
context, they should be noted in comparison with the computational

results in Sec. 3.5.

The program listings correspond exactly to the calculation for the
generation of Figs. 258 - 270 which depict the results for the
quillib':i'..l"‘ mme —tama 72 % (e next certion). Always the fourth

pass of the loop DO 300 ... 300 CONTINUE yields the standard run

for the region under consideration.

1t would lead too far to discuss the standard runs for each region
with reference to population development and changing age-structures
as shown in the diagrams and tables. They are to a great extent self-

explanatory.

Interesting are also Fig. 108 - 111, representing the percentage
chare in the total population for all 10 regions - Fig. 108 for normal
run and in comparison Fig. 109 - 111 for equilibrium runs, type 1.2

(see Sec. 3.3).

In conclusion it is printed out, that also for the standard runs the
life expectancies at birth have been calculated for each region from

1970 on, using Eq. (3.5) from Sec. 3.3. Although Eq. (3.5) has been
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derived for the equilibrium state [3], the 1ife expectancy depends
only on the age-specific mortality cm - am, which remains from 1970
on the same in the standard runs as well as in the equilibrium runs
discussed in the next section. In the print-outs the life expectancy
at birth is denoted by LEB. Our values agree well with the ones
computed and estimated by the United Nations [DY 71;2].
3.3. Equilibrium Runs via Fertility Change

In the following runs fertility is gradually reducéd toca value

for which the population will eventually attain equilibrium. Mortality
is kept at the level of 197o0.

The first problem consists in finding the fertility factor cf®
that leads to population equilibrium. For this purpose we determine as
a first step the quasi stationary population limit which in reality is
reached asymptotically only after a very long time. This limit is

1970

determined by the mortality factor cm and the age-specific mortality

am;97° which are taken from sections 3.1 and 3.2 for the case ty = 1.
In order to have a stationary population, the condition Babt = Tot®

has to be satisfied. From this follows, because both the age-specific
fertility (not yet known) and the age-specific mortality (given) are

time constants, that for all times (see alsof 3 ])

t
P, =P, (@=1, 2, ..., 86)

Inserting these conditions in the basic eqs. (1.7 - 1.17) the following

relationships are obtained,

R =Bab-(1-1-cm-am ) (3.1)
z

Pa=P-l1-cm-am ); a=1,..,86 (3.2)

Pgg = Pog{1-cm-amge) / (em-amgg) (3.3}
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Equations (3.2) are applied recursively, until all age-groups Pa are
expressed through Bab, cm, and am, . Hence we obtain finally

P, = Bab - Prod {a) ,a=12,...,85
i -1-Lem-
with Prod (1) =1 5'cm am_&_
and Prod (a) = Prod{a-1) - [1-cm- amﬂ_,]
i a-l
=(1——2cm-am1 )-[ N (1-cm-amn)]
7

n=l

for a=2,3,...,85

For P86 Eq. (3.5) is valid unchanged. With the abbreviation Prod (a)
which depends only on the mortality factor cm and the age-specific
mortality distribution am, we can formulate the following three
interesting sums:
1. Bab=8£J c£® . af - P

= a a
Since we can safely assume that afa = 0 for a< lo and a > 60 years,
the sum has to be extended only from a=1C to-a=60. Division by Bab then
leads to

60
1=cf° - Z_ af Prod (a)
a=lo
or
e 1 60 a-1
etz (1-Llem-am, ) - ¥ [afg-M (1-cm-amy) ] (3.4)
2 7 a=10 n=t

Thus we have found the desired equilibrium fertility factor cf® for

given values of cm, am, and afa.

Pop 1 1 Pop
2. LEB = Bab cbr® = cdre = Tot
86

and Pop = az=-1 P,
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This sum yields the mean life expectancy at birth LEB as well as the
crude birth rate and crude death rate for the case of population
equilibrium [3].

Inserting Eqs. (3.2) and (3.3) into the above relationships, we find

85
Pop = Bab - | (ZIProd {a) ) + Prod (85) - (Yem-amgs) 7 amgg |
a=

and after division by Bab:

B=—t - L -1-Lem .
LEB Sbré = cdrf {1 7€M am%) (3.5)
e Z f:I (1-cm-am) } + _cm_‘ﬂ&s I'Il (1-em-am )]
Mgs  n-

It is noteworthy that this value for the mean life expectancy at birth
for constant mortality holds also for the standard runs, not just for

the equilibrium case.

3. The third summation serves only as computational check.

Bab = Tot
Bab =1.cm: am;- Bab + Bab - Z cm- amg- Prod (a) + Bab-Prod (85)- [1-cm- amg ]
z asl
of
1 84
1 = cm-am; + + 3 cm-amqProd (a) + Prod {85) (3.6)
7 a=!

This equation is identically satisfied for all lo regions. The age-
structure in the equilibfium state is depicted in Figs. 152 - 161.
and it is solely determined by the age-specific mortality

(s. Bqs. 3.1 to 3.3). The higher the development of a region, the
smaller is its mortality and also the crude birth rate, and the more

resembles the calculated age-structure a rectangle.
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For the case of population equilibrium we have so far determined the
age-structure and the magnitude of the fertility cf®. Now, what is the

final size of the equilibrium-population Pope?

The final population Pop'e is only defined when its initial
value and age-structure is known at the time of the transition from
cf1970 to cfe, and, of course, when also the nature and the beginning

of this transition period is given.
According to UN-recommendations [2] we use for the transition

a polygon consisting of three straight lines (s. Fig. 192).

hcf
ch?O
cf*+0.8-Acf
Acf ;
; cf%+0.2-Acf
I I . cf’
- - =T
‘ |
: ' I
. i |
: : I
' ' |
LJ L L T ] 'Il -t
KONTR  KAB KONTR« INT £

Fig. 192: Scheme for

fertility transition period
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Since cf1970 and cf® are known, only two free parameters remain,

KONTR and INT (s. Fig. 192). For the beginning of the equilibrium
policy KONTR we used the years 1975, 1985 and 1995; for the length
of the transition interval INT = 7 . KAB the spans of 0, 14, and
35 years. The calculations show that the shape of the transition curve
{S-curve, or straight-line polygon) is hardly of any importance.
Important is only the length of the transition-interval, and that
the area below the transition-polygon amounts to about
1/2 - (c£1970 + c£%) . T,

In Figs. 162 - 191 are depicted the age-structures in the case
of equilibrium policy for the years Z2Zooo, 2025, and 2loo. Here we
employed 1975 for the parameter KONTR and 14 years for the parameter
INT. The age-structures for the year 2loo are hardly different from
ideal equilibrium states (Figs. 152 - 161). For the same parameters
we have then provided numerical print-outs, employing 5-year steps.
These tables contain the year t, the population Pop, the fertility
factor cf, the crude birth rate cbr, the mortality factor cm, the
crude death rate cdr as well as the accumulative sum of all babies and
all deaths from 1970 on. Following the row for 1970, in addition, a
few data for the equilibrium state are also reported: first the life
expectancy at birth LEB, the fertility factor cf® leading to equilibrium,
the crude birth rate cbr® for equilibrium, the ratio of babies to deaths,
and finally the ratio Pes / P85'

The graphical results of equilibrium runs are represented in Figs.
193 - 270. Each figure contains four curves, one of them always
depicting the standard run for the sake of comparison. The three
remaining curves show for runs of type 1 the differences due to the
variation of the parameter KONTR, and for runs of type 2 the differences
due to the variation of the parameter INT.
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Below, the various types of rums are listed in systematic manner:

Type 1.1: INT =0 H
1.2: INT = 14 KONTR = 1975/1985/1995/2200.
1.3: INT = 35

Type 2.1: KONTR = 1975
2.2: KONTR = 1985 INT = 0/14/35/0<

2.3: KONTIR = 1995

The graphical representations of these Ti.ns are ordered
accordingly; they include also aggregations of the regions 1 - 5,
6 - 1o, and 1 - 10. The standard-run curve is always the one with
maximum slope from 2050 on. The curves for INT = 0 and KONTR = 1975,
respectively, are furthest apart from the standard run, and, conversely,
those for KONTR = 1995 and INT = 35, respectively, are, as could be
expected, nearest to the standard rum.

In the mumerical tables of listing 8 all equilibrium-type Tuns
and the standard run are listed for all regions as well as for the
whole world.

Listing 7 shows the influence of equilibrium policy, started in 1975
with INT = 14, especially on cbr, cdr, and on the summation of all
births and deaths since 1970.
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3.4 Runs with MortalityChanges due to Lack of Protein

The following computations were made for Region 9 (South East Asia).
Analysis of possible future protein yield has shown that from 1970
until 2000 the protein output can probably be increased annually

by an average of 1/2 % of the 1970 amount. After that a further
increase is hardly possible. But in 1970 the per-capita consumption
of protein was only 44 grams per day. With these two numbers one can

calculate the amount of protein which Region 9 might produce.

Since population grows much faster than the protein yield, the average
daily per-capita consumption must steadily decrease. But this decreases
the resistance to disease, which in turn increases the probability of
dying, particularly after a famine. Since famines result from fluctuations
in a marginal food situation, they will strike with increasing frequency
and intensity, affecting children worse than adults. Unfortunately nothing
quantitative is known about the affect of protein deficiency on mortality
rates by age group. Also, the distribution of protein consumption in the
population is not known, e.g., what percentage of the total population
gets 5 % more than average and how many get 5 % less than average. As long
as lack of protein affects mortality nonlinearly, its distribution must be

taken into account.

Because of the lack of knowledge we have on this problem, and because the
effects on death rate are much more complex than described above, the
following computations can only be useful as guidelines and might help

in the search for more reliable indicators for nutrition effects
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on health. We have kept fertility unchanged, i.e., we have used the
distributions from the standard muns, but two new functions of age

have been introduced:

The function E(a) indicates the age-specific sensitivity to protein

deficiency and is defined by
= - . - a
E@) = €, - E) - CE y+E (.7

Here E is the sensitivity of babies and E, the sensitivity of older
people. Ea is a time constant, indicating the number of years that
pass until E(a) - Eu drops to 37 % of Eo - Eu' As examples we have
used Ea = 5, 10, and 20. E0 was taken to be 1, 1.5, and 2, while Eu

took the values 0.5 and 0.25.

The second function indicates by what amount the mortality of an age
group P; is increased with given sensitivity E(a) and with a daily
per-capita protein consumption X. We have defined this mortality

multiplier MM [X, E(a)] in the following way:

MW (x,E) =[ 4 - x, —1}-E+1 (3.8)
xm:)—-;

[8)

Accordingly, the mortalities are now given by

t_ 1970 |
am_ = am MM(X, E(a))

3.9

and cmt = cmlgm
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Equation (3.8) is a hyperbola which has a vertical asymptote at Xo.

In the following Figs. we have used Xo = 0, 5, and 10. In Figs. 271

and 272 MM (X, E) is graphed as a function of X, with Xo at @ and 10.
For E the values 0, 0.5, 1.0, 1.5, and 2.0 were used. ty stands for

a time delay in the effect of protein deficiency. Usually t, is set equal
t0 zero; only in Figs. 278 - 280 ty takes the values 0, 5, and 10 years.
One can clearly cbserve an overshooting oscillation of population
followed by a damping toward an equilibrium. The effect increases with
increasing time delay. In the Figs. following Fig. 273 we have also
included the daily per-capita protein values in grams; the lowest values
belong to the highest populations and vice versa. Finally, some print-
outs are shown in listing 9 which have the same output format as the
equilibrium runs. The used parameters EO, EU, FA, X0 and T0 = Time

Lag are shown in the titles of the number columns in five-year-steps.

From both graphs and 1lists one can see that these calculations due to
lack of protein will also lead to equilibrium, but by a much more cruel

way as indicated by comparison of number of deaths since 1970.



B 406

3.5 Change of Mortality due to Lack of Protein and

Fertility Change for Population Equilibrium

In this last group of computer runs we combine the change in age-~
specific mortality due to lack of protein as in Sec. 3.4 with the
change in the fertility-factor cft as in Sec. 3.3 such that this
assumes the value <£% which would eventually lead to population
equilibrium for constant mortality cm1970. In Fig. 281 - 287 we
have plotted the standard run with

oft = Cf1970 - cf1969, et = emt970 - Cm}969; af; _ afigso, S

amz = amigso, in addition to three other curves. Curve (1) repre-

sents the equilibrium run already known from Sec.3.3 with KONTR = 1975,
1985 and 1995 respectively, and INT = 14, while curve (2) depicts the

run in which the lack of protein is considered with X, = t, = 0.

Curve (3) represents the new results where fertility as well as mor-
tality are varied. It is not surprising that curve (3) is below the
three other curves. However, it is noteworthy that while for different
sensitivities to lack of protein considerable differences in population
growth can be observed (s. curves (2) in Figs. 281 - 283), these differ-
ences become rather small under the impact of an deliberate equilibrium
policy (s. curves (3) in Figs. 281 - 283). Figures 281 - 287 furthermore
reveal the necessity to start with the equilibrium policy as early as
possible, for then the combination of mortality change due to lack of
protein and of equilibrium fertility leads to a population curve (3)
which is only slightly below the equilibrium curve (1) (s. Figs. 284 -

285). This demonstrates that then we shall have only a very slight increase
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in mortality due to lack of protein. However, when the equilibrium
policy is initiated only in 1995, a great gap develops between curves
(1) and (3) as shown in Figs. 286 - 287. These figures give a vivid
impression how despite a - though belated - equilibrium policy the
mmber of deaths from hunger and increased subceptibility to sickness
due to lack of food and protein rises enormously compared with an

equilibrium policy that is initiated 20 years earlier in 1975.

In order to facilitate an overall view of the results and their inter-
pretation, numerical print-outs in five-year steps for all these runs
are given in listing 10 in the same order as the corresponding figures.
We used the same format as in Secs. 3.3 and 3.4. The last two columns
give the accumulated sums of all babies and deaths since 1970. In the
fourth and sixth column crude birth rate and crude death rate, respective-

1y, are listed.

A comparison of the four types of computer runs beginning with the
standard run and ending with the combined run for equilibrium fertility
and mortality-change due to lack of protein, particularly with respect

to the four columns mentioned above, demonstrates convincingly the urgency
of drastic population policy measures in order not to let nature take its

cruel course.
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Listing 2:

Listing 3:

Listing 4:

Listing 5:

Listing 6:

Listing 7:

Listing 8:

Listing 9:

Listing 10:

B 408

List of computer print-outs
UN Estimates of midyear population 1950 - 1970,
programm and data by country.

Crude birth rate and crude death rate 1950 - 1970,

program and data by country.

Initial age distribution in 1950 or earliest available

year, program and data by country.

Age distributions for mothers at birth, deaths and
people alive, program and data by country for latest

available year.
Program of population model (here for equil. type 2.3).
Normal runs 1950 - 2030, one-year steps - for 10 Regions.

Equilibrium run 1950 - 2100, five-year steps - for 10 Regions.

KONTR = 1975; INT = 14.

Population growth for all 10 Regions with summation -
five-year steps 1950 - 2100.

Normal Tun and all equilibrium runs.

Lack-of-protein: print-outs in five-year steps 1950 - 2100

for parameters used in Fig. 273 - 280.

Different strategies: print-outs in five-year steps 1950 - 2100

for parameters used in Fig. 281 - 287.
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Listing of Figures:

Fig. 1: The 10 Regions of the M-P World Model

Fig. 2 - 12 : Midyear Populations and crude gross rates till 1970 (data)

Fig. 13 - 32 : Crude birth and death rates and degree of knowledge (data)

Fig. 33 - 42 : Initial age distributions (five-year age groups) (data)

Fig. 43 - 52 : Fertility and mortality pattern (five-year age groups) (data)

Fig. 53 - 64 : Comparison between five-year and one-year age groups for
initial age distribution, fertility and mortality pattern

Fig. 65 - 74 : Fertility pattern (one-year groups)

Fig. 75 - 84 : Mortality pattern (one-year age groups)

Fig. 85 - 94 : Normal runs (pop. over time)

Fig. 95 - 107 : Normal runs with cgr

Fig. 108 - 111 : Percentage share of total population for all regions in
normal run and three equilibrium runs (type 1.2)

Fig. 112 - 151 : Age distribution for normal runs in the years 1950,
1975, 2000 and 2025

Fig. 152 - 161 : Age distribution for equilibrium state

Fig. 162 - 191 : Age distribution for equilibrium runs in the years 2000,
2025 and 2100

Fig. 192 : Scheme for fertility transition period

Fig. 193 - 231 : Equilibrium runs, Type 1

Fig. 232 - 270 : Equilibrium runs, Type 2

Fig. 271 - 272 : Mortality multiplier due to lack of protein

Fig. 273 - 280 : Different runs due to lack of protein

Fig. 281 - 287 : Combinations of lack of protein and equilibrium policies
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Listing 5

Program of population model (here for equil. type 2.3).



8 JH3  B,12
BASSIUN § DF
AFTN 51,8008

B 412

MA 4126 SEHMEN,PBPULATIBNG
17281 DF1Y.88 DF1Y,S! CrR,LE LPsX1 DFLYs

DIMENSIEN
DIMENSIEN
DIMENSION
DIMENS BN
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSIEN

GSO(ZlJ:GPlEIJ:GFEEIJnGﬁEBl):PBPC21JaGt211
XX (1511,YY(151)

WELT [15324)s GRL3124s11)

WE L1581, 4]

NAME (101 #MBDE (10}

AML0/85]

FERT(21]2AMBRT [211,CFL[20)2C4(20]

AR [BB) ,APL RG], AHI[BbJ:AF[Bs];AF!EB&J
KOV (4] KAV L)

DIMENSIAN XR([131)
CAMMAN KABpKBNTR,NAME,MODE

CamMaN YY

EQUIVALENCE [AFC117AF1(1))
EQUIVALENCE [WET11sWELTILI)
CALL PLBTTFAC(Ba/60]

CALL XYBVZR [0+6511s5]

MORTAL

A KT8T ¢ 0
X £8 » 00
A FU % QeQ
De 666 21,151
D8 666 Juisé
668 WELIaJ) 8 000
DB 671 lsy,31
DA 671 Jai,4
D8 671 Naf,ll
6714 GREIsJIN] 9 Qo0
READ 104,MBDE
D® 400 IREG#1:6,9
JEND & IREG+4
De 670 121,161
DA 670 Jalsk
e70 WELTI1sd] = 060
DB 200 KREG®IREG,IEND
X READ 120,E8,EU,EA XD
READ 107:LYsLZ
YC ® LY*1.E6
READ 10#%,NAME
READ 109,P8P
RRINT 110, NAMESMADE
10% FORMAT [8?14-3/EF1“'3/5F1#-303151
102 FARMAT [8F10495)
103 FARMAT (F10e8)
104 FBRMAT C(10A4)
108 FARMAT (21F1]
108 FORYAT (20F1]
107 FARMAT ([418])
108 FARMAT([$ YEAR TatTAL PBP, FERTILITY 8AR / PBAP
1TY TeYT / PBP SUM 3AB 70 SUM TaT 708/)
109 FRAMAT [19Xs6F10.5]
iin FARMAT [1H1220A4/]
112 FARMAT [1XsF11e2,3 = ACTUAL POPS,F1l.2)8% = CALCULATED IMMT3RANTSY
112 FRIMAT E!FERTILXTY:MGRTALITY;CB:CB?:CD:CDR!$.MF12o5]
114 FRRMAT (41Xs 1IHSTART AF CANTRI, = lIhnBXnEO*TRANSIYISN PERTIMD *
17722
R1tA FURMAT [41XsBHER 2 ,F5n2‘5X;54EJ w aF5e2)BX,SHEA ©® JF5e2 5% BH4X(

X

Ae »F5e2s3Xs1IHTIME LaG * ,13/]
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109
110
111
112
113
114
11%
116

120
&

149

141

l4s
147

142
143

148

152

153

154

158

160

179

184

182
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FBRMAT (4F105)
INITIAL DATAJDATA FOBR FERTILITY AND MORTALITY
K = 19%0
READ 109,050
PRINT 101,G50
CALL SPLINE [G%50,AP1,1.,20)
D& 140 Lw=2,20
3F (L) * 040
READ 109,P, (GF{13s1e5,13)
READ 109,GM
READ {09, [AMORTI1)s1e2221)sP
READ 109, [(FERT[I1)s1a42211
D8 141 Le1.3
FERTIL] » FERT(4)
AMBRT[1] » AMOBRTL[2)
DB 143 Le2,21
1F CAMBRTLI) 146,186,147
AMBRTIL] o AMBRTIL=11
CANTINVE
IF (FERTLLI] 143,162,143
FERT(L) ®» FERTI[Lel]
CONT INUE
D8 145 Lsi,r21
AMBRT(L] » AMBRTIL] # 001
FERTIL] » FERTCL)®«001
CANT INUE
GML2) » GM[2]1%e2
GM{3) » GM(3]#%.8
GM(e0) = GM[20)#.2
CALL SPLINE [GM,AM1,2,20)
N ® &
NeN+
{F L[GF([N]) 15211522153
Ni ® Nel
N = 14
NsNe{
IF LGFIN)Y 15421542185
N2 % N
3FC1) # Q.
CALL SPLINE [GF AFlsNisaN2)
PRINT 101, GM
PRINT 101, GFsN1,N2
PRINT J102,FERT
PRINT 102,AM8RT
D8 160 La1s86
ARPLLL] ® APLILI#PBPFI4] #1.E6
D8 170 Lvi,8%
AFL1TL) 5 [AFLILISAFLEL*111%»5
DA 300 LLslss
INPUT PARAMETERS FAR 4 CURVES
38 T8 [181,1822,1832184)2L0L
CANT INUE
KANTR & 1975
XAd 3 O
38 168 185
CANT INUE
KAd 8 2
LAUS ® 3
KANTR s 1988
38 TB 185
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117
118
119
120
121
1e2
1ed
1de
Y { ]
leo
187
128
129
140
183
132
133
136
149
138
17
148
199
140
18}
leg
143
144
145
146
147
108
149
190
131
108
193
194
13%
156
187
158
109
160
183
182
183
164
168
106
187
108
189
170
171
178
173
174
178
176

183

184

iss

191
¢

Y0

3

’7
150

131
A

-
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CONT INVE

LAUS o 8

KA ¢ 8

ge T8 1383

CONT INVE

LAUS ® 10

KANTR v 2200

KAB ® 999999
CONTINUE

KANTR 8 1995

LAUS # &

KAVILL) ®w KAB®?7

KoY (LL) » KENTR

INT & 7#KAB

PRINT 110sNAME.MBDE
PRINT 114,KONTR,; INT
PRINT 116+EQ,EU,EAsXDsKTET
PRINY 108

SBAB ¢ Oy

STOT ¢ Co

AMIO] ® AM3L1]

D8 193 Lui,86

AMIL] 8 CAMICLI®AMITL41])we5
AFCLY ® AFLLL) ’
APLL] s APLILL]

CONT INVE

AMLES] ® AM][86]

MSOEL

D8 100 Xe1950,2100
KK & Kol949

aT ¢ Qs

8T # O»

BAS ® Qo

D8 9 Lel,86

TAT 8 TOY ¢ AP[LJsAMIL]
BAB v 2AQ4AP[LI®AF (L}
D8 7 Lei,i8

BLLd ® Qe

DO 8 Lel,sBé

L2 * LLes)/S

GLLR) ® GLL2I¢AP(L]
Ds % Lel,18

ar ® AT+G(L)

MIGRATION

1P [Ke1970) 90290,97

AMIU @ POPLKKJ'lOU"GT'0.000i
IF CAM1G] AMIG » AMIGels
AMIG ¥ AM1G4eS

M1G » AMIG

De 95 (92,51

APLL) 8 AP([L]*M1G#200,
AMIG @ M]Gee01

GT ® GT ¢ MIGeleE4
CBNTINUE

{F IMBDIX,5)) 181,150,151

RRINT 151:K:0T0CB:CDR;CD:CDR4!BA5:3TUT

FORMAT !Ilo14;3X:F12.00“t!lplloi7302!510713'031
XPLKK) 2 &8
1P (Xe1970] 10s30,5%0

"ORTALITY,FERTILITY TILL 1969
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177 10 CONTINUE

1/8 B8 ¢ [FERTIKKI#PAP (KKI4FERTIKX+1] PP [KK&1]]ueSES
179 TT 8 [AMBRTIKK] #PBPKK]+AMBRT (KK (] #PBP[KK*1)]#8ES
180 1F CAMBRTIKK+1]]) 13,11012

181 11 TY ¢ (POAPIKK)=POP(KKellleleE6 + BB
188 12 CONT INUE

183 TOT o TOTeEB2SaaAM(O)

184 CB » BB/BAB

183 CO & TT/787

156 CFIxXK] ®» (B

187 CMIKK] & ¢D

158 a® 18 80 )
189 ¢ CALCULATION B8F EQUILIBRIUM STATE AND MORTALITY MULTIPLIER FAR [ACK ¢
190 ¢ PROTEINe

iyt 30 CONT INVE

192 C8 ® Qo

193 CO ® Do

194 D8 35 Le1,LAUS

198 Ll ® KKe|

196 cB = CBeCPILY)

197 38 €O ® CD*CMILY]

198 C8 ¢ CB/LAUS

199 CD ® CD/LAUS

20O PG ® [1e/CDeAM([883)/AM(BS)

2ol P8 1eee52C00AMIQ)]

aoe 8L ¢ P

203 82 ® AM[318CD®P els »P

204 83 ¢ Qo

209 D& %0 |#2,8%

206 P o PellsaAMLe1)%CD)

207 81 ¢ Slep

208 83 ¢ 53 ¢ AF[L]I#P

209 &0 82 ® S2+AM[L)=*CDaP

210 ASS ® [lrelleeS52)/P)sCD

211 P e Poll,eAMB85]4CD)

1-3Y 4 €1 8 S1+P/AM[86]/C0

213 S2 8 S52+P

216 FY ® 14/84

218 FX ® 1./53

216 PRINT 41,81,FXsFY252,PG '

217 ¢ FBRMAT C(SLEB,CFSTAT,CBRSTAT;TOT/8A3,P86/P83 8, 503AX,F12e7])
218 F = (B

219 FA ® FefFX

220 PR ® 4400GT

aes PRD 8 PR#0.00%

[ ¥4 38 T8 80

2e3 ¢ MORTALITY,FERTILITY LATER TWAN 1370
288 30 CONTINUE

2129 IF (Ks2000) 230,229,235

286 @229 CONT INUE

2Ry &30 PR ® PR&PRD

ane u3s CANTINVE

229 X XP(KK] & PR/GT

230 DO 240 | =3,85

231 X E % (E8sEUISEXP(eL/EA) o EU

zIz IM v C[LékeeXO0)/[XPIKKeKTBTIX0] wie) & E + 4,4

233 Xx2us0 AMEL) ® CAMICLI«AMIEL+1)38ZM8,8

23s X ZM % (ChienX0)/IXPIKKeKTAT)oXJ] wle) * EB% (.
238 X AMCO] ® AM1(1)ezZM

296 X IM v [LakeeXO0]/EXPIKKeKTATI «XD] wle] ® EUY 1.



237
248
249
240
F- L3N
242
2¢3
244
2e%
2406
287
248
249
220
251
2ae
293
2%
29%
296
2o7
298
2»9
200
({3}
2o
z2e3
204
269
-{-1]
2e7
2068
209
270
271
z2reg
2’3
274
2/9%
276
2177
a/s
279
280
28}
282
283
254
28%
F4-1.1
287
4.1
289
290
-4 3
2vye
293
294
299
4 7]

307
J08

409
319
314
418
$18
29
80

<
4]
81

Y4

83
-1

L)
1)
87
109

300

€00
A

652
655

660
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AMI86) w AMLC(BE)#IM
{F (KeKONTRI] 320,307,307
{F (XAB) 308,308,309
FerXx
ge T8 320
CONT INVE
FC 8 Del/KAB
iF {KeKENTReT#KAR] 3100320:320
ir [(KeKONTR=S8KAB] 311,318,318
1F [KaKONTRe24KAB] 318,31%,313
FK & FKa2,
F o FeFASFK
CBONTINUE
cs * F
CONT INUE
IF {1e=CDaAM[B6)) QB T8 380
CALCULATIBN @F POPULATIAON AT TeTel
Bad ¢ HABaCB
78T ¢ BABeS*AMIQ] *CD
De 75 Lv1,86
TAT » TBT ¢ AP(L)®AMCLI*CD
YYLKK) ® GT/YC#1i8s © ¢
1F LYY KK ®94e] 82:82,81
YY(XK] % S
XX (KK ® [KK-763190/750
IF (MBDIK,5)) 84,383,384
GREKKIS*lnLLoKREG] ¥ 0e00N001#GT
WELTIKKILL) ® WELTIKK,LLY 3T
APLEL) APtBSJOtio-cD'AHEGSJJ *
D8 B5 L*83,2s°1
Ly ® Lwl
AP(L) ® APIL1)®[1eeCOsAMLLL]]
APTL) @ BAB#[les.S0CHsAMI0)])
1F (x=1970Q] B7286:86
CANTINUE
saAp ¢ SEABeBAD
STOT ¢ STATTBT
CONT INVE
GT ® QT4 B5eBABe 58TOT
CBR © BAB/QT
COR & TOT/GY
CBNTINUE
CALL KURYVE C151:XXsYY)
CONTINVE
CALL FRAME xXXavvalY,L2]
CONTINVE
CALL EXIT
READ 107,LYa2L2
REALD 104,NAME
Ye ® LY®1,.E6
D8 660 Julsk
pes 855 181,151
WECLIpJ] @ WELT(1,J] WEC1» W)
yy{il o NELTt!aJJ/YC&t&- e 9
1F (YY([I)e9e) 65%, 695,652
YYLi] = 9
CAONTINUVE
CALL KURVE [151,XXsYY]
CANT INUE
CALL FRAME [XXsYYsbWY,LE

A“leJ’tlo-CD'AHESb])



297
29vs
2y
300
301
o
303
30
308
309
307
L)
309
310
311
3iz
N3
316
s
316
37
318
319
320
321
3z
3e3
Jgs
s
3z6
327
K1 ]
3z
340

- w w ow o wm W W S WS NG S8 E S 3aASSEASsASsasasaEesarae

400

680

082

o83
085

69,
693

/00

50
ity
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CONT INUE

D8 680 Nesis4

D® 6380 Isi,31

D8 680 JeisiQ

GRUIANILYLY ® GREINNS 4 + GRIINNILY]

DO &85 LLeisk

PRINT 682,KBVILLYKAVLLLY

FORMAT (1H12SPBPULATION BF ALL REGISNS FBR KANTR = #,14s8 AND IN]
T o $,16//71Xs4MYEARSDX, &N A p8Xobid EUsTXs 3 JAP &X2 7~E EJsSVUaBX,5¢
MR DEVsSXs kMl A 26Xo4uM AF, 68X, 4u™ EA)SX»BHS E As5X, SHCHINA,BXSHTH]
TALe?]

DB 68% lei1,3}

K ® 801 & 1945

PRINT 683,Ks [GR{TsLL,JIsJela1Y]

FORMAT (iXpl4s14(2XsFRe2))

CONTINVE

READ 107.LYsLZ

READ 10&,NAME

YC & LY®],E6

D8 700 Jeiaé

D8 695 81,151

YYLI) w WE[1sJ)/YC#1BeeT,

IF LYY[1)e3e) 698,695,654

YY(l} s 9,

CONT INVE

CALL KURVE [151a%XXsYY)

CONT INUE

CALL FRAME EXXaYYsLY,LZ]

CaLL EX]IT

TYRL 111,NAME,CD,AMIBE)

FORMAT [SUNREASBNABLE RESULTS FOR $210A4,8MCD = ,F8a3,3X,84AM{N6]
A 3F8.3)

38 T8 200

END

JOMMEN ALLBCATIBN

77777
77274

ROGRAM

00017
0Oei7
00&e7?7
13375
14Q47
15183
15149
151431
13145
19191
15158
15104
181746
15204
15214
19224
18234

KA 77776 KONTR 77764 NAME 77752 MBOE
Y

ALLBCATION

AF 00017 AFt 0n273 G50 00345 GP
ar Vo471 GM Op%543 PYP 20615 G

XX 01345 WELY 03435 GR 11105 WE
AM 13653 FERT 13725 AMORT 13777 Cr
cM 14117 AP 14373 aPL 14647 AM]
14-1 15127 KAV 154133 1 15134

N 15136 {REG 18437 1END 15140 KREG
LY 15142 L2 18143 K« 15144

Ny 15146 N2 18147 Lb 15190 (AUgZ
INT 181%2 KK 18153 |2 15154 MG
L 185156 Y( 15160 P 15162 SOIA3
srer 15166 QT 18470 107 15172 8A8
AMIG 15176 CB 18200 CoR 15202 €O
Cur 15206 88 15210 7 15212 P4
3 15216 §2 15220 §3 15222 A85
A 15226 FX 18230 fF 18232 FA
PR 185236 PRD 15240 FX
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SUBPRIURAMS REJUIRED

PLOTTFAL  XY3VZR SR INE MB0 KURVE FRAME

EXIT
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631

540

64y
b4p

bag

647
650

632

512

[-Y-de]

o2y
033
634
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SUBRAUTINE FRAME [ X,YYalLYsL2)
DIMENSION X([191),7Y(£151)
DIMENSION XX (5]

DIMENSION NAME([101sMaDEL1D)

COMMBN KABSKBNTR,NAME,MODE

D8 640 LL9is151,50

KaLlL¢1949

XPOS ®  X(LL}=0es

CALL XYHCD (XP9S,29¢2,003,0:320,0)
PUNCH 63§,K

FBRMAT (2X,3H\/14)

XX[1) o x[ILL]

xx(e] = x([LL)

YY(1] ¥ +9.

YYL2] ® 9

CALL KURVE [2,XX,YY)

CONTINVE

CALL XYBCD [600,99¢5,003,003,124HYEAR]
YA % 18e/12

Y8 * =9,

CALL XYHBCD (010¢0sYBw0e15,0035003,1s4H0
D8 630 Lei,L2

LL ® LY/L2e0

YB » YBeY,

YY(1) v vg

Yyi{a) * va

XX (1) ® «9,

xXxteg) = 9,

CALL KURVE [2,XX,YY]

CALL XYBCD (21060, YHa0015,003,003,23:0)
IF LLY = 999] 641,641,646

PUNCH 642,LL

‘FORMAT (133

INT » &

38 TO &65Q

Yi. * LL*0.001

INT » 9

1F (9999« Y] GB T8 670

PUNCH 647,

FBRMAT ([F3+1]

CONTINUE

CALL XYBCD [01060s767,0¢3,0032104K28P )
CALL XYHCD [wi1000s607,003,0035104:410 1
CALL XYBCD [«9¢35,608521272027,0,40)
PUNCH 632, INT

FORMAT (114)

INT & 7#KaAB

CAbLL XYBCD (=Be8,8¢0,427,4£€7,22:0)
PUNCH 633

PUNCH 634 ) NAME s M8DE

IF (<ABe=10] 610,6204s620

CONT INUE

PUNGH 636, INT

@9 T2 6&2%

CeNTINUE

PUNCH 638 ,KONTR

CANTINUE

FBRMAT [#POPULATION GROWTM FBRS)
FBRMAT [10A4]



80 636
ol 638
o2
83
04
68
86
o7
o8
89
70
71
’8
73
T4
5
re
77 679
78 674
79
50
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FARMAT [8INT ® $,18)
FRRMAT [9 KONTR & %214

xx (12
xx (8]
Xx (3]
XX (%]
XX (53
Yyl
Yv(z)
Yyid)
A L2
YY(S]

CALL KU
PAUSE 2

9
w9
Fe
%
(3 I
Fe
o3
w9
b 2

9.
RVE [5sXX,YY]

CALL PLOTTFACI(O)

IF (SENSE SWITCH 3) callL PL®
RETURN

PUNCH 8671,YL
FORMAT [F3.0]
a8 18 680

END

CYOMMEN ALLBCATION

77777 KAg

PROGRAM ALLBCATIBN

pymAy x
Qo092 K
0DU3I% [NT
Q0Ue3 B

SUBWRIYRAMS REQUIRED

L 84194

77776 KONTR 77764 NAME
QUMMY YY 00017 XX
pumMY |2 00033 L
00035 FRAME 00037 xP8S

00045 YL

KJRVE

PLBTTFAC

TTPACESe/60)

77752 M8DE

00031 Lk
DUMMY LY
00041 YA
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B 421

SUSRBUTINE SPLINE (G,AQ2N1sN2)

DIMENSION B(21)2A0[84)

DIMENSIBN NAMEL101sMBDEL(10]

DIMENSION B(20),C0201,00201,XX0203,YY(20)
CAMMAN KAB,KBNTR,NAME,MBOF

CBMMBN B4CrDaXXpYY

D® 10 L93,20

XXCL] ® Bale=410

Xx(1) & Qo

XX(2) » §,

.¥1 ® G(1)

Yyii) o Y4

D8 20 92,20

YYLL) ® BELIeYYIL~=1)

01 * YY(201=YY (1)

Y2 * o50G1 ¢ Y1

3L21) » G613 e« Gi

1F (N1e=2) 24,21,22

YYE2O) » vY[20) + 4+4G(20)
G8 TH 24

D® 23 LeNi,N2

EAG » YY[L)/Y2e,

YY(L) se[EAG+Le) / [EAG=1.]
YYLLY ® ALBGCYY(LI)

CONT INVE

CALL SPLIK® ([BaC,yDaXX,YYsNIsNE]
L2 o2

L3 » 86

1F {N1e2] 30.,30,2%5

L2 ® Ni*% » 9

IF [N2¢20) 35,40,40

L3 * N2#% « 9

D8 50 L*3,856

AGLL) ® G1+Y1=G(20)

Dg 58 L=1,L2

AGCLI ® YYI[L)

D8 70 LeL2,L3=1

L1 ® L9

IF (LeS) 60,60065

L1 ® Ll=]

1=,1/5

Q » Lielsg

EAQ » [(DCIJ*Q+CLIIIwQ+BL1)]aleYY L)
1F INiw2) 70,70:656

EAG & EXPLEAG)

EAG = [EAGels] / [EAGele]
EAG ®» ([EAGele]ny2

AGLL) = EAG

D8 30 L*1,89%

ABLL) o [AGCL*1]eAGI)]}/GY
IF C(AGCLY) AGCL) & 0,0
CONTINVE

AG(B6] * (201761

RETURN

END

CoMMEN ALLOCATIEN



77777 KAB
7770k 8
776042 YV

PROBIRAM ALLSCATISN

puMmyY
pummy Ng
00021 1
00040 YE

SUHBPRIARAMS REJUIR

ALud 8P 1KY

77776
77638

pymMyY
00016
voo2e2
00032

ED

KENTR

AG
L2
SPL INE
EAG

EXe

B 422

77764 NAME
77862 D

06015 L
00047 L3
Don2e Yi
00034 Q

77752
77512

DUMMY
00020
Qo026

MBDE
XX

N3
Lt
G1



B 4z2s

J 1 SUSRBUTINE SPLIKB [B,Cs0sXeFaNLaND)
. 4 DIMENSIBN BL20),C(203,0020),xC20),r(20]
s 3 ML ® N} ¢ |

L] L) M2 ® N2 w |

] ] 1 1)

. ] DB 10 leNgi,M2

. 7 DLIJ & X[1¢1) = XxX(]J

. 8 R ® [Fl{le1)=F(1J) 7 pL1]

. 9 CC1) » Re§

. 10 10 S = R

] 11 8 s 0

[ 12 Rw® O

’ 13 ceNiY w0

] ie CINZ) & 0

. 18 D& 20 1eMy,M2

. 1é ClI) = C(1) ¢ ReC(]e1)

. 7 BLl) » [X{lellex(I®*1]]) & 2+ » Reg

e 18 $ s D(13

s 19 @u R s 5/8(1)

] 20 D8 30 (eMP,Mi,ey

’ &1 90 CCll = (DLIIeCllel) » CLIY] ~» BL1Y
] ee D® 40 leNi,M2

[] 23 S ® D13

s (4] R e ClI+1y » C(12

. 1] Dril = R/3

] 26 Cr1) s CL11 » 3.

] 27 BLl) ® (FLl+l)=F(1]) / S =« (CCl)e¢R) &« S
] ¢8 40 CONT INUE

L 29 RETURN

) 90 END

PROURAM ALLBCATION

DUMMY 8 ouUMMY ¢ DUMMY DUMMY X
pUmmY § 00024 M1 DUMMY N1 0002% M2
pymmy Ng 00026 ! 00027 sPLIKS 00031 8

00Us3I R
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WR N B F N~

Ins

361

363

36e
365

7%

385

372
184
a82

183
I8

SUBRBUTINE AG
DIMENSIEN XX{

B 424

ED [AP2K,XMAY
1733, YYE173),AP[B6] N

COMMON KAB)KONTR,NAME,MODE
ar s Qo
§2 ® O
D8 355 Lei.36
IF [S2eAPIL)) S20API[L]
GT ® AT+AP(L]

L2 ® S2¢100./0T7 o 1

82 L2

PAUSE 1

XX{l} % =9

AXC2) » 9

YYL1) 8 9

YY{Z] ® =3

CALL XURVE CasXX, YY)
XXt3i) ® Q¢

xx[2) ® Qo

YY(1) & 9

YYLEB] % +9¢
CALL KURVE [22XX,YY)

CALL XYBCD £+228:520,3:0:32 10
CAkbL XYBCD [99602700,003,00¢3+0,03
PUNCH 361,X
FORMAT (SAGE

PUNCH 363,NAME,MBDE
FARMAT [BAL220X,5A4]
L2 * B20/XMA

D8 365 Leeisrls?

Do 365 L1 o 1,2

Xy ® XMAws| 10, @003

CALL XYHCD [X1s0902200320432020)

PUNCH 362, L1
FORMAT (2H \/12]

CONTINVE

XX{173) ® Qo
YY(L) 8 9

DB 375 Levisl72
Lt o* fbeid/2
XXCL] ¥ AP(L1I/GT#100%XMA
YY[L¥1) v L1e0e2eTe
call KURVE [173,XX2YY]
D8 385 Le1,s173
XXEL) * exX(L]
CAll KURVE [173,%XXaYY)
D8 370 Le20s172,20
XX £33 ® XxLLI

xxge] mexx(4)

yyeil o YYILQ)

vyiey e Yy(1)d

CALL KURVE L2sXX,YY]

IF (SENSE SWITCH 2] 381,384 -

pDe 382 Lei,86

XxtLl » AP{L)/0T#100,

PRINT 364,K
SRINT 383, [XX(L),L"1,86]
FORMAT [11([8(3X,FB8e3) /1]

CONT INUE

pe 333 L¢10:86210

DISTRIBUTIONS/SIN ®ERCENT FBRS$,15)

AME[10),MBDE[10)



&0
51
L1
83 387
&4 388
6%
66
87 330
68
69
70

"8 B S 8 88888

B 425

S2 ®* L*042=2904

CALL XYBCD (=001,5220¢320+3,0:0)
PUNCH 387,L

FORMAT (1K »12)

CANTINUE

CALL XYBCD [8¢95,2F04,0:2,0¢2,0:,0)
PUNCH 330

FORMAT (1HO/2H O)

CALL XYBCD [8s03,2907,004720e5,1,44 7/ 1}
RETURN

END

CBMMON ALLUCATION

77777 <AB

77776 KBNTR 77764 NAME 77752 M80gp

PRBURAM ALLACATIAN

Qoule xx
01277 Le
01303 ar

00544 vy DYMMY AR 01276 |
DUMMY 01300 (1 01301 AUEND
01305 g2 DyMMY xX™vMA 21307 X1

SUBFRIURAMS REWUIRED

KURVE XTHCH
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KONTR  KAB KONTR +INT
192: Scheme for fertility transition period

key numbers for equilibrium runs:

Type
Type

Type

Type
Type

Type

1.1 ¢ INT = O ; KONTR
1.2 INT = 14 ; KONTR
1.3 : INT = 35 ; KONTR
2.1 ¢ KONTR = 1975 ;
2.2 : KONTR = 1985 ;
2.3 3 KONTR = 1995 ;

I

1975/1985/1995/2200

1975/1985/1995/2200

1975/1985/1995/2200

INT

f

0/14/35/00

INT 0/14/35/00

INT 0/14/35/00

~\
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Most people agree that there exists.some sort of feedback mechanism
between the food supply available to a population, and its subsequent growth
and change. We are postulating an extrémely simplified model of this feed-
back relationship, yet one which, as we hope to show, is both realistic and
justifiable. The intuitive statement of the relationship is that as less
food becomes available to a population, there is a point at which general
mortality increases so as to have a dramatic impact on population dynamics.
Our task is to both qualify and quantify this relationship.

Human nutrition is complicated subject about which many questions
remain unanswered. Certain things, however, are relatively clear. The National
Research Council of the Food and Nutrition Board has recommended certain
minimm levels of c'alories (energy), protein, tem vitamins, and five minerals
necessary to maintain a healthy state (NAS, 1968). These minimum levels are
sometimes very difficult to determine with any degree of confidence, partly
because they vary with different jndividuals in a population as well as with
a single individual at different times. Because of these and other factors,
there is often disagreement about appropriate nutrient levels. But for our
purposes, namely the construction of a model, it is necessary to simplify.

To construct a nutrition model with 17 interdependent parameters (with many of
the interactions being unknown) is simply not a realistic task. Therefore,

we must choose those factors which seem to be the most important indicators
of the general nutritional state of a person or population. There is little
disagreement that the two most ;ignificant indicators are calories (energy)

and protein. Sufficient quantities of both are vitally important to health
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and well-being. Sufficient calories and insufficient protein have been
implicated in kwashiorkor, a significant cause of morbidity and mortality
in young children around the world. Furthermore, when calories are insuf-
ficient, protein is diverted from its maintemance function to energy
production, often causing protein deficiency even in the presence of
supplementation of the diet with added protein (WHO, 1973) However, the
incidence of this latter condition is much rarer than the former.
Because an adequate intake of either energy or protein by itself seems
to be a necessary but not sufficient condition for adequate nutrition, and
because adequate intakes of both seem to be fairly well correlated with good
nutritional status, we will use both factors in constructing our model.
Although a previous, more simplified iteration of this model used only protein
as an indicator of mutrition, the effect of energy insufficiency was implicitly
included. For the reasons given below, it will be seen why including both
energy and protein in our model yields a more accurate and defensible repre-
sentation of reality as well as a more discriminating predictor of future
trends.
The human need for energy is based on three basic, interrelated factors:

(1) Body size and composition

(2) Physical activity

(3) Age
All of these factors reflect on the three basic needs for energy, the needs for
maintenance, growth, and activity. The maintenance need for energy is the
amount of energy which must be consumed to stay alive under conditions of

minimal activity. It is basically unaffected by ethnic origin and seems mainly
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dependent upon the surface area of the body, correlating well with the body
weight raised to the power 0.75.

The energy need for.growth is basically the amount required for the
deposition of new tissue. This value in infants, children and adolescents
is approximately 5000 calories per kg of new tissue added.

The obligatory effect of activity on energy requirement is obvious.
The WHO categorizes physical activity into four classes: light, moderate,
very, and exceptionally, for both men and women. Energy requirements are
calculated.on the basic weight, sex and moderate activity. Correction
factors, which are percentages of total energy requirement of moderate activity

are  (WHO, 1973):

Light activity 90%
Moderate activity 100%
Very active 117%

Exceptionally active  134%

Thes; factors apply to the various age and sex groups from 13 years on-
ward; however, at this stage of model building we will assume both average
weights and moderate activity for all individuals.

Another correction factor is necessary to account for the effects of
age. The WHO gives energy requirements for the age 20-39 as a baseline
for adults. As people age, for reasons not yet completely determined, their
energy requirement diminishes. The following table summarizes the correction

factors (WHO, 1973):

20-39 years 100%
40-49 years 95%
50-59 years 90%
60-69 years 80%

70 years and over 70%
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We are now in a position to sumnarize the energy requirements for a
population. Because the population model docs not break age groups into
males and females, we will assume equal numbers of males and females in
each age group and use the mean energy requirement for the entire age group.
Furthermore, the energy requirements for pregnant and lactating women are
implicitly included in the figures for infants less than one year of age.

The following table summarizes our age-specific energy requirements (WHO,

1973).
TABLE I
Age-specific energy requirements
Age Energy per person/day
1 820
1 1180
2 1355
3 1540
4 1695
5 1830
6 1955
7 2075
8 2185
9 2295
10 2400
11 2475
12 2550
13 2625
14 2700
15 2750
16 2735
17 2720
18 2685
19 2610
20-39 2600
40-49 2470
50-59 2340
60-69 2080

70 and over 1820
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It now becomes a straight-forward task to calculate both the total and
per-capita energy requirements for any population generated in our model.
How we will use these figures (in comparison to the figures generated by
our Food Model), will be discussed after we consider the human need for
protein.

In contrast to the well quantifiable and predictable needs for energy
in any given individual, the individual needs for protein seem to vary in a
fashion which is only probabilistically predictable. That is, for any group
of people of the same age, sex, ethnic background, weight, and activity,
individual protein needs will vary in a gaussian distribution, the mean and
standard deviation of which can be determined.

It is thercfor possible to stipulate a level of protein intake for an
age-sex group in a population which would suffice for a vast majority of the
individuals in that population. This is precisely the path taken by the WHO.

But before going into the actual numbers involved, it is necessary to
‘discuss the role of protein in diet and metabolism. Protein is the building
material of life. Much of the musculo-skeletal and vegetative systems of
the body are composed largely of protein, as are all of the enzymes controlling
the biochemical processes of metabolism. The protein in the body is never in
a static state, but is always being catabolized (broken down) and renewed.
This constant turnover, plus the requirements ‘for growth in children, as well
~as the lack of any specific storage mechanism for protein in the body,
necessitates the daily intake of an adequate amount food protein to prevent
an actual net loss of body protein (loss of body tissue). Prolonged
jnadequate protein intake (depending on its severity) in adults causes loss
of body substance, increased susceptibility to stress and infection, and

ultimately, death. In children, it retards or prevents normal growth and
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development, decreaseé resistance to infection, and is ultimately fatal
(Cravioto and Delicardi, 1973; Ramalingaswrmi, 1973).

The WHO committee examined research on daily obligatory nitrogen loss
in humans on a protein-free diet. Nitrogen loss is an indicator of protein
catabolism (breakdown) in the body. The committee asked the question, what
is the minimum amount of protein intake necessary to replace that which is
obligatorily catabolized daily? They also examined research on 'nitrogen
balance". Nitrogen balance studies attempt to determine the minimum amount
of daily pllotein intake which will result in a net nitrogen balance. That is,
the amount of protéin catabolized (estimated by nitrogen excretion) is balanced
exactly by the amount of food protein ingested.

Using the data from all of these studies the committee arrived at a mean
protein requirement for adult men and women, adolescents boys and girls,
children. They found that the coefficient of variation (standard deviation +
mean) for these figures was about 15%, so they estimated that 130% of the mean
values would suffice for approximately 97+ % of the population.

The protein specified in these figures is milk or egg protein, both of
which are very efficiently utilized by the body. However, most human diets
contain proteins which are less efficiently utilized. Therefore, the
committee gives 'safe" levels adjusted for various quality of proteins. The
protein in the average diet in developed countries is approximately 80% as
efficient as milk or egg protein. In most developing countries a 70% figure
is appropriate (due to lower intake of animal protein). In the very poorest
countries where the majority of proteins come from maize or cassava, a 60%

figure is used. This is summarized in the following table (WHO, 1973).
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TABLE II

Safe level of protein (130% times the mean requirement) in terms of

qualities of  80%, 70% and 60% relative to milk or eggs.

Age Crams egg protein Adjusted levels grams/person/day
per person per day 80 70 60

6-11 months 14 17 20 23

1-3 years 16 20 23 27

4-6 years 20 26 29 34

7-9 years 25 31 35 41

10-12 years 30 37 42 49

13-15 years 34 42 49 57

16-19 years 34 42 49 57

Adults 33 41 47 55

Add for pregnant
woman (2nd half of preg.) add 9 add 11 add 13 add 15

Add for lactating
woman (lst six months) add 17 add 21 add 24 add 28
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We are now ready to construct our model. The first step is to look at
calories. Using the population distribution of any given region, and our table
I, we can calculate the number of calories necessary to satisfy the -energy
requirements (assuming moderate activity as a general average) for the popu-
lation of that region. From our food model, we are able to obtain the net
total calories available to people in fhat region. We now compare the figures.
If the calories available exceed the calories required, we go on to look at
the next step, namely protein. If the calories available are less than the
amount needed, we have, depending on the magnitude of the discrepancy, a famine.

It should be mentioned parenthetically, that certain adverse effects occur
when there is a large excess of calories available to a population; namely
obesity and its adjuvant effects on mortality from diabetes and cardiovascular
diseases. However, these manifest themselves mainly in the elderly, post-
reproductive members of a population and have little influence on population
dynamics. For this reason, we will, for now, ignore the situation of over-
abundance of calories.

The chief question is, how will a lack of calories affect age-specific
mortality in a population? The first effects are compensatory in nature.

In both children and adults, activity is decreased. In adults, body weight
falls, in children growth is retarded. All of these adaptations serve to

reduce enérgy requirements. In situations where the food shortage is acute,
following a pericd of good general nutrition (perhaps an isolated crop failure)
these mechanisms are more effective. However, when the food shortage is chronic,
individuals have little or no reserve capacity with which to cope. Further-

more, children, because of their energy needs for growth and smaller stored
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reserves (fat), are particularly vulnerable to not only the direct effects

of malnutrition (starvation), but also demonstrate increased susceptibility and
mortality due to infectious and parasitic diseases. This is in addition to the
fact that during a famine; children sre often less able to compete for the
scarce supplies of food available.

Because, in a sense, you either eat enough calories to survive or you
starve, we can postulate a linear relation between the percentage of needed
calories available and the percentage of the population that survives.
Essentially this means that if 75% of the necessary calories are available to a
chronically deprived population, approximately 75% will survive. This does
not directly consider such factors as food distribution or death due to infec-
tious and parasitic disease, but contains them implicitly; But it is a
simplification which seems sensible. If you have 100 people to feed but only
food for 75, you may try to feed all 100 on a reduced ration. But in real
1ife, in a long-term situation, some will receive adequate food, others
will starve. Furthermore, some of those receiving reduced rations will not
be able to survive due to increased susceptibility to disease, vhile others
will.

We must postulate two relations. The first coﬁcerns situations in regions
which, during the preceeding year, had adequate calorie and protein supplies,
but for some acute reason (e.g., a local crop failure) in the present year
manifested a calorie shortage. Because an individual engaged in light activity
requires only 90% of the caiories of one engaged in moderate activity (our

standard), we are assuming that a well nourished population can withstand a
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single, acute calorie shortage of as low as 90% of requirements without
increased mortality, but that any larger deficit will have a linear effect

on -mortality as illustrated below: (Relation A)

RELATION A
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In a population which during the preceding year had been exposed to
either a lack of protein or a lack of calories, any existing reserves would

have been used up. Therefore the following relationship is postulated:

(Relation B).

RELATION B
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We further postualte that there is an increased mortality among the young
in situations of food shortage. This is due to such factors as inability to
compete with adults for scarce supplies, and retardation of growth, development,
and immunological competence. Although we camnot accurately quantify all of
these factors, we can determine that the child's specific requirement for energy
(calories per kg body weight) is higher than the adult's. It seems reasonable,
then, to use this figure as a factor to calculate the increased mortality among
younger people to any given food shortage. These figures, based upon the

increased energy requirements of children and adolescents, follow in table

I1I (WHO, 1973).

TABLE III

Increased age-specific mortality factors®* (calories)

Age Factor
1 2,6
1-3 2,35
4-6 2,1
7-9 1.8
10-12 1.55
13-15 1.25
16-19 1.05
Adults 20 1.0

* When 39% or more of adults are dying all infants are dying. This is
reasonable, for if a famine is this bad, no infants will survive., For

computational purposes, mortality in any age group is limited to 100%.
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We now come to protein requirements. If a population is not getting

- adequate calories, protein is usually deficient as well. However, a population
may be receiving adequate calories but insufficient protein. This is the case
in many areas of the world today.

Using table II and the population distribution of a region, we can
calculate "safe'" levels of protein intake for the entire region corrected for
the average quality of protein available in that region. This total, divided
by 1.30, yields a figure we shall call the "mean requirement' for the region.
Fifteen percent of this "mean requirement,” we shall call the "'standard
deviation requirement."

We now compare the "mean requirement' for protein in a given region with
the net amount of protein actually available to consumers-in that region. The
difference between the net available protein and the "mean requirement" divided
by the "standard deviation requirement' will give us a distance, in o units
from the mean of a standard gaussian distribution. The integral of this
distribution at that point yields a per cent survival figure. For example,
if the calculated "mean requirement’ for a reéion is one hundred million grams
of egg equivalent protein, and the available protein of 70% quality is 178.6
million grams, we perform the following computations:

m 78.6 x 10%) x .7 = 125 x 10°

@ 125 x 10° - 100 x 10° = 25 x 10°

‘3 @sx10% + @5x10% =167

(standard deviation requirement)
1) + 1.67 ¢ from the mean of a standard gaussian
distribution includes 95.25% of the area.
We would then use this resultant figure, 95.25% as the percentage of adults
surviving that year, or, in other words, 4.75% of adults would die from causes

related to protein deficiency in that year.
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As-is the case with calories, the specific need of children for protein
are higher than for adults. For the same reasons given before, we postulate
an age-specific mortality multiplier for protein, based on the specific
(per kg body weight) needs for protein of various age groups. These are given
. in table IV (WHO, 1973). ‘

TABLE IV

Increased age-specific mortality factors* (protein)

Age Factor

1 3.35

1 2,35

2 2.20

3 2.05

4 1.95

- 5. 1.85

6 1.80

7 1.70

8 1.60

9

iS5 * as before, mortality in
10 1.50 any age group is limited
to 100%, all infants dying
11 1.45 when 30% or more adults are
dying.

12 1.40

13 1.33

14 1.23

15 1.15

16 1.12

17 ) 1.08

Adult 1.0
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We now have, in cases where both calories and proteins are inadequate,
two sets of mortality figures for each age group. Since any sort of weigh-
ted suming is harder to justify that a "limiting factor" hypothesis, we
will take, as a mortality figure for any given age group, the calculation
which gives us the higher mortality. That is, either calories or protein will
act as a limiting factor on the number of people in any age group who survive
nutritional deficiency.

The fi‘nal point to mention is how these derived mortality figures will
interact with the population model. In order to restrict ourselves to the
situation where nutritional status and food supply are the decisive factors,
we should first examine mortality patterns in situations where, due to
a long history of adequate food supplies, malnutrition has had no effect on
mortality patterns. That is to say, even under circumstances of perfectly
adequate nutrition a proportion of people in all age groups will neverthe-
less die in any given year. We shall examine mortality patterns in a mumber
of situations where malnutrition can, for all practical purposes, be ruled
out as a cause of, or contributor to, mortality. From these situations we can
propose a baseline mortality pattern to use in our calculations. For example,
if in our baseline pattern, the expected mortality in an age group is 1.5%
and our model generates a nutrition-dependent mortality of 5.0%, 1.5% + 5.0%
yields- a total mortality of 6.5% in that age group under those nutritional
conditions.

A sumary of the steps followed in the model is:
(1) Calculate energy requirements of region (Table I)
(2) Compare to total net calories available to region

(a) if ratio>1 go to protein calcualtions
(b) if ratio<1 go to step (3)
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(3) (a) If during the prévious year no excess mortality was due to nutrition,

calculate excess mortality using relation A

(b) Otherwise use relation B

€Y

&)

(6)

(7

)

9

(10

(11)

Use figure obtained in (3) with Table III to obtain age-specific excess
mortality with respect to calories ’

Calculate '"mean requirement ' and "standard deviation requirement"
for protein for the region (Table II)

Compare "mean requirement” to total net protein (consider quality)
available to region.

Derive excess mortality factor using standard gaussian
distribution.

Use figure derived in step (7) with table IV to obtain age-specific
excess mortality with respect to protein.

Compare age-specific mortality rates generated in step (4) and step 8)
and use the higher mortality rate for each age.

Add nutrition-dependent mortality rate obtained in (9) to the baseline
mortality rate to obtain final mortality rates for each age.

Feed results of step (10) back to the population model.
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Introduction

The most dramatic of the "limits to growth" is food. It has a
directness and an absolute quality about it which other potential limits
do not have: If a person gets enough food of adequate quality, he can
survive and be a productive member of society. If he does not, his
productivity will be impaired, and he may not even survive. In many
countries, food production is the primary activity, the most important
industry, and the prime generator of foreign exchange. It is a complex
activity in all areas, representing the confluence of policies governing
land use and applied technology, and its spatial complexities stem not
only from the historical development of man-land interactions but also
the differing ecological potentials of the land itself.

There are no widely accepted estimates of how much food can be produced
on the earth today. On one hand, it has been estimated that enough food
can be grown to provide a minirum diet for 104 billion peoplel; on the other
hand, incipient famines have been predicted for many yearsz.

It is implicit in a world whose population is growing thai basic
subsistence needs (at least} must be met. But food production systems are
already being put to an extreme test; and there is some doubt that they
can meet the demands being put on them for much longers. There are also
severe fallouts of changing the food supply systems on the remainder of
the society. The classic paradigm for agricultural change, increasing the
intensity of technology, has the by-effect of reducing the man/land ratio

and "liberating" thousands of able-bodied workers from the agricultural labor
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force. But cities cannot always absorb the new workersf so that social
turmoil is a common and perhaps necessary result of increasing the capa-
bility of food supply systems. The only alternative paradigm that can be
observed, agricultural involution as described by Geertzs, is no more
attractive a goal.

In a very simple way, there are only three ways to increase the
production of food to meet increasing demands: increasing the area under
crop, shifting crop types to those with greater yields, and increasing
yields per hectare of a given crop by more intensive famming. All three
of these options have been exercised throughout the history of agriculture,
but the first has tended to be the first and easiest step; the third has
been the most difficult and last, Today, there are parts of the world
where virtually all of the potentially arable land is cropped and the
mixture of crops is the most productive mixture feasible. The only way
that production can be increased is to intensify the farming system to
increase yields per hectare production. Even in areas which have much potentially
arable land left undeveloped, such as South America and Africa, the land
remaining is of poor quality and productivity cannot be increased on these
without fairly intensive care6.

The approach used in this report is predicated on two postulates:
first that it is reasonable to view agriculture in an ecosystems framework
and secondly that we know enough about agroecosystems to gauge their
responses to specific stimuli. These postulates deserve some discussion.

Food-producing ecosystems are of many types, including fields, culti-

vated fish ponds, pastures, feedlots, marine fisheries, and the like. All
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have their own methods of exploitation, all are regulated by their own
internal feedback devices, and all show considerable variations from place to
place. DBut as ecosystems, they are all governed by the geochemical and
biological laws of ecology, and the responses of an ecosystem to some

input are controlled by the structure of the ecosystems and the nature of
the input much more than by the nature of the society which is making the
input. This means that we need not consider political or economic processes
in order to describe or simulate the agroecosystems, except as these
processes set limits to a society's ability to use a specific input.

However, we may need to deal explicitly with ties among agroecosystems.

The possible inputs into the agroecosystems are relatively few:
fertilizers containing nutrients from a fairly restricted set, certain
methods of soil conditioning, some sort of weed and pest control, and
decisions on specific uses of jand. But if the responses of agroecosys-
tems to them are functions of the geochemical and biological interactions
which occur in the given place, the jntensity with which a society uses the
inputs at its disposal are controlled by its perceptions of its goals and
its own socio-political structure. Vhat this means is that we can simulate
agricultural production using a straightforward physical model whose com-
plexity lies only in its ability to consider explicitly the differential
productivity of ecosystems, and setting the regulating feedback loops
external to the agroecosystems in the socio-economic sphere as they are
actually found. For this reason, we have constructed an integrated model in-
cluding three components: Population growth, an ?conomic model determining
investment in various parts of food production, and the physical agroecosystem
model. The population and economic models are discussed in detail elsewhere7;

this report concentratés on the physical agroecosystem model.
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The Data Base

The agroecosystem model is based on as much regional data as is
available to us. With some exceptions, the data and statistical summaries
are from the Food and Agricultural Organization of the United Nations (FAO).

The FAO publications used as data sources include the Production Yearbooks

of 1970, 1967, 1964, 1961, 1958, 1955, 1953 and 1951, the summary volume
of World Crop Statistics 1948-1966, the Fisheries Yearbook, 1970, and the

Food Balance Sheets, 1964-1966, Detailed mathematical relationships between

variables are based on long time series of up to 22 years. Less intricate
relationshins are based on the dataof the last few years only. The specific
data used to derive the relationships used in each sector of the model are
footnoted in the body of the report. '

There should be some discussion of the usefulness of the FAO statistical
data, Their sources are member governments, and they reflect whatever
insufficiencies exist either in data gathering or in political bias., There
are a number of missing data points, and the quality of the data varies
markedly from region to region and from country to country within a region.
All of this means that the data are '"noisy" and not as precise as might
be desired. In addition, different sets of statistics use different report-
ing intervals, most commonly either the calendar year or the year ending
on 30 June, but other specific years also apply. Despite these problems,
we believe that the FAO statistics are a reasonable reflection of at least
the commercial phase of world agriculture, and that no better data are

available.
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Model Structure -- Overview

The food model is designed to be as realistic and complete as possible
within the context of a simple dynamic model. To this end, it considers both
the production of foodstuffs and allocation of this production to various
uses within a given region. Production is considered in three different
sectors representing different ways of exploiting available resources and
different types of ecosystems. These are field crops, livestock, and
fisheries. The land bases for field crops and livestock are calculated by
a land use sector, and the model is driven by the economic and population
models which have been integrated.with the food model. Gross production
is expressed in terms of 26 different foodstuffs (Table 1), of which 5 are
cereal grains, 8 are non-cereal CTops, and the remaining 13 are various
meat, fish, and dairy products. The food processing and allocation sector
of the model allocates each foodstuff into its use as seedstock, livestock,
feed, and food for the human population. Per-capita diet with regard to
each foodstuff is calculated, and the results are summed into total calories,
total protein, and animal protein. The overall structure of the food model
is shown in Figure 1. The main usefulness of this model is that we have
considered food in fairly concrete terms. That is, we have considered
enough different types of food to allow a feeling for the spectra of food
production in different regions of the world, the different uses to which
foodstuffs are put in different region, and the nature of the diets that

we are predicting for the future.
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TABLE 1

Foodstuffs considered in the World Food Model

Cereal Grains

Wheat
Maize
Millets and Sorghum
Rice
Other Cereal Grains

Non-Grain Crops

Sugar Crops

Starchy Root Crops
Vegetables

Pulses

Fruits

0il Crops

Drinks and Stimulants
Fibers

Meat Products

Beef and Veal

Pork

Lamb, Mutton, and Goat
Horsemeat

Poultry Meat

Edible Offals

Other Meat

Fish

Dairy Products

Honey
Eggs
Milk
Cheese
Butter
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Production of Foodstuffs

The land use sector of the model considers the land which is used for
growing crops, that which can potentially be cultivated for crops, land
which is potentially grazable but nonarable, and lands which are removed
from cultivation or grazing by urbanization or other nonagricultural uses.
Land cultivated in cereal grains is the state variable for this section,
with maximum arable land a boundary condition and land cultivated in non-
cereal crops based on land cultivated in cereals. Rates of development
and withdrawal of cereal-cultivated land are calculated by the economic
model. We concentrated on cereal grains because these are the most important
crops from the viewpoint of calories and gross production; also the basic
data on production and area in cereals appears the most reliable.

The field sector of the model relates the land base and technological
input to gross crop production (Figure 2). The land base is the total land
cultivated in cereal grains as calculated from the land use sector of the
model, Technological inputs are expressed in terms of fertilizer usage in
kg./ha. The amount of fertilizer used in a region is calculated through the
economic model, which determines the amount of money available for purchasing
fertilizer in a given year. Obvious;y, fertilizer is not the only technological
input, but it is the most convenient and realistic index of the whole tech-
nological package, and data on both its production and consumption are
readily available. Indeed most of the advances in agriculture which have
been made in the last 25 years have been closely tied in some way with
fertilizer use. The main thrust of the Green Revolution, for example, has

been to develop new crop lines which would respond better to more intensive
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fertilizer wse.s In order to use the new technologies of agriculture, it

is necessary for a fammer to purchase them, Thus, technological inputs

also imply the flow of a certain amount of capital, so that it is extremely
unlikely that anybody would be able to take advantage of any of the other
technological options open to him if he did not already use fertilizers.

As Lester Brown points outg , there is no half way in the Green Revolution:
one either uses the total package of inputs which is available or one

uses none of it. The technological package, including inputs such as
irrigation, extension services, pesticides, mechanization, in addition to
fertilizers, must be regarded in two ways. In the short rum, they are
commodities which are purchased and used to increase production; thus

they are equivalent to fertilizers and can be included conceptually

with them. But in a longer temm, the technological infrastructure of
agriculture determines not only the yield of crops in any given year, but
also the potential ability of the agricultural system to produce, Thus,
our model treats the long-term and short-tem effects of technology separately.
In the short term, fertilizer consumption is a realistic index of the extent
of technological input and can be used to calculate annual yield, In the
longer term, the nature of the infrastructure and the integration of the
whole technological package determines the potential ability of the developed
agroecosystems to produce food. We have considered this infrastructure to
be a function of long-term capital investment in agricultural technology,
and the potential ability of agroecosystems, or maximum possible yield, is

computed in the model on the basis of long-term investment.
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The land base and fertilizer use are translated into production of
grain, Once again, grains were chosen as the group whose production was
most meaningfully calculated, as it is the crop with the prime role in
the food supply of almost all areas of the world, Production of non-grain
crops was calculated from cereal production.

The livestock sector takes advantage of the fact that the relationship
between mumbers of livestock and meat production is remarkably constant for
a given meat type in a given region (Figure-3). Nine different types of
livestock and twelve livestock products were considered (Table 2). Additions
or subtractions to world livestock herds was calculated from the economic
model, constrained by the maximum number of animals that could be supported
on natural pasture and by the price of grains for feedlots. This maximum
was calculated from the total potentially grazable, but nonarable, land and
the average carrying capacity for livestock in the region. It must be noted
that although the relationship between livestock numbers and meat production
has been quite stable in most regions, it can be altered if a region chooses
to invest more or less of its resources in producing livestock for meat
purposes. Such a shift in the uses of livestock might, for example, be
the result of mechanization in which draft animals are replaced by tractors
or other mechanical devices, or if grain now going to feedlots is diverted
to the human population.

The fishery sector includes both marine fish and cultivated fish (Figure
4). The "marine" group includes not only marine fish but also fish taken
from natural inland waterways. Thus far, we have no figures for cultivated
.fish production, but we believe that it is far less than natural fish

production. However, fish are such a good source of protein that we felt
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TABLE 2

Livestock Types and Livestock Products Considered

Types of Livestock Livestock Products
Cattle Beef and Veal
Pigs Pork
Sheep and Goats Lamb, Mutton, and Goat
Horses -Horsemeat
All Poultry Poultry Meat
Chickens and Miscellaneous Eggs

Poultry
Honey Honey
Mules, Asses, Buffaloes, Camels Other Meat
Cattle, Buffaloes, Sheep, and Goats Edible Offals
Cattle, Buffaloes, Sheep, and Goats Milk
Cattle, Buffaloes, Sheep, and Goats Cheese

Cattle, Buffaloes, Sheep, and Goats Butter
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that an explicit consideration of aquaculture would be an important
requisite for scenario development in an accurate model of the world food
supply. Marine fish catches, of course, are well known, as are the animal
growth rates of those catches, But the maximm possible catch is not well
known, Several estimates have been made“‘, and the specific estimates
used can be considered a scenario variable. For aquaculture, many sources
of information are availablelz. They strongly suggest that the best basis
to determine the vield of cultural fish is the area of the fish-pond, and
that the relationship between pond area and fish yield is fairly constant
within a region but will vary considerably from region to region. Let us
now examine the basis for the equations used in each module in greater

detail,

Land Use

The land use sector of the model functions mainly to calculate the
land base for the field sector given the current area in grains, the rates
of development and withdrawal of arable land, and the maximum developable
arable land (Figure 5). This land base is that which is actually harvested
annually, and it may be considerably less than the land actually planted in
a given crop or involved in a long-term cropping cycle. Development of
arable land is driven by the economic model through the investment available
to develop land and a land-price fimction depending on the proportion of
potentially arable land remaining to be developed. Permanent withdrawal
of cultivated land for purposes such as roads, urbanization, and the like,

is treated as a function of populaticn growth.
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The land use model concentrates on land cropped in grain. The
reason for this is that the data base for croplands in grain is much
better than that for lands in non-grain cropsls. Lands in non-grain
crops are assumed to have a linear relationship to those in grain crops.
As shown in Figure 6, this relationship is rather noisy due to the
inadequacies of the data base for non-grain crops, but the role of non-grain
land in the rest of the model is relatively minor, as that the effect of
this inadequacy on the model's prediction ability is minimized. The total
amount of land in production is the sum of the land cultivated in grains
and that cultivated in non-grains:

It is clear that land development can continue until there is no
more land suitable for cultivation. But how much land is suitable for
cultivation in a region is an open question. In principle, any land can
be made arable given sufficient capital, energy, and other resources.
But some land is suitable for utilization as it exists naturally and some
is not. It is possible that when the food crisis is much worse than it is
now, land which is currently non-arable will be reengineered to make it
arable, but we shall ignore this possibility for two reasons. First, the
Malthusian repercussions of the global food crisis will hit first in the
third world, which does not have the capital to rebuild currently non-arable
land. Secondly, the estimates of arable land, especially in the tropics,
may be unreasonably large. An excellent discussion of the criterion for
the different uses of land are given by Revelle et. al. 14 There are two
main ways in which the maximum amounts of potentially arable land have been

estimated. First, land is arable if it has ever entered the cultivation
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cycle. This is the basis of the FAO definition of arable 1and15, and it
gives minimum estimates for lands which can enter the cultivation cycle.
But there is no way to gauge the relationship between this estimate and the
maximun acreage that can actually be harvested in a given year. As shown
in Table 3, this acreage is only a fraction of the FAO estimates of arable
land for most regions, and it is the area that is cultivated and harvested
each year which is the land base for production. Especially in tropical
areas, arable land may be usable only in a relatively long-term cycle of
shifting cultivation, and efforts to shorter; the fallow period may do
permanent damage to the landlé. We in the temperate zone are used to think-
ing in terms of continuous cultivation, but even here the need for crop
yotation effectively lowers the actual acreage which can be cultivated and
harvested annually. We cannot say at this time what must be done in the
tropics to bring land now in long-fallow cultivation schemes under continuous
cropping. On the other side of the question, some lands can be effectively
double or triple-cropped. This, of course, effectively raises the maximum
arable land over what would otherwise be the case. In short, there is no
easy way to estimate meaningful values for maximum cultivable land from the
FAQ arable land figures.

A second way to estimate maximum potential arable land is touse the
approach of Revelle et, £.17. This approach does not consider whether or
not land has actually been cultivated, but rather what percentage of a given
soil type is potentially arable on the average. This approach avoids the
subjective aspect of determining whether land has or has not been used,
concentrating on the most important factor in the system, the soil. The

amounts of the various major soil types in each region is fairly well known.
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Table 3
(a) (b) (c) (d) (e)
Ultimate

Maximum Land in the (b) as Land {d) as
Arable Cultivation percent Harvested percent

Land Cycle of (a) per Year of (b)

N. America 392,000 219,844 56.1 111,499 50.7
. Europe 155,000 127,318 82.1 - 88,707 69.7
Japan 8,000 5,603 70.0 5,858 104.6
Rest of 150,000 57,779 38.5 19,474 33.7

Developed
E. Europe 382,000 279,894 73.3 193,260 69.0
Latin 429,000 128,206 29.9 76,587 59.7
America
Mideast 86,000 52,606 61.2 28,676 54.5
Africa 423,000 166,997 39.5 73,080 43.8
S. SE Asia 278,000 267,798 96.3 235,156 87.8
China 122,000 117,774 96.5 (100,000) (84.9)
World 2,425,0C0 1,423,819 58.7 1,000,390 70.3
All land figures are in thousands of hectares.
s Figures in parentheses are our estimates
ources:

{a) Revelle: Will the earth’s land and water resources be sufficient
for future populations? Paper delivered at Stockholm Conference

(b) F.A.0.: Production Yearbook, 1970
(d) F.A.0.: Production Yearbook, 1967 (data are for 1965)

(f) F.A.0.: Production Yearbooks (data are for years 1948-1969).

)

Average
Growth Rate
Harvested

Land

-1.51
0.53
-1.57
2.82
0.98
2.83
1.14
1.77
1.54

1.08
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But many of the objections to the use of the FAO estimates also apply to
the Revelle et. al. estimates -- perhaps more so, since the latter are
larger. In this report, we shall use the estimates of Revelle et. al.
for maximum potentially arable land.

In any case, the choice of the maximum potentially arable land ina
region is important, since the rate of development of cultivated land is
related to the potentially cultivated land remaining uncultivated. This
variable determines the price of developing'additional land, and thus

forms the basis of the land development portion of the model.

The field module takes inputs of fertilizer and land and calculates
field crop production. The key to this module is the relationship between
the use of fertilizer on grain crops and the production of grain. is is
a very complex relationship based on the mixture of crops (not only the
species involved but also the local varieties), the other factors which
accompany fertilizer use (irrigation, mechanization, pesticide usage,
use of new crop strains, and the like), and the quality of the land on
which the crops are being grown. Clearly, one can determine the relations
between yield and any one variable, holding all other constant, in a simple
graphls. Or two variables can form a 3-dimensional equation which will
relate fertilizer use to yield when all of the variables are varying and
none are held constant. We can make some reasonable simplifying assumptions,
however, which will allow us to do this. First, we shall assume that there

is little change in the relative abundance of crop species grown in a region.
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In fact there has been some, but it is quite small. Second we shall assume
that it is reasonable to speak of the average land in a region and to
assume that the average response of the crop mixture to technological
inputs (such as fertilizer) is very similar to the actual response of crops
on the actual mix of arable land, of which some is better than average
and some is worse. This is an important assumption, because realistic
public food-production policy must be based on the average land being used
for crops. Also, it points out why crop yield-response data from agriculture
experiment stations cannot be incorporated directly in a regional model,
since such stations may not be located on “"average" land and they will not
be running experiments in which all of the possible inputs will vary
simultaneously. Nor will they be subject to the infrastructural deficiencies
and bottlenecks of the average farm. It is likely, of course, that tech-
nological inputs are likely to be used on better than average land before
they are used on poorer-than-average land, simply because they tend to be
capital-intensive, and owners of better land are more likely to accumulate
capital faster than owners of poorer land. As more intensive farming
spreads, it will spread from better land to poorer land. But the error
stenming from this source will be counterbalanced, at least in part, by our
first assumption, since if there is a change in crop species, it will likely
be from relatively less productive to relatively more productive sorts.
Thus the most important factor in determining crop yield is the extent of
the technological input.

As mentioned above, the technological input jnvolves significantly

more than just fertilizer: it includes mechanization, pesticides, genetic
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hybridization, irrigation, and a lot of other factors. For a number of
reasons, the use of fertilizer is the most useful index for these factors,
but we cannot disregard the others. That is, when fields get fertilized
to the optimum degree, holding the rest of the technological inputs
constant, it is likely that some other technological devices will be
available to raise crop yields still further. The most common interpreta-
tion of the relationship between crop yields and fertilizer usage is a
parabolic curve, in which the yield drops off above the optimum application
ratels. But in practice, fertilizer usage is so closely integrated with the
others inputs that it would not be increased were there no corresponding
changes in the rest of the technological packages. But to say (as we will)
that the application rate of fertilizer is not limited by some maximum
on the same order as the present optimum rate is to make the optimistic
assumption that new technological tools will be available as they are needed.
Let us discuss some of the reasons that fertilizer usage is the best
index of technological input in the field. Like pesticides, irrigatiom,
mechanization, and crop hybridization, fertilizers are purchased commoditieslg
and they cannot be used at all until farmers have a minimum of capital made
available to them from some source. Once agriculture is part of the commercial
economy, we can assume that the disposition of the available funds among the
various types of input (fertilizer, hybrid seeds, water, etc.) will be so
as to maximize, at least approximately, the returns on the investment (i.e.,
salable produce). Thus fertilizer is a basic aspect of commercialization.

But it is more than that. Many, if not most, of the steps in crop hybridization
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have been involved in making crops more responsive to the use of ferti-
lizer. Many, if not most, of the jrrigation projects in the third world
today were built because farmers, now that they had the opportunity to get
a sufficient yield to sell a substantial part of it, could afford to buy
water to supplement that crop's new ability to respond to fertilizers.

In short, fertilizers are the basis upon which the Green Revolution

is based. Not only is it a useful index of the degree of commercialism
in agriculture, a better index of the actual technological input into
agriculture could not be imagined. If it is scmewhat oversimplified, other
indexes have this fault as well, and it makes up for it by being simple
and having a sound data base.

There is no obvious way to extrapolate the fertilizer/yield curve
beyond its current levels. It is likely that it is a diminishing - marginal -
returns curve of some kind; most relationships of this general sort are.
But the precise sort of curve is anybody's guess. As the most useful

general curve, we have chosen the saturating exponential function:

GRPH = FA[1.0 - (FA - FB) * EXPF (-FC*ZPHG/(FA-FB)]]

where GRPH is the grain yield per hectare, ZPHG is the fertilizer usage
per hectare of grain, FA is the maximum grain yield, FB is the grain yield
when fertilization is nil, and FC is the initial slope of the curve. FB
and FC were determined by fitting the equation above to 22 years worth

of data for all regions of the mrldzo. ZPHG is the annual fertilizer

application ratio on the land, and hence represents the short-term effects
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of technological input discussed above. FA represents the long-temm
effects of the investment of capital in the agricultural sector of the
economy to define the maximum regional production possible. Without an
adequate infrastructure to integrate the technological aspects of food
production, all the fertilizer use in the world will not be able to raise
regional yield per hectare; with adequate integration, a limited amount of
fertilizer (or other imputs) will go relatively further21. Both ZPHG
and FA are calculated through the economic model. The family of curves
involved in the 10 regions considered, as well as the data upon which they
are based, are shown in Figure 7,

The gross regicnal production of grains is calculated by multiplying
the grain yield per hectare times the area of land cultivated in grain:

Thus far we have considered only grain in our discussion. Non-grain
crops are also of some importance as cash and/or food crops and must be
considered. Aggregate production of non-grain crops is calculated assuming
a linear relationship between total production of grain and non-grain crops:

The curves fitting the data and the data upon which they are based are shown

in Figure 822.

Livestock

The livestock sector of the world food model is the simplest sector,
but it is not a trivial sector. Other world models have ignored meat as
being both a prodigal use of fixed energy and a food source which will not
be feasible for the third worldzs. However, livestock must be considered

explicitly for several reasons. First, while they may not be as good a

source of calories as plant crops, they are a much better source of proteins,
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Figure 7

Relationships between fertilizer per hectare and grain yield,
by region. Ordinate: Yield of grain in metric tons per
hectare; Abscissa: Fertilizer application in kg. per hectare.
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especially high-quality proteins. A dict that contains even a small amount
of meat is likely to be much better than one containing none at all,

Second, livestock feed is a significant use of foodstuffs in all regions, and
we cannot model the tradeoff between plant food and animal food without
explicitly considering this particular use of plant food. Third, a major use
of livestock in much of the world is as draft animals. As mechanization
becomes increasingly the fact, animals which were previously needed for

power will become available for protein supplements in the diet.

The state variable for this sector is -the number of animals, which
grows according to new livestock purchased as calculated by the economic
model. There is a maximun number of animals which can be maintained in a
region, This is due to the facts that natural pastures have carrying
Capacities and that the numbers of livestock that can be maintained in
feedlots is limited by the amount of feed. At this level of aggregation,
however, we shall calculate the maxinam only with regard to the maximm
carrying capacity of natural pésture524.

Eight different types of livestock are considered in each region:
cattle, pigs, sheep and goats, horses, other large animals (mules , asses,
buffalos, and camels) chickens, all poultry, and dairy animals (cattle,
buffalos, sheep, and goats).25 Eleven kinds of animal foods are derived
from these livestock types: beef and veal, pork, lamb and mutton, horse-
.meat, other meat, eggs, poultry meat, milk, cheese, butter and edible
offals. Production of honey is also included in this section. The

relationship between livestock mumber and meat production have been
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determined as an average of the year 1966-1969 from FAO figure526. These
are quite consistent, as shown in Table 4. Thus as livestock numbers are
allowed to change through time, the production of various livestock

products follows.

Fisheries

Fishery resources can be divided into those of natural waters and
cultivated fish ponds. The catch of fish by the nations of the world is
well knovm27, as are the growth rates of that catch. But the maximum
sustainable yield for the world ocean fishery is not at all well under-
stood, and estimates have ranged from 55 to over 1,000 million metric
tons per yearzs. Present problems in fish production, including major
declines in the Peruvian Anchoveta fisheries, suggest that the lower
estimates are more realistic, and we have used Ryther's estimate of 100
million metric tons as the world maximum sustainable catch.

In this model we have assumed that regional marine fish catch would
continue to grow at its current rate until the world maximum substantial
yield was reached, at which point the catch would level off.

Fish constitute, in many respects, an ideal food supplement since
they are very high in protein but rather low in calories. Furthermore, they
can be rendered into fish meals and fish protein concentrate flour which
can provide high quality animal protein with low bulk and excellent storage
capability. Thus, if as seems now to be the case, the primary food problem

in an area is a deficiency of protein, expansion of fish in the diet would
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be a useful means of meeting this deficiency. So we have included aqua-
culture as an explicit means of improving protein production in the area.
The literature on fish pond culture is adequate, but not terribly largelz.
It suggests several things. First, the relationship between the land area
in fish ponds is essentially uniform within an area (Table 5), but it may
vary over several orders of magnitude from region to region. This is due
to several factors, mainly the fish species being raised and the intensity
of the fish culture. The reason for this latter phenomenon is not clear;
it may be cultural or it may have some other basis, but it does seem to
hold, Because of this relationship, however, it becomes possible to estimate
the potential for fish production in cultivated fish ponds by setting the
growth rate of land in fish ponds as a scenario variable.

The catch of fish from natural watercourses and cultivated fish ponds

is added and converted to meat by a uniform factor of 45%.

Allocation of Food

The outputs from the food-producing sectors of the model (field, live-
stock, and fisheries) calculate production in tewms of useful foodstuffs
(edible portions, meat, etc.). These foodstuffs are then equivalenced
to a single vector including all of the important foodstuffs, plant and
animals. To make the destination of the food more realistic, several different
categories of plant foods are calculated from the aggregated categories
of "grains" and "non-grains". (Cereal grains are subdivided into wheat,
maize, nutton and sorghum, rice, and other cereals; non-grains are sub-
divided into sugars, starches, root crops, vegetables, pulses, fruits, oil
crops, drinks and stimulants, and fibers. The percentage distributions

of the food types are considered constant for each region. A complete



B 541

TABLE 5

Relationshp of fish production in cultivated ponds to fish pond
area, by region,

Region Production of finfish in fish ponds Number
mean (kg/ha) Std. deviation Obseg\fations

1 963. 1697. 46

2 797. 466. 12

3 3778, 6159. 9

4 1441. 1725. 28

5 854. 451. 3

8 2713. 3804. 5

9 2074. 479. 74
10 2832, 1967. 5
World 1712. 1988. 184

Data are from sources listed in footnote 12
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listing of the crops included in each category is given in Table 6; the
percentages of the various crop types in each region is given in Table 7.
This disaggregation serves two purposes: first it will enable us to get
a feel for the makeup of the complete diet of an average person in each of
the regions; secondly it separates out crops which are important in inter-
national trade, and which can thus be used as indicators of interregional
capital in agriculture,

The next step in the model is to calcutate the use of the food supply.
within a region (Figure 9)29. Defining food supply as the sum of gross
regional production plus import, less export, we have considered 5 uses:
livestock feed, seed, human food, industrial uses, and wastage inherent
in extraction. The disposition of foodstuffs into these uses is shown in
Table 8. Retention as seed means that a percentage of the crop is held
back as the seedstock for the next year's crop. As more efficient seed-
producing schemes are adopted throughout the world, these percentages may
fall, but they can never be eliminated. Industrial uses are manyfold.
Some are for heavy industry (as in the case of some of the vegetable oils),
while others are for specialized uses within the food industry (either
human food or pet food). Imsofar as was possible, seed, imports, and
exports were considered in terms of raw agricultural products; feed,
industrial uses, and food were considered in actual weight of the commodity,

Livestock feed included the materials fed to livestock. This is a
significant use of grains in all regions, and in some regions may account
for the majority of grain use. In some cases » materials are fed to

livestock to fatten them to increase meat quality and quantity. In others
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TABLE 6

Specific Crops included in each of the categories considered in the

world food model.

CATEGORY CROPS INCLUDED
Wheat Wheat
Maize Maize

Millets § Sorghum
Rice

Other Cereals

Sugar Crops
Starchy Root Crops
Vegetables

Pulses

Fruits

0il Crops

Drinks and Stimulants

Fibers

Millet and Sorghum

Rice

Rye, Barley, Oats, Mixed Grains,
Buckwheat, Miscellaneous Cereals.

Sugar Cane, Sugar Beets

Potatoes, Sweet Potatoes and Yams, Cassava

Onions, Tomatoes, Cabbages, Cauliflcwers

Greenbeans, Green peas. Dry beans, Dry peas,
Dry broad beans, Chick peas, Lentils, Pigeon
peas, Cow peas, Vetch, Lupins, Other pulses.

Apples, Pears, Plums and Prunes, Cherries,
Peaches, Apricots, Grapes, Oranges and
Tangerines, Grapefruit, Lemons and Limes,
Dates, Figs, Bananas, Pineapples,

Olives, Palm Kernels, Soybeans, Peanuts,
Cottonseed, Linseed, Hempseed, Rapeseed,
Sesame Seed, Sunflower Seed, Castor Beans,
Copra, Tung oil.

Coffee, Cocoa, Tea, Hops, Tobacco
Cotton Lint, Flax fiber, lempfiber, Jute,

Abaca, Agaves, Other hard fibers, Natural
Rubber
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these are fed to increase the usefulness of livestock as draft animals.

This usage of foodstuffs is a complex one: In principle it can be reduced,
thus freeing additional food to go to people. But these parameters camnot
be involved in scenarios unless its impact on the energy supply and the
protein intake of the regions concerned are considered. Finally, some of
the foodstuffs is actually consumed by humans as food., For some foodstuffs,
this may be an astonishingly low proportion. But it gives us the basis for the
actual diet of a region. It will be noted in Table 8 that not all of the
uses add up to 100%. The reason for this is that there is always waste,
Some of this is in the form of actual waste of raw foodstuffs, while much
of it is due to the fact that the extraction rate of refined products may be
rather 1ow3C,

The amount of food calculated by the model at this point is essentially
that which appears for human consumption at the wholesale level, Between
this stage and its conversion iﬁto human biomass, another adjustment is
needed to describe the losses in the marketing process and in the home,

In an industrialized country, these losses average around 10%; in other
regions with poorer storage facilities they may be much higher. The
regional net food supply is calculated and then divided by the population to
give the average per capita intake of each foodstuff,

The protein and calorie content of each foodstuff is known (table 9)
so that the average regional per capita intake of each foodstuff can be
expressed in proteins and calories. These can then be added to give the
total intake of calories, of all proteins, and of animal (high quality)

proteins,
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TABLE 9

Energy and Protein Content of Foodstuffs Considered

Foodstuff Calories Proteins
Cal/gm, Percent
Cereal Grains
Wheat 3.500 12.2
Maize 3.600 9.5
Millets § Sorghum 3.480 9.7
Rice 3.600 . 6.7
Other Cereals 3.490 11.8
Non-Cereal Crops
Sugars 3.870 -
Roots 0.920 1.8
Vegetables 0.220 1.7
Pulses 3.450 23.1
Fruits 0.590 0.7
0Oils 2.750 19.0
Drinks - -
Fibers - -
Meat and Dairy Products
Beef 2.500 17.7
Pork 4,380 11.9
Lamb 2.880 15.6
Horsemeat 0.940 20.0
Other Meat 1.650 15.2
Honey 2.900 -
Poultry 1.300 20.0
Eggs 1.630 12.4
Offals 1.430 16.0
Milk 0.650 3.5
Cheese 3.000 18.0
Butter 7.160 0.6
Fish 1.320 18.8
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_Application of the food model

Because the food model is a simple feed-through model, it must be
driven by some external parameters. It was originally driven by the
observed rates of growth of the state variables, but the world is in such
a rapid state of flux now that we felt that these rates could not be main-
tained for long and that the results obtained thereby were not meaningful .
Thus, the food model was integrated with the economic and population models
developed by Richardson and by Oehmen and Pau17-, to form a single model of
the world food production system. Several scenarios have been run for
regions 1 and 9 and the results are very meaningful. These are described

in detail in the accompanying report by Richardson et al.
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aggregating national catch into regional catch and determining the
average percentage change in the regional catch during the interval
1964 to 1970.
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The low estimate is from Graham, H.W., and R.L. Edwards, 1962, The

World Biomass of marine fishes. Fish in Nutrition. Fishing News (Books)
Ltd; 3-8. The high come from Pike, S.T. and Spilhaus, A., 1962. Marine
Resources: A report to the committee on Natural Resources of the National
Academy of Sciences. National Research Council. NAS-NRC. Pub. 1000-E,
and Chapman, W.M., 1965. Potential Resources of the Ocean Long Beach,
Calif., Van Camp Seafood Company; 13 pp (wailable on Ioan from [iving
Marine Resources, Inc., San Diego).

The allocation of food to the various uses are based on the FAO Food
Balance Sheets 1964-1966, which 1ist production, import, exports,

animal Teed, seed, manufacturing, waste, and net food for all major
foodstuffs. We have taken the food balance.sheets for the largest
countries in each region, Canada and the United States in region 1.
France, The Federal Republic of Germany, Greece, Italy, The Netherlands,
Spain, Sweden, Turkey and the United Kingdom in Region 2; Japan in
region 3; Australia, New Zealand, and the Republic of South Africa in
region 4; Bulgaria, Czechoslovakia, The Democratic Republic of Germany,
Hungary, Poland, Romania and the USSR in region 5; Argentina, Brazil,
Chile, Colombia, Cuba, Ecuador, Mexico, Peru, and Venezula in

region 6; Algeria, Iran, Irag, Morocco, Syria, and the United Arab
Republic in region 7; Ethiopia, Ghana, Kenya, Madagascar, Nigeria,
Rhodesia, Sudan, Tanzania, Uganda, Upper Volta Zaire in Region 8; and
Burma, India, Indonesia, Pakistan, the Philippines, Taiwan, and Thailand
in region 9; and the Pegples' Republic of China, North Korea, and North
Vietnam in region 10), and calculated coefficients of retention as seed,
use as livestock feed, and use as a human food for all regions and all
foodstuffs except for fibers. The seed coefficient is the total amount
reserved for seed divided by total production. The livestock feed co-
efficient is the total feed going to livestock divided by the total local
production plus net import. The food coefficient is the total food going
to the human populations divided by the total local production plus net

import.

It should be noted that these data are also provided to FAO by member
governments, and thus show the same biases as the other FAO data. Also,
two different ways of reporting certain data are used in the volume of
Food Balance Sheets, one of which obscures the relationship between
gross production of foodstuff and the form in which it is imported or
exported. Even so, these data are as good as indication of the dis-
position of food within regions as can be asked at this peint, and errors
are probably no greater than in other portions of the model.

For example, sugar cane - raw sugar, 10%; sugar beets - raw sugar,
13.5%, soybeans - soybean oil, 19%; coconuts - coconut 0il, 15%
sunflower seeds - sunflower oil, 35%., etc.
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1. Overall Structure

The principal structure of the model of interest for the analysis of the
food situation are the population and economics, land use and food on the
technology stratum and the individuals stratum on which the response on the
individuals to food and diet deficiency or surplus is assessed. In the report
we study the structure of the submodels of interest for the food analysis,the
linkages and data base. The land use food production submodel (Clapham and
Warshaw,1974) and the population submodel (Oehmen and Paul,1974) have been
already described. In the case of the economic stratum, a two sector (food
and non-food) aggregation of the nine sector regionalized micro-economic model
(Hickman, Klein and Mesarovic, 1974) is of interest of the food analysis
presented in this report and we shall describe how this aggregation is made.

A simplified diagram of the connections within the world system model of
interest to the food analysis are identified in Fig. 1-1. The reader will note

that, in addition to the four submodels, a pricing mechanism, import sector,

export sector and mechanism for comparing regional food supply with population

needs, are identified as important components.

1.1 Components of the Integrated Model

1.1.1 The Population and Economic Submodels

The overview of the main aspects of the population submodel
of interest for our purpose is given in Fig. 1-2. To permit coupling
with the 1land use and food production strata, while retaining
maximum siplicity, a model on the microeconomic level of resolution,
comprising of an agricultural and non-agricultural sector has been
used.

Parameters, inputs, outputs and scenario variables of the econimic
submodel are identified in Figure 1-3. Coefficients for consumption,
investment, government expenditure, imports and exports in the demand

equations are defined exogenously. Input-output matrix coefficients,
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the non-agricultural sector capital output ratio and the non-agricultural
sector depreciation rate are also defined as exogenous coefficients.*

The scenario variables identified for the economic stratum reflect
a concern with the problems of investment development of aid, and with
the distribution of investments. Both the ratio of agricultural invest-
ment to total investment and the distribution of agricultural investment
to fertilizer production and technological improvement, land and livestock
can be manipulated.®*

The outputs from the economic stratum which affect the level of food

production are investment in land, investment in livestock, non-land

agricultural investment and expenditures in production. The latter is

expended on fertilizer and other non-capital factors of production. ***

A fraction of agricultural investment may also be allocated to a fertilizer

production use subsidy program. The value of imports may also be

A comprehensive economic data base [Erdilek et. al., 1974] has been
used to estimate parameters and validate the micro-economic model for
which these coefficients are derived. See, for example, McCarthy and
Shuttic [1974].

£
We have considered the possibility of implementing a mechanism which

would maximize the marginal productivity of investments with respect to

the three categories; however, it has not been implemented at this time.
Such a mechanism might prove to be of some value for modeling relatively
"free market'' agricultural systems such as that of North America. (Even

in North America, however, the level of government involvement has been
relatively high.) For centrally planned systems, treating the distribution
of investment as a scenario variable is probably most appropriate.

£
* Following the practice of FAO and others in aggregate productivity and
yield-value analysis, fertilizer consumption is used as an indication for
a mix of non-capital inputs to the food production process.
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specified as an input to the import sector from the food production
sector., When this is done, the value of food imports, an input to the
population sector, is determined by the funds allocated to imports and
current market prices. The value of food exports may be specified in
a similar manner.

Alternatively, the volume of exports and of imports (measured in
food or edible protein) may be specified by scenario variable inputs to
the import sector. When the model is used in this way, the value of
food imports and the value of food exports are inputs to the demand
equations of the economic submedel. The value of agricultural production
is a function of the amount and price of products produced in the other
input to the economic submodel. As noted above, this imput replaces the
value of agricultural production calculated from a production function

in the one stratum microeconomic model.

1.1.2 The Land Use Submodel

The basic structure of the land use submodel pictured in Figure 1-4.
For categories of land - cultivable but uncultivated, grazing, developed,
cultivated and fish pond are defined as state variables.* The rate of

increase in cultivated land is determined by the amount of investment in

L]

For reasons which are discussed in the technical report describing the
land use and food models [Clapham and Warshaw, 1974], grain land rather
than cultivated land is defined as a state variable in the actual model
computations. This difference has no effect on .the overall results. The
structure depicted in Figure 1-6 conveys, in the judgment of the author,
a clearer understanding of the model,
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land development and land development costs (which include the price

of land). Development costs increase as the amount of cultivable but
uncultivated land decreases. As population increases, land is withdrawn
from agricultural uses for urban and economic development.

‘Para.meters, inputs, outputs and scenario variables of the land use
submodel are identified in Figure 1-5. Since the price of land is
sensitive to the amount of uncultivated agricultural land available for
development, both the input and output couple the land use model to the
pricing mechanism. Outputs to the food production sector - grain land,
non -grain land, total land for livestock support and fish pond land -
are significant factors in determining the amount of food produced.
Because of inadequate data, components of the model dealing with the
production of cultivated fish have not been coupled to the econcmic sectoer
in the present version of the model. Hence, scenarios which examine this
type of food must be direciiy implemented in the land use sector, rather
than through shifts in patterns of investment in the economic sector.
This also means, of course, that the economic implications of such

scenarios can not fully be taken into account.

1.1.3 The Food Production Submodel

Because the food model computes information on twenty-six food types,

it appears to be quite complex.®* The fairly high level of disaggregation

"

Both the land use and food submodels were developed by Clapham and
Warshaw. It should not be assumed that the brief discussion here is, in
any sense, an adequately substitute for the detailed elaboration found in
their technical report [Clapham and Warshaw, 1974].
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permits an examination of different uses to which foodstuffs are put

in different regions and allows for costs of future dietary patterns

to be made in concrete terms. But the underlying rationale of the model
is straightforward (Figure 1-6), Gross production levels in the three
sectors - plants, livestock and fish - are detemmined by the input levels
of land, capital and other factors of production.* Production levels for
the various food types are determined by gross production levels with
adjustments made to take into account the utilization of some portion of
the output for seed and livestock. In calculating the net food preduction
level from which regional production of calories and protein is computed,
household, marketing and food processing losses are also taken into
account.,

For many policy analysis problems, the food model can simply be
viewed as a "black box" with inputs of land, capital and other factors of
production and outputs of protein and calories. But for other problems
the availability of data in the different food types will be quite
significant,

The inputs to and outputs from the foed model and their significance
should be clear from Figure 1-6 and the above discussion, There are no
scenarjo variables presently defined. Because of the complex disaggre-

gation and reaggregation scheme, this submodel has by far the largest

®

As indicated by the dotted lines in Figure 1-6, this scheme is fully
implemented only for the plant production sector. In Region 9, on which
our attention has first been focused, failure to take production costs
directly into account in the fish and livestock sectors is probably not
of great significance, In the Region 1 scenarios, livestock production
costs are taken into account indirectly.
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mmber of parameters. It is interesting to note that regional differences
between parameter values are, in a surprising mumber of instances, quite

significant*.

1.2 Couplings within the World Model of Interest for the Food Analysis

Many of the couplings between submodels are described in more details
elsewhere and require no elaboration other than that presented above. The
population-economic, papulation-land use and land use submodel couplings
fall into this category. But the pricing mechanism while couples economic-
sector variables, measured in dollar values, with land use and food production
variables, measured in physical quantities, does merit further discussion.

The mechanism which compares regional food supply with population needs will

also be briefly considered.

1.2.1 The Pricing Mechanism

The pricing mechanism is composed of four distinct components which
are not directly coupled (Figure 1-7). Three of the components compute
per-unit costs for land, livestock and productive factors related to crops.
The fourth assingns monetary values to the various categories of agricul-
tural production, thus computing the agricultural component of GRP, an

input to the economic sector. In two of the components - valuation of

*For examples, see the specification of parameter values for Region 1

and Region 9 in Part 5, below.
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food production and assessment of costs for productive factors. The res-
pective values and costs of physical commodities ard determined by para-

meters and scenario variables. The scenario variables are used to inflate
or deflate food and/or productive factor prices relative to those of other

®
commodities .

In the two other components, the amount of available land is a
constraint which affects prices. Costs of land development are directly
related to the available land remaining for cultivation. In land deficient
regions, such as fertile Asia, costs rise steeply as remaining land dimin-
ishes. Eventually they may reach prohibitive levels. Costs associated
with increasing the number of livestock may be indirectly affected by the
amount of land available for livestock support through variables which
measure the maximum mmber of grazing livestock that can be supported. It
is possible to increase herds beyond that "maximum," but the capital and

production costs involved increase significantly.

1.2.2 Regional Food Supply Compared With Population Needs

Because food protein and calories are direct inputs to the population
stratum where the occurrance of starvation, if any, is computed, this sector

does not have any significant effect on the overall model dynamics.

A .
The reader will recall that all monetary values are in 1963 constraint
dollars.
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However, the relationship between food needs and supply determines import
needs or the availability of surplus for export. The existence of
surpluses or deficits are of importence when examining scenarios involving
interregional food aid programs.

"Food Needs'' are defined as the amount of food which will result in
an adequate level of nutrition*. This is substantually above the star-
vation level. In establishing base needs, we have been guided by the work
of WHO in this area. Food needs are also sensitive to increases in GNP/
per capita thus, particularly in the developed regions, food demand might
be a more appropriate label for this variable. The inputs to and outputs

four this mechanism are pictured in Figure 1-8.

*
For a more detailed discussion of this and other specific parameter values,
see Section 5, below.
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2. Model Equations

In this section, the complete set of equations from the world
model of interest for the food assessment is presented. As noted
in the introduction, this is done so that this report could be,
essentially, self contained for the readers who are not interested
in details of the world model as a whole. However, it should be
emphasized again that this discussion cannot be regarded as an
adequate substitute for the more fully elaborated discussions of
individual submodels or the overall structure by Mesarovic et al.,
Clapham, Oehmen and Paul, Clapham and Warshaw. Its intent is to present
a clear and detailed picture of the way in which these relationships

affect the world food situation*,

2.1. The Population Submodel

(1) Total Population

86 .
POP = AP(I) a.1)
I=0

AP(0) = BABIES - DN(0) 1.2)

*When discussing the equations of a computer model, selection of an appropri-
ate notation always posses a problem. Use of strict mathematical notation
may make if difficult to understand the computer program. On the other hand,
discussion of a FORTRAN program, in all its detail w111_necessar11y include
items which may confuse, rather than clarify understanding of the model
structure. In the presentation below, a notations scheme sc_:mewhere in be-
tween these two alternatives has been chosen. In the technical papers de-
scribing the individual submodels, more traditional mathematical notation

has been used.

w# . .
Since all of the model computations are annual, time subscripts have been
omitted.



B 574

AP(I) = AP(I} - DN(I) 1=1,85 1.3)
AP(86) = AP(86) - DN(86) + AP(85) 1.4)
Computed Values: POP Total i’opulation

AP(0) People aged 0 - .5 years, after infant mortality has
been taken into account

BABIES  Number of Live Births

DN(0) Infant Mortality

AP(I) Population, by age category

DN(I) Number of Deaths, by age category

(2) Births
86
BABIES = FERT * ¢ (AP(I) * AF(I)) 2.1)
I=1
Parameters: FERT Fertility Coefficient

AF(I) Normalized age specific probability that a person in the
age group between I-% and I+% will produce a child be-
tween July 1 of year t and July 1 of year t-1.%

Computed Values: RABIES Number of Live Births

X
The product of FERT and AF(I) is the actual age specific fertility. For
further discussion, see Ochmen and Paul [1974, p- 3, ffl.
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(3) Deaths
DN(0) = BABIES * AMPF(0) * AM(0) * .5 * MORT
DN(I) = AP(I) * AMPF(I) * AM(I) * MORT
DN(86) = AP(86) * AMPF(86) * AM(86) * MORT

Parameters: MORT Mortality Coefficient

(3.1)
(3.2)
(3.3)

AM(T) Normalized age specific probability that a person in the
age group between I-% and I+% will die between July 1 of

year t and July 1 of year t-1.%®
Computed Values:  DN(0) Infant Mortality
BABIES Number of Live Births

It is envisioned that MORT will be used as a scenario variable in

scenarios which examine the effects of improving health care.

no such scenarios have, as yet, been implemented.

(4) Effects of Protein Starvation on Mortality

PROPCI = PTPCR * PRODST * 1000/365
I=TIMLAG + .5

PPCSAV(I) = PROPCI

PROPCN

PPCSAV (1)

PROFAC = (PRONOR - PROO)/(PROPCN - PROO) - 1.0

However,

(4.1)
(4.2)
4.3)
4.4
(4.5)

*
The raticonale for MORT and AM(I) is similar to that for FERT and AF(I).
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Computed Values:
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E(I) = (EO - EU) * EXPF(-I/EA) + U 4.6)

AMPF(I) = PROFAC * E + 1 4.7

AMPF(0) = PROFAC * EO + 1 (4.8)

AMPF(86) = PROFAC * EU + 1 (4.9)

PRODST  Protein distribution factor (Scenario Variable)

TIMLAG The time interval between a decrease in protein per
capita and its impact on mortality

PRONOR Level of daily protein per capita below which starvation
occurs

PROO Level of protein per capita below which there is no
survival

EO Multiplier denoting sensitivity of babies to protein
Starvation

EU Multiplier denoting sensitivity of older people to
protein deficiency

EA Time constant denoting the number of years that pass
until E, the age speicift sensitivity minus EU drops to
37% of EO - EU (in eqn. 4.6)

PROPCI  Daily per capita protein consumption

PTPCR Annual protein per capita produced regionally

PPCSAV  Intermediate value used in computing lagged daily per
capita protein consumption

PROPCN Multiplier denoting the amount by which age specific
mortality is increased due to protein deficiencies

E Multiplier denoting sensitivity, by age group, to pro-

AMPE(I)

tein deficiency

Effects of protein starvation on mortality
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Coupling between the food production submodel and the population sub-
model occurs in Equation 4.1, through the variable PTPCR. The scaling
factor, 1000/365, converts the dimensicnality of the food production sub-
model (kilograms per capita per year) to that of the population model (grams
protein per capita per day). The protein distribution factor, PRODIST, takes
into account inadequacies and inequities in the distribution system which
can occur in less developed regions of the world. Because of this uneven
distribution, the actual amount of food needed to provide adequate nutrition
(or prevent starvation) is greater than one would predict by simply computing
PROPCI from regional aggregate food production. Equations 4.2 - 4.4 take
into account the time delay between changes in food supply and their impact
on the population.

Computation of the effects of protein starvation on mortality is broken
down into two components. In equation 4.5, a multiplier is computed which
denotes the age specific sensitivity of the population to protein deficiency.
Values of this variable are related in plots of the "starvation factor"
in scenario results. Values of E(I) are highest for babies and fall off
rapidly during the period specified by EA. (A typical distribution of E(I)
is pictured in Figure 4-1.) The variable PROFAC is sensitive to the amount
of protein deficiency, relative to the threshold starvation levels specified
by the values of PRONOR (level below which starvation occurs) and FROO (level
below which there is no survival). Over the range of E(I), equation 4.7
generates a hyperbolic with its verticle asymptote at PROO (Figure 4-2).
Since EO and EU are, respectively, the upper and lower bounds of E(I), the
equations for AMPF(0) and AMPF(86) are defined separately from equation 4.7.
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Figure 2-1
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(5) Indicators

15
DCHLD = £ DN(I) (5.1)
1=0
CER = BABIES/POP (5.2)
CDR = DEATHS/POP (5.3)
POPGR = (BABIES - DEATHS)/POP (5.4)

Computed Values:  DCHLD Total child deaths, ages 0 - 15
DN(I) Mortality, by age category
CBR Crude birth rate
CDR Crude death rate
POPGR Population growth rate
Equations 5.1 - 5.4 have no effects on the dynamics of the model. Their
prupose is to calculate some of the more commonly used demographic indicators

for use in scenario analysis.

2.2. The Economic Submodel

(1) Production

KA, = KA ; * (1-D) + 1A 1.1)
YAX = KA * QA (1.2)
KDA = KA * DA (1.3)

KNA, = KNA,_; * (1 - DNA) + INA (1.4)
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YNA = KNA * QNA (1.5)
KDNA = KNA * DNA (1.6)
Y = YNA + YA (1.7)

Parameters: Depreciation rate, agricultural sector*

Capital per output ratio, agricultural sector
Depreciation rate, non-agricultural sector
Capital per output ratio, non-agricultural sector
Computed Values: Capital stock, agricultural sector

Investment, agriculture sector

Agricultural output, computed within the economic stratum
Amount of depreciation, agricultural sector

Capital stock, non-agricultural sector

Investment, non-agricultural sector

Amount of depreciation, non-agricultural sector

“BFIEESSRERE

Gross regional product

Equations 1.1 and 1.2, from the decoupled economic model have been re-
tained so that YAX can be compared with YA, which is calculated by the food
production model and pricing mechanism. Since the effects of depreciation
on capital stock are computed directly in equations 1.1 and 1.4, KDA and

KDNA are only included so that their values may be available as indicators.

*

As noted in Part ! above, the "agricultural sector" of the economic sub-
model aggregates both the agriculture and food sectors of the nine sector
micro economic model.
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(2) Gross Outputs and Intermediate Demand

Z(1) = ALI(1,1) * YA + A1I(2,1) * YNA (2.1)
2(2) = A1I(1,2) * YA + A11(2,2) * YNA (2.2)
UQL) = A(1,1) % Z(1) + A(2,1) * Z(2) (2.3)
U@) = A(L,2) * 2(2) + AZ,2) * 2(2) 2.4)
UA = A(2,1) * 2(2) (2.5)
UAF = UA * UAFK (2.6)

Parameters for this section are the "A" input-output matrix and its

inverse. The matrices have the following structure:

Agriculture Industry

Agriculture A11 A12
Industry A21 A22

In the equations, numbers in parentheses denote the cells of the matrix.

*
"I denotes the inverse of the matrix.

®
Where a variable has been defined in an immediately preceeding section,
the definition will not always be repeated.



Computed Values:

Parameters:

(3)
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Z(1) Gross output, agricultural sector

2(2) Gross output, non-agricultural sector

U(1) Intermediate demand, agricultural sector

u(2) Intermediate demand, non-agricultural sector

UA Intermediate demand, from agriculture

UAF Total expenditures on fertilizer and related productive
factors

UAFK Coefficient, expenditures on fertilizer and related
productive factors

Investment

I=GI * YNA * SYSYNA (3.1)

SYSYNA = Y/YNA (3.2)

IAS = (IAKS - IAK) * I (3.3)

IAS = (IAS, 0.0) (3.9

IA=TAK * T + K1 * IAS (3.5)

SUAF = UAS + (1 - K1) * IAS (3.6)

INA=1-1IA .7

IR=1% IRK (3.8)

IMN=1I-1IR (3.9)

IAP = JIAPK * TA (3.10)

IALV = JAVK * 1A (3.11)

JALD = IA - IAP - TALV (3.12)

GI Total investment, coefficient

TAKS Shift of Investment of agricultural sector (Scenario Variable)



-

IRK

TAPK

Computed Values: I

INA
IR
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Investment in agricultural sector, coefficient

Fraction of investment to agricultural capital stock
(Scenario Variable)

Investment, regional, coefficient

Investment in agricultural production, coefficient
(Scenario Variable)

Investment in livestock, coefficient (Scenario Variable)
Total investment

Regional product, non-agricultural sector

Ratio of GRP to regional product, non-argicultural sector

Amount of investment shifted from agricultural sector to
non-agricultural sector

Investment, agricultural sector

Total expenditures on fertilizer and related productive
factors (equivalent to UAF)

Investment, non-agricultural sector

Regional investment

Imports of investment capital needed

Investment in non-land agricultural capital stock
Investment in livestock development

Investment in land development

Four important scenario variables appear in the equations of this

section, IAKS, K1, IAPK and JALVK. Through the mechanism defined in

equations 3.3 - 3.6, IAKS will override the historically based value for

the fraction of investment in agriculture, IAK, and shift additional in-

vestment from non-agricultural to agricultural uses: The value of Kl divides
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the additional resources made available between capital development and a
subsidy program to promote greater use of fertilizer and related inputs.
IAPK and IALVK allocate agricultural capital development funds to alterna-
tive uses.

The investment allocation IALD is an input to the land use submodel.
IAP and IALV are inputs to the food production submodel. The equations for
regional investment and investment needs (3.7 and 3.8) define indicators

which do not presently affect the model dynamics.

(4) Consumption, Governmental Expenditure, Imports

C=GC*Y 4.1)
G=GG*Y 4.2)
M=@*Y (4.3)
MA = MAK * M (4.4)

IF (DN - M * M) 10,10,11
10 MI=M-MA

0 10 12
1 M= DN

CONTINUE
12 MC=M-M -M

M = MAX (MC,0,0)

*
Here we have made a rare exception in our notation and used the FORTRAN
"IF" statement to depict the model structure.



Parameters:

Computed Values:
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Consumption, coefficient

Government expenditures, coefficient
Imports, coefficient

Agricultural imports, coefficient
Consumption

Governmental expenditures

Imports

Imports, agriculture

Imports needed

Imports for consumption

Imports, investment

The reader will note that only imports, consumption, government expen-

diture and investment - not exports - have been considered in the demand

equations. Exports are considered, but in a way which does not affect the

dynamics of the economic submodel. For further discussion, see the section

below dealing with the export sector.

2.3. The Land Use Submodel

(1) Cultivated Land

CLGR, = CLGR,_; * CLDGR - CLWGR 1.1

CLNG = TA + TB * CLGR (1.2)

CL = CLGR + CLNG 1.3)



Parameters:

Computed Values:

(2)

Parameters:

Computed Values:

TA.

TB

CLCR
CLDGR
CLWGR
CLNG
CL

B 587

Subscript of lincar equation relating grain land to non-
grain land

Slope of linear equation relating grain land to non-
grain land

Cultivated land, grain

Cultivated land development, grain
Cultivated land withdrawal, grain
Cultivated land, non-grain

Cultivated land

Livestock Land

GL = GIM - GLW 2.1)

TLLS = GL + CLR 2.2)

CIR = TIM * (CLM/TIM) - CL - CLW 2.3)

GLM Maximm grazing land

TIM Maximum total land (includes grazing land and cultivable
land)

CLM Maximum cultivable land

GL Grazing land

GLW Grazing land withdrawn for urbanization and economic
development

TLLS Total land for livestock support

CR Cultivable land remaining



Parameters:

Computed Vaiues:
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(3) Withdrawal of Land for Urban and Economic Development

TLWR

TLWM
TLAW

E

TLW/TLM
TLWMF (TLIR)

(BABIES - DN(0))

= TLAW * (CLM/TLM)

CLW = TLW * (CLM/TLM)

GLW = TLW - CLW

TLW, =

FCLR =

TIM

TLWPCB
CLM
TLWR
TLW

TLWM
TLAW

BABIES

DN(0)

CcLw
GLW

LN, ; + TLAW

CL/ (TLM * (CLM/TIM) - CLW)

(3.1)
(3.2)
(3.3)
(3.4)
(3.5)
(3.6)
(3.7)

(3.8)

Maximum total land (includes grazing land and culivable

land

Per capita land withdrawal, base value
Maximum cultivable land

Ratio of iand withdrawn to maximum totai land

Total land withdrawn for urbanization and economic
development

Land withdrawal multiplier

Annual withdrawal of land for urbanization and economic

development

Number of live births

Infant mortality

Annual withdrawal of cultivated land
Total cultivable land withdrawn
Grazing land withdrawn

Fraction of cultivated land remaining
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Through a coupling with the population model (equation 2.3), the

equations in this section take into account the urbanization of land

due to population growth. TLWPCB is the withdrawal rate per capita for

the initial year of the run. This value is adjusted by the multiplier

TLWM to allow for increasing population density as the amount of available

land decreases (equation 2.3). The shape of the nonlinear function TLWMF

will vary somewhat from region to region.

It is assumed that much of the land withdrawn for urbanization will be

cultivable or grazing land. A second assumption is that friction of TLAW

withdrawn, respectively, from cultivated and grazing land will be determined

by the ratio CLM/TIM.

(4) Development of Cultivated Land

Computed Values: CLD

KCLDH
CLDNG

CLDGR

IALD/KCLDH 4.1
= CLD * CLNG/CL 4.2)
= CLD * CLGR/CL (4.3)

Cultivated Land developed

Investment in land development

Capital cost of land development per hectare
Cultivated land developed, non-grain
Cultivated land

Cultivated land developed, grain
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Coupling between tha land use and economic submodels occurs through

IALD in equation 4.1. KCLDH is computed in the pricing mechanism as a non-

linear function of FCLR.

2.4. The Food Production Submodel

ey

Parameters:

Camputed Values:

Crop Production

PMCI = PMCIF (YNAPC) 1.1

KAPH = KA/CL (1.2)

PTFC = PTECF (KAPH) 1.3)

FA = PMCI + PTEC 1.4

ZPHG = TPF * GZIPHK/CLGR 1.5

TPF = UAF/PXPF (1.6)

TEMP = FA - FB (1.7)

GRPH = FA - TEMP * EXPF (-FC/TEMP * ZPHG) . (1.8)

GRGP = CLGR * GRPH 1.9

NGGP = FD + FE * GRGP (1.10)

FB Minimm level for grain productivity, constant

FC Slope of grain productivity curve at minimm level,
constant

FD Intercept of linear equation in which proeduction of non-
grain crops per hectare is calculated as a function of
the production of grain crops

FE Slope of linera equation in which non-grain production
is calculated as a function of the production of grain
crops

PMCI Productivity coefficient from infrastructure

YNAPC Regional product, non-agricultural, per capita

KAPH Agricultural capital, per hectare



PTFC
ZPHG

TPF
GZPHK
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Agricultural capital
Cultivated land
Productivity coefficient from capital investment

Use, per hectare, of fertilizer and related productive
factors

Total use of fertilizer and related productive factors

Coefficient, fraction of fertilizer and other productive
factors devoted to grain production

Cultivated land, grain

Expenditures for fertilizer and related productive factors
Price of fertilizer and related productive factors
Intermediate value used in corputation of productivity
Grain production per hectare

Saturatimlevel for grain production

Gross production, grain crops

Gross production, non-grain crops

The crop production sector is obvicusly one of the most important in

the entire model, especially when the capability of potentially food-defi-

cient regions (such as South Asia) to meet future needs is being considered.

Five variables - CLGR, YNAPC, KAPH, UAF and PXPC - link the food production

model to other strata. They are also the principal determinants of produc-

tivity.

Productivity per hectare (equation 1.8) is calculated as a saturating

®
exponential function of fertilizer and other factor inputs. FB and FC are

]
Fertilizer is viewed as an index of other technological inputs contributing

to productivity.

See Clapham and Warshaw [1974].
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regionally specific parameters denoting, respectively, the yield if no in-
puts are provided, and the initial slope of the curve defined by equation
1.8.

For computing forecasts based on an extrapolation of present trends,
jt might be adequate to let fertilizer use serve as an index for all rele-
vant inputs. However, designing an integrated model to be used for scenario
analysis requires that sensitivity to different mixes of productive inputs
be incorporated. This approach, moreover, is quite consistent with recent
experience gained in foreign aid and technical assistance programs. Both
aid giving and recipient nations have discovered, to their sorrow, that a
miz of inputs which is inappropriate to a particular region will produce
far less than the anticipated results.

The approach used here is not presented as a complete solution to the
problem - obviously it is only a begimning. ZPHG is used an indicator of
consumerahle productive inputs. We have in mind, primarily, fertilizer,
seed and pesticides. This variable is a direct input to equation 1.8 and
determines productivity per hectare given the constraints defined by the
values of FA, FB and FC. The two other productive factors taken into
account are, first, capitalization and capital infrastructure of the

agricultural sector and second, the overall regional level of economic

*

Robert Evenson's recent work on factor productivity in India [Evenson, 1972;
Mohan and Evenson, 1973; Evenson and Kislev, 1973] is an exarple of the more
detailed work at the national and subnational level which must be undertaken
to fully elaborate this component of the model.



B 593

development. The first variable, KAPH, agricultural capital stock per
hectare,* is used as an indicator which is intended to take into account
concrete factors such as tools, machinery and irrigation systems, and more
intangible ones such as research and extension.** Clearly these factors
at, at least to some degree, independent of the level of consumerable in-
puts. (Compare, for instance, the agricultural systems of Japan and the
United States.)

The second variatle- PCMI, takes into account more diffuse characteris-
tics of the social and economic infrastructure, such as transportation
systems, commmication systems, the overall level of education, etc. The
assumption is made that these factors, aggregated additively, affect the
threshold of maximm productivity, FA, in equation 1.8. The specific
functional relationships , PMCIF and PTECF, defined for Regicms 1 and 9,

will be discussed in Section 5, below.

(2) Livestock Production

(2.1) Livestock "On the Hoof"

SLVMA = RLLVS * TLLS (2.1.1)
SLVA = SLV(2) * SLVK(2) + SLV(4) + SLV(5) + SLV(9) (2.1.2)

*

Ideally, only that portion of agricultural capital stock devoted to pro-
ductive factors other than livestock and land should be used. Eventually
KAPH will be broken down in this way to compute PTFC. At the present stage
of our work, however, we feel that this approach would reflect a level of
detail not justified by the available data.

*4
For an analysis of the contribution of research and extension to produc-

tivity, see Fvenson and Kislev [1973].
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SLVAR = SLVA/SLVMA (2.1.3)
LVPIM = XLVPIMF (SLVAR) (2.1.4)
UALV(J) = IALV * SLV(J) * SLVK(J)/SLVA J=l, ..., 9 (2.1.5)
ALVI(J) = UALV(J)/LVPL(J) J=1, ... ,9 (2.1.6)
SLV(J)t e SLV(J)t-l + ALXI(J) J=1, ... , 8 (2.1.7)

(2.2) Production of Meat and Livestock Products

SLVP(J) = SLV(J) * SLVMK(J)/1000.0 J=1,..., 9 (2.2.1)
SLVP(J) = SLV(9) * SLVMK(J)/1000.0 J=1,..., 9 (2.2.2)
Parameters:’t SLVK(J) Coefficient to correct individual categories of livestock

for purposes of aggregating to a single base unit
RLLVS Land livestock support rate
SLWK(J) Meat from livestock coefficient
Computed Values:  SLVWMA Total livestock supportable on available grazing land
TLLS Total land for livestock support
SLVA  Total livestock in animal units
SLVAR Total livestock, animal use ratio

LVPIM  Livestock, price-land multiplier

*

The types of livestock considered are cattle, pigs, sheep and goats, horses,
other large animals (mules, asses, buffalos, camels), chickens, all poultry
and dairy animals. :

ax

The types of animal food considered in the model are beef and veal, pork,
lamb and mutton, horsemeat, other meat, eggs, poultry ,eat, milk, cheese
and butter. Production of honey is also included.
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UALV(J) Investment in additional livestock, by type
IALV(J) Investment in livestock, by livestock categories

LVPL(J) Development capital cost per livestock unit

SLV(J) Total livestock, by type

SLVMK(J) Meat from livestock, coefficient, by type

TLLS, TALV and LVPL are the variables by which the livestock sector

is coupled to other parts of the model. The calculation of TLLS in the
land use submodel and IALV in the economic submodel have already been

discussed. The value of LVPL os camputed in the price sector and is

dependent on whether or not the carrying capacity of the available live-

stock land, TLLS, has been exceeded. So long as the total mumber of
animals is below the carrying capacity, development coasts are low.

But when the capacity is exceeded, necessitating a more capital inten-

sive system of livestock production, development costs escalate rapidly.

(3) Fish Production
AWFM = FWCM * AWFMK
AUFWP = UFWP * WB
FWCP = UFWP * UFWPK
FWCT = FWQM + FWCP
FWT = FWCT * FWCNTK
SFWCM = MINLF (FWCM + AFWM, FWMM)
SUFWP = MINLF (UFWP + AUFWP, UFWPM)

(3.1)
(3.2)
(3.3)
(3.4)
(3.5)
(3.6)
(3.7)



B 596

Parameters: AWFMK Growth rate of marine fish production
WB Fish pond growth rate
UFWPK Relationship between land use and pond fish
FWQM Catch of marine fish
FWCNTK  Meat from fish, coefficient
UFWP Land in pond culture

The fish production model has bot been fully coupled to the economic
model on the input side. Instead, fish production is sensitive to the

within stratum scenario variables, AWFMK and UFWPK.

(4) Production of Crop Food Types and Distribution of Food to
Aternative Uses

PLGP(J) = NGGP * NGGPK(J) J=14, ..., 21 (4.1)
PLGP(J) = GRGP * GRGPK(J) J=22, ..., 26 w.2)"
SFT(J) = FGP(J) * SPFTX(J} (4.3
FIS(J) = FGP(J) 4.4)
LSFT(J) = LSFTK(J) * FIS(J) (4.5)
FTG(J) = FFIK(J) * FIS(J) (4.6)
FIN(J) = FIG(J) * (1.0 - HMLE()) @.n™

*

Equation 4.1 computes production of non-grain crops, while equation 4.2
computes production of grain crops. Categories of non-grain crops taken
into account in the model are sugars, starches, root crops, vegetatles,
pulses, fruits, oil crops, drinks and stimulants and fibres. Grain crop
categories arc®wheat, maize, sorghum, rice and other cereals.

&%
In equations 4.3-4.7, J =1, ... , 26.



Parameters: NGGPK(J)
GRGPK (J)

SPFTK(J)
LSFTK(J)
FFTK(J}
HMLF (J)
Computed Values:  SFT(J)
FGP(J)
FIS(J)
LSFT(J)
FIG(J)
FIN(@J)
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Coefficient which disaggregates non-grain crop pro-
duction into 7 categories

Coefficient which disaggregates grain crop production
into 5 categories

Withdrawals for seed, by category
Withdrawals for livestock food, by category
Total human food supply, coefficient by type
Household and market losses, by type

Seed food total, by category

Gross regional food production, by category
Gross food supply, by type

Livestock food total, by type

Gross human food supply, by type

Net Iuman food supply, by type

2.5. Repional Food Supply Campared with Population Needs

M) Supply”
FJRPC(J) = FIN(J)/POP * 1000 J=1,...26 (1.1)
VCLPCR(J) = FSRPC(T) * CIK(J) J=1,...26 1.2)
VPTPCR(J) = ESRPC(J) * PTK(J) =1, ... 26 (1.3)
26
CLPCR = VCLPCR(J) 1.4)
J=1
6
PTPR = £ VPTPGR()) (1.5)
J1

®
Where it appears in this section, the 1000 is simply a scaling factor.
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Computed Values:

(2
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13
PTAPCR = I VCLPCR(J)
J=1

PTAR = PTAPCR * POP/1000.0

CLK(J) Calorie content coefficient, by category
PTK(J) Protein content, coefficient

FSRPC(J) Regionally produced food, by category

POP Population

VCLPCR(J) Calories per capita, regional, by category
VPTPCR(J) Protein per capita, regional, by category

CLPCR Calories, per capita, regional
PTPCR Protein per capita, regional
PTAPCR Amnual protein per capita, regional

Comparison with Needs

PTNM = PTKF (YPC)

PTPCN = FTPCB * PTNM

SPTPC = MAX (PTPCR - PCPCN, 0.0)
DPTPC = MAX (PTPCN - PTPCR, 0.0)
PTPCSN = PTPCR/PTPCN

PIN = PTPCN * POP/1000.0

PTR = PTPCR * POP/1000.0

DPT = DPTPC * POP/1000.0

PTPCIR = PTPCR/365.0

(1.6)

1.7

(2.1)
(2.2)
(2.3)
(2.4)
(2.5)
(2.6)
(2.7)
(2.8)
(2.9)
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Computed Values: PTNM Protein needs multiplier
PTPCB Protein per capita base
YPC Gross regional product, per capita
PTPCN Protein per captia needed
SPTPC Per capita protein surplus
DPTPC Per capita protein deficit
PTPCN Protein per capita, ratio of supply to needs
PIN Total protein needs
PTR Regional protein
DPT Regional protein deficit
PTPCDR Regional daily protein per capita

As noted in Section 1.2.2. above, PTPCN is defined independently of
the starvation level, PRONCR, in the population model. Equations in this
section are used to compute import needs and export surplusses, but otherwise
have no effect on the overall model dynamics. The principal function of this

section is to provide indicators for scenario analysis.

2.6. The Pricing Mechanism

(1) Prices
PXLVP = PXLV * PXLVK * PXK (t.1)
GRV = GRGP * PXGR * PXK 1.2)
NGV = NGGP * PXNG * PXK 1.3)
5

SLW = z SLVP(J) 1.4
J=1



Parameters:

Camputed Values:
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LWV = SLW * PXLVP

FSV = FWT * PXFS * PXK

YA = GRV + NGV + LVV + FSV

YAPC = YA/POP

P)CP"IMt =

PXLV
PXLVK
PXX
PXGR
PXNG
PXFS
RPXPTM
PXLVP

NGV
NGGP
SLvWv
SLVP
Lvv
Fsv

YA
YAPC

PXPTM, ; * (1.0 + RPXPTM)

Base price of meat

Meat price coefficient

Price coefficient

Price of grain

Price of non-grain crops

Price of fish

Rate of change, protein imports
Mjusted price of meat

Dollar value, grain production
Gross grain production

Dollar value, non-grain production
Gross production, non-grain crops
Total livestock meat production
Meat production from livestock, by category
Dollar value, livestock production
Dollar value, fish production

Total fish meat production

Gross regional product, agriculture
Gross regional product, per capita

Price of protein imports

(1.5
(1.6)
a.n
(1.8
(1.9
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The structure of this section is straightforward and requires little
elaboration. Prices are defined for each category. The value of produc-
tion is the product of prices and production. The price coefficients PXK

and PXLVK have been added to allow experimentation with the model.

(2) Cases
: P}(I-"I-‘t = PXPF, , * (1.0 + RPXPF) (2.1)
TPF = UAF/PXPF (2.2)
LVPL(J) = PXLVB(J) * LVPLM J=1, ..., 9 (2.3)
KCLDH = XKLDF (FCLR) (2.4
Parameters: RPXPF Rate of price increase, productive factors

PXLVB(J) Livestock price, base value, by category
Camputed Values: PXPF Price of productive factors

TPF Total productive factors

UAF Expenditures on productive factors

LVPL(J) Development costs, livestock, by category

LVPIM  Livestock price land multiplier

KCLDH Capital cot, land develop per hectare

FCIR Fraction of cultivated land remaining

In this section, the rate of price increase for productive factors is
a scenario variable (equation 2.1). Since all monetary values are in 1963
constant dollars, inflation is not taken into account. But scenarios in-

volving relative price increases (or decreases) can be examined.
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As noted in the discussion above, both the price of land and livestock

development costs are sensitive to hortages of land.

2.7. Energy Consumption

ENZ = TPF * ENZPLK 1)
ENFZR = CLPCR * PCOP/ENZ/1000.0 (2
Parameters ENZPLK Energy requirements, coefficient
Computed Values: ENZ Energy required for plant food production

CLPCR Calories per capita, regional

ENFZR Ratio of energy in food produced to that required for
plant food producticon

This section will assume increased importance when the integrated food

model is coupled with the energy model wihich has been developed for the
Multilevels Regionalized World Modeling Project.

2.8. The Import Sector

FIMV = DPT * PXPIM 8}
FIMAR = FIMV/YA (2)
FIMR = FIMV/Y (3

FIMVR = FIMV/M 4
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Computed Values: FDMV Dollar value of food imports
FIMAR  Ratio of food imports to agricultural production
FIMYR  Ratio of food imports to total GRP
FOMMR  Ratio of food imports to total imports

2.9. The Export Sector

FDXV = YA * (SPT/PTR) (€Y
FDXAR = FDXV/YA 2
FDXYR = FIXV/Y A (3)
FDXXR = FDXV/X )]
FDX9YR = FDXVY/Y )
FDXOAR = FDXV9/YA (6
PTX9RR = PTX9/PTR )
PTX9SR = PTX9/SPT @®
Parameters: FDXVS Value of food exported from Region 1 to Region 9

Computed Values: FDXV Value of exports
SPT Surplus protein
PTR Regionally produced protein

This sector couples Region 1 and Region 9. It has been used in the
"foreign aid" scenario discussed below. FDXV9 may be coupled on line
(under the assumption that all Region 9 food needs are met by Region 1, or

it may be implemented as a scenario variable).
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"The variables calculated in equations 3 - 8 are indicators. Since they
are all ratios, their definition should be evident fram the equations. Hence,

written definitions have not been provided.
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%, Parameters and Functional Relationships

Because many of the parameters and functiocnal relationships in
the model are region specific, discussion of this component of the model
has been separated from the equations. The parameters presented are
"base run' parameters for R.egions 9 and 1, which have been the focus of
our scenario analysis. Results from sensitivity analysis in which many
of these parameter values have been varied reported in section 4,
below.

Some of the parameters in the population and food models (such as the
coefficients for individual. food types) which are discussed in other
reports, have not been reported here. Omission reflected the author's
belief that inclusion would not be of any particular value in aiding
the reader to understand the structure of the world model of importance
for food policy analysis.

The division of equations and parameters into two sections has not
been made for convenience alone. It reflects our judgment as to the
relative importance of the two components of the model. We are quite
confident about the overall model structure. On the other hand, while
we have exercised care and used the best available data to estimate
parameters and functional relationships, it is probable that further
investigation will reveal the need for some changes. Whether such changes
will significantly affect the model's behavior can, of course, only be

determined by sensitivity analysis similar to that discussed in Section 6.
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3.1 The Population Submodel

(Births)
Region 9 Region 1

FERT = TIME SERIES: *
(Deaths)

MORT = 28/1000 Pop. *
(Effects of protein starvation on mortality)
PRODST = ,7 *
TIMLAG = 1.0 *
PRONOL = 44,0 GM/DAY *
PROD = 25.0 GM/DAY *
EO = 1.0 *
EL = .25 *
EA = 10.0 *

Since detailed results on Region 1 population were not of interest,
a simple growth modwl was substituted for the population model. A population
growth rate of .0l per year was assumed,

If the data source or justification for a particular parameter value
is not presented here, it will be found in the technical report describing

the submodel in which the parameter appears.
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3.2 The Economic Submodel

(1) Production

Region 9 Region 1
KA 976 39.5 186.0 (Billion §)
KNA, ¢ 225.5 2219.0
DA .055 .055
DNA .0285 .0285
QA 2,49 2.858

(2) Gross Outputs and Intermediate Demand

A MATRIX - Region 9

Agriculture Industry
Agriculture .2024 .055
Industry . 069 . 2898
A MATRIX - Region 9
Agriculture Industry
Agriculture .4379 .0091
.4166

Industry .2121



B 608

(3) Investment

Region 9 Region 1
Gl .1286 .1703
1AKS 0.0 0.0
IAK .15 .042
IRK .30 .90
IAPK .50 .50
TALVK .05 .08

(4) Consumption, Government Expenditure, Imports

Region 9 Region 1
GC .7599 .6436
GG .10 .10
M .1249 .0664
MAK 1736 0.0

3.3 The Land Use Submodel

2.3,1 Parameters

(1) Cultivated Land

Region 9 Region 1
CLGR; 975 171.844 68,5156
TA -48.6982 29,1987

B .7969 .0204
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(2) Livestock Land

Region 9 Region 1
GIM 287.813 444,445
™ 565.0 836.0
CIM 278.0 391.5

(3) Withdrawal of Land For Urban and Economic Development

Region 9 Region 1
TIM 565.0 836.0
CIM 278,0 391.5
TLWPCB o5 .001

3.3.2 Functions
(1) TLWM = TLWMF(TLWR)

The land withdrawal multiplier in conjunction with the parameter, per

capita land withdrawal, base value (TLWFCB) takes into account the

effects of population growth and, indirectly, economic growth or land
use. Data is not at all satisfactory for either region; however,
agricultural output is not particularly sensitive to variations in
TLWBCP within reasonable limits in either region.

A recent survey by the Council on Environmental Quality (Fig. 3-1),
based on data compiled by the Economic Research Service of the U.S.
Department of Agriculture (1972), shows little change in broad land use
patterns. Even when unreasonable assumptions about land development are

made, availability of land is not a constraint on agricultural production



B 610

Land Utilization, 48 States, 1900-1969

millions of acres

2,000 —5—
URBAN AREAS, HIGHWAYS, PARKS AND OTHER LAND!
1,500 —f—
FOREST AND WOODLAND?
1,000 —f—
GRASSLAND PASTURE AND RANGE?
500 —y——
E CROPLAND*
| I ! ! I 1. |
'] H,
| I 1 I | ] 1
1900 1910 1920 1930 1940 1950 1959 1969

1. Urban and other built areas, highiways, railroads, airports, parks and other land.
2. Excludes forested areas reserved for parks and other special vses.
3. Includes grassland pasture and range, privale and public.
4. Cropland planted, cropland in symmer fallow, soil improvement crops, and land being pre-
pared for crops and idle.
Cropland acreages prior to 1954 are for the year preceding the date of the inventary.

Source: U.5. Department of Agriculture, Economic Research Service

Figure 3-1
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in North America. TLWMF is defined in Figure §-2. It is a rough, but
reasonable, estimate according to theland use information in our data
base. Because of the relative unimportance of the withdrawal phenomena
during the period of our scenario, we have not tried to define it
further.

In Region 9, we have assumed that, despite the high levels of
population growth, withdrawal would be very low. Of course, land
availability is a severe constraint on agricultural productivity, and
if an estimate is over-optimistic, forecasts of productivity in South

Asia would have to be revised downward.

3.4 The Food Production Submodel

3.4.1 Crop Production

(1) Parameters

Region 9 Region 1
FB .919983 1.0
FC .0238991 .0229
FD -66.1973 -15.0
FE 1.71991 .615

(2) Functions
PMCI = PMCIF (YNAPC)
PTFC = PTFCF (KAPH)
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Recall that PMCI and PTFC combine additively and define a
coefficient, FA, which is the productivity saturation level in the

equation

GRPH=FA-TEMP*EXPF (- FC/TEMP*ZPHG) 1)

where:
FB is the intercept,
FC is the slope at the intercept, and

TEMP = FA-FB.

It was assumed, for reasons discussed above, that the two factors
would affect FA, the cumulative effects of direct investuent in the
agricultural sector (agricultural capital stock, KNA) and the overall
level of economic development (measured by YNAPC).

While this was consistent with the relevant literature, we did
not feel that it would be appropriate to attempt development of a precise
estimation procedure at this time. Rather, we decided to treat the
components of FA as scenario variables, but in a special way - by imputing
the development characteristics of more developed regions, for which data
was available, to Region 9. The version of the function used for the
scenario and sensitivity runs presented here uses the United States as
the prototype. Log-linear was selected as the appropriate functional
form and the slope of the function was determined by the following values

(based on 1970 values). The functions are graphed in
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KAPH, = $463
GRAIN PROD, = 2.939

KAPHy = $56.70

GRAIN PRODy = 1,35

The assumption was made that the effects of the overall level of
economic development was about one-third that of the capital stock in
the agricultural sector.

We are aware that there is wide diversity in agricultural productivity
in South Asia. As much as seven tons per hectare of rice has been
produced on some experimental plots in the Philippines. But we feel
that, if anything, our projection of potential productivity for the region
is optimistic. Possibly productivity may be much less.

It should, perhaps, be emphasized again that the actual level of
productivity is not determined by FA, but by the inputs of productive
factors. In no instance during our scenaric runs does this threshold
act as a direct constraint. But it does affect productivity indirectly.

Clapham and Warshaw [1974] have fitted the curve described in
equation 1 to data from 1948 to 1970 for all ten regions of the world.
Examination of their results is most helpful in gaining a more complete

understanding of the assumptions presented here.

Region 1’
In Region 1, it is assumed that the overall level of econcmic

development is so high that it would have no further effects. Hence,
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values for PMCI are not defined. A graph of PTFC is found in Figure 5-5.
In "fits" for historical data by Clapham and Warshaw for the region, FA was
defined at a level of about 8. The assumption that ten times present
capitalization would produce that threshold was a very rough estimate.
However, it should be noted that in our scenario amalyses, it is land,
rather than increased capitalization, which produces increased productivity.
For the result reported thus far, values of this function never fall within

what we would regard as the dubious range.

3.4.2 Livestock Production

(1) Parameters
Region 9 Region 1

RLLVS 87.7129 1.16675

(2) Functions

LVPIM = XLVPLMF (SLVAR)
Wheat

SLVAR = SLVA/SLVMA

SLVMA = RLLVS * TLLS

There are two critical pérameters in this mechanism, RLLVS,
the carrying capacity of land and PXLVB the development cost for
livestock. RLLVS is a region specific parameter from the food model.
PXLVB was computed by dividing the capital stock in livestock in 1970
"by the number of livestock., Comparisons with market prices indicated

that the figure obtained in this way was reasonable,
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The function, which is assumed to be applicable to both regions 1
and 9 (remember that the base prices and carrying capacities differ
has little effect so long as livestock numbers are below the maximum,
But as the value of SLVAR exceeds 1, development costs increase rapidly.
(Fig. 3.4.2-1).

This function does not have any significant effect on food production
during the period examined. In Region 1 the livestock numbers are far
below carrying capacity. In Region 9 livestock is an insignificant

component of total food.

3.4.3 Fish Production

(1) Parameters

Region 9 Region 1
AFWMK .0710 ,0119
WB .0010 0.0
UFWPK 2.074 .9632
FWM 13,09 3.8731
FWCNTK .4499 .4499
UFWP .0011 .0011

8.4.4 Production of Crop Food Types and Distribution of Food to

Alternative Uses

Parameters in this section are reported in Clapham and Warshaw

( 1974 ).
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3.5 Regional Food Supply Compared with Population Needs

Parameters in this section are reported in Clapham and Warshaw

( 1974y,

3.6 The Pricing Mechanism

x
(1) Parameters

Region 9 Region 1
PXLV 1.50 1.50
PXLVK 1.0 1.0
PXK 1.0 1.0
PXGR .114 .114
PXNG .089 .089
PXFS .89 .89
RPXPTM 0.0 0.0
PXPF, 975 .149 1149

(2) Functions
KCLDH = XKLDE (FCLR)

KCLDH

KCLDF (SCLR

L]
Prices are in thousands of dollars.
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where

FCLR=CLR/CLM

Region 9:
This function computes the costs of developing land, taking into

account the decreasing amount of land available for development. It is
based on the following assumptions.
(1) Agricultural capital formation = total capital formation
* 145, (Based on histcrical data).
' (2) Investment to non-land productive factors = .5 (based on
inferences from historical data and some sketchy data).

(3) Investment to livestock = .05.

(4) Investment to land = .45 * IA,

From these assumptions it was possible to estimate annual investments
in land and compare them with annual data on total increase in cultivated
land from the food data bank. (Fig. 3.4.6-1). From this the curve was
smoothed and the remainder was estimated to ensure that prices would

increase rapidly as the amount of land diminished. (Fig. 3.4.6-2).

Region 1:

In this region, the shape of the function takes into account that a
substantial amount has been removed from production as a result of U.S.
government agricultural policies and can be brought back into production
at relatively little cost. After that, there is a steady, linear

increase in costs as the amount of land diminishes. (Fig. 3.4.6-3).
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4. Sensitivity Analysis

In order to determine the errors which might be introduced by the
inevitable inaccuracy in the parameters a most detailed sensitivity
analysis is performed. The results of eighteen sensitivity analysis
Tuns are reported in the full ITASA report. The complete listing of
the runs is summarized in figures 4-1 and 4-2. The runs for South Asia
focus on demographic variables. The runs for North America focus on
economic and agricultural output.

Comparative data on five sets of runs for South Asia and six

sets of runs for North America are reported there.
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1, Introduction

This paper examines alternative policies which might be implemented
in the food deficient and food sufficient regions of the world to prevent
the occurrence of deaths from starvation during the next fifty years.

In addition, it examines, using scenario analysis, the possibilities
for self-sufficiency in regions of the world where serious deficiencies
are presently being forecast,

Potentially severe food deficiencies exist in two of the ten regions
of the world, South Asia (Region 9) and Africa (Region 8). Parts of
Latin America may also face deficiencies, if present trends continue.
However, in our judgment, there is no comparison between the severity of
the problems which are likeiy to be encountered in South Asia and those
of other regions. Accordingly, it is to this region that we have devoted
primary attention in preparing for this presentation.

There are four principal reasons why the problems of South Asia
will, in our judgment, require particulafly urgent attention during the

next decade.

(1) First, the absolute mmber of additional people who will have

to be fed, as a result of population growth, is relatively much greater.

Our model forecasts a popdlation of more than 1.3 billion in 1975

(1.3075). By 1985, if present trends continue, an additional 380 million
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will be added. If sufficient food were available, another 497 million
persons would be added to the population of South Asia during the next
decade.

(2) Second is the shortage of land, complicating the problem of

increasing agricultural productivity.

There are about 278 million hectares of potentially arable land
in South Asia. In 1965, 47 1/2 millien remained uncultivated. Accord-
ing to our assessment, the ccmparable figure- for 1975 will
be about 16.7 million. By 1980, the amount of potentially arable,

uncultivated land remaining in South Asia will be insignificant.

(3) A third reason for focusing on the problems of South Asia is

that, paradoxically, it is in this region that a technologically intensive

system of agricultural production is most needed, but it is also in this

region that obstacles to the implementation of such a system are, perhaps,

the most severe of amywhere in the world,

The total amount of agriculturalncapital stock, divided by the amount
of cultivated land, provides a very rough indicator of the gap which separates
the technologically intensive agriculture of North America and that of
South Asia. For South Asia the figure is about $150/hectare. For North
America it is 12 times as great.

To capitalize agriculture in South Asia at a level equivalent to that

of North America would require an investment of more than 400 billion

dollars  (in 1963 prices).
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Moreover, this kind of aggregate comparison wholly ignores the
problem of creating the social, educational and economic infrastructure

necessary to support technologically intensive agriculture.

(4) A Final reason for focusing on South Asia is the need for

balanced economic development in the region. We do not believe that it

is possible for a technologically intensive system of agriculture to

exist, except as part of a balanced economy. Our analysis suggests

that substantial shifts of investment to meet short term food needs
would, in the long run, significantly reduce the prospects for balanced
economic growth. Moreover, it is our conclusion that without balanced

economic growth in South Asia, agricultural self-sufficiency is impossible.

There are a number of problems and issues which can be examined
using the integrated food policy analysis medel. For this presentation
we have focused on three issues which, in our judgment, are most
pressing and crucial for South Asia and for the more affluent regions

of the world which are potential sources of assistance.

(1) First, we have examined the possibilities that self-sufficiency

can be achieved without significant outside aid, during the period from

1975 through 2020.

Our conclusion is that self-sufficiency is technically possible if

a program of birth control can be implemented which would gradually reduce
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crude birth rates from the present 42/1000 per year to 24/1000 by the
year 2010, We doubt that any less than thirty five years will be
necessary to achieve this objective; possibly this estimate is
optimistic, Thirty more years will elapse before an equilibrium

is reached.

Without outside assistance, however, the cost of this policy will
be a severe increase in starvation, due to protein deficiency, during
the period from 1987 to 2025. -

Moreover, if policies are i'mplemented within the region to relieve
this starvation, by importing food or shifting investment to the
agricultural sector, the resultant general econcmic decline will lead to

starvation after 2020 with no real hope of attaining self-sufficiency.

(2) The second issue we have examined is the contribution which

could be made by a program of foreign aid to the attainment of selt-

sufficiency.

From the perspective of potential aid-giving nations of the world,
perhaps the most important conclusion to emerge from this analysis is
that the period of aid could be finite in duration, if combined with the

population control program discussed above.

(3) The third issue we have examined is the capabilities of a

single developed region, comprising the United States and Canada, to

provide the needed aid, assuming that no additional demands from the

rest of the world were made,
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2. Summary of Significant Results Based on Scenario Analysis

Our presentation of scenarios has been divided into two sections.
In this section a summary of results-from eight scenarios which appear
to be of particular significance. The purpose of this is to define
the magnitude of the problem and the scope of possible solutions without
overvhelming the reader with the mass of detail which this type of analysis
can generate. In Section 4, a complete set of detailed results from
fifteen runs will be found. These will be helpful for analyzing the
performance in particular strata or answering questions raised by the
sumary.

The first four scenarios summarized in this section assess the
extent of the food supply prolem in South Asia and the capabilities of
the region to help itself, without outside intervention,(Figure 3-X)t

First, we have projected historical trends in the region, to explore
the extent of the potential starvdtion problenm;

second, we have implemented a policy of agrarian development by
shifting investment to the agricultural sector;

third, a population policy has been implemented to gradually limit
births and achieve a state of equilibrium and -

finally, the population and agrarian development policies have
been cominged.,

In the second four scenarios, the capabilities of one region, North

America to provide nedded assistance to South Asia are assessed.(Figure 3-2}.
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. NO FOOD POLICY

{ INVESTHENT IN AGRICULTURAL DECISION STRATUM
DEVELOPMENT

POPULATION CONTROL

{
§

— =
POPULATION STRATUM =<
Y
a1 —
S ECONOMIC STRATUM —
A
CAUSAL STRATUM
¥
o LAND USE STRATUM

Y

= FOOD PRODUCT!ON STRATUM ==

Integrated Food Policy Analysis Model: Regional Policies

Flgure 3-1.
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First, an historical trend for the region has been projected.

Second, we have assumed that no population policy is implemented
in South Asia and examined the capat?ilities of North America to meet
the resultant food needs.

Third, we have assumed that South Asia does implement a population
policy and made an assessment of the capabilities of North America to
meet the resultant food needs.

Finally, we have assessed the effects on the North American economy
of building agricultural self-sufficiency in South Asia through an

jnvestment development assistance program.

Our conclusion is that such a program of aid is technically and
economically feasible, but could not be effected without some reduction
in the level of economic development, relative to the level which coculd
be attained if such a program were not implemented.

We recognize, of course that there WOL;ld be severe political
problems involved in gaining support for such a program, Our analysis
provides no basis at this time for determining whether or not those
problems are soluble. However, our judgment is that the necessary program
can only be implemented on a global basis, with the cooperation of all

the developed food-sufficient nations of the world.
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Scenario 1. Historical Trends

In this scenario, we have assumed that the economic priorities
of the last twenty years would prevail. Population control is not given
major priority, but a modest policy is implemented over a fifty year
period,

In figure 33 -, the results of this scenario have been projec-
ted with the additional assumption that the food needed to meet the
growing deficit is available from somewhere and, consequently that no
starvation occurs. This allows a realistic picture of the total deficit
to be presented. Over a fifty year period, with continued population
growth, it would amount to more than 700,000,000 tons of.protein. About
ten times as much food would be needed to make up that deficit.

A more realistic picture of what would happen, since 7 0 trillion
tons of food aid will not be forthcoming, is presented in figure
3#2, .. Regional daily per-capita protein supply is insufficient at
the outset and falls sharply thereafter. When the supply falls below
the starvation level of 54 kg./day, in about 1985, starvation deaths,
especially among children begin to occur with increasing frequency.

We estimate that the additional starvation deaths would number about

500,000,000.
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Scenario 2. Regional Investment in Agricultural Development

In this scenario we have examined the consequences of attempting
to make South Asia self-sufficient in food by making it, essentially,
an agrigultural region. This has been done by shifting investment to the
agricultural sector during the périod from 1975 to 2005,

Figure 3-6 shows the economic consequences of this policy. Gross
regional product drops from about 11 hundred billion dollars to about 5
hundred billion dollars. The principal reason for this is the failure
of the industrial sector to develop. During the period from about 1980
to 2025 agricultural output is higher, but the gap is gradually narrowing
by the end of the peried,

Our indicators of food supply'and population show that this policy
will postpone the starvation problem but not eliminate it (Figures 3-7, 3-8).
Regional supply can keep up with needs until about 1990. After that
period there is rapid deterioration with little hope of attaining self-

sufficiency.

Scenario 3. Population Policy

The results from our first two scenarios clearly indicate that
starvation will be a long term problem and that some sort of population
policy must be an essential compenent of any food policy. But it is

unrealistic to assume that birth rates can quickly be reduced. Even
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after reduction is achieved, a substantial amount of time - about 30
years - will elapse before we can reasonably expect the population to
stabilize.

In the population policy scenario we have implemented a program
which gradually reduces crude birth rates from 42 per-thousand to 22
per thousand during a 35 year period from 1975 to 2010, We calculate
that this policy would stabilize the population of South Asia at slightly
less than 3 billion in about 2040. .

Figure 3-9 shows the effects of the policy on several population
indicators.

In Figure 3-10 protein supply and needs per-capita are presented.
Protein supplies continue to fall below needs, but the trend is toward

self-sufficiency.

Scenario 4. Population Policy Combined with Agricultural Development

It is umlikely, however, that a society could continue a program of
balanced development in the face of starvation. Instead, it is 1likely that
investment shifts to agriculture would be made. This would alleviate
the protein deficit in the short run, but with unfortunate long term consequences,
especially increasing protein deficits after 2005 (Figure 3-11). Self-
sufficiency could not be attained. The effects on population provide addi-
tional evidence that balanced development is essential.

In the second set of scenarios we shift attention to North America and

explore the capabilities of that region to meet the needs of South Asia,
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Scenario 5. Historical Trend. Food Production Capabilities

In the first scenario, we have examined the capability of North
America to produce increased food without seriously affecting the
structure of its economy. This has been done by projecting the historical
pattern of investment in agriculture, relative to investment in the rest
of the economy. The results show that substantial surplus capacity exists
(Figure 3-12).

In fact, after 2000 more than double the regional needs could be

produced. We recognize that this would not occur in the absence of

demand for agricultural products. The more likely pattern would be a

continued decrease in the agricultural sector relative to the total

economy,

Scenario 6, No Population Control in Southeast Asia, North America

Attempts to Meet The Needs by Reducing Consumption

In the second scenario we have compared the food needs of South
Asia, with population unrestricted, and the capabilities of North America.
By exporting all of its surplusses to South Asia, North America
could meet the protein deficit until about 1997. After 2008 the entire
production of North America would be needed to meet the deficit (Figure

3-13).
This analysis ignores, of course, the physical problems of shipping
and distributing more than 200,000,000 tons of food per year.
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Figure 3-14 pictures.one of the economic effects of this policy.
Consumption would drop by 15 percent in comparison with the historical
trend. Most of this would come fram food. By 2025, six percent of

total GRP would be in food exports.

Scenario 7. Population Control in Southeast Asia. North America

Attempts to Meet Needs. Aid Affects Investment, Consumption and Govern-

ment Expenditure Equally. -

If the population policy in South Asia were successfully implemented, it
would be possible to meet the food needs while self-sufficiency was attained.
The analysis in Figure 3-15 shows that 60 percent of the
possible agricultural surplusses or 40 percent of total agricultural
production would be required. Consumption would be reduced by about six
percent.
In this scenario we have divided the costs of the aid program
equally between government expenditure, investment and consumption

The effects are shown in Figure 3-16.

Scenario 8.

In a final scenario we have examined the possibility of meeting the
agricultural investment needs of South Asia. Earlier scenarios showed
that self-sufficiency could be attained, largely with self-generated
investment in the industrial sector, or that, alternatively, starvation
could be avoided for a period of time by shifting investment. If needed
investment were supplied from outside sources for agriculture, balanced

economic growth would be vossible.
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In Figure 3-17 we have pictured what we regard to be the minimum
amount needed for this region alone. The total sum is about $350 billion
at 1963 constant dollars. This amount is roughly equivalent to that
which would be required for food aid. The aggregate economic effects would
be similar to those which have just been examined.

In sum, to avoid starvation in South Asia, the developed world must
provide in the neighborhood for 350 to 400 billion dollars (at 1963
values). In current values the amount is about 600 billion. The amount
will be roughly equivalent whether food aid or investment aid is chosen;
however there are strong arguments, in our judgment, favoring the latter.

A program of this magnitude is within the capabilities of the

developed world, but not of a single nation,

3. Conclusions

The most significant conclusions from our analysis are the
following:

1. First, the analysis confirms the existence of a severe, long
term world food problem, Here we have presented data only on South Asia,
but the situation in Africa is equally grave, though it involves a fewer
nunber of people in absolute numbers.

2. Implementation of a population policy must be the top priority
objective, Without it, discussions of food policy are, in the long rum,

meaningless.
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3. However, in our judgment, the results of the analysis are
encouraging. With a population policy which we regard as reasonable,
dietary and economic self-sufficiency in South Asia are possible.

4. We conclude that the most effective way of achieving this
objective is for the developed nations of the world to provide assistance
in the form of investment support for the agricultural sector. While
some short temm comodity aid may be desirable, we do not believe this is
a viable solution in the long run. i

5. Balanced economic development is essential if self-sufficiency
is to be achieved over the long temm.

6. Finally, and most important, the program of aid which we envision
mst be coordinated and implemented within a global framework. The
program of assistance we are proposing must be of a far greater magnitude and
for a longer term than anything which has been undertaken to date. But it
is technically and economically feasible, Whether it is politically
feasible, whether the leaders and peoples of the developed world will

support such a program, is yet to be determined.
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4. Detailed Scenario Results

Results of the detailed scenario analysis are presented
in the ITASA full report. In this paper the following six-
teen scenarios are described:

REGION 9. SOUIH ASIA

(9-1) Historical pattern. Full reliance on outside aid. No starvation

(9-2) Shift of investment to the agricultural sector. Fertilizer
subsidy program. Full reliance on outside aid. No starvation.

(9-3) Historical pattern. No outside aid. Starvation possible.

(9-4) Shift of investment to the agricultural sector, Fertilizer
subsidy program. No outside aid. Starvation bossible.

(9-5) Thirty-five year population control program. Historical pat-
tern. No outside aid. Starvation possible

(9-6) Population control program. Shift of investment to the agri-
cultural sector. Fertilizer subsidy program.

(9-7) Population control program. Historical pattern. Full reliance
on outside aid. No starvation.

(9-8) Population control program. Shift of investment to the agri-
cultural sector. Fertilizer subsidy program. Full reliance on outside

aid. No starvation.

REGION 1. NORTH AMERICA

(1-B) Historical pattemn. No aid program.

(1-1) Scenario (9-1) implemented. North America provides maximum
assistance. Cost is borne by reducing consumption.

(1-%) Scenario (9-5) implemented, North America provides maximum as-

.

sistance. Cost is borne by reducing consumption.



B 660

(1-3) Scenario (9-1) implemented. North America provides maximum
assistance. Cost is borne by reducing investment.

(1-4) Scenario (9-5) implemented. North America provides maximum
assistance, Cost is borne by reducing investment,

(1-5) Scenario (9-1) implemented. North America provides maximum
assistance. Cost is divided equally between investment, consumption
and government expenditures.

(1-6) Scenario 9-5 implemented. North America provides maximum assis-
tance, Cost is divided between investment, consumption and government
expenditures. ’

(1-7)North America provides investment development assistance

to South Asia.
As seen on the illustrations the output from the first

scenario is presented here.
Readers who are unfamiliar with the format of our model output,

often have some difficult}; in sorting the results of one scenario from
another and fnaking any sense out of the voluminous output provided.
Accordingly, a few remarl: may be helpful.

Before the data for the first run in each region is reported,
there is a listing of parameters. This contains some, but not all of
those used in the model, Some of the parameters which are vector
inputs to the food model have been omitted, however. These are provided
in the article by Clapham in this series.

A sheet labled parameter, at the top will also begin each subse=
quent run. However only one or a few parameters will be reported. These
are parameters whose values have been altered from the base run . . «T
for the run in question.

The notation "time series' will also appear on some of these
sheets, followed by a scenario variai:le name. This indicates that time

series data has been read in exogenously for that variable.
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